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Part 1

Core Notes Revised from Source
Extraction

1 Asia Soil Atlas: Revised Notes

1.1 Introduction to the Soil Atlas of Asia

e The Soil Atlas of Asia is presented as the first soil atlas of the region and as a public-
oriented instrument for promoting sustainable soil management and preserving soil health.

o It is explicitly designed for non-specialist audiences, including the general public, decision
makers, politicians, teachers, and scientists in other disciplines.

« Its stated purposes are to raise awareness of soil health, support policy development in sectors
such as agriculture, environmental management, climate change, development and urban
planning, provide educational material, and create a baseline for further soil assessments.

e The preparation of the atlas began in 2018 and involved about 100 soil experts under the
facilitation of the Global Soil Partnership of FAO and the Joint Research Centre of the
European Commission.

1.2 The Value and Functions of Soils

e The atlas treats soils as a foundation of human well-being because they generate flows of
goods and services that support both human welfare and the environments in which people
live.

« Soil functions are described as underpinning ecosystem services relevant to agriculture, en-
vironmental management, nature protection, landscape processes, and urban processes.

e The main functions highlighted are nutrient cycling, carbon storage and turnover, water
maintenance, soil structure arrangement, regulation of aboveground diversity, biotic regula-
tion, buffering, and transformation of potentially harmful elements and compounds.

o The atlas explicitly states that soils directly or indirectly contribute to achievement of all
the Sustainable Development Goals.

« Soil is treated as a fragile and finite natural resource that may take up to 1000 years to form
a few centimetres, while degradation can occur in only a few minutes.

1.3 Pressures on Asian Soils

o About 60% of the world population lives in Asia, and the atlas projects the regional popu-
lation to reach 5.3 billion by 2050.

o Agriculture is identified as the main source of livelihood for more than 2.2 billion people in
the region.



e The atlas records that in 2020 about 375.8 million people faced hunger in the Asian-Pacific
region, more than 1.1 billion lacked adequate food, and 1.8 billion lacked access to healthy
diets.

« Rapid population growth, high rates of urbanization, increased demand for ecosystem ser-
vices, and climate change are presented as compounding pressures on soil resources.

1.4 Soil Diversity in Asia

o Asian soils are described as highly diverse because they reflect a broad combination of
climatic conditions and parent materials.

o The atlas highlights a range extending from permafrost-affected Cryosols in the north to
tropical peatlands in Southeast Asia, Fluvisols along major waterways, and volcanic soils
associated with the Pacific Ring of Fire.

o Forty-five Asian countries harmonized national soil classification systems with the World
Reference Base 2006 edition, making it possible to compile a continent-wide distribution
map of WRB reference soil groups.

e The major soil groups highlighted in the summary chart include Cambisols, Acrisols, Kas-
tanozems, Fluvisols, Podzols, Arenosols, Calcisols, Cryosols, Leptosols, Gleysols, Regosols,
Luvisols, and Alisols, together with a residual category of others.

o The atlas notes that Asia contains some of the most fertile soils on Earth, but also many
soils that are inherently fragile and low in nutrients and organic matter.

o A lack of water is identified as a major constraint on agricultural use of many of these soils.

1.5 Major Threats to Soil Health

e The main threats identified are loss of nutrients and soil organic matter, contamination, ero-
sion by wind and water, salinisation, biodiversity decline, compaction, and sealing through
urbanisation and infrastructure development.

e The atlas uses the Yellow River at Hukou Falls as an illustration of the severity of erosion,
linking high sediment load to soil loss in the wider region.

o A soil is regarded as saline when the salt concentration is around 2500 parts per million.

« Salt-affected soils occupy a significant part of Asia and are said to be especially prevalent in
northern Asia, South Asia, and the less humid parts of Central Asia.

1.6 Soil Organic Carbon and Climate Significance

o The atlas emphasizes that one of the most striking features of Asian soils is the very large
range and uneven distribution of soil organic carbon values.

« Soil organic carbon is presented as central to soil health, fertility, ecosystem services, and
climate regulation.

e The uppermost 30 cm of Asian soils are estimated to store 248 petagrams of carbon.



o The atlas states that Asian soils have the potential to sequester a further 180 metric tonnes
of carbon per year if high carbon-input sustainable soil management practices are adopted.

1.7 SOC Sequestration Scenarios

o The atlas presents three 20-year sequestration scenarios based on sustainable soil manage-
ment practices that increase carbon inputs by 5%, 10%, and 20% relative to business as
usual.

e These scenarios are defined at the soil depth of 0-30 cm and are used to map relative annual
sequestration rates across Asia.

e The underlying point is that improved management can produce different rates of SOC
accumulation depending on the degree of additional carbon input.

1.8 Recommendations for Soil Protection

e The atlas recommends awareness-raising strategies to highlight the importance of soil in
everyday life.

o It recommends assessment of the current state of soils and associated pressures through soil
sampling and harmonization of datasets.

o It calls for development of harmonized soil information systems and long-term monitoring
of soil functions and characteristics under GLOSIS.

o It recommends action programmes on local soil problems, including remediation of degraded
and contaminated land and soil fertility management services.

« It also emphasizes networking of soil scientists and land-use experts across Asia to improve
information exchange and support policy development.



2 Major Soils of Asia: Revised Notes

2.1 Overview of Asian Soils

« Asia contains a wide range of soils because of its scale, climatic diversity, geological variation,
and topographic contrasts.

o These soils structure regional agricultural potential, vegetation patterns, settlement possi-
bilities, and environmental constraints.

e The broad contrast runs from highly productive soils such as Chernozem-type black soils to
soils that are thin, nutrient poor, saline, frozen, or otherwise difficult for cultivation.

2.2 Descriptions and Characteristics of Major Asian Soils
2.2.1 Podzel (Podzol) Soil

o Podzel soils are nutrient-poor, acidic, thin, ash-like, and shallow.
o They are associated with cold regions having long winters and short summers.
e Organic decomposition is slow under these conditions.

e Their occurrence is noted in northern China, northwestern Japan, and middle and southern
Siberia.

e Their agricultural use is limited unless fertility is improved through external inputs.

2.2.2 Tundra Soil

o Tundra soils are very thin, pale brown, poor in organic matter, and associated with per-
mafrost environments.

e They occur in northern Siberia and other Arctic settings.

e Their development is weak because of severe cold, frozen ground, and a very short growing
season.

o They are generally unsuitable for regular agriculture.

2.2.3 Chernozem (Black Soil)

e Chernozem soils are dark coloured, fine textured, rich in lime, nitrogen, and organic matter.
o They are associated with semiarid grassland or prairie environments.

o Their occurrence is noted in Siberian grasslands and northeastern China, while the earlier
notes also linked Indian black soils by analogy of fertility and colour.

e These are among the most agriculturally productive soils and are especially suitable for
cereals.



2.2.4 Chestnut (Brown) Soil

Chestnut soils are lighter than Chernozem soils and contain less organic matter, but they
still support pasture and farming under suitable conditions.

They are associated with steppe and plateau environments.

Their broad occurrence is linked to Central Asia, northern India plains, parts of China, and
adjoining steppe regions.

Their agricultural performance depends strongly on water availability and management.

2.2.5 Desert Soil

e Desert soils are poor in organic matter, commonly pale, and associated with high salt and

lime content.

e They occur in arid and semiarid regions such as the Arabian Peninsula, Iranian Plateau,

Gobi Desert, and parts of southern Siberia.

e Their agricultural use requires irrigation and soil conditioning, but irrigation itself can in-

tensify salinity problems.

2.2.6 Red or Laterite Soil

e Red or laterite soils are crimson to red because of high iron content.

e They are poor in organic matter and generally low in fertility.

e They are associated with hot and humid regions with intense rainfall and strong leaching.

e Their occurrence is noted in southern India, Sri Lanka, Myanmar, and Indochina.

2.2.7 Yellow or Red-Yellow Soil

These soils range in colour from yellow to pale red-yellow and are influenced by strong
leaching under warm, rainy conditions.

Their fertility is moderate and often declines unless managed carefully.

They are noted in eastern and southern China, southern Japan, and the eastern Deccan
region.

2.2.8 Mountain Soil

Mountain soils are variable in texture, frequently thin, and often rocky.
Their properties are strongly controlled by altitude, slope, and local weathering processes.
Their occurrence is linked to the Himalayas and Central Asian highlands.

Agricultural use is restricted and is generally concentrated in valley floors and terraces.



2.3 Summary Table of Major Soils and Locations

Soil Type

Predominant Locations

Podzel Soil

Tundra Soil
Chernozem (Black Soil)
Chestnut (Brown) Soil
Desert Soil
Red/Laterite Soil
Yellow/Red-Yellow Soil

Mountain Soil

Russia (Siberia), northern China, northwestern Japan

Northern Siberia and Arctic regions

Siberian grasslands, northeastern China

Central Asia, northern India plains, parts of China

Arabian Peninsula, Iranian Plateau, Gobi region, southern Siberia
Southern India, Sri Lanka, Myanmar, Indochina

Eastern and southern China, southern Japan, eastern Deccan
Himalayas and Central Asian highlands

Table 1: Major soils of Asia and indicative locations.

2.4 Conclusion

o The major soils of Asia cannot be understood apart from climatic regime, topography, parent
material, and water availability.

e Their diversity underlies both the productive capacity and the ecological vulnerability of the

continent.

o Later sections on Central Asia, semiarid regions, and climate change refine these broad types
through more process-based and region-specific analysis.

10




3 Restoring South Asia’s Degraded Soils and Ecosys-
tems for Peace and Prosperity

3.1 Introduction: A Region in Crisis

South Asia is described as a densely populated region whose ecological degradation transcends
political borders and threatens environmental stability, food security, and social well-being.
The source links climate change, soil degradation, water degradation, biodiversity loss, food
insecurity, and air pollution from crop residue burning into a wider regional crisis. It presents
soil and ecological degradation as a shared enemy and restoration as a condition for peace,
prosperity, and political stability.

3.2 Geography, Climate, and Biomes of South Asia

South Asia extends over about 6.75 million km? and includes major mountain, forest, grassland,
desert, and mangrove environments. The source describes eight major biomes and emphasizes
the special significance of the Himalayas as a major regional ecological feature. It also notes
continuing pressure on forests, grasslands, and croplands, including expansion of desertification.

3.3 Agriculture, Food Security, and Land Use

The source states that agriculture is the primary livelihood for a large share of rural households
and that agricultural land occupies more than half the land area of South Asia. Yet under-
nutrition persists and has worsened, despite the historical gains associated with the Green
Revolution. Smallholders produce a very large share of food, but operate under conditions of
degraded soils, limited inputs, and ecological stress.

3.4 Nature and Extent of Soil Degradation

The source identifies soil misuse and mismanagement as central to degradation. These include
cultivation of steep slopes, excessive plowing, flood irrigation, residue burning, unbalanced
fertilizer use, and overgrazing. The major outcomes include erosion, salinization, waterlogging,
groundwater depletion, and decline of soil organic carbon. Water erosion is identified as the
most extensive form, while multiple other forms of degradation remain weakly monitored.

3.5 Social, Health, and Political Impacts

The source links degraded soils with reduced food production, poor nutrition, poverty, disease,
and broader human suffering. It further links degradation with social instability, conflict,
climate refugees, land grabs, and intensification of global warming. The implication is that soil
degradation is not merely an agrarian issue but a regional political and human-security issue.

11



3.6 Regional Cooperation for Soil Health Restoration

The article argues for region-wide cooperation and proposes strong political commitment to soil
protection, carbon sequestration, regular monitoring, farmer incentives, degradation neutrality,
standardized soil metrics, shared data systems, public-private cooperation, educational reform,
cultural engagement, and recognition systems for soil-health leadership.

3.7 Conclusion

The source concludes that restoration of soils and ecosystems offers a route to peace, prosperity,
and regional cooperation. The central claim is that South Asia already possesses the natural
and human resources required for such action, but lacks sufficient political will and coordinated
implementation.
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4 Central Asian Soils: Typology, Degradation, Carbon

Sequestration, and Climate Relations

4.1 Typology of Central Asian Soils

A central soil type in the source base is the Chestnut soil or Kastanozem, identified as
the zonal soil of the dry-steppe belt of the Eurasian subboreal zone.

Chestnut soils occur across Mongolia, Tuva, Buryatia, Transbaikal, and wider Central Asian
territories.

These soils develop on light-textured parent materials such as sandy loam, sand, gravel, and
light loam and occur in intermountain basins, high plains, terraces, and alluvial landscapes.

Steppe soils in semiarid grasslands are also ordered in another source as Phaeozems, Cher-
nozems, and Kastanozems along decreasing precipitation and soil organic matter.

4.2 Physical and Chemical Characteristics of Chestnut Soils

Light-textured chestnut soils are often poorly humic, nonsaline, nonsolonetzic, and gypsum-
free.

Their humus content is generally low and concentrated in shallow upper horizons.
They have low moisture retention, low nutrient-holding capacity, and weak aggregation.

Carbonates occur as fine crystalline calcite, while cation exchange capacity remains modest.

4.3 Climatic Heterogeneity Across the Dry-Steppe Belt

The dry-steppe zone is climatically heterogeneous, with annual average temperatures ranging
from around +10°C in the west to around —4°C in the east.

Winter temperatures in eastern Siberia and Mongolia may fall to —50°C.
Precipitation is more evenly distributed in western regions than in eastern regions.

In eastern areas, late-summer precipitation helps explain why highly soluble salts may be
absent from some chestnut soil profiles.

4.4 Lithological versus Climatic Control

The source on Central Asian chestnut soils explicitly warns against treating all provincial
differences as climatic in origin.

Several key characteristics of light-textured chestnut soils are primarily linked to soil-forming
rocks rather than climate alone.

Saline variants occur mainly where medium- and heavy-loamy materials with salts and
gypsum are present.
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4.5 Regional Soil Problems in Central Asia

e The major problems identified for dry regions of Central Asia are frequent drought stress,
low SOC concentration, low aggregation, susceptibility to compaction, salinization, and
accelerated soil erosion.

e These conditions are intensified by residue removal, mechanical seedbed preparation, summer
clean fallowing, overgrazing, and excessive irrigation.

o Irrigation inefficiency, secondary salinization, desertification, and degradation of rangelands
and irrigated croplands are identified as severe regional problems.

« Excessive expansion of irrigated cotton cultivation is linked in the source to soil salinization
and to shrinkage of the Aral Sea.

4.6 SOC Loss, Sink Capacity, and Conservation Agriculture

o The Central Asia sequestration source treats soil degradation as a process that depletes SOC
and lowers biomass productivity.

o It estimates the historic loss of SOC from Central Asian soils at roughly 1 to 2 Pg over about
fifty years.

o The same source argues that the difference between actual and potential SOC stocks con-
stitutes a sink capacity that can be partly restored.

¢ Recommended measures include conservation tillage, elimination of summer fallow, inte-
grated nutrient management, reclamation of degraded lands, improved pastures, afforesta-
tion, and more efficient irrigation.

« Estimated sequestration rates are reported in the range of 100-200 kg C ha™' y! in coarse-
textured semiarid soils and 150-300 kg C ha™! y! in heavier-textured subhumid soils.

o The overall sequestration potential is estimated at 10-22 Tg C y! for about fifty years, or
about 20% of regional fossil-fuel CO, emissions.

4.7 Semiarid Management Extensions

o A separate semiarid management source identifies erosion, salinity, and historically degraded
structure as major threats to semiarid soils.

« Overgrazing is said to cause substantial losses of SOC and N by reducing above- and below-
ground productivity, increasing topsoil erosion, compacting soil, and weakening structure.

o Climate-smart measures include optimized grazing intensity, rotational grazing, grazing ex-
clusion in some situations, conservation tillage, crop residue incorporation, cover crops,
organic amendments, crop rotation, and agroforestry.

o The chapter stresses whole-profile management because subsoils store nutrients and SOC
and retain water relevant to drought resilience.

14



4.8 Relationship to Climate Change

o Central Asian soils are already shaped by continental aridity, strong temperature contrasts,
and limited moisture availability.

o Climate change is likely to intensify drought risk, rainfall variability, and erosion pressure in
drylands.

e In semiarid systems, warming and hydrological stress may shift soils from weak carbon sinks
to greenhouse-gas sources if degradation continues.

e The restoration of degraded soils through conservation agriculture is presented as both a
soil-quality strategy and a climate-mitigation strategy.
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5 Coastal Soils of Bangladesh and Their Relationship to
Climate Change

5.1 Overview of Coastal Soils

The coastal region of Bangladesh is described as spanning 140 sub-districts across Barisal,
Khulna, Chittagong, and Dhaka. These areas are low-lying and exposed to tidal flooding,
storm surges, and dry-season saline-water intrusion. Salinity is especially severe in central
Khulna because of reduced freshwater inflow from the Gorai River and strong tidal influence
from the Bay of Bengal.

5.2 Typology and Characteristics

The coastal soils are treated as salinity-prone soils whose electrical conductivity varies with
river salinity, elevation, temperature, and rainfall. Lower elevations are more exposed to saline
intrusion. Reduced rainfall weakens dilution, while higher temperature raises salinity measure-
ments through higher conductivity.

5.3 Observed and Projected Soil Salinity

The source reports increasing salinity across monitored stations between 2001 and 2009. It
projects a median annual increase of about 39% by 2050, with dry-season salinity rising by
13.1% and wet-season salinity by 36.6%. Khulna, Barisal, and Chittagong are identified as
major hotspots, with salinity extending farther inland over time.

5.4 Climate Change Drivers
The source links soil salinity increase to sea-level rise, increased river salinity, reduced freshwater

inflows, decreased rainfall in some regions, and rising temperatures. Storm surges and tidal
flooding are said to transport saline water farther inland, while low rainfall reduces flushing.

5.5 Agricultural and Livelihood Effects
The study links rising salinity with reduced yields of high-yielding rice varieties and with

threats to food security and rural income. It also notes that salinity in drinking water creates
public-health stress in vulnerable coastal communities.

5.6 Adaptation and Policy

The source emphasizes spatially targeted adaptation, freshwater management, salt-tolerant
crop varieties, land-use planning, and infrastructure to reduce exposure. It frames salinity
management as an evidence-based planning issue rather than a purely local agronomic problem.

16



6 Soils and Climate Change: Expanded Notes

6.1 Soils in the Global Carbon Cycle

o Soils are described as one of the largest carbon reservoirs in the Earth system.

e One source places carbon in the top 1 m of soil at about 1500 Pg, while another broader
accounting gives a soil carbon pool near 2500 Pg to 1 m depth when both organic and
inorganic components are considered.

o Historical land-use change has depleted soil carbon and contributed to rising atmospheric

COs.

e The soil carbon pool includes both SOC and SIC, and secondary carbonate formation is
identified as one mechanism of sequestration in dry regions.

6.2 Direct Soil Responses to Climate Change

o A broad review source states that climate change affects soils both directly and indirectly.

e Direct responses include changes in soil water, workability, temperature, structure, degra-
dation, organic carbon, nitrogen, ecological components, nutrient status, particle-size distri-
bution, and mineralogical processes.

o Soil water is central because it affects infiltration, runoff, percolation, drainage, evapotran-
spiration, and plant-available water.

« Soil temperature is related to air temperature but is mediated by mineralogy, organic content,
and soil moisture.

o Soil structure is influenced by wetting-drying and freeze-thaw cycles.

6.3 Soil Moisture and Drought

o Soil moisture is described as a key state variable of the land surface because it reflects
interactions among the water, energy, and carbon cycles.

e Drought may begin as precipitation deficit and then propagate into soil moisture drought
and hydrological drought.

o Soil moisture drought is significant because it constrains vegetation functioning and agricul-
tural production.

e One major review states that many projections of future drying are based on offline drought
metrics such as PDSI, SPEI, and aridity indices that rely on precipitation and potential
evapotranspiration relationships.

o That same review argues that future drought should preferably be assessed through prog-
nostic model outputs interpreted within the coupled soil-vegetation—atmosphere system.

17



6.4 Soil Temperature and Heat Transfer

o A land-surface source emphasizes that daily and seasonal soil-temperature cycles are impor-
tant determinants of land-surface climate.

e Heat usually moves from the warmer surface into cooler soil during the day and reverses
direction at night.

e Soil heat storage moderates diurnal and seasonal temperature ranges.

o Soil temperature regulates important biological processes, including heterotrophic respira-
tion.

e Thermal conductivity and volumetric heat capacity govern the transfer and storage of heat
in soils, and both are strongly affected by soil moisture and freezing state.

6.5 Soil Degradation Processes Under Climate Change

e The review on soil processes under climate change identifies salinization, acidification, and
erosion as major degradation pathways affected by climatic change.

o Salinization is favoured where low rainfall, saline groundwater, upward movement of water,
and poor drainage coincide.

o Sea-level rise may intensify inundation and salinity in coastal soils.

o Increased precipitation can intensify leaching and acidification through depletion of base
cations.

o Increased rainfall intensity can raise erosion risk even where total annual rainfall does not
increase greatly.

6.6 Organic Matter, Nutrients, and Soil Biology

« Soil organic matter is presented as critical to physical properties, water availability, nutrient
cycling, pollutant retention, and microbial activity.

« Warming may accelerate turnover of organic matter, but actual outcomes depend on water
availability and carbon inputs.

o Climate change may reduce plant-available nitrogen through enhanced decomposition, leach-
ing, denitrification, and ammonia volatilization.

o Soil organisms influence decomposition, aggregation, aeration, nutrient cycling, and pollu-
tant transformation, so their climate sensitivity is also central to soil response.
6.7 Soil Respiration Under Warming

« A meta-analysis of 202 datasets from 50 warming experiments reports that warming by 2°C
increased total soil respiration by about 12% in early warming years.

o The same synthesis reports that warming-induced drought partially offsets this increase.

18



o It separates soil respiration into autotrophic and heterotrophic components and finds differ-
ent responses.

o Heterotrophic respiration increased by about 21% under 2°C warming and remained elevated
over warming duration.

o Autotrophic respiration showed no statistically detectable early response overall and declined
with treatment duration.

o The synthesis argues that field evidence does not support the view that heterotrophic res-
piration fully acclimates to warming.

6.8 Soils as Climate-Change Mitigation Tools

« Soil carbon sequestration is presented as a climate-mitigation strategy with strong co-benefits
for soil fertility, structure, water retention, and resilience.

o Technical sequestration potential is reported in one review at about 1.0-1.3 Pg C y! globally.
o Economically feasible sequestration is lower but still substantial under rising carbon prices.

e Recommended practices include improved productivity, reduced tillage, residue retention,
organic amendments, land-use change, agroforestry, grazing management, and better water
and nutrient management.

e In Asian and dryland contexts, sequestration is linked not only to mitigation but to com-
bating desertification, land degradation, and food insecurity.

6.9 Limits of Soil Carbon Sequestration

e The sequestration sink is finite because soils eventually approach a new equilibrium.
e SOC gains are reversible and can be lost rapidly under poor management.

e Monitoring and verification are difficult because small stock changes must be measured
against large background pools.

e Some gains may be offset by losses elsewhere through leakage, displacement, permafrost
thaw, or peat oxidation.

e Soil sequestration is therefore important but cannot substitute for broader emissions reduc-
tion.

6.10 Conclusion

The combined source base shows that soil-climate interaction cannot be reduced to carbon
stock change alone. It includes soil water dynamics, drought propagation, soil thermal behavior,
respiration fluxes, salinization, erosion, nutrient response, and management adaptation. Soil
carbon sequestration remains important, but it is only one part of a wider soil-climate system.
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Part 11

Extended Thematic Additions from
Newly Processed Sources

7 Soils, Biomes, and Ecoregional Framing

7.1 Biome and Ecoregion Logic

A biome source states that biomes align with specific soil and climate distribution patterns
and are used to show interactions between abiotic and biotic components of ecosystems. A
separate global ecoregion source defines ecoregions as relatively large land units containing
distinct assemblages of natural communities and species. It organizes terrestrial diversity into
biogeographic realms, biomes, and ecoregions, and argues that these units provide a better
framework for biodiversity comparison and conservation planning than very coarse biophysical
divisions.

7.2 Why This Matters for Soil Notes

For soil notes, the importance of these sources lies in the fact that soil cannot be treated as an
isolated substrate. Soil diversity, function, and degradation are embedded in broader ecological
units. The ecoregion source stresses that landforms, vegetation, species assemblages, and pro-
cess regimes all matter in delimiting environmental units, while the biome source explicitly ties
biome structure to soil and climate distribution. Together, they justify reading soils through
larger ecosystem frameworks rather than only through taxonomic soil classes.

8 Rhizosphere Processes, AMF, and Glomalin

8.1 Soil Fertility as a Biotic—Abiotic System

A rhizosphere source defines soil fertility as sufficient accessibility of mineral nutrients dissolved
in soil solution for plants and states that fertility depends on both biotic and abiotic factors.
Soil microorganisms participate actively in nutrient cycling, and plant roots together with
associated microorganisms explore deeper soil zones for nutrients and water.

8.2 Arbuscular Mycorrhizal Fungi and Glomalin

The same source identifies arbuscular mycorrhizal fungi as symbiotic associates of most plant
species. AMF influence plant physiology, ecological interactions in soil, phosphate transloca-
tion, nutrient uptake, disease resistance, and soil aggregation. Their hyphae release glomalin,
identified as a glycoprotein that acts as a “soil glue” binding particles together. Frequent
disturbance through tillage, cropping, and grazing reduces glomalin and weakens aggregation.
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8.3 Climate Connection

The study reports that climatic factors play a significant role in soil nutrients, microbial com-
munities, plant growth, and mycorrhizal proteins. It also notes positive correlations between
specific climatic variables and glomalin fractions, showing that climate variability can alter
rhizosphere-mediated soil structure and fertility.

9 Carbon Stocks in All Pools Following Land-Cover
Change

A carbon-pool study from eastern Madagascar treats terrestrial ecosystems as major carbon
sinks and emphasizes that tropical-forest conversion is a significant source of greenhouse-gas
emissions. It quantifies all five IPCC carbon pools and shows that SOC to 100 cm is the
dominant contributor to total carbon stock across land uses. For all land uses combined, SOC
to 100 cm accounts for 76.49% of total stock, while AGB contributes 13.54%. In closed-canopy
forest, SOC forms 51.35% of total carbon stock, but after deforestation and degradation its
proportional importance increases, reaching 87.19% in degraded lands. The top 0-30 cm layer
holds 66.88% of the 0-100 cm SOC stock. This source strengthens the note architecture by
showing that land-cover change must be read through full-pool accounting rather than AGB
alone.

10 Tropical Peatland Carbon and Nitrogen Dynamics

10.1 Peatland Characteristics

A peatland source defines peat soil as soil containing more than 20% organic matter and
describes tropical peatlands as organic soils formed largely in coastal settings behind mangroves.
Anaerobic and waterlogged conditions limit decomposition and permit peat accumulation, but
these same properties make peat soils difficult for agriculture.

10.2 Carbon and Nitrogen Significance

The source emphasizes that carbon is the dominant nutrient component in peat soils and that
peatlands function as major carbon sinks. It notes that peatlands may store up to 525 Gt of
carbon on only 3% of the Earth’s land area, with Southeast Asia as a major concentration zone.

10.3 Conversion and Nutrient Loss

Conversion of peat swamp forest to oil palm is described as changing peatlands from carbon
sinks to carbon sources. Drainage lowers the water table and increases carbon mineralization.
Nitrogen fertilizer application increases NoO emissions, and nitrogen is lost through nitrification
and denitrification. Wet-season moisture is associated with greater nitrogen loss, while dry-
season peat oxidation reduces soil carbon and shifts peatlands toward source behavior. This
source clearly extends the notes by adding a distinctive organic-soil and climate-change pathway
not covered in the original draft.
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11 Climate-Smart Soil Management in Semiarid Re-
gions

11.1 Semiarid Soils as Degraded but Strategic Landscapes

The semiarid management chapter defines semiarid regions as drylands with aridity index
between 0.20 and 0.50 and describes their soils as often degraded by historical land use. Major
threats include erosion, salinity, structural decline, GHG emissions, and desertification. Yet
these same regions are described as “hot spots” because of their importance for crop production,
food security, and interannual variability of the land COs sink.

11.2 Grassland Management

The chapter states that overgrazing causes losses of SOC and nitrogen by lowering net primary
productivity, increasing erosion of carbon-rich topsoils, compacting soil, and weakening aggre-
gation. It recommends reduced stocking rates, rotational grazing, and in some cases grazing
exclusion. However, it also cautions that grazing exclusion is not universally beneficial and that
outcomes vary by ecosystem.

11.3 Cropland Management

For semiarid croplands, the chapter recommends optimizing organic residue inputs and mini-
mizing soil disturbance. Conservation agriculture is defined through three principles: minimal
disturbance, permanent soil cover, and varied crop rotation. No-till improves water conservation
and surface SOC accumulation, though it may create subsoil compaction. Reduced tillage can
improve structure and nutrient accumulation down-profile. Cover crops, organic amendments,
crop rotation, and agroforestry are all treated as climate-smart measures.

12 Agricultural Soil Carbon Sequestration: Practice,
Adoption, and Policy

A policy-oriented carbon sequestration source states that soil carbon sequestration has become
a priority issue that must be addressed through cooperation among scientists, policymakers,
farmers, and land managers. It argues that point measurements of soil carbon can be scaled
to larger areas and that different management practices can reduce COs enrichment in the
atmosphere. It lists perceptions and myths that obstruct action, including the idea that soil
is inexhaustible or that soil carbon cannot be measured reliably. It also records practical lim-
itations identified by farmers regarding no-till adoption, including weed control, initial risk,
compaction, drought concerns, establishment problems, delayed visible change, and cultural re-
sistance. The source argues that effective policy must combine scientific evidence with workable
incentive systems and broader measures of environmental benefit, not crop yield alone.
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13 Agroecosystem Greenhouse (Gas Emissions in Mon-
soon Asia

A Monsoon Asia editorial states that agricultural soils and animals contribute about 40% of
global methane and nitrous oxide emissions, while agricultural soils may function either as CO,
sources or sinks. It notes that Monsoon Asia covers about 16% of the Earth’s land surface and
hosts about 60% of the world’s population. Rice cultivation and small-scale intensive family
agriculture dominate the region. The editorial stresses three problems for mitigation: uncer-
tainty due to climate and ecosystem diversity, neglect of feasibility and trade-offs in technology
evaluation, and difficulty of scaling results up to regional and global levels.

14 Integrated Watershed Management, Soil Quality,
and Climate Adaptation

The Ethiopian watershed study shows that integrated watershed management can improve soil
physical and chemical properties, trap sediment organic carbon, and raise crop yield. Biophys-
ical soil and water conservation practices trapped more carbon than physical structures alone.
Lower slope positions accumulated more SOC, organic matter, clay, total nitrogen, cation ex-
change capacity, and available phosphorus than upper slopes. The study also shows that local
people perceive watershed management as a climate adaptation strategy because it improves
water, soil fertility, livelihoods, and resilience to recurrent drought and related shocks.

15 Climate Variability and Ecological Capacity in the
Arid Altai

The Altai climate study focuses on decadal temperature behaviour in the arid southeast of the
Russian Altai. It documents statistically significant warming between older and more recent
periods, though with fluctuations across shorter intervals. The territory is sharply continental,
has low annual precipitation, strong winds, short frost-free periods, and high ecological sensitiv-
ity of vegetation cover to warmth and moisture. The source also stresses the ecological-capacity
question: rising livestock pressure, pasture stress, and the need to evaluate risks of ecosystem
functioning under climatic variability.

16 Cryogenic—Glacial Systems in the High Mountains of
Siberia

The Siberian glaciation article introduces the concept of cryogenic-glacial systems in which
glaciers, permafrost, icings, and ground ice interact. It argues that classical Alpine models
are inadequate for Siberia because glaciation there developed under cryoarid continental condi-
tions. The source identifies cryoaridization, limited moisture supply, pervasive permafrost, and
strong cold-storage effects as central to these landscapes. It also shows that icings can perform
geological work comparable in significance to glaciers and can reshape valleys and sediments
in ways important for palacoenvironmental interpretation. Although this source is not a soil
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taxonomy source in a narrow sense, it contributes a high-latitude cryospheric environmental
framework relevant to soil formation, landform interpretation, and cold-region environmental
history.

Part 111

Appendix

A Contextual Outlier Source Retained in Repository

The source on nineteenth-century Russian descriptions of Kazakh economy and culture is not a
core soil text, but it has been retained in the conversation repository because it was processed
alongside the soil-related source set. Its main relevance is contextual: it notes that some earlier
descriptions ignored the interconnection between climate peculiarities, economic structure, and
national mentality. If needed later, it can support contextual discussion of land use, animal
husbandry, and regional environmental adaptation, but it is not integrated into the core soil
sections above.
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