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PREFACE

Climate change is a global problem promoted by global warming. It leads to uncertain climatic
conditions such as floods, droughts, landslides, high waves, and sea level rise. It also resulting into
extreme changes in Biodiversity, including the emerge of new variety of microorganism, including
viruses. It significantly contributes in resulting the economic casualties and ecological losses. The
new coronavirus (Covid-19) outbreak is also supposed to be the impact of climate change, where
the mutation of the coronavirus species occurred due to the extreme change in the surrounding
environment. Climate change impact is not only disease outbreak, disasters such as drought, flood,
extreme heat and others are also among the threats. Those are resulted by the increasing

greenhouse gases emission by human activities.

We acknowledge to all the speakers at The 5% ICCC 2020, i.e.: Prof. Dr. Sutarno from Sebelas
Maret University, Indonesia; Dr. Agung Suryawan Wiranatha from Udayana University, Indonesia;
Dr. Takashi S.T. Tanaka from Gifu Univ., Japan; Dr. James MacGregor from World Planet, Canada;
Prof. Dr. M. Nasir Uddin from Texas A&M Univ., USA; Dr. Emmy Latifah from UNS, Indonesia;
Prof. Dr. Sanjib K. Panda from Rajashtan University, India; Dr. Mahawan Karuniasa, Member of
PCCB, UNFCCC; Chairman of Indonesia Expert Network for Climate Change and Forestry, APIKI
and Lecturer in University of Indonesia. We also express our highest gratitude to the Guest Editors
who assisted in reviewing the papers, including Prof. Dr. MTh. Sri Budiastuti from Sebelas Maret
University,Indonesia; Dr. Keigo Noda from Gifu University Japan; Dr. James MacGregor from
Ecoplanet, Canada; Dr. Anthony Kent from RMIT Univ., Australia, and other reviewers we cannot

mention one by one.

The purpose of the 51 ICCC was to accommodate the new related inspiration and innovation about
how to minimize the climate change impact at present. It formulated a comprehensive and efficient
strategies on how to minimize the risk of outbreak and hazards caused by climate change. The 5%
ICCC was organized by Graduate School of Sebelas Maret University, Indonesia collaborated with
The United Graduate School of Agricultural Science, Gifu University, Japan and Udayana
University, Indonesia. This conference was also supported by Waterpedia, Netherland and

Indonesia Expert Network for Climate Change and Forestry (APIKI).

The 5% International Conference on Climate Change (ICCC) 2020 was initially planned to be
carried out at the Grand Inna Bali Beach Hotel, Bali, Indonesia from 24 to 25 September 2020. But
because the global coronavirus (Covid-19) also hit Indonesia and caused high rate of mortality, also
many countries were locked down, we decided to migrate to virtual conference for safety reason.
The date of the conference did not same, still 24-25 September 2020. The 5" ICCC 2020 was not
postponed because the global situation was uncertain, while many students and lecturers relied on

this conference fow annual research output. It was also very interesting and challenging to

Content fro: s work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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organize the virtual conference, as it is becoming the demand of the technology-based future
lifestyle, including meetings and conferences. The virtual conference is environmentally friendly
because reduce the carbon emission by minimize the global mobility. There was no significant
problem regarding communication between invited speakers with participants and among
participants. So, when the global pandemic has ended, the virtual conference sometimes needs to

be carried out, accompanying the on-site conference.

The Virtual Conference Dates: The virtual 5% ICCC was held from 24th to 25" September,
2020. The location of organizers: Graduate School of Sebelas Maret University, Ir. Sutami Street
No. 36, Kentingan, Surakarta, Indonesia, 57126. The conference used Zoom® meeting room for
both plenary and parallel sessions. Each invited speakers and participant joined the meeting room
through the link, meeting ID dan password given by the organizers. The plenary session was held
in talk-show style with 8 (eight) invited speakers from Indonesia, Japan, USA, Canada and India.
The plenary session for lasted for 2 hours on 24™ September 2020. The Zoom® for the plenary
session was https://zoom.us/j/96721877816?pwd=d2hmY0ZiSUxCdEtQUDRVY0dSOWxiUT09.

The recording of the plenary session can be seen in the Youtube link:

https://www.youtube.com/watch?v=-wOLMG8vqgU&feature=youtu.be. The parallel session was
held for 2 days (24-25 September 2020), and divided to 10 classrooms. Each author should make

the oral presentation within 15 minutes including discussion. Total papers presented were 118

papers. Information on discussion and Question & Answer sessions. Because the parallel session
was divided into 10 classrooms, other authors within the same room can ask question directly or
through the chat-room to an author which was presenting his/ her paper. The example of
presentation and discussion circumstance in a parallel room was recorded in the following Youtube
link: https://www.youtube.com/watch?v=R]JnUaWRr]JoE.

Location of participants and overall participant numbers: Participants of The 5% ICCC was
distributed worldwide: Philippine, Malaysia, Japan, India, Thailand, Bangladesh, Rwanda, USA and
Australia. Overall participants including non-authors were 302 participants. The technology used
was live video conference using Zoom® meeting room. The capacity of the Zoom® meeting room
for the plenary session was 1,000 persons, where the capacity of each classroom of parallel session
was 100 persons. The 5% ICCC 2020 was successful and was recorded with Youtube link:
(https://zoom.us/j/96721877816?pwd=d2hmY0ZiSUxCdEtQUDRVY0dSOWxiUT09)

[ also express my highest gratitude to the steering committees for their contributions to the 5%
ICCC, i.e.: Prof. Dr. Ahmad Yunus dan Prof. Dr. Agus Kristiyanto from Sebelas Maret University,
Indonesia; Prof. Dr. Ken Hiramatsu from Gifu University, Japan; Dr. James MacGregor from Eco
Planet, Canada; Dr. Anthony Kent from RMIT Univ., Australia and Dr. Mahawan Karuniasa from
UNFCCC. Finally, I acknowledge the organizing committee for their great valuable collaboration,
namely Dr. Dwi Priyo Ariyanto, Dr. Jauhari Syamsiyah, Dr. Andriyana Setyawati, Dr. Yuli Yanti

2
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and all committee member from Sebelas Maret University, Indonesia; Dr. Ida Bagus Wayan Gunam
and all committee from Faculty of Agricultural Technology from Udayana University; Dr. KS
Pitchaikani from Waterpedia, Netherland; Dr. Kristanti Alphayana Penrose from Wayne State

Univ., USA; and Ms. Shigeno Kurimoto from Gifu University, Japan.

Chairman,

Komariah, PhD.
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Changes in soil respiration after application of in situ soil
amendment and phosphate fertilizer under soybean
cultivation at Ultisol South Lampung, Indonesia

S Yusnaini'*, A Niswati!, S N Aini*, M A S Arif!, R P Dewi?, and A A Rivaie®

!Department of Soil Science, Faculty of Agriculture, University of Lampung,

JI. Soemantri Brojonegoro, No. 1 Bandar Lampung 35145, Indonesia
’Department of Agrotechnology, Faculty of Agriculture, University of Lampung,
JI. Soemantri Brojonegoro, No. 1 Bandar Lampung 35145, Indonesia
$Assessment Institute for Agricultural Technology of DKI Jakarta, Indonesia
*Corresponding author: sri.yusnaini@fp.unila.ac.id

Abstract. Several inputs are needed to increase the production of soybean in Ultisol. The
Application of organic soil amendment will increase carbon, nutrients, and water stored in the
soil. Besides, the soil structure becomes stable so that plants will be more tolerant of climate
change. The higher organic C in the soil, the more fertile soils, the plants grow healthier and
fertile, and then the emission of CO; gas into the air can be suppressed. Therefore, this study
aims to determine soil respiration (CO;) due to the application of in situ soil amendment and
phosphate fertilizer. This research was conducted at the research station of BPTP Natar, South
Lampung, from July to November 2019, arranged with random complete block design in two
factorials. The first factor is the source of phosphate fertilizer is without P fertilizer, TSP fertilizer
200 kg ha?, and rock phosphate 5 tons ha™, and the second factor is the application of soil in
situ amendments. i.e.. without the soil amendment, rice husk biochar 5 tons hal (B1),
organonitrofos compost 10 tons ha', and cow dung manure 10 tons ha*. All experimental units
were fertilized with urea at a dose of 50 kg ha* and KCI at a dose of 200 kg ha*. The result
showed that the highest soil respiration was obtained in the plot treated with rock phosphate and
cow dung manure at the single factor. The combination of rock phosphate and cow dung manure
resulted in the highest of soil respiration.

1. Introduction
Ultisols is a type of soil that has several problems. Some common problems with Ultisol are high soil
acidity, varied among pH 3.10-5.0, high Al saturation, poor macronutrient content, especially phosphor,
potassium, calcium, and magnesium as well as low organic matter content [1], low base saturation value
(<35%) and CEC (<16 cmol kg™ clay), [2], which are often a barrier to plant growth and production. To
improve the quality of ultisols can be done, among others, by rehabilitating using the soil amendment.
Soil improvement technology with organic material is widely studied and reported to improve acid dry
land. Rehabilitation of suboptimal soils can be done by adding soil ameliorating material before
fertilization is given. Soil amendment is a material that is applied to the soil to improve the soil quality
and health. Soil amendment is well applied to the soil, including compost, lime, and other organic matter.
Many reports state that the application of soil amendment will improve soil quality such us soil physic,
soil chemical, and soil biological,if done continuously over a long period time [3].

The low soil organic carbon (SOC) levels, caused by the result of low plant biomass C inputs, make
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soil respiration rates are low. Soil respiration reflects the amount of CO; released by the root of the plant
and by soil organisms' activity during the decomposition of organic matter. Therefore, soil respiration
can be used as an indicator of soil fertility, because through soil respiration, microorganism activity in
the soil can be measured.

The soil respiration method can be an indicator of the health of the soil because the results obtained
are quite sensitive, consistently simple, and do not require expensive and sophisticated equipment [4].
The rate of soil respiration depends on dynamic soil factors, i.e., organic matter content, temperature,
soil moisture, and soil pH. Soil respiration reflects the soil capacity to support soil life, including crops,
soil animals, and microorganisms. It describes the level of microbial activity, soil organic material
(SOM) content, and its decomposition. Soil microbial activity is affected by the content of soil organic
matter (SOM) and contributing to soil health and soil function by supporting crop performance and
productive and mantainance of soil water content. Consequently, several soil properties i.e., soil
temperature, soil moisture, aeration, and organic N affect on biological activity and decomposition of
SOM. However, the dynamics of soil respiration are not well understood because soil respiration should
change with climate. This has been difficult to confirm observationally because of the high spatial
variability of soil respiration [5]. The present research aimed to examine soil respiration changes under
several soil organic amendments and phosphate fertilizers at soybean cultivation in ultisol.

2. Material and methods

2.1 Experimental site and treatment

In July 2019, experimental was conduct on cropland fields at BTTP Natar, Negara Ratu Village, South
Lampung District, Lampung Province, Indonesia. The major soil characteristics were measured at the
start of the experiment (Tabel 1). A complete randomized block design was established with two
factorial and three replications. The first factor is the source of phosphate fertilizer is without P fertilizer
(Po), Triple Super Phosphate (TSP) 200 kg ha™ (P1), and phosphate rock (PR) 5 tons ha™(P,) and the
second factor is the application of in situ soil amendments. i.e.: without the soil amendment (By), rice
husk biochar 5 tons ha* (B1), organonitrofos compost 10 tons ha™*(B.), and cow dung manure 10 tons
ha™'(B3). All experimental plots were fertilized with urea at a dose of 50 kg ha™and KCl at a dose of 200
kg ha*. Grobogan soybean seed was sown at an inter-row spacing of 0.25 m and an intra-row spacing
0.40 m. The seeds are planted in a hole with a depth of about 2-3 cm. Each planting hole was given 3
seeds of soybean. Before planting the soybean seeds, furadan was applied to the walls and base of the
planting medium. Applying furadan is to protect the soybean seeds from insect. The soybean seeds that
have been treated with legin inoculum then planted in the existing planting holes. Thinning and gap
filling was carried out in the first two weeks after planting.

Table 1. Basic soil properties before soybean planting at BPTP Natar, South
Lampung, Indonesia

Soil properties Value Criteria *
Total-N (%) 0.02 Low
Avail-P (mg 100 g*) 3.21 Very Low
Exc-K (me 100g™%) 1.05 Low
Org-C (%) 1.28 Low
pH (H20) 441 Low
CEC (me 100g™) 10.78 Slightly low
Soil Respiration (C-CO, mg hr* m?) 23.27

Note: * Puslitbangtan [6]
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2.2. Soil amendment and phosphate fertilizers application

The four kinds of soil amendments i.e., control, rice husk biochar, agronitrofos compost, and cow dung
manure were analyzed before applied on the plot experiment (Table 2), and then soil amendments were
spread by hand and then incorporated. Phosphate fertilizers (without, TSP, and PR) and organic soil
amendments were applied one week before grobogan seed soybean planting.

Table 2. The chemical properties of various soil amendment content

. . Rice husk Cow dun Organonitrofos
Chemical properties Biochar Manureg gcompost
pH 6.88 8.13 8.13
Total -N (%) 0.61 1.42 0.35
Organic -C (%) 22.20 22.52 3.09

2.3 Soil respiration determination

Determination of soil respiration was measured at the time of the initial soil before treatment, at the
maximum vegetative period, and harvesting phase. The method for measuring soil respiration is the
modified Verstraete method [7] using a 10 ml 0.1 N KOH for capturing the amount of CO, from the
soil, then is closed with a jar. The jar is then pressed into the soil to inhibit gas from the air or gas out
from the jar's lid. The same thing was done for the control, but the ground surface was covered using
plastic so that KOH captured no CO; from the soil ground. This measurement was carried out for 2
hours; after that, the quality of CO; will be determined through titration at the laboratory using HCI,
with phenolptalin indicators, and titrate again with methyl orange indicators. The amount of HCI used
in the second stage of the titration is directly related to the amount of CO; captured. To support main
variable, in this research also measure soil organic-C (Walkley and Black method), soil pH
(electrometric method), soil temperature °C (soil thermometer), and soil water content % (gravimetric
method).

2.4 Analysis data

The data were analysed by one-way analysis of variation (ANOVA), and the least significant difference
(LSD) test at a probability level of 0.05 for means data. Correlation analysis was used to analyse the
relationship between soil temperature, soil moisture, soil pH, soil organic carbon, and soil respiration.

3. Result and Discussion

3.1. Soil respiration at soybean cultivation caused by soil amendment and phosphate fertilizer
During the whole soybean growth, soil respiration rate varied under different treatments. Soil respiration
was higher at the maximum vegetative stage of soybean growth than that of the soybean harvesting stage
(Figure 1). The highest soil respiration was recorded under phosphate rock combine with cow dung
manure treatment (P.B3) at the maximum vegetative stage. Moreover, soil respiration was lowest at the
combination treatment without phosphate fertilizer and soil amendment application (PoBo) which is
observed at the harvesting stage of soybean.

Based on analysis of variance, at the maximum vegetative stage of soybean, application of soil
amendment had effect on soil respiration, however application of phosphate fertilizers and interaction
between phosphate fertilizers and soil amendment there are no effect on soil respiration. Therefore, at
harvesting stage, the application of phosphate fertilizers had a significant effect on soil respiration and
there was a significant interaction between the application of phosphate fertilizers and soil amendment.
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Figure 1. Soil respiration during soybean growth at maximum vegetatif stage and harvesting stage
(without P fertilizer (Po), Triple Super Phosphate (TSP) 200 kg ha™ (P1), phosphate rock (PR) 5
tons ha*(P2), without the soil amendment (Bo), rice husk biochar 5 tons ha™ (B1), organonitrofos
compost 10 tons ha™(B2) and cow dung manure 10 tons ha™*(Bs)).

Table 3. Effect of various soil organic amendment on the soil respiration at maximum
vegetative stage of soybean cultivation.

Treatment Soil respiration (C-CO, mg hr* m?)
Without soil amendment 490 a
Rice husk biochar 64.3 ab
Organonitrofos compost 57.0 a
Cow dung manure 838 b
LSD 5% 18.4

Note: Bo= Without soil organic amendment; B;=5 tons ha™ rice husk biochar; B,=10 tons ha-
L organonitrofos compost; Bs=10 tons ha* cow dung compost; value that followed by the same
letter not significantly different by LSD test 5%.

Table 4. Interaction effect of various soil amendment and phosphate fertilizer on the soil
respiration at harvesting stage of soybean cultivation.

Soil respiration (C-CO, mg hr* m?)

Treatment Without soil Rice husk  Organonitrofos ~ Cow dung
amendment (Bo) biochar(B;)  compost (B>) manure (Bs)
Without P 26.0a 53.3b 53.9b 61.0b
fertilizer (Po) (A) (AB) (A) (A)
TSP (P1) 63.0a 49.4 b 416b 47.4b
(B) (A) (A) (A)
PR (P2) 69.5a 66.9 a 90.3b 87.0b
(B) (B) (B) (B)
LSD 5% 17.4

Note: Po=Without P Fertilizer; P;=200 kg ha'TSP; P,=5 tons ha'FR; Bo= without soil amendment;
B1=5 tons ha'rice husk biochar; B,=10 tons ha* organonitrofos compost; Bs=10 tons ha™* cow dung
manure; value that followed by the same letter not significantly different by LSD test 5%, small
letter for horizontal and capital letter for vertical.
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Based on the 5% LSD test (Table 3), at the maximum vegetative stage of soybean, the soil respiration
with the application 10 tons ha® cow dung manure is significantly higher than that without soil
amendment and 10 tons ha™ organonitrofos compost, however not differently significant with the
application of 5 tons ha™ rice husk biochar. Soil respiration varied among soil amendment applications
might be caused by different organic carbon content in the soil amendment. Cow dung manure and rice
husk biochar had similar carbon content 22.52 % and 22.20 % (Table 2). Higher SOM content and litter
input increased soil respiration [8] especially the application of biochar could give beneficial for soil
increasing soil quality, adding carbon and also reduce emission of CO, to atmosphere [9].

Interaction between phosphate fertilizers and soil amendment significantly affected soil respiration
at soybean harvesting stages (Table 4). Soil respiration was higher at the combination treatment
organanonitrofos compost and cow dung manure with phosphate rock (P2B; and P2B3)

3.2. Soil organic-C, soil pH, soil temperature, and soil moisture content at soybean cultivations
caused by soil amendment and phosphate fertilizer application

The soil organic carbon content igmhe experiment was an increase after the application of phosphate
fertilizer. The highest content was'ih the treatment of 200 kg TSP ha* significantly different without
phosphate fertilizer and 5 tons ha™ PR at the vegetative maximum phase soybean, however not different
effect at harvesting phase (Table 5). Moreover, at the harvesting phase, the application of various soil
amendments had a significant effect on soil organic-C than without the soil amendment. It could be
caused by the soil amendment to increase organic carbon in the soil [10]. Enrichment of soil organic
matter can be by direct in field such as crop residue, crop rotation, cover crops as well as off field
compost, manure, and biosolids. So that, organic waste can be incorporated to soil for restore soil and
increase soil health. Table 6 shows that the soil amendment application gave different values on organic
carbon content and soil pH than that without the soil amendment. Soil pH was higher after application
with PR, and significantly different with TSP and without P fertilizers. Moreover, soil temperature was
lower at the PR application. Soil temperature which observed at the maximum vegetative phase, shows
the minimum soil temperature was found at PR treatment (P,) and gave significantly different with TSP
(P1) and without phosphate fertilizer treatment (Po).

Table 5. Effect of phosphate fertilizer on soil organic- C, soil pH and soil temperature at the vegetative
maximum stage of soybean

Treatment Soil organic-C (%) Soil pH Soil Temperature (°C)
Without P fertilizer 1.39a 459 a 315D
TSP (Triple Super Phosphate) 1.54b 4.60 a 31.4b
PR (Phosphate Rock) 1.37 a 474 b 30.9a
LSD 5% 0.12 0.13 0.26

Note: value which followed by the same letter is not significant different by LSD test 5%

Table 6. Effect of soil amendment on soil organic-C and soil pH at harvesting phase
soybean cultivation

Treatment Soil organic-C (%) Soil pH
Without soil amendment 132 a 4.68 a
Rice husk biochar 151 b 490 b

Organonitrofos compost 1.60 b 4.74 ab
Cow dung manure 157 b 491b
LSD 5% 0.14 0.17

Note: value which followed by the same letter is not significant different by LSD test 5%
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3.3. Correlation between soil organic- C, soil pH, soil temperature, and soil moisture content with soil
respiration

The results showed that the soil pH, soil temperature, and soil moisture content had positively correlate
with soil respiration. Soil temperature, soil moisture, and soil pH had a more substantial effect on soil
respiration than soil organic carbon. The soil amendment application increased the soil organic carbon
content (Table 4), but the correlation between soil respiration and the soil organic carbon content was
not found (Table 7). Applying of rice husk biochar could increase the soil's organic carbon content.
However, relationship between soil respiration and the soil organic carbon content was not found [11].
In general, modifying C input to the soil by varying soil amendment practices management impacts were
sensitive to climate [12], and moreover, soil respiration strongly correlated with the temperature. This
indicating that increasing of soil surface temperature may lead to a increase of soil respiration rate [13]
moreover soil respiration had positively correlations with both soil temperature and soil moisture
content.

Table 7. Correlation between soil organic-C, soil pH, soil temperature, and soil moisture
content with soil respiration.

coefficient correlation (r)

Soil characteristic soil respiration (C-CO, mg hr'm?)

max. vegetative Harvesting
Soil organic- C (%) 0.15™ 0.08 ™
Soil pH 0.53™ 0.90"
Soil temperature (°C) 0.70" 0.31"™
Soil moisture content (%) 0.84™ 0.06 ™

Note: "= not significant correlation; "= significant correlation at 5% level; ™= highly significant
correlation at 1% level

Soil temperature and soil moisture content are commonly considered to be the key environmental
factors that responsible for variation in soil respiration [14]. Fluctuations of soil temperature and/or soil
moisture content can well explain the temporal variation of soil respiration. The process of soil
respiration is affected by various abiotic and biotic factors. A combination of soil temperature and soil
water content can usually improve the estimation of soil respiration. The sensitivity of soil respiration
to temperature frequently increases as soil moisture content increases [15] and high soil temperature
suppressed soil respiration which was mainly because of drought stress.

4. Conclusion

The soil respiration varied greatly during the whole soybean cultivation and varied under different
treatments. Soil respiration was higher at the maximum vegetative stage of soybean growth than that of
the soybean harvesting phase. The minimum soil respiration appeared at the harvesting stage of soybean
under the without phosphate fertilizer and soil amendment application (PoBo). Moreover, the maximum
rate of soil respiration was recorded under phosphate rock cﬂine with cow dung manure treatment
(P2B3) at the maximum vegetative stage. The higher in soil pH®0il water content, and soil temperature,
will promote the higher the soil respiration rate. Increasing soil pH will increase the activity of soil
microorganisms, so that more CO, will be released into the atmosphere. Similarly, with rising
temperatures, more CO, will be produced. Therefore, it is necessary to make efforts to have less CO;
released into the atmosphere compared to the CO; sequestration.
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