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ABSTRACT

The investigated area is located to the east of the Nile Delta; it is bounded by
latitudes 30° 11' 15" & 30° 14' 10" N and longitudes 31° 22' 05" & 31° 24' 20" E.
According to period of irrigated by sewage effluents the soils of the area were divided
into four grades. These include i) non-irrigated and barren, ii) irrigated for (24 years),
iii) irrigated for (49 years) and iv) irrigated for 82 years until 2009 and after this
changed to irrigated by ground water. Four soil profiles were taken to represent the
soils of the area. Morphological description and soil sampling were conducted during
the field work. The soil properties including texture, depth, organic matter (OM), EC,
CaCOg, pH, CEC, and ESP have been determined. The soils were classified as: Typic
Torripsamments and Typic Torriorthents according to the American soil taxonomy.
The soil capability classes ranged between (2) good and (5) very poor. The soil
suitability ranged between S1 and S3. The soils of the area are suitable for field crops
(Wheat, Barley, Faba bean, Sugar beat, Sun flower, Maize, Soya bean, Peanut,
Cotton, Sugar Cane), vegetable (Tomato, Pepper, Watermelon, Alfalfa, Sorghum),
and fruit (Citrus, Grape, Olive, Apple, Pear, Figs, Date palm). The soils are in general
not suitable for Cabbage, Onion, Rice and Banana.

INTRODUCTION

The studied area located in south-eastern edge of the Qaliubiya
governorate in Belbes Desert, it is bounded by latitudes 30° 11' 15" & 30° 14
10" N and longitudes 31° 22' 05" & 31° 24' 20" E (Fig. 1).
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Fig. 1. Location map of the study area
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The climate of the area is the same desert climate of the Cairo area,
which is moderated by A proximally of the Mediterranean Sea African
Development Bank (2008). The soils at El —Khanka city are classified xeric
moisture regime and Aridic moisture regime and the soil temperature regime
of the area is Thermic USDA (2010). According to Shata and El Fayoumy
(1970), EIl Diary (1980). and RIGW (1989). The Pleistocene and Holocene
epoch of the Quaternary period mainly cover the study area. Miocene and
Pliocene sediments of the Neogene period outcrop at the eastern portions.

Since 1900, Egypt began to apply the use of sewage water in farming
as unconventional source of water to reduce the water shortage and achieve
the block of the food gap between the product and the overpopulation.
Sewage water contains useful nutrients for the soil fertility and plants
nutrition. The benefits of these nutrients depend on the concentrations of the
nutrients in wastewater, the quantities of wastewater applied, the times of
application, the type and the target yield of the crop grown, and the fertility of
the soil (Janssen et al., 2005). On the other hand it contains high percentage
of heavy metals which cause toxicity of plant and a harmful effect on humans.
Acording to El-Fakharany and Mansour (2009) The Quaternary aquifer
classified into two hydrogeological units; the upper unit is the Holocene
aquitard and the lower one is the Pleistocene aquifer.

MATERIALS AND METHODS

Four soil profiles choosing to representative the soils of the four
areas non-irrigated, irrigated for 29 years, irrigated for 49 years and 82 years,
were duge and detailed description were done based on USDA (2010) and
collected the different samples for the different morphological layers of soil
profiles for another analysis. The particle size distribution determined
according dry sieving method, USDA (1991). Soil pH determined according to
klute (1986). EC dS m™, CaCO; %, OM% determined according to USDA
(1991), Cation exchange capacity (CEC), exchangeable sodium determined
according to Robert (2008). Based on the morphological, physical, chemical
and climatologically data classified the soil of the area according to USDA
(2010).

Land capability and suitability Soil classes.

Based on the physical, chemical, fertility, climatologically and crops
requirements according to FAO (1981). The (ASLE) software (Ismail et al,
1994) was used to producing land capability and suitability classes. The Arc-
GIS 9.3 software was used for mapping the land capability and suitability of
the studied area.

RESULTS AND DISCUSSION

General description of the area

The parent material of the area under investigation is Pliocene and
plectocen deposits. The Relief is flat and flat to almost flat. The drainage
condition is well. The land use field crops and vegetable crops.
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The soil of the area was developed according to the application
period of sewage effluents. The morphological features were changed with
the time of the application Table (1).

The area under investigation based on period of irrigated with sewage
effluent could be divided into four classes as the following:-
Non-irrrigated soils

The soils non-irrigated and barren and representative by soil profile
No (4 ) and (fig.2).

The morphological features as colour, texture, structure, consistence,
pores, effervescence with Hcl, and boundary indicated there are no changed
from layer to another. From table (2) the texture class is sand, cation
exchange capacity values are low and ranged between 1.12 and 0.61
mg/100g soil. ESP values are low than 15%. From table (3) pH values are
ranged between 7 and8. CaCO; content is high in the surface and decrease
with depth. Organic mature content is low and decrease with depth. Electrical
conductivity (EC dS m™) values are high in the surface (6.62 dS m™) and
decrease with to reach 1.40 dS m™.

Fig.2. Photography Image Barren Soil
Profile No. (4).
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Table 2. Particle size distribution analysis of barren soil.
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0-40 64.9 34.4 0.42 0.28 |Sand|1.12(0.49(0.23/0.11/0.19|9.82
4 40 -90 76.3 22.9 0.48 0.32 |Sand|0.82|0.48/0.31/0.02/0.01| 2.4
90 - 130 80.8 19.1 0.06 0.04 |Sand|0.61(0.35(0.24/0.01/0.01| 1.6

Table 3. Some chemical characteristics of barren soil.

Profile [Depth in| PH caco oM EC |[Soluble Cations mg/l| Soluble anions mg/l
No cm [ (1:1) ®l % |dsm'[ca”"[Mg"[Na [K'[Cos[Hcos| CI [So™,
0-40 |7.65| 6.23 |0.53] 6.62 |20.3]12.8|30.9({2.2] 0.0 |15.2|36.9|14.1
4 40-90]7.89| 582 |0.26| 248 | 86| 3.8 |11.2|12| 0.0 | 5.2 |181]| 15
90-130{8.01| 596 |0.15]| 140 | 41| 29 |6.0|10]00| 2.1 |82]37

Soils irrigated with Sewage Sludge for 29 years

The soil irrigated for (29) years and representative by soil profiles No.
(1) and fig. (3). The morphological features does not changed from layer to
another which indicated that there is no effects for sewage effluent. From
table (4) the texture is sand, Cation Exchange capacity still low and ranged
between 6.21 mg/100g soil in the surface and 0.72 mg/100g soil in the deep,
ESP values are low than 15%. From table (5) pH values are ranged between
8.06 and 8.13, CaCOj; content is varied from layer to another and ranged
between 4.24 and 8.00. Organic mature content is moderately high in the
surface and decrease with depth. Electrical Conductivity (EC dS m™) is low
than another.

: ) -
Fig.3. Profile No.(1).
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Table 4. Particle size distribution analysis of second area.

Profile| Depth (;(;rnsde ;?]3 Silt | Clay |Texture|CEC mg Cations mg/100g ESP
No |incm % % % % | Class | /100g | Cca™ [Mg"™ |Na"| K" %
0-15|70.00[14.02|10.05| 5.02 | Sand 6.21 | 2.56 | 1.65 [0.86(0.90 | 13.85
15-40| 76.8 | 22.1 | 0.66 | 0.44 | Sand 1.35 | 0.52 | 0.43 |0.11|0.19 | 8.15
40— 80| 52.8 | 46.7 | 0.3 0.2 | Sand 1.12 | 0.550.19 (0.12|0.16 | 10.71

80 -120| 44.7 | 55.2 | 0.06 | 0.04 | Sand 0.72 ] 0.43 | 0.27 ]10.01]0.01 | 1.39

Table 5. Some chemical characteristics of second area

Profile | Depth | PH caco OM | EC | Soluble Cations mqg/l | Soluble anions mq/l
No |incm |[(1:1) %l % |[dSm™[Ca™[MgT[Na' | K* [Cos[Hcos] CI” [So,
0-15[8.13| 4.65 |2.98]|0.68 |2.35]|1.05|2.20[1.20|0.00 | 1.33 |3.25]| 2.22
15-40|8.06| 5.23 |1.56|0.30 |0.98|0.521.10{0.40|0.00| 0.89 |1.87|0.24
40-80(8.11| 454 |0.89)|0.27 |0.79]|0.56 [1.10[0.25|0.00 | 0.30 [1.32|1.08
80-120] 8.12 8 0.65| 0.28 [0.88] 0.52 10.91|0.49|0.00 | 0.25 |1.15|1.40

Soils irrigated with Sewage Sludge for 49 years

The soil irrigated for (49) years and representative by soil
profile No. (6). From table (6) the texture class is loamy sand in the surface
and changed to sand the deep layer, Cation Exchange capacity (mg/100g
soil) varied from layer to another as 13.78 in the surface, 16.89 in the
subsurface, 1.21 in the third layer and 0.61 mg/100g soil in the deepest layer.
ESP values are low than 15%. From table (7) pH values are ranged between
7.78 and 8.22, CaCO; content is 4.01 in the surface and increase with depth
to reach 5.15. Organic mature content is high in the surface and decrease
with depth. Electrical Conductivity is low than another.

Table (6) Particle size distribution analysis of third area

Profile| Depth %%:15; ;\?\Z Silt | Clay [Texture| CEC Cations mg/100g ESP
No | incm % % % % | Class |mg/100g| Ca™ [Mg*" [Na"| K" | %
0-15 |50.20 | 18.46 |20.56 |10.87 'QZL"J 13.78 | 7.23 | 4.30 |1.26|0.99| 9.1

6 | 15-30 |49.72 |16.88(19.95|13.45 Is::]dy 16.89 | 8.98 | 5.78 |1.28|0.85| 7.6

30-70|82.00)17.80| 0.12 | 0.08 | Sand 121 |0.51|0.31)0.20{0.14| 6.5
70-120]95.50]| 4.20 | 0.18 | 0.12 | Sand | 0.61 |0.39 | 0.19 [0.02]0.01| 3.3

Table 7. Some chemical characteristics of third area

Profile| Depth | PH caco OM | EC |[Soluble Cations mq/l | Soluble anions mq/l
No | incm |(1:1) % % |dSm™|[Ca” [Mg"[Na'| K* [Co s [Hcos| CI' [So 4
0-15 |7.78] 4.01 |[5.78] 061 | 21 | 1.0 [26]05] 0.0 | 27 [3.8]-04
15-30[8.01] 457 [3.12] 052 | 1.9 [ 08 [20]06] 00 | 1.9 |29 05
30-70[8.12] 498 [1.35] 040 | 1.3 [ 0.8 [1.3][07] 00 | 06 [19] 15
70-120[8.22] 5.15 {0.98] 030 | 1.1 [ 09 [11]04| 00 | 02 [1.0] 23

Soils irrigated with Sewage Sludge for 82 years
The soail irrigated for (82) years and representative by sail
profile No. (13) and fig. (4). From table (8) the texture class is clay loam in the
surface and subsurface and sand in the deep layers, Cation Exchange
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capacity (mg/100g soil) varied from layer to another as 30.34 in the surface,
34.25 in the subsurface, 0.32 in the third layer and 0.30 mg/100g soil in the
deep layer. ESP values are low than 15%. From table (9) pH values ranged
between 7.67 and 8.01, CaCO; content ranged between 3.01 and 5.12% and
increase with depth. Organic mature values high in the surface and decrease
with depth and ranged between 6.79 and 0.34. Electrical Conductivity (EC dS
m™) ranged between 0, 43 and 0.57dS m™.

Fig.4. Profile No. (13).

Table 8. Particle size distribution analysis of fourth area
Profile| Depth Corse | Fine CEC Cations mg/100g

ESP

Silt | Clay | Texture

; Sand | sand mg ++ + o e
No incm % % % % Class /100g Ca” [Mg  |Na' | K %
0-20 | 20.08 | 18.00 |35.04|25.07 ISE% 30.34|15.75| 9.49 |3.10|1.45| 10.2
13 |20-40| 19.01 | 15.01 |37.02(28.03 Iglé.i% 34.25|18.52|10.41|3.32|2.00| 9.7

40-80| 75.8 | 24.1 | 0.06 [0.04| Sand |0.32] 0.20 | 0.10 |0.01]0.01| 3.1
80—-120] 72.7 | 27.1 | 0.06 | 0.04]| Sand 0.3 1 0.16 | 0.12 |0.01]0.01| 3.3

Generally, the climate of the area is arid led to the initial soil content
of organic matter is poor and low level of cation exchange capacity that affect
on soil fertility. The impact of sewage water on soil was not significant on
irrigated soil for 29 years, while the effect of sewage explained on irrigated
soil for 49 and 80 years old. This effect represents the high values of the
organic material that contain colloidal substances have a negative active
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surfaces Intensify the positive elements leads to high cationic exchange
capacity of the soil and the soil texture changed from sandy to loamy sand
clay.

Table 9. Chemical analysis of fourth area

Profile| Depth | PH caco OM| EC |Soluble Cations mqg/lSoluble anions mq/|
No |incm |(1:1) 4 % |dsm*[Ca™ [Mg™ [Na'[K* [Co s[Hcos[CI'[So ™,
0-20 786|301 16.799057| 14| 09 |29]0.6/0.0] 1.1 (3.1] 2.0
20-40|7.67 | 432 423 050 | 15| 09 |2.0]/0.6|/ 0.0 | 0.8 |2.6/2.1
40-80|[798 478 | 2 |044| 14| 09 [1.8|0.4/0.0]| 0.6 [2.0]2.2

80-120/8.01 | 5.12 |0.98 043 ]| 1.3 | 0.8 |1.8]0.4{0.0] 0.6 |2.1] 2.0

13

Soil capability

The Land capability classification of the soils of the studied area was
carried out according to soil depth, texture class, cations exchange capacity
(CEC), available moisture content, CaCO3, exchangeable sodium percentage
(ESP), soil salinity (EC) and drainage condition. The results showed that land
capability ranges between classes 2 (good) to class 5 (very poor) and most of
it sites under class 2. The low capability class C4 and C5 is related to
drainage condition, soil salinity and alkalinity, CEC and soil texture. The
highly capability class correlation with highly soil fertility, improved of soil
texture and highly organic matter. Land capability class enhanced with time
these results showed in table (10) and fig. (5).

Table (10) the class of land capability.

Profile No. Land capability class Final index
1 C 4 (poor) 33.21
4 C 5 (very poor) 12.93
6 C 3 (fair) 58.18
13 C 2 (good) 79.29

Soil Suitability class

According to environmental requirements for 28 crops (Wheat,
Barley, Faba bean, Sugar beat, Sun flower, Rice, Maize, Soya bean, Peanut,
Cotton, Sugar Cane) as failed crop, (Onion, Cabbage, Pea, Potato , Tomato,
Pepper, Watermelon, Alfalfa, Sorghum) as vegetable and forage crops and
( Citrus, Banana, Grape, Olive, Apple, Pear, Figs, Date palm ) as fruit trees
The results showed that The most suitable crops to grow in the study area
are Cotton, Date palm, Olive, Alfalfa, Barley, Wheat, Maize, Faba been, Soya
been, Sugar beet, and Citrus. The suitability for Cabbage, Onion, Rice and
Banana is ranges between currently non suitable to permanently non
suitable. The soil suitability for Cabbage, Onion, Rice and Banana is limited in
some area by soil salinity and alkalinity, exchangeable sodium percentage,
drainage condition and soil texture. fig. (6).
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Fig.5. Land Capability Classes of the Investigated Area.
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Fig.6. Soil Suitability Map.

438



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 4 (4), April, 2013

REFERENCES

African Development Bank (2008). Gabal El Asfar Waste Water Treatment
Plant — Stage Il Phase 2.

El Dairy, M.D. (1980). Hydrogeological studies on the eastern part of Nile
Delta using isotope techniques, M.Sc. thesis, Fac. of Sci. Zagazig
Univ., 233p.

El-Fakharany, M. A. and N. M. Mansour (2009). Assessment of Water
Resources Quality at the Southeastern Part of the Nile Delta, Egypt.
The international conference on water conservation in arid rigons 12-14
october 2009. Jeddah

ESRI. (2008). ArcMap version 9.3 user manual. Redlands, CA, USA.

FAO, (1981). A framework for land evaluation. Soils Bulletin 32. Food and
Agriculture Organization of the United Nations (FAO), Rome, Italy.
Ismail, H.A.; E.M. El-Zahaby and M.E. El-Fayoumy (1994). A modify
approach for land evaluation under arid condition. Applications.

Mansoura University Journal of Agricultural Science, 19: 3497-3513.

Janssen, B.H.; H. Boesveld and M. J. Rodriguez (2005). Some theoretical
considerations on evaluating wastewater as a source of N, P and K for
crops. Irrigation and Draing, vol. 54., S35-S47

Klute, A. (1986). Methods of Soil Analysis (part—1) Physical and Mineralogical
Methods. 2nd ed., Amer. Soc. of Agron., madison, wisconsin, USA.

Lindsay, W.L. and W.A. Norvell (1978). Development of a DTPA soil test for
zinc, iron, manganese, and copper. Soil Sci. Soc. Amer. J. 42:421-428.

Qalioubia report. (2008). The environmental Profile, 185p.

Robert, W.D. (2008). Soil testing manual: procedures, Classification Data,
and sampling practices. Pinted by press of Ohio.

Shata, A.A. and |.F. El Fayoumy (1970). Remarks on the regional geological
structure of the Nile Delta “. Symposium hydrology of Delta, UNESCO,
vol. 1., 189-197.

Soil Survey Staff, (2003). Keys to Soil Taxonomy. Tenth Edition, (USDA
Agriculture Handbook, 436). Washington, D.C.

SOIL SURVEY STAFF. (1975). Soil Munsul Colourcharts. U.S.D.A., Soil
Conserve, Washington, D.C.

SOIL SURVEY STAFF. (2010). Key to Soil Taxonomy. Eleventh Edition,
346p, U.S.D.A., Washington, D.C.

USDA (1991). Soil Survey Laboratory Methods Manual. Soil Investigation
Report, No. 42, version N.1.0, OCT. pp: 603.

439



Oda, M. M. M. etal.

>all i pual) ol (5,555 il JauaY) Jaad) () i i g Al

¢*o sl ae daal Jhlg ¢ *palgd) b anall e o ¢ FBage o gla daaa g3
** Ao ol cidiy

raa - B AlEl L 5 ALY Ay . As 3N AdS L Ll ) Al

Bl o Giganll e gl 38 yall - olall JMiia g (ol Y1 anid

30° 11' 15" & 30° 14" 10" e baa o Jall Uiy (3, ai Al pal) dhaie
el G paall slaay (5 ) 5l a5 18,5310 22' 05" & 31° 24" 20" sk bas Ve
cicgyie e Aalig iy ye e IV Adhidl | (3hlie gl A Asliadly )Y Caend
(AY) Caysy Lagl S Alaiall  Lale (£9) gy AN dalaiall ¢ Lele (Y9) gy 4l dadaial)
L)) Y el (g0 € i @lld dmy s Yo 04 le i eanall Cauall sl (e Lale
Clia Aiadl Jaadl JMA a8 sall Coa gl 5, Akl oy il cadal A ) cile o
¢ EC 4l daske ¢ OM A sazandl 3alall ¢andl ¢ (il ol 8 ) (A 58 Jalad daialia 4 5l
4 « CEC 4 oilqll alalil) dadl ¢« pH dazaseall ds 0 ¢ CaCO; pomndSll cilip S
228 5 ESP Jalidl o g peall
D soS de gena Laliey A il o () i Lgle Jsanl) a5 ) el
o 828l 438 4 il wllaiTorripsamments Typic and Typic Torriorthents. .
draladll s S3 (A ST 0 zs) i 4l daeDla ey (Aall ) © A4 (3) ¥ ARkl
s\_U..AS\ d}ﬁ "S‘).JJ\ cwmﬂ\ E)AJ 6)5.;&“ Ja.u ‘djsl\ ‘M\ ccnsn) (5“ dae D )SS‘\}” Lh;j\
(eadadl (Jaldll calalalall) daulia SV padll Jualae s (LSaall i (ladll ¢ s gaall J 5all
(5 sl L) ¢y s M ecaiall ¢ gl gall) oo AaiDle SV 2SN Jaalaa s (331 s )
O OSars dmalia Gl Ll (5015 sl ehadl o silall) Jalas £ Jad o(Jaaall gyl
Asbiall (e alare (820 JS0 Daulie e (S5

5 saial) daala — ds i3l A .\Lua,‘.uju,cuau/a_i
de )3l Eiganll 38 e dada daal daaa [ 2}

440



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 4 (4), April, 2013

441



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 4 (4): 429 - 440, 2013

Table 1. Morphological feature of the soil profiles of the area.

Applicat. ) Depth Color Consis| Efferv.
Igeriod Pr,\?é”e In LSSng Symbole D Moi tT%)I(;lSJ;aI Structure| -tence With Roots |Boundary New formation
(year) : (cm) ry 01s Dry Hel
0-40 |Barren| C1 R s, SG. | sh. h. ms.
zero | 4 | 4090 c2 R R s, sG. | L mh. ss.
90-130 c3 ovR 1R s, SG. L. mh.
After 10YR 10YR
0-15 | Gitrus Ap 6/2 5/3 S. SG. sh. m. csm. md.
15-40 c1 R 2R s, SG. | sh. Ffm. ss.
29 1
40-80 c2 PR 1R s, SG. | sh. csm. s.
80-120 c3 A A sG. | L. mh. N
common small residual
0-15 [Alfalfa| Ap 18)(2R 1273R LS. |Smmss| sh. m. csm. cs parts and humified of
organic compound.
10YR 10YR few humified of organic
49 6 15-30 C1 6/2 4/3 LS. Mmssb | mh m. Fm cs. compound
30-70 c2 1oYR |1 sG. | L. sd.
70-120 c3 10YR 1 10¥R sG. | L
10YR |10YR fixed 1 e tpdm?diurg
mixed from residual an
0-20 |[Tomato| Ap 5/3 412 CL. smisb. h m. csmm. cs. semihumified organic
material. _
82 13 20-40 C1 lg)(sR 1272R CL. smlsb. h. m. Fm cs. g?g;?ignma?ggll_ humified
40-80 c2 R 2R s, sG. | L. cs.
80-120 c3 1R TR s, sG. | L
Structure Texture class Consistence Boundary Roots abbreviation

abbreviation

SG: Single grains
small to medium
smmss: moderately strong subLS:
angular
medium moderately
mmssb: strong sub  angularCL:
blocky di |
. strong medium to large
smisb: sub angular blocky
effervescence
with Hcl
h: High
mh: moderately

S:

high

sand

abbreviation

Loamy sand

Clay loam

abbreviation

. slightly . medium
sh: hard ms: sharp
. . smooth
L: Loose Ss: sharp
. Moderately . moderately
mh: hard md: iffuse
. . Slightl
h:  Hard SS: smoot

S: smooth

cs: clear smooth

. slightly
sd: diffuse

N:

csm:

Ffm:

n

m:

csmm:

non

common small to medium roots

few fine to

medium roots

few medium roots
common small to medium mixed

roots
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