Fate of Nitrate In Soil Cultivated With Maize (Zea mays L.) Under Different
Patterns of Irrigation Regime and Localized Compaction
AM. Aggag1

ABSTRACT

The objective of this study was to evaluate the localized
compaction (LC) and irrigation regime application
management on maize (Zea mays L.) growth grown in
calcareous soil and nitrate leaching from a maize field and
also to evaluate LEACHM model for predicting water, and
nitrate spatial and temporally in the soil. Field experiment
was carried out using calcareous sandy loam soil in EL-
Boston region, West Nile Delta, Egypt, under furrow
irrigation system. Two water irrigation regimes were
used: Field capacity (I-1) and Saturation (I-2) as upper
limits for soil water contents. The lower limit for irrigation
for both regimes is 50% of soil available water.
Ammonium nitrate fertilizer was banded with four
treatments of localized compaction: control without
compaction (LC-1), compaction under a fertilizer band
(LC-2), compaction above a fertilizer band (LC-3) and a
combination of the previous two positions (LC-4). The four
compaction techniques did not affect significantly the soil
nitrate concentrations under F.C. irrigation treatment (I-
1). There were significant differences between the two
irrigation regimes (I-2 and I-1) in grain yield, ear weight,
ear tall, ear diameter, leaf surface area, plant height, stem
diameter, leaf fresh and dry weight, plant biomass
production, total dry matter and nitrate leaching losses.
These differences may be due excessive NO’; leaching in I-
2 irrigation treatment. Leaching losses of NO7; of I-1
irrigation treatment decreased by 75.68%  with
comparison to I-2 irrigation treatment. The average
leaching losses for localized compaction treatments under
I-1 irrigation were 36.43, 38.10, 31.22 and 31.86 kg ha’l,
respectively, and the corresponding losses for I-2
irrigation were 177.76, 179.85, 104.31 and 103.93 kg ha™
for LC-1, LC-2, LC-3, and LC-4, respectively. The
LEACHM model well predicted the concentrations of NO;
in soil profile and leachate as compared with the observed
values. The ability of the model for NO’; prediction was
evaluated using different statically scales which proved
that LEACHM model is a useful tool for optimizing and
managing the application of irrigation water and N
fertilizer in maize field under the used experimental
conditions.
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INTRODUCTION

Crop production with excessive water and fertilizers
uses is no longer acceptable as an agricultural practice.
Booming world population, limitation of water
resources and environmental pollution concerns as well
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as other production related factors, impact significantly
the agricultural management. Nitrogen (N) is an
essential plant nutrient but it's overusing could gradually
deteriorate surface and groundwater resources. These
deterioration have increased the global environmental
concerns. Utilization of N fertilizer in a correct amount
and application practice might minimize the N leaching
that reduces the environmental deterioration (Majnooni-
Heris, 2014).

Maize (Zea mays L.) is a cereal crop that is
cultivated widely throughout the world in a range of
agro-ecological environments. Its growth is often
limited by amounts of irrigation water and precipitation
in arid and semi-arid regions. Maize is mostly grown
under irrigation in Egypt and highly sensitive to
irrigation water (Majnooni-Heris et al, 2011). The
response of maize grain yield to the application of
nitrogen fertilizer and irrigation water was investigated
extensively (Majnooni-Heris et al, 2011 and Zand-
Parsa et al., 2006).

Globally, nitrogen (N) fertilizer applications are
approximately 80 million tones, with half being applied
in developing countries and the other half in developed
countries (FAO, 1990). It has been estimated that by the
year 2025, the consumption of nitrogen fertilizer will
increase from 60 to 90 percent, with two-thirds of this
being applied in the developing world. This trend in
fertilizer use is mostly driven by the need of developing
countries to keep food supply up with population
growth (Tani et al., 2004). Therefore, improvement of
fertilizer use efficiency is necessary to increase crop
productivity and reduce environmental pollution (Gehl
et al., 2004 and 2005).

Diverting the flow of infiltrating water from the
fertilizers and compacting the soil above the injected
fertilizers can reduce NO7; leaching. A new fertilizer
application was investigated by (Baker er al., 1997).
This device forms a small compacted layer of a
localized compaction. The applicator is evaluated by
measuring soil physical properties for the compacted
layer. Sound irrigation management requires a careful
balance between water inputs (rainfall and irrigation)
and water outputs (crop use and evaporation) to
minimize leaching losses. Thus, the nitrogen fertilizer
management program and the water management
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program need to be combined for an effective crop
management program.

With the rapid development of computer science in
recent years, simulation models are preferred to be
utilized in order to investigate simultaneous the flux of
water and nitrogen in the soil profile for the purpose of
water and fertilizer management on farms.In this study,
the LEACHM model developed by Wagenet and
Hutson (1989) and Hutson (2003) was used to simulate
soil water content, soil nitrate, nitrate leaching and plant
nitrogen uptake. Many researchers have started to use
modern computation machines to simulate plant growth,
nitrogen and soil water balance in order to manage N
and water application, in recent years. This has resulted
to generation of so many computer models in various
complexity levels, from very simple to complex models
(Zand-Parsa et al., 2006).

The Objectives of this study, therefore, were to: (i)
reduce nitrate leaching toward water resources and
improve groundwater quality, through the adoption of
the improved nitrogen and water management practices,
(i1) evaluate the effectiveness of the localized
compaction to reduce NO;-N leaching and improve its
use efficiency in a maize field under different water
regimes and different localized compaction, (iii)
determine soil nitrate vertical distribution after crop
yielding as affected by localized compaction treatments,
(iv) calculate compaction dependency and yield
response under different water regimes with different
locations of localized compaction and (v) investigate the
performance of LEACHM model to simulate nitrate
leaching under different irrigation water, nitrogen
fertilizer and localized compaction treatments.

MATERIALS AND METHODS
The characteristics of the used soil, set up of the
experiment, data analysis and the LEACHM model are
presented in the following paragraphs.
Soil Characteristics

Field experiment was carried out at El-Boston Farm
Experiment Station, Faculty of Agriculture, Damanhour
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University, El-Bohaira Governorate (30° 12' N & 30°
30" E and altitude of 7.4 m ASL). The main chemical
and physical properties of the soil were determined
according to the methods outlined by Klute (1986 a) and
the obtained results are shown in Table (1). It is clear
from Table 1 that the soil is calcareous Sandy Loam.
This soil represents the newly reclaimed lands in the
region.

Total soil porosity and pore size distribution were
calculated using the soil water characteristics curves by
capillary rise equation. Five replicates from each
localized compaction treatment (5 cm depth) were taken
to determine the bulk density using Clod Method
(Hartge et al., 1985). It is obvious that the relation
between soil water (soil solution) content and matric
potential is a fundamental part of the characterization of
the hydraulic properties of a soil. The soil water
characteristics curve was measured as described by
Klute (1986b) and the saturated hydraulic conductivity
was measured using constant head method. Sand, silt
and clay percentages were determined using hydrometer
method (Klute, 1986a).

Soil nitrate was extracted with 2 M KCI solutions,
and its concentration was measured using UV
spectrophotometer according to Arnold et al. (1992).
Total nitrogen content in plant was measured using
modified microKjeldahl method according to Peack and
Tracey (1956).

The source of irrigation water used in this study is
El-Nubariya canal. The water has pH of 7.54, EC of
0.62 dSm™ and NO'3-N of 1.6 ppm.

Experimental design

Field experiment was carried out in 2010 under
furrow irrigation system. The experimental area was
prepared using chisel plow then harrowed. No
additional practices was used after soil preparation. The
field area was divided into 24 squared plots (each 25m?)
with 1.5 m border between plots, to avoid the horizontal
water seepage.

Tablel. The main soil chemical and physical properties of the experimental soil

. Soil depth (cm) . Soil depth (cm)

Parameter unit 0-30 30-60 60-100 Parameter unit 0-30 30-60 60-100
pH (125 8.30 8.20 8.24 CaCO; % 13.5 14.6 14.9
E.C.* asm’’ 1.40 1.50 164  B.D. Mgm? 141 1.45 1.42
SAR 1.88 2.00 3.20 K md! 3.60 3.74 3.68
O.C. % 0.40 0.16 0.05 Gravel % 3.8 5.0 1.2
NO;-N mg kg” 10.6 10.7 11.1 Sand % 78.3 80.8 79.5
Saturation mm* 0.47 0.45 0.46 Silt % 10.5 59 6.7
FC mm? 0.191 0.193 0.197 Clay % 11.2 13.3 13.8
PWP mm> 0110  0.110 0.112  Texture SL**  SL. S.L.
AW mm m’' 90 83 85 Basic L.R. md’ 3.77

*Soil paste extract **Sandy Loam
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Fig. 2. The relation between exerted compaction (load, kg) and both bulk density and total
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Fig. 3. Cumulative applied water to maize for the two irrigation treatments during the
growing season
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The soil was cultivated with maize pioneer variety
(30 kaf 8). Planting was achieved by hand in rows 60-
cm apart (15 cm between plants) on the 3™ of May
2010. After complete seed germination, the plants were
thinned to 30 cm between plants in the row, and one
plant in each hill. Split plot statistical design was used
with two water applications as the main plots; Field
capacity (I-1) and up to saturation (I-2) as upper limits
for soil water contents. The lower limit for irrigation for
both regimes is 50% of soil available water. Nitrogen
fertilizer was banded in four treatments of localized
compaction (LC) as sub main plot as follows: (i) The
control without compaction (LC-1), (ii) compaction
beneath the fertilizer band (LC-2), (iii) compaction
above the fertilizer band (LC-3), and (iv) combination
of the latter two patterns (beneath and above fertilizer
band) (LC-4). The nitrogen fertilizer, at a rate of 285 kg
N ha' as ammonium nitrate (33.5% N) was added in
one dose (at planting). Also, P fertilizer as
superphosphate (15% P,Os) and K fertilizer as
potassium sulfate (50% K,0O) were applied at sowing
according to the recommended rates of MALR.
Localized soil compaction treatments were executed
using heavy wheel loads (Fig. 1).

The exerted compaction value was calculated using
bulk density as indicator which was increased from 1.41
Mg m (control) to 1.67 Mg m™. This was carried out
by using different loads on the compacting wheel as
shown in Fig. (2). For each experimental plot, the
cultivated lanes were subjected to the compaction load
(30 kg) which led to medium bulk density of 1.67 Mg
m3 (Abou Arab et al., 1998; Emir, 2002 and Abdallah,
2008). It has been reported that the ability of soil for
compaction is affected by soil texture, initial soil bulk
density and matric potential (Peng et al., 2004).

The total amount of applied irrigation water, number
of irrigations, irrigation intervals, net irrigation
requirement (NIR), gross irrigation requirements (GIR),
and cumulative water applied (CWA) to maize were
calculated using FAO-CWR version 8 (Allen ef al,
1998). The cumulative water applied is illustrated in
Fig. 3 for the treatments of irrigation. When the soil
water drops to 50% of the soil available water, water is
applied to increase the soil water content to either field
capacity (I-1) or saturation condition (I-2). Total applied
water was 1904 mm for saturation treatment (I-2) and
1094 mm for field capacity treatment (I-1). The highest
value of daily crop consumptive water use (ET¢) was
8.3 mm d"' which was recorded for mid-season growth
stage.

Random samples of maize plant were collected from
each sub-plot at harvest (15™ of Aug. 2010) to
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determine plant height (cm), number of leaves per plant,
stem diameter, ear length (cm), 100 kernel weight (g),
total fresh weight, leaf area per plant (m?) and Total
grain yield (kg).

The obtained data were statistically analyzed using
CoStat computer program for statistics (version 6.4) as
split plot arrangement in randomized complete block
design with three replicates.

Analysis
1-Water Efficiency:

Several terms of water uses efficiency were used
(Hillel and Baker, 1998; and Schneider and Howell,
1999) as follows:

The water use efficiency (WUE) was calculated as:
wug = SW_ (1)

CU
The water utilization efficiency (WUTE) was calculated
as:
wurg =97 2)

AW
The biomass
calculated as:

BPW

production efficiency (BPE) was

BPE =

(3)

Where:

GW is the grain weight (kg), CU is the consumptive
water use (mm), AW is the applied water (mm) and the
BPW is the biomass production weight (kg)

2-Nitrogen Efficiency:

Analysis of the nitrogen fertilizer efficiencies was
calculated using the efficiency parameters defined by
Huggins and Pan (1993) as follows:

NUE = G, (4)
NS
NUTE =i (5
Nl
N
GNAE = —£ (6)
NS
Where:

NUE is nitrogen use efficiency, NUTE is the
nitrogen utilization efficiency, GNAE is the grain
accumulation efficiency, G,, is the grain yield (kg), N, is
the grain nitrogen (kg), N; is the nitrogen supply (kg),
and N, is the aboveground plant nitrogen (kg).

3-Compaction dependency (CD)
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It is defined as the increasing or decreasing
percentage of such a parameter due to compaction. It
can be expressed as:

Y -Y
CD = t_~c¢ (7)
Y

c

Where:

Y. is the yield of such parameter under compaction,
and Y. is the yield of the parameter under non-
compaction.

4- Simulation Nitrate Model (LEACHM):

The LEACHM (Leaching Estimation and Chemistry
Model) was developed primarily by Wagnent and
Huston (1989). The code is multipurpose that can
describe matter and energy spatial and temporally. It
was revisited and modified by Huston (2003). The latter
version was used to simulate soil water movement and
nitrate movement. LEACHM can be used to simulate
the water regime, the chemistry and transport of solutes
in unsaturated or partially saturated soils to a depth of
about one meter. Some of the governing equations of
the model are described briefly in the present study. The
model efficiency for prediction was evaluated too.

Solving the following equations describe temporal and
spatial variations of soil water content and inorganic solute
concentration (NO7). Assuming one-dimensional transfer
in the z direction, the nonsteady- transfer equation of water
flow can be written as

00
arg = A4,/ puta,/ p) Uz ®
Where:

qv and q are the mass fluxes of vapor and soil water,
respectively (kg m2s™), 0 (m* m>), p, and p, are the
density of pure water and soil solution, respectively, (kg
m®), oy is storage terms for water and U is a sink term
representing water lost per unit time by transpiration and t
is time (s).

The nonsteady-state equation for NOj transport can be
written as

M:_A.(”_f)i¢ (9)
ot P L

Where:

n, is the net flux of solute (mol m™ s™), ¢ indicates
sources and/or sink term for NOj; solute and C nitrate
concentration in soil solution (mol kg™).

Solving the above equations of transient water and
nitrate flow requires the initial and boundary conditions.
Additionally, the transport parameters of water and
solute are needed.

The initial conditions associated with Egs. (8) and (9)
are given by the following:

0.0= 0, C0=C, (0<z<I) (10)
Where:
(D) is soil profile length (mm).
The boundary conditions for water and solute are
given in terms of net mass fluxes by the following:

(ql+qv)(o,:) =ET,, 0 (11)

(q,t q\;)(l,t) =0,
Where :

ET, is the daily potential evapotranspiration (mm d)
and Ks is the saturated hydraulic conductivity (mm d™).

Mooy =
Nean = kg (12)

The water and inorganic chemical transfer properties
were described in detail (Nassar and Horton, 1997).

Visual comparison of simulated and observed data
provides a quick and often comprehensive mean of
assessing the accuracy of model prediction. However,
quantitative evaluation of the model is recommended. In
the present work, root mean square error (RMSE),
modeling efficiency (ME), the coefficient of residual
mass (CRM) and Correlation coefficient (r) as criteria for
evaluating the model are used as criteria (Jabor et al.,
1994; and Xevi et al., 1996).

These parameters were calculated as followes

n % —
RMSE= [Z(S, ~0)y /nj *(100/0) (13)

i=l

ME =i(0i —b)z/i(s,. ~0)? (14)

i=1

CRM =[20,.—Z':}S,~]/20f as)

=30 —E»(S—S‘)/JZQ ~OP*S-0F (16

Where:

O and S are the observed and simulated values,
respectively. The over lined characters represent mean
values

RESULTS AND DISCUSSION
Soil Hydraulic properties
The soil -moisture characteristics curves for

compacted (1.67 Mg m™) and non-compacted (1.41 Mg
m™) soils are presented in Fig. (4). The curves showed
that the amount of moisture retained at saturation is
higher at low bulk density (without compaction) than at
high bulk density (compacted soils). By increasing
suction, difference in the retained water between
compacted and non-compacted soil was diminished
gradually. This was due to the reduction of soil
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macropores and increase of both slowly drainable and
fine capillary pores with increasing soil bulk density
(Klute, 1986a).

The total porosity and pore size distributions, as
calculated from the soil-moisture characteristics curves,
are shown in Table (2). Increasing soil bulk density
(resulted from a localized soil compaction) decreased
the total porosity by 21.8 % in comparison to non-
compacted soils. The pores > 30 um was reduced from
51 to 30.8 % by increasing the bulk density. Similar
resulted were reported by Mooney and Nipattasuk
(2003) and Peng et al., 2004) who showed that the
quickly drainable pores, slowly drainable pores and fine
capillary pores decreased by 39.6, 67.51 and 68.47%,
respectively, by compaction.

The data also declare that increasing soil density,
from 1.14 to 1.67 Mg m”, decreased infiltration rate and
saturated hydraulic conductivity by 60.6 and 70.0%,
respectively in comparison to un-compacted soil. These
reductions may be due to localized compaction which
may close large cracks and pores just beneath the
fertilizer band behind the compacted soil. These results
agree with those obtained by EL-Nady (2004).

Plant growth parameters

The plant growth parameters (plant height, total
biomass production, stem diameter, number of leaves
per plant, leaves fresh and dry weights and total dry
matter) are listed in Table (3). The F.C. irrigation
treatment (I-1) produced high leaf surface area/plant,
plant height, leaves number/plant, stem diameter, leaves
dry weight, plant biomass production and total dry
matter in comparison to irrigation at SAT (I-2). The
increasing percentages of these parameters were 62.29,

60
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18.46, 20.15, 12.87, 62.92, and 65.74 %, respectively in
comparison to irrigation at saturation. These growth
parameters differed significantly between the two
irrigation treatments. The F.C. irrigation (I-1) regime
did not exhibit response to localized compaction
treatments. These results may be due to the limited
leaching of nitrate. The growth parameters receiving
compaction levels LC-1 and LC-2 differed significantly
(5% significance level) as compared to either the
compaction levels of LC-3 or LC-4. Thus, it can be
recommended to use compaction above the fertilization
band or combination of compaction above and beneath
the fertilization band. The latter compactions patterns
produced high growth parameters. There were no
significant different in plant growth parameters between
treatments LC-3 and LC-4. Under LC-2 treatment, the
fertilizer band was subjected completely to water
movement and this promotes nitrate leaching (Kiuchi et
al., 1996). The leached nitrate leads to a shortage of the
amount of available nitrogen for plant uptake.

Yield components:

Irrigation at F.C. (I-1) increased grain yield, ear
weight, ear tall, and ear diameter by 47.47 %, 46.69 %,
19.55 % and 4.18 %, respectively, in comparison to the
irrigation level of saturation (I-2) Table (4). The high
percentages of yield components are attributed to high
concentration of nitrate under F.C. irrigation (I-1) in
comparison to its concentration using saturation
irrigation (I-2). These results support the growth
parameters results (Table 3). Additionally, these results
are in agreement with those obtained by Aggag (2001)
and Diez (1997).
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Fig. 4. Soil moisture characteristics curves for the soil samples under two bulk densities
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Table 2. Values of total porosity and pore size distribution as a percentage of total porosity

of the soil samples at the two bulk densities

Pore size distribution as a percentage of total porosity

Soil bulk density ; :
(Mg m™) Total d?:il::ll))l,e Slowly drainable Wateljroilgsldlng Fine capillary
oo pores ; pores
porosity (%) g 3[:)0;@:3 (30-9)um (9-0.2) pm <0.2um
1.41 47.17 51.00 12.81 19.32 16.87
1.67 36.89 30.80 21.46 19.37 28.36

Table 3. The values of leaf surface area (L.S.A), plant height, number of leaves, stem
diameter, leaves fresh weight (L.F.W), leaves dry weight(L.D.W), plant biomass production
(P.B.P) and total dry matter (T.D.W) of maize plant as a result of irrigation and compaction

treatments
Treatmen L.S.A. Plant Number of Stem L.F.W. L.D.W. P.B.P. T.D.W.
t (m?/plant) height (cm) leaves/ plant diameter(cm) (g/plant) (g/plant) (g/plant) (g/plant)
Irrigation
F.C. (I-1) 0.99 a 258.26 a 15.86 a 2.79 a 341.25a 114.77a 1181.3a 342.28a
SAT (1-2) 0.61 b 217.96 b 13.21b 2.47b 209.45b 67.70b  750.13b 206.06 b
LSD 5 0.10 3.16 0.33 0.20 38.82 15.71 98.02 75.30
Compaction
LC-1 0.76 b 229.36 b 1436 b 2.61 be 256.0b  8539b 906.50b 261.36b
LC-2 0.73 b 229.49 b 13.94 ¢ 2.55b 257.08b 86.11b 887.50b 241.67b
LC-3 0.86 a 24531 a 14.81 a 2.64 a 288.75a 96.88a 104542a 292.61a
LC-4 0.85a 248.28 a 15.03 a 2.87 a 299.58a 96.58a 1023.33a 299.56a
LSD 5 0.06 5.73 0.35 0.20 16.87 8.85 79.42 37.51
Compaction X irrigation
LC-1 1.02 a 258.06 a 16.00 a 2.87 a 338.33a 112.78a 1185.83a 350.00a
L1 LC-2 0.98 a 261.67 a 15.72 a 2.76 b 345.00a 117.04a 1188.33a 319.75a
LC-3 0.98 a 256.56 a 15.89 a 2.76 b 329.17a 11494a 1172.50a 332.71 a
LC-4 0.99 a 256.83 a 15.83 a 2.76 b 34294a 11436a 1178.33a 333.33a
LC-1 0.50 ¢ 200.67 b 12.72 ¢ 2.35d 173.67c 5801lc 627.17c 161.11c
L2 LC-2 0.48 ¢ 197.39b 12.27 ¢ 2.33d 169.17¢  55.19c  586.67c 152.83 ¢
LC-3 0.74 b 234.06 ¢ 13.72 b 2.53 ¢ 24833 b 78.82b 91833b 239.50b
LC-4 0.71 b 239.72 ¢ 14.22b 2.69 b 246.67b 78.80b 868.33b 252.46Db
LSD 05 0.12 7.54 0.52 0.10 41.72 18.03 131.20 82.88
The results showed that compaction treatments For the interaction between irrigation and

significantly affected the yield components (Table 4).
The maximum values of total grain yield, ear weight,
ear tall, ear diameter and number of rows were obtained
in the treatments LC-3 and LC-4. This may be due to
the effect of soil localized compaction on protecting the
plant nutrients from leaching. This points out that, the
best compaction treatments were the compaction above
the fertilizer band or a combination of compaction
above and beneath the fertilization band. These results
are in agreement with those reported for growth
parameters (Table 3).

compaction treatments, the results showed that there
were no significant differences between treatments
under F.C. irrigation (I-1). This may be due to that there
is no excess water to leach nitrate out of root zone.
However, there were high significant differences
between irrigation treatments: I-2 and I-1. This may be
due to leaching of nitrate by excess water applied in
saturation treatment (I-2) as compared with those due to
F.C. irrigation (I-1). Under F.C. (I-1) treatments, there
were significant differences between treatments due to
soil compaction. When the compacted layer was under
the fertilizer band, compaction has no effect in
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preventing nitrate loss by leaching (Ressler et al., 1998b
and Seo et al., 2005).

Nitrogen uptake and nitrate leaching:

Total nitrogen uptake (grain-N + straw-N) by maize
and total-N as percent of applied-N are listed in Table
(5). Total nitrogen uptake increased by 59.49 % by low
water irrigation pattern (F.C., I-1) in comparison with
high irrigation (I-2) (Table 7). For compaction
treatments, the total nitrogen uptakes were 253.80,
243.33,249.56 and 247.42 kg ha!, for LC-1, CL-2, LC-
3 and LC-4, respectively for irrigation I-1. This can be
attributed to low leaching out of nitrate from root zone.
There were no significant differences between
treatments under this level (I-1) of irrigation. The
corresponding values for irrigation treatment (I-2) were
117.74, 109.86, 19527 and 200.65 kg ha”. Similar
results were reported by Gardenas et al. (2005) and
Alva et al. (2006). Generally, the average nitrogen
uptake components was higher under I-1 irrigation than
under I-2 irrigation. For example, on the average, the
total nitrogen uptakes were 248.53 and 155.88 kg ha’
under I-1 and I-2 irrigation treatments, respectively.
These results are in parallel accordance with both the
growth and yield components (Tables 3 and 4).

Water Efficiency:

Table (6) showed that average values of WUE,
WUTE and BPE were 1.25, 0.871, and 8.876 kg/m3,
respectively, under F.C. irrigation (I-1). Their
corresponding values for saturation irrigation (I-2) were
0.853, 0.147, and 5.647 kg m>, respectively. The water
efficiencies under I-1 irrigation were greater than under
saturation irrigation (I-2). The values of WUE were
0.723, 0.677, 1.040 and 0.974 for LC-1, LC-2, LC-3,
and LC-4, respectively under I-2 which are lower than
those at F.C. (I-1) treatment. Thus, the presence of
compacted soil layer had reduced water deep
percolation which lead to high water efficiencies.

In addition, the compacted layer act to increase the
amount of mineral nitrogen subjected to plant uptake.
Hence, grain yield and biomass production increased as
a result of the increase in available mineral nitrogen in
the root zone. However, when the compacted layer was
beneath the fertilizer band, this fertilizer was completely
exposed to the water, and that the compacted layer did
not divert water movement around the fertilizer
(Brindha and Elango, 2014).

Table 4. The values of grain yield (ton/ha), ear weight (g), ear tall (cm), number of rows
per ear and ear diameter (cm) as influenced by irrigation and compaction treatments

Treatment ((t;or;l/illlla%’ield Ear weight (g) Ear tall (cm) Ear ?cizll;leter I\I;:)I:lvls)/zgff
Irrigation
I-1 9.05a 294.94 a 20.73 a 547a 13.94 a
1-2 6.14b 201.07 b 17.34 b 525b 13.75a
LSD 0.05 0.37 18.30 0.43 0.19 0.54
Compaction
LC-1 7.24b 232.12b 18.63 b 537b 13.69 b
LC-2 6.82 b 227.05b 18.31b 527b 13.78 ab
LC-3 837a 267.63 a 19.63 a 538a 13.86 ab
LC-4 793 a 265.22 a 19.66 a 54a 14.07 a
LSD 0.05 0.47 7.61 0.36 0.14 0.32
Compaction X irrigation
LC-1 9.22a 297.95a 2092 a 5.44ab 13.91 ab
L1 LC-2 8.94 a 293.62 a 20.66 a 5.48a 13.78 ab
LC-3 9.21a 296.14 a 20.70 a 5.44ab 13.78 ab
LC-4 8.82a 292.06 a 20.65 a 547 a 14.18 a
LC-1 527c¢ 166.30 c 16.35¢ 5.25b 13.47b
2 LC-2 490 c 160.48 ¢ 15.77 ¢ 5.09¢ 13.64 ab
LC-3 7.53b 239.13 b 18.56 b 5.33b 13.96 ab
LC-4 7.05b 238.38 b 18.66 b 539b 14.09 ab
LSD 0.05 0.66 19.51 0.59 0.13 0.63
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Table 5. The values of total N—uptake and total N—uptake as a percentage of nitrogen
applied as affected by irrigation and localized compaction treatments

Treatments Grain-N straw-N Total-N uptake Total-N.as % of
kg ha™! applied-N

LC-1 78.94 174.85 253.80 88.87

LC-2 76.56 166.76 243.33 85.21

I-1 LC-3 78.89 170.66 249.56 87.38
LC-4 75.54 171.88 247.42 86.64

Average 77.48 171.04 248.53 87.03

LC-1 45.12 72.61 117.74 46.21

LC-2 42.00 67.85 109.86 43.71

-2 LC-3 64.52 130.75 195.27 68.38
LC-4 60.40 140.25 200.65 70.26

Average 48.51 102.87 155.88 57.14

Table 6. The values of water efficiencies for maize as affected by irrigation and localized
compaction treatments

Treatments WUE WUTE BPE
(kg/m®)

LC-1 1.273 0.888 8.911

LC-2 1.234 0.861 8.930

I-1 LC-3 1.273 0.887 8.811

LC-4 1.218 0.85 8.854

Average 1.250 0. 871 8.876

LC-1 0.723 0.126 4.713

-2 LC-2 0.677 0.117 4.408

LC-3 1.040 0.179 6.901

LC-4 0.974 0.166 6.525

Average 0.853 0.147 5.637

Table 7. Nitrogen use efficiencies for maize during the growing season as affected by
irrigation and localized compaction treatments

Treatments NUE GNAE NBPE NUTE
(kg/kg)

LC-1 32.25 0.23 225.78 205.75

L1 LC-2 31.28 0.21. 226.25 208.13

LC-3 32.24 0.22 223.244 209.12

LC+4 30.86 0.22 224.35 201.95

Average 31.67 0.22 224.90 206.24

LC-1 18.43 0.13 119.41 253.54

2 LC-2 17.15 0.12 111.70 252.89

LC-3 26.36 0.18 174.85 218.53

LC-4 24.68 0.17 165.33 199.13

Average 21.48 0.15 142.82 231.02
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Table 8. the values of compaction dependency (%) for yield components of maize plant

Treatments Ear diameter Ear tall Ear weight Weight of 100 kernel Grain yield
LC-2 0.85 -1.23 -1.45 1.60 -3.01
L1 LC-3 0.14 -1.03 -0.61 -0.96 -0.06
LC-4 0.70 -1.26 -1.97 -0.62 -4.31
average 0.56 -1.17 -1.34 0.01 -2.46
LC-2 -2.95 -3.53 -3.78 -2.62 -6.99
12 LC-3 1.57 13.57 43.80 2.17 42.97
LC-4 2.83 14.17 43.35 1.84 33.86
average 0.48 8.07 27.79 0.46 23.32
Nitrogen Efficiency: 8.07, 27.79, 0.46, and 23.32, respectively. The negative

For F.C. TIrrigation treatment (I-1), the values of
nitrogen efficiencies (NUE, NBPE and GNAE) were
increased by 47.43, 57.45 % and 46.67%, respectively,
while NUTE decreased by 10.73% as compared to their
levels for saturation irrigation (I-2). These results are in
agreement with nitrogen uptake and growth parameters.
Under Irrigation level (I-1), there are no significant
differences between localized compaction treatments,
which are attributed to minimizing the water and
nitrogen losses from the plant root zone while under
saturation (I-2) treatment, localized compaction changed
NUE by -6.94, 43.03 and 33.91%; BNPE by -6.45,
46.42 and 38.45%; GNAE by -7.69, 38.46, and 30.77%
for LC2, LC-3, and LC-4, respectively as compared to
the control treatment. The increasing in nitrogen use
efficiencies due to localized compaction may be due to
the decrease of leaching losses by deep percolation of
added mineral nitrogen. On the other hand, NUTE
changed by -0.26, -13.81 and -21.46% for LC2, LC-3,
and LC-4, respectively, as compared to the control
treatment.

These data suggest that the compacted soil layer
above or both above and under the fertilizer band was
the main factor for high nitrogen availability and high
yield (Ressler et al., 1997). However, when the
compacted layer was only under the fertilizer band, the
fertilizer was completely appeared in the leached water.
This compacted layer did not divert water movement
around the band of fertilizers so water will carry the
fertilizer and leached it out of root zone.

Compaction dependency:

Table 8 showed that under I-1 irrigation treatment,
the average values of compaction dependencies were
0.56, -1.17, -1.34, 0.01and -2.46 % for ear diameter, ear
tall, ear weight, weight of 100 kennel and grain yield,
respectively. The corresponding compaction
dependencies for saturation irrigation (I-2) were 0.48,

values of compaction dependency mean that compaction
did not affect the yield parameters. For example, the ear
tall produced by LC-2 under I-1 irrigation is lower than
its value under the control treatment. It is obvious that
compaction affects positively the yield components
under saturation irrigation (I-2). This may be due to the
localized compaction, which may reduce NO; leaching
and improve N-use efficiency at heavy application of
water on maize field during growing season.

In general, plots received localized compaction
under F.C. irrigation (I-1) yielded an average of 23.32%
more than plots under I-2 irrigation. Under -2, plots
received localized compaction (LC-3) and (LC-4)
yielded 42.97 and 33.86 % more than plots of the
control (LC-1), respectively. Thus, compaction
associated with irrigation at field capacity produced the
best growth parameters for maize. These results are in
agreement with those reported by Baker et al., (1997),
Ressler et al. (1998-a), Kiuchi et al. (1996) and Baker
(2002).

Fate of soil nitrate

The nitrate concentrations in soil profiles and
leachates are studied experimentally and theoretically.
The experimental concentrations were measured in the
leached soil solution and soil profile while the
theoretical values are obtained using the LEACHM
model. The data in Figure (5) indicate that leaching
losses decreased with decreasing the amount of
irrigation water from saturation to field capacity by
75.68% in comparison to the saturation treatment. The
average leaching losses for localized compaction
treatments under I-1 irrigation treatment were 36.43,
38.10, 31.22 and 31.86 kg ha™ for LC-1, LC-2, LC-3,
and LC-4, respectively. There were no significant
differences between localized compaction treatments
under field capacity irrigation treatment (I-1). These
data agree with those obtained by Zhao et al. (2011).
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Fig. 5. Observed and simulated leached NO;-N under water and localized compaction

treatments

Under saturation irrigation treatment (I-2), the
average leaching losses for localized compaction
treatments were 177.76, 179.85, 104.31 and 103.93 kg
ha! for LC-1, LC-2, LC-3, and LC-4, respectively.
Additionally, nitrate losses in LC-3 treatments and LC-4
were lower than either LC-1 or LC-2. The compacted
layer increased the amount of nitrate available for plant
uptake that lowered its leached. There were no
significant differences between (LC-2) and the control
(LC-1), in leaching losses because the fertilizer band
was completely exposed to water and the surrounding
soil is more favorable for water movement. Excessive
water application above a soil field capacity led to deep
percolation and possible NO7; leaching. The LEACH
model well described the NO7; concentration in
comparison to the observed values. So, the model is
able to describe NO; fate under the conditions of the
present study. Thus, our results are in agreement with
those reported by Pathak et al. (2004); Sumanasena et
al. (2004); Feng et al. (2005) and Naoko et al. (2005).
Kucharik and Barye (2003) reported that 30 percent
increase of nitrate fertilizer consumed in maize leads to
56 percent annual leaching of nitrate, while the yield is
improved only by 1 percent. If the amount of applied N
decreased by about 30%, the amount of nitrate leached
would be also decreased by about 42%.

Soil nitrate  distributions  (theoretically and
experimentally), at the end of the growth season, are
illustrated in Figure (6). The theoretical values were
obtained by using the LEACH model. Both the
observed and theoretical trends were similar. The model
successfully predicted the nitrate concentration in
comparison to the observed values. So, the model
efficiency for describing the nitrate is high which
enhance using the model in nitrate application

managements. Under [-2 irrigation treatments, the
obtained pattern of nitrate distributions in the soil
profile suggests that the transport was dominated by
convective transport for nitrate. Nitrate moved below
70-cm depth has the maximum concentration (12.78
ppm). However, under irrigation I-1 treatment, the data
showed that low amount of nitrate had moved
downward below the 70-cm depth. The peak nitrate
concentration occurred in the layer of 30-50 cm in soil
profiles under all compaction patterns. This peak ranged
from 10.00 to 13.00 ppm for the compaction patterns.
The top layer of soil profile (0-20 cm) possessed the
lowest concentration of nitrate for both of the irrigation
treatments. Data also indicated that the average
concentration of NO;-N in all the soil profile is 9.67 and
8.53 mg 1" under irrigation treatments I-1 and I-2,
respectively. For the profiles that received compaction
(LC-3 or LC-4), high average nitrate concentration was
present in the root zone (10.26 and 9.02 mg/l,
respectively), for F.C. irrigation I-1. The corresponding
concentrations for I-2 irrigation treatment were 8.78 and
9.73, respectively. The increase of permeability allows
large quantity of water to leach and consequently
increases the amount of nitrate reaching out of the root
zone. These data agree with those obtained by Ressler et
al. (1998-b) and Sumanasena et al. (2004).

Model Evaluation:

Model performance and simulation accuracy were
evaluated based on its ability to predict NO;-N data at
the end of the growing season. Evaluation of the model
was conducted by comparing the observed and
predicted NO;-N concentration in the soil profile and
NO;-N leached under the profile for each irrigation
regime and localized compaction treatments (Table 9).
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Table 9. Statistical comparison between observed and simulated data

Leached NO;-N

NO’;-N Conc. in profile

Parameter I-1 1-2 Total I-1 1-2 Total
ME 1.009 0.990 0.990 1.091 0.708 0.811
CRM 0.003 -0.018 -0.014 0.006 0.105 0.052
RMSE 4.282 5.835 6.743 9.530 11.236 10.239
r 1.013 1.001 1.001 0.889 0.935 0.916
Values of (r) under irrigation and localized REFERENCES
compaction treatments indicate high correlation Abou Arab A.A., S.A. Mohamed, M.A. Mohamed and A.M.

between simulated and observed data. The ME value is
close to the unity which indicate the high performance
of the model to predict nitrogen in soil and leachate.
Similar finding was obtained using CRM. The RMSE
values were ranged from 4.282 and 9.530 for leached
nitrate and nitrate concentration in soil, respectively
under F.C. (I-1) treatment. The corresponding RMSE
values for saturation (I-2) treatment were 5.835 and
11.236. In general, LEACHM proved to be a good tool
for the purpose of simulation of soil profile NO;-N
concentration and leaching under different water
regimes and soil localized compaction treatments.These
data agree with those obtained by Ehteshami er al.,
(2013) and Nasri ef al. (2015). Therefore, the LEACHM
model is a promising tool for nitrate management under
field conditions.

CONCLUSION

The results of this study showed that using 30 kg
loads above the compacting wheel, increased soil bulk
density from 1.41 up to 1.67 g cm™. This caused parallel
decreases in total porosity, quickly drainable pores and
increased the slowly drainable pores and fine capillary
pores that produced reduction in both of infiltration rate
and hydraulic conductivity. Irrigation at field capacity
significantly increased grain yield, N-uptake, all growth
parameters, N-efficiency and water efficiency
parameters, at the same time reduced nitrate leaching
from soil profile as compared with irrigation at
saturation. This behavior also noticed in irrigation at
saturation combined with compacted layer above
fertilizer band/both above and under fertilizer band.
Irrigation at field capacity showed no significant
response to localized compaction treatments. Therefore,
localized compaction dependency was small as
compared with irrigation as soil saturation. The results
indicate that localized compaction (LC3 and LC-4) had
reduced nitrate leaching and improved N-use efficiency
when irrigation water exceeded field capacity. The
LEACHM model well predicted soil nitrate
concentration and leaching under different water
regimes and soil localized compaction treatments
compared with the observed concentrations. This
proved that the LEACHM model is a promising tool for
nitrate management under field conditions.
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