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Figure 1: Location of Cointzio watershed.Michoacan,
Mexico (Christian Prat)

The main suggestions called for improving the agronomical system by improving
cattle production, reducing free grazing and the number of animals. However,
due to the fact that this proposal would call for more work, more funds and
more time, and as the level of poverty in the area is medium to high, and the
income from agriculture accounts for only 10 to 20 percent of the total family
budget, few farmers were able to follow this recommendation. Thus, building
from this information and from workshops in some farming communities with
national institutions and local authorities, another strategy was developed based
on plantation of native agave (Agave inaequidens), trees or fruit trees, shrubs and
grasses plants to create at mid-term (7-12 years) a sustainable production of a
traditional Mexican alcoholic liguor (mezcal) or cosmetic and medicinal products,
fibres or fodder for cattle or wood.

One part of the agave is planted in continuous lines to create a green wall to control
soil and water runoff and the other part is planted in staggered. In addition, other
native plants are planted between the lines of agave, to be used as food, fodder
and/or medicinal products.

Unlike most agave, Agave inaequidens reproduces from seed, which requires
harvesting seeds from native plants found growing wild in the fields. One plant
generates 80 000 seeds with a 90 percent success rate of germination, which is
enough to cover 25 ha of agave forestry plantations to control soil erosion. The
harvested agave, tree and shrub seeds are maintained in a greenhouse managed
by the owners or tenants of the land. At the beginning of the rainy season, plants
are transferred to the plots, where cattle are not allowed for at least the first two
years of planting.

While the trees, shrubs and grasses are harvested annually, agaves are only
harvested after 7 to 12 years depending on the soil degradation level. Harvesting
requires removing the heart of the agave (pifia) which weighs around 50 kg.
The actual mezcal production requires an average of three weeks with at least
two men to process 25 agave plants (1.5 tons) and produce 300 litres of mezcal.
The proximity of the site to the Michoacan state capital and recognition by the
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Handmade mezcal 100% Agave (Agave cupreata) — La
Perla de Tzitzio. Las Nueces, Tzitzio, Michoacan, Mexico

(Christian Prat)



authorities of the designation of origin for this mezcal creates high value for their
future production.

The main purpose is to reach sustainable land rehabilitation while generating high
incomes for the farmers. This allows them to reduce the amount of livestock and
overgrazing, which is the main cause of soil erosion in this region. The production
of mezcal will give local farmershigh incomes. While waiting the 7-12 years for
the agaves to produce, farmers are growing small agaves from seeds that they
collected. This activity gives jobs to a dozen women in each community who
receive income from selling part of this plant production. Trees, shrubs and grasses
for medicinal uses, food and fodder are complements of agave production and are
processed mainly by women, while agave harvesting is a male activity.

As it is very financially convenient, farmers will remain in the communities instead
of migrating to cities or abroad. Biodiversity is preserved with the increased use of
native agaves, trees, shrubs and grasses. Turning eroded soil into productive soil
also sequesters carbon and increases water availability as a result of the new soil
cover.

The agave project was initially implemented for five years (2007-2012) through
Mexican (Secretaria de Medio Ambiente y Recursos Naturales — SEMARNAT,
Secretaria de Educaciéon Superior Ciencia, Tecnologia e Innovacién — SENESCYT,
Michoacan State, Ministerio de Agricultura, Ganaderfa, Acuacultura y Pesca
— MAGAP, Universidad Nacional Autéonoma de México — UNAM, Universidad
Michoacana de San Nicolas de Hidalgo —a UMSNH), French (Institute de recherche
pour le développement — IRD) and the European Desertification mitigation and
remediation of land (DESIRE) project funds. Since 2013, SEMARNAT, municipality
of Morelia and UMSNH have continued to follow the project and share the results
with other communities. They also have supported the local population with
introduction of efficient woodstoves and a drinking-water network.

3 monthsield agaves (Agave inaequidens) San Andrés
Coapa, Michoacan, Mexico (Christian Prat)
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Turning rocks into soils from the Ecuadorian
Andes to the Mexican transvolcanic sierra

fél';clan Prat, Ju‘ho Moreno, Jalrﬁmldrobo, German Trujillo, ol

/Carlos ‘Ortega, Jorge D. Etchevers, Claudia Hldalgo Aurello Baez and
Juan Fernando Gallardo Lanch©® = —

A vo‘léanic rock known as tuffisfound-throughout the Andes.

Problems havetarisen as the layers of lights but fragile soil

thattonce covered the' -tuff have been lost for both natural

(Envirghmental) reasons and because of over-cultivation.

When the Soil is gone; the tuff is impermeable. Now, a

project i Ecuador has_determined that'the tuff‘itself can

be.reclaimed and is supportlng a programme that sends

bulldozers-to the- tuff regions._to br‘eak up the r‘ock and

become the base forra more fertile SOII o 3] . } Bulldozer, Province of Ibarra, Ecuador (Christian Prat)

Along the Andes - from

TEa o
Chile to the Mexican Sierras S Colembia
Madres - layers of hard {J'M”-m-

volcanic materials cover large Westernste | ‘é.ﬁéﬁﬁ" i
areas of the foothills. These of Andes f i S —
materials have been given ) b ¥ Inler Andean vabey

local names where they are "t‘_?; ]

found: tepetates or stone - fcf PR —
beds in Nahuatl in Mexico,

talpetate in Central America, '
cangahuas or hard ground

LUl o

in Quichua in Colombia and o
Ecuador (Figure 1), sillar or hj S
ashlar in Spanish in Peru, and E#é Amazonia
toba or tuffin Spanish in Chile T,
(for simplicity, this report ‘f{f,",.: i i
refers to the material as tuff).

ir
The tuff layers cover a very l&?
large area: 30 700 km? 'E} 2
in Mexico, 2 500 km? in et
Nicaragua, 15 000 km? in (
Colombia, 3 000 km? in | =™ Pery ===

Ecuador, areas inhabited by
. L . Figure 1: Location of the different types of cangahuas in the inter-Andean
millions. Orlglnally emitted valley of Ecuador (Zebrowski et al.)

110



Cangahuas. Canton of Cangahia; Pichificha-province, Ecuador (German. Trijillo)

by phreatic magmatic-volcanic explosions, they have a thickness ranging from a
few centimetres to several metres. They were buried beneath loose ashes, which
turned to a fertile but fragile soil during the process of weathering.

Environmental (e.g. slopes, rains) or anthropogenic (e.g. overgrazing, agricultural
mismanagement) erosion has made the topsoils disappear completely in many
areas, revealing the hard tuff layers. These exposed tuffs are impermeable due to
their high compactness and very low porosity.

Environmental. When aggressive tropical rains fall, the water runs off of the
hard layers, concentrating and generating huge volumes of water downstream,
destroying crops and causing flash floods which strongly erode soils. As the tuff
materials are rocks, they lack soil organic matter or nutrients, except in isolated
cracks. Sulfur and phosphorus are especially scarce in available form, while
potassium can achieve high content. Obviously, the microbiological activity is
residual, because micro-organism diversity is low. So, when the tuffs are exposed,
the landscape looks like a sterile desert.

Anthropic. The anthropogenic pressure on the land can be very problematic.
Instead of dealing with the sterile landscape, farmers have moved higher on the
slopes of the mountains to reach new land with deep, fertile black soils, which
forms the high-altitude ecosystems called pdramos. Paramos play a key role in
water resources, retaining huge volumes of water that are redistributed gradually,
ensuring a permanent water supply for farmers and urban populations. But after
they are used for cultivation, the soils become dry and, as a consequence, lose
their capacity to retain water and resist erosion, repeating the processes observed
downhill.

National and local policies have focused on reclaiming exposed tuff, e.g. in Mexico
beginning in the 1970s and in Ecuador beginning in the 1980s. National and
European funds supported research programmes for some 20 years yet, despite
some success, governments gradually stopped funding them.
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However, in recent years, Ecuador has recommitted. Its 2008 Constitution of the
Republic State points out the obligation to protect soil and to recover eroded areas
for sustainable agricultural productions, which contribute to food sovereignty of
the country. In 2012 the government funded nine bulldozers, managed by the
Secretary of Agriculture, for all provinces with exposed tuffs, and launched a new
project focused on transforming tuffs into soils. The project was supported by the
Global Environment Facility (GEF), with the Food and Agriculture Organization of
the United Nations (FAO), Ecuador’s Ministry of Agriculture, Livestock and Fisheries
(MAGAP) and Ministry of Environment (MAE), as well as local programmes.

While Ecuadorian small farmers can break 1 m? of tuff per day using a pickaxe, the
quickest and effective way to form soils there is with bulldozers. These machines
can fragment the tuff on 0.5 to 1.0 ha per day, even on slopes, if they are less than
50 percent steep. This work also integrates an erosion-control system by breaking
the highly porous tuff and creating a physical support for plants.

The strategy is to establish an agro-ecological sustainable system by incorporating,
as much as possible, organic residues, preferably composted, including fertilization
and microbial activity. The first crop includes legumes and grasses that will later be
buried as green manure. The next crop is fertilized with small amounts of mineral
fertilizers, administered three times during the year, as well as with composted
manure. This plus the incorporation of the crop residues (green manure) makes
it possible to achieve regional yields of, e.g. oat, wheat or beans in one to three
years and of corn in five years.

Through this method, after three to five years, from 40 to 90 Mg C ha™' of carbon
can be captured as soil organic matter, ten times more than found in European
soils. In the context of global warming, this high potential of carbon capture
provides an additional environmental service. At the same time, it also makes
additional land available for agriculture, which prevents farmers from expanding
to higher-level paramos seeking land for cultivation. Finally, it also avoids liberation
of carbon dioxide (CO,) thus reducing greenhouse gas emissions.

Vv /

Different land uses (agave, crops, forests) of cangahuas.turned tm*‘:—'

Pichincha province, Ecuador (Christian-Prat).
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Research continues to identify and select the optimal micro-organisms, for example
to improve crops, crop association and rotation, and allopathic interactions
between crops, as well as the quality of manure, in order to find agro-ecological
systems that are correctly adapted to the typical Andean crops (such as quinoa,
lupine, chia, amaranth, vegetables and pastures). Where irrigation is not possible
and a traditional use of the agaves exists, agave forestry is promoted, inspired
by previous Mexican experiences (see p. 107). For example, the mezcal liquor
obtained from agaves could be an additional income source for families. As
this species (Agavae americana) reproduces through seeds, the authorities used
the plant picking and seeding activities to reintroduce the traditional collective
work, the mingas, and to put emphasis on pre-hispanic traditions to protect the
environment.

All these strategies focus on participative works to offer opportunities to small
farmers to produce highly profitable crops, helping them to emerge from poverty.
This will allow peasants (including their children) to remain farmers, instead of
migrating to the cities, where they will join the legions of unemployed. Creating
new spaces of productive and living soils from volcanic hardpans located in the
foothills of the Andes has changed the look from deserted landscapes into fertile
fields, avoiding further environmental destruction, and giving small farmers and
their children new opportunities to live quite well from their production.

Field work after bulldozer and tractor préparation, Ibarra Ecuador (Christian Prat)
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Mountains are among the regions most affected by climate change,
and one of the most visible effects is glacier retreat. In the Alps,
glacier retreat has continued with few interruptions since the end of
the Little Ice Age (LIA), between 1300 and 1821/1861 (Figure 1).
Today, glaciers are shrinking globally with losses reported in different
areas of the world, from the equatorial glaciers in South America
and Africa to the North America and Asian mountains. In the
tropical Andes, for example, glaciers may totally disappear in the
next few decades, leaving potentially severe water supply problems
for countries such as Peru, where 10 million residents of Lima
depend on fresh water from the Andes. In Africa, Mount Kilimanjaro
- one of the nation’s main tourism attractions - is suffering severe
glacial melt and its glacier, along with the others of East Africa, is
expected to disappear altogether in the coming decades.

Thus, the newly deglaciated (proglacial) areas generally are exposing barren surfaces
to physical and biological weathering processes while at the same time producing
new hydrologic features. Surprisingly high elevation areas with little or no developed
soils have shown large amounts of microbial activity, sometimes within a few years
of deglaciation. Microbes are able to function under these extreme conditions
because their response time and turnover rates are much faster than those of large
eukaryotic organisms. Atmospheric aerosols may be an important vector of inorganic
and organic nutrients to these barren soils, and may play an unknown role in soil
formation. The Niwot Ridge in Colorado, United States, part of the United States
Long-term Ecological Research (LTER) Network, provided one of the first carbon
budgets for alpine soils (Figure 2). Excluding the more highly productive tundra
and meadow areas and considering the most barren and carbon-limited parts of an
alpine watershed, the C budget illustrates that atmospheric C inputs can be more
than 30 percent of the C inputs from autotrophic primary production.
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Most small and micro-scale variations in the alpine soil environs have resulted
from the combined effect of cryoturbation, biological activity, parent-material
and eolian deposition. In contrast to this small-scale variation, the large-scale
variations originated as a result of the topographic/snow gradient. Snow cover
(snowpack distribution and duration) is considered critical to the development of
mountain soils because of its direct effect on soil temperature, soil moisture and
duration of the growing season, which in turn controls nutrient availability in the
alpine environment. The depth and duration of snow cover, for example, regulates
soil temperature with stable values close to 0 °C when the snow depth is enough

Figure 1: Estimated annual C budget for the
GL4 watershed overlaid on land classification
map of June 2008. Only major pools are
included. Wet and dry deposition mean
values and ranges are derived from
long-term (2002-2010) weekly monitoring of
wet deposition and snow at maximum
accumulation. DOC export was taken as the
mean annual yield from Green Lake 4. Art
and GIS (E. Parrish)

Figure 2: Alpine mesotopographic gradient at
Niwot Ridge LTER site (3 528 masl). Colorado,
United States (Freppaz et al.)
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to ensure thermal insulation. Differences in the duration, amount and depth of
snow at the mesotopographic scale result in large changes in soil properties and
plant communities over short distances, as revealed by snow manipulation studies.
In temperate mountain regions of the Northern Hemisphere, climate change is
expected to result in a more unstable snow cover with earlier spring snowmelt.
For the full range of the 1996 Commonwealth Scientific and Industrial Research
Organisation (CSIRO) scenarios in Australia, Whetton estimated an 18-66
percent reduction in the total area of snow cover by 2030. Less snow cover may
consequently lead to lower soil temperatures and an increase in frequency and
intensity of freeze/thaw cycles. This not only effects C and nitrogen (N) dynamics,
it also effects soil structure, which is a key factor for soil stability and erodibility.

In the eastern Himalayas, changes in snow-cover dynamics will directly affect
biodiversity at high elevations. Potential evapotranspiration is also likely to increase,
due to enhanced soil water availability and higher temperatures in the future.
The greater percentage increase in potential evapotranspiration compared with
precipitation means relatively drier years, with implications for water resources
and drought-related problems. Strong winds combined with a semi-arid to arid
climate increase the risk of wind erosion when dry soil is exposed.

In areas where snowfall is the current norm, warming is also expected to lead to
an increase in precipitation in the form of rain, with more frequent rain-on-snow
(ROS) events and potential impact on snow characteristics (e.g. snow density) and
soil properties (e.g. soil temperature) when the snow melts. For every degree Celsius
the temperature increases, the snow line will rise an average of 150 m. Significant
flooding can occur during mid-winter ROS events, particularly if the soil is frozen,
which limits the infiltration processes and increases the amount of surface runoff.
Mountain watersheds are particularly vulnerable to extreme rainfall events, which
may trigger shallow soil movements, involving limited soil depths and diffuse erosion.

In mountain areas, soil erosion due to rainfall is generally considerable, but
of special note, is the impact of other factors on soil erosion, such as snow
movements. In particular, wet snow avalanches are well known for their high
sediment yields, and their frequency may change in response to future climate
conditions. Flowing avalanches can produce considerable soil removal and
sediment transport along the avalanche path, altering the soil morphology on the
local scale and transporting a significant amount of soil across the runout zone.
If full-depth avalanches predominate, and the avalanche flows interact directly
with the soil surface, the soils can be stripped off in the track zone and can be
fragmented or highly degraded. Complex soil profile morphologies may occur
along an avalanche path with both buried and truncated soil horizons.

Long-term data are fundamental for detecting and evaluating the impact of climate
change on mountain soils. The LTER Network links a multidisciplinary group of
scientists all over the world, with the recognition that long-term and broad-scale
research is necessary for truly understanding environmental phenomena under a
changing climate.
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Information gaps on climate change in mountain regions
Tim Stott and Gerd Dercon

The rapidly changing climate in mountain regions has alarmed communities,
environmentalists, scientists and policy-makers. Many fear that soils will become
unstable and that water in soil will be less available for mountain communities.
There is also concern that greenhouse gases locked away in the soils of these
regions will find their way into the atmosphere, causing further changes to the
Earth’'s climate. While knowledge about climate-change impacts, adaptation and
vulnerability has increased substantially during the past ten years, acute knowledge
gaps still exist on the effects of climate change on land-water-ecosystem quality.
Because the highly vulnerable and very sensitive mountain regions across the
world are likely to be most immediately impacted by climate change, these provide
the ideal setting for filling these knowledge gaps.

Supported by the Joint Food and Agriculture Organization of the United Nations
(FAO)/International Atomic Energy Agency (IAEA) Division of Nuclear Technigues
in FAO through an IAEA Technical Cooperation project on Assessing the Impact of
Climate Change on Soil and Water Resources in Polar and Mountainous Regions,
an information gap analysis was carried out on the impact of climate change on
land-water-ecosystem quality in polar and mountainous regions across the world
where climate change is known to progress significantly faster than the global
average. Information from these regions should assist in predicting future climate
change-related processes in other mountain and lowland regions. A database
of 769 peer-reviewed scientific papers (published since 2000) that focused on
thirteen representative benchmark sites with mountainous characteristics located
on all continents was developed to identify and quantify these knowledge gaps.
All entries in the database were assigned up to three keywords so that a total
of 1 015 unique keywords were used to describe the papers. These were then
grouped into five broad categories. The number of keywords in each category and
the percentage of all keywords in that category (in brackets) were:

e Snow and Ice (366; 36.1 percent);

e Terrestrial Ecosystems (260; 25.6 percent);
e \Water (173; 17 percent);

e Livelihoods (146; 14.4 percent) and

e Land Degradation (70; 6.9 percent).

After normalisation of the data, the priorities for future research on climate
change impact in mountainous regions should be considered in the following order
of priority:

* impact on land degradation: soil erosion, sediment redistribution and slope
stability;

e impact on livelihoods: food and feed production, agricultural sustainability,
soil and water quality, land and water availability for cropping, irrigation,
livestock and forestry systems, energy production and hydropower;

® impact on water: runoff, river discharge dynamics;

e impact on carbon and nutrient cycling: soil organic carbon dynamics,
greenhouse gas emission and feedback mechanisms;

* impact on the cryosphere: snow cover, glacier dynamics, permafrost and
land-water-ecosystem quality interactions.

Improved knowledge on the impact of climate change in mountainous regions will
not only assist marginal farming communities in mountain regions, it will also
assist national and regional policy-makers in better forecasting the impacts of such
change on less sensitive and lowland regions and communities.
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Carbon stocks in oceanic alpine

landscapes
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This study looks - at .he oceanlc alplne Iandscape of a
catchment  in  Scotland’s - eastern ~ Highlands.  Oceanic
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Cold and wet northern biomes contain large stocks of carbon (C) in their soils and
may hold up to one-third of the global pool of soil C. High-latitude and altitude
areas, where rapid warming is already occurring, are also predicted to experience
the greatest effects of climate change. While C stocks in lowland environments
are relatively well characterized, those in alpine systems are less well known.
Interactions between complex topography and snow cover lead to steep local
gradients in soil temperature and moisture which, in turn, influence the potential
for C fixation by primary plant production and for losses through biological,
chemical and physical decomposition processes. This points to the likelihood of
high spatial variability in the C stocks held within mountain soils. In this case study
we explore the variability in soil C stocks, C fixation in plant primary production
and decomposition rates across an oceanic alpine landscape in Scotland.

Oceanic alpine landscapes in Scotland include ecosystems typical of many
mountain areas on the northwestern fringe of Europe. With a high prevalence of
bryophytes and dwarf shrubs, these systems also have similarities with arctic and
subarctic tundra. Winter snow cover in Scotland is highly variable, and likely to
become more so in the face of climate change. Loss of snow cover could have a
major impact on the distribution of plant communities within the landscape and
also on the processes controlling inputs to, and losses from, the soil C store (for
example by changing the quality and quantity of plant litter, or through changes in
the composition or activity of the soil microbial community). There is therefore an
urgent need to improve understanding of the status of C stocks in mountain soils
in order to predict the likely impacts of climate change. We investigated C stocks
in the oceanic alpine landscape using a study catchment.
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In the eastern Highlands of Scotland, the Allt a’Mharcaidh catchment, on the
western edge of the Cairngorm mountains, covers an area of around 10 km?,
spans an altitudinal range of 320 to 1 111 masl, and is underlain by granite parent
material. The climate is cool oceanic with mean monthly temperatures (at 575
masl) ranging from 1.2 °C in February to 10.3 °C in July, and a mean annual
rainfall of around 1 100 mm, about 30 percent of which falls as snow in winter.
This catchment represents a typical Scottish upland/alpine ecosystem, with blanket
mire vegetation on deep peat soils in the valley bottom, lichen and bryophyte-rich
heather (Calluna vulgaris) moor and podzolic soils on the valley sides, and a high
plateau with alpine soils and vegetation above 700 masl.

The investigation included plant and soil C stocks, net primary production (NPP)
and decomposition rates at the Allt a’Mharcaidh, across a typical toposequence
of oceanic alpine habitats. This included blanket mire and boreal Calluna heath
on the lower slopes and within the alpine mosaic on the upper slopes; early-
melting snowbeds dominated by Nardus, alpine Calluna heath on exposed ridges
and moss-dominated Racomitrium heath typical of summit areas. These habitats
represent the most prevalent alpine habitats in the United Kingdom. In each
habitat we measured the C stocks in both vegetation and soils, estimated C inputs
from net primary production of plants, and measured decomposition rates of plant
litter.

It was found that total ecosystem C stocks were large: 11-26 kg C m? in the
alpine habitats and 50 kg C m in the blanket mire. Spatial variability of C stocks
was high, as expected. Within the alpine zone, C storage was greatest in the
snowbed (S3) (26 kg C m=) and least in the Racomitrium moss-dominated summit
heath (S1). In all habitats, the C stocks were dominated by C held in the soil, with
only a small fraction of the total C stock in the vegetation. Total C stocks did not
vary consistently with altitude, but reflected topographic gradients of temperature
and moisture within the alpine zone. Variability in total C stock also matched the
between-habitat variability in net primary productivity of the vegetation.

Early- and late-melting snowbed communities in the
Cairngorm mountains, Scotland (Andrea J. Britton)
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In almost all habitats, the soil C stock represented approximately 280 years of
current net primary production. Decomposition of plant litter was extremely slow.
The cool, wet climate, combined with the recalcitrant nature of litter from the
bryophytes, lichens and dwarf shrubs, which dominate oceanic alpine vegetation,
produce favourable conditions for C accumulation in the soil. As with C stocks, the
plant litter decomposition rate did not follow a simple altitudinal pattern; it varied
between habitats and was controlled by the chemical quality of the litter and the
amount of moisture in the soil. Surprisingly, decomposition was fastest in the
snowbed — faster than in the blanket mire and boreal heath on the lower slopes.

The results demonstrate that oceanic alpine habitats contain significant stores of
C, and indeed are among the most C-dense ecosystems on a global scale. The
results from this single study catchment highlight the high spatial variability in
alpine soils and their C stocks, arising from complex topography and resulting
gradients in temperature, moisture conditions and plant community composition.
The snowbeds studied here appear to represent hotspots for carbon accumulation
within the alpine landscape, but may also be under threat from future climate
change. Climate warming and changes in the amount and distribution of winter
snow cover could greatly impact the distribution of plant communities across
the alpine landscape. A better understanding of the mechanisms underlying the
spatial variability in C stocks and fluxes that we observed is now urgently needed
if we are to predict the fate of alpine soil C stocks.

Location of the Allt a'Mharcaidh catchment and toposequence study sites. S1 —
Racomitrium moss-heath, S2 — Snowbed, S3 — Alpine Calluna heath, S4 — Boreal
Calluna heath, S5 — Blanket mire (Andrea J. Britton)
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Lesotho mountain wetlands potential for
carbon storage
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thatis most prone to changes in'soil use and management.
Minimum._carbon-distribution ‘occurs in:the subsoil due to
restricted root growth. Declining vegetal cover.due to grazing
of-wetlands” reduces ‘the potential of the wetlands to-store
carbon. The main threat is the release of carbon from soils
due to increased rate of soil organic matter decomposition T i
as-a result of drainage of the wetlands. ' (Botle Mapeshoane)

The mountain wetlands of Lesotho play a major role in sustaining the perennial
water flow and regulating the water quality of the major Orange-Senqu River
Commission (ORASECOM). They also serve an economic purpose, as there is trade
in quality water between South Africa and Lesotho through the Treaty on the
Lesotho Highlands Water Project (LHWP). The main use of the mountains wetlands
catchment is grazing of domestic animals, although relatively small protected
portions have been made nature reserves because of their endemic alpine flora
and fauna. °

The stock of organic carbon present in natural soils represents a dynamic balance
between the input of dead plant material and loss from decomposition. The
prolonged soil water saturation (high water table) and anaerobic conditions in
wetlands lower the rate of organic matter decomposition and lead to organic
matter accumulation. When wetlands are drained by gullies, the water table
declines, the organic carbon that is normally under water becomes exposed to
the air, where it decomposes and releases carbon, which is one of the major
greenhouse gases. With the ongoing degradation of Lesotho wetlands, there is a
possibility that their stored carbon will be released into the atmosphere (Figure 1).

Land-use change can alter the water table of the wetlands through compaction,
which will cause runoff and soil erosion. Land use and management also control
organic carbon distribution in the soil. The vertical pattern of soil organic carbon
(SOC) can be used to predict consequences of loss of vegetal cover on soil carbon
storage in wetlands.

The wetlands, described as peatlands, comprise bogs and fens, even though some
researchers disputed the existence of bogs in these wetlands because of their
varying organic carbon content. Most soil classification systems describe peat
as an organic material that contains organic carbon content greater than 12 to
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18 percent depending on clay content of the mineral fraction. In this project,
vertical distribution and carbon pools were evaluated to a depth of 1 000 mm.
Representative soil samples were collected from the three wetland types (bogs,
valley head fens and hillslope seeps) at various depths in soil (Figure 1). SOC was
determined from total carbon. Bulk density was determined by core samples from
each depth. The soil profile carbon mass was calculated as the sum of the product
of SOC and bulk density for each depth.

About 40 percent of SOC was stored in the top surface soil layer which are 200
mm thick in fens and hillslope seeps, while bogs hold about 60 percent SOC
in the surface layer. The SOC content showed a drastic decrease from surface
layers into the subsoil. This suggested the accumulation of organic matter from
above ground litter and roots, and little distribution into the subsoil. This is a
consequence of limited root distribution in the subsoil — the result of shoot/root
allocations combining with vertical root distributions which affects the depth of
the distribution of SOC. In the subsoils, SOC is added from aboveground and
root litter through large pores draining water mixed with SOC and mixing by
soil animals such as earthworms. The SOC input into the subsoil is of relative
importance because it is characterized by high mean residence times of up to
several thousand years.

The mean SOC density was 304, 210 and 205 t C ha' from bogs, fens and hillslope
seeps respectively within the 1 000 mm soil depth. This is very low compared with
600 t C ha' estimated from global peats in temperate regions. Lal recalculated
the soil organic carbon density of 1 170 t C ha' from wet organic soils, while the
estimates of soil organic carbon densities from temperate grassland are between
141 and 236 t C ha'. Decline in above-ground biomass affects annual soil
organic matter/carbon turnover and reduces potential for these wetlands to store
atmospheric carbon. Additionally, an increase in soil temperature due to removal
of vegetation cover will enhance the rate of carbon dioxide (CO,) emissions from
peat.

The carbon storage in the mountain wetlands of Lesotho is significantly lower
than the relative similar environments of the world. The degradation of wetlands
impacted by grazing is putting the top 200 mm surface layer at risk of carbon loss.
Grazing in the wetlands catchments requires the introduction of a buffer zone to
control trampling by animals and encourage luxurious regrowth.
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Figure 1: Soil organic carbon pools at four depths in different wetland types of Lesotho.
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to forest expansion on grassland in a study area. ioHe
Southern Alps (Trentino, Italy). The forest expansion cauSed
a higher vulnerability of-soil carbon to decomposition and
climate change-induced perturbations.

. View of the study area. Trentinogltaly
audia Guidi)

Grassland abandonment is the dominant land-use change in many European
mountain areas. In the European Alps, 41 percent of farms and 20 percent of
the usable agricultural land were abandoned from 1980 to 2000, which in most
cases led to natural forest colonization. This land-use change can have a significant
impact on the amount of carbon stored in soil, ultimately affecting the atmospheric
carbon dioxide (CO,) levels. Moreover, forest expansion on abandoned grasslands
can affect the protection of soil organic carbon (SOC) from environmental
modifications or disturbances (Box 1).

Box 1

The protection of soil organic carbon (SOC) against decomposition (i.e.
stability) results from the synergy of various mechanisms, such as molecular
characteristics of SOC; spatial inaccessibility against decomposers by
occlusion; and organo-mineral associations. Spatial inaccessibility and organo-
mineral interactions are recognized as the main drivers of SOC stability..

Contrasting trends in SOC have been reported for mountain regions following
forest expansion on grasslands, therefore its effects on SOC content and protection
are largely unknown. This study aims to to fill this knowledge gap, considering
that it is likely that large areas of agricultural lands in mountain regions will be
abandoned over the next decades and that forest will take over the abandoned
areas.

It was investigated how forest expansion on abandoned grasslands affected the
content (stocks) and the protection of SOC. The project was carried out from 2011
to 2015, examining a study area in Trentino province (Italy), where the forest area
increased by 5 percent from 1973 to 1999. The study area has an elevation of 1 150
masl, with mean annual air temperature of 7.2 °C and mean annual precipitation of
1278 mm (1992-2011). The soil in the area is a Cambisol, with a clay texture and
calcareous parent material.
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Forest expansion on abandoned grassland. Trentino, Italy (élaudia Guidi)

In the study area, a land-use gradient was examined comprising four successional
stages: (i) managed grassland, mown twice a year and manured once a year for at
least the past 100 years; (ii) grassland abandoned approximately ten years ago; (iii)
early-stage forest, where Norway spruce colonized a grassland abandoned around
1970; and (iv) old forest, dominated by European beech and Norway spruce, and
already present in the historical land register of 1861. The researchers collected
the organic layers and mineral soil samples up to 30 cm depth within three plots
for each successional stage.

A decrease of mineral soil carbon stock going from the managed grassland to the
old forest was observed. The SOC accumulation within the forest organic layers
could not fully compensate the mineral SOC stock difference between the forest
and the grassland. This resulted in an overall decrease in the total SOC stock
following forest establishment and an increase in organic layer contribution to total
SOC stocks (Figure 1). Moreover, the decrease in SOC stocks within the mineral
soil mainly took place in protected fractions of SOC, i.e. the stable aggregates,
while the SOC in unprotected fractions, i.e. the particulate organic matter (POM),
increased following forest expansion on grasslands (Figure 2).

100 Omineral soil Borganic layers
% a mmineral soil + organic layers 20 =POM
mstable aggregates
= 80 ab 80 9 Osilt- and clay-sized fraction
s 70 - e 70 4 ab .
g 50 2 50 {
g E 0 | a »
10 20
0 . . . 10 4
manG abanG earlyF oldF 0 T T T |
manG abanG earlyF oldF
Figure 1: SOC stocks at the four successional Figure 2: SOC stocks at the four successional
stages (manG: managed grassland; abanG: stages (manG: managed grassland; abanG:
abandoned grassland; earlyF: early-stage forest;  abandoned grassland; earlyF: early-stage forest;
oldF: old forest) in mineral soil (0-30 cm) and oldF: old forest) in fractions within the mineral soil
organic layers. Error bars represent the standard ~ (0-20 cm) and in organic layers. Error bars
error of the mean (n = 3). Different letters represent the standard error of the mean of total
indicate significant differences within soil layers ~ SOC stocks (n = 3). Different letters indicate
based on multiple comparisons after Kruskal- significant differences within fractions based on
Wallis, with P < 0.05 multiple comparisons after Kruskal-Wallis, with

P < 0.05. If no letters are present, no significant
differences were observed among successional
stages
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Box 2
It was used a physical method for soil fractionation that separated:
e POM not occluded within stable aggregates (size > 50 pm; density <
1.6 g cm?);
e stable aggregates (size > 50 pm; density > 1.6 g cm?3);

® silt- and clay-sized fraction (size <50 pm).

The increased contribution of organic layers and POM to total SOC suggests that
the physical protection of SOC decreased due to forest expansion on grassland.
The SOC stored in the superficial organic layers is usually more affected by
environmental and management-induced modifications than SOC in the mineral
soil. Moreover, when ecosystems are disturbed, the SOC stored in POM fractions
within the mineral soil often undergoes rapid losses (Box 1). According to our
findings, forest SOC stocks would be more susceptible than grassland SOC stocks
against management modifications or climatic changes, although the tree canopy
can naturally shelter soils against water erosion and temperature extremes.

Forest expansion on mountain grasslands caused a decrease in soil carbon stock
within the mineral soil and within the physically protected fractions. The findings
have both ecological and management implications for the sequestration of
carbon in soil and climate change mitigation.
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Lessons learned

e Forest successional stages did not
accumulate as much carbon in soil
as the managed grassland in a
mountain area.

Managed grasslands are precious
resources for mountain areas and
can store soil carbon that is better
protected against disturbances
than the carbon stored in forest
soils.
Soilcarbonbecamemorevulnerable
to decomposition, e.g. under
climate change or management
induced-perturbations.



Promoting soil health and productivity In
Eastern Arc mountain ecosystems through
collaboration and networks

-André Calatayud Bruno Le Ru, Samira Mohamed
andleno Johansson
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The Taita Hills are located in southeast Kenya. Mount Kilimanjaro, the highest free
standing mountain in the world, is located in northeastern Tanzania, approximately
110 km west of Taita Hills, in southeast Kenya. Both Mount Kilimanjaro and
the Taita hills are part of the Eastern Afromontane Biodiversity hot spot, and
are important hubs for agricultural and economic livelihoods of their mountain
communities. Rain-fed small-scale subsistence food production at household level
remains the principle source of livelihood for these communities.

In these mosaic crop production systems, farmers plant their crops with few, if
any, soil fertility inputs, because many believe that their soils are currently fertile
enough to sustain crop production into the future. Crop yield reports by the local
agricultural officials however show this belief to be far from the reality of the
situation.

Climate change signals in the Taita and Kilimanjaro ecosystems have been
experienced through decreased seasonal rainfall amounts, and increased duration
of hot months and occurrences of droughts. This has had a negative effect on
the ecosystem’ natural soil nutrient replenishment process via the carbon (C)
cycle. Deforestation has substantially reduced surface biomass accumulations thus
accelerated the pace for soil organic carbon and nutrient loss. In the Wundanyi
area of the Taita hills, for example, home to tropical indigenous forests more
than 100 years ago but converted to agricultural crop production several decades
ago, there has been a systematic and drastic reduction in cereal grain yields in
the last ten years. Smallholder harvests are so low in the March to April rainy
season, regarded traditionally as the “food seasons”, that some fields are unable
to produce enough seed to compensate for what was planted. Insect pests and
disease pressure further devastate whatever little crop material that has emerged
in the fields, resulting in total harvest loss.
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Sloping land without'a®tequate soil cover. Taita hills, Kenya (Crispus Njeru)

The initiative to increase awareness of restoring the fertility of degraded soils in
the Taita hills and Mount Kilimanjaro did not start on without outside help. In
early 2012, the Climate Change Impacts on Ecosystem Services and Food Security
in Eastern Africa (CHIESA) project was launched in Nairobi, Kenya, to study the
effects of change in land use/land cover, biophysical and socio-economic status on
crop production and food security. Funded by the Ministry for Foreign Affairs of
Finland, the project is coordinated by the International Centre of Insect Physiology
and Ecology (ICIPE) with several collaborating institutions such as the University
of Helsinki (Finland), University of York (United Kingdom), Universities of Dar-es-
Salaam and Sokoine (United Republic of Tanzania), Institut de Recherche pour le
Développement (IRD — France), among others. In these montane environments,
smallholders are disadvantaged in several ways. Low household income and little
investment in small- scale farming have reduced the quantity and quality of farm
harvests. Additionally, new invasive pest and weed species continue to devastate
the popularly grown maize crop, and other traditional value crops.

Thus, researchers and students from partnering institutions have embarked
on an intensive campaign to assess the consequences of land cover loss, and
accompanying soil physical and chemical deterioration on insect pest dynamic;
occurrence, damage and infestation patterns, among other research questions.
Results from the study show soils in these mountain ecosystems to be severely
lacking in important macro and micro elements such as silicon, phosphorus and
nitrogen. Soil organic carbon levels are also critically low in lower- to mid-elevation
zones where farming has taken place for the last 50 to 100 years. It is against this
backdrop that CHIESA embarked on a campaign to raise awareness of soil fertility
and best cropping practices among smallholders.

Designed as informal training sessions involving agricultural, civicand development
actors, pertinent issues such as the importance of soil testing and the logistics
involved, have been discussed with more than 200 farmers from both ecosystems.
Soil nutrient improving inputs, types, usage, timings and mode of application for
maximum agronomic efficiency are some of the issues discussed with participants.
From CHIESA research activities within the farming communities, simplified maps
showing soil nutrients were produced, translated into the local kiswahili language,
and published as brochures to facilitate farmer-to-farmer sharing. Diversification
of farming enterprises to ventures such as honey production and establishment of
native fruit and agroforestry tree species have huge potential to curb soil erosion
and restore the fertility of degraded fields.
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Lessons learned
Gender also plays an important role in mountain farming communities, where

most important household decisions are made by the man of the house. In Mount e For some forest lands converted
Kilimanjaro and the Taita hills, men typically leave their household for work in the to agricultural lands, it only
nearby Moshi and Arusha towns in Tanzania and the coastal town of Mombasa takes ten vyears for harvested
in Kenya. This rural urban movement often leaves only women, youth and the grain yields to fall to half those
elderly in the homesteads, usually with women left in charge of the agricultural obtained immediately  after
production. This has an important implication in future awareness campaigns, and conversion.

cognizance of the need to sensitize mountain community women and youth on e Smallholder farmers in mountain

the outcomes and impacts of initiatives such as CHIESA. regions need to be aware of
strategies available to curb
soil nutrient loss from their
farms through fertilizer use and
economy, soil management and
agroforestry practices.

In mountain  environments,
women and youth play an
important role in agriculture and
represent a critical entry point
for initiatives seeking to restore
and improve ecosystem fertility
and productivity.
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Simplified map showing organic matter status for the Taita hills, Kenya (P. Catalayud)
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The concept of traditional heritage and techniques is embedded
in the inherent characteristics of traditional and indigenous food
systems. This represents an evolving system of practices that has
been perfected over time through trial and error, and by adjusting
to the changing environment to cope with socio-economic needs
while managing finite natural resources, such as soil, water and
forests, in a sustainable way.

There are several traditional knowledge and food systems located in mountain
areas. These systems have resulted in outstanding landscapes, but also in the
maintenance and adaptation of biodiversity, indigenous knowledge and resilient
ecosystems. Among the particularities of mountainous areas are that the weather
is often more extreme than in plains and that altitude affects vegetation. These
two factors have a direct effect on soils and on the traditional food systems that
are viable in mountainous areas. These food systems, to survive over time and
produce enough for their communities, have to be deeply rooted in tradition and
heritage while being adapted to the harsh weather conditions and environment.

Many of these mountain areas and the livelihoods they host constitute Globally
Important Agricultural Heritage Systems (GIAHS), defined as remarkable land-use
systems and landscapes which are rich in globally significant biological diversity
evolving from the co-adaptation of a community with its environment and its
needs and aspirations for sustainable development.

The ancient Ifugao mountain rice terraces in the Philippines, the waru-waru

systems in Peru, the suka collos in and around Lake Titicaca in the Inca region
of the Peruvian and Bolivian Andes, and the khettara, a sophisticated water
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Hill tribe woman, Thailand (FAQ/Piya Su-Utai)

! The land has an owner? How's that?
How is it to be sold? How is it to be
bought? If it does not belong to us, well,
what? We are of it. We are its children.
So it is always, always. The land is alive.
As it nurtures the worms, so it nurtures
us. It has bones and blood. It has milk
and feeds us. It has hair, grass, straw,
trees. It knows how to give birth to
potatoes. It brings to birth houses. It
brings to birth people. It looks after us
and we look after it.”

Eduardo Galeano, “Memory of Fire”,
Volume 1, 1982



management system in Morocco, are just some of the living examples and proof
of sustainable natural resources management, where the history of protecting and
respecting soils has been passed from generation to generation.

Soils are at the very foundation of these systems. In fact, in mountainous areas
where indigenous peoples live, soil is viewed as much more than a medium for
growing food. It is considered a “sacred resource”, an integral part of life which
is linked to their cultural, social and spiritual identity. Indigenous peoples respect
and protect soils as a key element within an integrated system that is part of
Mother Earth. With their sophisticated understanding of nature and the properties
of soils, indigenous peoples know that a healthy living soil is the foundation of
productivity, cultivation and diversification of crops for food and medicine, as well
as for raising livestock.

The relationship between soil and humans is an important part of almost all
religious rites and beliefs. The earth, as the basis for human life, is present in
cosmogonies as Mother Earth and as an “element”, a basic constituent of natural
bodies and humans alike. Ancient Greek and Roman, Chinese, Buddhist, Hindu,
Inca and most non-monotheistic religious systems all emphasize the spiritual
aspects of human interventions into soils.

Prescriptions to protect the soil and ensure its regeneration are even mentioned in
the Bible. For example, the book of Exodus prescribes a year of fallow, Sabbath, to
allow the land to rest after six years of agricultural activity.

In traditional Chinese rituals, soil altars were integrated into the greater belief
system of Daoism and were a combination of an elemental approach and a fertility
cult. The Altar of the Earth and Heavens in Sun-Yat-Sen Park dates back to the
fourteenth century and contains hard-packed soil in five colours representing
the basic soil distribution in China. Chinese religion influenced Japanese Shinto
religion, which has ten deities connected to various aspects of the soil. In India,
soil worship is celebrated in parts of the country on Dhulivandan day.

In the Andes, the fertility goddess Pachamama, revered by the indigenous peoples,
presides over planting and harvesting. Rituals to honor Pachamama take place all
year, but especially in August, right before the sowing season. During this cold
month, the Andean people believe that they must be on good terms with nature
in order to keep themselves and their crops and livestock healthy and protected.
Pachamama reinforces the relations between human communities and their
natural environments, bringing together people from different clans and villages
at various points of the agricultural cycle.

One of the fundamental principles of agricultural heritage is conserving and
safeguarding the “sustainability functions” of traditional food systems, because
these functions guarantee a wide variety of ecosystem goods and services which
we all depend on. For example, traditional agricultural and forestry systems
strengthen soils by enriching and protecting their biological diversity.

Many mountain peoples have developed large-scale hydrological and agricultural
water-harvesting infrastructure to overcome water constraints. Water harvesting
by early farmers played a pivotal role in the emergence and diversification of food
production, the domestication of plants and animals, and the shaping of eco-
cultural landscapes.

Landscape of the dryland terraces, Aohan, China.
(GIAHS Consetvation and Management Office, of
Aohan: (China))
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The Inca civilization in the central Andes had a social organization based on
water management and work sharing and cooperation. Irrigated terraces play an
important role in protecting soil against erosion and in maintaining agricultural
fertility, but they are also cultural and landscape elements that provide a strong
identity for numerous mountain landscapes in the Mediterranean basin from
North Africa to southern Europe and the Levant.

In Nepal's Kabhrepalanchok district, now an area heavily affected by the 2015
earthquakes, where the slope of the land is not too steep, farmers use controlled
gullying based on traditional techniques to protect fertile agricultural land, to
minimize erosion and help to prevent landslides near villages. The practice is
maintained by the traditional community approach and uses only locally available
materials.

Women play a crucial role in managing and improving soil fertility as they are
often the primary custodians of mountain resources, guardians of biodiversity
and the main actors in terms of agriculture, animal husbandry, feed management
and other small-scale economic activities. In mountain communities, women are
keepers of traditional knowledge, guardians of seeds, custodians of local culture
and experts in traditional medicine. Moreover, as men migrate to lowland areas
or abroad in search of a higher income, women are left to manage the farms and
households. They also participate in trade and income-earning activities by, for
example, selling mountain products such as berries, mushrooms, honey, medicinal
plants and handicrafts, which has proven to be the key to resilience.

Indigenous peoples and knowledgeable mountain farmers who practice traditional
and indigenous food systems know how to protect their soils because they live on
the land and have intimate knowledge of their soils. Their knowledge and practices
are important not only in terms of soil conservation but for the production of high
quality nutritious food for their family’s consumption and for local and global
economies alike. Their livelihoods and the survival of their tradition, culture and
spirituality are intrinsically linked to their relationship with the environment and in
particular with the management of the soils.
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The man from the glacier: Similaun Man
Carmelo Dazzi and Edoardo A.C. Costantini

The specific environmental conditions of mountains, generally characterized
by steep slopes, poor and shallow soils and extreme climate conditions,
coupled with traditional knowledge, cultural and spiritual values have resulted
in several adapted land-use practices that shape the landscape of mountain
soils. Although the geomorphological characteristics of mountains usually
prevent the development of big cites, there is a great diversity of environments,
including patches of fertile soils, that allows for plenty of opportunities for the
subsistence of small settlements. This is testified by the millennia relationship
between mountain soils and humankind.

The so-called “Man of Similaun” (nicknamed Otzi) is the Europe’s oldest known
natural human mummy, displayed in the South Tyrol Museum of Archaeology
in Bolzano (ltaly) (Figure 1).
Otzi was a man who lived
around 3,300 BCE in
the Alps, who roamed
mountains to hunt dears
and ibexes, forestlands
to hunt birds and collect
fruits, roots, medicinal
plants, and grew einkorn
and barley in the valleys.
He was also a shepherd
and a skilled copper miner.
The harshness of the
environment in which he
lived, similar to the current
one in terms of climate and
vegetation (Figure 2), did not
prevent the development of
rather sophisticated forms
of civilization, allowing him

. r . - 1
to modify the morphology - ~ A Y
of the terrain through : A realistic representation of Otzi, Similaun Man, displayed in
terracing and favour crop { Tyrol Museum of Archacology (oggiscienza.it)

cultivation.

Figure 22 The environment where Similaun Man used to live, about 5000 BP, is very
similar to today's, scientists say (dolomitiedintorni.it)
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Status and potential use of medicinal
plants in the Pamir region of Tajik and

Afghan Badakhshan

.Badakhshan is A, hIStOI"IC region Iocated at the junctlons'
_of ‘the Hlmalayan Kar‘akoram Hindu Kush and. Tine Shan-

as affordable,” effective methods_."of treating a multitude’
of .ailments: The ‘study, conducted over the course of four:

£'6n both sides of the border, gathered information from 248
residents in.order to .compare the plant:use patterns'in the s
“two'areas: As the first systematic look at traditionalmedicina
practices, the study found both common and distinct uses:
r.the plants:in the two areas, but:also that they are being
depleted at-an-alarming‘rate, which has environmental.ands
economic implications for.the'area, as:well as! an-impact-on:
he health of re8|dents who:rely on-thefplants:
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For generations, the medicinal plants of Tajik and Afghan Badakhshan have

been an abundant natural resource. The study found that local people in Tajik

Badakhshan use 92 species and those in Afghan Badakhshan use 31 species for °
medical purposes, some on both sides of the border but for different problems. In

total, 37 percent are used for treatment of the cardiovascular system, 22.8 percent

for musculoskeletal problems, 16 percent for female-related diseases, 15 percent

for skin diseases, and 14 percent for treating the urogenital system.

The study revealed a common understanding of herbal remedies in both Tajik and
Afghan-Badakhshan as witnessed by how plants are collected, dried and stored,
and how medicines are prepared and administered. At the same time, though,
32 percent of the plants used in both Afghan and Tajik Badakhshan have different
uses and different vernacular names.

For example, the Daucus carota L. is used by Afghans to aid with dysentery and by
Tajiks for relief of hypertension and abdominal discomfort. Both use the Ziziphora
pamoiroalaica plant for treating blood-pressure problems. However, the Afghans
boil the plant’s stem, leaves and flowers in water and milk, whereas the Tajiks only
infuse it with boiled water.

Both the similarities and differences in the specific uses and vernacular names
of the medicinal plants can be explained by the historical interconnectedness of
the two populations juxtaposed with their more recent separation into nation-
states, and the mountainous isolation of the regions which is exacerbated by the
Panj-Amu River separating the nations. The main scientific and local names of the
common medicinal plants are given in Table 1.
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Table 1

Scientific Tajiki Afghani
name of plants name of plants name of plants
Equisetum arvense L. Bandakwokh Bandakkah
Juglans regia L. Gooz, bojak Chormagz

Urtica dioica L.

Caginc, chaginc

Pich-pichonak

Crataegus korolkowii L.
Henry

Inzekh, gegn

Dulona

Rosa canina L. Akhar Gulkhor, kikek
R. fedtschenkoana Regel Akhar Gulkhor, kikek
Glycyrrhiza glabra L. Muthq Shirinbuya, malakhch
G. uralensis Fisch. Muthqg Shirinbuya, malakhch

Melilotus  officinalis  (L.)
Pall.

Shorgarj, shorgarjak

Zardrishga

Peganum harmala L.

Sipandar, sipand, si-
pandona

Sipandona, hazorispand,
ispand

Hippophae rhamnoides L.

Chung, galagat, xins-
huth

Gilgitak, siyohkhor

Over the last 20 years, the availability of these valuable plants has greatly
diminished due to various factors, most of which have human origins. Because of
this, not only are the rich medical traditions of the region in jeopardy of being lost,
removal of medicinal plants has been detrimental to the natural habitat as it has
increased the frequency and severity of mudslides and lessened protection from

wind, resulting in increased soil degradation.
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As the study found, there are several reasons for this depletion. Local people
lack awareness of the importance of medicinal plants for their livelihoods and
sustenance, often harvesting the plants for fuel and fodder rather than medicine.
In addition, there is a lack of clear government policies for the conservation and
management of medicinal plants and other non-timber forest products and there
has been prolonged drought coupled with desiccating winds in high-altitude
pastures and mountains. These factors have not only contributed to continuous
decline in the medicinal plant population but also accelerated land degradation
and soil erosion in the mountain environment. Landslides and flash floods have
become common phenomena, jeopardizing the very survival of poor mountain
communities.

A variety of interventions on behalf of development actors as well as government
institutions have taken place to protect this natural resource, including soil and
forestry preservation, increased training in harvesting and preparation to limit
exploitation, additional on-farm planting of medicinal plants and further research
on the medicinal benefits of plants in the Afghan Badakhshan region.

This is happening at a time when promotion and processing of plant-based
products have been given a fresh impetus throughout the world, providing a
niche market for medicinal and aromatic plants. Badakhshan has the indigenous
species and unique climate to capitalize on these market trends if the region starts
conserving, promoting and sustainably managing its unique resources.

The indigenous knowledge of medicinal plants passed down the generations in
both parts of Badakhshan should be documented and preserved. This will help to
revive the diminishing traditional knowledge about plants and recount it to the
local communities, and to maintain a sense of pride in local cultural knowledge and
practices, thus reinforcing the links between communities and the environment
that are essential for conservation.
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Sustainable indigenous hill agriculture
practices to conserve mountain soils and
iImprove crop yields in Garhwal

Sha ini D ’m,':jﬁ’é d.Deepak Dhyani
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Soil is a rich resource that if not managed sustainably does not have the time to

regenerate. Continuous use of chemical fertilizers and hybrid crop varieties has

increased agricultural production in Karanprayag but, in doing so, has gradually 3
decreased soil health, reducing the presence of beneficial soil fauna such as

earthworms, ants and nitrogen-fixing bacteria.

About 80 percent of the population are actively engaged in traditional agricultural
systems, which play a vital role in the subsistence economies and living standards
of Garhwal hill locales. The agricultural land holdings in Garhwal are very small
— average 0.02 ha per capita. Terraced slopes covering 85 percent of the total
agricultural land are generally rain-fed, while 15 percent are irrigated. The soil
under rain-fed agriculture is particularly vulnerable to soil losses through a
combination of natural factors (sloping topography, heavy seasonal rainfall) and
human factors (intensive cultivation and erosion-triggering agricultural practices).
There are more than 40 crops cultivated along an altitudinal gradient of 300 to
3 000 masl. The inhabitants of Garhwal are fully dependent upon forests for water
as well as sustainable low-cost traditional agriculture. Monocropping has replaced
the traditionally valued indigenous crops.

In spite of living in uncertain, risky and fragile ecological conditions, the farming
communities of Garhwal have developed and refined indigenous techniques over
the centuries.

Diverse crops and crop rotation. Garhwal farmers generally cultivate 10-12
staple food crops a year including finger millet, pseudo millet, lesser-known
legumes, oil seeds and spice varieties. The system is locally known as barahnaja
(high crop diversity that provides food sufficiency and security). This practice is
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beneficial because diverse canopies of a variety of crops (especially of millets and
legumes) help to check the soil erosion during the rainy season, minimize the
growth of weeds, and different crops do not compete for similar nutrients from
the soil.

Farmyard manure (FYM). An indigenous practice in all the villages, FYM combines
the fully decomposed organic matter of cow dung (and excreta of other livestock
reared by the inhabitants) with animal bedding, leftover feed and tree leaves.
The leaves of the oak (Quercus leucotricophoa), maple (Acer caesium), buckeye
(Aesculus), black alder (Alnus) and walnut tree (Juglans regia) are excellent for FYM
because of their fast decomposition. With the application of FYM, earthworms are
also introduced to the cropland and increase the soil fertility.

Agroforestry practices. Local farmers plant fodder and fuelwood trees on the
margins of their crop fields to bind the soil. These include Carpus vimnea, Celtis
australis, Grewia optiva, Sapindus mukorossi, Ficus neriifolia, Debrgeasia salicifolia
and Boehmeria japonica.

Fallow fields. Keeping agricultural land fallow for 4-6 months is a practice in
rainfed agro-ecosystems. No crop is cultivated during rabi season on the land
from which the mixed crop of finger millet and pulses is taken during kharif
season. Fallowing of land gives the soil time to convalesce — otherwise it becomes
exhausted from the intensive cropping.

Crop residues. Burning the tillage of the field crops, especially mustard, wheat,
finger millet and amaranth, adds phosphorous to the soil. Spreading the ash is
an indigenous practice for increasing fertility of different crops, especially onion,
garlic, coriander and spinach.

In-situ manure. Livestock are left in open fields for 2-3 days for their dung
and urine, mainly before the sowing of winter crops by farmers who have large
numbers of sheep and goats.

Due to a variety of sociocultural changes among rural communities and shrinkage
in the natural resources, many of these indigenous practices are diminishing. At
present a mosaic of landscape units with various degrees of disturbances, extension
of agriculture and monoculture crop lands can be seen in each watershed area.
The uniqueness of these practices is their suitability to the local conditions,
their economic feasibility and easy implementation. One practice complements
the other, so if applied in combination they tend to be even more effective in
maintaining soil health.
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Shifting cultivation: solil fertility and food
security issues in Chittagong Hill Tracts,
Bangladesh

Sudibya Kanti Khisa, Mohammad Mohiuddin and Justine Cherrier

Shifting cultivation, a traditional method of rotating crops
and fallow lands, has provided livelihoods to millionssfor
hundreds of years. Now, .the cultivators;Zor jumias as
they are called in the Chittagong Hills of Bangladesh are’ |
facing a dilemma of decreasing avallablllty .offand due to:
enviconmental degradation and:lack: oj;‘pollcy support, .
because of the understanding that' ifting cultlvatlon‘-.
amplifies soil degradation and er08| .-However* some’ "
researchers find,.and are promotlng the fact, that shlftlng »?(
cultivation actually impreves ‘soil; health, ‘But ‘in or‘der‘ 50" T
survive;-many. of the jumias: have already*converted what;
_ng methods WhICh could '

The Chittagong Hill Tracts (CHT), a predominately hilly area in southeastern
Bangladesh, is home to 11 indigenous groups, totalling some 40 000 households,
which have been practicing shifting cultivation, or jum, for generations. Known
as jumias, most of them live in poor conditions, as their livelihoods and food
security have been increasingly impacted by demographic, environmental and
policy pressures. They do not have any private land for shifting cultivation, but
they consider the land they cultivate — jum land — the de facto property of their
communities.

Shifting cultivation is a sustainable form of land use, practised by indigenous
peoples who cultivate multiple crops but then leave that land fallow so it can
rebuild. It is an adaptive agroforestry practice that conserves biodiversity, maintains
soil fertility and enhances water holding capacity with sound scientific principles
and ecological forest and agricultural activities, especially in indigenous lands
and territories. Many researches have shown that shifting cultivation improves
soil by restoring soil nutrients and enhances water holding capacity. Indigenous
peoples have been dependent on this practice for their food security, livelihoods
and their sustenance for generations. In the CHT, many jumias are still in favour of
continuing jum, as it is part of their culture and tradition.

The impacts of shifting cultivation have been the subject of debate for many years.
Some researchers have reported that it causes deforestation and sedimentation
of rivers and streams and that it amplifies soil degradation and erosion. However,
other researchers have found that shifting cultivation has improved soil conditions
and soil health suitable for cultivation of multiple crops with least disturbance.
It is a resourceful multi-cropping system of agroforestry appropriate for hills and
mountains.
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Unquestionably, the fallow period of the jumias in CHT has now shortened to
two to five years, because of the scarcity of suitable lands for shifting cultivation.
This scarcity has resulted from lack of recognition of land rights; unfavourable
government policies and use of jum lands for construction of a hydro-electric dam
65 km upstream from Chittagong; expansion of forest reserve areas and leasing
of unclassed state forestland for industrial rubber and tea plantations; and for
infrastructure development related to the government-sponsored programme that
provided settlement to the Bengali population from the plains districts.

Because of the short fallow period and intensive farming, the rate of soil
deterioration has been quite alarming, with a long-term impact on soil fertility and
productivity. In order to maintain soil fertility, the land rights and land titles should
be given to jumias to motivate them to improve the jum plots and farming systems
in those plots. They have sustainably maintained and enhanced soil fertility for
generations by cultivating 50-60 different crop species of cereals, vegetables,
medicinal herbs, spices and ornamental plants in the jum plots. The soil nutrients,
bulk density and water-holding capacity of the soil found in the jum sites are the
highest in CHT, but the soil colours and textures vary with the sites and land-use
categories.

At present, some of the CHT jumias have changed their traditional cultivation
practices in order to adapt to the ecological stresses and external pressures.
They have switched to cash crops such as turmeric, ginger and chillis, fruits and
vegetables, and they are planting trees in their jum plots — which require heavy
use of chemical fertilizers and pesticides. That means the organic jum farming
is gradually converting to inorganic and, in the long term, the soil fertility and
productivity will be adversely affected, not to mention the drastic increase in the
cost of production. Borggaard et al. estimated the cost of inputs (especially labour)
at US$380 per ha per year for the output of US$360 per ha per year. It is also
estimated that US$2 million are required annually to compensate the losses made
by the use of commercial fertilizers.

The jumias in the CHT are highly vulnerable to food insecurity due to their limited

land and lack of access to food, especially in remote areas. As many cannot afford
the high prices of commercial food grains, they depend on wild food and some
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collect and sell forest products as a source of income. However, many of them still
believe that jum cultivation provides the organic food, rice and vegetables that
are needed to provide high-flavoured, high-nutrient and tasty food for special
occasions.

With the experience of the jumias in CHT and of other indigenous peoples across
Asia, there is a need to review existing discriminatory policies on the practice of
shifting cultivation. Likewise, land security and support from the state and other
development actors should be provided to help provide indigenous peoples with
other sources of livelihoods and income. An estimated 10 million hectares of
land in South Asia are being used by indigenous peoples for shifting cultivation,
which is directly linked to their cultures, identities, traditions and livelihoods.
These values and the role of shifting cultivation in food security and enhancement
of soil fertility should be fully accounted for by policy-makers, researchers and
development actors who are in a position to ensure the jumias can maintain their
traditions in a way that supports their livelihoods and the environment.

Plot near homeéstead slashed.and ready. for burning.for jum
(Sudibya Kanti-Khisa)
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The benefits of healthy mountain soils go beyond mountain regions and contribute
to the well-being of the world at large. Yet mountain soils are prone to rapid
degradation, due to their shallowness, the steepness of mountain slopes and
unsustainable soil management practices. This process is accelerated by global
— including climate — changes, which in turn affect mountain peoples, their
livelihoods and food security.

Mountain peoples — the custodians of mountain soils — are among the most
marginalized populations worldwide. Living in remote and often harsh
environments, their voices are rarely heard, their knowledge and experience
seldom acknowledged and their needs barely addressed in broader national
development strategies. Indigenous mountain peoples are in particular affected
by a combination of isolation, lack of recognition of their rights and ancestral
livelihoods, and mounting pressures from extractive industries and private
companies.

Mountains and upland watersheds need appropriate land-use planning and
integrated management policies to safeguard their soils. There is an urgent
need to promote the sustainable management of mountain soils by increasing
investment, filling knowledge gaps, developing capacities and organizing the
necessary governance, so that soil degradation is halted and degraded mountain
soils restored or rehabilitated.

The case studies presented here demonstrate how mountain peoples have over
the centuries developed valuable, adaptable and sustainable soil management
technologies that contribute to soil conservation and limit degradation. At the
same time, this timely publication aims to raise awareness during the International
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Year of Soils 2015 about the potential threats that the degradation of mountain
soils poses to the well-being of mountain and downstream populations. During
and beyond the International Year of Soils 2015, global efforts should be made
to raise awareness about the fundamental roles that soils play in mountain
ecosystems by providing life-critical ecosystem services.

The recommendations are discussed in more detail below:

Empower mountain family farmers and small-scale farmers. Develop
capacity and increase support to mountain communities on sustainable soil
management. Appropriate policy measures should be promoted for people
living and working in marginal mountain areas. Traditional techniques and
knowledge should be valued, preserved and shared as they have proven to
be crucial for maintaining healthy mountain ecosystems.

Empower indigenous peoples living in mountainous areas. Indigenous
peoples are the holders of traditional knowledge on soils management
known as ethno-pedology, many of them safeguarded under the Globally
Important Agricultural Heritage Systems (GIAHS). When designing policies,
the empowerment of indigenous peoples to determine their needs through
the respect of Free Prior and Informed Consent in their territories, is
fundamental to guarantee that their ancestral soil management techniques
and ingenious food production practices survive in mountain areas.
Support rural women in mountainous areas. Rural women living in
mountainous areas face the double burden of producing food in a harsh
environment as well as taking care of the household. In order to support
rural women living in mountainous areas, it is necessary to design policies
that empower them economically. Specific technologies, tailored training
programmes and targeted social protection policies would enable mountain
women to access credit, education and health services. At the same time their
rights to land should be guaranteed and proper infrastructures developed.
Soil management approaches should be targeted and designed taking into
account the roles and the workload of rural women.

Promote a landscape approach for provision of ecosystem services. A
sound and integrated approach is crucial in the management of mountain
soils, given the high variety of land-use systems and types of soils that can
be found in mountain areas. Soil fertility maintenance and erosion control
can be enhanced when the various influences and impacts of one system on

149



150

the other are fully understood, in particular regarding the vertical zonation of
land use. After careful consideration of potential implications, mechanisms
should be promoted to compensate the generation of ecosystem services
mediated by soils and protected by mountain communities (e.g. carbon
sequestration, biodiversity conservation and protection of water sources).
Incorporate information systems. National soil information systems for
mountain regions should be developed to share approaches, contribute to
well-informed land-use planning and sustainable soil management, and
support better decision-making, particularly in the context of climate change
adaptation and mitigation.
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