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Abstract. Higher temperature could induce biological effects in many areas of agriculture. The objective of
this study is to investigate the effects of elevated temperature on nutrients and non-point source pollutants
in paddy water and soil. Nitrogen and phosphorus were applied based on the recommended application
amounts for rice cultivation and there was an unfertilized plot as a control. Paddy soils were flooded with
distilled water in an incubator for eight weeks. Temperature treatments included ambient as a control,
ambient plus 2°C, and ambient plus 4°C. Soil NH4-N content after elevated temperature treatment was high
in sandy loam soil and soil NOs-N content after elevated temperature treatment was high in clay loam soil.
Elevated temperatures induced increments of water total nitrogen (T-N) concentration for no chemical
fertilization, standard fertilization, and standard fertilization + 100% in sandy loam soil. T-N concentration
dissolved in distilled water in rice straw of ambient + 2°C temperature increased by 24% more than that of
the control temperature treatment, and total phosphorus (T-P) concentration of ambient + 4°C temperature
increased by 16%. Thus, it was considered that water soluble T-N and T-P of rice residue could be released
easily by rain from agricultural fields.
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Introduction

The Special Report on Global Warming of 1.5°C (SR15) was approved on October 5,
2018 at the 48™ session of the Intergovernmental Panel on Climate Change (IPCC) held
in Incheon, Republic of Korea. This IPCC report was prepared by 99 authors and editors
from 40 countries from around the world, and it is based on over 6,000 scientific
references. The key point of this special report is that human activity has induced about
1°C (0.8~1.2°C) global warming at present compared with pre-industrialization times;
and, if the current speed of warming continues, the rise will be over 1.5°C in 2030~2052.
Also, global warming is different depending on region and time, and extreme weather
changes were detected during global warming of 0.5°C to the present. In order to reduce
global warming within 1.5°C, carbon dioxide (COz) emissions should achieve net zero.
Temperature is the most important factor affecting plant growth and yield and every
biological process changes depending on temperature (Cross and Zuber, 1972; Yan and
Hunt, 1999). Generally, the relationship between air temperature and soil temperature is
positive (Groffman et al., 2009), increasing temperature lowers soil moisture (Brzostek
et al., 2012), and net nitrogen mineralization was shown to increase depending on higher
temperature in an incubation experiment (Pendall et al., 2004), or not (Niklinska et al.,
1999). Elevated temperature increases nitrogen mineralization by 45%~52% (Rustad et
al.,, 1998) and net nitrification by 32% (Bai et al., 2013). Higher temperature affects
nitrogen leaching by increasing NOs™ solubility and affects the frequency of soil freezing
and thawing (Bai and Houlton, 2009).
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Nutrient input materials for crop cultivation are chemical fertilizers, cow manure
compost, pig manure compost, and various types of organic compost. Leaching of total
nitrogen (T-N) and total phosphorus (T-P) by runoff from cultivated land acts as a non-
point pollution source when they move out of the agricultural water system. The amount
of non-point pollution sources from rice paddy is estimated at 3 kg-ha™! of nitrogen and 2
kg-ha'! of phosphorus (Shin, 2001; Kim, 2008; Jung, 2013). Soil loss and muddy water
from rain are the factors that most affect management of the aqua-ecosystem and water
quality control for drinking water sources in an increasingly significant way.

In a higher temperature environment, there could be changes in the decomposition,
uptake by crop, volatilization, and runoff of nutrient input materials for crop cultivation.
Therefore, this study was conducted to investigate changes in rice cultivation water as a
non-point pollutant source under an elevated temperature environment.

Materials and Methods
Fertilization

This study was conducted from June to November 2017 at the National Institute of
Agricultural Sciences (NIAST) in Wanju (Lat 35.834, Lon 127.038), Republic of Korea.
The soils used were sandy loam and clay loam. Treatment consisted of a control with no
added chemical fertilizer, chemical fertilizer, and chemical fertilizer plus 100% increase
of the chemical fertilizer. A 50 ml plastic tube was filled with 40 g of soil, which was
treated with chemical fertilizer and then distilled water was poured into the tube. The
chemical properties of the soils used in this study are shown in Table 1.

Table 1. Chemical properties of soils used in this study

Soil property| PH | EC OM |Av.P0s| ©? Mg K Na
prop (1:5) | (dS/m) | (g/kg) | (mg/kg) Ex. cations (Cmol*/kg)

Sandyloam | 6.8 | 0.74 4 54 1.3 3.7 0.54 1.49

Clayloam | 65 | 0.53 2 82 43 1.8 0.35 0.13

Temperature treatment

The weather data used for the elevated temperature manipulation was provided by the
Buraeing weather station located in Buraeing-myeon, Kimje-si, Jeonbuk province.

In order to calculate the day temperature treatment, the average maximum
temperatures from July to September over a ten-year period (2007~2016) were calculated;
and to calculate the night temperature treatment, the average minimum temperatures from
July to September over a ten-year period (2007~2016) were calculated.

Temperature treatment was conducted from May 23, 2017 for eight months using an
incubator. Temperature treatment with the incubator was over ten steps a day for
144 minutes each. Day and night temperatures of the ambient were 25°C /18°C, ambient +
2°C were 27°C /20°C, and ambient + 4°C were 29°C /22°C, respectively (Table 2).
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Table 2. Elevated temperature treatment in this study at each time by using an incubator

(hourT:“I“ninu ) Ambient Ambient + 2°C Ambient + 4°C
01 : 44 18 20 22
04 : 08 17 19 21
06 : 32 19 21 23
08 : 56 19 21 23
11:20 24 26 29
13 : 44 26 28 30
16 : 08 26 28 30
18:32 25 27 29
20: 56 24 26 28
23:20 19 21 23

Sampling and analysis

Soil pH and EC were measured by using a pH meter (Model 720A, Orion) and an EC
meter (Model 145A, Orion). NHs-N concentration of soil was measured by the
indophenol-blue method, NO3-N concentration of soil was measured by the chromotropic
acid method, and available phosphorus concentration of soil was measured by the
Lancaster method (RDA, 2010). For analysis of nutrient content, 80 ml of distilled water
was added to 40 g of soil, and the treated water was analysed every two weeks for a total
of 4 times on June 6, June 20, July 4, and July 18.

In order to analyse the amount of T-N and T-P concentration of straw leachate in
response to elevated temperature, 2 g of straw was soaked with 70 ml of distilled water,
and then after 1, 3, 5, and 7 days the water was sampled. T-N concentrations were
measured by using a chromotropic acid method kit (C-mac, Korea) at 410 nm, and T-P
concentrations were measured by using a molybdovanadate method kit (C-mac, Korea)
at 420 nm.

Results and Discussion
Soil Nitrogen

Accumulated NH4-N concentration was determined every two weeks in soil applied
with chemical fertilizer under elevated temperature. The results (Figure 1) show that the
NH34-N concentration of no fertilization and standard fertilization treatment with ambient
+ 2°C and ambient + 4°C treatment was higher than that with the control temperature
treatment in sandy loam soil. The NH4-N concentration of no fertilization with ambient
+ 2°C and ambient + 4°C treatment was higher than that with the control temperature
treatment in clay loam soil.

The NH4-N concentration of standard fertilization and standard fertilization + 100 %
with ambient + 2°C and ambient + 4°C treatment was lower than the control temperature
treatment in clay loam soil.

Also, the NH4-N concentration of no fertilization and standard fertilization was higher
in sandy loam than in clay loam soil with an elevated temperature (ambient + 2°C and
ambient + 4°C treatment).
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Figure 1. Concentration of NH4-N of soil treated with elevated temperature for 8 weeks,
NF: No fertilization, SF: Standard fertilization, SF + 100 %: Standard fertilization plus 100
percent increase

Accumulated NOs3-N concentration was determined every two weeks in soil with
applied chemical fertilizer under elevated temperature. The results (Figure 2) show that
the NOs-N concentration of no fertilization treatment in ambient + 2°C and ambient +
4 °C was higher than that with the control temperature treatment in sandy loam soil. The
NOs-N concentration of standard fertilization treatment in ambient + 4°C was higher than
that of the control temperature treatment in sandy loam soil.

The NO3-N concentration of no fertilization, standard fertilization, standard
fertilization + 100% under ambient + 2°C and ambient + 4°C was higher than that of the
control temperature treatment in clay loam soil.

Rustad et al. (2001) reported that elevated temperature increases soil net mineralization
by 45%~52%, and Bai et al. (2013) reported that elevated temperature increases net
nitrification by 32%. Rising temperature increase the availability of NOs3-N and affects
nitrogen leaching by changing the frequency of soil freezing and thawing (Bai and
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Houlton, 2009). Through various incubation experiments, net nitrogen mineralization
increased in relation to increasing temperature (Pendall et al., 2004), or not (Niklinska et
al., 1999).
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Figure 2. Concentration of NO3-N of soil treated with elevated temperature for 8 weeks, NF:
No fertilization, SF: Standard fertilization, SF + 100 %: Standard fertilization plus 100 percent
increase

Nitrogen, Phosphorus of Water

In an elevated temperature environment, accumulated T-N concentration was
determined every two weeks in soil water treated with chemical fertilizer. The results
(Figure 3) show that elevated temperature induced T-N concentration increases with no
chemical fertilizer treatment, standard fertilization, and standard fertilization + 100 % in
sandy loam soil. Elevated temperature showed a T-N concentration increase only with
standard fertilization in clay loam soil.

These results are similar to results from research showing that nitrification is activated
by up-regulated soil temperature treatment (Verburg et al., 1999), nitrogen mineralization
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and amount of nitrification increase in relation to time at a depth of 15~30 cm, and
nitrogen mineralization and amount of nitrification are greater at the surface soil layer
than the deep soil layer (Shin and Reddy, 1997). Also, Saad and Conrad (1993) reported
that 25~30°C was the optimal temperature range for nitrification and denitrification in a
microbial experiment.
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Figure 3. Concentration of total nitrogen (T-N) of water treated with elevated temperature for 8
weeks. NF: No fertilization, SF: Standard fertilization, SF + 100 %: Standard fertilization plus
100 percent increase

In an elevated temperature environment, accumulated T-P concentration was
determined every two weeks in soil water treated with chemical fertilizer. The results
(Figure 4) show that elevated temperature treatment of ambient + 2°C and ambient + 4°C
with no fertilization treatment increased T-P in sandy soil, but no such tendency was
shown for T-P content of water in clay loam soil.

Nutrient leaching of straw

The accumulated nutrient concentration of leachate from straw was determined after
treatment in an elevated temperature environment for seven days. The results (Figure 5)
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show that T-N concentration with the control temperature treatment was 3.2 mg/L™!, while
that with the ambient + 2°C treatment was 4.0 mg/L™, an increase of 24%.

T-P concentration with the control temperature treatment was 3.4 mg/L"!, while that
with the ambient + 4°C treatment was 4.1 mg/L!, an increase of 16%.
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Figure 4. Concentration of total phosphorus (T-P) of water treated with elevated temperature
for 8 weeks. NF: No fertilization, SF: Standard fertilization, SF + 100 %. Standard fertilization
plus 100 percent increase
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Figure 5. Concentration of T-N and T-P eluted from straw soaked in distilled water for seven
days at three different temperatures
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Cowen and Lee reported (1973) that 5.4% of total phosphorus of oak tree leaves was
soluble and elutable. Schreeg (2013) reported that there is a relationship between
solubility and tropical tree leaf amount with r*> = 0.79 for K, r> = 0.51 for Na, and r* =
0.66 for P with the weakest relationship of r> = 0.36 for N. Additionally, when total K
content was 100, that of P was 35%, Na 28%, and N 5%. The mineral content of straw
was reported to be 0.71% for T-N and 0.16% for P>Os with the T-N and T-P of straw
leached well in water; the longer the soaking of the straw, the higher the T-P concentration
in the water (Hong, 2016). Hong et al. (2015) also reported that when red pepper furrows
were covered with straw, the solubility of phosphorus in rain water led to excess runoff
of phosphorus from uplands.

Therefore, under the elevated temperature environment in future in comparison with
the current climate, more leaching of soluble nitrogen and phosphorus from crop residues
and runoff from crop land can be expected.

Conclusion

Elevated temperatures induced increments of water total nitrogen (T-N) concentration
for no chemical fertilization, standard fertilization, and standard fertilization + 100 % in
sandy loam soil. Under the elevated temperature environment in future in comparison
with the current climate, more leaching of soluble nitrogen and phosphorus from crop
residues and runoff from crop land can be expected. These results can be used as the basis
for the development of technology in response to climate change that can reduce nutrient
runoff and improve water quality at the watershed. There is a need for paddy field scale
experiments under a near natural environment for factors such as temperature,
precipitation, sunlight, humidity, and wind by using a practically scaled open-top
chamber.
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