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Abstract

Runoff from agricultural fields is major of source nitrogen pollution of surface water resources. The impact of
the menace on surface water directly emanating from agricultural fields in different agroecologies has not been
tully understood. Applying different urea rates, the runoff and sediments generated from Solanum macrocarpon
plots after rainfall and irrigation events were analyzed for nitrite-nitrogen (NO,-N), nitrate-nitrogen (NO5-N)
and ammonium-nitrogen (NH,-N) in a one-year study involving two seasons. Significant nitrite-nitrogen,
nitrate-nitrogen and ammonium-nitrogen response to the treatments were observed in 17 — 57% of the runoff
events, and nitrate-nitrogen of sediments. Runoff NO,~N concentrations from 80 kg N ha'! (CA) was in many
cases higher than values in plots with lower rates. Commonly, runoff’s NO,—N from plots with urea was higher
than controls’ in rainforest but within the urea treated plots, the differences were insignificant. In derived
savanna about 67% of significant comparison of runoff NO;—N were between control and plots with urea while
about 33% were due to differences noticed between 20 — 60 kg N ha! (MD 1 — MD 3) and MD 1 - CA.
Moreover, NH,~N in runoff increased with urea in both agroecologies. In conclusion, NH,~N in runoff
increased with applied urea while the responses of other nitrogen forms were inconsistent. Based on World
Health Otrganization’s (WHO) standard, runoff's NO,—N from CA in derived savanna and all treatments in
rainforest tended to be harmful to humans if it enters drinking water. However, NO;—N released from the plots
seemed not harmful.
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Introduction . -
well as contaminants such as heavy metals, pesticides

and pathogens attached to sediments and transported
by runoff are major concerns to surface water quality.

Surface runoff of water from agricultural plots is an
important pathway for the contamination of surface

and underground water bodies. Runoff results when
rainfall or irrigation exceeds infiltration rate. This
usually leads to erosion of farm plots. Studies on river
flow (Powers, 2007), streams and lakes (Jabbar and
Grote, 2019), tile drainage (Zang ef al, 2015) and
runoff (Smith e al, 2015) from agricultural fields
show strong evidences that fertilizers contribute a
large quantity of nutrient loads to surface water bo-
dies. Nutrients such as nitrogen, phosphorus, potas-
sium and salts from fertilizers dissolved in runoff, as

United State Environmental Protection Agency, USE-
PA (2003), reported that more than one-third of ri-
vers and streams segments assessed in the United
States are impaired for their use as a result of polluion
from nutrients and sediments entering the waterways
from agricultural fields while Goolsby and Battaglin
(2000) observed that with a combination of nutrient
loads and changes in water condition, a region along
the coast of Louisiana is rated ecologically dead most
summers. Accordingly, Xia ez al. (2020) averred that
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management of non-point source pollution as a result
of runoff from farmlands is already a concern for
USEPA and United State Department of Agriculture
(USDA). About 870 metric tons of vegetables was
produced in 2018 globally, with Nigeria’s total
production standing at 16 metric tons (FAOSTAT,
2020). However, the increasing use of nitrogen com-
pounds such as urea as fertilizers for vegetable
production has the potential of continuing the release
of nitrogen oxides, ammonia (NH;), ammonium
(NH,), nitrites NO,) and nitrates (NO;) to the en-
vironment (Galloway ez a/., 2003). Health issues such
as blue baby syndrome (WHO, 2011); gastrointestinal,
urinary and colorectal cancer in humans (Villanueva ez
al., 2014 and Espejo-Herrera ez al, 2016); and food
poisoning in animals (Longnecker and Daniels, 2001)
have been linked to the presence of nitrates and
nitrites, at elevated concentration, in water and animal
feeds. indicted
contributing to total ammonium toxicity in aquatic
organism under the condition of high pH and
temperature (Liu e al., 2014). Moreover, the build-up
of ammonium and nitrite in soil have been found to
adversely affect plant growth (Starks & Richards,
2008). In a study on the relationships between
fertilizer N use and pollution of both surface and
groundwater at watershed and global scales, Bijay —
Singh and Eric (2021) concluded that crops use only
about 50% of applied N while only small portion is
lost through different mechanisms of N loss at the
time of application while the rest was in form of orga-
nic N pool. The organic N mineralizes and is either
taken by plant or lost. Furthermore, they believed that
the current scale of freshwater pollution was a result
of accumulation of cutrent and decades of past ap-
plication of fertilizers and manures. However, to
specifically relate N pollution with farming activities,
Liu et al. (2010) evaluated global annual inflows and
outflows of N into and out of farmlands and
observed that about 11.4 Tg N in excess of N input
was removed through erosion and leaching of
nitrates. Extensive research has been conducted on

Ammonium has also been in

the impact of nitrogen fertilizers on the leaching of
the nutrient out of the root zone. Several studies
involving leaching experiments from tile drainage and
lysimeters (Wallman and Delin, 2022), modelling of
nitrate from empirical data from agricultural fields
(Borgesen et al., 2022), and vertical and lateral leaching
of nitrates (Igbal, 2006) showed that nitrate leaching
increases with increase in both organic and inorganic
sources of nitrogen. Nitrate leaching has also been
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found to be high in soil under vegetables cropping
because of their shallow rooting depth (Barros ez al,
2019). Studies on leaching from agricultural fields cut
across different approaches, zones and regions chara-
cterized by different cropping and farming systems as
well as agroclimatologies. In contrast, nutrient loss by
runoff from agricultural activities has not been
extensively investigated. Few of runoff studies
investigating the potentials for runoff nutrient loss to
the field plot environment includes Zhao et al. (2012),
who observed that more than 85% of N loss were
from runoff generated from flooded irrigation under
rice-wheat rotation in Tathu Lake region of China.
Working in similar environment under a more water
use efficient method of irrigation that significantly
reduced runoff loss, Huang e a/. (2022) obsetrved that
the concentration of nutrients did not decrease in
surface runoff. Another study by Ma ez ol (2021)
showed that the amount of fertilizer used was the
greatest driver of dissolved nitrogen loss in runoff in a
vegetable field under a simulated rainfall and trough
experiment. They however admitted that one of the
limitations of their study was the use of confined soil
environment in trough, suggesting that experiments in
a real field condition could give a better analyses of
the relationship between the vegetables, the real soil
environment and surface runoff. Moreover, there is
still dearth of information on the potentials of runoff
for immediate field environment contamination in
agroecological system and modal soil types character-
ristic of vegetable growing areas where nitrogen ferti-
lizers ate used in large quantities. Further information
on fertilizers’ impact on surface runoff directly
emanating from vegetable plots where nitrogen
fertilizers such as urea are used, are required (Fischer
et al., 2010; Xia et al, 2020; Bijay—Singh and Eric,
2021). In the study area under which this research was
conducted, the modal fertilizer rate usually used by
local farmers is 80 Kg N ha'l. This fertilizer rate is
considered to be wasteful and have a high tendency of
polluting farm environment. Comparing micro-doze
urea rates plots, to which there have been basal
application of organic amendments to maintain the
poor structural condition of the soil, with the local
farmers’ conventional urea application; this study
sought to investigate the impact of the fertilizer rates
on the growth of the vegetables used as test crop and
on runoff from the immediate field environment.
This is particularly important for N pollutants such as
nitrites and ammonium as well as nitrates which have
received much attention as an important non point
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source agricultural pollutant (Bijay—Singh and Eric,
2021). There is therefore a need to monitor the
impact of different urea fertilizer rates on runoff as
well as sediments from vegetable plots, some of
which eventually join underground and surface water.
The objective of this study is to investigate nitrites-
nitrogen, nitrate-nitrogen, ammonium-nitrogen in
runoff and sediments nitrate-nitrogen under these
fertilizer rates.

Materials and Methods

The study was catried out at the Teaching and Rese-
arch Farm, Obafemi Awolowo University (T&RF,
OAU), Ile-Ife, Osun State, Nigeria (which lies bet-
ween Latitudes 7°32'N and 7°33'N, and Longitudes
4°32'E and 4°40'E) and National Biotechnology
Development Agency (NABDA), Ogbomoso, Oyo
State, Nigeria (which lies between Latitudes
8°6'16.9"N and 8° 6' 46"N and Longitudes 4°14'13"E
and 4°18'42”). The field study which was catried out
close to a period of one year consisted of two crop-
ping seasons. These included dry season (from Octo-
ber, 2017 to March, 2018) and wet season (from April
to August, 2018) experiments. The T&RF, OAU is in
a rainforest zone with mean annual rainfall of 1500
mm while NABDA, Ogbomoso is in a derived savan-
na zone with 1296 mm mean annual rainfall. Rainfall
patterns are bimodal in both locations of the study,
with peaks in June/July and September/October in
the T&RF, OAU while rainfall peaks are in July and
September in NABDA, Ogbomoso. The soil of both
study locations is classified as Typic Kandiustalf ac-
cording USDA system of classification (Olasoji e# al,
2022; Soil Survey Staff, 2014). The test crop grown
was an eggplant, Solanun macrocarpon (L.) Moench and
it was raised for its shoot as vegetables. The vegetable
was raised in nursery for about three weeks to an ave-
rage height of 15 cm before it was transplanted to a 6
m? prepared plots at a spacing of 10 cm within row
and 20 cm between rows. The plots were prepared as
heaps of topsoil of about 30 - 40 cm high. Runoff and
sediment were collected from the sides of the plots
with installed plastic containers. The urea fertilizer
rates (Table 1) was surface applied at rates of 20, 40,
60, and 80 kg N ha'! with zero utea plot as the con-
trol. The experiment was laid out in randomized com-
plete block design with four replications. The 80 Kg
N ha'! represents conventional application (CA) and it
is farmers’ fertilizer application practice in the study
area while 20, 40, 60 are the microdosed rates. Apart

Table 1. Ferzilizer Rates and their representations

Fertlizer Rates (kg N ha!) Representation
0+OA CT
20 + OA MD 1
40 + OA MD 2
60 + OA MD 3
80 CA
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from CA plots, three kilograms of organic amendment
(OA) constituting 105 g N was applied as basal
application on each plot, two weeks before planting.
The fertilizer produced from household wastes, by
Sunshine Organic Fertilizers Ltd. contained 3.5% N
(Ondo State Government, 2012). Application of 80
Kg N ha ! without organic amendments, OA, is the
farmers’ practice represented as CA treatment. The
plots were irrigated three times a week during the dry
season while supplemental irrigation was done once
or twice a week during the wet season, depending on
the frequency and amount of rain. The frequency of
irrigation represented the farmers’ practice. Sutface
runoff water and soil sediment were collected from
each plot, after each rainfall and irrigation event that
generated runoff, for subsequent laboratory analyses.
The eggplants got established forming sufficient cano-
py to smother weeds on the plots. Few weeds that
emerged on the plot were controlled by hand picking,.
Runoff samples collected from the plots were
analyzed immediately on the day of collection while
those which could not be analyzed immediately were
frozen until analysis. Runoff sediment was extracted
with 0.01 N CaCl, as described by Houba ez 4/ (2000).
The nitrate, nitrite and ammonium content of the
runoff water from sediment were
determined by colorimetric method using Seal HR3
Auto Analyzer with method number G- 109-94 Rev 8
(Multitest M'T7/MT8) at wavelength of 660 nm. Data
obtained from the study were analyzed using the
generalized linear model method with significant
means compared with pairwise multiple comparison
method (p <= 0.05) to understand the responses of
the runoff and its sediment nitrogen species to the
quantity of fertilizer applied. The generalized linear
model directly compared the contrast between runoff
and sediments of every two different treatments of
the fertilizer and control applied in the study. The
first three datasets for nitrite and nitrate were the
runoff events in dry season while the last four dataset
were from runoff in wet season cropping cycle.

and extract
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Results and Discussion

Effect of Urea—N fertilizer on the growth of
eggplant

Table 2 showed the growth of eggplant at the point of
first harvest. This result showed that the fertilizer ra-
tes did not have any significant effects on the height
of eggplant in both seasons in the detived savanna zo-
ne and in wet season in rainforest. Also, in the rainfo-
rest dry season where there were some level of increa-
sed growth of the plant with fertilizer rates applied,
no clear pattern could be established. However, in

both seasons in rainforests, conventional farmers ap-
plication rates lead to increased eggplant’s growth
compated to control. This seemed to agree with the
findings of Adeyeye ¢ al. (2014) and Ademiluyi e a/.
(2016) where they reported significantly lower height
of eggplant after two and four weeks respectively in
control compared to nitrogen levels in the fertilizer
applied. The commonly observed non significantly
increase eggplant height with fertilizer rates applied in
this study could be as result of the blanking effects of
basal applications of organic amendments in the CT,
MD 1, MD 2 and MD 3 which could have masked the
effect of urea rates applied to the plots.

Rainforest Derived Savanna
Fertilizer Rate
Wet Season Dry season Wet Season Dry season

CT 31.9b 27.8d 33.8a 21.8a

MD 1 42.8a 34.4¢ 41.3a 26.6a

MD 2 42.4a 37.3bc 40.4a 26.4a

MD 3 Table 2

41.2a 39.4ab 43.2a 26.0a .

Effect of urea fertilizer

CA 45.2a 41.1a 41.2a 28.8a on the height (cm) of

Means with the same letters in the same column are not significantly different from each other

eggplant

Background information on nitrogen content of
rain and irrigation water, and runoff

The nitrite and nitrates content in rain and irrigation
water are as shown in Table 3. Rain water nitrogen
contents were obtained from previous studies
conducted in the study areas. This data showed
nitrate in irrigation water were higher in the rainforest
compared the derived savanna area, a reason which
can be a result of different water sources. lrrigation
water in the rainforest was from a well near an active
farming activities while in the derived savanna, the
water was from a large dam; thus suggesting that the

irrigation water could have been influenced by the
intensity of activities around it.. This is supported by
the findings of Okoya ¢f a/. (2016) who reported that
land use and agricultural activities around the
rainforest study location influenced the chemical
properties of rainwater. About 3.75 Litres of water
were usually collected after each runoff event.
However, the amount of sediment were not
quantified. Not all runoff events generated adequate
amount of sediments for analyses. This is why there
were fewer soil sediments nitrate data in derived
savanna compared to the rainforest study area.

Rainforest Derived Savanna
Forms of Rain Water Irrigation Water Rain Water Irrigation Water
Nitrogen I
mg
Nitrites - 0.27 0.23 0.85* 0.40 0.05
) Table 3
Nitrates 1.00%* 1.70  0.817 0.42% 114 204 Nitrate and Nitrite

No data available, ¥*Abegurin ez a/., 2017; ** Okoya ez al., 2016.
The numbers in bold and italics are the means and standard deviations of the means
respectively.
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Nitrogen of rain and
irrigation water in the
study areas
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Effect of Urea—N fertilizer on nitrite-nitrogen
(NO,-N) content in Runoff

In Tables 4 and 5 The standard deviation values sho-
wed that, except in some instances at DRS 2, 4 (MD
3), 5 (CA), 7 (MD 2 and MD 3); RFR 4 (MD 2 and
CA), RFR 7 (CT) there were not much variations in
the concentrations of runoff nitrites from the same
plots. This was because the standard deviations of

mean were in most cases low compared to the means.
This showed that in most cases the nitrite concentra-
tions had consistently similar values in plots with the
same treatments. Significantly higher nitrite was the
concentrations of runoff nitrites from the same plots.
This was because the standard deviations of mean
were in most cases low compared to the means. This
showed that in most cases the nitrite concentrations

Urea rates 0+OA 20+OA 0+O0A 60+OA 80 Table 4

Kg N ha' mg L Pairwise multiple comparison
DRS 1 mg L of means of nitrite concentration
CT 057 028 0 0.03ns 0.04ns 0.07ns 0.09ns in runoff under different urea
MD 1 054  0.79 0 0.07ns 0.10ns 0.12ns treatments in the derived
MD 2 0.61 0.12 0 0.03ns 0.05ns savanna.
MD 3 064 0.75 0 0.03ns
CT 066 007 0
DRS 2
CT 004 0.04 0 0.24ns 0.06ns 1.38ns 1.86ns
MD 1 027 027 0 0.18ns 1.14ns 1.62ns
MD 2 010 0.74 0 1.32ns 1.79ns
MD 3 142 200 0 0.47
CT 1.89 22 0
DRS 3
CT 004 003 0 0.05ns 0.43ns 0.25ns 0.46*
MD 1 0.09 006 0 0.39ns 0.21ns 0.42ns
MD 2 047 037 0 0.18ns 0.03ns
MD 3 030 0.74 0 0.21ns
CT 050 0.39 0
DRS 4
CT 0.02 0.01 0 0.01ns 0.17ns 0.47ns 0.39ns
MD 1 003 0.071 0 0.16ns 0.45ns 0.38ns
MD 2 019  0.771 0 0.30ns 0.22ns Note
MD 3 049  0.64 0 0.08ns Kg N ha', mg L', DRS,
CA 041 025 0

OA, ns, and *, represent

DRS 5 kilogram  ni-trogen  per
CT 0.03 007 0 0.11ns 0.14ns 0.25ns 0.86ns hectare, milli-gram  per
MD 1 0.14 0.08 0 0.03ns 0.14ns 0.75ns liter, Derived Sa-vanna,
MD 2 0.17 0.10 0 0.11ns 0.72ns Organic amend-ment, not
MD 3 028 007 0 0.61ns significant and significant
cA 0.89 1.29 0 at p <= 0.05 respectively.
DRS 6
CT 0.02 0.071 0 0.05ns 0.10* 0.12* 0.12* Numbers in bold and
MD 1 0.07  0.04 0 0.05ns 0.06ns 0.06ns italics are means of runoff
MD 2 013 007 0 0.01ns 0.01ns nitrite and standard devia-
MD 3 014  0.04 0 0.00ns tion of mean concentra-
CA 0.14 0.03 0 tion respectively.
DRS 7
CT 036 0.74 0 0.40ns 2.10ns 7.77ns 11.80* DRS 1 to 3 are for dry
MD 1 075 024 0 1.70ns 7.37ns 11.41% season runoff while DRS 4
MD 2 245 362 0 5.67ns 9.71* to 7 are for wet season
MD 3 812 818 0 4.04ns runoff
CA 1216 777 0
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Utrea rates 0+OA 20+0A 40+0A 60+OA 80 Table §
Kg N ha! mg I} Pairwise multiple comparison

RFR 1 mg L of means of nitrite concentration
CT 0.47 0.16 0 0.05ns 0.15ns 0.20 ns 0.82* of runoff under different urea
MD 1 0.42 0.01 0 0.19ns 0.25ns 0.87* treatments in the rain forest.
MD 2 0.61 0.17 0 0.06 ns 0.68*
MD 3 0.67 0.08 0 0.62*
CA 1.29 0.70 0
RFR 2
CT 0.00 0.00 0 0.00ns  0.10* 0.16* 0.23*
MD 1 0.00 0.00 0 0.10* 0.16* 0.23*
MD 2 0.10 0.11 0 0.06ns 0.13*
MD 3 0.16 0.03 0 0.07ns
CA 0.23 0.03 0
RFR 3
CT 0.15 0.06 0 320ns  3.72% 1.85ns 4.20%
MD 1 3.35 1.91 0 0.51ns 1.35ns 1.00ns
MD 2 3.86 2.13 0 1.87ns 0.49ns
MD 3 2.00 1.00 0 2.35ns
CA 4.35 3.51 0
RFR 4
CT 0.05 0.04 0 0.09ns  0.97ns 0.71ns 2.35%
MD 1 0.14 0.05 0 0.88ns 0.61ns 2.26ns
MD 2 1.02 1.31 0 0.27ns 1.38ns
MD 3 0.76 048 L64ns DOt
CA 240 260 0 Kg N ha', mg L, DRS,

OA, ns, and *, represent
RFR 5 kilogram  nitrogen  per
CT 0.13 0.19 0 0.03ns  0.11ns 0.17ns 0.29* hectare, milligram per liter,
MD 1 0.10 0.03 0 0.13ns 0.20* 0.31* Rain forest, Organic amen-
MD 2 0.23 0.18 0 0.06ns 0.18ns dment, not significant and
MD 3 0.30 0.04 0 0.11ns significant at p <= 0.05
CA 0.41 0.05 0 respectively.
RFR 6
CT 0.74 0.30 0 1.59ns  2.97ns 11.70% 41.31*  Numbers in bold and
MD 1 2.33 1.20 0 1.38ns 10.11* 39.72%  italics are means of runoff
MD 2 in 0.69 0 8.74* 38.34%  qitrite and standard devia-
MD 3 12.45 2.79 0 29.60%  Hon of mean concentra-
CA 42.05 11.51 0 tion respectively.
RFR 7
CT 0.61 0.89 0 0.00ns  0.08ns 1.29ns 3.00% DRS 1 to 3 are for dry
MD 1 0.61 0.35 0 0.08ns 1.29ns 3.01%* season runoff while RFR 4
MD 2 0.69 0.65 0 1.21ns 2.93% to 7 are for wet season
MD 3 1.90 0.65 0 1.72ns  runoff.
CA 3.62 1.15 0

had consistently similar values in plots with the same
treatments. Significantly higher nitrite was ob-served
in CA (80 kg N ha!) plots compared to CT (0 kg N
hal+ OA) plots at derived savanna runoff events 3,
6, and 7 (DRS 3, 6 and 7). Similarly, higher NO,—N in
runoff was recorded in MD 3 (60 kg N ha' + OA)
and MD 2 (40 kg N ha! + OA relative to CT at DRS
6. However, most of the runoff events did not show
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any difference in means of nitrite concen-tration due
to the quantity of urea fertilizer applied. Only few
instances at DRS 7 where CA plots had significantly
higher runoff NO,-N concentration compared to
each of MD 1 (20 kg N ha! + OA) and MD 2 plots,
suggested that concentration of nitrite in runoff
emanating from the plots increased with urea fertilizer
use. In rainforest (RFR) location, runoff from CA
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plots had higher NO,~N than other urea rates and
control at RFR 1 and RFR 6 (Table 5). Similar results
were observed in RFR 2 and 7 where all other urea
treated plots except MD 3 plots generated signifi-
cantly lower nitrite contaminants concentrations.
Higher runoff NO,—N concentrations were observed
in MD 3 plots compared to most of the plots on
which lower urea rates were applied at runoff events 2
and 6 in the rainforest location. Similatly, MD 2 plots
had significantly higher runoff NO,-N concen-
trations than MD 1 and CT plots in RFR 2. This
result indicated that in derived savanna, three of the
seven runoff events showed some degrees of signi-
ficant plot wise differences in nitrite concentration
due to the quantity of urea applied while in rainforest,
all the runoff events indicated significant differences
in mostly between MD 3 and CA plots versus plots
with lower urea rates. From the foregoing, runoff
nitrite contamination seemed to increase with the
quantity of urea applied in plots where significant
differences in means of NO,—N concentrations was
recorded. This observation was most common in CA
plots where higher amount of runoff nitrite was
recorded relative to other urea treated plots and
control. The concentration of nitrite in the runoff
water was not proportionate to the amount of
fertilizer applied in this study. This is probably
because other factors apart from quantity of urea
applied the degree
contamination by N. It is important to note that
nitrite is an intermediate product of urea conversion
to nitrate, and factors such as weather, soil condition
and microbial properties could interplay, apart from
urea concentration, in complex reactions to influence
the amount of nitrite in runoff. Fang ef a/. (2012) and
Shetty et al. (2019) reported that soil nitrite content
increased with increase in urea rate within 24 hours of
application, suggesting that the presence of nitrite in
soil was short - lived and it would be converted to
other nitrogen forms if there were no runoff within
the short period. This therefore suggested there are
many pathways through which nitrogen species are
lost in addition to its nitrite forms contaminating
runoff emanating from farm plots. This result is
similar to the finding of McSwiney and Robertson
(2005) who reported non-linear N leaching loss in
relation to amount of nitrogen fertilizer applied.
Similarly, this work also compared to the finding of
Easton and Petrovic (2004) who observed that levels
of runoff concentration of N did not correspondingly
rise with the amount of nitrogen fertilizer applied

could influence of runoff
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Their findings indicated that dense canopy of shoot in
plots with fertilizer treatments favoured higher crop
uptake, lower runoff and hence reduced nutrient
concentration in runoff. However, in this study dense
canopy of eggplant was hardly observed. This was
because the vegetable was grown for its leaf, hence
before dense canopy which could influence nutrient
uptake and nitrogen concentration in runoff was
formed, the shoot had always been harvested. A
possible reason why impact of urea was less in
derived savanna compared to rainforest could be
because of differences in the agro-ecologies. It has
been reported that increase in temperature and soil
moisture up to saturation increases the rate of urea
volatilization (Ernst & Massey, 1960; Al-Kanani ¢f a.,
1991; Ni & Pacholski, 2022). The rainforest is more
humid, generally of lower temperature and solar
radiation than the derived savanna zone, in addition
sandier soil in the latter. Since urea volatilization and
other processes of its conversion are influenced by
these prevailing weather conditions, it is reasonable to
expect a different pattern in runoff concentration of
nitrite and other forms of N with the different urea
rates. If the recorded mean nitrite concentration in
runoff from CA plots at DRS 2 and 7 from derived
savanna entered the surrounding water bodies, con-
sumption of surface water in the area could pose
serious hazard to human health. Similarly, if there are
no dilution and loses of runoff water downslope,
almost all the runoff events emanating from the
rainforest ate dangerous if taken by human because
the values of nitrite recorded at these points were
above the recommended allowable limit of 0.9 mgl.!
in drinking water (WHO, 2017).

Effect of Urea-N fertilizer on nitrate-nitrogen
(NO;-N) content of runoff

Similar to the runoff nitrite concentrations, it can be
obsetrved from standard deviation values in Tables 6
and 7, that in most cases, there were low level of
variation within the same treatment, except DRS 1,
where almost all the plots from the same fertilizer
level seemed to have large variations in runoff nitrate
concentrations. Table 6 showed that urea rate did not
contribute significantly to nitrate concentration of ru-
noff water in derived savanna agro-ecology. Signifi-
cant differ-rences were however recorded only in
DRS 3 where runoff in MD 2 plots had higher nitrate
concentration than CT plots, DRS 7 where CA and
MD 3 plots gene-rated higher nitrate concentration
than CT plots and also in DRS 5 where CA plots had



F.T. Akinwumz, D.J. Oyedele, F.O. Tijani EQA 68 (2025): 50-65

DOI: 10.6092/issn.2281-4485/20387

lhigher nitrate evel than CT. Within the urea treated  spectively generated hi gher level of nitrate than
plots, MD 3 and CA plots generated higher level of  control. However, at RFR 3, nitrate concentration in
nitrate in runoff than MD 1 plots at DRS 2 and 5 CT plots were higher than the amount recorded in
respectively. Similarly, in rainforest zone (Table 7), plots with urea application. There was no clear pat-
plots with urea rates had higher nitrate than CT plots at  tern in variation of nitrates in runoff with the fertilizer
RFR 5. Also at RFR 4 and 6, MD 2 and CA plots re- rates applied contrary to Ma ¢t al., (2021) who repor-

Urea rates 0+OA  20+OA  40+OA  G60+OA 80 Table 6
Ko N ha'! mg L1 Pairwise multiple comparison

DRS 1 0f means of nitrate fom.em‘m—

crT 163 202 0 1.02ns 12305 024ns  ldons o o renelf under diferont
urea treatments in the derived

MD 1 0.61 0.26 0 0.20ns 0.79ns 0.40ns savanna.

MD 2 0.41 042 0 0.99ns 0.20ns

MD 3 1.40 252 0 1.19ns

CA 0.21 0.25 0

DRS 2

CT 5.39 1.96 0 3.15ns 1.32ns 1.95ns 0.65ns

MD 1 224 207 0 1.83ns 5.10% 3.80ns

MD 2 4.07 1.65 0 3.28ns 1.98ns

MD 3 7.34 1.27 0 1.30ns

CA 6.04 392 0

DRS 3

CT 0.31 0.14 0 1.60ns 3.56* 1.30ns  1.99ns

MD 1 1.91 0.81 0 1.96ns 0.30ns  0.38ns

MD 2 3.87 2.86 0 224ns  1.57ns

MD 3 1.61 0.78 0 0.68ns

CA 2.30 0.86 0

DRS 4

CT 0.08 0.03 0 1.11ns 0.91ns 1.56ns 1.97ns

MD 1 0.19 0.11 0 0.81ns 1.44ns 1.86ns

MD 2 0.99 0.85 0 0.64ns 1.05ns

MD 3 1.63 1.62 0 0.41ns Note

CA 2.05 1.62 0 I(g N ha’l, mg L—l’ DRS,

DRS 5 OA, ns, and *, represent

CT 2.55 1.05 0 2.28ns 2.80ns 4.2ns 9.31* kilogram  ni-trogen  per

MD 1 4.83 260 0 0.53ns 1.95ns 7.03% hectare, milli-gram  per

MD 2 5.35 2.67 0 1.42ns 6.51ns liter, Derived Sa-vanna,

MD 3 6.78 286 0 5.08ns Organic amend- ment, not

CA 11.86 742 0 significant and significant

DRS 6 at p <= 0.05 respectively.

CT 0.39 0.11 0 0.02ns 0.25ns 0.46ns 0.42ns

MD 1 041  0.21 0 0.23ns 044ns  0A40ps ~ Numbers in bold and

MD 2 0.64 0.38 0 02lns  0.17ns  italics are means of ru-noff

MD 3 0.85 045 0 0.04ns n.itrate ;md standard devia-
tion of mean concentra-

€A 081 029 0 tion respectively.

DRS 7 :

CT 0.01 0.02 0 1.98ns 1.34ns  7.02% 6.87* DRS 1 to 3 are for dry

MD 1 2.00 232 0 0.64ns  5.03ns 4.89ns season runoff while DRS 4

MD 2 1.35 1.19 0 5.67ns 5.53ns to 7 are for wet season

MD 3 7.03 592 0 0.14ns runoff.

CA 6.88 4.73 0
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Urea rates 0+OA  20+OA  40+OA  G60+OA 80 Table 7
Keg N ha mg L Pairwise Multiple Compari-
RER 1 son of means of nitrate con-
cT 329 1.13 0 0.05ns 0.25ns 0.41ns  0.47ns Z,”’”’”j” S 7”‘;17 ”f”d?’
MD 1 334 068 0 0.29ns 0.45ns  0.52ns Wfferent urea.freatments in
the rain forest.
MD 2 3.05 145 0 0.16ns 0.23ns
MD 3 2.89 0.79 0 0.07ns
CA 2.82 0.76 0
RFR 2
CT 4.95 1.69 0 0.89ns 0.47ns 0.61ns 0.43ns
MD 1 5.84 3.01 0 1.37ns 1.51ns 0.46ns
MD 2 4.47 1.76 0 0.14ns 091ns
MD 3 4.33 1.17 0 1.05ns
CA 5.38 251 0
RFR 3
CT 1.80 0.73 0 0.91* 1.31* 1.58* 1.42*
MD 1 0.89 0.54 0 0.39ns 0.21ns  0.42ns
MD 2 0.49 0.36 0 0.27ns 0.12ns
MD 3 0.22 0.18 0 0.16ns
CA 0.38 0.56 0
RFR 4
CT 0.87 0.84 0 1.19ns 3.14* 1.75ns 1.69ns
MD 1 2.05 0.91 0 1.95ns 0.56ns 0.51ns
MD 2 4.01 255 0 1.40ns 1.45ns
MD 3 261 210 0 0.05ns Note
CA 256  0.97 0 Kg N ha', mg L, RFR,
RFR 5 OA, ns, and *, represent
CT 330 210 0 11.60¢ 11.98* 13.88% 12,97 kilogram  nitrogen  per
hectare, milligram per
MD 1 1490 4.34 0 0.38ns 2.28ns 1.37ns . .
liter, Rain Forest,
MD 2 15.28 6.63 0 1.89ns 0.99ns O . d
MD 3 17.18 358 0 0.91 wganie  amendement
: : 2 1ns not significant and
CA 16.27 71.21 0 significant at p <= 0.05
RFR 6 respectively.
CT 0.97 0.45 0 0.80ns 1.43ns 1.43ns 2.41*
MD 1 1.77 0.19 0 0.63ns 0.63ns 1.62ns Numbers in bold and
MD 2 2.40 0.69 0 0.00ns 0.98ns italics are means of
MD 3 2.40 1.49 0 0.99ns nitrate concentration in
CA 3.38 1.90 0 runoff and  standard
deviation of mean con-
RER 7 centration respectively.
CT 2.48 1.21 0 1.78ns 2.52ns 0.47 2.19ns RFR 1 3 for d
MD 1 426 246 0 0.74ns 2.25ns  0.41ns to ffarehﬂorm%
MD 2 500 256 0 29905 0.32ns season runott while
4 to 7 are for wet season
MD 3 2.01 0.88 0 2.66ns
runoff.
CA 4.67 3.73 0

ted in a similar study that the more the amount of
applied, the higher the level
contamination. Ruimin ez 4/ (2013) in Xiangxi river
watershed of China equally observed a proportional
increase in various forms of runoff nitrogen with
increase in chemical fertilizer. However, a common

urea of runoff
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and pronounced observation in most of

the runoff events in this study was that no differences
existed between nitrate concentration in all the
fertilizer treatments and control. This finding is
supported by FEaston and Petrovic (2004) who
observed that even control with no fer-tilizer applied
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contributed as much or even higher level of N conta-
mination as plots with nitrogen fertilizers, including
urea. Crop uptake is also a significant path-way of
nitrogen removal from soil. It was concluded that urea
treatments enhanced the growth of dense canopy of
plants in the plots and as a result favoured higher
crop’s nutrient uptake, lowered runoff (Easton and
Petrovic, 2004) resulting in lower nutrient concen-
tration in runoff. In the opposite, Miao ¢f a/. (2012) and
Li et al. (2013) observed that few plant cover from far-
mlands enhanced sediment and nutrient loss. Horgan ef
al. (2002) indicated that losses from a combination of
volatilization, denitrification, plant uptake and tempo-
rary soil storage could amount to about 61.4% of ap-
plied fertilizer. Hence, runoff nitrate losses observed in
this study were probably not singly influenced by ferti-
lizer rates and was not in direct proportion to amount
of the applied fertilizer. The concentration of nitrate in
each runoff event was far below the WHO, 2017 maxi-
mum allowable limit considered safe for human con-
sumption. The level of fertilizer applied did not transla-
te to any proportional change in the level of nitrate
contamination of the runoff from the vegetable plots.
This showed that all the fertilizer treatments investiga-
ted in this study are safe for the immediate farm envi-
ronment. There is, however danger that aggregation of
these nitrate contaminant level over large area of farm-
lands, downstream intensification of agricultural active-
ties and subsequent transfer of this contaminant over a
watershed may lead to its significantly high concentra-
tion to make surface water bodies harmful for both hu-
man and animal consumption and to cause eutrophica-
tion (Bijay-Sing and Eric, 2021).

Effect of urea-N fertilizer on ammonium-nitrogen
(NH,—N) content of runoff

In Table 8 and 9, significant differences of runoff NH,
—N concentration was mainly between the different
urea treatments and control. At DRS 1, NH,—N
concentration was higher in each of MD 2, MD 3 and
CA than in CT plots and at DRS 2, MD 3 plots had
higher NH,—N concentration than the control. Also at
DRS 3, significantly higher amount of runoff NH,—N
was observed in CA plots compared to the control. At
DRS 3, NH,—N concentration in runoff were also
higher in CA plots than MD 1 and MD 2 plots. In
Table 9 (RFR 2 and 3), runoff from MD 2 plots also
had higher NH,—N concentration than the control.
Similarly, the concentration of NH,—N in runoff from
MD 2 plots was more than what was observed in MD 1
plots at RFR 3. Furthermore, means difference bet-

ween CA, MD 3 and the lower urea rates at RFR 4 in-
dicated that the higher the fertilizer rate the more the
ammonium contamination of the runoff. As observed
in this study, significant pair-wise differences between
means of runoff NH,~N were only noticed in few
instances. However, in those instances where the dif-
ferences occurred, the quantity of urea applied was
directly related to the concentration of NH,~N in
runoff. This was because NH,~N being the imme-
diate product of urea hydrolysis still represented the
amount of urea applied as fertilizer and hence its ten-
dency in runoff contamination. The high concentra-
tion of NH,~N in runoff from plots in the two study
locations may be due to the predominantly sandy
texture of the soil. Sandy soils have low capacity to
adsorb NH,—N at exchange sites (Keller and Menegel,
1986). Apart from loss of NH,—N in runoff from the
plots, its presence in soil water is also a precursor to
ammonia volatilization (Jones ez af., 2013). High con-
centration of NH,—N in soil water results in high vo-
lume of ammonia to the environment. It was reported
that NH, emissions through volatilization can account
to as high as 50% of N loss and hence rated high on
impact of agticulture on environment (Sadeghpour e#
al., 2015, Brentrup ef al., 2001). At the time of nitrate
and nitrites analyzes, some of the facilities for ammo-
nium analyzes were unavoidably not available. Addi-
tionally, there were also some limitations of storage
facilities. Hence, compared to runoff nitrates and
nitrites, fewer runoff events could be analyzed for
ammonium. Notably from previous studies however,
nitrate (Bijay—Singh and Eric, 2021) and nitrite from
fertilizer applications constitute an overwhelming
challenge to both surface and ground water quality.
This has made the focus on nitrate and nitrite nitrogen
directly coming from field plots im-portant in this
study. Further studies that will investi-gate all the
species of nitrogen and their compounds in better
details is envisaged. Additionally, the vast oc-currences
of insignificant differences in NH,~N con-centrations
between the urea rates implied that all the fertilizer
treatments had equal impact on the runoff water at
the immediate plot environments. This sho-wed that
in considering pollution tendency of the urea rates and
control, all the treatments had the similar impact on
runoff water from the plots. Corroborating this study,
Easton and Petrovic (2004) equally re-ported that
fertilizer treatment did not have any signi-fycant
impact on runoff NH,—N from a turf grass plot.
Rather, they found out that water infiltration in-to the
soil influenced the content of NH,—N in runoff.
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Urea rates CT MD1 MD2 MD3 CA Table 8
Kg N hal mg -1 Pairwise Multiple Comparison of
DRSl means 0]‘ dﬂiﬂ?ﬂﬂiﬂm concentra-
cT 038  0.05 0 017ns  0.23* 038% 027+ tion in ranoff under different urea
MD 1 021 017 0 0.06ns 020ns  O10ns  Teelwentsin derived savanna.
MD 2 0.14 0.15 0 0.14ns 0.04ns Note
MD 3 0.00  0.00 0 0.11ns Kg N ha', mg L', DRS,
CA 0.11 0.17 0 OA, ns, and *, represent
DRS 2 kilogram nitrogen per
cT 0.02  0.071 0 0.10ns  0.36ns 038%  0.30ns  hectare, mil-ligram per liter,
MD 1 012 002 0 0.25ns 0.10ns  0.04ns ?;xjieiiwz‘:ﬁl Srf%z:rllct
MD 2 0.37 032 0 0.0ns  004ns 0 fant at pg<: 005
MD 3 0.46 0.3 0 0.14ns respectively. Num-bers in
]C)[;s 3 0.33 0.2 0 bold and italics are means of
runoff ammo-nium and
CT 0.17 0.70 0 4.26ns 6.60ns 13.70* standard deviation of mean
MD 1 299  1.70 3.31ns 0.95ns 3.28ns  13.38* concentration  te-spectively.
MD 2 4.43 1.67 0 0 2.33ns 12.43* DRS 1 is for dry season
MD 3 10.78  1.94 0 10.10ns  runoff while DRS 3 and 4
CA 11.06 11.00 0 are for wet season runoff.
Urea rates CT MD1 MD2 MD3 CA Table 9
Ke N ha'! mg ! Pairwise Multiple Comparison of
RER 1 means of ammoninm concentra-
cT 112 079 0 345ns  3.84% 208ns  320ns  [onin rwnoff nder different urea
MD 1 457 315 0 0.40ns 118ns  026ns  Tealvents inrain forest.
MD 2 4.96 222 0 1.57ns 0.66ns
MD 3 339  1.18 0 0.92ns
CA 431 278 0
RFR 2 Note
CT 0.02  0.01 0 0.080s  0.39% 03lns  017ns g N hal, mg L, RER,
MD 1 010  0.07 0 0.30ns 0.23ns  0.09ns Sﬁgrf; a“iitrc;gerspf“;z;
MD 2 0.40 0.31 0 0.19ns 0.21ns o .
hectare, milligtam per liter,
MD 3 033 021 0 0.14ns Rain  Forest,  Organic
I(K:IIER 3 0.19 0.21 0 amendment not signifycant
and significant at p <= 0.05
CT 0.00  0.00 0 0.21ns  1.55% 0.81ns 1.53* respecivdy_ P
MD 1 021 030 0 1.34% 1.05ns 1.32% _ o
MD 2 155 1.34 0 0750s  0.02ns  Numbers in beId af‘fld italics
are means or runo ammo-
I(\:/III: 3 (1)58?1’ (7);: 0 0'703118 nium and standard deriation
RFR4 Of @ea? concentration re-
CT 0.65 030 0 0.35ns  1.26ns 5.40% 16.47* spectively:
MD 1 .00 087 0 0.91ns 5.05* 16.12% RFR 1 and 2 are for dry
MD 2 191 066 0 4.14% 1521%  scason runoff while RFR 3
MD 3 6.05 353 0 11.07% and 4 are for wet season
CA 1712 4.19 0 runoff

Effect of urea—N fertilizer on nitrate concentration nitrate concentration than other urea rates. On the

of sediment contrary, sediment from MD 1and MD 2 plots (Table
In Table 10, the mean difference at DRS 2 indicated 11) accumulated more nitrate than those from higher
that sediment from CA plots had significantly higher ni- fertilizer rates and control at RFR 2. This result
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showed that except in the reported few cases (33.3% in
derived savanna and 14.3% in rainforest), the nitrate
contents of sediments from most of the runoff events
were significantly affected by the fertilizer treatments.
This pattern was equally observed on impact of the
fertilizer content, thus
suggesting that the sediment nitrate content was a
reflection of runoff content of the nitrogen specie. A
possible reason for this observation could be linked to
urea conversion after its application. However, nitrate
contents of the runoff sediments was higher than of
the runoff. The finding of MaClean and McRae (1987)
showed that it took 70 days for 95.4% of the applied
urea to be con-verted to nitrate in the soil (soil
temperature = 20.8°C). Although their study showed
that the rate of urea conversion increased with increase
in temperature, and that average soil temperature
during this study was 37°c, significant amount of the
applied urea may not had been converted to nitrate at
the time of runoff and sediment collection. Motasim e#
al. (2021) also observed in an incubation study that it
took about 14 days for most of the urea applied to be
mineralized into nitrates. In this study, a different
approach involving runoff data collection on the day of
fertilizer application, and the successive days after
rainfall or irrigation may be substantial on the nitrate in
the sediments. Leaching and volatilization are another
means through which the fertilizer could have been
lost. However, larger amounts of nitrates were contai-

rates on runoff nitrate

ned in soil sediments compared to nitrate nitrogen in
runoff. It showed that irrespective of the urea rates
applied, nitrate turn over in sediments to the
immediate farm environment could be dangerous if it
eventually found its way to water bodies after
continuous rainfall and irrigation events.

Conclusions

The study investigated the impact of urea fertilizer on
the concentration of NO,—N, NO5;—N and NH,~N in
runoff as well as sediment nitrate nitrogen from
vegetable plots. In conclusion, the urea rates applied
did not result in cummensurate increase on the height
of eggplant. The concentration of NH,—N in runoff
from fertilized plots Solannum  macrcarpon
increased with rate of urea applied but other forms of
nitrogen (NO;—N and NO,-N) in runoff and
sediment were not different with quantity of the
fertilizer applied. Based on allowable limits from
regulatory authority, WHO, only NO,—N from CA in
derived savanna was deemed hazardous while in
rainforest, nitrite from all plots could be harmful to
human health if it found its way to drinking water
bodies. However, NO,—N nitrogen released from the
posed no risk to the farm

under

plots immediate

environment.
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Urea rates CT MD1 MD?2 MD3 cA  Table10

Kg N ha'! mg L Pairwise multiple comparison of
DRS 1 means of nitrate concentration of
cT 356 1644 0 860ns  5.37ns 111505 8.000s  ‘ement ander different urea
MD 1 4.96 1222 0 3230 25505 0S0ns  eents i the derived

MD 2 818 2644 0 5780s 27205 e

2.41 ote

MD 3 R 0 30605 ko N hat, mg I, RFR,
CA i 4.07 0 OA, ns, and *, represent
DRS 2 kilogram  nitrogen  per
CT 326 3.04 0 1.32ns 2.01ns 2.53ns 18.56* hectare, milligram per li-ter,
MD 1 1.94 0.96 0 0.69ns 3.85ns 19.88* Derived Savanna, Organic
MD 2 1.24 0.07 0 4.54ns 20.57* amendment, not signify-cant
MD 3 579 267 0 16.03*  and significant at p <= 0.05
CA 1.82 14.10 0 respectively.  Numbers  in
DRS 3 bold and italics are means of
CT 7.67  37.93 0 554ns  9.33ns 26.06ns  18.76ns ~Sediment — nitrate  and
MD 1 213 45.04 0 3.79ns 51.60ns  44.30ns Standard deviation of mean
MD 2 834 37.66 0 55.39ns  48.09ns Concemm“o‘fl rzspecnvely'
DRS 1 is for dry season
1(\:/[[13 3 21; igzg 0 7'03115 sediment while DRS 3 and 4

are for wet season runoff.
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Urea rates CT MD1 MD?2 MD3 CA Table 11
Kg N ha'! mg L1 Pairwise Multiple Compari-
RER 1 son of means of nitrate concen-
CT 2401 2386 0 19.74ns  20.02ns  53Ins  19.02ns sration of sediment under dif
MD 1 3.75 23.88 0 0.3805 14.43ns 3876 feﬁ?’ﬂf urea Ireatments in the
MD 2 4413 36.87 0 1480ns  39.14% rain forest.
MD 3 932 24.32 0 24.33ns
CA 499 385 0
RFR 2
CT 2539 - 0 3.39ns  18.95ns 30.87ns  45.92ns
MD 1 71.78  12.88 0 27.44ns 155205 0.47ns
MD 2 434 2312 0 11.93ns  26.98ns
MD 3 6.26 4548 0 15.050s
CA 731 3745 0
RFR 3
CT 234 04 0 15.58 3.67 16.04 20.18
MD 1 676 096 0 11.91ns  0.46ns  4.60ns
MD 2 8.67 0.07 0 1237ns  16.51ns
MD 3 630 267 0 4.15ns
CA 2215 14.10 0
RFR 4
CT 0.66 .76 0 0.48ns 0.46ns 3.15ns 091 Note
MD 1 114 179 0 0.94ns 2.66ns  0.42ns Kg N ha'!, mg L', RER, OA,
MD 2 0.20 0.13 0 3.60ns 1.36ns ns, and *, represent kilogram
MD 3 3.80 5.23 0 2.24ns nitrogen per hectare,
CA 1.56 2.00 0 milligram  per  liter, Rain
RER 5 Forest, Organic amendment,
not significant and significant
CT 318 516 0 318ns  3.11ns 22005 24905 70 05 respectively
MD 1 0.00 000 0 0.07ns 0.89ns  0.69ns ' '
MD 2 0.07
0.07 0 0.82ns 0.62ns Numbers in bold and italics
CA : 107 -£U0S are means of sediment nitrate
0.69 ) 0 and standard deviation of
RER 6 mean concentration respecti-
CT 381 704 0 043ns  085as  0.07ns  92lns  vely.
MD 1 4.24 7.02 0 0.42ns 0.27ns 8.77ns
MD 2 10.66 70 39 0 6.69ns  2.36ns RFR 1 to 3 are for dry season
MD 3 3.97 7.19 0 9.04ns sediment while RFR 4 to 6
CA 13.01 7034 0 are for wet season sediment.
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