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ABSTRACT 

 
Salinity is one of the main limiting factors that affect plant growth and production. A pot experiment was conducted at the Faculty of 

Agriculture, Cairo University, Giza, Egypt, during two successive seasons of 2011 and 2012. The objective of the present factorial study 
was to explore the potential of using synthetic commercial amendment (hydrogel) on the sandy soil hydro-physical properties and the 
performance of buttonwood (Conocarpus erectus L.) seedlings growth under saline irrigation water. The saline irrigation water levels were 
320 (potable tap water (TW)), 2000 and 4000ppm, whereas the hydrogel levels of the sandy soil were 0.00, 0.05, 0.10, and 0.20%. Soil 
hydro-physical properties were evaluated by determining the field capacity, wilting point, total available water (easily and hardly), and air 
capacity. Moreover, the effect of both factors on buttonwood growth traits including; plant height, leaves, roots and branches number/ 
plant, stem diameter, leaves fresh and dry weights, and leaf area were also measured. In addition to determining Na+ and Cl- contents of the 
soil and seedling leaves. Generally, the sandy soil hydro-physical properties and buttonwood growth were affected by increasing the 
salinity of irrigation water and the hydrogel levels. Increasing salinity levels decreased the easily available water, air capacity, and 
seedlings growth. Meanwhile, it increased hardly available water and Na+ and Cl- concentrations in the soil and seedling leaves. Increasing 
hydrogel levels, on the other hand, decreased the Na+ and Cl- concentrations and increased the air capacity and seedlings growth. The 
interaction of the lowest irrigation water salinity and the highest hydrogel levels increased water retention of the sandy soil which 
increased the field capacity, wilting point and available water that, in turn, improved the seedlings growth characteristics, and vise versa. 
The results indicate that, salinity levels of the irrigation water adversely affect the sandy soil hydro-physical properties and C. erectus 
growth traits. This effect was dependent on the presence of hydrogel levels. The hydrogel amendment may increase water retention 
capacity of the sandy soil and regulate the plants available water supplies which enable the plants to survive under saline irrigation water 
stress compared to the non-amended soil. Thus saline water may be a good water source to be exploited for irrigation but in the presence of 
hydrogel.  

 
Key words: Soil hydro-physical properties • Water absorption • Salinity stress • NaCl stress • Easy available water • Hardly available 

water. 
 

 
INTRODUCTION  

 
Of the 3.5 billion ha of degraded land 

worldwide, 2.4 billion ha are located in the tropical 
regions of the world [15]. Reclamation and land 
utilization of the desert areas, especially sandy soils, 
are faced by several difficulties. Lack of water, hot 
and dry climates, soil and groundwater salinization, 
in addition to the rapid population, urbanization and 
industrialization increases, are the major constraints 
limiting the size of cultivated areas [6,10,26,14]. 
Water scarcity is becoming a world crisis [9]. 
Demands of water are continually increasing 
especially for agriculture production, where water 
consumption is more than any other human activity 
sector [9]. At the meantime, great amounts of saline 
water are normally available through seawater or 
produced from agricultural drainage or industrial 
production. A way to sustain plant production in 

reclaimed areas, where water scarcity is occurred, 
could be through judicious use of saline water [22,9]. 
Salinity, on the other hand, is another big worldwide 
agricultural problem that represents an environmental 
constraint. It causes; osmotic stress, due to a decrease 
in the external osmotic potential of the soil solution, 
and ionic stress, due to the accumulation of ions that 
become toxic at high concentrations (mainly Na+, Cl-

, SO4
2-, CO3

2- and HCO3
-) [22,9,10]. Therefore, 

optimal solution for both obstacles is to reduce the 
risk of seedling death in saline conditions by 
maintaining adequate hydration around their root 
zone. 

Improving sandy soils physical and chemical 
properties in newly reclaimed areas has become 
increasingly important for agricultural purposes. 
Nowadays, surface modification can be widely 
changed by a variety of water-swollen three-
dimensional structure chemically or physically, 
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natural or synthetic hydrophilic polymers (hydrogels) 
[1,18,15,11]. Hydrogel has enormous capacity to 
absorb water and make it available to plants over 
time. It absorbs water usually up to hundred times of 
their own weights, and then release it progressively 
along with soil depletion [29,19,5,4,14]. In other 
words, hydrogel functions as an additional water 
reservoir for the soil-plant-air system. This 
innovative material is known to be cheap and 
ecological [4]. Hydrogel has attracted much attention 
because of its sensitivity to environmental stimuli 
such as temperature, pH and ionic strength [31,16]. It 
is also used to aid plant grown in saline conditions 
[25] and can absorb cations and anions as well [4]. 
The ameliorative effects of hydrogel for osmotically 
stressed seedlings is documented by Akhter et al. [1]; 
Chen et al. [7]; Huttermann et al. [15]; El-Mahrouk 
et al. [9]; Shi et al. [25]; Anna et al. [4] and Beniwal 
et al. [5]. 

Conocarpus erectus L. is an evergreen dense 
multiple-trunked shrub (1- 4m tall), which can grow, 
in some areas, into a tree up to 20m. It belongs to 
family Combretaceae, is commonly known as 
buttonwood, and grows in tropical and subtropical 
regions around the world. It is can grow on the edges 
of salt flats, borders of fresh and brackish marshes 
and other disturbed areas. The root system consists of 
lateral and fine roots. The bark is fibrous and 
moderately thin. Leaves are spirally arranged, 
somewhat fleshy and with petioles. Inflorescences 
are terminal and tiny flowers are grouped in 
spheroidal heads. This shrub deserves attention 
because it grows fairly rapidly, tolerates extreme 
desert heat where summer temperatures may reach 
47°C, and performs well on very low fertile soils. It 
can also tolerate the salinity levels, compacted soil, 
air pollution, poor drainage, and drought. It is widely 
planted as ornamentals in yards, parking lots, streets 
and parks. The bark and leaves is used in tannery. Its 
wood is durable and is used to make railroad ties, 
boat building, fuel, and high-grade charcoal as well. 
Extracts of the bark are used to treat bleeding gums 
and skin ulcers. In addition to its ecological and 
economic importance, Buttonwood is rather 
frequently used for afforestation in arid and semi-arid 
areas [2,3,13]. 

Research regarding the effects of a given 
amendment type on the properties of a specific soil 
and the responses of an ornamental horticultural 
plant under salinity levels are limited. Information 
investigating the various previous effects is 
necessary before field applications. This study, 
therefore, explores the potential of using synthetic 
commercial amendment (hydrogel) on the sandy soil 
hydro-physical properties and the performance of 
Conocarpus erectus L. seedlings growth under 
different saline irrigation water levels. It also 
determines ions content of buttonwood soil and 
seedling leaves during the growing seasons. 

Materials and Methods 
 
Preparation of the soil mixture, plant cultivation, 
salinity levels and experimental design: 
 

A pot trail was conducted at the experimental 
field of the Ornamental Horticulture Department, 
Faculty of Agriculture, Cairo University, Giza 
Governorate, latitude 30o 03' N, longitude 31o 13' E, 
altitude 19m ASL, Egypt, during two successive 
seasons of 2011 and 2012. Buttonwood (Conocarpus 
erectus L.) seedlings were obtained from a 
commercial nursery and transplanted to plastic pots 
(30cm diameter and 21cm height) individually one 
month prior to the beginning of the experiment. The 
pots were filled with washed sand, spread outdoors to 
allow the seedlings to grow under natural conditions 
and routinely watered two times a week. All 
seedlings were fertilized with a mixed nitrogen (N), 
phosphorus (P) and potassium (K) mineral fertilizers 
(1:1:1) at a rate of 20g/pot as an enrichment dose, 
according to the recommended rates. NPK sources of 
the fertilizer mixture were ammonium nitrate (33% 
N), super phosphate (15% P2O5), and potassium 
sulfate (48% K2O), respectively. On April 1st of both 
seasons as the beginning of the study took place, 
healthy seedlings of uniformly height were selected 
(average height was 25±5cm). The soil mixture was 
then prepared from the previous washed sand and 
hydrogel (STOCKOSORB cross-linked organic 
synthetic polymer) in dry form at 0.00, 0.05, 0.10, or 
0.20% w:w in the area closed to the seedling roots. 
Pots were thoroughly watered immediately after 
placing the hydrogel levels. The layout of the 
experiment was a factorial randomized complete 
block design. Initial control pot weight was 24kg of 
air dried sandy soil. Averages of the physical and 
chemical characteristics of the soil used at the 
beginning of the study during 2011 and 2012 seasons 
are presented in Table 1. Prepared pots were 
saturated with water by capillarity, drained to the 
field capacity and subsequently irrigated normally to 
ensure that all particles had time to become 
completely wetted. Three saline irrigation water 
levels were prepared prior to irrigation in large 
plastic tanks as follows: (1) 320ppm (potable tap 
water (TW)) (control), (2) TW+ NaCl salt at the 
concentration of 2000ppm (mild saline water), and 
(3) TW+ NaCl salt at the concentration of 4000ppm 
(severe saline water). Averages of the chemical 
analyses of the saline irrigation water levels used 
during 2011 and 2012 seasons are presented in Table 
2. Water application was controlled by daily 
measurements of the pots soil moistness content 
through pots daily weighing, in order to detect when 
the pots need to be irrigated to reach 50 % of soil 
available water with or without hydrogel. 
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Table 1: Averages of the physical and chemical characteristics of the soil used at the beginning of the study during 2011 and 2012 seasons. 
Parameter Average value 
Physical characteristics  
Practical size distribution (%)  
VCS  9.1 
CS 34.4 
MS 27.3 
FS 13.8 
VFS 11.7 
Silt + Clay 3.7 
Soil texture Sandy  
Soil moisture constants  
FC (θv %) 10.2 
WP (θv %) 3.6 
AW (θv %) 6.6 
Chemical characteristics  
pH 7.9 
EC (dS/m) 3.1 
CaCO3 (%) 0.50 
OM (%) 0.03 
Soluble cations (meq/l)  
Ca2+ 9.1 
Mg2+ 6.5 
K+ 0.1 
Na+ 15.3 
Soluble anions (meq/l)  
SO4

2- 8.3 
HCO3

- 9.3 
Cl- 13.4 

VCS: very coarse sand. 
CS: coarse sand. 
MS: medium sand. 
FS: fine sand. 
VFS: very fine sand. 
OM: organic matter. 

 
Table 2: Averages of the chemical analyses of the saline irrigation water levels used during 2011 and 2012 seasons.  

Saline irrigation water 
levels (ppm) 

pH EC 
(dS/m) 

Soluble cations (meq/l) Soluble anions (meq/l) SAR 
(meq/l) Ca2+ + 

Mg2+ 
K+ Na+ CO3

2- + 

HCO3
- 

SO4
2- Cl- 

320 (TW) 7.08 0.5 3.27 0.02 1.71 2.54 0.41 2.06 1.3 
2000 7.59 3.13 5.16 0.04 26.10 2.11 1.02 28.17 16.2 
4000 7.50 6.25 6.87 0.03 55.60 2.03 1.32 59.15 30.0 

 
Soil hydro-physical properties measurements: 

 
Three samples of each sand-hydrogel mixture of 

different saline irrigation water levels were taken at 
the end of the study of both seasons to determine the 
soil hydro-physical properties according to the 
methods described by Klute [17]. Soil water content 
(θ) was measured by exposing the completely 
moisture saturated samples to constant atmospheric 
pressure levels of 0.1 (field capacity (FC) (%)) and 
15atm. (wilting point (WP) (%)) using the pressure 
chamber and membrane. The available water (AW) 
(%) was calculated by subtracting WP from FC. 
Easily available water (EAW) (%) was calculated by 
subtracting soil moisture content at tension of 5 atm. 
from soil moisture content at FC. Hardly available 
water (HAW) (%) was calculated by subtracting soil 
moisture content at 15 atm. from soil moisture 
content at 5atm. Air capacity (AC) (%) was 
calculated by subtracting soil moisture content at FC 
from soil moisture content at saturation point. 
 

Plant growth metrics: 
 
On the end of November, eight plants from each 

treatment were collected to determine the following 
growth traits as averages: plant height (cm), leaves, 
branches and roots number/ plant (root samples were 
carefully washed thoroughly with tap water in order 
to get rid of the remaining soil mixture), stem 
diameter (mm) (5cm from the soil surface), fresh and 
dry weights (FW and DW) of leaves/ plant (g) (plant 
samples were dried at 65oC to a constant weight for 
approximately 48h), and leaf area (measured with a 
portable laser leaf area meter (CID Bio-Science CI-
202)). 

 
Soils and leaves ion analyses: 

 
Three dried samples of soil and leaves/ treatment 

were collected at the harvest time to determine 
sodium (Na+) and chloride (Cl-) ions content in their 
extracts. Na+ was measured colorimetry by flame 
photometer whereas Cl- was determined using 
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titration with silver nitrate (AgNO3), as described by 
Page et al., [21]. 
 
Statistical analysis: 

 
The obtained data of both seasons were 

statistically analyzed using analysis of variance 
(ANOVA) as described by Snedecor and Cochran 
[28] to determine the effects of the studied two 
factors. The first factor was comprised of three saline 
irrigation water levels and the second factor was 
comprised of four hydrogel levels. Each treatment 
was replicated four times and each replicate was 
represented by three seedlings. The total number of 
seedlings was 144 per season. The MSTAT-C 
statistical software, [20] package was used based on 
Duncan’s Multiple Range Test to determine the 
statistical significance of differences in means 
between treatments at probability level of 0.05 as 
outlined by Walter and Duncan [30]. 
 
Results and Discussion 
 
Soil hydro-physical properties status: 

 
Table 3 and Figure 1 illustrate the soil hydro-

physical properties at different applied pressure 
under different irrigation water salinity and hydrogel 
levels. The data show that the hydro-physical 
properties decrease gradually with increasing the 
applied pressure on sandy soil. 

A positive correlation appeared between FC, WP 
and AW and irrigation water salinity levels. The 

increment percentages were 9.0, 17.7 and 25.3%, 
respectively by irrigating with 2000 ppm, meanwhile 
they were 13.9, 29.9 and 31.7%, respectively by 
irrigating with 4000 ppm as compare to tap water 
treatment. FC, WP and AW were also significantly 
increased with increasing hydrogel levels. The 
average increment percentages during the two 
growing seasons were 34.5, 38.4 and 31.9%, 
respectively for hydrogel level of 0.05%, meanwhile 
they were 23.0, 59.5 and 57.0% respectively for 
hydrogel level of 0.10%. The highest increment 
percentages were achieved by hydrogel level of 
0.20% where they were 118.1, 124.3 and 98.3%, 
respectively as compared to none amended soil. 

Regarding the effect of irrigation water salinity 
on EAW, a negative relation was observed, where 
increasing salinity levels decreased EAW percentage 
by 10.8 and 22.5% for 2000 and 4000ppm, 
respectively as compared to tap water. Meanwhile an 
opposite trend was found in the case of HAW where 
the increment percentages were 10.7 and 28.1% for 
2000 and 4000ppm, respectively as compared to the 
control. The data also reveal that increasing water 
salinity from 2000 to 4000ppm decreased air 
capacity by 7.9 % and 14.9, respectively as compared 
with control. Results also indicated that EAW, HAW 
and AC were increased significantly by increasing 
hydrogel levels. The increment percentages of EAW 
were 23.5, 66.3, and 100.5%, meanwhile the HAW 
percentages were 45.5, 61.3 and 153.0%, while AC 
percentages were 21.8, 52.9 and 71.5% for hydrogel 
levels of 0.05, 0.10 and 0.20, respectively. 

 
 

 
 
Fig. 1: Impact of saline irrigation water and hydrogel levels interaction averages of both seasons on easily and 

hardly available water (EAW and HAW) and air capacity (AC). 
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Table 3: Effect of saline irrigation water and/or hydrogel levels on the soil hydro-physical properties at the end of the study during 2011 
and 2012 seasons. 

Saline irrigation water 
levels (ppm) 

Hydrogel levels 
(%) 

Hydro-physical properties (%) 
FC WP AW 

  2011 season 
320 (TW) 0.00 (control) 10.8 k 3.8 j 6.9 e 

0.05 14.8 h 5.0 i 9.8 c 
0.10 17.9 f 5.8 g 12.1 b 
0.20 25.2 c 8.2 c 17.0 a 

Mean  17.2 c 5.7 c 11.4 b 
2000 0.00 12.4 j 5.0 i 7.5 de 

0.05 16.6 g 6.6 f 10.0 c 
0.10 19.4 e 7.6 d 11.8 b 
0.20 26.2 b 9.5 b 16.7 a 

Mean  18.6 b 7.1 b 11.5 b 
4000 0.00 13.2 i 5.3 h 7.9 d 

0.05 17.3 f 6.9 e 10.4 c 
0.10 20.2 d 8.0 c 12.2 b 
0.20 27.0 a 9.9 a 17.1 a 

Mean  19.4 a 7.5 a 11.9 a 
 0.00 12.1 d 4.7 d 7.4 d 
 0.05 16.2 c 6.2 c 10.1 c 
 0.10 19.2 b 7.1 b 12.0 b 
 0.20 26.1 a 9.2 a 16.9 a 
  2012 season 

320 (TW) 0.00 (control) 10.4 k 3.7 j 6.7 f 
0.05 14.1 h 4.8 hi 9.3 d 
0.10 17.5 f 5.7 g 11.8 b 
0.20 24.6 c 8.0 c 16.6 a 

Mean  16.6 c 5.5 c 11.1 b 
2000 0.00 11.8 j 4.7 i 7.2 ef 

0.05 16.2 g 6.4 f 9.8 cd 
0.10 18.9 e 7.4 d 11.5 b 
0.20 25.8 b 9.3 b 16.5 a 

Mean  18.2 b 6.9 b 11.3 b 
4000 0.00 12.7 i 5.0 h 7.7 e 

0.05 17.1 f 6.7 e 10.3 c 
0.10 19.8 d 7.8 c 12.1 b 
0.20 26.7 a 9.7 a 17.0 a 

Mean  19.1 a 7.3 a 11.8 a 
 0.00 11.6 d 4.4 d 7.2 d 
 0.05 15.8 c 6.0 c 9.8 c 
 0.10 18.8 b 7.0 b 11.8 b 
 0.20 25.7 a 9.0 a 16.7 a 

Means followed by similar letter(s) within the same column are not significantly different at P≤ 0.05 according to Duncan’s Multiple Range 
Test. 

 
Generally, increasing FC, WP and AW by 

increasing irrigation water salinity may be a result of 
increasing osmotic potential of the soil solution 
resulted from salt accumulation which retain more 
water at different applied pressure (0.1, 15 atm. for 
FC and WP). These results agree with the findings of 
Ragab et al. [23], who reported that water stored in 
calcareous soil increased with increasing water 
salinity as compared with control treatment (tap 
water). These results were confirmed by Sivapalan 
[27] who stated that adding polyacrylamide, 
increased water holding capacity of the soil exposed 
to 0.01 MPa pressure (field capacity). Furthermore, 
the increase of HAW compared to the EAW may be 
due to the accumulation of salt that increases the 
osmotic pressure of soil solution so water is held 
with high force which, in turn, decreases the water 
availability. These results were in agreement with the 
findings of Ragab et al. [23] who reported that hardly 
available water was positively correlated with soil 
salinity, meanwhile easily available water and air 

capacity was negatively correlated with increasing 
water salinity. 

 
Plant growth traits status: 

 
The effect of irrigation water salinity levels in 

the presence and absence of hydrogel amendment on 
Conocarpus erectus seedlings growth is presented in 
Table 4. Generally, all the growth characteristics 
were inhibited by increasing water salinity and 
enhanced by increasing hydrogel levels. 

The seedling height showed significant 
differences among the irrigation water salinity levels 
on the first and second seasons. Increasing salinity 
level from 2000 to 4000ppm decreased the height 
from 65.16 to 59.55cm in the first season and from 
64.33 to 59.82cm in the second one. Meanwhile, the 
320ppm irrigation water (TW) produced the tallest 
seedlings (70.95 and 70.39cm in the first and second 
seasons, respectively). Increasing hydrogel levels in 
the soil, on the other hand, enhanced seedling height. 
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The highest seedlings were those amended with 
hydrogel at 0.20% (77.12 and 75.83cm in the first 
and second seasons, respectively) as compared to 
other hydrogel levels or control. Irrigating seedlings 
with TW at the same time of amending their soils 

with 0.20% hydrogel represented the best interaction 
of both factors (85.40 and 83.65cm in the first and 
second seasons, respectively) as compared to the 
control (57.60 and 58.60cm in the first and second 
seasons, respectively). 

 
Table 4: Effect of saline irrigation water and/or hydrogel levels on growth traits of Conocarpus erectus L. seedlings during 2011 and 2012 

seasons. 
Saline 

irrigation 
water 
levels 
(ppm) 

Hydrogel 
levels 
(%) 

Growth traits 
Plant 
height  
(cm) 

Leaves 
number/ 

plant 

Branches 
number/ 

plant 

Roots 
number/ 

plant 

Stem 
diameter 

(mm) 

Leaves 
FW 

(g/plant) 

Leaves 
DW 

(g/plan) 

Leaf 
area 

(cm2) 

  2011 season 
320 (TW) 0.00 (control) 57.60 fg 212.50 g 28.75 efg 16.50 f 9.92 de 56.21 d 21.13 de 10.50 c 

0.05 66.70 de 274.75 e 32.75 cdef 22.25 d 10.87 c 62.92 d 24.87 d 10.75 c 
0.10 74.10 bc 325.50 c 36.00 bc 30.50 b 11.54 b 81.51 c 35.17 bc 11.22 b 
0.20 85.40 a 446.25 a 42.25 a 34.00 a 12.19 a 108.96 a 39.78 a 12.04 a 

Mean  70.95 a 314.75 a 34.94 a 25.81 a 11.13 a 77.40 a 30.23 a 11.13 a 
2000 0.00 53.83 gh 204.25 g 25.00 gh 16.50 f 9.47 ef 48.04 e 18.11 ef 9.92 d 

0.05 62.38 ef 253.75 f 29.25 defg 21.25 de 10.21 d 58.79 d 23.09 d 10.47 c 
0.10 67.63 de 306.00 cd 34.75 bcd 26.25 c 10.91 c 77.18 c 33.28 bc 10.83 c 
0.20 76.83 b 428.00 a 38.75 ab 31.75 ab 11.57 b 102.43 a 37.42 ab 11.76 a 

Mean  65.16 b 298.00 b 31.94 b 23.94 b 10.54 b 71.61 b 27.97 b 10.74 b 
4000 0.00 49.50 h 180.50 h 23.00 h 15.75 f 8.63 g 44.84 e 17.04 f 9.36 e 

0.05 57.15 fg 221.75 g 27.75 fgh 19.75 e 9.15 f 55.27 d 21.85 de 9.92 d 
0.10 62.43 ef 289.50 de 31.50 cdef 25.00 c 10.78 c 74.34 c 32.14 c 10.51 c 
0.20 69.13 cd 404.00 b 34.25 bcde 30.25 b 11.26 bc 95.12 b 34.77 bc 10.73 c 

Mean  59.55 c 273.94 c 29.13 c 22.69 c 9.95 c 67.39 c 26.45 b 10.13 c 
 0.00 53.64 d 199.08 d 25.58 d 16.25 d 9.34 d 49.70 d 18.76 d 9.93 d 
 0.05 62.08 c 250.08 c 29.92 c 21.08 c 10.08 c 58.99 c 23.27 c 10.38 c 
 0.10 68.05 b 307.00 b 34.08 b 27.25 b 11.07 b 77.68 b 33.53 b 10.85 b 
 0.20 77.12 a 426.08 a 38.42 a 32.00 a 11.67 a 102.17 a 37.32 a 11.51 a 
  2012 season 

320 (TW) 0.00 (control) 58.60 gh 215.50 g 27.25 def 17.25 e 9.89 c 53.56 efg 20.09 gh 10.57 cd 
0.05 66.90 def 261.25 f 31.25 cd 22.00 d 10.72 b 63.70 de 25.04 ef 10.80 c 
0.10 72.43 bc 335.75 c 36.75 b 30.75 b 11.21 b 82.39 c 35.51 abc 11.19 b 
0.20 83.65 a 432.50 a 42.50 a 34.75 a 12.24 a 107.55 a 39.35 a 12.01 a 

Mean  70.39 a 311.25 a 34.44 a 26.19 a 11.01 a 76.80 a 29.99 a 11.14 a 
2000 0.00 52.28 i 209.00 g 25.50 ef 17.00 ef 9.66 c 47.19 fg 17.69 h 10.02 e 

0.05 62.20 fgh 249.50 f 29.50 cde 22.75 d 10.04 c 71.70 cd 28.22 de 10.38 d 
0.10 67.63 cde 315.75 d 34.25 bc 26.75 c 10.93 b 76.50 c 32.89 bc 10.91 bc 
0.20 75.23 b 443.75 a 37.50 b 32.00 b 11.88 a 100.58 ab 36.73 ab 11.68 a 

Mean  64.33 b 304.50 a 31.69 b 24.63 b 10.63 b 73.99 a 28.88 a 10.75 b 
4000 0.00 50.25 i 177.75 h 23.75 f 14.75 f 8.55 d 45.45 g 17.05 h 9.29 f 

0.05 57.25 h 219.75 g 27.75 def 20.75 d 9.77 c 56.69 ef 22.30 fg 9.76 e 
0.10 63.15 efg 294.00 e 29.75 cde 25.25 c 10.72 b 72.33 cd 31.17 cd 10.59 cd 
0.20 68.63 cd 412.00 b 33.75 bc 30.50 b 11.24 b 93.96 b 34.33 bc 10.67 cd 

Mean  59.82 c 275.88 b 28.75 c 22.81 c 10.07 c 67.10 b 26.21 b 10.08 c 
 0.00 53.71 d 200.75 d 25.50 d 16.33 d 9.37 d 48.73 d 18.28 d 9.96 d 
 0.05 62.12 c 243.50 c 29.50 c 21.83 c 10.18 c 64.03 c 25.18 c 10.32 c 
 0.10 67.73 b 315.17 b 33.58 b 27.58 b 10.95 b 77.07 b 33.19 b 10.90 b 
 0.20 75.83 a 429.42 a 37.92 a 32.42 a 11.79 a 100.70 a 36.80 a 11.45 a 

Means followed by similar letter(s) within the same column are not significantly different at P≤ 0.05 according to Duncan’s Multiple Range 
Test. 
 

The studied leaves, branches and roots numbers/ 
plant reductions caused by salinity levels were in the 
order of 4000 > 2000 > 320ppm (TW). In contrast, 
the characteristics increases caused by hydrogel 
levels were in the order of 0.20 > 0.10 > 0.05 > 
0.00%. Moreover, their higher numbers presented 
from the interaction of irrigation water salinity and 
hydrogel levels were by irrigating 0.20% amended 
sandy soil with TW.  

Stem diameter was also affected by the two 
factors individually and interacted. The higher the 

irrigation water salinity, the thinner the seedling stem 
observed (9.95 and 10.07mm by irrigation with 
4000ppm in the first and second seasons, 
respectively). On contrary, the higher the hydrogel 
levels added to the soil, the thicker the seedling stem 
observed (11.67 and 11.79mm by amending with 
0.20% in the first and second seasons, respectively). 
Regarding the interaction of irrigation water salinity 
and hydrogel levels, the thicker diameter was 
presented from non NaCl-stressed seedlings grown 
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on 0.20% amended sandy soil (12.19 and 12.24mm, 
in the first and second seasons, respectively).   

Leaves fresh and dry weights followed the 
similar previous trend; as weights significantly 
increased with decreasing the irrigation water salinity 
and increasing the hydrogel levels. Application of 
non saline water in combination with 0.20% 
hydrogel achieved the heaviest fresh and dry seedling 
weights. In contrast, 4000 ppm irrigation leaf 
combined with hydrogel at 0.00% gave the lightest 
leaf weights. 

Under low saline conditions leaf areas were 
significantly greater than those of seedlings subjected 
to 4000ppm. On contrary, low hydrogel levels 
significantly reduced leaf areas than those of 
seedlings subjected to 0.20%. The greatest leaf area 
of both factors interaction was represented from 
irrigating seedling with 320ppm (TW) under the 
sandy soil emendation by 0.20% hydrogel. 

 

 
Table 5: Effect of saline irrigation water and/or hydrogel levels on ions content of Conocarpus erectus L. soil and seedling leaves during 

2011 and 2012 seasons. 
Saline irrigation water 

levels (ppm) 
Hydrogel levels 

(%) 
Soil soluble ions (meq/l) Leaves total ions (%) 
Na+ Cl- Na+ Cl- 

  2011 season 

320 (TW) 0.00 (control) 29.4 g 32.3 f 1.00 b 0.44 b 
0.05 10.3 h 5.1 i 0.70 f 0.32 cd 
0.10 8.9 i 3.1 j 0.50 g 0.25 ef 
0.20 6.4 j 2.5 j 0.37 h 0.22 f 

Mean  13.7 c 10.7 c 0.64 c 0.31 c 
2000 0.00 45.3 d 63.0 b 1.09 a 0.48 ab 

0.05 44.1 d 34.7 e 0.92 bc 0.36 c 
0.10 39.8 e 30.2 g 0.82 de 0.30 de 
0.20 38.4 f 28.2 h 0.50 g 0.27 e 

Mean  41.9 b 39.0 b 0.83 b 0.35 b 
4000 0.00 58.6 a 65.7 a 1.13 a 0.51 a 

0.05 50.5 b 47.3 c 1.00 b 0.43 b 
0.10 48.4 c 44.3 d 0.89 cd 0.35 c 
0.20 44.6 d 30.7 g 0.77 ef 0.30 de 

Mean  50.5 a 47.0 a 0.95 a 0.40 a 
 0.00 44.4 a 53.7 a 1.07 a 0.48 a 
 0.05 35.0 b 29.0 b 0.87 b 0.37 b 
 0.10 32.4 c 25.9 c 0.74 c 0.30 c 
 0.20 29.8 d 20.5 d 0.55 d 0.26 d 
  2012 season 

320 (TW) 0.00 (control) 30.6 h 30.2 fg 0.97 bc 0.47 b 
0.05 11.4 i 4.9 i 0.66 e 0.33 d 
0.10 10.2 j 3.0 j 0.51 f 0.28 e 
0.20 7.8 k 2.3 j 0.40 f 0.23 f 

Mean  15.0 c 10.1 c 0.63 c 0.33 b 
2000 0.00 44.2 d 62.1 b 1.04 ab 0.52 a 

0.05 42.9 e 34.4 e 0.87 cd 0.33 d 
0.10 38.3 f 29.3 gh 0.78 d 0.28 e 
0.20 36.9 g 29.1 h 0.51 f 0.24 ef 

Mean  40.6 b 38.7 b 0.80 b 0.34 b 
4000 0.00 58.1 a 64.8 a 1.11 a 0.55 a 

0.05 49.4 b 46.6 c 0.97 bc 0.40 c 
0.10 47.7 c 43.3 d 0.88 cd 0.33 d 
0.20 43.5 de 30.5 f 0.79 d 0.29 de 

Mean  49.7 a 46.3 a 0.94 a 0.39 a 
 0.00 44.3 a 52.4 a 1.04 a 0.51 a 
 0.05 34.5 b 28.6 b 0.83 b 0.35 b 
 0.10 32.0 c 25.2 c 0.72 c 0.30 c 
 0.20 29.4 d 20.6 d 0.57 d 0.25 d 

Means followed by similar letter(s) within the same column are not significantly different at P≤ 0.05 according to Duncan’s Multiple Range 
Test. 
 

Although salt stress reduces most plant growth 
functions (plant height, number of biomass 
production, diameters, dry weights, and leaf area), 
this effect depends on the level of salinity that, in 
turn, reduces water absorption. Plant height is the 
morphological characteristic associated with moving 
the carbohydrates, especially under stress conditions. 

With regard to the effect of water stress on leaf area, 
the different water stress treatments resulted in a 
gradual decrease as the stress increases. The 
mechanism, by which plant leaf area is reduced 
under water stress, is through the reduction of cell 
elongation, which leads to the reduction of cell size 
and therefore the reduction of leaf area [29,6,12]. In 
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comparison, the enhancement effects on growth of 
NaCl-treated plants was more evident by gel, 
because it supplied water to plants at a lower rate 
during soil drying, thus prolonging the duration of 
water supply and allowing the plants to grow in a salt 
stress environment [25,12]. The obtained results 
confirm with the earlier observations of Chen et al. 
[7]; Akhter et al. [1]; El-Mahrouk et al. [9] and Anna 
et al. [4] who reported that amendment of saline soil 
with 0.6% hydrogel improved seedling growth even 
though plant growth was reduced by salinity. 
 
Soils and leaves ions status: 

 
Data presented in Table 5 and illustrated in 

Figure 2 show the impact of saline irrigation water 
and hydrogel levels on ions content of sandy soil and 
Conocorpus erectus seedlings leaves. Generally, 
increasing water salinity aggravated the Na+ and Cl- 
contents of the soil and seedling leaves. Meanwhile, 

increasing the hydrogel levels alleviated the ions 
contents in both the soil and the leaves. 

Increasing the irrigation water salinity to 
4000ppm increased Na+ concentration in the soil to 
50.5 and 49.7meq/l whereas, it increased the Cl- 
concentration to 47.0 and 46.3meq/l in the first and 
second seasons, respectively. Meanwhile their 
contents in seedling leaves were increased to 0.95 
and 0.94% for Na+ and 0.40 and 0.39% for Cl- in the 
first and second seasons, respectively. On the other 
hand, increasing the hydrogel level to 0.20% 
decreased Na+ concentration to 29.8meq/l and 0.55% 
for the soil and leaves, respectively in the first season 
and 29.4 meq/l and 0.57%, for the soil and leaves, 
respectively in the second one.  The Cl- 
concentrations were 20.5 and 20.6 meq/l for the soil 
in the first and second seasons, respectively whereas 
its concentrations were 0.26 and 0.25% for seedling 
leaves in the first and second seasons, respectively. 

 

 
 
Fig. 2: Impact of saline irrigation water and hydrogel levels interaction averages of both seasons on Na+ and Cl- 

contents of Conocarpus erectus L. seedling leaves. 
 
Experimental results show that the accumulation 

of Na+ and Cl- in soil solution may be due to their 
increased levels by increasing irrigation water 
salinity which, consequently increase their contents 
in plant leaves. Meanwhile, their decreased 
concentrations in soil by increasing hydrogel levels 
may be due to the high water-holding capacity of 
hydrogel that holds both ions and thus limits an 
excessive accumulation of them in the plant leaves 
[24]. These findings were in agreement with Doraji 
et al. [8] and Shi et al. [25] who reported that 
increasing hydrogel application in saline soil 
decreased the Na+ and Cl- concentrations in plant 
tissues. 
 
Conclusions and recommendations: 

 
Swelling of the hydrogel within the soil matrix 

and its influence on the sandy soil hydro-physical 

properties and Conocarpus erectus L. seedlings 
response were strongly affected by the irrigation 
water salinity. The results suggest that: (1) The 
hydrophilic amendment is like artificial humus as it 
binds ions and increases the plant available water 
(easily and hardly) in the soil which enables the 
seedlings to survive under saline irrigation water 
stress than the control. (2) The hydrogel induces a 
significantly higher growth rate of seedlings grown 
on amended soil as it mitigates the effects of highly 
saline conditions by reducing the growth inhibition. 
However, further investigations should be carried out 
for the recommendations of hydrogel addition 
influence on the response of different plant species 
and soil types. In addition, these results should be 
confirmed by field trials. 
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