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Effect of Increased Slope on Corn Productivity and Nitrogen

Losses in Runoff Water
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I INTRODUCTION

The intensification of livestock production in
Korea over the past 30 years has led to the
production of high quantities of livestock manure
(LM). An estimated 41 million tones of LM are
collected, annually, within Korean farm building
contamination can

and yields. Environmental

occur when application of LM to the topsoil is
in excess of crop utilization potential, or is done
under poor management conditions causing
nutrient losses due to environmental factors such
as soil erosion or surface runoff during rainfall
(Smith et al., 2001a Smith et al., 2001b; Ramos
et al., 2006, Vadas et al, 2007; Allen and

Mallarino, 2008). However, LM is effective in
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the improvement of the physical and chemical
properties of the soil for plant growth and the
increase in its organic matter content (Gilley et
al., 1999; Leon-Gonzalez et al., 2000; Nyaman-
gara et al., 2001, Lazcano et al. 2008).

Thus, the efficient utilization of LM is also
important in the environmental

preservation (Vadas et al, 2007). Without careful

aspect of

management, large quantities of LM represent an
important potential source of losses of nutrients
to ground and surface water as a result of
incidental losses in surface and sub-surface flow,
directly  following  surface application or
indirectly following enrichment of soil nutrients
(Vadas et al, 2007; Allen and Mallarino, 2008;
Sonneveld et al, 2008).

Avoiding losses of soil nutrients shall benefit
the wider environment and can contribute to
more efficient use of nutrients within the
farming system, which are most likely to occur
in surface runoff through the transport of
nutrients resulting from long-term over-fertilization
and/or excessive application of LM.

Especially, surface runoff during rainfall can
cause  significant  pollution  following the
application of LM to the land (Sherwood and
Fanning, 1981; Hubbard et al., 1987; Allen and
2008). For

of N in

Mallarino, example, increasing

concentrations surface runoff may
contribute to eutrophication of lakes and rivers
2001).

essential to examine N losses from the lands

(Wenchuan et al., Therefore, it is

receiving  cattle  slurry (CS)  in  various
environmental conditions because those losses
from agricultural fields via erosion and runoff
occur. Although some researchers have attempted

many times to control N losses from fields

receiving LM (Smith et al., 200la Smith et al.,
2001b Vadas et al, 2007, Allen and Mallarino,
2008; Sonneveld et al. 2008), studies related
with migration of N from the soil in a sloping
land under Korean soil and climate conditions
have yet to be conducted.

Most of crop cultivation lands in Korea,
except paddy fields, lie on a slope and the
significant precipitation experienced during a

normal summer season leads to runoff of

nutrients rather than their leaching into the
subsurface. Haan et al.(1994) suggested that the
degree and length of slope influenced runoff
rates. N runoff from agricultural ecosystems is
one of the major environmental problems related
to agricultural plant production; furthermore, the
amount of N runoff through natural soil is
seldom predicted. Interestingly, some researches
indicate that the several days following LM
application, particularly where significant rainfall
occurs soon after application, represents a high
risk period (Jarvis et al.,, 1987; Edwards and
Daniel, 1993).

In an attempt, to investigate the CS utilization
as part of an environmental preservation recycling
system for forage crop cultivation, we examine
the effects of application of CS taking into
account the degree of land slope on corn yields
and soil fertilities, and nitrogen (N) losses via

runoff.

I MATERIALS AND METHODS

1. Experimental site and soil

This study was carried out for two years at

an experimental field of the College of Animal
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Husbandry, Konkuk University, Seoul, Korea.
During the experimental period (May to August),
the mean precipitation and temperature are 239
mm, 21.5C in 2003 and 153 mm, 242T

2004, respectively (Fig. 1). Soil type was classified

in

as sandy loam soil. The characteristics of the

soil are shown in Table 1.

2. Experimental design

The field experiments were conducted on
steel-made erosion apparatuses for two years.
These were constructed with 0.33 m width 3 m
length and 0.4 m height. The field experiments
were conducted on steel-made erosion apparatuses

at Konkuk University, from 2003 to 2004. Each
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treatment was replicated three times. All plots
were consisted of various degree of slope, such
as 0%, 8.75% and 17.50%. CS was produced by
Korean native cattle fed with grass silage and
rice straw. CS was consisted of the mixture of
feces and urine of cattle and manufactured by
the fermentation for 6 months in natural condition.
Characteristics of CS wused in this study are
shown in Table 2. Application rates were
calculated in total nitrogen contents. CS was
applied at 200 kg N ha’ year'l on each plot at
10 days before seeding and 100kg N ha’
year' of urea was applied in the middle of
growing. The fertilizer and CS were applied in

two equal dressings.
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information during the experimental periods.

Table 1. Chemical characteristics of the soil collected at control treatment before and after

each experiments

pH om? Av. P,Os” NV Exchangea‘tzle cations
(cmol /kg)
(LSH0) (%) mgke) A Mg ca K Na
Before 5.66 0.46 35.04 0.05 1.98 2.54 0.12 0.05
After 6.10 0.77 51.48 0.08 2.81 7.20 0.14 0.05

" Organic matter, ” Average P,0s, > Total nitrogen
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Table 2. Characteristics of cattle slurry used in this experiment.

Ttem Total nitrogen P,0s KO NHs-N NOs-N
(%) (%) (%) (ug/ml) (ug/ml)
Cattle slurry 0.51~0.71 0.126~0.132 0.413~0.445 3,972~4,021 486~501

3. Corn yields and feed value

Corn ‘Pioneer 3310° were sown at intervals of
20cm with 2 grains in the early of May (May 1,
2003 and May 3, 2004). After the emergence, a
corn, full of vitality, was utilized for the experi-
ments. The sown corn were grown and survived
well during the experimental period. Corn was
harvested in the middle of August (August 20
in 2003 and August 26 in 2004). The field
experiment was conducted in accordance with
the Konkuk University Guide for the Use of
Forage Crops. The samples were dried at 80C
for 2 days to examine the corn yields and
ground to pass through a 1 mm sieve to analyze
the nutritive values of corn. Nutritive values of
corn were analyzed using the AOAC method
(1990). Total digestible nutrients (TDN) content

was calculated by modifying Jurgens’s method.

4. Analysis of soil properties

To examine the soil properties, the soils were
sampled randomly from the plots at a depth of
0 to 20 cm in control treatment before and after
experiment. Soil samples were dried by ambient
air in a shadow place at room temperature.
After drying, the samples were ground to pass
through at 1 mm sieve. Chemical properties of
the soil were analyzed by the method of AOAC
(1990).

5. NOs-N and NH,-N analysis in runoff
water

Runoft water was gathered in 50~2,000 ml of

plastic bottles installed under each erosion
apparatus. Before sampling, the water in each
bottle was stirred vigorously to suspend any
sediment at the bottom of the bottles. All
representative samples was rapidly collected from
plastic sampling bottles within regular intervals,
immediately frozen in deep freezer and stored at
-20C  All samples were analyzed within 24
hours after collecting the sample. NO;-N and
NH4-N concentrations were determined using a
Flow Injection Analyser (FIAstar 5000, Foss

Tecator, Sweden).
6. Statistical analysis

All statistical analyses were performed using
SPSS/PC
Windows; SPSS, Inc., Chicago, IL, USA). All

data were expressed as means £+ SE. Statistical

statistical program (Version 10.0 for

analysis of the data was done by one-way
analysis of variance (ANOVA) and Duncan's
multiple comparison tests to identify differences
between the groups, which is considered signi-

ficant when P <0.05.

M RESULTS

1. Dry matter (DM) vyields of corn
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Fig. 2 shows the pattern of changes for DM
yields of corn according to the degree of the
slope for DM yields

two years. Average

significantly decreased as the degree of the
slope increased (P<0.05). DM yields were higher
in 8.75% of the slope when compared to 17.5%
of the slope. But, there was not significantly

difference between 8.75% and 17.5% of the

slope.
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Fig. 2. Effect of cattle slurry application

according to the degree of slope on
dry matter (DM) vyields of corn. The
data represent the means + SE of
the three experiments. a, b: Different
letters within each slope represent
significant differences (P<0.05).
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2. Nutritive values

To examine whether the changes of nutritive
values (crude protein, CP (a) acid detergent fiber,
ADF (b); neutral detergent fiber, NDF (c) in the
degree of slope, nutritive values in whole plants
were analyzed by AOAC methods. The contents
of CP, ADF and NDF were higher in 0% of
the slope when compared to 8.75 and 17.5% of
the slope (Fig. 3). However, there were not
significant differences between the slopes. Total
digestible nutrients (TDN) yields of corn decreased
as the degree of the slope increased (Fig. 3 (d)).
There was significantly different between 0%
and 17.5% of the slope (P<0.05).

3. NOs-N and NH;-N concentrations in

runoff water

This experiment was carried out to examine
the effect of CS application on runoff pollution

by the degree of slope. Surface runoff water
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Fig. 3. Effect of cattle slurry application according to the degree of slope on nutritive values
of corn. CP, Crude protein (a); ADF, Acid detergent fiber (b); NDF, Neutral detergent
fiber (c); TDN, Total digestible nutrients (d). The data represent the means + SE of

the three experiments.
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was collected in calibrated bottles and samples
were taken during significant rainfall event for
determination of total solids concentration. As
shown in Fig. 4, NO;-N and NH4-N concen-
trations significantly elevated by increasing the

slope during the experimental period (P<0.05).

4. Changes of the soil properties by CS
application

Changes of soil properties after the end of

experiments showed in Table 1. Soil pH
increased up to 6.10 by CS application. Organic
matter, total nitrogen and phosphorus contents at
the end of experiments were approximately 0.7,
0.6 and 0.5 fold higher, respectively, than those
in the soil before experiments. In addition, the
exchangeable cations also highly increased by

the application of CS.
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. Effects of cattle slurry application
according to the degree of slope on
total NO3z-N (a) and NH4-N (b)
concentrations in runoff water during
the experimental period. The data
represent the means+SE of the
three experiments. a, b, c: Different
letters within each slope represent
significant differences (P<0.05).

IV DISCUSSION

The present study demonstrates that corn
yields and soil properties, and concentrations of
NO; -N and NH,-N in surface runoff water
following application of CS to corn field have a
strong correlation with the slope of the land.

In this study, the effects of degree of the
slope on the yields and nutritive values of corn
from a corn field were examined using a tilting
soil chamber. In general, much research has
shown that the yields and nutritive value of
forage crops were influenced by times, rates and
method of cattle manure application, including
the environmental condition during and after
application upon crop lands (Lithourgidis et al.
2007; Butler and Muir, 2006; Adeli et al., 2005;
Bakhsh et al., 2005; VanWieringen et al. 2005;
Matsi et al. 2003; Newton et al. 2003; Phillips
et al. 1981). As shown in our results, the yields
and nutritive values of corn were also
dramatically associated with the slope. This may
have been caused by the direct relationship
between nutrient losses and a large volume of
runoff brought by heavy rainfall on the sloping
land during the experimental period. The slopes
are especially important in use of CS, because
runoff is an important pathway for nutrient
losses in soils. Based on CS application with
increasing the degree of slope, it does appear
that nutritive values of corn are reduced. In
Korea, the losses of fertilizer properties mostly
occur soon after application in late May, when
corn is not growing. If managed properly,
controlled CS application has the potential to
improve corn yields by using more nutrients

available to corn.

—-172—



Jung et al.: Productivity of Corn and Nutrient Run-off in the Slopes

According to our results, concentrations of
NOs;-N and NH;-N were significantly increased
by increasing the slope. Researchers from many
country have demonstrated that the slopes
increase surface runoff (because soils have less
space to store water), and significantly increase
nitrogen losses as compared with the flate fields
(Haan et al. 1994).

Based on optimum economic
should be less

It should be noted, however, that

return, over-
application of CS fertilizer
profitable.
agricultural soils along the slope have significant
nitrogen losses from the natural process of
organic matter mineralization. If managed properly
the relationship between CS application and the
slope, CS has the potential to improve crop
yields by using more nutrition materials
available to crops. Smith et al.(2001a) and
Smith et al. (2001b) also

application of organic manures, especially slurries,

suggest that the

to arable soil susceptible to runoff shall only
increase surface runoff and the loss of solids of
NH4-N. Interestingly, a strong positive correlation
is observed between the amount of rainfall
within a 72-hour period after slurry application
and DM response, and rainfall pattern after
surface application of slurry could have a strong
influence on subsequent N-use efficiency (Miller
et al. 2006; Long and Gracey, 1990). In this
study, losses of NO;-N and NH,"-N via runoff
following applications of CS to corn land were
significantly affected by increase of slope. These
losses were significantly elevated by increasing
the slope during the experimental period.

The amount and pattern of nutrient losses are
very similar to those of rainfall with the peak
losses via runoff

concentrations of nutrient

during the experimental period corresponding to

the peak amount of rainfall (data not shown).

Owens et al. (1984) observed that all peak
nitrate  concentrations occur  shortly  after
applications of fertilizer. Steffens (1991) also

reports low nutrient losses via runoff due to
precipitation, concluding that risk of pollution is
greater from direct slurry runoff following
application, particularly with slurries of low dry
matter content.

Therefore, slurry runoff is carefully handled in
aspect of environmental preservation, because
60~70% of annual rainfall (1,100~1,400 mm) of
Korea occurs during the summer period (July to
September). The concentrations of nitrogen
losses via runoff have been caused by the
heavier rainfall. Factors and mechanisms involved
in the generation of surface runoff, following
land application of animal manure (AM), are
fully discussed in papers associated with N
losses of AM (Smith et al., 2001a; Smith et al
2001b). Our results strongly suggest that runoff
following applications of animal waste to the
slopping grassland represents both a potential
source of pollution of surface waters and
nutrient losses for the crop. In addition, the
chemical and physical properties in the soil at
the end of the experiments were improved by
CS application as compared to those in the soil
before the experiments, although there have been
some losses of fertilizer properties in the soils.
As shown in our results,

that AM

many researchers

report improves the chemical and
physical properties of soils and increases their
organic matter content (Freeze and Sommerfeldt,
1985; Campbell et al., 1986; Sommerfeldt et al.,

1988; Eghball and Power, 1994). The results of
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our study show that the degree of slope and the
rainfall intensity during the growing season of
corn comprisethe major factors affecting corn
productivity and nutrient losses from slopping
land. Our data are also available to help many
farmers using CS and pay for management
approaches to prevent and to control nutrient
losses from the slope to minimize the pollution
of the surface and groundwater.

In conclusion, our findings suggest that longer
kinds of

term experiments several

applied LM

covering

and weather conditions, and
investigating runoff beyond treated areas are
necessary and would give more quantitative
information on environmentally friendly utilization

of AM.
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