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ABSTRACT 
A greenhouse experiment was carried out to study the effect of 

secondary treated waste water on some physical and chemical 
properties of calcareous soil (sandy clay loam in texture) and on the 
growth and accumulation of some nutrient elements and heavy metals 
contents of three fodder trees (Acasia saligna, Acacia stenophylla and 
Ceratonia siliqua). Data showed that using secondary effluent in 
irrigation have an improving effect on soil physical and chemical 
properties which enhanced fodder trees growth. Results of the studied 
soil physical properties showed that percentage of macro water stable 
aggregates, optimum size aggregate, mean weight diameter (MWD) 
and structure coefficient (SC), as well as water holding pores and fine 
pores significantly increased by prolonged irrigation with secondary 
effluent up to 18 months, compared with tap water under the studied 
trees. While values of fine water stable aggregates (<0.25mm), 
quickly drainable pores and the specific surface area decreased. 
Results of soil chemical analysis indicated that soil pH, decreased and 
EC values slightly increased, while SAR did not varied by using 
secondary effluent as a source of irrigation. Soil available N, P and K, 
as well as Fe, Mn, Zn and Cu and heavy metals (Pb, Cd, Cr and Ni) 
increased with using secondary effluent as a source of irrigation.  
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Vegetative growth parameters (height, stem diameter, fresh and 
dry weight) and elements content in leaves of the three tree species 
(N, P, K, Fe, Zn, Mn, Cu, Pb, Cd, Cr and Ni) increased with 
prolonged irrigation period by secondary effluent comparing with tap 
water (control). The response of trees growth to irrigation with 
secondary effluent was in the order; Acacia stenophylla > Acacia 
saligra > Ceratonia siliqua. Content of both micronutrient and heavy 
metals in leaves of trees were within the permissible limits and below 
the toxic level, which encourage using such water for fodder trees 
irrigation under the conditions of the present study. Acacia 
stenophylla was the most responded tree for irrigation with secondary 
effluent. So, it is recommended to be planted in calcareous soil in 
western coastal region, instead of wasting such water in the sea. 
Key words: irrigation, waste water, calcareous soil, heavy metals, 

fodder trees 
INTRODUCTION 

 

It is imperative to reuse the treated municipal wastewater in the 
agricultural expansion to face the scarcity of water resources, as well 
as the rapid population growth in Egypt. Also for protecting public 
health and controlling water pollution. The secondary treated 
municipal wastewater annual volume of Alexandria city amounts 
about 1.4 billion m3 discharge to Maryout lake and ultimately 
discharge to the Mediterranean see (Abd El-Naim, 1995). This treated 
wastewater can be use as an unconventional resource for irrigating the 
desert area in the north western coast of Egypt. The most area of these 
soils is calcareous in nature and depends manly on rainfall in its 
cultivation.  

Using this treated water in cultivating fodder trees will solve the 
problem of seasonal feed shortage resulted from the unstable rainfall 
conditions predominated in such areas besides improving the physical, 
chemical and biological properties of soils. At the same time save and 
economic getting rid of this unconventional resource of water instead 
of wasting it in the sea water.  

Leguninous trees and shrubs are good fodders source, 
particularly towards the end of dry seasons. But, overgrazing and fuel 
wood cutting have deleted wood lands and there is an urgent need to 
plant such multipurpose trees in order to increase the availability of 
browses, specially in new reclamined land to fill the gap of shortage 
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of some green forages. So, using Leucaena, Tipuna and Acacia 
species can be recommended as promising fodder plants in the new 
reclaimed land irrigated by wastewater to improve animal productivity 
in the north coast of Egypt (Hafez and Hassan, 2001). Several Acacia 
spp. have been introduced from Australia into Africa and the near east 
(El-Lakany, 1987) of which Acacia saligna is regarded as the most 
important introduced species to the western coast of Egypt as 
multipurpose shrub. 

So, the objective of the present work was to investigate the effect 
of irrigation with secondary treated wastewater on some physical and 
chemical properties of calcareous soil and on the growth and some 
nutrient elements and heavy metals contents of three fodder trees:  
Acasia saligna, Acacia stenophylla and Ceratonia siliqua. 

 

MATERIALS AND METHODS 
A pot experiment of complete randomized block design with six 

replicates was conducted using cylindrical perforated plastic pots (30 
cm height x 34 cm diameter) containing 22 kg soil. The experiment 
was carried out in the greenhouse at soil salinity laboratory, Agric. 
Res. Center, Alex., Egypt, during the period from Sept. 2000 to March 
2002. The experimental soil represent a calcareous soil with 30.0% 
CaCO3 was collected from surface layer (0 – 30cm) at Borg El-Arab 
city at north western coast area. The soil consist of 68.23% sand, 
20.31% silt and 11.46% clay and had a sandy clay loam texture, pH of 
7.94, EC value 3.08 dSm-1 .  

Nine months old seedlings of three tree species, Acasia saligna, 
Acacia stenophylla and Ceratonia siliqua were planted and irrigated 
periodically for 18 months with an amount of water at each irrigation 
event to reach soil moisture content at field capacity. The secondary 
effluent obtained from Alexandria west treatment plant. The average 
composition of the secondary effluent used in irrigation is given in 
table 1. In general, the concentration of micronutrient, heavy metals, 
biochemical oxygen demand (BOD5) and fecal coliform of the 
secondary effluent used in irrigation is less than the maximum 
permissible limits given by F.A.O. (1985) and W.H.O. (1989). The pH 
values as that of EC and SAR are in the normal range.  

The experimental treatments were (1) irrigation with secondary 
treated wastewater and tap water for control, (2) three timber tree 
species used as fodder, i.e. Acasia saligna, Acacia stenophylla and 
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Ceratonia siliqua, (3) three prolonged irrigation periods, i.e., 6, 12 and 
18 months from trees transplanted. Irrigation water was added 
periodically with an amount of water at each irrigation event to reach 
soil moisture content at field capacity.  
Table 1: Chemical analysis of the used irrigation water 

 

 
 Second. 

Effluent Tap Water 
Mean values  

Parameter  Second. 
effluent  Tap water  

pH value 07.80 07.50 
EC dS m-1 01.93 00.47 

Soluble cations meq L-1

Ca2+ 06.55 01.82 
Mg2+ 04.60 01.28 

+Na 07.21 01.40 
K+ 00.86 00.14 

Soluble anions meq L-1

 
 

00.00 00.00 CO3
2-

-HCO 08.50 02.90 3
Cl- 09.64 01.62 

2-SO 1.08 00.12 4
SAR 03.05 00.12 
Total suspended soils mg L-1 17.86 00.00 
Total dissolved solids mg L-1 85.20 00.00 

00.00 19.00 BOD            mg L-1
5

00.94 22.76 NH -N         mg L-1
4

00.26 00.92 NO -N         mg L-1
3

Total P         mg L-1 03.90 00.01 
Total micro elements  mg L-1

Fe 00.51 00.27 
Cu 00.04 00.01 
Zn 00.12 00.00 
Mn 00.11 00.03 
Pb 00.05 00.03 
Cd 00.02 00.01 
Ni 00.09 00.01 
Cr 00.01 Not detected 
Total coliforme (MPN/ 100ml) 29.00 00.00 
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Analytical methods 
Irrigation water analyses were performed according to APHA 

(1995). 
Soil physical analysis: soil aggregation by wet sieving 

technique was carried out to determine the aggregate size distribution 
according to Klute (1986). The aggregate parameters; mean weight 
diameter (M.W.D), optimum size aggregates according to Baver et al. 
(1972). Structure coefficient values (SC) according to EI-Shafei and 
Ragab (1975). Pore size distribution was calculated from pFcurves 
according to De Leenher and De Boodt (1965). Specific surface area 
was determined spectrophotometrically by the adsorption of one 
monomolecular layer of ortho-phenanthroline monohydrate according 
to Lawrie (1961). 

Soil chemical analysis: pH, EC and available macronutrient was 
determined according to Page et. (1982). Available microelements 
(Fe, Mn, Zn, Cu, Pb, Cd and Ni) were extracted by 0.05 M DTPA 
solution according to Lindsay and Norvell (1978) and were measured 
by the atomic absorption spectrophotometer. 

Plant analysis: the ground leaves samples were analyzed for N, 
P, K, Fe, Zn, Mn, Cu, Pb, Cd, Ni and Cr. Nitrogen was determined by 
the kjeldahl method (Rowell, 1994). For other chemical analyses, 1g 
of dried leaves was wet digested as described by (Rowell, 1994). 
Phosphorus was measured colorimetrically by ammonium molybdate 
method; while potassium was determined flamphotometrically 
(Jackson, 1973) Micro and trace elements were determined in the acid 
digest solution by atomic absorption Model 3300 Prkin Elmer.  

 

RESULTS AND DISCUSSION 
1- Soil physical properties 
Water stable aggregates and aggregation parameters 

Percentage of the macro water stable aggregates (> 2.0 mm) as 
showing in table (2), significantly increased, whereas percentage of 
the fine water stable aggregates (< 0.25 mm) significantly decreased 
with using secondary effluent as a source of irrigation water compared 
with tap water, as well as, by prolonged irrigation period. This is due 
to the organic materials content of secondary effluent which binds soil 
particles into aggregates of high stability. The aggregation parameters 
i.e. mean weight diameter, optimum size aggregate and structure 
coefficient increased significantly by using secondary effluent as a 
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source of irrigation water compared with the tap water, as well as, by 
the prolonged irrigation period up to 18 months from tree plantation as 
shown in table (2). This observed trend was the same under all the 
studied tree species. These obtained results are in accordance with 
those of Ramadan and El-Fayoumy (2002). 
Table 2: effect of irrigation with secondary effluent on some 
physical properties of soil after different period from tree 
plantation  

 
Means followed by a similar letter within a column are not 
significantly different at the probability by duncan's Multiple Range 
Test. 
M.W.S.A. = Macro water stable aggrigate, 
m.W.S.A. = Micro water stable aggregate, 
M.W.A. = Mean weight diameter,   
O. S. A. = Optimum size aggregate,  
S.C. = Structure coefficient. 
 

Pore size distribution 
Data showed that, it was widely affected by secondary effluent 

(table 3), quick drainable pores (>28.8µ in diameter) decreased 
significantly by prolonged irrigation with secondary effluent up to 18 
months, while irrigation with tap water had no significant effect at all 
periods. The slowly drainable pores (28.8µ - 8.62µ in diameter), the 
water holding pores (18.62 – 0.19 µ) and the fine pores (< 0.19 µ) 
increased significantly by using secondary effluent as a source of 
irrigation water compared with tap water, as well as, by the prolonged 
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irrigation period up to 18 months. The increment of the water holding 
pores indicates more plant available water in the soil irrigated with 
secondary effluent than in the soil irrigated with tap water. The 
obtained results were in agreement with those obtained by Abd El-
Naim et al. (1986) and (1987). 
 

Table 3: Effect of irrigation with secondary effluent on pore size 
distribution and specific surface area after different periods from 
trees transplantation. 

 
Means followed by a similar letter within a column are not 
significantly different at the probability by duncan's Multiple Range 
Test. 
Q.d.p. = Quickly drainable pores (>28.8μ),    
S.d.p. = Slowly drainable pores (28.8- 8.62μ),  
W.h.p = Water holding pores (8.62 -0.19 μ),   
F.p. = Fine pores (< 0.19 μ). 
 

Specific surface area 
As shown in table (3), secondary effluent application 

significantly decreased the specific surface area (SSA) comparing to 
using tap water for irrigation under all tree species. This may be 
attributed to the beneficial effects of organic materials content of 
secondary effluent which improve the aggregation properties of the 
soil and cause the increase in diameter of soil particles. It is well 
known that, the smaller the diameter of particles the bigger is the SSA 
(Hillel, 1982). 
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On the other hand, tree plantation led to an increase in SSA with 
using tap water (control) as a source of irrigation as compared to SSA 
of the soil before plantation. The recorded value was 287.68 m2g-

1before plantation, whereas the value after trees plantation were 
307.33, 304.36 and 302.42m2g-1 in the case of using tap water as a 
source of irrigation after 6.12 and 18 months, respectively. The 
recorded values in the case of using secondary effluent as a source of 
irrigation was 289.71, 284.48 and 278.74m2g-1 after 6, 12 and 18 
months respectively. These results are in agreement with those 
obtained by Abd El-Kader (1998). 
 

2- Soil chemical properties 
As shown in table (4), irrigation with secondary effluent resulted 

in slight decrease in soil pH, while EC value slightly increased. 
Sodium absorption ratio (SAR) did not varied by using secondary 
effluent as a source of irrigation water compared with the tap water. 
These obtained results are in agreement with those of Neilsen et al. 
(1991), Farag (2000). Available nitrogen, phosphorus and potasium in 
soil increased by using secondary effluent as a source of irrigation 
water compared with tap water, as well as, with the extended 
irrigation period from 6 months to 18 months. The results are in 
agreement with those obtained by Pell and Nyberg (1989), Hayes et 
al. (1990). Also, Fe, Mn, Zn and Cu increased by using secondry 
effluent comparing to using tap water for irrigation. These 
micronutrients increased in soil as follow: Cu > Mn > Fe > Zn. 

This increment in micronutrient elements may manifest the 
economic effect of using secondary effluent as a source of irrigation in 
increasing the DTPA extractable micronutrients. For all the four 
micro-nutrient elements, the increament percentage with the period 
from tree plantation up to 18 months indicate possibility to reach toxic 
levels with time. Heavy metals, namely Pb, Cd, Cr and Ni contents in 
soil increased by using secondry effluent as a source of irrigation 
compared with tap water and increased with the prolonged irrigation 
period from 6 to 18 months. 

DTPA extractable Cd and Cr increased to 80% and 180%, 
respectively, while Ni and Pb doubled with prolonged application of 
secondary effluent. Many workers stated that heavy metals 
accumulated in soil as a result of using sewage effluent for irrigation 
(Aboulroos et al., 1989, Hopmans et al. 1990 and Al-Atrash, 2002). 
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Table 4: Effect of irrigation with secondary effluent on some 
chemical properties of the cultivated soil after different periods 
from trees transplantation. 
 

 
 

3- Tree growth 
Data in table (5) showed that prolonged used of secondary 

effluent in irrigation led to an increase in all the studied growth 
parameters; plant height, stem diameter, fresh and dry weight of 
leaves, stems and roots, relative to irrigation with tap water. The 
increment percentage in plant height of Acacia saligna was 140% after 
6 months from plantation and doubled to 374.27% after 18 months. 
The least one in its affect was for Ceratonia siliqua, where the 
increment percentage in plant height was 85.88% and 203.69% after 6 
and 18 months from plantation, respectively.  

The average percentage of height growth increment during the 
study period under irrigation with secondary effluent was 248.2%, 
153.1% and 145.6% respectively for Acacia saligna, Acacia 
stenophylla and Ceratonia siliqua. These results indicate that Acacia 
saligna gave the heighest response to irrigation with wastewater in 
height compared with other tree species. The stem diameter for Acacia 
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stenopylla was higher than those of Acacia saligna and Ceratonia 
siliqua.  
 
Table 5: Effect of irrigation with secondary effluent on some 
growth characteristics of studied trees after different periods from 
trees plantation. 

 
 

The average increment percentage in stem diameter during the 
study period under irrigation with secondary effluent were 712.3%, 
332.3%, and 43.1%, respectively for Acacia stenophylla, Acacia 
saligna, and Ceratonia siliqua. This means that Acacia stenophylla had 
the highest reponse to wastewater irrigation in diameter and that 
Ceratonia siliqua had the least one. Hassan et al. (2003) found 
considerable differences in growth parameters; hight, diameter and 
stem volume of Acacia saligna, Albizial ebbek, Melia azedarach, 
Tipuana species and Taxodium disticum, grown in Borg EL Arab city 
and irrigated with sewage effluent. Similar results were also found by 
Hopmans et al. (1990), using seven tree species irrigated with 
municipal effluent at Wodongam Australia.  

The three tree species differed in their response of fresh weight 
of leaves, stems and roots to irrigation with secondary effluent. Acacia 
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stenophylla gave the highest response and the highest fresh weight, 
followed by Acacia saligna. While Ceratonia siliqua was the least one 
in its effect by the irrigation with secondary effluent. The same trend 
was observed for the dry weight of the three studied trees.  
 

Elements content in tree leaves 
As shown in table (6), content of the macronutrients N, P and K 

in leaves of the studied tree species increased by using secondary 
effluent as a source of irrigation compared with tap water, as well as, 
the prolonged irrigation period up to 18 months. This observed trend 
was the same under all the studied tree species. The tree species were 
varied in their content of these elements. The increment of the 
aforementioned macronutrients in tree species followed the order: 
Ceratonia siliqua > Acacia stenophylla > Acacia saligna. Generally, 
the concentration of N P K in leaves of the three tree species was in 
the following order: N > K > P. The same results were obtained by 
Hassan et al., (2003) using five tree species and Hopmans et al., 
(1990) using seven tree species.  

Micronutrients; Fe, Zn, Mn, and Cu, content in leaves of tree 
species increased by using secondary effluent as a source of irrigation 
compared with tap water as well as the prolonged irrigation period up 
to 18 months (table 6). The content of these elements varied between 
the studied tree species. Content of Fe and Mn in leaves of Ceratonia 
siliqua was higher than in leaves of Acacia saligna and Acacia 
stenophylla. Acacia stenophylla had the highest content of Cu. 
Content of Zn in leaves of acacia saligna was higher than that in 
leaves of acacia stenophylla and ceratonia siliqua. The concentrations 
of these elements were not outside the range of normal levels. 

Concerning the heavy metals concentrations in leaves of the 
studied tree species, data in table (6) revealed that the determined 
heavy metals ; Pb, Cd, Cr and Ni slightly increased by using 
secondary effluent as a source of irrigation compared with tap water. 
The highest increase was observed for Pb concentration in acacia 
saligna. It was 6.22, 7.64, and 11.05 mg after 6, 12 and 18 months 
form plantation. The content of Cd was very low in all trees as well as 
Cr and Ni. The concentrations of Cr and Ni were very low and  were 
not detected after 6 months. However, the concentration of the heavy 
metals in the tree species was less than the permissible limits. Similar 
results indicated that heavy metals accumulation due to sewage 
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irrigation was varied according to tree species as reported by 
Hopmans et al. (1990) and Hassan et al. (2003). The concentration of 
heavy; etals in the studied trees species was in the following order: 
Acacia saligna > Acacia stenophylla > Ceratonia siliqua. 
 
Table 6: Effect of irrigation with secondary effluent on macro, 
micro-elements and heavy metals concentration in leaves of 
studied trees after different periods from trees plantation. 

 
 

In conclusion, using secondary effluent in irrigation have an 
impoving effect on soil physical and chemical properties, which 
enhanced fodder trees growth (Acacia saligna, Acacia stenophylla and 
Ceratonia siliqua). Content of both micronutrient and heavy metals in 
leaves of trees were within the permissible limits and below the toxic 
level, which encourage using for such water for fodder trees irrigation. 
Moreover, tree species that selected for this study differed in their 
growth and elements content. Acacia stenophylla was the most 
responded tree for irrigation with secondary effluent. So, it is 
recommended to be planted in calcareous soil in western coastal 
region, instead of wasting such water in the sea. 
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التربه تأثير الرى بمياه الصرف الصحى المعالجه ثانوياً على بعض خواص 
الفيزيائية والكيميائية والنمو ومحتوى المعادن الثقيلة لبعض اشجار العلف 

  النامية فى ارض جيرية
  

3 2 محمد عامر . د. أ– 1 ناصر  .  د-، محمد القماح . د–  ، 
عبد القادر

محمود إبراهيم . د
3  نبيل السيد – ،1

لاراضى آلية الزراعة جامعة آفر  قسم ا2قسم الاراضى والمياه آلية الزراعة جامعة طنطا       1
   مرآز البحوث الزراعية– معهد بحوث الاراضى والمياه والبيئة 3الشيخ  

  
نفذت تجربة فى صوبه زجاجية لدراسة تأثير ميѧاه الѧصرف الѧصحى المعالجѧة ثأنويѧاً علѧى بعѧض           

 والمحتѧوى  وعلѧى النمѧو  ) ذات قѧوام رملѧى طينѧى سѧلتى     (الخواص الفيزيائية والكيميائية لارض جيريѧة   
المعدنى من العناصر الغذائية والعناصر الثقيلة لثلاثة أشѧجار خѧشبية بقوليѧة تѧستخدم آعلѧف هѧى اآاسѧيا               

وأوضѧحت نتѧائج الخѧواص الفيزيائيѧة ان     ) . الخѧروب  (ساليجيا ، اآاسيا ستينوفيلا ، سѧيراتونيا سѧيليكوا      
ر بالمقارنѧѧة مѧѧع الѧѧرى بميѧѧاه   شѧѧه18اسѧѧتعمال ميѧѧاه الѧѧصرف الѧѧصحى المعالجѧѧة ثانويѧѧاً فѧѧى الѧѧرى لمѧѧدة     

الصنبور زيادة آѧل مѧن نѧسبة التجمعѧات الأرضѧية  الثابتѧة فѧى المѧاء الكبѧرى والمثلѧى ، معامѧل البنѧاء ،                             
متوسѧѧط القطѧѧر المѧѧوزون ، وزيѧѧادة آѧѧل مѧѧن نѧѧسبة المѧѧسام المѧѧسئولة عѧѧن حفѧѧظ الميѧѧاه بالتربѧѧه والمѧѧسام         

تجمعѧѧات الارضѧѧية الدقيقѧѧه ، نѧѧسبة المѧѧسام    الѧѧصرفية البطيئѧѧة والمѧѧسام الدقيقѧѧة بينمѧѧا انخفѧѧضت نѧѧسبة ال     
واظهرت نتائج الصفات الكيميائية انخفاض قيم رقم . الصرفية السريعة ، مساحة السطح النوعى للتربة     

، زيѧѧѧادة طفيفѧѧѧة فѧѧѧى الترآيѧѧѧز الكلѧѧѧى للامѧѧѧلاح معبѧѧѧراً عنѧѧѧه بقѧѧѧيم التوصѧѧѧيل الكهربѧѧѧى  ) pH( الحموضѧѧѧة
بينمѧѧا لѧѧم تتغيѧѧر آثيѧѧراً قѧѧيم نѧѧسبة الѧѧصوديوم الادمѧѧصاصية    ) . EC(لمѧѧستخلص عجينѧѧة التربѧѧة المѧѧشبعة  

)SAR . (        وايضاً زيادة المحتوى الميسر بالتربة من العناصر الغذائية الكبرى) النيتروجين ، الفوسفور
ومѧѧن العناصѧѧر ) الحديѧѧد ، المنجنيѧѧز ، الزنѧѧك ، النحѧѧاس ( والعناصѧѧر الغذائيѧѧة الѧѧصغرى ) ، البوتاسѧѧيوم 

  ) .  ، الكاديوم ، الكروم ، النيكل الرصاص( الثقيلة 
وقد انعكس ذلك ايجابياً علѧى نمѧو الاشѧجار فѧأظهرت نتѧائج الѧرى بميѧاه الѧصرف الѧصحى ،                      

الارتفѧѧاع ، قطѧѧر الѧѧساق ،الѧѧوزن  (  شѧѧهر ، زديѧѧادة النمѧѧو الخѧѧضرى للأشѧѧجار   18المعالجѧѧة ثانويѧѧاً لمѧѧدة  
والѧصغرى والعناصѧر الثقيلѧة فѧى اوراق         وزيѧادة ترآيѧز العناصѧر الغذائيѧة الكبѧرى           ) . الرطب والجاف   

  اآاسѧيا  -:وآانѧت اسѧتجابة نمѧو الاشѧجار علѧى الترتيѧب التѧالى        . الاشجار مقارنة بالرى بمياه الѧصنبور     
وآان ترآيز العناصر الصغرى والثقيلة اقѧل مѧن           ) . سيراتونيا سيليكوا > اآاسيا ساليجنا > ستينوفيلا 

هذه العناصر مما يشجع استخدام مثѧل هѧذه الميѧاه لѧرى اشѧجار           الحد المسموح به وتحت مستوى السمية ب      
لذا فانه يوصى بزراعة اشجار اآاسيا ستينوفيلا  فى الاراضى الجيريѧة     . العلف تحت ظروف الدراسة       

  .بالساحل الشمالى الغربى وريها بمياه الصرف الصحى المعالجة ثانوياً بدلا من صرفها فى البحر 
  
  
  
  
  
  
  
  
  
 

 


