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ABSTRACT  
 

This investigation was carried out under the full sun at the nursery of Hort. Res. Inst., ARC, 
Giza, Egypt during 2015 and 2016 seasons aiming to study the effect of irrigation with saline water 
prepared from the equal mixture of NaCl and CaCl2 pure salts (1: 1, w/w) at the levels of 0, 5000, 
10000 and 15000 ppm on growth and chemical composition of both coast sheoak (Casuarina 
equisetifolia, L.) and river red gum (Eucalyptus rostrata Schlecht.) seedlings of 38 – 40 cm length 
planted in 30-cm-diameter black polyethylene bags filled with 3.5 kg of either sandy or clayey soil in 
a complete randomized design with factorial concept. The obtained results indicated that means of all 
vegetative and root growth parameters of the two plant species, with few exceptions were gradually 
decreased as the salinity of irrigation water was increased to reach the minimal values by the highest 
salinity level (15000 ppm) compared to control means in the two seasons. No mortality was observed 
although the severe reduction of top and root growth was caused by this high salt level. The effect of 
soil type was fluctuated in both seasons, as planting in sandy soil improved some growth traits, while 
planting in clayey one improved some others. In some traits, both types of soil gave means closely 
near together with non-significant differences in between. The interaction treatments had a marked 
effect on growth characters. However, the mastery was for interacting between irrigation with non-
saline (fresh) water and planting in either sandy or clayey soil, but the upper hand was for combining 
between fresh water irrigation and cultivating in clayey soil which improved means of most measured 
characters compared to irrigation with fresh water and planting in sandy soil combined treatment. 
Binding between irrigating with the low level of saline water (5000 ppm) and planting in either soil 
type used in this work improved also means of some traits in the two plant species. Data revealed also 
that the leaf content of chlorophyll a, b, total carbohydrates, N, P and K was gradually decreased with 
increasing salinity concentration in both used species, except for K content in the leaves of Casuarina 
plants treated with 5000 ppm saline water which was markedly increased over control. On the 
contrarty, the leaf contentration of Na, Cl and proline was progressively increased as the salinity 
concentration was increased. Contentration of the previous constituents in the leaves of plants 
cultured in clayey soil was, to some extent higher than in the leaves of plants growth in sand. 
However, the utmost high content of pigments, total carbohydrates, N, P and K was accomplished by 
combining between fresh water irrigation and any soil type, while that was true for Na, Cl and proline 
content, when plants irrigated with the highest level of saline water (15000 ppm) and planted in either 
type of soils used. Hence, it can be recommended to use both coast sheoak and river red gum 
seedlings for greening / landscaping soils of any texture with the water salinity up to 15000 ppm 
concentration.   
 
Key words: Casuarina equisetifolia, L., Eucalyptus rostrata Schlecht., salinity, NaCl + CaCl2, soil 

type, vegetative and root growth, chemical composition. 

 
Introduction 

 
The search for more salinity-tolerant plants is still continuous to face the developed problem of 

soil and water salinity in different parts of the world. Among plants may valid in this concern the 
multi-purpose trees of coast sheoak (beach oak) and the river red gum (swamp mahogany). The 
former in Casuarina equisetifolia L., horsetail sheoak, horsetail beefwood or Australian pine (Fam. 
Casuarinceae). It is an evergreen tree growing to 6 – 35 m. tall. The foliage consists of slender, much 
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branched green to greygreen twigs 0.5 – 1 mm diameter bearing minute scale-leaves in whorls of 6 – 
8. It is monoecious with male and female flowers produced on the same tree. The flowers are 
produced in small catkin-like inflorescences; the male ones in simple spikes 0.7 – 4 cm long, the 
female ones on short peduncles. It is widely used as bonsai specimens, particularly in South-east Asia 
and parts of Caribbean. Its wood is used for shingles, fencing and is said to make excellent hot-
burning firewood, for wind breaking and also for erosion prevention. C. equisetifolia is an actinorhizal 
plant able to fix atmospheric N2, as it harbours a symbiosis with a Frankia actinomycete (Bailey, 
1976; El-Hadidi and Boulos, 1979; Huxley et al; 1992). 

The latter is Eucalyptus roatrata Schlecht., syn. E. camaldulensis, Dehnh (Fam. Myrtaceae). A 
tree to 20 – 45 m tall with smooth bark. Juvenile leaves ovate to broadly lanceolate, adult lanceolate, 8 
– 30 cm long, 0.7 – 2 cm wide; petiole terete or channeled, 1.2 – 1.5 cm long; umbels 7–11-flowered, 
peduncle slender or quadrangular, 0.6-1.5 cm long. Buds globular-rostrate or ovoid-conical. Seeds 
yellow and smooth. It is often used as a timber, shade and ornamental tree, in shelter belts as a 
windbreak tree and in water catchment rehabilitation (Bailey, 1976; Sax, 2002; Orwa et al, 2009).  

The effect of salinity on Casuarina and Eucalyptus species was studied before by many workers, 
among them Lurad and El-Lakany (1984) whom found that Na+ and Cl- ion concentrations increased 
in the tissues of 10 species of Casuarina and Allocasuarina as the salinity of NaCl increased (up to 
550 mM) and K+ was selectively accumulated. Those species which ultimately survived the highest 
salinities tested had lower concentrations of Na+ and Cl- in both shoots and roots and lower Na+/K+ 
ratios than the more sensitive species at low external salinities. van der Moezel et al (1988) indicated 
that salinity under freely drained conditions reducing seedling growth of Eucalyptus camaldulensis, E. 
comitae-vallis, E. lesouefii, E. platycorys and E. spathulata, but E. kondininensis recorded seedling 
deaths. Casuarina obesa was the species most tolerant of saline waterlogged conditions with no 
seedling deaths and a lower reduction in growth compared to the Eucalyptus species. These results 
were emphasized again by van der Moezel et al (1989) on 5 species of Casuarina (C. obesa, C.glauca, 
C.equisetifolia, C. cunninghamiana and C. cristata). 

Among sixteen Eucalyptus species, Sun and Dickinson (1993) cleared that E. drepanophylla, E. 
argophloia, E. camaldulensis and E. robusta were most tolerant to salt, while E. cloeziana and E. 
pilularis were the least tolerant. Species performance in both survival and growth was also changed 
considerably at the different salinity levels. On Casuarina cunninghamiana and Eucalyptus 
camaldulensis, Sun and Dickinson (1995) reported that both species had a similar high survival rate. 
Compared with C. cunninghamiana, E. camaldulensis trees were taller with greater diameter at breast 
(1.4m) height (DBH) at both low (< 0.6 dS/m) and moderate (0.6 – 1.1 dS/m) salinity, and transpired 
more water in both summer and winter. C. cunninghamiana possessed a shallow root system with the 
bulk of the lateral roots in the upper 12 cm of soil, while E. camaldulensis had a deep root system 
with the majority of the lateral roots located in the upper 28 cm.  C. cunninghamiana appeared to use 
less water than E. camaldulensis in both summer and winter. 

Similar observations were also obtained by Rawat and Banerjee (1998) on Eucalyptus 
camaldulensis and Dalbergia sissoo, Meddings et al (2001) on Eucalyptus camaldulensis × E. 
globulus hybrids, Pulavarty et al (2016) Eucalyptus citriodora, Nawaz et al (2016) on Eucalyptus 
camaldulensis, Shahin et al (2013) on Ficus benjamina cv. Samantha and Schefflera arboricola cv. 
Gold Capella and El-Sayed et al (2015) on Atriplex halimus. 

On the other side, the soil is considered the main fraction of the biological and physical activities 
necessary for plant growth. It serves as a growth medium and a source of nutrients and water. In this 
respect, McColl (1969) observed that leaf phosphorus and bark calcium in Eucalyptus trees are 
correlated with the corresponding soil nutrients. Soil calcium and magnesium are also correlated with 
leaf phosphorus, indicating a possible interaction between these soil nutrients and phosphorus uptake 
by the trees. Soil magnesium is similarly correlated with bark calcium. Aluminum is the major 
exchangeable cation in acidic or poorer soil. So, competition between Al ions and other cations may 
inhibit the absorption of Ca and P, both of which are important for growth and nutrition of Eucalyptus 
species in such soil. Webb et al (1980) stated that Eucalyptus populnea prefers lighter textured soils 
such as uniform sands and massive earths in the western areas of its distribution in Australia, but in 
the eastern, it occurs mainly on duplex clay soils. Benigno et al (2012) pointed out that the physical 
strength of sandy soils is the major factor limiting root elongation of Eucalyptus todtiana seedlings in 
mechanically impeded soils. Besides, Wang et al (2013) suggested that Casuarina equisetifolia 
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plantations have the characteristics of fast growth, high biomass accumulation and the potential of 
high carbon sequestration despite planting in poor sandy soil conditions. Hamer et al (2016) noticed 
that Eucalyptus species that typically grow in coarse-textured soil tended to have more lateral roots 
exploring a greater soil volume compared to those typically found in fine-textured soils.  

However, this work was set out to explore the response of Casuarina equisetifolia and 
Eucalyptus rostrata seedlings to the individual and combined effects of both salinity levels and soil 
type under local environments. 
 
Materials and Methods 

 
This experiment was undertaken under the full sun at the nursery of Hort. Res. Inst., ARC, Giza, 

Egypt during the two successive seasons of 2015 and 2016 to examine the effect of saline irrigation 
water on growth and chemical composition of the coast sheoak and River red gum trees grown in 
either sandy or clayey soils. 

Therefore, uniform one-year-old seedlings at a length of 38 – 40 cm. of both Coast Sheoak 
(Casuarina equisetifolia, L.) and River red gum (Eucalyptus rostrata Schlecht) were planted on April, 
1st every season in 30-cm-diameter black polyethylene bags (one seedling/bag) filled with about 3.5 
kg of either sandy or clayey soil. The physical and chemical properties of the sand and clay used in 
the two seasons were determined and averaged in Table (a) 

 
Table a: The physical and chemical properties of the sand and clay used in 2015 and 2016 seasons 

Soil 
type 

Particle size distribution (%) S.P pH E.C 
(ds/m) 

Cations (meq/l) Anions (meq/l) 
Coarse 
sand 

Fine 
sand  

Silt  Clay  Ca++ Mg++ Na+ K+ HCO3
- Cl- SO4

- 

Sand 88.53 2.55 0.46 8.46 23.16 7.93 3.48 8.35 1.79 30.11 2.98 4.13 21.00 18.10 
Clay 6.38 21.46 30.33 41.83 57.20 8.03 2.27 8.10 1.67 17.46 0.83 7.51 9.33 11.22 

 

The seedlings were irrigated immediately after planting with fresh water for two weeks, while on 
April, 15th; they were irrigated with saline water prepared from an equal mixture of pure salts of NaCl 
and CaCl2 (by weight) at the levels of 0, 5000, 10000 and 15000 ppm till the end of experiment on 
October, 15th for the two seasons. Furthermore, each level of salinity was combined factorially with 
each type of the soils used to form eight interaction treatments.  

A complete randomized design (CRD) in factorial experimental type with three replicates, as 
each replicate contained five plants (Mead et al., 1993) was used for each tree species in the first and 
second seasons. All the other agricultural pratices needed for such plantation were done as usually 
grower did. 

At the end of every season, the following data were recorded for each plant species: plant height 
(cm), stem diameter at the base (cm), number of branches/plant, number of leaves/plant, the longest 
root length (cm), number of rootlets/main root, as well as fresh and dry weights (g) of stem, leaves 
and roots. In fresh leaf samples, chlorophyll a and chlorophyll b content (mg/g f.w.) was determined 
according to the method of Yadava (1986), while in dry samples, the precentages of total 
carbohydrates, nitrogen, phosphorus and potassium were evaluated using the methods of Herbert et al 
(1971), Black (1956), Wide et al (1985) and Jackson (1973), respectively. In addition, sodium and 
chloride content (mg/100g d.w.) and proline content (ppm) were assessed by the methods described 
by Jackson (1973) and Bates et al (1973), successively.  

Data were then tabulated and only the morphological ones were statistically analysed using the 
program of SAS Institute (2009) and the differences among treatment means were compared by 
Duncan's New Multiple Range Test (Steel and Torrie, 1980). 
 
Results and Discussion 

 
Part I: Effect of salinity level, soil type and their interactions on growth and chemical 
composition of Casuarina equisetifolia L. plants:  
 
1. Effect on vegetative and root growth parameters: 
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Data in Tables (1a, b, 2 and 3) show that means of all vegetative and root growth characters, 
expressed as: plant height (cm), stem diameter (cm), No. branches and leaves/plant, root length (cm), 
No. rootlets/main root, as well as fresh and dry weights (g) of stem, leaves and roots were 
descendingly decreased with increasing salinity concentration of irrigation water to reach the least 
values at all by the highest salinity level (15000 ppm) compared to control means in the two seasons. 
However, no mortality was observed although top and root growth of all plants was severly reduce at 
this highest salt level. 

The observed reduction in vegetative and root growth of plants irrigated with saline water under 
the two soil textures used in this study may be due to a decrease in all volume at a constant cell 
number caused by salinity (Devecchi and Remotti, 2004). This interpretting was documented by 
Wahome et al (2005) whom indicated that mechanism of salt may result in cell division inhibition, 
and consequently decreasing the rate of plant growth. Further, Jou et al (2006) affirmed that ATP-ase 
participates in the endoplasmic reticulum-Golgi mediated protein sorting machinery for both 
housekeeping function and compartmentalization of excess Na+ under high salinity. 

On the other hand, survival of the plants although reducing the growth at high salinity may be 
referred to that turgor pressure of the cells was not lost, so that inhibition of growth was probably due 
to the high cellular ion concentrations (Luard and El-Lakany, 1984). Exclusion of Na and Cl, together 
with the production of specialized roots containing aerenchyma by some Casuarina species (C.obesa) 
are suggested as the probable factors relating to the high seedling tolerance in saline waterlogging 
(van der Moezel et al., 1988). In this regard, Pulavarty et al. (2016) mentioned that survival at higher 
salt concentrations with accumulation of Na shows significant salt tolerance in this species. These 
results are in accordance with those detected by Sun and Dickinson (1995) on Casuarina 
cunninghamiana and Eucalyptus camaldulensis, Rawat and Banerjee (1998) on Eucalyptus 
camaldulensis and Dalbergia sissoo and Shahin et al. (2013) who revealed that all vegetative and root 
growth traits of F. benjamina cv. Samantha and Sch. Arboricola cv. Gold Capella were significantly 
reduced as a result of irrigation with saline water up to 6000 ppm, except for 2000 ppm level, that 
improved some growth traits even more than control. 

Concerning the effect of soil type, data in the aforenamed Tables cleared that it was unsteady in 
the two seasons, as planting in sandy soil improved some growth traits, while planting in clayey one 
improved some others. This may be attributed to that Casuarina species grow well in a wide-range of 
soil textures and to its ability to fix atmospheric N2, which play a vital role in improving growth, even 
in poor soil. In this regared, Wang et al. (2013) stated that Casuarina equisetifolia has the 
characteristics of fast growth, high biomass production and the potential of high carbon sequestration 
despite planting in poor sandy soil. 

It was also noticed that interaction treatments had a marked effect on growth of Casuarina plants, 
as the culture in sandy soil and irrigating with fresh water gave the tallest plants in both seasons and 
the heaviest fresh weight of stem, leaves and roots in the second one, while the culture in clayey soil 
and irrigating with fresh water resulted more branches and more leaf number/plant in the two seasons, 
in addition to the longest root and higher number of rootlets/main root in the second season only. 
However, the previous two interactions were statistically at par with each other for most of the other 
growth parameters studied in this trail. On the other hand, the combining between irrigating with 5000 
ppm saline water and either of the used soil type improved some growth characters over control or 
gave equal means to those of control. In this connection, Rawat and Banerjee (1998) declared that low 
salt concentration (40 and 80 mM NaCl) stimulated growth and biomass production in both 
Eucalyptus camaldulensis and Dalbergia sissoo seedlings. Likewise, El-Sayed et al (2015) observed 
that planting Atriplex halimus transplants in sand, loam or sand + loam mixture salinized with the low 
level of NaCl + CaCl2 salt mixture (0.75%) gave the best plant height, stem diameter and number of 
branches and leaves/plant in the two seasons. This may be ascribed to that low salt concentrations 
may act as mineral fertilizer supplies the plants with some required nutrients. 
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Table 1a: Effect of salinity level, soil type and their interactions on some growth traits of Casuarina 
equisetifolia L. plants during 2015 and 2016 seasons 

      Soil 
type 

Salinity 
level 

Plant height (cm.) Stem diameter (cm.) No. branches/plant 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

 Frist season : 2015 
Control  107.00a 102.96ab 104.98a 0.97a 0.90ab 0.94a 2.33b 4.00a 3.17a 
5000ppm 95.33b 94.10b 64.72b 0.93a 0.81b 0.87ab 2.00bc 4.00a 3.00ab 
10000ppm 86.76c 84.73c 85.75c 0.83b 0.76bc 0.80b 1.67bc 2.18b 1.93b 
15000ppm 75.33d 76.31d 75.82d 0.71c 0.63c 0.67c 1.33c 1.70bc 1.02c 
Mean  91.11a 89.53a  0.84a 0.78a  1.83b 2.97a  
 Second season : 2016 
Control  110.33a 64.76bc 102.55a 1.03a 1.07a 1.05a 2.67bc 3.67b 3.17b 
5000ppm 100.67b 92.81c 96.74b 1.03a 0.93b 0.98ab 3.36b 5.00a 4.18a 
10000ppm 93.10c 83.00d 88.05c 0.91b 0.91b 0.91b 2.31c 2.68bc 2.50c 
15000ppm 74.32e 80.50d 77.41d 0.73c 0.86bc 0.80c 2.00c 2.33c 2.17c 
Mean  94.61a 87.77b  0.93a 0.94a  2.59b 3.42a  
Means followed by the same letter in column or row do not differ significantly according to Duncan's New Multiple 
Range t-Test at P= 0.05 

 
Table 1b: Effect of salinity level, soil type and their interactions on some growth traits of Casuarina 

equisetifolia L. plants during 2015 and 2016 seasons. 
      Soil 

type 
Salinity 
level 

No. leaves/plant Root length (cm) No. rootlets/main root 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

 Frist season : 2015 
Control  282.36a 280.33a 281.35a 42.67a 43.65a 43.16a 5.10a 4.33b 4.72a 
5000ppm 251.58b 256.84b 254.21b 36.33b 34.67b 35.50b 4.31b 4.33b 4.32b 
10000ppm 230.81c 228.00c 229.41c 34.67b 34.00b 34.34b 3.33c 3.33c 3.33c 
15000ppm 203.14d 207.65d 205.40d 29.10c 28.11c 28.61c 2.67cd 2.38d 2.53d 
Mean  241.97a 243.21a  35.69a 35.11a  3.85a 3.59a  
 Second season : 2016 
Control  299.91a 288.94b 294.41a 36.73b 41.73a 39.23a 4.67ab 5.00a 4.84a 
5000ppm 271.65c 258.40d 265.03b 33.80bc 36.89b 35.35b 4.33b 5.00a 4.67ab 
10000ppm 243.51e 256.00d 249.76c 31.50c 35.00b 33.25c 3.50c 4.33b 3.92b 
15000ppm 201.75f 236.10e 218.93d 27.56d 31.92c 29.74d 2.78d 3.10cd 2.94c 
Mean 254.21b 259.86a  32.40b 36.39a  3.82b 4.36a  
Means followed by the same letter in column or row do not differ significantly according to Duncan's New Multiple 
Range t-Test at P= 0.05 

 
Table 2: Effect of salinity level, soil type and their interactions on stem, leaves and roots fresh weight of 

Casuarina equisetifolia L. plants during 2015 and 2016 seasons 
      Soil 

type 
Salinity 
level 

Stem F.W. (g) Leaves F.W. (g) Roots F.W. (g) 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

 Frist season : 2015 
Control  38.60ab 39.72a 39.16a 59.07a 60.78a 59.93a 15.23a 15.07a 15.15a 
5000ppm 36.11b 32.81c 34.46b 50.39b 50.67b 50.53b 13.56b 13.00b 13.28b 
10000ppm 27.56d 26.90d 27.23c 38.68c 40.13c 39.41c 12.23bc 11.31c 11.77c 
15000ppm 23.03e 23.85e 23.44d 27.90d 28.57d 28.24d 10.64c 10.50c 10.57d 
Mean  31.33a 30.82a  44.01b 45.04a  12.92a 12.47a  
 Second season : 2016 
Control  53.31a 43.18b 48.25a 64.23a 58.90b 61.57a 21.73a 18.26b 20.00a 
5000ppm 41.75b 38.00bc 39.88b 57.21b 45.33c 51.27b 18.06b 15.37c 16.72b 
10000ppm 32.90c 28.78c 30.84c 45.20c 35.61d 40.41c 13.97cd 12.78d 13.38c 
15000ppm 21.41d 23.33d 22.37d 35.71d 26.68e 31.20d 11.80d 10.67e 11.24d 
Mean  37.34a 33.32b  50.59a 41.63b  16.39a 14.27b  
Means followed by the same letter in column or row do not differ significantly according to Duncan's New Multiple 
Range t-Test at P= 0.05 
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Table 3: Effect of salinity level, soil type and their interactions on stem, leaves and roots dry weight of 
Casuarina equisetifolia L. plants during 2015 and 2016 seasons 

      Soil 
type 

Salinity 
level 

Stem d.w. (g) Leaves d.w. (g) Roots d.w. (g) 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

 Frist season : 2015 
Control  12.17b 14.46a 13.32a 13.90a 14.13a 14.02a 4.50ab 4.87a 4.69a 
5000ppm 11.50b 10.98bc 11.24b 11.96b 11.03b 11.50b 4.33b 4.13b 4.23b 
10000ppm 8.79c 8.91c 8.85c 8.97cd 9.91c 9.44c 3.51c 3.60c 3.56c 
15000ppm 7.47d 8.07cd 7.77d 5.33e 7.43d 6.38d 3.02d 3.21cd 3.12c 
Mean 9.98b 10.61a  10.04b 10.63a  3.84a 3.95a  
 Second season : 2016 
Control  15.37a 15.38a 15.38a 15.33a 13.97ab 14.65a 5.37b 6.10a 5.74a 
5000ppm 13.89b 11.33c 12.61b 13.26b 10.13c 11.70b 5.10b 4.78c 4.94b 
10000ppm 8.83de 9.24d 9.04c 9.91c 9.08cd 9.50c 3.79de 4.00d 3.80c 
15000ppm 6.51e 9.00d 7.76d 6.49e 7.71d 7.10d 3.00e 3.51de 3.26d 
Mean  11.15a 11.24a  11.25a 10.22b  4.32a 4.60a  
Means followed by the same letter in column or row do not differ significantly according to Duncan's New Multiple 
Range t-Test at P= 0.05 

 
2. Effect on chemical composition of the leaves: 
 

From data averaged in Tables (4a and b), it can be concluded that chlorophyll a and chlorophyll 
b content (mg/g f.w.) and the percentages of total carbohydrates, nitrogen, phosphorus and potassium 
in the leaves were gradually decreased as the concentration of salinity was increased, except for K % 
in the leaves of plants received the low level of salinity (5000 ppm), which was markedly increased 
relative to control. The opposite was the right regarding sodium and chloride content (mg/100 g d.w.) 
and proline (ppm), that were progressively increased with elevating salinity concentration to reach 
maximal values by the highest salt level (15000 ppm). 

 
Table 4a: Effect of salinity level, soil type and their interactions on some chemical constituents of Casuarina 

equisetifolia L. leaves during 2016 seasons 
      Soil 

type 
Salinity 
level 

Chlorophyll a (mg/g f.w.) Chlorophyll b (mg/g f.w.) Total carbohydrates (%) 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

Control  0.594 0.643 0.619 0.286 0.297 0.292 18.812 10.633 14.723 
5000ppm 0.531 0.590 0.561 0.251 0.262 0.257 11.237 6.273 8.755 
10000ppm 0.463 0.511 0.487 0.219 0.231 0.225 8.371 5.910 7.141 
15000ppm 0.367 0.438 0.403 0.197 0.210 0.204 5.438 4.679 5.054 
Mean  0.489 0.546  0.238 0.250  10.965 6.874  
 N (%) P (%) K (%) 
 Sand Clay Mean Sand Clay Mean Sand Clay Mean 
Control  2.052 2.092 2.072 0.307 0.326 0.317 0.467 0.494 0.481 
5000ppm 1.743 1.812 1.778 0.306 0.298 0.302 0.401 0.786 0.594 
10000ppm 1.687 1.511 1.599 0.297 0.258 0.278 0.439 0.502 0.471 
15000ppm 1.268 1.321 1.295 0.253 0.205 0.229 0.353 0.460 0.407 
Mean  1.688 1.684  0.216 0.272  0.415 0.561  

 
Table 4b: Effect of salinity level, soil type and their interactions on some chemical constituents of Casuarina 

equisetifolia L. leaves during 2016 season 
      Soil 

 type 
 
Salinity 
 level 

Na (mg/100g d.w.) Cl (mg/100g d.w.) Proline (ppm) 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

Control  1.36 1.65 1.51 3.39 2.86 3.13 1.246 1.123 1.185 
5000ppm 1.72 1.78 1.75 4.68 5.83 5.26 1.279 1.372 1.326 
10000ppm 1.96 2.61 2.29 5.89 7.12 6.51 1.304 1.582 1.443 
15000ppm 2.07 2.79 2.43 7.93 8.19 8.06 1.515 1.749 1.632 
Mean  1.78 2.21  5.47 6.00  1.336 1.457  
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Decreasing of pigments, total carbohydrates, N, P and K may be related to higher amounts of Na 
and Cl ions uptake by plants from soil solution under salinity stress, and this in turn causes yellowing 
or necrosis of the leaves, cell coagulation and plant toxicity (Deveccchi and Remotti, 2004). On the 
contrary, the higher salt concentration in the soil usually leads to an increase in the uptake of some 
highly hydrophlic ions (e.g. Na or borate) and accumulation of some amino acids and amides in the 
leaves and roots of salinity stressed-plants which may be due to de novo synthesis, not as a result of 
protein degradation (Gilbert et al., 1998). In this concern, Lurad and El-Lakany (1984) found that Na+  
and Cl- ion concentrations increased in the tissues of 10 species of Casuarina and Allocasuarina as 
the NaCl increased in solution culture. Rawat and Banerjee (1998) noted that protein and chlorophyll 
concentration in Eucalyptus camaldulensis and Dalbergia sissoo plants fell at NaCl levels of 80, 120 
and 160 mM, while at 40 mM, a stimulation in the photosynthetic carbon assimilation of the plants 
occurred. Likewise, Pulavarty et al. (2016) noticed that 70 – 80 % decrease in total chlorophyll 
contents and reduction in osmolyte content (proline, glycine betaine and trehalose) were monitored in 
NaCl stressed seeedlings of Eucalyptus citriodora. 

The previous gains showed a similar trend to those attained by van der Moezel et al.(1988) on Eucalyptus 
spp. and Casuarina obesa, Nawaz et al.(2016) on Eucalyptus camaldulensis and Shahin et al.(2013) on F. 
benjamina cv. Samantha and Schefflera arboricola cv. Gold Capella. 

As for the effect of soil type, it is obvious that plants grown in clayey soil recorded higher content of 
chlorophyll a, b, phosphorus, potassium, sodium, chloride and proline than those grown in sandy one. But the 
opposite was the right concerning total carbohydrates and nitrogen %, which were higher in the leaves of plants 
in sandy soil than those in clayey one. However, the highest content of the previous constituents was achieved 
by connecting between planting in clayey soil and irrigating with fresh water, which directly followed by 
binding between culture in sandy soil and fresh water irrigation. This means that decreasing of some active 
components content was mainly referred to using saline water. So, it reached the minimal values by combining 
between cultivating in sandy soil and irrigating with 15000 ppm saline water, except for Na, Cl and proline. 

On the same line, were those results explored by McColl (1969) on Eucalyptus sp., Wang et al.(2013) on 
Casuarina equisetifolia, and El-Sayed et al. (2015) who observed that the highest Na and K content was mostly 
achieved by either low (0.75%) or medium (1.5%) salinity level under loam or sand + loam media, while the 
highest content of Ca, Cl and proline was noticed in Atriplex halimus plants cultured in either loam or loam + 
sand media salinized with the high salinity rate (3.0%). 

From the foregone findings, it can be advised to use Coast Sheoak seedlings for greening soils of various 
textures with water salinity up to 15000 ppm. 
 
Part II: Effect of salinity level, soil type and their interactions on growth and chemical 
composition of Eucalyptus rostrata Schlecht. plants: 
 
1. Effect on vegetative and root growth parameters: 

 
A similar trend to that obtained in case of Casuarina equisetifolia tree, was also observed in E. 

rostrata one, where the means of all vegetative and root growth parameters were cumulatively 
declined with increasing salinity of irrigation water to become the minimum by 15000 ppm salt level 
with highly significant differences as compared to control means in both seasons without death of 
plants (Tables 5 a, b, 6 and 7). 

The only exception noticed in Table (5b) is that the root length (cm) of plants salinized with 
5000 ppm level was longer than that of control ones in the two seasons. Moreover, planting in clayey 
soil scored taller plants, more leaf number, heavier stem fresh weight and heavier root fresh and dry 
weights than planting in sandy one, which recorded only longer root. Generally, combining between 
irrigation with fresh water and planting in clayey soil gave better results, with few exceptions than 
connecting between fresh water irrigation and planting in sandy soil in the first and second seasons. 
However, means of some traits were improved by interacting between irrigating with the low rate of 
saline water (5000 ppm) and culture in clayey soil to be more than control interaction means, such as 
plant height and root length.  

The above results could be discussed and interpretted as done before in case of the effect on 
vegetative and root growth parameters of Casuarina equisetifolia plant. Furthermore, Sun and 
Dickinson (1993) indicated that salt tolerance of Eucalyptus species varied greatly. Of all the species 
studied, E. drepanophylla, E. argofloia, E. camaldulensis and E. robusta were most tolerant to salt, 
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while E. cloeziana and E. robusta were least tolerant. In comparison between response of both 
Casuarina cunninghamiana and Eucalyptus camaldulensis, Sun and Dickinson (1995) said that 
although both of them were salt tolerant, E. camaldulensis is preferable for reclamation of salt-
affected land, particularly when the salinity is moderate or low. Likewise, Meddings et al. (2001) 
detected that E. camaldulensis had higher tolerance to salt-waterlogging than E. globulus as assessed 
by survival and height growth rate. Rawat and Banerjee (1998) decided that NaCl salinity up to 160 
mM did not affect survival of E. camaldulensis  seedlings, but did affect plant growth and dry matter 
production. Recently, Pulavarty et al.(2016) reported that survival of E. citriodora at higher salt 
concentrations with accumulation of Na shows significant salt tolerance of this species. 

In two areas of eucalypt (E. grandis) with soils of different textures, Dedecek and Gava (2005) 
pointed out that negative correlation between soil density and eucalypt yield was obtained at 10 – 20 
cm depth in sandy soil and at 20 – 30 cm depth in clayey one. At the same depths and textures 
correlation coefficients between soil penetrometer resistance and eucalypt productivity were 0.29 and 
0.93, respectively, while correlation coefficients between soil bulk density and soil penetrometer 
resistance were 0.84 in sandy soil and 0.68 in clayey one. In traffic lanes, eucalypt productivity was 
reduced up to 66% compared to non-traffic lanes due to soil compaction, and soil compaction reached 
its maximum at 10 – 20 cm depth on clayey soil and at 20 – 30 cm on sandy one. In addition, Webb et 
al. (1980) stated that Eucalyptus populnea occurs on a very wide range of soil types ranged between 
lighter textured sands and duplex clay soils. 
 
Table 5a: Effect of salinity level, soil type and their interactions on some growth traits of Eucalyptus rostrata 

Schlecht. plants during 2015 and 2016 seasons 
      Soil 

type 
Salinity 
level 

Plant height (cm.) Stem diameter (cm.) No.branches/plant 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

 Frist season : 2015 
Control  116.67b 121.70a 119.19a 0.93a 0.97a 0.95a 6.63a 5.33b 5.98a 
5000ppm 104.59c 122.00a 113.30b 0.87ab 0.87ab 0.87ab 5.31b 4.07c 4.69b 
10000ppm 95.00d 93.67d 94.34c 0.70bc 0.78b 0.74b 3.33cd 3.00d 3.17c 
15000ppm 75.33f 84.69e 80.01d 0.63c 0.65c 0.64c 1.67e 2.33de 2.00d 
Mean  97.90b 105.52a  0.79a 0.82a  4.24a 3.68b  
 Second season : 2016 
Control  110.73b 116.36ab 113.55a 0.89ab 1.00a 0.95a 4.66a 5.00a 4.83a 
5000ppm 102.00c 121.31a 111.66ab 0.82b 0.80b 0.81b 4.00b 4.33a 4.17b 
10000ppm 94.32d 95.38d 94.85b 0.68bc 0.69bc 0.69c 3.00c 3.00c 3.00c 
15000ppm 74.00f 86.67e 80.34c 0.57c 0.56c 0.57d 2.00d 2.67cd 2.34d 
Mean  95.26b 104.93a  0.74a 0.76a  3.42a 3.75a  
Means followed by the same letter in column or row do not differ significantly according to Duncan's New Multiple 
Range t-Test at P= 0.05 

 
Table 5b: Effect of salinity level, soil type and their interactions on some growth traits of Eucalyptus rostrata 

Schlecht. plants during 2015 and 2016 seasons 
      Soil 

type 
Salinity 
level 

No. leaves/plant Root length (cm) No. rootlets/main root 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

 Frist season : 2015 
Control  90.00a 88.97a 89.49a 65.00b 56.36c 60.68b 7.33a 7.00a 7.17a 
5000ppm 78.66b 77.83b 78.25b 72.33a 68.70ab 70.52a 6.00b 6.33b 6.17b 
10000ppm 62.01cd 67.72c 64.87c 48.00d 42.50de 45.25c 5.31c 5.10c 5.21c 
15000ppm 51.33d 59.68cd 55.51d 40.67e 36.33e 38.50d 3.67d 4.00d 3.84d 
Mean  70.50b 73.55a  56.50a 50.97b  5.58a 5.61a  
 Second season : 2016 
Control  90.00a 89.31a 89.66a 74.67a 66.70b 70.69b 5.33a 5.33a 5.33a 
5000ppm 80.36b 84.00ab 82.18b 77.00a 75.51a 76.26a 4.58ab 4.33b 4.46b 
10000ppm 67.33c 69.10c 68.22c 58.00c 58.43c 58.22c 3.67bc 3.70bc 3.69c 
15000ppm 56.84d 65.33cd 61.09d 43.98d 39.00d 41.49d 2.68c 2.37d 2.53d 
Mean  73.63b 76.94a  63.41a 59.91b  4.07a 3.93a  
Means followed by the same letter in column or row do not differ significantly according to Duncan's New Multiple 
Range t-Test at P= 0.05 
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Table 6: Effect of salinity level, soil type and their interactions on stem, leaves and roots fresh weight of 
Eucalyptus rostrata Schlecht plants during 2015 and 2016 seasons 

      Soil 
type 

Salinity 
level 

Stem F.W. (g) Leaves F.W. (g) Roots F.W. (g) 
Sand  

Clay Mean Sand Clay Mean Sand Clay Mean 

 Frist season : 2015 
Control  80.67a 81.20a 80.94a 30.00a 29.33a 29.67a 19.57a 20.50a 20.04a 
5000ppm 63.60b 59.07b 61.34b 26.00b 24.50bc 25.25b 16.31b 19.46a 17.89b 
10000ppm 45.23c 49.83c 47.53c 20.31c 20.37c 20.34c 14.93b 15.00b 14.97c 
15000ppm 34.26d 45.11c 39.69d 16.50d 18.71cd 17.61d 11.27c 13.87bc 12.57d 
Mean  55.94b 58.80a  23.20a 23.23a  15.52b 17.21a  
 Second season : 2016 
Control  91.73a 83.61b 87.67a 35.17a 33.86ab 34.52a 27.31a 27.50a 27.41a 
5000ppm 64.50c 57.90cd 61.20b 32.00b 32.00b 32.00b 19.90bc 25.21ab 22.36b 
10000ppm 43.57e 52.41d 47.99c 22.38c 23.35c 22.87c 11.76c 22.37b 17.07c 
15000ppm 36.95f 50.10de 43.53d 19.33d 19.50d 19.42d 11.41c 18.20bc 14.81d 
Mean  59.19b 61.01a  27.22a 27.18a  17.60b 23.32a  
Means followed by the same letter in column or row do not differ significantly according to Duncan's New Multiple 
Range t-Test at P= 0.05 

 
Table 7: Effect of salinity level, soil type and their interactions on stem, leaves and roots dry weight of 

Eucalyptus rostrata Schlecht. plants during 2015 and 2016 seasons 
      Soil 

type 
Salinity 
level 

Stem d.w. (g) Leaves d.w. (g) Roots d.w. (g) 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

 Frist season : 2015 
Control  21.90a 21.88a 21.89a 3.87a 3.50a 3.69a 4.20ab 5.00a 4.60a 
5000ppm 16.53b 15.46b 16.00b 3.80a 3.18ab 3.49ab 3.71b 4.63a 4.17b 
10000ppm 12.07c 13.63bc 12.85c 2.31b 2.37b 2.34b 3.10bc 3.51b 3.31c 
15000ppm 9.16d 12.00c 10.58d 2.00b 2.10b 2.05b 2.18c 2.86bc 2.52d 
Mean  14.92a 15.74a  3.00a 2.79a  3.30b 4.00a  
 Second season : 2016 
Control  31.07a 28.59ab 29.83a 6.81a 6.50a 6.66a 6.33bc 9.30a 7.82a 
5000ppm 21.68b 18.36bc 20.02b 5.70b 5.81ab 5.76ab 4.25d 7.58b 5.92b 
10000ppm 13.50cd 16.42c 14.96c 3.11cd 4.13c 3.62b 2.93de 5.53c 4.23c 
15000ppm 11.00d 13.69cd 12.35d 2.70d 3.21cd 2.96b 2.61e 3.97d 3.29d 
Mean  19.31a 19.27a  4.58a 4.91a  4.03b 6.60a  
Means followed by the same letter in column or row do not differ significantly according to Duncan's New Multiple 
Range t-Test at P= 0.05 

 
2. Effect on chemical composition of the leaves: 

 
A similar response to that obtained in case of chemical composition of Casuarina equisetifolia 

leaves was occurred as well in respect of E. rostrata, as the leaf content of chlorophyll a and 
chlorophyll b content (mg/g f.w.) and the percentages of total carbohydrates, nitrogen, phosphorus 
and potassium were augmentatively decreased as the rate of salinity was increased (Table, 8a). 
Besides, planting in clayey soil attained better content of the most constituents mentioned before than 
planting in sandy one, especially the percent of total carbohydrates, which was about 3-fold its content 
in the leaves of plants grown in sandy soil. Interaction treatments also exhibited that combining 
between irrigation with fresh water and any soil type used in this study gave higher content of 
constituents previously stated than connecting between saline water irrigation and any soil type. 

On the other hand, data in Table (8b) clear that sodium and chloride content (mg/100g d.w.), as 
well as proline content (ppm) in the leaves were excessively increased in response to the progressive 
increment of salinity concentration, while their content in the leaves of plants grown in clay soil was, 
to some extent higher than those in the leaves of plants grown in sand. However, the utmost high 
content of such components was accomplished by binding between the highest rate of salinity (15000 
ppm) and planting in clayey soil, while the least content was gained by interacting between fresh 
water irrigation and culture in sandy soil. 
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Table 8a: Effect of salinity level, soil type and their interactions on some chemical constituents of Eucalyptus 
rostrata Schlecht. leaves during 2016 season 

      Soil type 
Salinity 
level 

Chlorophyll a (mg/g f.w.) Chlorophyll b (mg/g f.w.) Total carbohydrates (%) 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

Control  0.968 0.973 0.971 0.463 0.471 0.467 8.755 25.516 17.136 
5000ppm 0.863 0.876 0.870 0.410 0.420 0.415 8.131 23.885 16.008 
10000ppm 0.684 0.739 0.712 0.336 0.367 0.352 7.185 20.103 13.644 
15000ppm 0.556 0.614 0.585 0.294 0.301 0.298 7.110 17.294 12.202 
Mean  0.768 0.801  0.376 0.390  7.795 21.700  
 N (%) P (%) K (%) 
 Sand Clay Mean Sand Clay Mean Sand Clay Mean 
Control  2.601 2.048 2.325 0.391 0.318 0.355 1.477 1.547 1.512 
5000ppm 1.404 1.832 1.621 0.367 0.313 0.340 1.416 1.451 1.434 
10000ppm 1.388 1.713 1.551 0.235 0.293 0.264 1.168 1.393 1.281 
15000ppm 1.074 1.269 1.174 0.218 0.284 0.251 1.093 1.178 1.136 
Mean 1.619 1.716  0.303 0.302  1.289 1.392  

 
 

Table 8b: Effect of salinity level, soil type and their interactions on some chemical constituents of Eucalyptus 
rostrata Schlecht. leaves during 2016 season. 

      Soil type 
Salinity 
level 

Na (mg/100g D.W.) Cl (mg/100g D.W.) Proline (ppm) 

Sand Clay Mean Sand Clay Mean Sand Clay Mean 

Control  1.35 1.55 1.45 4.38 3.50 3.94 0.393 0.407 0.400 
5000ppm 1.87 1.92 1.90 5.86 5.65 5.76 0.652 0.733 0.693 
10000ppm 2.01 2.06 2.04 6.73 7.90 7.32 1.285 1.501 1.393 
15000ppm 2.76 2.91 2.84 7.68 8.78 8.23 1.588 1.736 1.662 
Mean  2.00 2.11  6.16 6.46  0.980 1.094  

 

These results may be discussed as previously stated in case of chemical composition of 
Casuarina equisetifolia leaves. In addition, Mark et al. (2005) found considerable amounts of 
quercitol (a cyclitol accumulated in seeds of Quercus) in four species of salt-tolerant eucalyptus (E. 
raveretiana, E.spathulata, E. sargentii and E. loxophleba). Quercitol was absent in old foliage of E. 
globulus, a species greatly susceptible to salinity and also absent in the moderately tolerant E. 
camaldulensis, but relative to other species, both had higher foliar concentrations of inositol. Simple 
sugars and cyclitols accumulated to osmotically significant concentrations in all species. The more 
salt-tolerant species, E.spathulata, E. loxophleba and E. sargentii , were able to maintain well-
regulated leaf Na+ concentrations, even at high NaCl concentration (300 mol/m3). These more salt-
tolerant species also showed an apparent increase in net selectivity for K+ over Na+ as salinity 
increased, irrespective of the Na+ : Ca2+ ratio of the external medium. 

From the previous results, it is recommend to use River red gum seedlings for greening or 
landscaping soils of any texture when the water used for irrigation is saline (up to 15000 ppm). 
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