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Soil health assessment in Kanto, Japan:
A long-term study of conservation agriculture trials
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Soil management and Soil Health in the Past

Soil health has been intensely discussed within the
context of traditional crop rotation and the use of
compost in Japan from the 1950s to 1970s.

Chemical Fertilizer  Chemical Fertilize + Manure

Soybean Potato\ / Corn
S 30f 80 70
L
>_
E; 70+ 60+
/
a
L i
Soybean Corn  Soybean Corn  Soybean Corn
Potato Potato Potato

Data from Okubo (1976)



Soil manageme

soil carbon content (%)

Compost input rate

458

o

[eh]

. Upland field

----- —A

- —
—

Oa_i;_ﬁ__A
& * *

v .

~ Paddy field

nt and Soil Health Update

(&)

84-€° °0-93 34-98

Year
Changes in soil carbon content

79-83

(kg/10a)

g00

200

400

300

200

100

o]

1482
Year

1887 18982

1887

1967 1872 1877

2002

® Soil carbon content

tends to decrease in
Upland fields due to
decline of compost
input.

In the paddy fields
almost did not change
due to flooding.

In orchard, there was a
tendency for soil
carbon to increase due
to the minimizing soil
disturbance.

Data From MAFF (2007)
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Through agriculture, we are causing
problems such as the degradation
of soil resources and global
warming (Ronald Amundson et
al.Science 348, 1261071,2015).
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From an encounter with an Best Practice farmer
Learning to improve the soil through agriculture
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3 basic soil management strategies
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Minimum mechanical soil disturbance
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Permanent soil organic cover
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Species diversification



Possibilities for no-till cultivation in the Asian region

A meta-analysis was conducted
on scientific research papers on
comparative experiments
between tillage and no-till
conducted In the Asian region.
68 papers from 11 countries
(peer-reviewed)
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Soil carbon sequestration
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Improved carbon
sequestration through no-till
Yield stability is important

Hashimi et al. 2022 Land Degradation & Development



Hypothesis of soil health

Soil attributes Soil Ecosystem service
o Measurement
Biological
properties Minimum Data Set
Physical a Chemical Mitigation

Properties Properties of Climate
oy Change
Scaling (Z score)
Soil Health Index
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Long-term crop rotation experiment with cover crops and tillage methods

The experiment has been ongoing in the Hong—stacked
plateau field (soil: CL, LiC) of the International Field
Agricultural Science Center, Faculty of Agriculture, Ibaraki
University from October 2002 ~ the present
Main crop: 20032008 Okabo
Soybeans since 2009, organic since 2010

Experimental design: 4 iterations
Key Factor: Tillage Method

1. Plough (MP) 2. Rotary plough (RC) 3. No—till (NT)
Secondary Factors: Cover Crop Type

1. Hairy vetch (HV) 2. Rye (RY) 3. Bare ground (FA)
Application of rice husk smoked coal (from 2021)
0:0kg/ha 1:8,000

Mesurement

Cover crop dry matter ,
soybean dry matter, vield,
soil carbon storage, GHGs
emissions
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o-till cultivation has a high weed risk







Development of a new no-till weeding machine

This machine is the result of joint research between Patagonia Japan Branch, Kobe
University, and Ibaraki University. Since it is still in the research stage, information on
where it can be used, its operational limitations, durability, and performance is not yet
available. Also, please note that safety considerations are not sufficient

Weeding work using a
prototype



ANOVA analysis of soil carbon content between farming system

2003 2004 2005 2006 2007 2008 2009

Depth(cm) Factor
4H. 10R. 4H. 10H. 4H. 10H. 4H.10R 4H.10R 48. 10R 48. 10A

Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop
Tillage
Cover crop

T: Tillage system, CC: Cover crop, T X CC: Tillage system X Cover crop.
;% * The significance levels are 0.1%, 1%, and 5%, respectively. The no significant
difference.

2010

4H8. 10A.

Higashi et al. (2014)
Soil & Tillage Research




Changes in Soil Carbon Sequestration

Soil Carbon (%)
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No-till with rye cover crop Increased carbon storage

Fallow Hariy Netch Fallow Hariy Netch

Plow No-till

Gong et al. 2021 Soil & tillage Research



Cover crop + no-till cultivation is effective in mitigating global
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Global warming mitigation through the No till wiy Rye
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Effects of tillage methods and the use of cover crops on global warming potential (GWP). The
global warming potential was determined by converting nitrous oxide and methane emissions
and changes in soil carbon storage into carbon dioxide (Gong et al. 2021)

Gong et al. 2021 Soil & tillage Research



Plough + Fallow No-till + cover crop




Plough + Fallow No-till + cover crop

,nsljri"gkg’rowthw eveh afih ‘j/ )
attires and dfy SOIN(AUGUST-2022)




160

140

120

s (m3éha-1
S

lagg
(e}

.
S

N
(e

[}
(=]

Soil moisture content that can be effectively used by

No-till allows plants to use water per 1 ha
Can hold 20 tons more water

The tillage method changes the moisture retention capacity of the soil!

Macro aggregate

~ No-till
- (4 mm or more)
® Plough
| D
SEI C-std._
j.Jl In the Macro Aggregate
0-2.5 0-5 0-10 0-15 0-20 volcanic ash is tied
| Soil Depth (cm) together to create voids

Hashimi et al. 2023 submitted Hashimi et al. 2023 Soil & Tillage



No-till agriculture stores soil carbon and increases soil microbial diversity
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Soil carbon is stored to increase the diversity and structure of soil nematodes.
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The relationship between nematode density and soil carbon
concentration by food group in the autumn season from 2003 to
2011. All, A LL: total density of nematodes, BAC: bacterial diet,
FFR: mycophagogy and PRD: predators, OMN: omnivores, ORF:
plant food. NT, no-till; MP, moldboard plow; RC, rotary cultivator.
*, % and *** indicate significant P<0.05, P<0.01, P<0.001.
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Relationship between nematode index and
soil carbon concentration in autumn from
2003 to 2011. Note: It was carried out in a
long-term tillage system research project in
Ibaraki Prefecture. EI, fertility index;SI,
structural index; NT, no-tll; MP,
moldboard plow; RC, rotary cultivator. *, **,
and *** are P<0.05, P<0.01 and P<0.001,

respectively.

Ito et al 2015. Applied Soil Ecology



No-till with cover crops and soil ecosystems

Plant Plant parasitic
il
residues(4.62 / nematcid;zts.(26 12 7
Mg ha1) .7times
2.4 times Bacteria-feeder
nematodes(93
bacteria(9.26 pl CO, gt no g \
soil h4)* ——4.9times Omnivorous and
1.5 times predatory
Soil nematodes
Organic . Fungus feeder (6nogt)
Carb Fungi nematode 5.8times
arbon (11.0 ul CO, g soil h1)* (18 no &)
(5-83%) 1.9 times n.o S
1.6times 3.7times

(* : Nakamoto et al., 2012 & YSIRT—43)
No-till cultivation provides a sustained supply of large amounts of org

anic matter derived from rye and recharges the soil ecosystem

—>Improved structure and size of soil ecosystems
lto (Ph.D. Tithes)
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Tillage Mg/ha
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Soil Carbon and Chemical, Biological, Physical, Productivity
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Results of the analysis of the relationship between the amount of soil carbon and the
standardized score values of soil physical, chemical, biological, and yield. It was found that
the accumulation of soil carbon increases soil health.

Potential for environmental regeneration through agricultural technolc
Wulanningtyas et al. 2021. Soil & Tillage Research



Input energy analysis between tillage systems
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Huang al. 2023 Journal of Cleaner Production



Soil Health & Farming

No-till + cover crop
Soil carbon 142-185
Soil Aggregate 129

Soil microbial biomass 116

Diversity of soil

117
nematodes

Soil fauna Biomass 1100

= % Crop productivity Yield increase

&

Energy Input /3




* Soil health improves the regenerative function of the soil and
provides a foundation for stable crop yields.

* |In Asia, the reduction of soil disturbances, such as no-till farming,
leads to carbon sequestration.

e Soil health can be improved by minimizing disturbances such as
covering the field surface with cover crops and no-till cultivation.

* |In order to improve soil through farming methods, it is important
to take a step-by-step approach, not a zero-one discussion.
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