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A Developed GIS-based Land Evaluation Model for Agricultural Land Suitability
Assessments in Arid and Semi Arid Regions
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Abstract: In the study an attempt is made at deciding the best agricultural land use in a study area
located in the western part of the Nile Delta in Egypt. The area covers approximately 14,194 hectares and
consists mostly of uncultivated land. The Agricultural Land Evaluation System for arid and semi-arid
regions, ALESarid-GIS, was developed and used as a GIS-based multicriteria decision analysis in order
to assess the agricultural land capability and suitability, and to develop wheat and maize yield prediction.
The development of ALESarid-GIS is based on the main factors affecting agricultural soil suitability and
productivity in arid and semi-arid regions. As input, the model requires soil data, and for an assessment
of the study area a total of 58 representative soil profiles were used for collecting soil samples. The data
on land capability resulting from the developed model indicated that with respect to cultivation 3.96% of
the area is classified as Fair, 68.46% is Poor and 27.58% is Very Poor. The main reason for the low
levels of land capability is very poor soil fertility. According to the crop suitability results, the most
suitable crops to grow in the study area are alfalfa, barley, wheat, sugar beet, onion, and pear, in the order
indicated. The yield prediction results indicated that wheat yield varies between 3.02 tons/ha and 4.52
tons/ha. Only one value for maize was found (6.05 ton/ha) amongst the all of investigated soil profiles.
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INTRODUCTION

Desert and uninhabited land represent
approximately 95% of the total area of Egypt.
Consequently, the majority of the population is
concentrated around the Nile River. This unbalanced
distribution of inhabitants causes serious social and
economic problems, such as the fact that the ever-
increasing population has resulted in a decrease in
agricultural area per capita from 0.13 ha in 1947 to
0.05 ha in 2004 [5]. In the 1980s the Egyptian
Government initiated plans to remedy this situation by
redistributing the population through applying an
agricultural and urban expansion program across the
desert areas and near the fringes of the Nile Delta. The
principal purpose is to overcome Egypt’s highly
unfavourable population to agricultural land ratio [21].
Together with overpopulation, the gradual shift in the
economy from an agricultural base to an industrial base
and also different forms of inappropriate land use have

led to the loss of highly fertile agricultural land,
destruction of the land resources, and poverty [10,20]. In
order to reduce the pressure on the old and highly
productive agricultural land and to decrease population
density in the inhabited areas [10,17], the new expansion
areas need to be self-sufficient in food production. The
main solution to achieve this objective is to increase
agricultural land area through desert reclamation.
Successful desert reclamation requires three key
elements: good quality topsoil, adequate water, and a
reliable electricity supply [17]. The present study focuses
on the first two elements, soil and water, through
deciding the best agricultural land use for a particular
reclaimable area based on soil quality and water
irrigation quality.

Part of the solution to land use problems is land
evaluation in support of rational land use planning and
appropriate and sustainable use of natural and human
resources [20]. Land evaluation is concerned with the
assessment of land performance when used for
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specified purposes [8]. Although several land evaluation
models have been developed to provide a quantified
procedure to match land with various actual and
proposed uses, there is no single or unified land
evaluation modelling approach [19,20].

Land suitability assessment is similar to choosing
an appropriate location, except that the goal is not to
isolate the best alternatives, but to map a suitability
index for the entire study area [14]. Due to the large
number of attributes and various criteria involved in
decision making, land suitability evaluation has been
identified as a multi-criteria evaluation (MCE) problem
[18]. MCE as a methodology used to handle land
suitability evaluation is primarily concerned with how
to combine the information from several criteria to
form a single index of evaluation. Integrating GIS and
multi-criteria decision analysis (GIS-MCDA) is a
powerful approach to land suitability assessment for
two reasons. First, GIS techniques and procedures have
an important role to play in analyzing decision
problems. Second, MCDA provides a rich collection of
techniques and procedures for structuring decision
problems, and designing, evaluating and prioritizing
alternative decisions [16]. Joerin et al. [14] used the
concept of MCDA and GIS to develop a conceptual
approach of decision support for land-use planning.
Whereas GIS is used for the detailed analysis of the
spatial decision context and MCDA is applied to
compare the set of identified alternatives. Reshmidevi
et al. [18] benefited from this advantage of integrating
GIS and MCE techniques to develop a GIS-integrated
model for the agricultural land suitability evaluation
using the indigenous knowledge collected from the
farmers and experts. In Reshmidevi et al.’s model
design [18], a fuzzy rule-based inference system was
developed in a GIS environment to assess the land
suitability pertaining to the specified crop, considering
both land potential and surface water potential.

Generally, for integrating GIS and environmental
simulation models, three levels are possible: loosely
coupled, tightly coupled, and embedded [1]. These are
represented diagrammatically in Figure 1. Loosely
coupled modelling is primarily for taking advantage of
database and visualization tools in GIS. Conversely,
tightly coupled models, which are completely
encapsulated within a GIS environment, take full
advantage of the database, the visualization, and the
analysis capabilities of a GIS [15]. Some authors
consider that an embedded level of integration is the
same as tightly coupled. There is, however,
considerable difference in using GIS and environmental
modelling through a common user interface and having
either GIS functionality embedded in an environmental
model or an environmental model code embedded in a

GIS. For instance, one of the two alternatives tends to
dominate through the use of its interface as the only
one used. Also, some of the embedded implementations
may be partial, such as limited GIS functionality inside
an environmental model [1]. 

The research presented here has a dual purpose.
First, there is an attempt to develop an integrated GIS-
based land evaluation model through the embedded
coupling strategy and using a multi-criteria decision
analysis technique. This model is used for agricultural
land evaluation and crop yield predictions based on the
main factors affecting the agricultural land productivity
and suitability in arid and semi-arid regions. Second,
the research investigates an uncultivated area in the
desert region in Egypt with the aim of producing the
best agriculture land use for this area using the
developed GIS-based model. The produced agricultural
land use could provide decision makers, land managers
and farmers with the information needed for improving
the quality of land use decisions and guide them as to
what crops are mostly suitable for the area, especially
in cases where they have insufficient agricultural
knowledge about the new area’s land characteristics. 

Study Area: The area under investigation lies in the
western part of the Nile Delta in Egypt (Figure 2). The
study area was selected for investigation because of its
high priority for agriculture extension and desert
reclamation. It covers an area of approximately 14,194
ha, and is adjacent to the old agricultural land and
accessible via the main roads (Figure 2). Compared to
some of the neighbouring land areas, which are also
located within the agriculture extension area (Figure 2),
there are no sand dunes or rocky soils within the study
area. Although an irrigation network system has yet to
be established in most of the study area, a main
irrigation canal has already been constructed under
orders from the Egyptian Government. At present, the
study area consists mostly of uncultivated land,
although some private agricultural activities have
recently started using the groundwater for irrigation.

MATERIALS AND METHODS

The Fieldwork and Laboratory Analyses: During the
fieldwork, 58 representative soil profiles were
georeferenced using GPS and then dug. The soil
samples were collected and analysed in a laboratory
with respect to the soil’s physical, chemical and
fertility properties. Irrigation water samples were
collected from 14 drilled water wells, and subsequently
analysed. The depth of the drilled wells ranged in
depth from 80 m to 120 m below soil surface. 
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Fig. 1: The levels of integration between GIS and environmental models (Brimicombe 2003).

Fig. 2: Location of the study area in the western part of the Nile Delta, Egypt.
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ALESarid-GIS Development: The Agriculture Land
Evaluation System for arid and semi arid regions,
ALES-arid, has been developed by Ismail et al.[11] to
estimate the agriculture land evaluation. ALES-arid is
linked directly to its relational database and coupled
indirectly with a GIS through the loosely coupled
strategy. In the present research, ALES-arid was
redeveloped to be integrated with a GIS through the
embedded coupling strategy. Through this strategy
ArcGIS v.9.3 and ALES-arid are used in a common
GIS user interface and ALES-arid code is embedded in
the GIS. The functionality has been developed using
MS-Visual Basic 6.0 as a programming language and
ArcGIS as a user interface and object library. 

The modified ALESarid-GIS model was developed
to calculate the agricultural land capability indices, 27
crop suitability indices (field crops, vegetable and
forage crops, and fruit trees), and to predict wheat and
maize yields. Ultimately, the land capability map and
the different crop suitability maps can be visualized to
show which areas are most suitable for the different
crops. The evaluation is based on crop suitability
affected by the environmental potential at the site, such
as the physical, chemical and fertility characteristics of
the soil, irrigation water quality, and climatic
conditions. The latter environmental factors are used to
measure the inherent soil-based qualities of land as
they relate to the agricultural suitability. ALESarid-GIS
is designed to calculate land evaluation based on both
decision trees and maximum limitation tables.

Encapsulating ALES-arid within GIS has the
following advantages: capitalizing on direct access to
the spatial database, fully integrating model data with
other project data and providing immediate
visualization of the model results, takes full advantage
of the analysis capabilities of GIS, and no file
conversions or intermediate file editing are necessary to
run the model. A further advantage is the speed of
operation, since all data transfer between GIS and the
modelling subsystem can be performed in the same
geodatabase.

ALESarid-GIS Steps: Using ALESarid-GIS land
capability indices, classes and limitations, the land
suitability indices, classes and limitations for 27 seven
crops and also the predicted yields for wheat and maize
were calculated according to the following steps
(Figure 3): 

Step 1: The model retrieved the structured input data
from the relational database and then stored it
temporally. Input data consists of soil physical
properties (soil texture, soil depth, available water and
soil permeability), soil chemical properties (soil salinity,

soil alkalinity, calcium carbonate content, gypsum
content, cation exchange capacity and soil reaction),
soil fertility properties (organic matter, available
nitrogen, phosphorus and potassium), water irrigation
characteristics and qualities (water salinity and
toxicity), and finally climate data (mean summer
temperature and mean winter temperature).

Step 2: The temporally stored data had to be
transformed into a weighted average value for each soil
property related to a particular soil profile according to
the following: a) for each soil profile, the number of
soil horizons (layers), the thickness of each horizon and
the total soil depth were determined, b) The weighted
average value (av) for each parameter (soil property)
belonging to each soil profile was calculated according
to the following equation (Eq. 1):

                            (1)

where vi is the soil property value relating to soil
horizon i, ti is the soil horizon thickness, n is the
number of horizons within a soil profile, and T is the
total soil profile depth. 

Step 3: Based on the match between weighted average
values of soil parameters and suggested ratings (12, 13, 22,

24) coded within the model, the capability index and
limitation for each parameter was estimated and the
index took a value from zero to 100%. The parameter
is considered to be a limiting factor if its index took a
value less than 50% [12]. For instance, the index of soil
depth is estimated according to the rating in Table (1)
[24]. The estimated indices were used by ALESarid-GIS
to calculate three major land capability indices (soil
phys-chemical index, soil fertility index, and water
irrigation index) according to equations 2 and 3. 

         (2)

         (3)

where MI is the major index, I1, I2, I3 are the inner
estimated indices and n is the number of the inner
indices used for the major index calculation.

After the model had calculated the three major
land capability indices, it calculated the final land
capability index from the three major indices using the
above equations (Eq 2 and 3). Finally, the model
determined the land capability classes according to the
suggested capability categories in Table 2.
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Table 1: Rating of soil depth [24]

Class Soil depth (cm) Index (%)
Very deep > 100 100
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Deep 80-100 90
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Moderately deep 50-80 80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shallow 20-50 60
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Very shallow < 20 30

Table 2: Capability classes and ratings used by ALESarid-GIS [12,22]

Class Description Rating (%)
C1 Excellent 80-100
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C2 Good 60-80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C3 Fair 40-60
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C4 Poor 20-40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C5 Very poor 10-20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C6 Non-agriculture < 10

Step 4: Land suitability indices, classes and limitations
for 27 crops were calculated according to the match
between the standard crop requirements [3,4,6,23,25,26]

(internal coded data within the model) and various soil
parameter levels. 

Step 5: The land suitability class was identified by
assigning each land suitability index to confined
category, as shown in Table 3 [7,12,13]. 

Step 6: The model calculated the predicted yield for
wheat and maize based on seven soil properties using
the following polynomial equations [2]:

Y1 = !1740.3 + 52.1 X1 +33.0 X3 +27.2 X4 +238.0 X5

-0.4 X1X3 -6.2 X5X7 +11.0 X6X7              (4)

Y2 = 1085.4 +30.0 X1+28.0 X3 - 418.1 X6 +17.0 X2X5

+0.2 X2X7 -39.2 X5X7 +21.0 X6X7           (5)

where Y1 = productivity of wheat (kg/ha); Y2 =
productivity of maize (kg/ha); X1 = useful depth (cm);
X2 = clay content (%); X3 = depth to hydromorphic
features (cm); X4 = carbonate content (%); X5 =
salinity (dS/m); X6 = sodium saturation; and X7 =
cation exchange capacity (meq/100 gm soil).

The last two equations (Eq. 4 and 5) were derived
at a high level of soil management which included an
optimum level of fertilizer application [2]. Fayed [9]

tested the validity of theses equations to predict the
yield of wheat and maize at El-Bostan sector in the
western Nile Delta. He found highly significant

coloration between the predicted and actual yields of
the two crops. The coloration coefficients were 0.71
and 0.97, respectively.

Step 7: For each soil profile, the estimated indices,
classes, and limitations of land capability and crop
suitability as well as the predicted yields for wheat and
maize were stored in the relational database table for
subsequent use for map visualization.

Step 8: A Thiessen Proximal Polygon (TPP) (zonal
area) was created for each soil profile. In this process
each TPP contains only one point (soil profile), and
any location within a TPP is closer to its associated
soil profile than to the soil profile of any other TPP.

Step 9: The resulting data for each soil profile (Step 7)
was assigned to its related TPP. Ultimately, the
agricultural land capability map and the different crop
suitability maps can be created and visualized in
ArcGIS as well as the various tabular reports as final
output information for decision making.

RESULTS AND DISCUSSIONS

The resulting land capability map (Figure 4) shows
that most of the investigated area (68.46%) belongs to
class 4 (C4, Poor) and is mostly located in the eastern
part of the study area. Further, 3.96% of the area is
Fair (C3) and 27.58% is Very Poor (C5) and mostly
located in the western part of the study area. It is
obvious  that  the main reason for these low levels of 
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Fig. 3: The structure of ALESarid-GIS. The inner circle shows the model steps (the land evaluation processes)
and the outer circle represents the GIS framework (ArcMap platform).

Figure 4. Geo-spatial distribution of land capability classes.

land capability is the very low values of the soil
fertility index (average value 5.97%) which do not
exceed more than 28.53% for any of the investigated
soil profiles (Table 4). The very poor soil fertility is
not surprising given that most of the study area
consists of uncultivated land. The best soil fertility
levels are located in land capability classes C3 and C4
(Figure 4) and clearly correspond to where the new

agriculture activities are mostly located (Figure 2). The
main land capability limiting parameters are sandy soil
texture, lack of available water, high soil permeability,
low cation exchange capacity, low content of organic
matter, and lack of available nitrogen and phosphorus. 

Our results for agricultural land suitability classes
for 27 crops and their representative areas are
summarized  in  Table  5.  The   suitability   classes’ 
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Table 3: Land suitability classes, definition and ranges used by ALESarid-GIS.
Class Definition Range (%)
S1 Highly suitable 80-100
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S2 Moderately suitable 60-80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S3 Marginally suitable 40-60
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S4 Conditionally suitable 20-40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NS1 Potentially suitable 10-20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NS2 Actually unsuitable < 10

Table 4 The maximum, minimum and average index values of land capability
Statistical parameters The three major land capability parameters The final land

------------------------------------------------------------------------------------------------- capability index (%)
Soil phys-chemical Soil fertility Water irrigation
index (%) index (%) index (%)

Maximum 52.52 28.53 91.40 47.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Minimum 30.78 2.08 34.16 14.87
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Average 44.19 5.97 70.28 24.56

595



Res. J. Agric. & Biol. Sci., 6(5): 589-599, 2010

Fig. 5: Geo-spatial distribution of suitability classes for the most suitable crops.

Table 5: Crop suitability classes and their area percentage in the studied area
Crops Area per cent for each suitability class

--------------------------------------------------------------------------------------------------------------------------------------------------
S1 S2 S3 S4 NS1 NS2

Alfalfa 86.14 9.01 4.86 --- --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Barley 51.43 40.72 7.86 --- --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Wheat 44.26 43.93 11.81 --- --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sugarbeet 10.89 71.77 17.34 --- --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Onion 7.10 63.34 26.55 3.01 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pear --- 61.68 14.15 12.24 --- 11.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tomato --- 6.98 80.26 12.75 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cotton --- --- 93.38 6.62 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sunflower --- --- 89.02 10.98 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Date Palm --- 5.16 81.27 1.64 --- 11.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cabbage --- --- 85.79 14.21 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pepper --- --- 81.18 18.82 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Potato --- --- 77.81 22.19 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sorghum --- --- 77.81 22.19 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Watermelon --- --- 77.81 22.19 --- ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Olive --- --- 70.94 17.13 --- 11.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pea --- --- 70.17 28.19 1.64 ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Maize --- --- 69.88 28.48 1.64 ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Apple --- --- 69.23 18.84 --- 11.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Grape --- --- 66.46 30.65 1.49 1.40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fig --- --- 61.98 26.08 --- 11.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Banana --- --- 59.92 26.66 1.49 11.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Peanut --- --- 59.43 38.93 --- 1.64
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Faba bean --- --- 57.49 37.82 4.69 ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soya bean --- --- 56.11 42.25 1.64 ---
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Citrus --- --- 20.14 43.91 24.02 11.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice --- 4.70 3.41 --- --- 91.89

geographical distributions for the most suitable crops
are displayed in Figure 5. Generally, data of land
suitability classes indicate that 86.14%, 51.43% and
44.26% of the total study area are highly suitable (S1)

for alfalfa, barley and wheat respectively, while
71.77%, 63.34%, 61.68%, 43.93% and 40.72% are
moderately suitable (S2) for sugar beet, onion, pear,
wheat and barley respectively. On the other hand, most
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of the 27 crops are considered marginally suitable (S3)
for more than half of the study area for each crop.

The most suitable crops to grow in the studied
area are alfalfa, barley, wheat, sugar beet, onion and
pear, in the order indicated (Table 5). These crops are
considered the most suitable because the (S1+S2) per
cent area for each single crop represents more than
61% of the investigated area. In contrast, the (S1+S2)
per cent area for each crop of the remaining 21 crops
represents less than 7% of the studied area. With the
exception of grape crop, approximately 12% of the
studied area is considered ‘actually unsuitable’ (coded
NS2 in Table 3 and Figure 5) for each of the fruit tree
crops because of the shallow soil profiles. It is
necessary to mention that approximately 92% of the
investigated area is actually unsuitable (NS2) for
growing rice as a result of a dominantly sandy soil
texture. Table 6 shows the maximum, minimum and
average suitability index values for the most suitable
crops.

The dominant limiting parameter for crop
suitability of most crops is the low levels of clay
content (sandy soil texture). The exchangeable sodium
per cent (ESP) is the second most limiting parameter
for sugarbeet and pear suitability. ESP has a slight
effect on alfalfa, barley, wheat, and onion suitability.
Sandy soil texture, soil salinity and water irrigation
salinity are considerable limiting parameters for onion
and pear suitability. However, soil salinity has a slight
effect on alfalfa, barley, wheat, and sugarbeet
suitability, but water irrigation salinity is considered a
non-limiting parameter for them. Boron concentration
in water irrigation has a small effect on barley, wheat
and onion suitability, and soil depth has an equally
small effect on pear suitability.

ALESarid-GIS predicted the yield of wheat and
maize based on seven soil properties. The predicted
yield was not available for some specific soil profiles
due to the fact that one or more soil properties had
values outside the ranges of the parameters in the
polynomial equations used by the model. The two most
significant factors limiting yield predictions in the
studied area are soil alkalinity for wheat and clay per
cent for maize. A summary of the predicted yield for
wheat is shown in Table 7: it varies between 3.02

ton/ha and 4.52 ton/ha, with an average value of 3.42
ton/ha. One value for maize (6.05 ton/ha) was found
among all of the investigated soil profiles; this value
belongs to soil profile no. 41.

Conclusion: Geographic information systems are a
powerful tool for data handling, processing and
management, and solving environmental problems, but
tools can do nothing without methods. The use of
ALESarid-GIS as an integrated GIS-based land
evaluation model facilitated the finding of the best
agricultural land use within the study area. The land
within the study area can be classified in three
capability classes (C3 – Fair, C4 – Poor, and C5 –
Very Poor), where the capability class C4 represents
more than two-thirds of the studied area and is mostly
located in the eastern part. The most suitable crops to
grow in the study area are alfalfa, barley, wheat, sugar
beet, onion, and pear, in the order indicated. The
general dominant limiting parameters affecting land
capability and suitability for suitable crops are sandy
soil texture, available water, soil permeability,
exchangeable sodium per cent (ESP), cation
exchangeable capacity (CEC), organic matter content,
and available nitrogen and phosphorus. The two most
significant factors limiting yield predictions in the
studied area are soil alkalinity for wheat and clay per
cent for maize.
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Table 6: The maximum, minimum and average index values for the most suitable crops
Crops Crop suitability index (%)

----------------------------------------------------------------------------------------------------
Maximum Minimum Average

Alfalfa 98.97 52.84 84.16
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Barley 87.82 49.89 77.9
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Wheat 86.7 48.64 76.59
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----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sugar beet 83.34 42.08 71.77
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Onion 85.37 33.78 64.92
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pear 76.88 0.00 53.75

Table 7: The predicted yield of wheat (kg/ha)
Profiles No. Wheat (ton/ha) Profiles No. Wheat (ton/ha)
1 3.17 32 3.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 3.76 35 3.88
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 3.38 41 4.52
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 3.15 42 3.41
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
13 3.02 43 3.57
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 3.29 44 3.43
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 3.16 45 3.62
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 3.25 46 3.54
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
23 3.47 49 3.40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24 3.21 50 3.18
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
27 3.24 54 3.36
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
28 3.30 57 3.49
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 3.32
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