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Estimated Model for Crop Selection According to
the Environment of the New-Valley, Egypt

G. W, Ageeb and LS. Rahim
Soils & Water Use Dept., Nationa! Research Centre, Cairo, Egypt.

HE PRESENT study aims to build a model within the Automaicd

Land Evaluation System {ALES) that can make use of the expert
knowledge and information locally available to ge! insigh! in the
profitability of growing ten crops. The New-Valley area of Egypt was
selected as a case study site. The quantitative land evaluation
(physical suitability} was performed using ALES, Fifteen soil profiles
in the summer seasen of 2000, with their analytical data were used in
the model. The selected soil profiles represent shale-derived soils
(Vertic Torriorthents), unstable aeolian sandy deposits soils (Typic
Torripsamment) and intermediate texture of sandy clay loam soils
{Typic Torriorthints). The application of ALES to the study area
revealed that three sites presented by profiles no. 5, 9 and 10 from E!
Sherka no. 5, Beer El Tanmia, and Bedkhulo village at Dakhla casis
were foulid to be suitable for all the studied ten crops (wheat. maize.
rice. sorghum, alfalfa, green pepper, tomato. potato, strawberry and
date palm). Nine sites presented by profiles no.l-4 and 11-15 from
Kharga oasis (Hosha no.l and no.12, Hosha-El Tanmiz. Hosha
Khareeg Ei zemam) and soils from Dakhla oasis (Balat village. south
Balat, southeast Balat and south west Balat village) were found 1o be
suitable for most crops. But were found to be moderately or
marginally suitable for strawberry duc to their relatively high salinity,
soil reaction and / or fertility limitations,

The studied soil profiles no.6, 7 and 8 from Eb-Sherka no. 1, 3 and
5, respectively have unsuitable conditions such as rooting conditions,
fertifity status limitations for more than three crops. Therefore. the
recommendation can be the proper choice of the crops in the
successive seasons to increase the agriculture income of these areus.
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Due to the rapid increase in population in Egypt, there is a great need to cxpand
the cultivated areas. One of the suggested arcas for the horizontal expansion is
Kharga and Dakhla oases. Kharga and Dakhla oases cover about 12,030 km?
representing nearly 1.2% of the total Egyptian territory.

This area is one of the most promising agricuitural extension areas in Egypt.
Therefore, the agricultural development is one of the main components for the
investment of the New Valley area. Land evaluation is important in establishing
any land use planning and cropping pattern programs.

The main goal of this study is to establish a model for alternative land
utilization types under a particular farming system on a sustain basis for sclected
field crops (maize, wheat, sorghum, alfalfa and rice}, vegetables (tomalo. potaio .
strawberry and green pepper) and date palm.

The proposed model based on climate and soil chemical propertics.was
evaluated according to their influence on the above mentioned crops. To reahze
this objective, 15 representative soil profiles have been selected {rom Dakhla and
Kharga cases. The selection of the representative profiles was based on the
previous studies of the origin of Kharga and Dakhla depression, which was
discussed by Attia (1970) and Hermina {1990). Also soils and geomorphology of
Kharga and Dakhla were discussed by several investigators, out of them: Abu-Ll
Nour (1968) and Ageeb (1999).

Land evaluation moves much further in the direction of recommending
particular uses of land. The term “land evaluation” became familiar since 1960.
and defined as the fitness of a given tract of tand for a specific use (FAQ, 1970
and Sys, 1985). Sys and Verheye (1974) reported that land suitability evaluation
deals with a comparative suitability rating of the land for a given range of
utilization lypes, using an objective evaluation scale, which cover the major
growth requirement.

Ageeb (1994) evaluated Giza area for maize grain production using FAO
land suitability approach. He concluded that the study area is greatly determined
by: soil conditions, availability of N-fertilizers to the farmers and efficicncy of
irrigation water supply to the farmers.
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Material and Methods

Setring and field study

Fificen soil profiles (Fig. 1) were selected from the New Valiey (Kharga and
Dakhla Oases) in the summer season of 2000 as the following:

Seven soil profiles from Kharga oasis: Profile no.1 from Hosha no. | (Kharga
district), no. 2 from Hosha no. 12 {Kharga district), no. 3 from Hosha El Tanmia,
no. 4 from Hosha Khareeg Ei Zemam, no.5 and 6 from EI Sherka no. 5 and
profilc no. 7 from El Sherka no. 3.

Eight soil profiles front Dakhla oasis: Profile no. 8 from El Sherka no.1. no.9
from Bedkhulo,Beer £l Tanmia, no.10 from Bedkhulo village, nos. 11-15 from
Balat village. These soil profiles were morphologically described according to
FAQ (1990).

Laboratory studies

Samples were collected for the following analyses:

Grain size distribution, soil reaction (pH) of soil water suspension {[:2.5}, EC
('dS/m’]) of soil paste extract. total calcium carbonate (CaCO3%) and cation
exchange capacity (CEC) were conducted according to the methods described by
USDA (1991). The studied soils are classified to the subgreat group level
according to Soil Survey Staff (1999),

Evaluation methodology: The model is built in the Automated Land
Evaluation System “ALES” software (Rossiter and Van Wambeke, 1995) based
on the following characteristics: effective soil rooting depth, CaCO3%, salinity,
pH-H;,0 and texture/structure class. Air temperature parameter comes from the
climatological data of Egyptian Meteorological Authority (1996). Values of
pH-H,O for the upper surface layer, effective soil depth (information from
profile description), CaCOy %, EC dS/m™!, texture class and CEC values are
weight average (Sys er al., 1993). -

Determination of the requirements for the considered land uiilization ypes
are based on the guideline of Sys er al. (1993) and for strawberry and date palm
tfrom Ministry of Agriculture of Egypt (1994). '

Egypt. J. Soil Sci. 43, No. 3 (2003)
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Fig. 1. The location of the studied soil pofiles in the New-Valley.

Results and Discussion

Climate
The maximum and minimum air temperatures of the study area are 31.1.

and 32.1, 16.0 C” for Dakhia and Kharga oases, respectively.

14.9

Precipitation in this area is very rare. The considered physical and chemical

characteristics of the studied soi! profiles are shown in Table 1.

Egvpt. J. Soif Sci. #3,No. 3 (2003)
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TABLE 1. Some chemical and physical soil characteristics of the studied profiles.

B - P - CEC
Profile 1 depth Grain size distribution | o | oo, | Ece emots) | PH
MNo. fern) class % dSim .
Sand % St % Clay % kg 1:2.5
A
, Kharga oasis profiles
1 0-30 27.0 17.5 40.5 C 5.1 1.6 350 7.9
30-94 20.3 273 52.5 C 1.6 3.4 40,0 8.6
2 0-30 17.0 330 50.0 C 20 LU 38.0 7.7
30-160 10.3 30.0 59.2 C 15 0.7 42.0 7.4
3 0-40 200 170 330 C 75 03 40.0 74
40-90 27.5 15.0 57.5 C 39 0.2 43.0 75
4 0-20 210 | 250 54.0 C 9.8 03 39.0 75
7 108 245 15.1 60.0 C 4.7 02 | 450 1.7
5 0-35 65.2 73 27.5 SCL 51 0.2 25.0 76
35-160 749 5.0 20.0 SCL 53 0.3 23.0 7.6
6 040 62.5 17.5 200 S 43 0.3 150 77
40-100 619 15.0 15.0 $ 6.2 0.3 7.0 7.8
0-25 67.0 28.0 50 SL 6.1 1.0 12.0 2.0
7 2550, 69.0 25.0 6.0 SL 9.0 0.4 13.0 7.9
. >50 70.0 25.0 5.0 LS 2.4 0.3 0.0 7.7
Dakhla casis profiles

0-10 78.0 120 10.0 LS 7.0 1.0 13.0 7.6
8 10-50 72.0 17.0 1.0 LS 73 0.3 14.0 78
50-100 | 9.0 20.0 120 LS 2.1 0.1 160 76
0-15 8.5 225 49.1 C 47 0.3 36.0 74
g 15-30 26.0 27.5 46.1 C 55 1.1 34.0 75
30-90 22.5 30.0 475 C 59 0.8 3590 7.3
0-20 28.0 15.0 57.0 C 59 0.4 40.0 7.4
10 | 2060 26.0 22.0 52.0 C 3.5 0.4 380 7.4
60-80 30.0 12.5 57.5 C 7.4 6.5 42.0 7.4
14 | 025 220 250 53.0 C 55 0.4 41.0 73
25-90 198 400 |. 502 C 20 0.5 39.0 74
42 030 12.1 225 55.0 IS 2.7 07 42.0 75
30-100 17.5 25.0 57.5 C 3.1 0.9 45.0 7.4
0-10 450 250 30.0 SCL 47 15 270 76
13 | 1635 16.0 6.0 58.0 C 6.8 1.5 420 7.7
35-150 7.0 30.0 63.0 [ 24 2.0 46.0 7.9
0-25 1.0 33.0 57.0 C 13 23 400 3.0
14 | 25-100 | 360 29.0 350 CL 1.7 17 150 76
>100 5.0 38.0 370 CL 12 1.2 370 7.5
0-25 20.0 24.0 56.0 C 24 0.8 47.0 73
15 | 25-70 15.0 250 60.0 C 1.9 0.7 450 7.4
70-150 13.0 220 65.0 c 1.1 0.5 48.0 7.4

souls

From Table 1, it is clear that the effective soil depth for the studied soil
profiles 1s different, Profile no. (7) is considered as a moderately shallow profile
due 10 presence of slightly permeable layer of sandstone at 30 ¢m depih. Profiles
no, 4 and 10 are considered 10 be moderately deep profiles due to presence of the
compacted layers of clay at 80 cm depth. While profiles no.1. 2, 3, 5. 6, 8. 9 and
from Il to 15 are considered to be deep and very deep profiles because its depth
ranged between 100-150 cm.

Lgypt. 1. Soil Sci. 43, No. 3 {2003)
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The grain size distribution analysis and texture classes, show threc main
groups of the soils texture, which were in the consideration at the time of profiles
selection in that area. The first group is the clay profiles, which was called shale
derivedsoils ((Juasar shale) as cited by Ageeb (1999). The representative soil
profiles are from | to 4 and from 9 o 15 content more than 30% clay. The
second soil texture group is unstable aeolian sand deposits, which was represented
by the sandy soil profiles no.6 and 7. The last ones is sandy clay loam (profile
no.5) and loamy sand (profile no.8) profiles soil texture.

Total calcium carbonates content, generally decrease lowards the lower layer
for the most of the studied soil profiles and ranged between 1% and 9.8%.
Except profiles no.2, 6, and 10 have the opposite trend and have values hetween
2% and 7.4%. While for profiles no. 7 and 13 the high calcium carbonate contents
9% and 6.8% were found at the depth of (25-50 em) and (10-35 cm), respectively.

Salinity level of the soils was indicated by EC values. Table 1 shows EC valucs
of € 1d5/m for profiles no. from 2 to 12 and 15 .High EC values than | dS/m till
value of 205 dS/m have been found in profiles no.1, 13 and 14.

Values of soil pH, indicate that, in shale derived soil profiles (1-4 and 9-15)
with relatively high CEC values (reach 48 cmol {(+)/kg), the pH values arc low
{7.3-7.5) as these soils have high buffering action, while those obtained from
coarser texture (profiles no. 5-8) with low CEC values (10-25 cmol (+)/kg)
maintain high pH values (reach 8.6). Also the slightly high salinity profiles
(no.1, 13 and 14) are accompanied by increase in pH values (7.6-8.6) duc 1o the
fact that high levels of soluble salts.

According to Soil Survey Staff (1999) and the previous soil data, the studied

soil profiles are classified to the following three subgreat groups:

|- Shale-derived soils profiles no. from I to 4 and from 9 to 15 are belonging
Vertic Toiriorthents.

2- Profiles no. 5 and 8 are classified as Typic Torriorthents,

3- Profile  of aeolian sand deposils nos.6 and 7 are classified as Typic
Torripsamments.

Land evaluation
Data of the effective soil depth was obtained directly from the profile
description. The other land characteristics were recalculated over a certain depth

Egypt. J. Soil Sci. 43, No. 3 (2003)
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{upper 25 c¢m or depth of the rooting system) by using the rccommended weight
factors {Sys et al., 1993) for different profile sections.

Land characteristics which influence the rooting conditions of the crop were
recalculated over 100 cm depth. pH-H,O value is recalculated for the upper 25
em, while CEC, soil salinity, CaC0O3%, texture and the associated soil structure
are recalculated using weighting factors for the different profile sections.

Cation exchange capacity of the studied profiles is taken as indicator for soil
fertility in the designed model. Values of Land characteristics used are given in
Table 2.

TABLE 2. The main parameter used for land suitability classification and the actual
land use of each profile.

L. CEC pH in The aclua!l
Profile Depth Texture CaCO; | Salinity cmol(+}ik water land use in
No. {em) class % dS/m A 125 the summer
k, " of 2000
Kharga Qasis profiles
1 90 C 3.5 2.4 4 35.0 7.9 date palm
2 100 o) 24 08 3%.0 7.7 rice
T3 50 C 6.3 0.3 400 74 alfalfa
4 80 C 6.9 0.2 39.0 75 lalfalfa
| 757 1 10 SCL 5.3 03 25.0 76 date palm
e 110 s 5.1 03 15.0 7.7 alter wheat
Ty, 50 St 7.1 0.8 12.0 8.0 Strawberry
Dakhla Oasis profiles
. 8 1) LS 6.0 23 T 13.0 7.6 after wheat
T s TP wg C 54 0.7 360 74 atfalfa |
10 80 [ 4.8 0.4 [ 40 0 7.4 tom./pota fgre.*
11 90 C 3.6 0.4 41.0 73 rice
12 100 C 2.9 08 12.0 75 | maze |
13 150 SCL 48 2.0 770 7.6 sorghum
14 100 C 1.5 20 400 8.0 | lomJpotatgre *
15 150 [ 2.1 0.8 42.0 73 [ tom.ipota fpre *

Note: tom. = tomatoes, pota.= poiatoes, gre. = green pepper

The physical land suitability was applied to assess the suitability of the study
area for H} actual cultivated crops, using Automated Land Evaluation System
“ALES” and guidelines given by Sys ez al. (1993). Several steps were used to
assess the physical suitability. The first step of the Land Ulilization Types
“LUTSs™ were defined, for each land use type, specific land use requirements

Egypr. 1. Soif Sci. 43, No. 3 (2003)
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were defined. Four Land Use Requirements ‘LUR” were considered 1o assess the
physical suitability of each site.

The corresponding Land Qualities “1.Qs™ were put into one of {ive limitation
classes (non, slight, moderate, severe and very severe). Land presenting slight.
moderate or severe limitations reduces suitability for the actual cultivated crops
in that order, while land presenting very severe limitation is physically
unsuitable. Each “LQ” was defined by specific combination of sclected land
characteristics “LCs” . The LQs were matched with the “LURS™ to determine the

suitability level.

In this study, the physical suitability subclasses decision tree was constructed
10 determune the physical suitability of the land from the “LQ7 ratings. Four
physical suilability classes were distinguished: (1) suitable, (2) moderately
suitable. (3) marginally suitable and (4} unsuitable. Lower-case letters suflixing
the class syimbol denote the k.and (s) of limitation {s). There are five levels of
discrimination in the physical suitability subclass and decision tree with o
number of decision branches at each level. The final land suitability subclass

{Table 3} is based on the highest “LQ" rating found along the path of decision.

The finai results of the used moedel built in ALES (o the study area (Tuble 3)
revealed the fellowing groups:

I- Soils with no limitations for all the studied 10 crops: represented by profiles
na. 5, 9 and 10 were found o be suttable for all the studied 10 crops.

2- Soils have limitations for only one crop: represented by profiles no. 2 and 11
which were found to be moderately suitable for strawberry due 1o the
presence of relatively soil salinity and fertility limitations, respectively, but
they were suitable for the other mentioned crops. Profiles no. 3 and 4 were
also moderately suitable for date palm due to the limitation of the effective
rooting depth. Profiles no. 1. 12, 13, 14 and 13 were found to be marginally
suitable for strawberry due o the limitations of seil salinity and / or fertility.

3- Soils have limitations for more than onc crop: represented by profiles no. 6.7
and 8. Protie no.6 i1s marginally suitable {or rice and date palm and
moderately suitable for tomatoes due to shallow rooting depth and /or high
calcium carbonate content. but it is suitable for wheat. maize, sorghum,
alfatfa. green pepper, potatoes and strawberry. Profile no. 7 is modcerately
suitable for wheat, maize, sorghum, alfalfa, green pepper, tomatocs and

Egvpi. I Soif Sci. 43, No. 3 (2003)
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TABLE 3. Suitability classification of the studied profiles.

Physical suitability classes
Crops Profile No.,
1 2 3 | 4 | 6 | 7 1 8 [T 1t 12 0 13 | 14 15
wheat ! 1 I 1 1 2 rovfer | 2 rotfer 1 1 1 1 1 1
mnize 1 1 l 1 ! 2 rovfer | 1 1 1 1 1 1
| .
rice 1 1 1 I 3rot/ca | drotfer | 3rot/ca 1 l 1 1 1 l
sorghum 1 1 | | 1 2 rot/fer 1 1 i 1 I { 1
alfalfa 1 1 1 1 1 2 rot/fer 1 1 ] I 1 I i
greeh i 1 1 1 1| 2roufer | 2rotica i 1| 1 1 1
epper ‘
tomatoes 1 1 t 1 2rolfca | 2 rovfer | 2rotfca ] | 1 | 1 1
1 1 I_! 1 _l ! 2 rovler 1 1 ] 1 1 1 |
| potatocs | e |
strawberry ] 3slit/fer | 2 slt | 1 ool ‘ 2slt 1 2 fer i 3slvfer | 3slt ] 3slt 3slt
date palm i 1 2rot | 2ro 3 rot 3ot I 1 1 1 1 1 1 1
Notes

I = suitable, 2 = moderately suitable. 3 = marginally suitable, 4 = unsuitahte.

slt = salinity limitations, rot = rooting depth limitations and fer = fertiliy limitations.

INTWNOYIANA NOLLOHTAS 40D 304 TIA0W ALV INLLSH

1L¢



37 G.W. AGEEB AND LS. RAHIM

potatoes. Bul it is marginally suitable for date palm and unsuitable for vice
due (o the limitations of rooting and / or fertility status. Strawberry is the onty
suitable crop, which already cultivated in this site. Profile no. 8 is found 1o be
moderately suitable for wheat, green pepper, tomatoes, and strawberry and
marginally suitable for rice due to the limitation of rooting, ferility and / or
calcium carbonate. It is suitable for maize, sorghum, alfalfa, potatoes and
date palm.

Therefore, the recommendation is the proper choice of the crop in the
successive seasons to increase the agricultural income and to reduce the inputs of

these areas.
Conclusion

In spite of the relatively high summer air temperature, rare precipitation and
limited wrigation water in the Dakhla and Kharga oases, there are some very

suitable crops would be successful in such critical soil and climate {actors.

The purpose of this study is to build a model within the Automated Land
Evaluation System (ALES) that can make use of the expert knowledge and
information locally available 1o get insight in the profitability of growing ten

Crops.

The designed model was based on the following factors: air temperature,
effective soil depth, texture class, soil salinity, CEC as an indicator for scil
ferulity, CaCO4% and pH values.

According to Soil Survey Staff (1999) and the obtained data, the studicd soil
profiles are classified as follows:

Shalc-derived soils profiles no. from 1 to 4 and from 9 to 5 are belonging to
Verug Torriorthents. Profiles no. 5 and 8§ are classified as Typic Torriorthents.
Profile of aeolian sand deposits nos. 6 and 7 are classified as Typic

Torripsamments.

Most of the studied areas and their representative soil profiles are considered
to be suitable for the current land use type. These areas are mainly representing
the shale-derived soils and unstable acolian sand deposits.

Egypt. J. Soil Sci. 43,No. 3 (2003)
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On the other hand, the unsuitable areas were due to some of the soil
limilations such as follows. Salinity limitation which can be removed by
reclaiming these soils through leaching, specially the good qualily irrigation
water are available, application of gypsum and other management praclices
besides the proper cropping pattern can be followed in these area.

Constraints that related to rooting conditions refer to either very shaliow
profiles or sandy texture. These soils represent the moving or unstable aeolian
sandy deposits. These limitations are difficult to reclaim. Under such conditions,

it may advisable to look for alternative land use types.

The limitations due (o fertility status are mainly associated with low cation
exchange capacity and relative high pH values (7.9 or more) of these soils. In the
study area, most of the farmers are capable to improve the fertiliny status through

an application of proper fertilization program,

The present land uses are corresponding fairly with the assessment given by
the model that built in ALES. Outputs of the model enable the user o select
management options to alleviate identified limitations. The obtained resulis also
can be employed by land use planners to select areas suitable for other land usc
types.
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