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Abstract

The low organic matter content of paddy soils impacts the declining quality of land. Without the efforts
to enrich the soil organic matter (SOM) content, the productivity of paddy fields will decrease or the
need for inorganic fertilizers will increase to reach the level of yield. The present research aims to
determine the effect of differences in organic and conventional paddy fields management practices on
soil organic carbon (SOC) content and biological activities. The research was conducted from July to
September 2018 on organic and conventional paddy fields in Dukuhseti Sub-district, Pati Regency,
Central Java, Indonesia. Sampling points were taken from six organic samples in the organic paddy
fields while the other six samples were taken from conventional paddy fields. The variables observed in
this research were organic C, pH, total N soil, total bacterial colonies, soil respiration and microbial
biomass C. The results show that the organic C content in the organic paddy field (2.4%) was higher
than that of the conventional paddy field (1.8%). The C content of organic paddy fields increased by
0.6%. The differences of the total bacterial colonies, soil respiration and microbial biomass C between
organic paddy fields and conventional paddy fields were 11.5 CFU g, 7.42 mg CO, week™® and 0.51
ug g, respectively, because the use of organic farming systems could improve the biological nature of
soils and caused biological activity in organic paddy fields to have the highest value compared to
conventional paddy fields.
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INTRODUCTION can improve soil fertility and crop yields (Zhang
etal., 2016).

Rice cultivation is a dominant factor causing
the low productivity of rice plants, one of which
is the problem of soil fertility, especially the
content of organic matter in the soil. Maintaining
SOC on agricultural land is important for
increasing agricultural productivity. Tillage can
often destroy soil organic matter (SOM) and
accelerate the movement of SOM into deep soil.
Various agricultural practices such as residual
retention, tillage, fertilization and irrigation affect

Rice is a staple food for more than 50% of the
world's population (Nachimuthu et al., 2015). An
increase in rice production is needed to meet the
demand for food from a rapidly developing
population (Liu et al., 2016). Improving soil
fertility, especially soil organic carbon (SOC)
content (PospiSilova et al., 2011), has an
important role in maintaining a sustainable growth
in rice yield (Zhao et al., 2016). Increasing SOC
content mainly through organic amendments
(such as green manure, manure and crop residues)
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agricultural land, including soil fertility and
regional and/or global carbon (C) cycles. Changes
in soil chemistry under reduced environmental
conditions and a very limited supply of O in the
inundation system greatly put effect on the
dynamics of SOC. Major processes that contribute
to the dynamics of SOC in a soil-waterlogged soil
environment include the changes in soil pH and
the reduction of C and N (Fageria et al., 2011).

Paddy fields are sources of high capacity soil
C sequestration (Lu et al., 2009). Various land
management practices, such as tillage, straw
management, fertilization, irrigation and crop
rotation, significantly influence GHG emissions
(Arunrat et al.,, 2017), soil C sequestration
(Bhattacharyya et al., 2010), rice production and
food security (Nguyen, 2006). Most of Indonesia's
agricultural land has low organic matter content,
while 23% is moderate and 4% is high. Without
the efforts to enrich SOM content, it is feared that
the productivity of paddy fields will decrease or
the need for inorganic fertilizers will increase to
reach the level of yield achieved today in a short
time, but if the waste is returned to the soil,
gradually there will be an increase in SOM
content.

One of the important strategies to overcome a
decrease in rice production in conventional
farming systems is by increasing SOC storage.
SOC has a strong relationship with crop yields
(Lal, 2004). Rice production increases 10-50 kg
hal with each additional C stock of 1 ton C ha*
year! (Lal, 2011). A combination of land
preparation and straw returns has a significant
effect on SOC fraction, the results vary under
different soil or climate conditions. Treatment
without tillage and with shallow tillage with
residual cover have significantly higher SOC than
conventional tillage without residue cover.
Ghimire et al. (2017) have revealed that in the
Chitwan Valley of Nepal, without tillage with the
application of plant residues in the upper soil
depths, the SOC sequestration was much higher
than conventional tillage with crop residues.

The area of Pati Regency is 150,368 ha,
consisting of 58,448 ha (39.38%) of paddy fields
and 91,920 ha (60.62%) of non-paddy fields.
Based on the description above, this research is
important for paddy fields. Previous research on
organic C in paddy soils with organic and
conventional farming systems in Juwiring and
Bantul have been carried out, but in this research,
additional biological activities and differences in

research locations are given more attention. The
research location has implemented organic
farming for three years, but studies on C content
and biological activity have not been conducted.
This research aims to determine the influence of
differences in management practices between
organic and conventional paddy fields on SOC
content and soil biological activities, and to find
out the relationship between organic C content in
the soil and biological activities in the research
location.

MATERIALS AND METHOD

Sampling and field observations were carried
out in organic and conventional paddy fields in
Dukuhseti Sub-district, Pati Regency, Central
Java, Indonesia. The research was conducted from
July to September 2018. This study is descriptive
exploratory through field surveys. Sampling
locations were determined by stratified random
sampling using Land Map Units. Soil sampling
for laboratory analysis was done using purposive
sampling. Sampling points were taken from six
organic samples in the organic paddy field while
six samples were taken from conventional paddy
fields.

Organic agriculture is a crop production
approach with maximum reliance on locally or
farm-produced fertilizers or manures and
minimum reliance on chemical and synthetic
fertilizers. On the other hand, conventional
agriculture is another approach with heavy
reliance on synthetic agro-chemicals. Sampling at
each point was carried out at 0-20 cm depth with
1 m distance each in the direction, taking at five
point. The samples were then combined, placed in
plastic bags that had been labeled. All soil
samples for biology were put in a special place
(cool box) before being analyzed in the
laboratory. The analysis of samples was
conducted in the laboratory and was repeated
three times, the total treatments were 36.

The tools used for field analysis include maps,
GPS (Global Positioning System), ground drill,
label paper, cool box, clinometer, hoe, plastic and
stationery while the materials used include pH
stick, aquades, KClI, H,0,, K;Fe;SO4, KCNS, HCI
1.2 N and HCI 2 N. The equipment used in the
laboratory analysis includes pH meters,
spectrophotometers, pipettes, electric heaters,
digestion tubes, Petri dish, micropipettes,
desiccators, electric pumps, Whatman filter paper
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and weigh bottles while the materials used include
aquades, Zn grains and chemicals such as KCI,
alcohol, NaCl, NaOH, H3BOs, concentrated
H.SO,, standard solutions, organic paddy soils
and conventional, NA media, sterile physiological
salts, KOH 0.2 N, phenolphthalein, HCI 0.2 N,
methyl orange, BaCl, 3 N, K,Cr,O7 1 N solution,
0.5 M K3SQ4, chloroform and lime soda.

The observation variables in this study
consisted of chemical and biological properties of
soil, including organic C (Walkley and Black
method), soil pH (soil: H.O Electrometric
method), total soil N (Kjeldahl method), total
bacterial colonies (total plate count), soil
respiration (Verstraete method by Anas, 1989)
and microbial biomass C (Fumigation and
Extraction method). The results of the study for
each organic and conventional paddy fields were
analyzed using a T-test with a level of 95% and
a correlation test using SPSS version 23 for

Table 1. The characteristic of sampling locations

windows.

RESULTS AND DISCUSSION

General condition of research location

The climate type in Dukuhseti Sub-district
according to Oldemen is E1 (if there are less than
three consecutive wet months and less than two
dry months). This research location has two
management systems, organic and conventional
systems with technical irrigation. Fertilization in
organic paddy fields was done before planting
with organic fertilizer of cow manure as much as
4,000-5,000 kg ha’. Fertilization in conventional
paddy fields was conducted using urea fertilizer as
much as 300 kg ha?, superphosphate SP-36 as
much as 50 kg ha™ and KCI fertilizer as much as
75 kg hat. The conversion of paddy fields from
conventional to organic was for three years. Data
on soil sampling characteristics are presented in
Table 1.

Altitude Type_z of Paddy field Latitude Longitude Species

(m asl) soil management systems
22 Alluvial Organic 6°27.904'S  110° 58.746’E  Rice, grass, azolla
21 Alluvial Organic 6°29.251'S  110° 58.936’E  Rice, grass, azolla
26 Alluvial Organic 6°29.690'S  110°58.687’E  Rice, grass, azolla
26 Alluvial Organic 6°25.973'S  110°59.477°E Rice, grass, azolla

5 Alluvial Organic 6°26.895'S  111°2.068’E  Rice, grass, azolla

23 Alluvial Organic 6°27.363'S 111°2.404’E  Rice, grass, azolla
30 Alluvial Conventional 6°27.758'S  111°2.229°E  Rice
30 Alluvial Conventional 6°28.109'S 111°1.921’E Rice
25 Alluvial Conventional 6°28.841'S 111°1.804°E Rice
24 Alluvial Conventional 6°29.470'S 111°2.785’E  Rice
40 Alluvial Conventional 6° 25.577'S  110°59.916’E Rice
40 Alluvial Conventional 6°27.641'S 111°1.497°E Rice

Note: m asl = meter above sea level

The soil type in this research site belongs to
alluvial soil. The results of mineral and chemical
analyses of alluvial wetland soils published by
Prasetyo (2008) reported that the paddy soils of
alluvial deposits have highly varied mineral
composition and chemical properties, influenced
by the type of sediment material, which was the
parent material. Vegetation in the fields applying
organic rice farming system included rice, grass
and Azolla, while the vegetation in conventional
paddy fields merely comprised rice plantation.
This shows that the diversity of vegetation in
organic paddy fields was better than that in
conventional paddy fields.

Organic C content, pH and total N in organic
and conventional paddy fields

The results of the analysis of C content, soil pH
and total N in organic and conventional paddy
fields are presented in Table 2. Based on the rating
provided by the Soil Research Institute (2009), the
results of the analysis of organic C content shown
in Table 2 were moderate to low. The highest
levels of organic C were found at the point sample
of organic 1, which was 2.6%, while the lowest C
level was found in the sample point of
conventional 2, which was 1.5%. The results of
the statistical analysis (T-test) are presented in
Table 3. The analysis shows that there was a
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highly significant difference between the C
content in the organic paddy fields and that in the
conventional paddy fields. The average organic C
content in organic paddy fields was 2.4%, while
the average organic C content in conventional

paddy fields was 1.8% with a significant value
p<0.01. SOC is an essential component of the
global C cycle (Viscarra Rossel et al., 2019).
Organic content affects the amount and the
metabolic activity of soil organisms.

Table 2. The results of the analysis of organic C content, pH and total N at each sample point

Sample point Organic C (%) Soil pH Total N (%)
Organic 1 2.6 (x0.1)M 6.7 (x0.1)N 0.45 (x0.03)M
Organic 2 2.5 (x0.3)M 6.9 (x0.1)N 0.42 (x0.05M
Organic 3 2.1 (x0.4)M 6.7 (x0.0)N 0.43 (x0.11)M
Organic 4 2.5 (x0.1)M 6.7 (x0.1)N 0.33 (x0.02)M
Organic 5 2.5 (x0.2)M 7.3 (x0.1)N 0.42 (+0.06)M
Organic 6 2.3 (x0.1)M 7.1 (x0.1)N 0.42 (£0.06)M
Conventional 1 1.8 (x0.5)L 5.1(x0.1)A 0.30 (x0.11)M
Conventional 2 1.5 (x0.0)L 6.1 (x0.1)A 0.31 (x0.06)M
Conventional 3 1.8 (x0.2)L 6.3 (£0.1)SA 0.28 (x0.02)M
Conventional 4 1.9 (x0.2)L 6.4 (x0.1)SA 0.27 (£0.04)M
Conventional 5 1.8 (x0.1)L 5.0 (x0.00A 0.31 (x0.09M
Conventional 6 1.9 (x0.1)L 6.1 (£0.1)SA 0.25 (x0.01)M

Note: M = Moderate; L = Low; N = Neutral; A= Acid; SA = Slightly Acid

Table 3. The results of analysis of T-test for
organic C content, soil pH and total N

Paddy field Organic  Soil  Total N
management system C (%) pH (%)
Organic 2.4a 6.9a 0.41a
Conventional 1.8b 5.8b 0.28b

Note: The numbers followed by different letters in the
same column show significant different results
according to the T-test (o = 0.05)

Afandi et al. (2015) have stated that the more
organic material is added to the soil, the increase
in organic C content resulting from the
decomposition process is higher. The organic C
content in organic paddy fields was the highest
because the input was fertilized with cow manure
and had a greatly diverse vegetation, especially
from grass plants that were decomposed into
SOM. The plant materials left in the field, will
undergo a decomposition process that is a source
of nutrients for plants (Liu et al., 2013).

Based on the ratings provided by the Soil
Research Institute (2009), the results of soil pH
analysis presented in Table 2 revealed that soil pH
in some locations varied, from acidic, slightly
acidic to neutral. The sample point in organic
paddy soils had a soil pH ranging from 7.3 to 6.9
(neutral). Soil pH in conventional paddy fields
reached 5.0-5.1 (acid), particularly in conven-
tional 1 and 5, while at the conventional paddy
fields 2,3,4 and 6, the pH ranged from 6.1 to 6.4,

classified as slightly acidic. The highest soil pH
level (7.3) occurred at the sample point of organic
paddy field 5, while the lowest level, which was
5.0, occurred at the sample point of conventional
paddy field 5. The results of the statistical analysis
(T-test) are displayed in Table 3. The results of the
analysis indicated a significant average difference
between the degree of soil pH in organic paddy
fields and the pH level of soil in conventional
paddy fields. The pH level of soil in organic paddy
fields had an average score of 6.9, while the
average pH level of conventional paddy fields was
5.8 with a significant difference at p<0.01. Soil
pH is a major factor affecting the availability of
soil nutrients and chemicals in the soil. Land use
and topographic are the underlying factors (Yan et
al., 2019). Acid soils limit the efficient use of N,
P, K, Ca, Mg and Mo, as well as Al and Mn
toxicity, leading to low availability of nutrients,
resulting in low crop yields. Organic matter
releases negative charges to bind H* in acidic
soils, or releases H* in subgrade. Increasing the
amount of organic matter at the soil surface can
increase and stabilize soil pH in acid soils
(McCauley et al., 2017).

Based on the assessment from the Soil
Research Institute (2009), the results of the
analysis of N content of all paddy soils shown in
Table 2 indicated that the total N content of soils
was moderate, ranging between 0.25% and
0.45%. In general, organic paddy soils had a
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higher total N content, compared to conventional
paddy soils. The sample point in organic paddy
soils had a total soil N ranging from 0.33% to
0.45% (moderate). Conventional paddy soils had
a total N of soil ranging between 0.25% and
0.31% (moderate). The highest total N content of
soil was found at organic sample point 1, which
was 0.45%, while the lowest total N content of
soil was found in conventional sample point 6,
which was 0.25%. The outcomes of the statistical
analysis (T-test) are presented in Table 3. The
results of the analysis demonstrated that there was
a significant average difference between the total
N content of soils in organic paddy fields and the
total N content of soils in conventional paddy
fields. The total N content of soils in organic
paddy fields had an average of 0.41%, while the
average N content in the conventional paddy
fields was 0.28% with a significant difference
value at p<0.01. Low input production systems, N
release from SOM turnover, is the major part of
the crop’s N supply (Nendel et al., 2019). Wang
et al. (2015) mentioned that by reducing or
inhibiting the process of nitrification in paddy
fields, plants can take more available NH4*,

thereby increasing the efficiency of N absorption
and reducing the environmental impact caused by
N losses.

The biological activities in organic and
conventional paddy fields

Based on the calculation of the total soil
bacterial colonies presented in Table 4, the highest
total soil bacterial colonies were found at the
organic point sample 1, 30.9x10® CFU g* with
organic C content of 2.6%, while the lowest total
bacterial colonies were found in conventional
sample point 2, 4.1x108 CFU g with organic C
content of 1.5%. The results of the statistical
analysis (T-test) of total bacterial colonies are
shown in Table 5. The results revealed a very
significant average difference between the total
bacterial colonies in organic paddy fields and the
total bacterial colonies in conventional paddy
fields. Based on the average value, it is known that
the average of organic paddy fields was greater,
which was 19.8x10® CFU g?, compared to
conventional paddy fields, which was equal to
5.3x108 CFU ¢! with a significant value
(difference at p<0.01).

Table 4. The content of organic C, total bacterial colonies, soil respiration and microbial biomass C at

each sample points

Total bacterial

Soil respiration Microbial biomass C

Sample point colonies (CFU gr?) (mg CO, week™?) (ug g
Organic 1 30.9 x 108 33.05( £1.63)I 1.30+£0.32
Organic 2 17.9 x 108 28.80 (x0.08)M 0.86 £0.21
Organic 3 13.3 x 108 26.33 (x1.19)M 0.74+£0.18
Organic 4 20.0 x 108 30.03 (x1.65)M 0.88 £ 0.22
Organic 5 23.0 x 108 30.99 (+0.85)M 1.14+0.28
Organic 6 13.5 x 108 26.88 (x1.19)M 0.80+0.20
Conventional 1 8.4 x 108 21.67 (x1.07)M 0.39+£0.10
Conventional 2 4.1 x 108 19.06 (+0.92)M 0.14 £ 0.04
Conventional 3 5.3 x 108 20.43 (£0.69)M 0.39+0.10
Conventional 4 12.5 x 108 25.37 (x1.54)M 0.68 £0.17
Conventional 5 8.4 x 108 22.22 (x0.17)M 0.46 £0.11
Conventional 6 10.9 x 108 22.77 (20.74)M 0.62 +0.15

Note: M = Moderate; L = Low; | = Ideal

Table 5. The results of analysis of T-test organic C content, total bacterial colonies, soil respiration and

microbial biomass C

Paddy field Total bacterial colonies Soil respiration C microbial biomass
management system (CFU g?h (mg CO, week™?) (Lg gh)
Organic 19.8 x 10% 29.34a 0.95a
Conventional 8.3 x 10% 21.92b 0.44b

Note: The numbers followed by different letters in the same column show significant different results according

to the T-test (a = 0.05)
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Zhichen et al. (2015) have stated that land
without tillage has a low level of disturbance so
that it protects microbial life and is suitable for its
breeding. The amount of CO, produced by soil
respiration (microbes) based on the results of soil
respiration analysis presented in Table 4 confirms
that the highest soil respiration was at organic
point sample 1, which was 33.05 mg CO. week™
with the organic C content of 2.6%, while the
lowest soil respiration was at conventional sample
point 2, which was 19.06 mg CO, week* with the
organic C content of 1.5%. The results of the
statistical analysis (T-test) of soil respiration are
displayed in Table 5. The results indicate that
there was a vastly significant average difference
between soil respiration in organic paddy and that
in conventional paddy fields. Based on the
average value of soil respiration it is known that
the average in organic paddy fields is greater by
29.34 mg CO, week™ compared to conventional
paddy fields which is equal to 21.92 mg CO;
week with a significant (difference at p<0.01).

Soil respiration is the largest C flux from
terrestrial ecosystems to the atmosphere (Yan et
al., 2019). The higher the total number of
microorganisms and the increasing amount of
organic material in the soil, the higher the value of
microorganism respiration will be. Increased
respiration rate also increases the rate of
decomposition of organic matter that accumulates
in the soil, metabolic processes that produce waste
products in the form of CO, and H,O and the
release of energy (Jauhiainen et al., 2012).
According to Hedo de Santiago et al. (2016), the
low respiration value due to poor restoration of
vegetation that causes the recovery of little
organic matter in the soil.

The analysis of soil microbial biomass C
summarized in Table 4 shows that the highest soil
microbial biomass C was found at sample point of

organic sample point 1, which was 1.30 pg g*
with the organic C content of 2.6%, while the
lowest microbial biomass C was found at sample
point conventional 2, which was 0.14 pg g* with
the organic C content of 1.5%. The results of
statistical analysis (T-test) of microbial biomass
are shown in Table 5. The results show a highly
significant average difference between microbial
biomass C in the organic paddy fields and in the
conventional paddy fields. Based on the average
C value in soil microbial biomass, it is apparent
that the average value in organic paddy fields was
greater, which was 0.95 pg g, compared to the
average value in conventional paddy fields, which
was 0.44 ug g?, with a significant difference at
p<0.01. The high value of soil microbial biomass
C on a land can be caused by several conditions
supporting the availability of abundant litter as a
food source of microorganisms, land cover
density and organic C content (Chen et al., 2010;
Fang et al., 2014; da Silva et al., 2014). Microbes
and organic C are generally more sensitive to
land-use changes than physical properties
(Sharma et al., 2012). Microbial biomass
decreases more rapidly after land-use changes
(Guillaume et al., 2016). Soil microbial biomass
accounts for 1-3% of the total organic C in soil
and provides nutrients through the mineralization
process (Santos et al., 2012).

The results of correlation analysis (Table 6)
show that there was a strong positive correlation
among organic C and soil pH (r=0.729), total N
(r=0.769), total bacterial colonies (r=0.919), soil
respiration (r=0.974) and microbial biomass C
(r=0.942). Supriyadi (2008) has reported that
organic matter has an important role in
determining soil quality for the sustainability of
agricultural production through its effect on the
physical, chemical and biological properties of the
soil.

Table 6. The results of correlation analysis between the content of organic C, pH, total N and biological
activity (total colony of bacteria, soil respiration and microbial biomass C)

. Total Total bacterial Soil Microbial
Parameters Soil pH . ; . .
nitrogen colonies respiration biomass C
Organic C 0.729**  0.769** 0.919** 0.974** 0.942**
Soil pH 0.646* 0.596* 0.693* 0.680*
Total nitrogen 0.692* 0.741** 0.709**
Total bacterial colonies 0.969** 0.969**
Soil respiration 0.975**

Note: ** = Correlation is significant at the 0.01 level (2-tailed); * = Correlation is significant at the 0.05 level

(2-tailed)
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CONCLUSIONS

The C in organic paddy fields (2.4%) was
higher than the content in conventional paddy
fields (1.8%). The C content in organic paddy
fields increased by 0.6%, compared to the C
content in conventional paddy fields. Organic
paddy fields had higher values of various aspects,
including the total bacterial colonies (19.8 CFU
g?), soil respiration (29.34 mg CO, week?) and
microbial biomass C (0.95 upg g%), than
conventional paddy fields, with (8.3 CFU g%),
(21.92 mg CO, week™) and (0.44 ug g1), because
the application of organic farming systems could
improve the characteristics of soil biological
characteristics. Increased C content in organic
paddy fields by 0.6% was caused by high
biological activity, compared to conventional
paddy fields. The differences of the total bacterial
colonies, soil respiration, and microbial biomass
C between organic paddy fields and conventional
paddy fields were 11.5 CFU g*, 7.42 mg CO;
week™? and 0.51 pg g2, respectively.
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