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Nitrogen is the nutrient most often deficient for crop production and its use can result in substantial 
economic return to farmers. However, when N inputs exceed crop needs, excess N may contaminate 
water. N Management is therefore important to achieve a balance between profitable crop production 
and environmentally tolerable levels. The aim of this paper is to evaluate the impact of water application 
regimes on the leaching of nitrogen. The research study was conducted at Nkango Irrigation Scheme in 
Kasungu district. Maize (SC 407)  planted on Julian day of 2012152 and harvested Julian day of 2012250 
was used as test crop in the study. The water regimes were full (100%) water requirement regime 
(FWRR) of maize plant; 60% of FWRR;  and 40% of FWRR. The nitrogen application regime used was 92 
N kg/ha which was constant.. The EU-Rotate_N model was run to quantify nitrogen leached below 90cm 
of the soil profile. The study found out that water application regime has a large influence on N 
leaching. The study concluded that applied water in the soil should not exceed field capacity of the soil 
and in such way leaching of nitrogen will be minimised.  
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INTRODUCTION 
 
Environmental and economic issues combined have 
increased the need to better understand the role and fate 
of nitrogen (N) in crop production systems. Nitrogen is 
the nutrient most often deficient for crop production and 
its use can result in substantial economic return for 
farmers. However, when N inputs to the soil system 
exceed crop needs, excess N may contaminate water. N 
Management is therefore important to achieve a balance 
between profitable crop production and environmentally 
tolerable levels in water. Downward N movement below 
root zone (N leaching) represents an economic loss to a 
farmer and poses a high risk of contaminating 
groundwater. Several studies have been conducted to 
evaluate   water   and  nitrogen  relationship  to  minimise  
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losses through leaching.  Randall and Mulla (2001) 
concluded that when there is no water, N03 accumulates 
in upper layers of soil and can stay there even for many 
years, but when the soil is exposed to wet conditions, 
accumulated N is washed down. This underscores the 
role that water plays in the movement of nitrogen in the 
soil. Sorensen et al. (2010) reported that N can be 
leached from any soil so long as applied water exceeds 
the water holding capacity of the soil, leaving additional 
water to freely move down through the soil profile with 
soluble nitrogen. Zumani (2001) compared border and 
furrow irrigations and concluded that conventional 
methods provided extra quantity of water, which acts as 
carrier of nitrate to move down. This agreed with 
observations made by Havlin et al. (1999) who stated that 
leaching of nutrients occurs when water content in the 
soil exceeds field capacity, and the water balance is 
positive such that any additional water inputs with  rainfall  



 
 
 
 
(and irrigation) freely moves downward without any 
hindrance.  

EU-Rotate_N is a model specifically used to simulate N 
response for vegetable and arable crops only (Rahn et 
al., 2007). The model is much more advanced and more 
mechanistic in dealing with many soil and plant 
processes. Compared with other agronomic models, EU-
Rotate_N has the advantages of generality, 2-D which is 
able to simulate N dynamics in the soil domain in the 
horizontal and vertical directions, utilisation of readily 
available data, and the ability to simulate crop rotations. 
The 2-D nature of the model makes it more accurate in 
simulating N-economy for row crops. The model has 
module that define the fate of water in the soil-plant 
system and is known as soil water balance module. The 
soil water balance module allows calculation of water use 
and water movement both vertically and horizontally 
(Rahn et al., 2007). Thus it is suited for situations such as 
wide-row crops and trickle- and furrow-irrigation, as well 
as conventional conditions. 

The soil water balance module has different parts that 
calculate Crop evapotranspiration (soil evaporation and 
transpiration); Effective water infiltration (applied water 
minus runoff); Drainage; and Water redistribution in the 
soil. Crop evapotranspiration is calculated using FAO 
Penman-Monteith equation (Allen et al., 1998). The main 
parameters that enter in these calculations are those 
related to the evaporative demand of the atmosphere, 
summarized by the reference evapotranspiration (ETo,) 
and a crop coefficient, which varies with crop 
development.  The effects of water stress on plant growth 
are considered assuming that the reduction in dry matter 
accumulation due to water deficit is proportional to the 
transpiration reduction (Hanks, 1983; Shani and Dudley, 
2001). Water infiltration and redistribution in the soil 
follows a capacitance approach with a drainage 
coefficient that allows the water transfer between layers 
above field capacity to be done progressively (in more 
than one day) and more or less rapidly depending on soil 
type (Ritchie, 1998). 

Doltra and Muñoz (2010) compared nitrogen leaching 
prediction performance of EU-Rotate_N and Hydrus-2D 
models. They reported good correlations of both models 
between the simulated water draining below 60 cm and 
that calculated by water balance. The uptake of nitrate 
was better simulated with EU-Rotate_N than in Hydrus-
2D. Simulated N leaching below a depth of 60 cm was 
higher with Hydrus-2D due to a higher nitrate 
concentration in percolated water and more acceptable in 
EU-Rotate_N. Soto et al (2013) used EU-Rotate_N to 
simulate tomato growth, water and nitrogen dynamics. 
They reported that simulation of drainage was acceptable 
for nine treatments and was overestimated for one 
treatment. In 8 of 10 treatments, soil mineral N was 
accurately simulated. The aim of this paper is therefore to 
evaluate the impact of water application levels on the 
leaching of nitrogen.  
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MATERIALS AND METHODS 
 
Site description 
 
The research study was conducted at Nkango Irrigation 
Scheme in Kasungu district. Data were taken in two 
irrigation growing seasons from 1

st
 June to 8

th
 

September, 2012 during the first season, and  from 10
st
 

September to 5
th
 December, 2012 during the second 

season. Nkango Irrigation Scheme is an informal scheme 
which is owned and managed by the local communities 
and is situated at Latitude 12° 35’ South and Longitudes 
33° 31’ East and is at 1186 m above mean sea level. The 
study area has a unimodal type of rainfall with rains 
between December and April. The mean annual rainfall is 
about 800 mm. The site lies within maize production zone 
of Malawi and has dominant soil type of coarse sandy 
loam.  Smallholder farmers in the area practise irrigation 
and are conversant with water application regimes.  

Soil samples were collected from the soil layers. There 
were 5 soil layers and each layer was 20 cm thick. Table 
1 shows the initial soil properties after analysis of the 
samples. The analysis of soil samples was done at 
Bunda College Soil Laboratory. The average C/N ratio of 
the site was 10.48. 
 
 
Experiemental design 
 
Maize (SC 407)  planted on Julian day of 2012152 and 
harvested Julian day of 2012250 was used as test crop in 
the study. The study aimed at investigating the impact of 
water application regimes on N leaching and as such 
three water application regimes were used. The water 
regimes were full (100%) water requirement regime 
(FWRR) of maize plant; 60% of FWRR;  and 40% of 
FWRR. The nitrogen application regime was kept 
constant. The nitrogen application regime used was 92 N 
kg/ha. This is Typical Nitrogen Placement Rate in the 
area (TNPRA) as recommended  by (MoAFS, 2011). The 
first N fertilizer was applied on Julian day of 2012159 and 
second N fertilizer was done on Julian day of 2012195. 
The EU-Rotate_N model was run to quantify nitrogen 
leached below 90cm of the soil profile. 
 
 
RESULTS AND DISCUSSION 
 
Figure 1 indicates the N leaching trend in the treatment 
that had received 40% of full water requirement regime 
and had Nitrogen application of 92N kg/ha which is 
Typical Nitrogen Placement Rate in the Area (TNPRA). 
Figure 1 shows that there was no N leaching below 90cm 
of soil profile but the graph line shows that there was 
addition of nitrogen in the soil between the months of 
June and July due to the increased  of graph line during 
these  months.  Application  of  46  N kg/ha of inorganic N  
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Table 1. Soil Properties of the research site 

 

Soil 
layer 

Layer 
thickness 

(cm) 

FC PWP SAT 
Clay 

content 
Sand 

content 
Bulk 

density 
Soil 
pH 

OM 
content 

Soil 
moisture 
content 

Mineral 
soil_N kg 

N/ha 

1 20 0.21 0.12 0.43 0.17 0.68 1530 4.7 1.17 0.04 33 

2 20 0.22 0.12 0.42 0.18 0.67 1490 4.4 0.95 0.07 26 

3 20 0.23 0.14 0.44 0.20 0.60 1490 4.4 0.57 0.12 26 

4 20 0.24 0.14 0.44 0.23 0.63 1450 4.5 0.45 0.15 24 

5 20 0.25 0.14 0.42 0.24 0.63 1500 4.6 0.31 0.17 20 
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Figure1. N leaching 40%FWRR with 100%TNPRA. 

 
 
fertilizer as basal dressing was done on 7th June, 2012 
and top dressing of 46 N kg/ha was done on 16th July, 
2012 so the increase of graph line in Figure 1 is due to 
these two applications of inorganic nitrogen fertilizer. 
Figure 2 below shows cumulative N leaching of the same 
treatment as of Figure 1 and can noted that there was no 
N leaching even though about 92 N kg/ha was applied in 
the treatment.  

Figure 2 indicates the N leaching trend in the plot that 
had received 40% of full water requirement regime and 
had Nitrogen application of 92 kg N/ha which is Typical 
Nitrogen Placement Rate in the Area (TNPRA). 
Cumulative N leaching vindicates Figure 1 that in this 
treatment which had received 40% of full water 
requirement regime of maize plant and 92 N kg/ha did not 
experience leaching of nitrogen. EU-Rotate-N defines 
leaching of nitrogen when nitrogen moved below 90cm of 
soil profile. In contrast with Figure 3 in which a treatment 
received 60% of full water requirement regime and 92 N 

kg/ha, there was leaching of nitrogen which started to 
occur mid July, 2012 to late September, 2012. Of 
importance is trend of increase, N leaching increased 
exponentially from zero in mid July to about 1.7 N kg/ha 
early of August. An increase of water by 20% (from 40% 
to 60% of FWRR) resulted into an N leaching of about 49 
N kg/ha as is shown in Figure 4.  

Figure 3 indicates the N leaching trend in the treatment 
that had received 60% of full water requirement regime 
and had Nitrogen application of 92 N kg/ha which is the 
Typical Nitrogen Placement Rate in the Area (TNPRA). 
The maize was planted on 1st June and 51mm of water 
was applied on the same immediately after planting. 46 N 
kg/ha of inorganic N fertilizer was applied on 7th June as 
basal dressing. on 10th June there was another  irrigation 
event  in which 51mm of water was applied, the irrigation 
event  with same amount  of water  was repeatedly done 
for every after 10 days until harvest of maize  was done 
on 8th September. From the Figure 3, N leaching started  
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Figure 2. Cumulative N leaching 40%FWRR with 100%TNPRA. 
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Figure 3. N leaching 60%FWRR with 100%TNPRA. 
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Figure 4. Cumulative N leaching 60%FWRR with 100%TNPRA. 

 
 
 
late July after about 6 irrigation events were done with 
the total amount of applied water of 306 mm. The other 
interesting observation from Figure 3 is that N leaching 
continued to occur well after maize harvest was done on 
8th September, 2012. Continuation of N leaching after 
maize harvest shows that it was not necessary to 
continue irrigation of 51mm of water after certain maize 
stage. In fact, N leaching started to occur well after maize 
plants had produced cobs which means if applied water 
was reduced, crop yield would not have been affected 
while leaching of nitrogen below 90cm of soil profile 
would not have occurred.  

Figure 4 indicates the cumulative N leaching trend in 
the treatment that had received 60% of full water 
requirement regime and had Nitrogen application of 92 N 
kg/ha which is Typical Nitrogen Placement Rate in the 
Area (TNPRA). Figure 4 indicates that cumulative N 
leaching jumped from zero in late July to about 49 N 
kg/ha.   

Figure 5 indicates the N leaching trend in the plot that 
had received 100% of full water requirement regime and 
had Nitrogen application of 92 N kg /ha which is the 
Typical Nitrogen Application Rate in the Area (TNPRA). 
in this Figure 5, the highest N leaching was about 33 N 
kg/ha is observed late July but on set of N leaching 

started much earlier than in Figure 3 which started in late 
July. with the same amount of inorganic N fertilizer, there 
was no leaching in treatment that received 40% of 
FWRR, relatively less N leaching in 60% of FWRR 
cumulatively in 60% of FWRR the total N leaching was 
about 49 N kg/ha but in treatment that had received full 
water requirement regime had cumulative N leaching of 
about 222 N kg/ha as shown in Figure 6 below. An 
increase of just 40% of water (from 60% to 100% of 
FWRR) resulted into N leaching loss of 173 N kg/ha 
which represents about 353% increase of N leaching 
from the treatment.  

Figure 6 indicates the N leaching trend in the plot that 
had received 100% of full water requirement regime and 
had Nitrogen application of 92 kg N/ha which is 50% of 
the Typical Nitrogen Application Rate in the Area 
(TNPRA). 

Figure 7 compares the N leaching trends in three 
treatments that received 100% of FWRR, 60% of FWRR, 
and 40% of FWRR with the same Nitrogen application of 
92 N kg /ha which is the Typical Nitrogen Placement Rate 
in the Area (TNPRA). Figure 7 shows that treatment that 
received 100% of FWRR leached the highest nitrogen, 
followed by treatment whose FWRR was 60%. There was 
no  leaching  event  in  a  treatment  that received 40% of  
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Figure 5. N leaching 100%FWRR with 100%TNPRA. 
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Figure  6. Cumulative N leaching 100%FWRR with 100%TNPRA. 



                       214         Res. J. Agric. Environ. Manage 
 
 
 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

1stJune 10thJune20thJune30thJune 10thJuly 20thJuly 30thJuly 9thAug 19thAug 29thAug 8thSept

N
 c

o
n

c 
(N

 k
g

/h
a

)

Date

Comparative N leaching for 3 treatments

84-92 51-92 32-92

 
 
Figure 7. Comparative N leaching for 3 treatments. 

 
 
FWRR. Another critical information that Figure 7 is 
showing is the time when N leaching event start. In 
treatment whose water regime was 100% of FWRR 
started to experience N leaching much earlier on 10

th
 

June, 2012, while in 60%FWRR started to experience N 
leaching on 20

th
 July, 2012. This indicates that N leaching 

can be delayed with reduction of water applied. After all, 
amount of water required by crop during development 
stage is not more as compared when is in mid-stage.   
 
 
Conclusion 
 
The paper presented the findings on the impact of water 
application regime on N leaching in irrigated maize 
production. Three water application regimes of 84, 51, 
and 32 mm were used. The nitrogen application of 92 N 
kg/ha which remained constant was applied to the three 
plots.  The EU-Rotate_N model was used to simulate N 
leaching below 90cm of soil profile.  

The study concluded that water application regime  has 
huge influence on N leaching, the highest N leaching was 
noted in the treatment that received full water 
requirement regime (FWRR) even though other 
treatments received same amount of inorganic N fertilizer 
of 92 N kg/ha.  

The study has shown that N leaching can be delayed 
which consequently means can easily be managed. The 
results of this paper has indicated that N leaching is 
directly related to water, higher amount of applied water 
result in high N leaching and less amount of applied 
water result into less or zero N leaching. In order to 
minimise N leaching it is of paramount important to 
squarely manage applied water. Applied water in the soil 
should not exceed field capacity of the soil and in such 
way leaching of nitrogen will be minimised.  
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