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Impact of Continuous Application of Swine Slurry on Changes in Soil
Properties and Yields of Tomatoes and Cucumbers in a Greenhouse
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Five year term study from 2002 to 2006 was carried out to examine the effects of continuous long-term
application of swine liquid manure on soil chemical properties including heavy metal contents and yield of
tomato (Lycopersicon esculentum) and cucumber (Cucumis sativus L.) in a greenhouse. Treatments were
conventional chemical fertilizers and three types of swine slurry; Slurry composting and biofiltration (SCB),
Thermophilic aerobic oxidation (TAO), and Bio-mineral water (BMW). Total nitrogen level of the SCB,
TAQO, and BMW was 0.47%, 0.09%, and less than 0.01%, respectively. The heavy metal contents of the three
liquid manures were much lower than the Korean regulation level. The soil phosphorus, potassium, and heavy
metal contents after five year continuous application of swine slurry were not significantly higher than those
of chemical fertilizer use. Contents of heavy metals in leaves of the crops did not show significant difference
among treatments. The levels of copper and zinc, plant essential elements, in leaves were in the range of
optimum plant growth. Yields of tomato and cucumber for swine liquid manures were not significantly
different from that of chemical fertilizer. The results implied that the three types of swine slurry may not
deteriorate soil chemical properties including phosphate and trace elements in greenhouse soils when they are

applied as a basal fertilization at a recommended nitrogen rate based on soil testing.
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Introduction

Mass production of animal waste has been one of the
major environmental problems in Korean agriculture as
livestock production has increased (Ministry for Food,
Agriculture, Forestry and Fisheries, 2009). The annual
production of animal wastes was as much as 42 million
Mg. The estimated amount of animal wastes returned to
agricultural land was 82% of the animal by-products
(Lee, 2006). The amount of nitrogen, phosphorus, and
potassium in animal by-products, therefore, were 398,
495, and 310 thousand tons annum, respectively. Many
farmers prefer use of livestock manure as organic
fertilizer resources to chemical fertilizers for nutrient
supply, probably due to low price.

It is reasonable to assume that the application of
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animal manure to agricultural fields can have both
positive and negative effects on soil and water
environments. One of the negative impacts is the
buildup of phosphorus (P) in manure-applied soils,
resulting in excessive soil P levels relative to crop
requirements and reduced plant uptake of other
essential nutrients. Furthermore, P can reach aquatic
environments via preferential flow pathways through
soil macropores and facilitated transport by mobile
organic sorbents in addition to soil erosion and surface
runoff (Sharpley et al., 1994; James et al., 1996; Jensen
etal., 1998; Scott et al., 1998; Seo and Lee, 2005; Seo et
al., 2005).

Additionally, various trace elements such as copper
(Cu), zinc (Zn), arsenic (As), cobalt (Co), iron (Fe),
manganese (Mn), and selenium (Se) are added to
animal feed in order to prevent diseases, improve body
weight gain, and increase feed use efficiency (Tufft and
Nockels, 1991), which leads to elevated concentrations
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of the elements in animal manure by-products
(Morrison, 1969; Kunkle et al., 1981). As aresult, it has
been reported that continuous application of animal
manure resulted in elevated levels of Cu and Zn in the
surface soils and the plants grown in the soil (Kingery
et al., 1994; Lim et al., 2004; Moreno-Caselles et al.,
2005). Long-term repeated application of animal
manure by-products may adversely affect soil and water
environments and food quality. Therefore, the value of
land application of animal waste to agricultural soils
should be assessed from an environment standpoint in
addition to crop production.

Copper and zinc are two of the 16 essential plant
nutrients, and a lack of these micronutrients can limit
plant growth and crop yields even when all other
essential nutrients are present in adequate levels in the
soil. Copper and zinc catalyze several plant metabolic
reactions and are necessary for chlorophyll production.
Most of the functions of Cu are related to the bound
Cu to enzymes regarding redox reactions including
plastocyanin, superoxide dismutase, cytochrome oxidase,
ascorbate oxidase, diamine oxidase, and phenol oxidases.
Zinc also is an integral component of the enzyme
structure including alcohol dehydrogenase, carbonic
anhydrase, Cu/Zn superoxide dismutase, alkaline
phosphatase, phospholipase, carboxypeptidase, and
RNA polymerase, and involved in DNA replication
and in the regulation of gene expression (Marschner,
2002).

However, excessive supply of Cu and Zn can
result in expression of plant toxicity. Copper toxicity
leads to Fe deficiency symptoms in plants by
depressing the Fe activity. Additionally, high Cu
concentrations may cause chlorosis due to lipid
peroxidation and the destruction of membranes, and
inhibited root elongation and root plasma membrane
damage. High Zn concentration can result in inhibition
of root elongation and photosynthesis and chlorosis
in young leaves due to induced deficiency of Fe or

Table 1. Soil chemical properties of the site before the study.

magnesium (Marschner, 2002).

The objective of the study was to assess the effects
of continuous 5-year application of liquid swine
manure on soil environments under greenhouse by
comparing with the application of inorganic chemical
fertilizers.

Materials and Methods

Tomato (Lycopersicon esculentum) and cucumber
(Cucumis sativus L.)were planted at 1.8 by 4.4 m
confined plots with Gyuam silty loam (coarse silty,
mixed, nonacid, mesic Aquic Fluventic Eutrochrepts)
in spring and fall, respectively. Selected chemical
properties of the soil in the site are shown in Table 1.
The treatments consisted of conventional chemical
fertilizer (C) and three types of liquid swine manure;
thermophilic acrobic oxidation (TAO), slurry composting
and bio-filtration (SCB), and bio-mineral water (BMW).
Fertilization rates were determined based on soil
testing before the crop cultivation. TAO and SCB were
applied as a basal fertilization at a recommended
nitrogen rate, 12.5 kg N 10a” and 13.1 kg N 10a™ for
tomato and 10.0 kg N 10a” and 10.4 kg N 10a”" for
cucumber, respectively. Applied amounts of TAO
and SCB were 2,700 L and 14,600 L for tomato and
2,100 L and 11,600 L for cucumber per 10a, respectively.
Application rate of BMW was the same as that of
TAO, 2,100~2,700 L IOa'l, and deficient nitrogen
was supplemented with chemical fertilizer, urea, due to
very low nitrogen level in BMW. Additional fertilization
of nitrogen and potassium during the crop cultivation
was performed as a form of drip irrigation of
fertilizer-dissolved water for all the treatments. The
chemical fertilizers and liquid manures were applied to
the same plot for 5 consecutive years (2002-2006).
Chemical compositions of three liquid manures are
presented in Table 2.

The surface soils collected at the 15-cm depth from

pH Electrical Organic Available Exchangeable cation Trace element
(H20, 1:5) conductivity matter P,0s Ca K Mg Cu 7n
dS m" g kg’ mg kg’ cmol” kg mg kg’
5.8 1.2 21 593 4.8 0.69 1.6 0.9 7.1
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Table 2. Chemical components of the liquid swine manures used in the study.

Plant nutrient

Trace element

Swine slurry .
T-N P05 K>O CaO MgO Cd Cr Cu Ni Pb Zn Hg As
-1 -1
g kg mg kg
TAO' 4.7 0.3 35 0.3 tr 002 067 31 081 005 0.61 tr 0.02
SCB 0.9 0.2 1.9 0.1 tr 002 08 1.7 058 0.15 11 tr 0.01
BMW 0.1 0.1 0.9 0.4 tr 0.03 083 07 061 012 0.62 tr tr

'TAO: Thermophilic aerobic oxidation, SCB: Slurry composting & bio-filtration, BMW: Bio-mineral water.

Table 3. Soil chemical characteristics after the five-year study.

pH Electrical Organic Available Exchangeable cation

Treatment ..

(H20, 1:5) conductivity matter P,0s Ca K Mg
ds m’' g kg mg kg’ cmol” kg

TAO' 6.1a" 1.6a 2la 571a 52a 0.66a 1.7a
SCB 5.9a 1.4a 20a 547a 5.1a 0.55a 1.7a
BMW 5.8a 1.9a 22a 587a 4.6a 0.72a 1.8a
Fertilizer 5.7a 1.8a 2la 593a 4.9a 0.84a 1.9a

'TAO: Thermophilic aerobic oxidation, SCB: Slurry composting & bio-filtration, BMW: Bio-mineral water.
“Treatments with same letter in each column are not significantly different at the 0.05 probability level by t-test.

each plot were air-dried, passed through a 2 mm sieve,
and used to determine soil chemical properties including
soil pH, electrical conductivity (EC), soil organic matter,
available phosphate, and exchangeable cations by soil
analysis method recommended by National Institute
of Agricultural Science and Technology (2000). Briefly,
soil pH and EC were measured after mixing soil with
H>O at a ratio of 1:5. Soil organic matter and available
phosphate were determined by Tyurin and Lancaster
method, respectively. Exchangeable cations such as
potassium, calcium, and magnesium were analyzed by
extracting them with 1 N ammonium acetate (pH 7).
Amounts of exchangeable cations were determined by
inductively coupled plasma spectrophotometer (ICP,
GBC Integra XMP, GBC Scientific Equipment Pty Ltd,
Victoria, Australia). Soil exchangeable nitrate level was
obtained by Kjeldahl distillation using devarda alloy
after removing ammonium and nitrite with sulfamic
acid and MgO from 2 M KCl extracts. Extractable trace
elements including Cd, Cr, Cu, Ni, Pb, Zn, Hg, and As
were extracted from the soil samples using 0.1 N HCl
at a ratio of 1:5 soil: extractant. Amounts of trace
elements in the extracts were determined by inductively
coupled plasma spectrophotometer (ICP, GBC Integra
XMP, GBC Scientific Equipment Pty Ltd, Victoria,

Australia).

Results and Discussion

Soil chemical properties for swine slurry treatments
were not significantly different from those of
conventional chemical fertilizer treatment (Table 3).
Soil pH values for swine slurry were slightly higher
than soil pH for fertilizer. Available phosphate levels
for three types of liquid swine manure were not
significantly different from the level for chemical
fertilizer because of low phosphate concentration in the
liquid swine manures relative to nitrogen. The result
may indicate that soil chemical properties including
phosphorus level were not greatly affected by the
application of swine liquid manures when they were
applied as basal fertilization alone based on recommend
nitrogen rate.

Accumulation of trace elements including zinc and
copper for swine slurry treatments was not observed
as compared with chemical fertilizer because trace
elements levels after 5-year experiment showed little
difference among treatments (Table 4). Soil zinc
concentration for SCB having relatively higher zinc
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Table 4. Trace element levels in the soils after the study.
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Treatment Cd Cr Cu Ni Pb Zn Hg As
mg kg’
TAO' 0.05a" 0.38a 1.2a 0.23a 1.4a 6.4a 0.03a 0.05a
SCB 0.06a 0.38a 0.9a 0.20a 1.4a 6.1a 0.05a 0.04a
BMW 0.05a 0.37a 1.4a 0.17a 1.4a 7.4a 0.03a 0.04a
Fertilizer 0.04a 0.37a 0.9a 0.19a 1.5a 7.2a 0.02a 0.04a
'TAO: Thermophilic aerobic oxidation, SCB: Slurry composting & bio-filtration, BMW: Bio-mineral water.
*Treatments with same letter in each column are not significantly different at the 0.05 probability level by t-test.
Table 5. Trace element levels in leaves of tomato and cucumber.
Crop Treatment Cd Cr Cu Ni Pb Zn
mg kg’
Tomato TAO' 0.11a" 1.4a 13a 2.0a 1.4a 26a
SCB 0.15a 1.3a 11a 1.6a 1.6a 27a
BMW 0.34a 2.0a Ta 24a l.1a 29a
Fertilizer 0.21a 1.3a 10a 2.2a 1.3a 3la
Cucumber TAO 0.28a 24a 12a 5.9a 5.4a 40a
SCB 0.37a 2.3a 17a 43a 44a 35a
BMW 0.33a 2.3a 24a 3.6a 4.0a 48a
Fertilizer 0.16a 2.2a 29a 5.1a 33a 48a

"TAO: Thermophilic aerobic oxidation, SCB: Slurry composting & bio-filtration, BMW: Bio-mineral water.
*Treatments with same letter in each column are not significantly different at the 0.05 probability level by t-test.

than other swine slurries was not significantly
different from the other treatments.Lim et al. (2009)
also reported little difference in copper and zinc
concentration between SCB and chemical fertilizer
treated soils after four cropping seasons.

Average levels of cadmium, copper, lead, zinc, and
arsenic of greenhouse soils in Korea were 0.21 mg kg,
3.7mg kg'l, 2.5mg kg'l, 23 mg kg'l, and 0.65 mg kg'l,
respectively (Jung et al., 1997). Concentrations of soil
trace elements after the study were less than the average
values for greenhouse soils in Korea; less than 0.1 mg
kg for cadmium, less than 2 mg kg for copper, and
less than 10 mg kg for zinc. The result imply that
applying swine slurry based on basal nitrogen
fertilization may not result in damage to crops by
contamination of trace elements including cadmium,
copper, and zinc. Successive application of excessive
amount of swine slurry relative to recommended
nitrogen rate may cause potential accumulation of trace
elements, which is being tested now.

As in soils, trace elements levels in leaves of tomato

and cucumber for swine slurry treatment were not
significantly different from those for chemical
fertilizer. Average amounts of cadmium, copper,
lead, and zinc in leaves of cucumber cultivated in
greenhouse were 0.54 mg kg'l, 11.5 mg kg'l, 3.6 mg
kg, and 73.4 mg kg ', respectively (Jung et al., 1997).
Haetal. (1997) reported that mean zinc level in leaves
of cucumber cultivated in southern Korea area was
64 mg kg'l. Copper and zinc levels in leaves were
568 mg kg'1 and 38 mg kg'l for tomato, and 169 mg
kg'1 and 101 mg kg'1 for cucumber grown in Yeongnam
region (Jung et al., 2006). Mean levels of trace
elements in vegetables were reported to be 0.44 mg kg
for cadmium, 8.2 mg kg'1 for copper, 4 mg kg'l for lead,
74 mg kg'1 for zinc, 4.0 mg kg'l for nickel, and 1.5 mg
kg'l for chromium.Compared with these values in
previous studies, trace element levels in this experiment
were relatively low. On the other hand, optimum
concentrations in crop leaves ranged from 5 to 30 for
copper and from 20 to 150 for zinc in terms of essential
plant nutrient (Jones, 1991). It can be concluded that
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Fig. 1. Mean marketable yield of tomato and cucumber
during 5 year study. Enor bars indicate + 1 standard
deviation. TAO: Thermophilic aerobic oxidation, SCB:
Slunty composting & bio-filtration, BMW: Bio-mineral
water.

levels of copper and zinc in the study were in proper
range.

Copper in swine slurry was not seemed to accumulate
in tomato and cucumber because of inhibition
mechanism of excessive absorption of copper by
soil-plant barrier (McBride et al., 2003). Therefore,
potential risk of copper intake by human from soil
through crop may be relatively low compared with
other trace elements (USEPA, 1992). Jung et al. (2006)
reported a little relationship between trace element
levels in greenhouse soils and those in plants cultivated
in the soils. They assumed that plant and soil factors
more greatly influenced on trace elements absorption
by crop roots than trace element levels in soils.

Absorption and accumulation of trace elements by
plants may depend on type of crops. For instance,
considerable amounts of cadmium and zinc were taken
up by lettuce as compared with radish (Sukkariyah et
al., 2005). The possibility of trace element accumulation
cannot be excluded for other crops than tomato and
cucumber.

Successive application of livestock manure to
agricultural land may result in trace element
contamination of water environments. Tian et al.
(2006) reported a little impact of trace elements
treatment for 31 years on surface water contamination;
30.7 kg copper ha', 4.5 kg cadmium ha', and 0.11 kg
mercury ha' every year. However, more extensive
researches are needed to examine potential contamination
of trace elements in surface water and groundwater by

trace elements in livestock manure through runoff and
leaching.

Mean marketable yields of tomato and cucumber for
five years are shown in Fig. 1 Statistical significance
among treatments was not observed. It can be concluded
that swine slurry application did not decrease crop yield
compared with conventional chemical fertilizer. Lim et
al. (2009) reported no significant effect of SCB and
chemical fertilizers on Chinese cabbage yield in two
year experiment.

Conclusion

Successive application of three types of liquid swine
manures for five years did not result in deterioration of
soil chemical properties including phosphate level and
contamination and accumulation of trace elements
including zinc and copper in soils and crops as
compared with conventional chemical fertilizers when
they were applied as basal fertilization alone based on
recommended nitrogen rate. Productivities of tomato
and cucumber showed no significant difference
between swine slurry treatments and chemical fertilizer
treatment. There was no significant difference among
three types of swine slurries in terms of soil chemical
properties and crop yields. More extensive studies
will be required to determine the effect of long-term
application, more than 10 years, and continuous
treatment of excessive amount of livestock manure
on soil and water environments.
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