J. Agric. Sci. Mansoura Univ., 29 (9): 5335 - 5345, 2003
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ABSTRACT

An area of 50 fed located at The Experimental Station, Fac. Agric., Al-Azhar
Univ., Assuit Governcrate was chosen to represent the Nile alluvial soils. Five
representative soil profiles were selected to asses the morpholegical features and the
soil physio-chemical properties. The obtained resuits indicate that there are no wide
variations in the morphological descriptions ameng the studied soil profiles and within
each profile, Matrix color varies from dark brown {10 YR 3/3) to dark yellowish brown
{10YR 4/4) when was dry and from very dark grayish brown (10YR3/2) to very dark
brown (10 YR 2/2) when was moist. The Ap horizon is hard to very hard (dry), firm to
very firm {moist} and slightly sticky to slightly plastic (wet). The subsurface horizons
(C, Cy and C;) are very hard to extremely hard (dry), very firm to extremely firm
{moisl) and sticky plastic to very sticky very plastic (wet). The structure varies from
moderate subangular blocky to medium or strong angular blocky. The boundary
differs from clear smooth to diffuse smooth. The soil represented by profile one was
grown by grapes, citrus and fig, while it was grown by wheat for profiles No.2, 3 and
4. The scil of profile 5 was grown by clover, The soil texture class varies from silty
clay to clay, with a multi-depositional regime in some localities due to the differences
in the media of sedimentation, Soil bulk density ranges from 1.19 to 1.39 gfcm3 and
mostly shows a regular increase with depth. Plastic limit ranges from 51.34 to 61.48
%, while elastic limit differs from 17.32 to 25.46% and they increase with soil depth.
The plasticity index ranges from 31.49 to 40.09%. The wide variation in these
parameters is more related to the high clay content as well as its aclivity. The organic
matter content is relatively low {1.24 -1.96 %) and decreases with soil depth. Soils are
salt-free (EC, = 0.96-1.43 dS/m), nen-calcareous {CaCQ3 < 2.55 %) and soil pH is
moderately alkaline (7.99-8.14). The values of exchangeable sodium percentage
range from 1.76 to 6.67 % and tend to increase with depth. Available macro (N, P &
K) and micronutrients (Fe, Zn, Mn &Cu) are adeguate in the upper layers but low
downwards.

According to the suitability classification of Erian et al. (1991), the studied soils
can be grouped into two suitable classes S2 and S3 which include those of deep
profiles, clay textured, non-saline well drained and almost leveled surface. The
workability is greatly affected and accordingly, these soils should be improved and
ploughed at suitable soil moisture content. Finally, it can be concluced that the
studied area is mostly considered suitable for cultivating a wide range of crops.
Keywords: Morphological description, physio-chemical properties, ¢lay soil, land

suitability.

INTRODUCTION

Soil survey is an important source of data that can be used to
improve farm planning and environmental protection (Wu, et ai, 2001). Land
evaluation is important in establishing tand use and agricultural development
programs. it defines the suitable alternative land utilization types under n
particular farming system on a sustained basis. Soil survey provides an
inventory of the soil, using concepts of natural soil bodies that enable soil
scientists to determine the place of a particular soil among all other known
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soils. On the other hand, the appraisal of seils for agricuitural uses on the
basis of soil inventories is called soil survey interpretation. A common feature
of comprehensive soil survey interpretation systems is that the soil surveyor
has to estimate to what degree a given soil can support a particular farming
system (Ghabour, st al., 1994).

The purpose of soil survey interpretation is to make predictions of soil
performance to guide profitable management on each type of soil (Steele,
1968). Land evaluation moves much further in the direction of recommending
particular uses of land (Van Diepen, 1982). However, more often soil units
continue to serve as land evaluation units, and they are only separated by
agro-climatic zones if large areas are involved. Verheye (1987) reported that
iand suitability evaluation deals with a comparative suitability rating of the land
for a given range of utilization types, using an objective evaluation scale that
covers the major growth requirements.

The changes in soil structure (size and shape) are due to tillage
practice and are useful in differentiating shallow or deep tillage, and no-tillage
(Beshay and Sallam, 2001). Panyachart (1986) studied the vital soil
characteristics affecting cropping practices and concluded that the fertility
should not be considered as a major factor affecting cropping practices in the
area. However, soil characteristics affecting cropping practices were sail
texture and characteristics derived from soil development responding to
topography.

The studies of Edwards et al. {1992) and Nagarajarao and Jayasree
(1994) demonstrated that long-term soil management practices affect soil pH,
organic matter, bulk density, and nutrient availability. They further show that
different tillage and crop rotations may require distinctly different soil fertility
management. Kobkiet et af. (1993) stated that the soil productivity and fertility
degradation are mainly reiated to specific soil characteristics and applied
mismanagement practices.

This work was undertaken to clarify the characterization of some Nile
alluvial soils at northwest of Assiut City, Assiut Governorate, Egypt. Such
studies may help the users to put suitable plans and find a guideline for the
features of agriculture utilization projects.

Materials and Methods

The studied area (50 fed) is located at The Experimental Farm,
Facuity of Agriculture, Al-Azhar University that lies at northwest of Assiut City,
Assiut Governorate between Nile river and El-lbrahimya canal. It is bounded
by longitudes 31° 11" and 31° 13" E and latitudes 27" 13 and 27" 11" N (Fig. 1).
Topographically, the area is almost flat (565 m asi). Landform asscciated with
this elevation is structural and alluvial plain. The soils in this area have been
formed from the sedimentation of the suspended matter, which was carried by
the annual Nile flood during the most recent geological period. This
suspended matter is the product of physical and chemical weathering of the
igneous and metamorphic rocks forming the Ethiopean piateau (Kishk, 1972).

Metrological data reveal that the prevailing climaie is corresponding to
hot desert; the maximum temperature varies from 18°C in January to 38.4°C
in July and the minimum temperature varies from 4.5°C in January to 22°C in
July. The average value of high relative humidity is about 78.92% while the
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low one is about 18.17%. A pan evaporation is about 1910.2 mm per year
{Ainer and Eid, 2003). According to Soil Survey Staff (1999), soil moisture and
temperature regimes are torric and thermic, respectively. Groundwater is the
main source of irrigation (EC = 1.0 dS/m) that is applied by flooding irrigation
system.

- Ball prafila losnbinns
of the atudiad oOreo .

Fig.{1) Locallon o’ the studied areoc and soll oroflles |

Five soil profies were selected to represent the investigated area.
The representative profiles were morphologically described according to Soil
Survey Staff (1999). Undisturbed soil cores were faken fo determine bulk
density according to Klute (1986). Soil samples were prepared for some
physical and chemical analyses as described by Page (1982) and Klute
{(1986). The liquid and plastic limits were determined on air-dry soils according
to Lambe (1960), after which the plasticity index was calculated by difference.
Available (NO3 and NH4) and total nitrogen were determined according to
Page (1982). Available P and K were extracted and determined according to
Soltanpour and Schwab (1977). DTPA-extractable iron (Fe), zinc (Zn),
manganese (Mn), copper (Cu), boron (B), lead (Pb) and nickel (Ni) were
carried out according to the method described by Lindsay and Norvell (1978)
and determined using atomic absorption (model Perkin-Elmer 1999}. in order
to evaluate the land suitability, the following parameters were used. effective
soil depth, availability of oxygen for roots, salinity, alkalinity, workability and
nutrients availability through an evaluation system undertaken by Erian ef al.
(1991).

The climatic normals of the studied area can be defined as thermic
and torric, since a) the mean annual soil temperature is lower than 22° and
the difference between mean summer and mean winter is mare than 5°C, and
b} soil moisture through the profile control section is dry in most of the year,
where the moisture regime is torric (Soil Survey Staff, 1999),

The morphelogical descriptions of the studied soil profiles (Table, 1)
indicate that there are no wide variations among the studied soil profiles and
within each profile.
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The elevation of the studied area is 55 m asl with water table deeper
than 100 cm indicating that this soils could be classified as moderately
drained. Matrix color of profiles 1, 2 and 4 varies from dark brown (10 YR 3/3)
to very dark grayish brown (10YR3/2) when was dry and from very dark
grayish brown (10YR3/2) to very dark brown {10 YR 2/2) when was moist.
However, for profiles No. 3 and 35, it varies from dark brown (10 YR 3/3} to
dark grayish brown (10 YR 4/2) to dark yellowish brown (10YR 4/4) when dry
and from very dark grayish brown (10YR3/2) to very dark brown (10 YR 2/2)
when moist.

RESULTS AND DISCUSSION

Regarding the structure for most layers of the studied soil profiles, the
grade is moderate to strong, the size is medium and the type is angular
blocky to sub-angular blocky. The consistence varies from hard and very hard
to extremely hard (dry), but it changes from firm and very firm to extremely
firm (moist) and it is sticky to very sticky and plastic to very plastic {wet). The
boundary differs from clear smoothing to diffuse smoothing. The scil
represented by profile No. 1 was cultivated by grapes, citrus and fig, while for
profiles No. 2, 3 and 4 was cultivated by wheat and it was cultivated by clover
for that representad by profile 5.

Physical properties of the studied soil profiles (Table 2) reveal that
coarse sand fraction ranges from 0.05 to 5.89 %, while the fine one varies
from 5.48 to 17.44 %. All sand fractions decrease with soil depth except the
fine one for profile 5 where it increases with soil depth. Silt fraction ranges
from 31.62 to 41.0 % while clay content differs from 40.0 to 58.4 %. The
distribution pattern of these soil fractions shows the nature sedimentations
process of Nile river. The texture class varies from silty clay to clay. The
previous characteristics are mainly due to the sedimentation pattern of the
Nite valley, beside the local environment. Soil bulk density ranges from 1.19 to
1.39 g/cm3 and mostly shows a regular increase with depth.

It appears from Table (2) that the plastic limit increases with
increasing clay content. The elastic limit stays rather constant. So, the
plasticity index shows the same tendency as the plastic limit, Plastic limit
ranges from 51.34 to 61.48 %, while elastic limit differs from 17.32 to 25.46%
and they increase with soil depth. The plasticity index ranges from 31.49 to
40.09%.

A common value to indicate the plasticity index of the clay fraction of
the soil is the clay activity, which is the ratio of the plasticity index to the clay
fraction percentage. According to Skempton (1953), the investigated soil
profiles No. 1 and 5 belong to the active clays (activity > 0.73) while the
investigated soil profiles No. 2, 3 and 4 belong to the inactive clays except the
surface layer of profiles 2 and 3, indicating that internal friction is more
responsible for strength than cohesion.

5338



Abdei-Mawgoud, A.S.A. and M.E.A. Faragailah

8r'8g 96°LL ri'9S 8e'} Aej Ailig OL'BE 066 | s6¢l 500 051-06
60°€S BE' LT 8y vL L) :lfe] 0009 gpLZ | 22T 20 06-01 g
LELY 1641 PE 65 611 Aep Ajig oo QF 00'L¥ Z8Sl 8LE 010
LELY 0TeL 1504 8¢'L Ae1p 09°LG EF PE bLL S£0 051-04
6¥ LY 0012 6¥ 29 b2 fe1p 00'b¥ 0LLE LOEL 68'S 0L-0 "
LLvy 8042 58'89 6E'L Aep Anis orvs 80°0% gr's ¥0'0 051-05
99'LY ov'sZ 21’49 LTl Ae1D 0025 8.6¢ 00’8 220 05-0L Ex
850 1902 52’19 oz Aep Ag ozer ey | 9501 444 0i-0
SETy 16'g2 2L 9e’L fe|n ot 8s Z9'LE 656 60 051-0L
2561 226l ¥1'89 Gzl felp 00°Z5 vz LE 98'6 180 04-0 g
So'6Y ov'gi 189 82’1 Ae|D 08'2S Ob'GE 86°0L Z80 051-01
20+ ZeLL reL9 6L Aep Ayig ov'ey 9c0or | 8FKGI oLl 04-0 '
pues
o o o7 AnEu\Q SSe|? fe|n NHis pues aul4 es1e03 |(wo) rdogl-oN oosd
xapul Alanseld |Jiung ogsers | g ouseld | Asuap yjing | aimxal 1og o UOINQLISIP 2215 AjoMIEd

'sapsjoad pos paipnys ayy Jo saipadoad jeaisiyd awog ~(7) a1qeL

5340



J. Agric. Sci. Mansoura Univ., 29 (9), September, 2003

Organic matter content is relatively low (1.24-1.96 %) and decreases
with soil depth (Table 3) indicating a normal value that almost found in the
valley. The soils are considered non-calcareous {CaC03 < 2.55 %) and sail
pH is maderately alkaline (7.99-8.14). Exchangeable sodium (ESP) values
range from 1.76 to 6.67 % and tend to increase with depth. Generally, ESP
values are beyond the critical value (15%).

Table (3). Some chemical properties of the studied soil profiles

profile depth | OM. |C2CO; | 1o | ponal pcap | EMgP | ESP | EXP
No. | (cm) | % Yo . .
0-10] 145 | 1.97 | 8.03] 36.79 ] 66.63 | 3684 | 176 | 0.77
10-150] 1.24 | 1.46 | 8.00| 4441 ] 5673 | 3678 | 528 | 121
D-10| 165 | 1.67 | 8.01] 44.05 | 60.00 | 3516 | 347 | 137
10-150 134 | 1.71 | 805 43.92 | 5720 | 3703 | 469 | 1.08
0-10| 1.83 | 2.34 | 8.03] 48.08 | 5533 | 40.72 | 239 | 156
3 [10-50[ 158 | 251 | 801[ 4553 | 5703 | 39.74 | 213 | 1.10
50-150] 1.26 | 2.55 | 8.02( 52.51 | 4773 | 4823 | 3.10 | 094
0-10] 1.96 | 1.88 | 8.05| 53.21 | 4992 | 4605 | 232 | 171
10-150 1.29 | 1.46 | 800 5559 | 5334 | 4042 | 526 | 098
0-10] 195 | 1.88 | 795 43.94 | 4825 | 4881 | 188 | 106 |
5 170-90] 128 | 1.59 | 8.14] 47.55 [ S1.21 | 4399 | 397 | 033
90-150] 124 | 033 | 8.11] 4442 | 4263 | 4977 | 667 | 093 |
*pH (1:1 soil water susbentio ** CEC (meq./ 100 g soi)

2

It can be stated that the soils are salt-free where the EC, values
{0.96-1.43 dS/ m) are less than 2 dS/m (Table, 4). In general, the dominant
anions follow the order of Cl = HCO3 > S04 > CO3 while the dominant
cations follow the order of Ca = Mg > Na > K. The sodium adsorption ratio
{SAR) is relatively low (< 4.0) which realize non-alkalinity hazerd.

Table {4): Chemical analysis of soil paste extract for the studied soil
profiles

Profile | Depth | EC soluble iongmegfl)
No | (em) | (dSm)[ CO, [HCO] CI | SO,| Ca! Me| Na | K | R
. 0-10 | 1.20 [ 1.50 [ 3.75 [ 450] 2.18] 450 | 3.50 | 3.60 | 033 | 180
10-150] 1.37 | 1.00 | 450 | 3.50] 4.76 | 3.00| 350 | 7.10 | 0.17 | 3.94

3 0-10 | 118 | 150 [ 3.25 [4.00] 290 450 | 3.50 | 3.50 | 020 | 175
10-150] 110 | 1.00 | 550 [250] 2.00 | 3.00 | 4.00 | 3.75 | 022 | 2.00
0-10 | 125 | 200 | 450 [4.50[ 1.50 | 4.00] 350 | 4.85 | 0.16 | 269
3 10-50 [ 1.08 | 1.60 [ 550 [ 2.50 | 1.80 | 3.00| 450 | 3.10 | 0.15 | 172
56-150] 0.96 | 1.00 | 3.50 | 2.00] 3.10] 2.50] 3.00] 4.00 | 0.12 | 1.71
s 0-10 | 097 | 1.50 [ 3.75 [3.00] 1.50 | 3.00| 350 | 295 | 022 | 1.64
10-150 [ 134 | 1.00 | 600 | 250 3.80 [ 2.50 | 2.50 | 8.25 | 0.12 | 369
0-10 | 118 | 2.00 | 4.75 [350] 1.50] 4.00 | 400 | 3.60 | 0.17 | 1.80
5 [ 10-90[ 110 | 1.00[ 600 [2.50] 2.00] 250| 350 | 485 | 0.12 | 2.82
90-150 | 143 [ 1.00 [ 7.00 [2.00( 427] 200 500 7.45 | 0.12 | 382
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Table (5). Some available macronutrients of the studied soil profiles.

Profile J tz:g;’ Total N% |NH. (mgikg) |NOs {mgikg) P(mgikgL! K (mgikg)
] | o0 0.0230 44 131 17 [ 408
10-150 0.0215 34 140 13 412
% 0-10 0.0227 28 168 15 451
16-150 0.0217 27 148 13 481
g 0-10 0.0231 41 17 17 421
| 10-50 0.0218 34 129 15 489 |
| '50-150 0.0211 28 135 13 473 |
A 1 610 0.0223 33 122 18 509 |
| 10-150 0.06213 36 128 15 412 |
R 0.0248 27 124 15 473 |
5 | 10-90 0.0233 27 155 13 422 |
| 90-150 0.0227 18 167 115 442 |

Available nitrate (NO;) fluctuates from 122 to 168 ppm while the
available ammonium (NH,) ranges between 18 and 44 ppm (Table §).
Generally, nitrogen in NO; form exceeds that of NH, one and both foliowed
the trend of total nitrogen. Available phosphorus varies from 26 to 36 ppm
while available pctassium changes from 412 to 58% ppm. Amounts of
available phosphorus, potassium and totai-Nitrogen are adequate in the upper
layers but low downwards. These are attributed to the exhaustion of organic
matter, fas! absorption by plant roots and/or loss by leaching (Abd-Ellatief,
1965),

DTPA-extractable trace elements of the studied soils are shown in
Table {8). Extractable Mn represents the major micronutrient and it flocculates
from 11.04 to 33.73 ppm, followed by Fe (10.65-16.57 ppm), then Cu (2.65-
3.94 ppm). Comparing to the above mentioned elements, Zn, B, Ni and Ph
conceritrations are much lower in all studied sitas and range from Q.68 to
2.84 085 to 1.47, 0.51 to 1.32 and from 0.12 to 0.72 ppm, respectively.
According to the limits of Viets and Landsay (1973), these soils are
considered non-deficient in Mn, Fe, Cu and Zn. While, some layers (ihe
surface one of profiles 3, 4 and 5) are marginal with respect to Zn. In general
for most sites, extractable Fe, Cu, Zn, B, Ni and Pb increase with soil depth,
whereas extractable Mn decrease with soil depth. However, the available
amounts of these elements are quite enough for agriculture production.
Generally. agricultural practices, particularly leveling, manuring, fertilization
and flood irrigation can cause favorable elemental changes in the soil profile
of this area.

Land improvements are activities, which cause beneficial changes in
the qualities of the land itself. The land suitability of this area is presented in
Table (7). The data indicate that, since the soil texture of these soils is silty
clay to clay, the workability is greatly affected and accordingly, these soils
should be improved and ploughed at suitable soil moisture content. Also,
there is a neesd for applying more manure to increase the organic matter
content in the soil as well as mineral fertilization, especially iron and zing, to
overcome the problem of fertility status of this area. It can be concluded that
most of the studied area is considered suitable lands for cultivating a wide
range of crops. According to the suitability classification of Erian et al. (1881),
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the studied soil can be grouped into two suitable classes S2 and S3 which
include those of deep profiles, clay textured, non-saline, well drained and
almost leveled surface.

_Table (6). Some chemical extractable trace elements(ppm) of the studied soil profiles
Profile | Depth
| No. (cm)
1 0-10 | 11.90 | 2561 | 1.02 | 3.01 | 147 | 0.72 0.64
10-150) 1292 | 17.87 | 110 | 3.03 | 1.34 | 0.62 0.94

0-10 | 1065 | 11.04 | 1.66 | 245 | 1.03 | 0.70 0.65
10-150| 12.83 | 1619 | 2.84 | 2.78 | 1.06 | 0.59 0.51

0-10 | 18.00 | 3032 | 0.81 | 3.25 | 1.22 | 0.68 0.72
3 10-50 | 1338 | 11.64 | 092 | 2,65 | 1.25 | 0.12 0.73
50-150) 13.73 | 13.15 | 1.05 | 2.69 | 1.33 | 0.58 0.89

0-10 | 13.88 | 2739 | 0.76 | 3.64 | 1.14 | 0.36 0.69
10-150( 1430 | 22.64 | 1.59 | 3.11 | 0.85 | 0.64 1.16

0-10 | 1403 | 33.73 | 0,69 | 3.72 | .96 | 047 1.14
5 10-90 | 1657 | 2990 | 1.49 | 394 | 1.01 | 0.71 1.32
90-150] 1476 | 23.39 | 1.19 | 3.04 | 0.87 | 065 0.86

Fe Mn Zn Cu B Pb Ni

[ —

Table (7). Some land suitability parameters of the studied soil profiles.
[ Suitability parameter rofile T [ Profile Z [ Profile 3 [ Profile 4 [ Profile 5|
Hective s0il depth Cg! “2}0 120 1(2)0 120 7‘;"‘0
[Bvailabiiity of oxygen O 2 2 2 2 p3
i (@S/m) 129 114 110 1.16 1.24
If'”'” 5 1 1 7 1 7
ESP (al) 352 408 754 379 3417
Atkalinity EMgP(@z2) 36.81 36.10 42,90 4324 47.52
A 2 2 3 3 4
= Dry (W) 3 4 3 3 3
e onsistence Moist (W2) 3 4 3 4 3
o et (W3 3 4 3 4 3
5 tructure W4 2 2 2 2 2
= axture W5 4 4 4 4 4
OM% N1 3 2 Pl 7 3
- P (ppm) N2 1 1 1 1 1
niE x K N3 2 1 1 [ 2
5% }g:e {pom)__ N4 3 3 3 3 3
58 n (ppm} N5 5 3 5 5 5
F & [Ca(ppm) NG 1 p. Z 1 1
Limiting factor w5, nb w5 nd [ a2, wh nd | a2, w5, n5 | a2 wh, nd
uitability class 52 52 53 53 83

d : 1=>150, 2= 100-150, 3= 80-100, 4= 50-80, 5= <50

Ex. K= exchangeable potassium {meq./100g soil}

o : 1= very high, 2= high, 3= moderate, 4= low, 5= very low

s 1= <2, 2= 24, 3= 4.8, 4= 8-16, 5=>16 al: 1= <10, 2= 11-15, 3= 16-20, 4= 21-30, 5= >30
a2 ;1= <30, 2= 31-39, 3= 40-45, 4= 46-50, 5= >50 w1 : 1= slightly ha, 2= ha, 3= vha, 4= xha
w2 : 1= loose friable, 2= friable fir, 3= vfir, 4= xfir

w3l : 1= non stpl, 2= sstpl, 3= stpl, 4= vstpl

w4 ; 1= crump, 2= fine to medium blocky, 3= coarse blocky, 4= platy to massive

w5 ; 1= coarse, 2= moderate coarse to medium, 3= moderate fine, 4= fine

N1:1=>3.0, 2= 1.5-3.0, 3= 0.8-1.5,4=0.5-0.8, 5= < 0,5

N2 : 1= >20, 2= 15-20, 3= 10-15, 4= 5-10, 5= <5

N3: 1= »1.2, 2= 0.6-1.2, 3= 0.3-0.6, 4= 0.1-0.3, 5= < 0.1

N4 : 1= >21, 2= 16-21, 3= 10-16, 4= 5-10, 5= < 5 N5:1x 553, 2= 4,2-5.3, 3= 3,14.2, 4= 2.1-
31, 5= <21 N6 :1=>3,222.2-3,3=1.5.2.2,4=0.8-1.5,5=< 0.8
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