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Carbon dioxide (CO,) is a significant greenhouse gas (GHG) accounting for 60% of the total green-
house effect. Soil respiration is a measure of the CO, released from soil. Rice was the largest con-
tributing plant commodity of total emission by 12%. In the event of growing threats of global
warming due to GHG emissions, reducing CO, emission by sequestering C in the soil is of supreme
concernment. Improved management practices can rebuild C stocks in agricultural soils and help
mitigate CO, emissions. A field study to assess how organic soil amendments influence soil respira-
tion, C-organic content, and soil properties was conducted in upland paddy field. Treatments were:
chemical fertilizer (F1), combination of chemical fertilizer and cow dung manure (F2), chemical
fertilizer and vermicompost (F3), chemical fertilizer and liquid vermicompost powder (F4), cow
dung manure+biochar (F5), vermicompost+biochar (F6) and liquid vermicompost powder+biochar
(F7). All treatments tested almost had the same pattern of respiration rates starting before the ap-
plication of the organic soil amendment until three months after planting. The highest respiration
rate was found at 1 month after planting. Soil amendment (F4 and F7) had the lowest soil respira-
tion rates in some measurements. The highest organic C content at three months after planting was
found in the F6 and F3 treatments. The most influential factor on the respiration rate are soil mois-
ture content and soil temperature. The results demonstrate the viability of vermicompost either in
combination with chemical fertilizers or alone for soil amendment to maintain organic soil carbon

for short period of time (~ 3 months).

1. Introduction

Technology advancement and to resolve problems face by
mankind research is continuously progressing in various fields
such as solar cell (Khadtare et al., 2014; Khadtare et al. 2019),
green energy (Ahmed et al. 2022a,b) fuel cell (Ansari et al. 2019;
Wu et al. 2022), semiconductor (Ansari et al., 2020; Choi et al.,
2021), batteries (Ahmed et al. 2022c,d), 2D materials (Raya et. al.
2020) catalysis (Sartale et al., 2013; Ansari et al., 2016), and CO,
reduction (Ansari et al., 2021). The carbon-based impurity viz
CO, is one of the primary concerns in today’s era. Attempt has
been going on to reduce CO, production or its level present on
earth. The earth’s soils, which are located at a depth of 1 me-
ter, hold the largest concentration of surface terrestrial carbon.
When compared to the atmosphere, it retains twice as much car-
bon. Soil contributes significantly to the global C budget (Mieln-
ick and Dugas, 2000; Maier and Kress, 2000). The vegetation that
grows above the earth contributes carbon, and the biomass of
plants stores about 500 Pg C (Eswaran et al., 1993; Janzen, 2004).

In the world, crop-based agriculture covers about 1.7 billion hec-
tares (excluding grazing land), with a soil carbon pool of about
170 Pg, or little more than 10% of the total soil carbon inventory
(Paustian et al., 1997). The rate of soil respiration can be meas-
ured in order to estimate soil CO, outflow (Toloczko and Niewia-
domski 2015; Toloczko and Niewiadomski 2018). Soil respiration
is one of the most important components of the ecosystem C
budget, which also includes root respiration, rhizosphere or fau-
nal respiration, organic matter breakdown, and mineralization
(Carlisle et al., 2006). This demonstrates the agriculture field is
one of the primary sources of greenhouse gas (GHG) emission.
At arate of around 120 Pg C each year, atmospheric CO, en-
ters terrestrial biomass through photosynthesis (gross primary
productivity). However, during plant respiration, around half of
it is instantly emitted as CO,, resulting in an annual net primary
production (NPP) of about 60 Pg C. This amount is at least mo-
mentarily held in vegetative tissue, but as it ages, the majority of
it eventually finds its way into the soil. In addition, heterotroph-
ic respiration (mostly by soil microorganisms) and combustion
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provide back to the atmosphere an amount nearly equivalent to
NPP (60 Pg C per year). This completes the cycle (Jansen, 2004).
This C input and loss totals roughly 4 Mg C ha year for the entire
continental area (Paustian et al., 1997).

Microbial activity, which is defined by an increase in popu-
lation and respiration activity, has been stimulated by agricul-
tural practices like tillage in the practice of crop cultivation. Due
to the disruption of soil aggregates and exposure to degradable
materials, this stimulation takes place. As a result of this proc-
ess, organic C- compounds in the soil are converted into carbon
dioxide gas, which increases the amount of CO, emitted into the
environment. If the decomposition process goes on, the soil’s
ability to store carbon decreases, which in turn lowers soil qual-
ity. Because of the compacted soil and problems in cultivating
it, plants develop more slowly and produce less yield (Levine et
al, 2011).

The production of plant-based food commodities is respon-
sible for 29% greenhouse gas (GHG) emissions out of total Glo-
bal GHG emissions from the production of food. The plant-based
food namely rice is one of the main contributor to GHG emis-
sion, reaching more than 2000 TgCO2e per year, which accounts
for 12% of the total carbon emissions from food production.
Lowland rice emits about 30 kg of emissions to produce 1 kg of
rice (Le Mer and Roger, 2001; Das and Baruah, 2008; Zschornack
et al,, 2018). On the other hand, most of the biomass produced is
the part that is not used as food, fodder or fuel) cycles through
the soil community and the resulting CO, is released into the
atmosphere. The net difference between the photosyntheti-
cally fixed CO, entering the soil as plant residues and the CO,
released from decomposition is much smaller. This difference
determines the net C balance of an ecosystem, that is, whether
it is a source or a sink of CO, (Paustian et al., 2000). In tropical
climates, the rate of decomposition is faster than in sub-tropical
areas. This condition accelerates the loss of carbon from the soil.
This high rate of decomposition in tropical climates is supported
by warmer environmental conditions that accelerate the decom-
position process. This indicates that the increase in temperature
has driven the release of large amounts of C into the atmosphere
as CO, (Conant et al., 2008). Therefore, it is necessary to reduce
carbon emissions in the agricultural food system, especially rice
commodities by increasing energy efficiency, minimizing green-
house gas emissions and increasing carbon absorption. This
study aims to assess the effect of organic soil amendments on
soil respiration, C-organic content, and soil properties and to de-
termine the factor of soil properties that most influence the rate
of soil respiration.

2. Materials and methods
2.1. Experimental site and time

This research is a field experiment carried out from June
2022 to September 2022 at Sidomulyo Village, Jabung District,
Malang Regency. The fertilizers used for paddy cultivation were

organic cow dung, vermicompost, vermicompost powder, rice
husk biochar, Urea fertilizer, super phosphate (SP-36), and KCl.
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The rice seed used was Inpago 12 variety. The tools used include
plastic jars, paper labels, small bottles, sickles, hoes, burettes,
measuring cups, erlenmeyer, dropper, and chemical bottles.
The soil respiration analyses of soil samples were carried out
using 0.1 M KOH, phenolphthalin, methyl orange, 0.1 M HCl and
aquades.

2.2. Experimental design

This study used a randomized block design (RBD) with 3
replications. The treatments tested included F1 = using chemical
fertilizers (200 kg Urea ha?, 100 kg SP-36 ha'and 100 kg KCl ha,
F2 = a half dose of chemical fertilizer and cow dung (2.5 kg m?),
F3 = a half dose of chemical fertilizer and vermicompost (2.5 kg
m2), F4 = a half dose of chemical fertilizer and liquid vermicom-
post powder (10 g L), F5 = cow dung manure (5 kg m?) + rice
husk Biochar (1 kg m2), F6= vermicompost (5 kg m2) + rice husk
biochar (1 kg m?), and F7= liquid vermicompost powder (10 g
L) +rice husk biochar (1 kg m2).

2.3. Implementation of experiment

The preparation of experimental land consisted of several
stages, namely clearing the land of weeds, manual tillage using a
minimum tillage system using a hoe. The next stage is making an
experimental plot with a size of 1m x 1m and arranged in a Ran-
domized Block Design where each treatment is repeated 3 times.
Organic amendment and fertilizer were applied one week be-
fore planting on each experimental plot according to the prede-
termined dose. Thus, the total experimental plots were 21 plots.
During plant growth, spraying was carried out using biopesti-
cides with a mixture of tobacco leaves and soursop leaves.

Soil sampling for analysis in the laboratory were taken four
times, namely 1 day after application of organic fertilizers and
amendments, 1 month, 2 months and 3 months after planting
the seeds. Soil sampling depth for the analysis is 0-20 cm. The
main variable observed in this study was soil respiration. The
time for measuring soil respiration in the field is the same as
when taking soil samples in the field. Other supporting data is
the measurement of soil temperature in the field at a depth of 20
cm using a soil thermometer. Measurement of soil respiration
was carried out twice a day for 2 hours, namely in the morn-
ing at 08.00 a.m and in the afternoon at 4.00 p.m. Soil respira-
tion was measured using the modified Verstraete method (Anas
1989), where the soil surface was covered with a plastic jar in
which a film bottle containing 10 ml of 0.1 M KOH was given.
Control sample (blank) was also prepared for each treatment us-
ing 10 ml H,0. After completing the measurement for 2 hours,
each bottle containing KOH and H,0 was closed with a bottle
cap, so that CO, could not be collected from the outside during
the trip to the laboratory. The quantity of C-CO, produced from
measurements in the field for 2 hours is determined by titration,
namely 2 drops of phenolphthalein are added to an erlenmeyer
flask containing 0.1 M KOH from the sample which is then titrat-
ed using 0.1 M HCI until the red color disappears. The volume
of HCl used was recorded and then 2 drops of methyl orange
were added and titrated again with HCI until the orange color
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changed to pink again. The amount of HCI used in both stages
of the titration is directly related to the amount of CO, fixed. The
same method was also carried out on film bottles whose soil sur-
face was covered with plastic as a control treatment using H,0.
Soil respiration can be calculated using the following formula:

(a-b)xtx12

€-C0,= Txzxr?

Remark: C-CO, = mg hr'm -2 a = ml HCI for sample, b = ml HCI
for blank, t = normality (N) HC], T = time (hours), and r = tube
radius jar (cm).

Supporting variables observed at the beginning and end of
the study included: (1) C-organic soil (Walkley and Black meth-
od); (2) soil pH (pH meter); (3) Soil moisture content (%) using
the Gravimetric method; and (3) Soil temperature (°C) using
a soil thermometer.

The data collected were analyzed by F test (P < 0.05) to de-
termine the effect of treatment on the measured variables. If the
results of the F test (P < 0.05) showed a significant effect, then
the difference in the average value of the data was further tested
using the LSD test (P < 0.05). To find out the soil properties that
have the most influence on soil respiration, multiple regression
analysis was carried out by using Minitab Version 18.

3. Results and discussion

3.1. The Effect of types of organic soil amendments
on soil respiration in upland paddy

The results of the measurement of soil respiration rate in
each organic soil amendment treatment showed that in gener-
al the soil respiration rate increased at 1 month after planting
(1 map), the next respiration rate until 3 months after planting

Response of soil respiration to organic soil amendments

decreased (3 map). In measuring soil respiration rate at one day
after application of soil amendment, plots using only organic
amendment (F5, F6, and F7) gave the highest soil respiration
rate. In measuring soil respiration rate one month after planting
(1 map), plots using a combination of chemical fertilizer and lig-
uid vermicompost powder (F4) and only organic amendments
F5 and F6 (cow dung+biochar and vermicompost+biochar) sta-
tistically had the same high respiration rates. In measuring soil
respiration rate at two months after planting (2 map), plots us-
ing cow dung+chemical fertilizer (F2), vermicompost+chemical
fertilizer (F3) and vermicompost+biochar (F6) statistically had
the same high respiration rates. In measuring soil respiration
rate at three months after planting (3 map), plots using chemi-
cal fertilizers (F1), chemical fertilizer+vermicompost (F3), cow
dung+biochar (F5) and vermicompost+biochar (F6) statistically
had the same high soil respiration rates. The highest average
respiration rate in all measurements was found in plot that used
cow dung + biochar, which was 301.24 mg hr' m?, while the
lowest was found in plots that used a combination of chemical
fertilizer+liquid vermicompost powder (F4) and those that used
liquid vermicompost powder+biochar (F7) 278.52 mg hr'm=
and 284.45 mg hr' m?, respectively (Fig. 1).

Organic soil amendments have a major impact on the mi-
crobial populations and activity in the soil, which in turn has
an impact on soil CO, emission (Hu et al., 2011; Ding et al., 2001).
Organic soil amendment can become a substrate for autotrophic
components such as live roots and mycorrhiza and heterotroph-
ic components (microbes) of soil respiration (Ryan and Law,
2005). The increase in CO, emissions due to an increase in the
soil microbial population occurs because the decomposition rate
of soil organic matter increases. In addition, this is also caused
by increased root respiration during plant growth (Lamptey et
al.,, 2019).

Plots with the application of organic fertilizer combined
with biochar gave a high respiration rate, especially in the cow
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Fig. 1. Effect of types of organic soil amendments on soil respiration in upland paddy at various measurement times (Remark: The bar chart marked
with the same letter with the same measurement time on various soil amendment treatments (F1-F7) showed no significant difference in the 5%

LSD test).
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dung+biochar treatment for all soil respiration rate measure-
ments. This shows that the addition of cow dung manure in-
creases the C-organic content of the labile fraction. Labile pools
of Soil Organic Matter (SOM) have a positive correlation with ba-
sal soil respiration (Benbi et al., 2015a; Benbi et al., 2015b). The
application of organic fertilizers into the soil can trigger micro-
bial growth and metabolism to become more active. Microbes
use organic matter to produce CO,, resulting in high respiration
rates (Shahbaz et al., 2017; Blagodatskaya et al., 2014; Berg and
McClaugherty, 2014; Condron et al, 2010). Comparatively to
plots without organic amendment, the application of inorganic
fertilizers along with organic fertilizers that have a low C:N ratio
can promote mineralization and raise CO, emissions (Liu et al,,
2008).

Plots using liquid vermicompost tend to have lower respira-
tion rates, especially in the treatment combined with chemical
fertilizers. The soil respiration is measures of CO, released from
soil as a result of decomposition of SOM and plant litter by soil
microbes. The lower respiration rate is due to the absence of ad-
dition of labile organic matter into the soil, which is readily and
most rapid released from soil result in high soil respiration rate.
Thus, the soil respiration activity occurs due to the mineraliza-
tion process of soil organic matter. Soil mineralization is the
process where organic nutrient available in the soil transform
to useful available nutrient to the plant. This is comparatively
slow respiration process than the process of labile organic mat-
ter. Further, Pan et al. (2009) reported that the replacement of
50% chemical fertilizers with organic fertilizers can reduce the
rate of soil respiration. A low soil respiration rate indicates lim-
ited availability of SOM or plant litter for soil microbes. It may
also signify soil conditions (temperature, moisture, aeration,
porosity, and available N) that limit biological activity and de-
composition. Under these conditions, nutrients are not released
from SOM or plant litter for use by plants and soil organisms
(USDA, 2014).

4.00
3.50
3.00

2.50

Soil organic carbon content (%)
N
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3.2. The Effect of types of organic soil amendments
on content of soil organic carbon in upland paddy

The results of the analysis of variance showed that the
type of organic soil management had a significant effect on the
content of soil organic carbon during the measurement period
of soil respiration. In all plots that received the addition of or-
ganic fertilizer, both a combination of inorganic+organic ferti-
lizers and organic fertilizer+biochar, there was an increase in
C-organic content in the measurement one month after planting
(1 map) compared to initial C-organic content. There was a de-
crease in C-organic content in plot that only used chemical ferti-
lizer compared to initial organic C content (Fig. 2). The results of
this study indicate that the addition of organic matter to the soil
can maintain the C-organic content in the agroecosystem (Bhat-
tacharya et al,, 2016). Soil properties, especially soil C-organic
content, are strongly influenced by the application of organic
fertilizers, amendments of organic and chemical fertilizers (Bar-
bera et al., 2012; Srinivasarao et al., 2014).

In the measurement of C-organic one day after fertiliza-
tion (1 daf) and one month after planting (1 map), the plot using
a combination of chemical fertilizer + vermicompost (F3) and
vermicompost + biochar (F6) had the highest organic C content.
In the measurements of two and three months after planting (2
maps, 3 maps), the plots using vermicompost+biochar (F6) had
the highest organic C content (Fig. 2).

Vermicompost is a slow-release organic fertilizer. The ef-
fect of vermicompost can last up to four successive mustard
planting periods (Nurhidayati et al., 2018). This shows that the
carbon stored by vermicompost is more stable than cow dung.
The addition of biochar also increases the C-organic content of
the soil. The results of this study are in line with the results of
research by Sarma et al. (2018) that the application of biochar
in crop cultivation significantly increased total organic Carbon
and soil organic Carbon storage and reduced the lability of Soil
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Fig. 2. Effect of types of organic soil amendments on C-organic content in upland paddy at various measurement times (Remark: The bar chart marked
with the same letter with the same measurement time on various soil amendment treatments (F1-F7) showed no significant difference in the 5% LSD

test).
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Organic Carbon fractions. According to Lal (2004), reducing ag-
ricultural greenhouse gas emissions and increasing carbon stor-
age/sequestration are urgent tasks that must be undertaken not
only to mitigate climate change but also to adopt good farming
practices like balanced fertilization and the addition of organic
amendments. This means that the more carbon stored in the
soil, the less CO, is released into the atmosphere.

3.3. Correlation of soil properties and soil respiration rate

This study also measures several soil properties that are
considered to affect the rate of soil respiration. Several soil
properties were measured, including total content of C-organ-
ic soil, soil pH, soil moisture content and soil temperature. The

Table 1

Response of soil respiration to organic soil amendments

four soil properties were measured in each soil respiration
measurement. The difference in fertilizer management used
provides a significant difference between the four soil prop-
erties. To determine the soil properties that have the greatest
influence on soil respiration, multiple regression analysis was
performed using Minitab Version 18 as presented in the fol-
lowing Table 1-4.

Soil respiration rates are dependent on dynamic soil fac-
tors, including SOM content, temperature, moisture, salinity, pH,
and aeration. Biological activity of soil organisms varies daily
and seasonally (USDA, 2014). Based on the results of multiple
regression analysis showed that soil moisture and soil tempera-
ture gave the greatest influence on the rate of respiration. This
is indicated by the P-Value <0.05 in the second (one month after

Coefficient values of several soil properties that affect soil respiration based on multiple regression analysis on soil

respiration measurements of one day after fertilization (1 daf).

Term Coef. SE Coef. T-Value P-Value VIF
Constant -1634 1124 -1.45 0.165

Soil Moisture (SM) -1.28 1.57 -0.81 0.427 1.49
Soil Temperature (ST) 62.6 36.0 0.102 1.86
Soil pH (SP) 56.9 57.8 0.339 5.47
Soil Organic Carbon (SOC) -33.8 32.1 -1.05 0.307 6.22

Regression equation of soil respiration at one day after fertilization (1 daf) :

Y =-1634-1.28 SM + 62.6 ST + 56.9 SP - 33.8 SOC

Table 2

Coefficient values of several soil properties that affect soil respiration based on multiple regression analysis on soil

respiration measurements of one month after planting (1 map).

Term Coef. SE Coef. T-Value P-Value VIF
Constant 139 121 0.268

Soil Moisture (SM) -3.040 0.703 -4.33 0.001 1.26
Soil Temperature (ST) 9.62 5.11 0.048 1.49
Soil pH (SP) 17.9 16.2 0.286 6.20
Soil Organic Carbon (SOC) -6.79 4.90 -1.39 0.185 5.92

Regression Equation of Soil Respiration at one month after planting (1 map) :

Y =139-3.040 SM +9.62 ST + 17.9 SP - 6.79 SOC

Table 3

Coefficient values of several soil properties that affect soil respiration based on multiple regression analysis on soil

respiration measurements of two months after planting (2 map)

Term Coef. SE Coef. T-Value P-Value VIF
Constant 181 163 0.282

Soil Moisture (SM) -3.354 0.677 -4.96 0.001 1.28
Soil Temperature (ST) 10.97 5.08 0.046 1.03
Soil pH (SP) -5.1 15.6 -0.33 0.746 3.25
Soil Organic Carbon (SOC) 15.88 8.75 0.088 3.61

Regression Equation of Soil Respiration at two months after planting (2 map):

Y =181-3.354 SM + 10.97 ST - 5.1 SP + 15.88 SOC
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Table 4
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Coefficient values of several soil properties that affect soil respiration based on multiple regression analysis on soil

respiration measurements of three months after planting (3 map).

Term Coef. SE Coef. T-Value P-Value VIF
Constant 318 481 0.66 0.519

Soil Moisture (SM) 0.97 1.26 0.76 0.456 1.52
Soil Temperature (ST) -8.5 13.6 -0.63 0.541 1.21
Soil pH (SP) 25.2 33.3 0.76 0.461 1.11
Soil Organic Carbon (SOC) -13.6 10.6 -1.28 0.220 1.39

Regression equation of soil respiration at three months after planting (3 map)

Y =318 +0.97 SM - 8.5 ST + 25.2 SP - 13.6 SOC

planting) and third (two month after planting) respiration meas-
urements. The regression coefficient for soil moisture is found to
be negative measured after one day of fertilization, one month
and two months after planting (Table 1-3), however, it appeared
to be positive three months after planting (Table 4). This means
that the higher the soil moisture, the respiration rate decreases.
Soil respiration generally increases as soil moisture increases.
Cook and Orchard (2008) reported that respiration rate is lin-
early correlated with soil water content. But on the contrary,
the research results showed that the higher the soil water con-
tent, the lower the soil respiration. During rice planting of this
study from June to October 2022, there were some rainy days
each month, which resulted in high soil moisture. Subsequent
rain events resulted in soil being too wet beyond field capac-
ity. Luo and Zhou (2007) reported that oxygen is limited when
the soil pores are filled with water, interfering with the ability
of soil organisms to respire. Ideal soil moisture content is near
field capacity, or when approximately 60% of the pore space is
filled with water. Respiration is limited in dry soils because of
the lack of moisture for microbial activity and other biological
activity. The soil at the study site has a clayey texture so that
the soil has a high water-holding capacity. In addition to envi-
ronmental factors, differences in organic soil amendment also
have a significant effect on soil moisture and soil temperature.
Several researchers reported that fertilization management ap-
plied affects soil moisture conditions and soil temperature so
that it affects the rate of soil respiration (Barbera et al., 2012;
Srinivasarao et al., 2014).

The regression coefficient for soil temperature is found to
be positive measured after one day of fertilization, one month
and two months after planting (Table 1-3), however, it appeared
to be negative three months after planting (Table 4). This means
that the higher the soil temperature, the higher the rate of soil
respiration. When normalized by soil temperature, the daily
soil respiration rate is highest when soil moisture is at the field
capacity and linearly declines with an increase or reduction in
soil suction (pF). As soil suction increases, the soil becomes dryer
and vice versa (Ito and Ishida, 2016).

When soil temperatures reach a high of 35 to 40°C, micro-
bial respiration more than doubles for every 10°C increase. Over
these temperatures, plant development, microbiological activity,
and respiration are restricted. Reduced soil respiration, nitrogen
loss through denitrification, and sulphur loss through volatiliza-
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tion occur when soils are wet or saturated (USDA, 2014). Simi-
larly, soil respiration is not sensitive to temperature under low
moisture (below 7.5% volumetrically) but is more responsive to
temperature under high moisture content (10 to 25%) (Carlyle
and Bathan, 1988). Since soil respiration is so large and is fre-
quently shown to rise exponentially with temperature, predic-
tions have been made that warming-related increases in soil
CO2 emissions could speed up climate change (Cox et al., 2000;
Davidson and Janssens, 2006).

4. Conclusions

Differences in soil management, especially soil manage-
ment using organic soil amendment significantly affect the rate
of soil respiration and soil C-organic content. In general, for all
measurements of respiration from each organic soil amendment
there was a tendency for an increase in the rate of soil respira-
tion at one month after planting. The highest respiration rate
was found in plots using the soil amendment combination of cow
dung+biochar. Plots using a combination ofliquid vermicompost
powder+chemical fertilizer and a combination of liquid vermi-
compost powder+biochar had the lowest soil respiration rates
in some measurements. The highest organic C content at three
months after planting was found in the treatment of a combi-
nation of vermicompost+biochar and vermicompost+chemical
fertilizer. The most influential factors on the respiration rate are
soil moisture content and soil temperature. These results sug-
gest that the viability of vermicompost and liquid vermicompost
powder either in combination with chemical fertilizers or alone
as a soil amendment to maintain organic soil carbon in the short
term.

Acknowledgments

The authors would like to thank Directorate of Higher Edu-
cation, Ministry of Education and Culture, Indonesia for their
financial support through the research grant scheme of the
University Excellent Research 2022 No. 0277/ES/AK.04/2022;
019/SP2H/PT/LL7/2022; 282/G164/U.LPPM/K/B.07/V1/2022. Insti-
tute for Research and Community Service, University of Islam
Malang is also acknowledged for assistance in carrying out this
research.



SOIL SCIENCE ANNUAL

References

Ahmed, A.T.A., Sekar, S., Lee, S., Im, H., Preethi, V., Ansari, A.S., 2022a.
Nitrogen-doped cobalt sulfide as an efficient electrocatalyst for hy-
drogen evolution reaction in alkaline and acidic media. Interna-
tional Journal of Hydrogen Energy 47(95), 40340-40348. https://doi.
0rg/10.1016/j.ijhydene.2022.04.076

Ahmed, A.T.A,, Lee C.H., Ansari, A.S., Pawar, S.M., Han, J., Park, S., Shin, G.,
Yeon, S., Cho, S., Seol, J., Lee, S.U., Kim, H., Im, H., 2022b. Hybridized
heterostructure of CoS and MoS, nanoparticles for highly-efficient
and robust bifunctional water electrolysis. Applied Surface Science
592(1), 153196.

Ahmed, A.T.A., Ansari, A.S., Kim, H., Im, H., 2022c. Ion-exchange synthesis
of microporous Co,S, for enhanced electrochemical energy storage.
International Journal of Energy Research 46(4), 5315-5319.

Ahmed, A.T.A,, Soni, R, Ansari A.S., Lee C.Y., Kim, H.S., Im, H., Bathula, C.,
2022d. Biowaste-derived graphitic carbon interfaced TiO, as anode
for lithium-ion battery. Surfaces and Interfaces 35, 102404.

Anas, I, 1989. Biologi Tanah dalam Praktek. Departemen Pendidikan dan
Kebudayaan Direktorat Jendral Pendidikan Tinggi. Pusat Antar Uni-
versitas Bioteknologi. Institute Pertanian Bogor, 161 pages. (In Indo-
nesian).

Ansari, A.A., Sartale, S.D., 2016. Narrow size distributed Ag nanoparticles
grown by spin coating and thermal reduction: Effect of processing
parameters. Materials Research Express 3(8), 085023.

Ansari, A.S., Chern, Z.Y,, Cai, PY,, Huang, YW, Liao, G.J., Wang, J.H., Luo,
M.F., 2019. Distinct dependence on size of Pt and Rh nanoclusters on
graphene/Pt(111) in the decomposition of methanol-d4. The Journal
of Chemical Physics 151(22), 224707.

Ansari, A.S., Raya, S.S., Shong, B., 2020. Mechanistic investigation on ther-
mal atomic layer deposition of group 13 oxides. The Journal of Physi-
cal Chemistry C 124(31), 17121-17134.

Ansari, A.S., Han, ].W,, Shong, B., 2021. Intermediates for catalytic reduc-
tion of CO, on p-block element surfaces. Journal of Industrial and En-
gineering Chemistry 96(25), 236-242.

Barbera, V.L.T.O., Poma, I, Gristina, L., Novara, A., Egli, M., 2012. Long-
term cropping systems and tillage management effects on soil or-
ganic carbon stock and steady state level of C sequestration rates in
a semiarid environment. Land Degradation & Development 23(1),
82-91. https://doi.org/10.1002/1dr.1055

Benbi, D.K,, Brar, K, Toor, A.S., Singh, P., 2015a. Total and labile pools
of soil organic carbon in cultivated and undisturbed soils in north-
ern India. Geoderma 237-238, 149-158. https://doi.org/10.1016/
j.geoderma.2014.09.002

Benbi, D.K, Kiranvir, B.R.A.R., Sharma, S., 2015b. Sensitivity of Labile
Soil Organic Carbon Pools to Long-Term Fertilizer, Straw and Ma-
nure Management in Rice-Wheat System. Pedosphere 25(4), 534-545.
https://doi.org/10.1016/s1002-0160(15)30034-5

Berg, B., McClaugherty, C., 2014. Does Humus Accumulate and Where?
What Factors May Influence? In Plant Litter. Springer, Berlin, Hei-
delberg 215-234.

Bhattacharya, S.S., Kim, K.H., Das, S., Uchimiya, M., Jeon, B.H., Kwon, E.,
Szulejko, J.E., 2016. A review on the role of organic inputs in main-
taining the soil carbon pool of the terrestrial ecosystem. Journal of
Environmental Management 167, 214-227. https://doi.org/10.1016/
jjenvman.2015.09.042

Blagodatskaya, E., Blagodatsky, S., Anderson, T.H., Kuzyakov, Y., 2014.
Microbial growth and carbon use efficiency in the rhizosphere and
root-free soil. PloS One 9(4), €93282. https://doi.org/10.1371/journal.
pone.0093282

Carlisle, E.A., Steenwerth, K.L., Smart, D.R., 2006. Effects of land use on
soil respiration: conversion of oak woodlands to vineyards. Journal
of Environmental Quality 35, 1396-1404. https://doi.org/10.2134/
jeq2005.0155

Response of soil respiration to organic soil amendments

Carlyle, J.C., Bathan, U., 1988. Abiotic controls of soil respiration beneath
an eighteen-year-old Pinus radiata stand in southeast Australia. Jour-
nal of Ecology 76, 654-662. https://doi.org/10.2307/2260565

Choi, S., Ansari, A.S., Yun, H.J., Kim, H., Shong, B., Choi, B.]., 2021. Growth
of Al-rich AlGaN thin films by purely thermal atomic layer deposi-
tion. Journal of Alloys and Compounds 854, 157186.

Conant, R.T, Drijber, R.A., Haddix, M.L., Parton, W.J., Paul, E.A., Plante,
AT, Six, J., Steinweg, J.M., 2008. Sensitivity of organic matter decom-
position to warming varies with its quality. Global Change Biology 14,
868-877, https://doi.org/10.1111/j.1365-2486.2008.01541.x

Condron, L., Stark, C., O’Callaghan, M., Clinton, P,, Huang, Z., 2010. The
Role of Microbial Communities in the Formation and Decomposition
of Soil Organic Matter. In: Dixon, G., Tilston, E. (eds) Soil Microbiology
and Sustainable Crop Production. Springer, Dordrecht. https://doi.
0rg/10.1007/978-90-481-9479-7_4

Cook, F.J., Orchard, V.A., 2008. Relationships between soil respiration and
soil moisture. Soil Biology & Biochemistry 40, 1013-1018. https://doi.
0rg/10.1016/j.s0ilbio.2007.12.012

Cox, PM,, Betts, R.A. Jones, C.D., Spall, S.A.,, Totterdell, LJ., 2000.
Acceleration of global warming due to carbon-cycle feedbacks in
a coupled climate model. Nature 408(6809), 184-187. https://doi.
org/10.1038/35041539

Das, K., Baruah, K.K,, 2008. A comparison of growth and photosynthetic
characteristics of two improved rice cultivars on methane emis-
sion from rainfed agroecosystem of northeast India. Agriculture,
Ecosystems & Environment 124, 105-13. https://doi.org/10.1016/
j.agee.2007.09.007

Davidson, E., Janssens, I, 2006. Temperature sensitivity of soil car-
bon decomposition and feedbacks to climate change. Nature 440,
165-173. https://doi.org/10.1038/nature04514

Ding, W., Cai, Y., Cai, Z., Zheng, X., 2006. Diel pattern of soil respiration in
N-amended soil under maize cultivation. Atmospheric Environment
40, 3294-3305. https://doi.org/10.1016/j.atmosenv.2006.01.045

Eswaran, H., van den Berg, E., Reich, P,, 1993. Organic carbon in soils of
the world. Soil Science Society of America Journal 57, 192-194. https://
doi.org/10.2136/sssaj1993.03615995005700010034x

Hu, ], Lin, X., Wang, J., Dai, J., Chen, R., Zhang, ]., Wong, M.H., 2011. Micro-
bial functional diversity, metabolic quotient, and invertase activity
of a sandy loam soil as affected by long-term application of organic
amendment and mineral fertilizer. Journal of Soils and Sediments 11,
271-280. https://doi.org/10.1007/s11368-010-0308-1

Ito, D., Ishida, S., 2016. Short-and long-term effects of soil moisture on soil
respiration in an apple orchard. Journal of Agricultural Meteorology
72(2), 63-71. https://doi.org/10.2480/agrmet.D-15-00016

Janzen, H.H., 2004. Carbon cycling in earth systems: a soil science per-
spective. Agriculture, Ecosystems & Environment 104(3), 399-417.
https://doi.org/10.1016/j.agee.2004.01.040

Khadtare, S.S., Ansari, A.S.A., Sartale, S.D., Jadkar, S.R., Pathanet
H.M., 2014. ZnO nanocactus loaded with gold nanoparticles for
dye sensitized solar cells. IEEE Xplore, International Renew-
able and Sustainable Energy Conference, https://doi.org/10.1109/
IRSEC.2014.7059875

Khadtare, S.S., Ansari, A.S., Pathan, H.M., Han, S.H., Mahadevan, K.M.,
Mane, S.D., Bathula, C., 2019. Silver nanoparticles loaded ZnO pho-
toelectrode with Rose Bengal as a sensitizer for dye sensitized solar
cells. Inorganic Chemistry Communications 104, 155-159.

Lal, R., 2004. Soil carbon sequestration in India. Climate Change 65,
277-296. https://doi.org/10.1023/B:CLIM.0000038202.46720.37

Lamptey, S., Xie, ], Li, L., Coulter, J.A., Jagadabhi, P.S., 2019. Influence
of organic amendment on soil respiration and maize productiv-
ity in a Semi-Arid environment. Agronomy 9(611), 1-14. https://doi.
org/10.3390/agronomy9100611

Le Mer, J., Roger, P., 2001. Production, oxidation, emission and consump-
tion of methane by soils: a review. European Journal of Soil Biology
37, 25-50. https://doi.org/10.1016/S1164-5563(01)01067-6

169655



Nurhidayati et al.

Levine, U.Y,, Teal, T.K., Schmidt, T.M., 2011. Agriculture’s impact on micro-
bial diversity and associated fluxes of carbon dioxide and methane.
The ISME Journal 5, 1683-1691. https://doi.org/10.1038/isme;j.2011.40

Liu, J, Li, S., Ouyang, Z., Tam, C., Chen, X., 2008. Ecological and socioeco-
nomic effects of China’s policies for ecosystem services. Proceedings
of the National Academy of Sciences 105(28), 9477-9482. https://doi.
org/10.1073/pnas.07064361

Luo, Y., Zhou, X., 2007. Controlling Factors. In Soil Respiration and the
Environment. Higher Education Press, Beijing, China, 9-10.

Maier, C.A., Kress, L.W., 2000. Soil CO, evolution and root respiration
in 11 year-old loblolly pine (Pinus taeda) plantations as affected
by moisture and nutrient availability. Canadian Journal of Forest
Research 30(3), 347-359. https://doi.org/10.1139/x99-21

Mielnick, P.C., Dugas, W.A., 2000. Soil CO, flux in a tallgrass prairie. Soil
Biology and Biochemistry 32(2), 221-228. https://doi.org/10.1016/
S0038-0717(99)00150-9

Nurhidayati, N., Machfudz, M., Murwani, I., 2018. Direct and residual
effect of various vermicompost on soil nutrient and nutrient uptake
dynamics and productivity of four mustard Pak-Coi (Brassica rapa
L.) sequences in organic farming system. International Journal
of Recycling of Organic Waste in Agriculture 7, 73-181. https://doi.
0rg/10.1007/s40093-018-0203-0

Pan, G, Zhou, P, Li, Z., Smith, P, Li, L., Qiu, D., Zhang, X., Xu, X., Shen,
S., Chen, X., 2009. Combined inorganic/organic fertilization enhances
N efficiency and increases rice productivity through organic car-
bon accumulation in a rice paddy from the Tai Lake region, China.
Agriculture, Ecosystems & Environment 131, 274-280. https://doi.
org/10.1016/j.agee.2009.01.020

Paustian, K.A.0.].H., Andren, O., Janzen, H.H,, Lal, R, Smith, P, Tian, G.,
Tiessen, H., Van Noordwijk, M., Woomer, P.L., 1997. Agricultural soils
as a sink to mitigate CO, emissions. Soil Use and Management 13,
230-244. https://doi.org/10.1111/j.1475-2743.1997.tb00594.x

Paustian, K., Six, J., Elliott, E.T., Hunt, H.W., 2000. Management options for
reducing CO, emissions from agricultural soils. Biogeochemistry 48,
147-163. https://doi.org/10.1023/A:1006271331703

Raya, S.S., Ansari, A.S., Shong, B., 2020. Molecular adsorption of NH, and
NO, on Zr and Hf dichalcogenides (S, Se, Te) monolayers: a density
functional theory study. Nanomaterials 10(6), 1215.

Ryan, M.G., Law, B.E., 2005. Interpreting, measuring, and modeling soil
respiration. Biogeochemistry 73, 3-27. https://doi.org/10.1007/s10533-
004-5167-7

169655

SOIL SCIENCE ANNUAL

Sarma, B., Farooq, M., Gogoi, N., Borkotoki, B., Kataki, R., Garg, A., 2018.
Soil organic carbon dynamics in wheat-Green gram crop rotation
amended with vermicompost and biochar in combination with inor-
ganic fertilizers: A comparative study. Journal of Cleaner Production
201, 71-480. https://doi.org/10.1016/j.jclepro.2018.08.004

Sartale, S.D., Ansari, A.A., 2013. Growth of Ag nanoparticles by spin coat-
ing. Journal of Nano Research 24, 163-167.

Shahbaz, M., Kuzyakov, Y., Sanaullah, M., Heitkamp, F., Zelenev, V.,
Kumar, A., Blagodatskaya, E., 2017. Microbial decomposition of soil
organic matter is mediated by quality and quantity of crop resi-
dues: mechanisms and thresholds. Biology and Fertility of Soils 53,
287-301. https://doi.org/10.1007/s00374-016-1174-9

Song, B., Almatrafi, E., Tan, X., Luo, S., Xiong, W., Zhou, C., Qin, M., Liu,
Y., Cheng, M., Zeng, G., Gong, ]J., 2022. Biochar-based agricultural soil
management: An application-dependent strategy for contributing to
carbon neutrality. Renewable and Sustainable Energy Reviews 164,
112529. https://doi.org/10.1016/j.rser.2022.112529

Srinivasarao, C.H., Venkateswarlu, B., Lal, R., Singh, A.K., Kundu, S., Vittal,
K.P.R, Patel, ].]., Patel, M.M., 2014. Long-term manuring and fertilizer
effects on depletion of soil organic carbon stocks under pearl mil-
let-cluster bean-castor rotation in Western India. Land Degradation
& Development 25(2), 173-183. https://doi.org/10.1002/1dr.1158

Toloczko, W., Niewiadomski, A., 2015. Measurements of selected green-
house gases exhalation by using the closed-chamber technique and
calculation of hour expiration with regard to CO, emissions. Acta Uni-
versitatis Lodziensis Folia Geographica Physica 14, 69-74.

Toloczko, W., Niewiadomski, A., 2018. Seasonal and daily variability of
CO, emissions from the Czerwone Bagno peat bog in Biebrza National
Park (Poland). Polish Journal of Soil Science 50(2), 217-235.

USDA., 2014. Soil Respiration. Soil Health-Guides for Educator. USDA.
NRCS. 10 pages

Wu, Y.-C., Ansari, A.S., Dutta, D., Hsiao, K.-]., Lee, L.-H., Lai, Y.-L., Hsu, Y.-].,
Liao, T.-W., Chou, J.-P,, Luo, M.-F. 2022. Catalyzed Decomposition
of Methanol-d-on Vanadium Nanoclusters Supported on an Ultrathin
Film of Al-O-/NiAl (100). Journal of Physical Chemistry C 126(8),
3903-3914.

Zschornack, T., Rosa, C.M.D., Reis, C.E.S.D., Pedroso, G.M., Camargo, E.S.,
Santos, D.C.D., Boeni, M., Bayer, C., 2018. Soil CH, and N,O emissions
from rice paddy fields in southern Brazil as affected by crop manage-
ment levels: A three-year field study. Revista Brasileira de Ciencia do
Solo 42, e0170306. https://doi.org/10.1590/18069657rbcs20170306




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


