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ABSTRACT

The objective of this study was to determine the changes in the basic soil chemical properties including pH,
electrical conductivity (EC), available phosphorus (P), dissolved organic carbon (DOC) and inorganic
nitrogen (NH,-N and NO3-N) after approximately 15-40 years’ land use change from rice paddy field to
orchard, wetland and upland in northeast Japan. Five land use change fields were investigated, including,
forest, rice paddy, orchard, wetland, and upland near Kumagai shrine, Shonai-machi, Yamagata, Japan. Soil
samples were collected from surface layer (0-15 cm) and sub-surface layer (15-30 cm) in October 2015. Soil
chemical properties of pH, EC, available-P, DOC and inorganic-N (NH;-N and NOs-N) were analyzed on
air-dried samples. The pH increased significantly in the upland after 15 years conversion from rice paddy in
both layers, with other land use changes only increasing pH in sub-surface layer. EC significantly decreased
in the surface layer of orchard and upland fields and in sub-surface layers of all the converted fields.
Available-P significantly decreased in the converted fields, except in the upland sub-surface layer. DOC
amounts were not significantly different after land use changes from paddy fields. The NH,-N decreased
significantly only in the surface layer of upland, while NO;-N increased significantly only in the surface
layer of wetland. Significant changes in soil properties were observed after 15 years conversion to upland
and 40 years conversion to orchard and wetland from former rice paddy field in this study.
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INTRODUCTION

Land use change is a key factor to global
change through its many environmental
processes which influence basic resources
within the landscape, including the soil
resources. Inadequate soil management can
quickly reduce vast amounts of land, which
often becomes a major threat to rural
livelihood in many developing and developed
countries (Gonzalez et al., 2014). In Japan
and other Asian countries, consecutive paddy
rice (Oryza sativa L.) cultivation has been
conducted for a long time. However, rice
consumption is decreasing in Japan due to
changes in the Japanese dietary transition
since 1970s, with people now consuming
more milk, meat, and bread than before in
1970s (Smil and Kobayashi, 2012). As a
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result, rice cultivation area decreased from 3.3
million ha in 1960s to 1.6 million ha in 2015,
simultaneously the abandoned agricultural
land area is increasing in Japan (MAFF,
2017). For increasing the percentage of self-
sufficient food supply and preserving
agricultural land, upland crops (soybean,
buckwheat, and so on) are cultivated in
drained paddy fields. The crop rotation of
paddy rice and upland crops (paddy-upland
crop rotation) is also widely conducted in
Japan. Drainage of rice paddy fields over the
years in accordance with the introduction of
upland crop cultivations may cause significant
changes in various soil properties and soil till
ability (Takahashi et al., 1999).

Human cleared forest land for cultivation
for a long time. It significantly influences the
soil properties and modifies soil forming
processes. Land use change can drastically
affect the soil environment, which in turn
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markedly influences soil properties (Chen et
al., 2000). Changes in pH, EC, available-P,
soil dissolve organic-C (DOC), inorganic-N
(NH;" and NOz) have been investigated in
many regions around the world (Filep and
Rekasi, 2011; Sheng et al., 2015; Tete et al.,
2015; Cheng et al., 2016). Sheng et al. (2015)
found out that DOC was the most sensitive
indicators to land use change. A study carried
out by Chibsa and Ta (2009) on assessment of
soil organic matter (SOM) contents in four
land use systems in major soils of Bale
highlands, southeast Ethiopia, showed that the
major soil parameters affecting SOM storage
were affected by land use systems at 0-5, 5-
15, 15-30 and 30-60 cm soil depths. The
result indicated that the distribution and
abundance of soil organic carbon were varied
independently in all land use systems. Geissen
et al. (2009) investigated on the effect of
change in land use on soil chemical properties
in tropical regions in south-east Mexico, and
declared that the changes in land use in 15
years had no significant effect on soil
properties. The land use change is known for
resulting in significant perturbation of agro-
ecosystems functioning but very recently no
studies were conducted on the conversion of
paddy fields which are very specific agro-
ecosystems due to permanent flooding during
the growth season.

The objective of this study was to
determine the changes in pH, EC, available-P,
DOC and inorganic-N after 15-40 years land
use change from rice paddy fields to wetland,
orchard, and upland in the same place at
northeast of Japan.

MATERIALS AND METHOD

Site description and the land use change types

The investigation was conducted in the
area near Kumagai shrine, Shonai-machi,
Yamagata, northeast Japan (38°43°N;
140°01’E), an area within a typical humid
temperate climate zone. In winter season, the
site was covered by snow for more than three
months from the end of December to early
March. According to data recorded at
Karikawa Meteorological Station, 8 km from
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Kumagai Shrine (http://www.data.jma.go.jp/),
the mean annual temperature near the site was
11.7 °C, annual precipitation was 2009.9 mm,
and annual depth of snowfall was 573 cm in
the past 30 years (1981-2010). Only single
cropping can be cultivated a year in this
region. The fields near Kumagai Shrine were
paddies used for cultivating rice for over a
hundred years during summer season from the
end of May to early October. Since 1970s,
parts of the fields were converted to chestnut
(Castanea crenata) orchard in 1975. Parts of
chestnut could not grow in the high moisture
field, where spring water from the adjacent
mountain flows through. About 10 years later
the high moisture field changed to natural
wetland. The plant grown in the wetland area
is a C4 plant, Amur silver-grass (Miscanthus
sacchariflorus B.). Since 2000, most rice
paddies were converted to upland to cultivate
buckwheat (Fagopyrum esculentum). In this
study, we selected five kinds of land use
change types in this area as treatments for our
research, (1) forest, around the former rice
paddies; (2) rice paddy, continuing rice
production more than a hundred years; (3)
orchard, 40 years after cultivating chestnut;
(4) wetland, about 30 years after abandoned
from chestnut; and (5) upland, 15 years after
cultivating buckwheat. Forest is a reference as
the origin land of rice paddy field.

Soil sampling and analysis

The soil samples were collected on 23™
October 2015 using auger sampler from
surface (0-15 cm) and sub-surface layers (15-
30 cm depth) on each field. Nine core soil
samples were taken from each fields, forest,
orchard, and wetland. Three cores of each
field were mixed to make up one replicate.
Eighteen and 27 core soil samples were taken
from rice paddy and upland, respectively,
then six and nine cores were mixed to make
up one replicate for rice paddy and upland
fields since the field areas were about two and
three times more than the others. Soil samples
were air dried in a glasshouse and sieved
using 2 mm sieve to measure pH, EC,
available-P, DOC, and inorganic-N (NH4-N
and NOs-N) at Laboratory of Soil Science and
Plant Nutrition, Faculty of Agriculture,
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Yamagata University, during October 2015 to
August 2016.

Available-P was analyzed by Truog
method extracted by 0.002 N H,SO,
(JSSSPN, 1986). DOC and inorganic-N (NH-
N and NOs3-N) extracted by 10 % KCI
solution and then filtered through a filter
paper. DOC was measured by TOC analyzer
(Shimadzu, Japan). NH;-N and NOs-N were
analyzed by colorimetric techniques at 655
nm and 450 nm by using a UV-1200V
spectrophotometer (Shimadzu, Japan).

Data calculation and statistical analysis

The data obtained from the experiment
was then calculated with analysis of variance
(ANOVA) to determine the statistical
significance of measurement parameters
among five land wuse change fields
(treatments). If the result from ANOVA
showed significant differences (P<0.05)
among treatments, Duncan's multiple range
test (DMRT) was continually used to compare
each treatment. The analysis was done using
R statistical analysis software. The
stratification ratios (SR) of all parameters
were calculated as ratio of surface and sub-
surface layers.
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RESULTS

Changes in soil pH and EC

Only conversion to upland significantly
increased soil pH in both soil depths. After 15
years of land use change from rice paddy to
upland the surface layer pH increased from
5.27 to 5.76, while that in sub-surface layer
from 5.2 to 5.9. All converted fields’ sub-
surface layers had a significantly higher soil
pH than rice paddy (Fig. 1). The stratification
ratio of soil pH in rice paddy was higher
(1.01) than those of all land use change fields
(0.93~0.98, Fig. 1).

The soil EC in surface layers of orchard
and upland was significantly lower than in the
rice paddy. While the EC in surface layers of
forest and wetland were similar to rice paddy.
In sub-surface layer, EC was significantly
lower in all fields after land use changes from
rice field (Fig. 2). The stratification ratios of
EC in all fields were larger than 1. The
highest was 2.59 in wetland and the lowest
was 1.32 in rice paddy (Fig. 2).
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Figure 1. The changes in pH at surface layer (o 0-15 cm), sub-surface layer (m 15-30 cm), and the
stratification ratios (e surface/sub-surface) among five kinds of fields with different land use
changes. Bars indicated standard deviation (n = 3). The letters of a, b and X, y, z indicate significant
differences for surface and sub-surface layers, respectively, among kinds of fields at the 5% level.
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Figure 2. The changes in EC at surface layer (o 0-15 cm), sub-surface layer (m 15-30 cm), and the
stratification ratios (e surface/sub-surface) among five kinds of fields with different land use changes.
Bars indicated standard deviation (n = 3). The letters of a, b and x, y indicate significant differences for
surface and sub-surface layers, respectively, among kinds of fields at the 5% level.
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Figure 3. The changes in available-P at surface layer (o 0-15 cm), sub-surface layer (m 15-30 cm), and
the stratification ratios (e surface/sub-surface) among five kinds of fields with different land use
changes. Bars indicated standard deviation (n = 3). The letters of a, b, ¢, d and X, y, z indicate
significant differences for surface and sub-surface layers, respectively, among kinds of fields at the 5%

level.

Changes soil available P

The available-P varied largely between
land use types in the surface layer. It was
significantly decreased in wetland (15.79),
orchard (20.89), and upland (45.35) compared
to Rice (122.61 mg P,0s kg™) in surface
layer. While in the sub-surface layer,
conversion of rice field only changed
available-P concentration in wetland (9.52)
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and orchard (11.09) from rice field (18.70 mg
P,Os kg™). Available-P concentration was
highest in the surface layer than that in sub-
surface layer in all land use change fields. The
stratification ratios of available-P were larger
in upland (3.16) and rice paddy (3.06) than
those in orchard (1.88), wetland (1.66) and
forest (1.16 mg P,0s kg™) (Fig. 3).
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Figure 4. The changes in DOC at surface layer (o 0-15 cm), sub-surface layer (m 15-30 cm), and the
stratification ratios (e surface/sub-surface) among five kinds of fields with different land use changes.
Bars indicated standard deviation (n = 3). The letters of a, b and x, y indicate significant differences for
surface and sub-surface layers, respectively, among kinds of fields at the 5% level.

Changes in dissolves organic C

Conversion of rice field to wetland,
orchard and upland did not have a significant
effect toward DOC in both soil layers.
Generally, the DOC amount in surface layer
was higher than those in sub-surface layer,
except in the forest, where the DOC in surface
layer was lower than that in sub-surface layer
at 187.44 mg C kg™ (Fig. 4).

Changes in Soil NH4-N and NO3-N

The NH4-N decreased significantly only
in upland at surface layer by 8.88 mg kg™
(Fig. 5). The NOs-N increased significantly
only in wetland at surface layer by 27.63 mg
kg" (Fig. 6). There were no significant
differences in NH4-N and NO3-N in sub-
surface layer among the fiveland use change
fields (Fig. 5 and 6). The stratification ratios
of NH4-N and NOs-N were around 0.84~1.72
and 1.03~1.40, respectively (Fig. 5 and 6).
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Figure 5. The changes in NH4-N at surface layer (o 0-15 cm), sub-surface layer (m 15-30 cm), and the
stratification ratios (e surface/sub-surface) among five kinds of fields with different land use changes.
Bars indicated standard deviation (n = 3). The letters of a, b and x, y indicate significant differences for
surface and sub-surface layers, respectively, among kinds of fields at the 5% level.
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Figure 6. The changes in NOs-N at surface layer (o 0-15 ¢cm), sub-surface layer (m 15-30 cm), and the
stratification ratios (e surface/sub-surface) among five kinds of fields with different land use changes.
Bars indicated standard deviation (n = 3). The letters of a, b and x, y indicate significant differences for
surface and sub-surface layers, respectively, among kinds of fields at the 5% level.

DISCUSSION

Effects of rice paddy field conversion on Soil
pH, EC, and available P

Soil pH is one of the most important soil
properties indicating the acidity or alkalinity
in soil. The decomposition of soil organic
matter, despite its impacts on soil pH, it could
be influenced by soil pH and land use change.
Differences in soil pH under different plant
species have been observed in previous
studies (Alriksson and Eriksson, 1998; Oostra
et al., 2006). Our results showed that the soil
pH of upland field was the highest compared
to other land use change types. Soil pHs of
wetland and chestnut orchard fields were
higher than in rice paddy even though not
significant (Fig. 1). The conversion of rice
paddy to buckwheat upland had been started
15 years ago shorter than that of conversion to
wetland and chestnut orchard which was
changed 40 years ago. It implies that when the
rice paddy was changed to cultivate upland
crop, the soil pH increased more quickly than
it did when converted to orchard or
abandoned to natural wetland. Su et al. (2009)
also showed that the lower pH value at the
surface soil in cropland relative to abandoned
fields was probably related to applications of
fertilizer and organic manure. Changing land
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use change types via changing land-cover
(e.g., plant species) or agricultural activities
(e.g., fertilizer, weeding) can have significant
and long-lasting effects on soil pH (Post and
Mann, 1990; Murty et al. 2002). Our results
also showed that, soil pHs of the sub-surface
layers of converted fields were higher than
those of the surface layers compared to both
layers of rice paddy (Fig. 1). The pH
increased with depth maybe due to extensive
leaching and removal of basic cations from
the upper horizons.

Soil EC is an indirect measurement that
correlates very well with several soil physical
and chemical properties. Soil EC indicates the
amount of soluble salt ions in soil. Our result
showed the EC of surface layer were always
higher than those of sub-surface layer among
all fields (Fig. 2). It was similar to the study
by Zhang et al. (2014), in which the land use
changes happened in the west of Loess
Plateau, Northwest China.

Our result showed that land use change
from rice paddy field after approximately 15-
40 years significantly decreased the amount
of available-P, especially in chestnut orchard
and wetland area which had been converted
and abandoned since 40 years ago. The large
difference between rice paddy and wetland or
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rice paddy and chestnut orchard can be
considered due to long-term absence of
fertilization. The amounts of available-P in
chestnut orchard and wetland were higher
than those in forest area indicating that part of
the former fertilized-P is still remaining even
though the fertilization was stopped before 40
year ago. The amounts of available-P were
larger in surface layers than those in sub-
surface layers in our study. A study from
Rezaei et al. (2012) also found out that the
amount of available-P decreased significantly
with the soil depth after forest was converted
to tea plantation.

Effects of rice paddy field conversion on Soil
DOC and inorganic-N

Soil DOC is readily decomposable C and
can be preferentially utilized by the
microorganisms than the recalcitrant fraction
of soil organic C (Kalbitz et al., 2003;
Cleveland et al., 2007; Ghani et al., 2013).
Our result showed that after 15 years
conversion to buckwheat upland and 40 years
conversion to chestnut orchard and natural
wetland from rice paddy did not significantly
affect DOC. However, DOC in the rice
paddy and its conversion fields were higher
than forest in the surface layer, but lower than
forest in sub-surface layer. This result is
similar to the study by Sheng et al. (2015),
which they reported DOC in subsoil were
significantly increase in the forest and orchard
soil but decreased in the plantation soil after
the land use changes in sub-tropical China.
Filep et al. (2011) revealed that the DOC
pathways may be different in arable
ecosystems than in forest soils. Our result
showed that the DOC was lower in the sub-
surface layer on 15-30 cm depth than in
surface layer on 0-15 cm depth. Zhang et al.
(2006) reported that the DOC decreased with
soil depth in the different land use change
ecosystems from former wetland in the
Sanjiang Plain of northeast China, and the
amounts of SOC were largely different among
land use change types. However, land use
changes from rice paddy field to natural
wetland, chestnut orchard, and buckwheat
upland did not significantly affect on the
amount of soil DOC in our study.
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The soil inorganic-N is one of the most
important parameters indicating soil fertility
and becomes a sensitive parameter in the land
use change. Land use and management
practices can affect soil N mineralization,
nitrification, and denitrification. Our results
showed that after 15 years of conversion to,
the amount of NH4-N in the air-dried soil
sample taken from surface layer at buckwheat
upland field was significantly lower than that
from rice paddy (Fig. 5). The amounts of
NO3-N were similar among all land use
change fields, except in wetland at surface
layer (Fig. 6). NH4-N formed as the result of
N mineralization, it is produced slowly under
aerobic conditions and fast in sub-merged
condition. NOsz-N is formed in aerobic
conditions via nitrification pathways. In the
sub-merged  condition, nitrification s
suppressed by the anaerobic situation. Since
the amounts of NHz-N and NOs-N shown in
paper were from the air-dried soil samples
taken from the different land use change
fields, the data could not represent the
inorganic-N dynamics in the real fields. For
example, amount of NOs-N in the surface
layer of natural wetland was significant
higher than that in other fields. But the
wetland was more waterlogged; this
increment could be caused by the air dried
treatment of the soil samples before
measurement. Considering that all of the land
uses are at the same climate zone, the
different pathways of N dynamics under land
use change types could be attributed to
various management practices, especially the
application of N fertilizer (Knops et al., 2002;
Wang et al., 2015). More researches are
needed to solve the N dynamics in the
conversion fields from rice paddy in future.
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