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ABSTRACT

Meinal is a management iool that can be used to improve the decision making for the management and environmeniol
impacts on nitrogen tranyformation and transport in agriculture lands. It incorporates the main processes that congribute to
the level of residual s0il nitrate and deep water percolation. Based on a new rating procedure, the model calculates two
indices for the residual soil nitrote risk (RSNRI) and deep water percolation (DWPI). A final index of the nitrate leaching
risk index (NLRI} is calculated as a weighted average of the RSNRI and DWPI. A computer program was developed for the
model in both (QBasic (Ver.1 for MS DOS) and in Visual Basic 6 (Ver.2 for MS Windows). It is an object oriented format,
more accesvible and friendly wsed. The model was validated using different sets of real field daia using several sintistical
paramelers and it proved to have a kigh predictability of the potentiality for nitrate leaching risk. Verification of the madel
and the performance of its logic structure were also conducted. Three case studies representing various environmental and
managerial scenarios were considered. Plots of predicted RSNRI, DWFI and NLRI indices were evalnated. The model was
Jound 1o be sensitive to changes in both the temperoture and soil moisture factors. According to the obtained NLRI by the
model, the susceptibility of the groundwater to pollution with nitrate was ronked into six classes. The model has the
advantages of 1) its minisnon and simple data set requirements which are readily available in any soil laboratory, 2)

assexsment of the impacts of several soil, environmental or management scenarios, and 3) It can help decision mokers in
building a national or regional database for the assessment of groundwater pollution potentialities wnder diverse
agricultural circumstances without the need for a high experience to analyze the program outputs.

INTRODUCTION
nocessitates the testing of altemative environmental
and managerial scenarios which are expected to give
suitable answers for a matrix of many unanswered
questions.

Addiscoit et al. (1995), Hedia (2000) and Aggag
(2001) revealed that most existing models developed
to predict nitrate leaching in agricultural soils deal
with one or more processes in agricultural systems.
Most of these models were developed to describe the
dynamics of nitrogen in the enviromment and its
impact on groundwater pollution with nitrate leaching
losses. However, such models necd large arrays of data
models must be modified and simplified.

Therefore, the MEINAL model (Hedia and Zin
El-Abedin, 2005) was proposed for the evaluation of
the cavironmental and management impacts on
nitrogen pathways in agricultural lands. A new method
was developed for rating the influences of the vadose
zone properties, environmental and management
factors on deep water percolation and soil residual
nitrate¢ snd their impacis on the pollution of
nitrate to travel through the unsaturated zone with deep
percolating water to reach the groundwater can be

considered by the MEINAL model. The extent of the
influence of each factor on any process considesed was
given a rating ranged from O 10 1 according to its level
and mode of action, In addition, each factor was given
a weight (ranged from 1 to 5) relevant to its relative
importance in controlling the process of interest. An
index was calkculated for each principal process as the
weighted average of the ratings of the controlling
factors encountered. Indices of all considered
processes were used to calculate the surface water
nmoff index (SWRI), deep water percolation index
(DWPT) and soil residual nitrate index (SRNRI). From
(NLRI).was calculated. However, the performance of
the MEINAL mode]l and the consisiency of its logic
structure need to be verified. Therefore, the objectives
of this stady were to:

i) Formulaie lhe MEmAL model into simple

ii) Validate the performance and the logic structure
of the degigned model by comparing the
calculated indices with various real data on deep
leaching.

iii) Verify the MEINAL model for various soils,
environmental and managerial condigions.

iv) Establish a ranking scale for the potentfiality of
groundwater pollution with nitrate based on the
calculated nitrate leaching rigk index (NLRI).
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SOFTWARE DEVELOPMENT

The flowchart and algorithms of the MEINAL
medel (Hedia and Zin El-Abedin, 2005) were used to
design the software of the model. Two versions of this
model were established:

1- MEINAL Ver. 1, for MS DOS version writica
1 .
MEINAL Ver. 2, for MS Windows version
written using the Visual Basic 6 packages
(Norton and Groh, 1998)).

The DOS version has a main screen that divects
the user to the following user interfaces:

2-

1- Seven input screens which contain the input
parameter required by MEINAL model as
follows:

a-Location data: this includes ID (oumber or
name of the study case), Farm, Owner, E and
N-coordination, depth to water table (cm),
surface slope (%) and area (ha).

b-Sovil physical properties: this includes sand
and clay contents (%), volumeiric soil
moisture content at field capacity and welting
point (%), soil bulk density(Mgm™), basic
infiltration rate (cm hr') and harmonic mean
of the hydranlic conductivity of the soil
profile (m d*).

c-Soil chemical properties: this inchudes soil
pH, soil organic matter and CaCOs contents
(%), cation exchange capacity (cmol. ke'')
andleudmlsodnmatzoontm(ngba)

d-Weather data: this includes minimum and
maximunim soil temperatures (°C), wind speed
(km h'), rminfall (mm/season).

¢-Crop data: this includes effective crop root
depth (cm), maximum ET., (um d*), crop
N- requirement (kg N ha’) and its growth
period (d).

f- Irrigation management data: this includes
water depletion (%), type of irrigation system,
depth of irrigation water (mm), sprinkler
precipitation rate (mm h'), emitter discharge
@ b™"), number emitter per plant and effective
trrigation time (h).

g-Fertilization management data: this includes
NO;-N concentration in irrigation water
(ppm) rate of N-fertilizer application (kg N
ha'), number of N-fertilizer doses, N-
fertilizer type, method of N-fertilizer
apphqmon, type, C/N ratio and application
rate (m’ ha) of organic fertilizer.

-Seven screens for the modification of the input

data for alternative scenarios.

3-Screens for the evaluation results.

4-A screen for creating input and tabulated output
data files.

2-
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5- A screen sbowt the authors, development and
nunning the model.

The windows version of the MEINAL model
(Figure 1) is a menn driven application that facilitates
the use of the program and the flexibility to move
between the entries and the ability to store and retrieve
the input data through the built in database query. This
application writtcn by the Visual Basic 6 packages
contains the following main menn and commands:

1- Flle Menn: this includes New Data, Import
Data, Save Inputs, Save Outputs, Print and Exit

commands.
2- Data Menn: this includes Location, Soil
Properties, Weather, Crop, Irrigation,

Fertilization commands for data entry.

3- Calculations: this includes the Evaluation
command to begin calculations.

4- Daiabase: this includes Previous Record, Next
Record and Delete Record commands to
maniputate the database.

5- Help: this includes the About MEINAL and
About Us commands to present information
about the model and the progmammers,
respectively.

RUNNING THE MEINAL MODEL

On mnning the MEINAL program, the user.enters
the requested input data through the aforementioned
screens (Ver.l) or forms (Ver.2). All entrics are
checked by the program through its built in controls to
assure that each entry falls within the acceptable
normal range. Any empty and /or zero entry is checked
by the program to avoid run time errors. The visual
basic version (Ver.2) has the advantages of i) option,
check and combo boxes facilities for direct selection of
irrigation and fertilization management entries, i) on
spot editing of input data ii) the possibility of database
build up and iv) graphic presentations of the calculated
indi
(ranging from the minimum and maximum
temperature) and four soil moisture intervals (ranging
from the soil moisture content at irrigation to 0.8 of
soil porosity) at which sixteen ratings of the all
considered factors are calculated. This could help in
the simulation of the variable conditions of soil
addition, averages of the mtings and indices are
calculated over the runs executed by the program.
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Figore (1): The main window for MEINAL Ver.2
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The output report of the MEIANL program at the
simulated 16 soil temperatyres and moisture contents
and their averages can be displayed on screen and
stored in an ASCII files. A sample output report of the
program is shown in Figure (2). The output report is
divided into three sections:

a) The upper section {A) presents the calculated
values of the ratings of the surface slope, crop
cover, soil moisture and infiltration rate factors
from which the swface water runoff index
(SWRFD is calculated. Rating of the irrigation
interval, conduciance and water balance factors
and their corresponding deep water percolation
indices (DWET).

b) The middie section (B) presents the calculated
ratings of the major soil, management and
environmental factors (soil moisture, pH,
temperature, organic matter, etc.) impacts on the
main processes involved the nitrogen cycle in
soils. From these values nitrification,
denitrification, volatilization, mincralization and
c) The lower section (C) presents the calculated

VALIDATION OF MEINAL

To validate the MEINAL model, real data on
input parameters and field measuremenis of deep
water percolation, soil nitrate storage and the amonnt
nitrate leaching under differemt conditions were
utilized. Data from four field studies conducted by
Madramootoo et al. (1999), Aggag (2001}, Mahmood
ef al. (2002) and Hanson et al. (2004) were used to
represent different combinations of soil, eavironmental
and managerial scenarios as follows;
1- Madramootoo et al.

drain fow, soil nitrate conteat, cumulative nitrate
leaching from conventional drainage and surface
irrigation ficld plots cultivated com. A ficld study
was conducted during the 1994 growing scason on
a 4.2-ha site located in Soulanges County, Quebec
(T oreraas=10-20 °C and wind speed = 274-343 km
d")Thcsmlwasaclayloam(claFn%sand—-
JS%,BD=I43Mgm Ks= 0.34 cm b, WpP=
0.17 cm® cm® and FC= 031 cm® cm™). The soil
surface slope was < 0.5% in average. Two
cropping systems, monocropped corn (Zea mays
L., cv. Pioncer 3921) and corn intercropped with
annual Kalian ryegrass (Lofium multifforum L. cv.
Barmuitra), were factorially combined with three
water table depth treatments (1.0, 0.75 and 0.5 m
depth). These six treatments received three

application rates of N-fertilizes (0, 180 and 270 kg
N ha).

2- Am(zwl)onmsndyml(m@%%,
CaCOy=54% BD=1.7Mg m WP==5%. FC=
11%, pB=8.01, CEC= 41 cmol, kg, SOM=
0.06% and Ks = 11.2 cm b’ )mElBostanleglon
('I'._.r 11.2:26.8 °C and wind spoed = 75-157
lam 47} cultivated with groundmut (Giza 5, ET 4oy
6.4 mm d") and sesame (Giza 32, ET oy - 601
md")mdetﬁmdq:m&letm(ummh)
during two scasons (1997 and 1998). Three
irvigation treatments (100, 135G and 200% of
ET )andtlueemnenlN—ﬁmhzerlevels(ﬂs
952andl429ngha)ﬁwgmmdnmwem
applied. For sesame, two methods of N-fertitizer
application (broadcast and fertigation) were
investigated under the same irrigation treatients.
Measarements of soil moisture storage, applied
irrigation water and ET .., were used to calculate
the amount of deep water percolation using the
water balance approach. Measured soil nitrate
siorage and plant N-uptake were used to calculate
the amount of leached nitrate below th: root zone.
Mahmood et af. (2002) on a silt Joam soil (clay =
16%, sand= 31%, WP= 1I%, FC=
27%,,pH=7.01, BD= 1.42 Mg m”>, CEC= 12.4
cwol, kg', SOM=2.5-4.5% and Ks = 1.48 cm b™’)
in Carterton district, New Zealand (Twene=11.9-
268 °C and wind speed = 75-157 km dV)
nﬂnvatedwuhplamdmthmomhardsm
specics (Eucalyptus nitens and Fucalyptus ovaia)
MWMWWMW
irrigation system were applied (30, 4Sandloo
muny week). Emitter discharge was 2.88 1 b with
0.25 m spacing. Soil moisture profiles, volume
and nitrate concentration of the leachate were
monitored. Yields and N-uptake were also
measured.
Hanson ef al. (2004) oo three soil types: sandy
m(day-lm,mmgwrmw
20%,, K5~ 2.33 cm 1, BD= 1.55 Mg o) loam
(dxy=20%sand=43%.WP- 13%,, FC= 26%,,
Ks=0.84 cm h', BD= 1.41 Mg m™) and silt clay
(clay=46%, sand= 9%, WP= 26%,, FC= 43%,,
Ks= 0.27 cm b', BD= 123 Mg m®) under
different fertigation strategies (N doses and
nmmg)fotmmm(m&hargem%l
1) and drip (emitter discharge 3.7 1 h'') irrigation
systems. The effects of diffevent irrigation and
fertilizer treatments on water and nutriemt use
Distributions of nitrate and soil water of the root
zone were evaluated.
Since DWPI, RSNRI and NLRI indices are the
uitimate outputs of the MEINAL model, comparison
and correlation between these predicied indices and
the corresponding field measurements from these
shudies were carried out. Field data on decp water
percolation were transformed as a fraction of the total
amwunt of water received. Soil nitrate contents and the
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amounis of nitrate leaching were also transformed as a
fraction of the total amount of applied N-ﬁemlmer

linear relationship between the predicted indices by

MEINAL and the corresponding observed data was

established. The regression equation was in the form
¥ =ay,

Where y and Y, are the predicted and observed

data, respectively.
A is the regression coefficient.

The parameters used in the evaluation were as
follows:

1-The coefficient of determination (R?) which
represents the scatier of points about the
regression equation.

2-The regression coefficient (A) which generally
indicates the overall trend of prediction (under or
over prediction).

3- The absolute value of average prediction error
based on regression fit (E,) in percent, given by
the relation: E, = |1~ A} 100, which shows the error
based on the overall trend of the majority of data.

4- The correlation coefficient (Corr) which
and observed data.

predicted DWPIL, RSNRI and NLRI indices and the
observed data obtained by Madramootoo ef al. (1999),
Aggag (2001) and Hanson e al. (2004) are presented

in Figures 3, 4 and 5, respectively. For deep water
percolation, R® values ranged from 0.77 to 0.97
depending on the type of irrigation systems and the
amount of water applicd. The lowest R? was abtained
with surface irrigation system (higher ficld variability).
For the residual soil nitrate risk (R? range 0.75-0.30),
similar trend was also obtained like that of decp water
percolation. The highest R value obtained with drip
imigation is may be duc to the betier N-fertilizer
distribution through fertigation. The nitrate leaching
risk gencrally recorded the lowest R® values (range
062 - 0.72). This was expected because of the
contribute to leaching.

The calculated parameters A, E, and Corr are listed
in Table (1). Slight underestimation of the NLRI by
MEINAL was found with all the tested data indicated
the values of A less than one. Underestimation of
RSNRI was alo found for drip and sprinkler
irrigation. Under sprinkler irrigation, underestimation
of DWP! was also obtained The obtained average
prediction error (E)) vaines were Jow and ranged from
1.0 to 17.0%. Morcover, bigh association between the
predicted MEINAL indices and the corresponding
observed data were obtained indicated by the high
vales of the correlation coefficient (Corr) which
ranged from 0.83 to 0.99. This reveals the validity of
MEINAL to evaluste the impacts of diverse
environmental and managerial scemarios on the
dynamics of nitrogen in agricultusal lands and 0

Table (1): Calculated statistical evaluation parameters of the MEINAL model for prediction of DWPI,

RSNRI and NLRI indices.
Source of Field Data Index n A R E Comr
DWPI 36 094 089 60 095
Coaras sandy soil, One srgaton methods (seinkles 3| FSNRL 36 099 078 10 08
o NLRI 36 083 067 170 093
water treatments, 3 N-fertilizer rates, 2 crops
DWPI 18 166 097 57 099
Silty loam e 'mwwﬁgéim (dip), RSNRI 18 094 080 60 090
. Fortili NLRI 18 094 072 60 085
3 water treatments, 1 N-fertilizer mate, 3 crops
DWPI 18 104 095 40 098
_ Hansoneral (2004) RSNRI 18 095 084 50 093
3 soil types, 2 irrigation methods (drip), NIRI I8 093 070 70 086
3 N-application methods, 1 crop " . : )
DWPI 36 105 077 50 088
Madramootoo ef al. (1999)
oy i i e g B 36115 007 10 o
N-application rates, 2 crops . . - -
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Fig.(3): Validation of the MEINAL predicted indices and the comesponding measured values of deep water
percolation, soil residual nitrate and leached nitrate by Madramoaioo et al (1999).
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VERIFICATION OF MEINAL
For verification purposes, three case studies were
cousidered 1o examine the performance and the logic
stracture of the designed model. These case stidies
rqwmntd:ﬁamtsmltypes,enﬂmnmemalm

scenarios. Table (1) lists the input parameters used for
ranning the MEINAL model. Case study 1 represents a
coarse textured sandy soil in Nuobaria region, 82 kan
southwest of Alexandria (Awad, 1994). Case study 2
represents a calcareous loamy soil in El-Bangar area,

50 km southwest of Alexandria (Hedia and El-Attar,
2004). Case study 3 represents a clayey alluvial soil of
Damanhour arca, 60 km east of Alexandria (El-
Fayoumy, 1989).

Figure (6) illustrates an example of the tabulated
output of the calculated indices for the considered
processes and the final RSNRI and NLRI indices. The
mode]l was run for several combinations of input
parameters related 1o the soil, management and
environmental factors as listed in Table (1).

SMC% mp Nir Denitr N3Vl  MWiniiiz N-Uptk  RSNRI

N0 0.0 0.36 0.4 066 0.42 0.79 039 0.a7
1 NG 183 0.42 0.49 0.70 0.49 0.60 0.40 0.08
;. Ao 2.7 0.51 0.6t 0.74 0.86 0.82 0.42 0.08
[c1 K1) 350 0.42 0.5 0.77 0.46 081 0.38 oar
j‘ 27 100 0.46 0.3 0.66 0.43 072 043 008
. a7 18.3 0.51 0.47 0.7a 650 073 0.45 ow
. %7 0.60 0.69 074 0.57 0.76 0.45 0.08
| 287 350 0.52 0.49 0.77 0.47 0.74 0.43 o.08
i .3 100 0.588 0.37 0.66 0.45 0.67 0.48 008
;. 283 18.3 0.64 0.45 0.70 052 0.08 .50 0.09
i 283 2.7 0.73 0.57 074 0.58 070 o052 010
i 263 35.0 0.65 0.47 0.77 0.48 69 0.48 a0

240 10.0 0.64 0.35 0.66 0.46 063 0.51 0.09

240 18.3 0.69 Q.44 0.70 0.53 0.64 053 0.10

240 %7 0.79 0.56 0.74 0.59 0.66 0.54 0.10

24.0 3.0 8.70 0.46 0.77 0.50 0.856 0.51 0.09

Figure (6): An cxampic tabulated outpat file for the MEINAL model.

temperature at different soil mwisture levels (Figures 7
through 11). The evaluation of the outputs of these
runs revealed that:

1- Under all tested conditions, the mode! was found
to be sensitive to the changes in temperature (10-
35 °C). It was also found that values of the final
residual soil nitrate and nitrate leaching risk
range (Figure 7 through 11).

2- Inspection of the obfained outputs in Figures (7
through 11) also indicated that changes in soil
moisture contents greatly affect the ratings of the
factors affecting all processes and the calculated
. risk indices under the all tested conditions.

3- In gencral, the calcmlated indices took an
increasing trend with decreasing the soil moisture
content, where 1 > I > III > IV (Figure 7 through
11).

4- The highest vahes for the residual soil nitrate risk
index (RSNRI) were obtained at temperatures
vuyclosetothcopumumtemd'thesml

microorganisms (25-30 °C), Figure (7 through
11).

5- RSNRI had the highest valuecs at the highest soil
moisture contents under drip irrigation compared
with sprinkler and surface irrigation systems
(Figure 7).

6- Changing the soil type from El-Bangar
(cakcireouns, loamy) to Damanbour (alluvial,
clayey) changed the overall behavior and trends of
the calculated ratings and indices (Figure 7 A and
B, respectively). The cffect of the soil type is
more pronounced at the highest levels moisture
contents than at low levels. This of course reflects
tbeeﬂ'ectut‘lhchydmloglmlpmpemesdmh

7- Whenthelmpaaofﬂ:elrnganmxystemwas
tested under the loamy soil (Figure 7A), the nitrate
leaching nisk index can be arranged in the
following order: surface continwous > surface
surge = surface altermative > sprinkler > drip.
Althongh the same rend was obtained with the
clayey soil, the obfained values of the index were
generally lower for this soil under all tesied

ture and soil moi fit
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Table {2): Input parameters of the three case stadies run by MEINAL model,

Criteria Nubaria | El-Banger | Damanhour
I-  Location:
1-  Depth to Water Table (cm) 200 100 60
2- Surface Slope (%) 2 2 2
3-  Area (ha) 10 10 10
I1- Sl Phvsical Properties:
1- Sand (%) 95 20 15
2- Clay %) 25 25 40
3-  Welting point (%) 4 6.0 12
4- Field Capacity (%) 3 20 35
5- Bulk density Mg m™®) 1.7 1.4 125
6- Basic Infiltration (cm h'™") 20 3 0.1
7- Hammonic average K (m d™) 5 0.7 0.02
- Soil Chepaical Preperties;
1- pH 15 78 8.5
2- CaCO, (%) 0 20 15
3- CEC (cmol kg 4 20 40
4- OM (%) 0.05 25 5
5- Residual NO;-N (kg N ha™) 10 20 30
V- Weather Data;
1- Mipimum T (°C) 10 10 10
2- Maximum T (°C) 35 35 35
3- Wind Speed (kmb™) 25 25 25
4- Ramfall (mm/season) 0 50 100
V- Crop Parsmeters;-
1- Effective Root Dupth (cm) 40 40 40
2- Max ET, (mm d") 8 7 6
3- Crop N- Requirement (kg N ha™) 250 250 250
4- Gmmh pa-md (4] 150 150 150
1- Wm Depkum (V.) 30 50 50
2- Type of Irrigation System - Surface Suriace
Depth of Irrigation Water (mm) - 100 100
Sprinkler Precipitation Rate (mm h') 10 10 10
) ) . Drip Drip Drip
Emitter discharge (L h™) 4 4 4
No. Emitter per plant 2 2 2
Effective Imgation Time (h) 1 2 3
VII- Fertilization Managemnent Data:
1-  NOy-N Concentration mwm(p;m) 10 10 10
2- Rate of N-Fertilizer Appl.(kg N ba™) 250 250 250
3- N-Fertilizer Doses 3/10 3o 3/10
4- N-Fertilizer Type NHNO; NHNO; NHNO,
5- Method of N Application Incorpor. Broad Broad
6 Orgamic Festilizer Chicken M. | ChickenM. | Fam M.
a-C/N 18 18 20
b- Rate of Org. Festilizer Appl.(m*ha™, 25 25 25

8- El-Bangar soil had higher values of both soil waler percolation index (DWPI) and hence on the
residual nitrate (RSNRD) and nitrate leaching NLRI (Figure 8 and 9). For the three sindied soil types,
{NLRI) risk indices than the Damanhour soil the RSNRI was the highest under drip irrigation
(clayey) under the four chosen irrigation systems compared with sprinkler systems. On the other hand,
(Figure 7). the values of the NLRI were reduced due to the very

9- The highest valucs of RSNRI were obtained with  low value of the DWPI under drip irrigation. This
the Nubaria soil (sandy) under the sprinkler and mecans that plants can still make use of the soil residual
drip irrigation systems (Figure & and 9). nitrate wnder drip irrigation condition.

10- Differences in the hydraulic properties of the
tested soils were reflected on the calkculated deep
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11- The values of the NLRI index were reduced
for the three soils (<= 0.10) when drip
trrigation was chosen,

2- Increasing the depth to the water table (60,
100 and 200 cim) decreased the calculated
values of residual soil nitratc and nitrate
leaching risk indices under all possible
combinations of the other input parameters
(Figure 10B).

3- When the impact of the fertilizer type was
tested (Figure 11) the calculated values of the
nitrate leaching risk index can be arranged in
the following order: NO, > NH, NO; > NH,
= Urea.

14- To test the maximum and minimum values of
the nitrate leaching rigk index which can be
obtained, the model was run for two extreme
theoretical case studies as follows;

a- A Coarse sandy soil irrigated with high
amount of water through surface
oonunw:snngauonmldhnghli(),-fom

20%. These conditions resulted in a
nitrate leaching risk index (NLRI) of 0.6.

b A leavy clayey soil irrigated with
optimum amount of water through drip
irrigation and optimum amount of Nii~
form fertilizer in a sununer season with a
very deep water table. Surface slope was
2% and surface cover was 90%. These
conditions resulted in a nitrate leaching
risk index of < 0.1. Accordingly, the
calculated NLRI by the MEINAL inodel
was ranked as in Table (3).

‘Table (3): Ranking gronndwater valnerability to
pollution with nitrate based on the calculated
NLRL
Risk Classes
No Risk or Safe
Slighdly Risky
Moderately Risky
Risky
Vernysky
Extremely Risky

Applying this scaling on the oblained data in
Figure (4) El-Bangar soil could be ranked as
moderately risky (NLRI = 0.20-0.25) under surface
continuous or surge irrigation system. However, this
soil could be ranked as safe (NLRI<= 0.1) to slightly
risky (NLRI= 0.10-0.20) at moderatc and high
temperature ranges, respectively under sprinkier or
drip irrigation systems. Damanhour soil, on the other
hand, could be ranked as slightly (NLRI = 0.10-0.17)
1o moderately (NLRI= 0,13-0.21) risky under surf-oe
continuous or surge irrigation system. Under sprinkler

NLRI
<01
0.10-0.20
0.21-0.30
0.31-0.40
0.41-0.50
>0.50

or drip irrigation systems, this soil was ranked as safe
(NLRI= 0.08-0.09) to slightly risky (NLRI= 0.1-0.15).

CONCLUSION

Validation of the MEINAL using different real
field data was performed through several statistical
parameters. MEINAL proved to have the ability to
evaluate the impacts of the tested environmental and
managerial conditions on nitrogen dynamics in
agricultural lands. Hence, the potentiality for nitrate
leaching risk can be predicted. Verification this model
and the performance of its logic structure were
conducted using three case stidlies representing sandy,
calcareous and alluvial soils with various combinations
of environmenmial and managerial scenanios. As the
plots of calculated RSNRI and NLRI indices were
evaluated, the model was found to be sensitive to
changes in both the soil temperatwre and moisture
factors. According to the obtained NLRI by the madel,
the susceptibility of the groundwater to pollution with

The model has the advantages of 1) its minimam
and simple data sct requiremenis which are readily
available in any soil laboratory, 2) assessment of the
impacts of several soil, environmental or management
sceparios can be easily conducted, 3) as the computer
program was written in both QBasic (Ver. 1 for DOS)
and in Visual Basic 6 (Ver. 2 for Windows) it is maore
accessible and user friendly and 4) It can help decision
makers in building a national or regional database for
the assessment of groundwater pollution potentialities
under diverse agricultural circumstances without the
need for a high experience to analyze the program
outputs. However, future research wotk is needed o
maodify the model 10 account for the spatial variability
of its parameters. The program needs to be integrated
with GIS and remole sensing tools for regional
assessment of groundwater sysceptibility for pollution
with nitrate.

REFERENCES

Addiscott, TM., J. Smith and N. Bradbuy. 1995. Critical
evaluation of models and their parameters. J.
Envron. Qual. 24:803-807.

Ageag, MA S A. 2001. Groundwaier polhsion control
management. PhD. Thess University of
Alexandria. Alexandria, Fgypt.

Awad, AM 19%4. Crop residucs offects on soi) organic
maiter, wheat yield and wsinient dynamics.
PhD. Thesis. Facully of Agric., University of
Alexandria, Alexandria, Egypt.

El-Fayoumy, MLE. 1989. New Approach for land
evaluation of some Fgyptian regions. PhD.
Thesis. Faculty of Agric, University of
Alexandria, Alexandria, Egypt.

24



Alex. J. Agric. Res. 50 (1), 2005

Ranson, B.R,, J. Hopmans, J. Simnmek and A Gardenas, nitrogen in agricularal lands: | Maodel
2004. Crop Nitrate Availability and Nitrate thvelqmuﬂ.Ala.IAgm.RmVoLSO(m
Leaching under Micro-Imrigation for Different press)

Fetigation Strategies Paper No: 042033, Madramootoo, C.A, L.W. Kaluli and G.T. Dodds. 1999.
ASAE/CSAE Annual Imanahoml Meeting. Simml:ng nitrogen dynamics nider water tabie
Faimont Chatean Launer, The Westin, management systems with DRAINMOD-N.
Government Centre, Ottawa, Ontario, Canada, Trans, ASAE Vol. 42: 965974,

1 -4 Angust. Mahmood , B., JM. Russell and G L. Wall. 2002. Field-

Hedia, RM.R. 2000. Modeling nitrogen dynamics and scale nitrate simuplation. Trans. ASAE Vol 45:
nitratc leaching in soil enviroamenis, PhD, 1835-1842,

Thesis. University of Alexandria. Alexandria, Microsoft, MS. 1987. User's guide, learning and using

Egypt. Microsoft Quick BASIC, programming in BASIC.
Hedia, RMR and HA El-Attar. 2004. Prediction of Published in the US and Canada.

potassium  desorption kinetics in various Norton, P. and M. Groh. 1998. Peter Norton's guide 10

Egyptian soifs using the power equation. Egypt. visual basic 6. SAMA, Indiana, USA.

J. Soil Sci. 4 (in press). Zin El-Abdin, TK. and S.M. Ismail. 1999. Estimation
Hedia, RMR and T. K Zin El-Abedin.  2005. and amalysis of water advance in surface

MEINAL: An cvaluation model for the imigation. Misr J. Ag. Eng. Vol 16: 720-744.

management and envionmental muEpacts on

Al padlad

MEINAL Seuijs it )) £ gmanil sl ppkiy il
Al Ly )5 gl

VA (1) gt Sty ¢ (o] (g ] (S e
Ay Y Ay At 338 4 — Rl At
A SIS dnaly Al 50 S - olgady uind I o pud ¥

I Guled s Al y L) Jalpd B0 A AT Yl cpal 3d (MEINAL)IApoa iy 3 pdsaldl iing
By - dpemilly 32 g8l il iy i gl i g olgal (il Jliiad gy ¢ 88 il Ml b oy g Rl Al Je 4e ) 5al
Sy CySifAsuedd ( adb o e wnibl Ay gl Aiga B g han b pSaT D Apda) Cljladd w3 gl ba
sy Ahgr ol ) Guad e W AR Y e Y oan 3 gy olpall Gpand e (0 LS ekt
Residual Soil Nitrate Risk Index ¥ b Ligad il Lasd cculilo wiay oy oyl sapsn 3k g sty iy
e JI¥ s i iy 38, « Deep Water Percolation Index (DWPI) sall Gpaadl il a¥1, (RSNRI)
Aghiy e ¥ oLl Y doad o (Say Wy ¢ Nitrate Leaching Risk Index (NLRI) junilly 5350ad <d 20 3 skl

Quick il ¥ Al o gadids (MY atadl o Al gali 3 sma i ey B Zagall B Lbpa 3 35
MS plis cad meli ) Jadd 25 Visual BASIC 6 3a 4,y MS DOS plial cad gabifl JpS 1y BASIC
-Windows

e gy s Slad 32 (a Al A UL e 8 Haitd 3 Validation el 3 gl b ol Y
Gl A Sy Ay R Y el Gaad o e S i) el il m3pald by LD B Y o S
A3 e Ciaitd dy . I Jo sl s gy olad LN ApaSh (e ApeiS By geana oo Y sl (F Jpunilly 53 gkl
Auclial il g Aab a8 U1 0 S Capt S g1y rhpallt R o il iy Aileal gl gy aid

glod G0 Anh 5 gl S Aud e DY SO 0 Uit o3 ) ki liB g ety B rigald K ol dase (e (Fhally
On iyl e aa (A Al Aigee) ¢ Y ¢ e ol S jgedarg o Sl ity ApNyE Flelia Ga el G

225



Validation And Verification Of Mceinal Under.... T. K. Zin El-Abedin and Ramzy MLR. Hedia

A2 1 Baand) Aikial By g 9 sy pli) Ailin e a3 3 g oy (3 oo usle B ssimad ) b 2 53 A iy b
o b A a3 el B g ga W O 2y Sy el 38 A gt Qg [nidices 2 Ll Sda g B o 3 3
S ol ciady Ailibad o M gk ad Yguad) UM oF g0 Jam g LS pisde b W gaay e Y1 80 A 0 00 8
O cflad gt Gl B @30S (Lum AN B Agegiad) Al St plaflY ISy ey 5N (ade 5 )) dilaad
leae (955 e iy o Jial (ks wli M e By o s 0 b e p ey Ay Apn ) iyl WY Bal A ik
iy b A0 0 5 pglei Q) g pnallly i 2 g8 pat o degle Jumaidd gl o bUpy CSabe JE D Ut 5 5ki
150 i sy - Ggand o ol o S2 kel oy 30 g o (5 5 sk Ay el e iy ¢35 -NLRI

b Sha 3 B o AR

-(Safe or No Risk, Slightly Risky, Moderately Risky, Risky, Very Risky and Extremely Risky)

1 iU ey 4 panand gali g Jladog e pualy B pr3gald b 0 L e sl

WD Ay glluad y (3 5ol 543 iged g Spannal s S0 5 (in i) pad iy JaD ) COAG2Y p e gladd Aaluciy A3
gedal S a3 Jalne 3o 2pad B J 38 o (S D

o 3,58 33 gy Jpemadh g gy kil 5 Apia 1 Jab gl i Zaxad b Bl 8 S Ak 5 Aggany RS - Y
i AL gl 4 gpll olgall (sim b 8 gl A

slaad (el 3yl G 3 el [yalB P hae ity ol 2 e A (plida dapanal 5 (B gl by -
o p Bl Vi e e 8 Y delady Al g iy eidd W plod b D (Sleliad i iy gl 38 0
ki B Sl s Qiladi 3 58





