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What is climate change? 

Climate change refers to any significant change in the 
measures of climate (e.g. temperature, precipitation, or wind 
patterns), lasting for an extended period of time, such as 
several decades or longer. 
 
 
 
EPA Glossary of Climate Change Terms; http://epa.gov/climatechange/glossary.html 
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Causes of climate change 
natural and human factors 

Both natural and human factors change Earth’s climate. Before 
humans, changes in climate resulted entirely from natural causes 
such as:  
• changes in Earth’s orbit 
• changes in solar activity 
• volcanic eruptions 
 

 
 
 
 
 
EPA Causes of Climate Change; http://www.epa.gov/climatechange/science/causes.html 
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Causes of climate change 
human causes 

• Since the Industrial Era began, humans have had an 
increasing effect on climate, particularly by adding billions of 
tons of heat-trapping greenhouse gases to the atmosphere 

• Most of the observed warming since the mid-20th century is 
due to human-caused greenhouse gas emissions 

 
 
 
 
 
 
 
 
 
 
EPA: Causes of Climate Change; http://www.epa.gov/climatechange/science/causes.html 
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Causes of climate change 
major greenhouse gases 

EPA: A student’s guide to global climate change  http://www.epa.gov/climate/climatechange/kids/basics/today/greenhouse-gases.html 

 

http://www.epa.gov/climate/climatechange/kids/basics/today/greenhouse-gases.html


Causes of climate change 
What is the greenhouse effect? 

The Earth receives energy from the 
sun, then radiates much of this 
energy back toward space. 
However, certain gases in the 
atmosphere, called greenhouse 
gases, absorb some of the 
outgoing energy and trap it in the 
atmosphere. This "greenhouse 
effect" causes the Earth to trap 
more heat. This in turn is changing 
the Earth's climate. 
 

EPA: Climate change indicators in the United States 
http://www.epa.gov/climatechange/science/indicators/slideshow/slideshow.html 

 
 

http://www.epa.gov/climatechange/science/indicators/slideshow/slideshow.html


Causes of climate change 
Where do the human-caused greenhouse gases come 

from? 

EPA; Global Emissions 
http://epa.gov/climatechange/ghgemissions/global.html 
 

Energy Supply  - The burning of coal, natural gas, 
and oil for electricity and heat. 
Industry - Greenhouse gas emissions from industry 
primarily involve fossil fuels burned on-site at 
facilities for energy.  
Forestry - CO2 emissions from deforestation, land 
clearing for agriculture, and fires or decay of peat 
soils. 
Agriculture - Greenhouse gas emissions from 
agriculture mostly come from the management of 
agricultural soils (plowing), livestock, rice 
production, and biomass burning. 
Transport - Primarily involve fossil fuels burned for 
road, rail, air, and marine transportation. 
Buildings - arise from on-site energy generation and 
burning fuels for heat in buildings or cooking in 
homes. 
 
 
 
 

http://epa.gov/climatechange/ghgemissions/global.html


Agriculture’s contribution of GHGs 
• Agriculture is directly responsible for the release of 5100–

6100 megatonnes (Mt) carbon dioxide equivalents (CO2e) a 
year – roughly the same as the world’s transport sector– and 
it contributes a disproportionate amount of two high-impact 
gases, nitrous oxide(N2O) and methane (CH4) 

• Agricultural practices are responsible for approximately 47% 
of human-generated methane emissions and 58% of nitrous 
oxide emissions 

 
 
 
 
 
 
 
 
 
 
Charlie Pye- Smith. 2011. Farming’s climate smart future: Placing agriculture a the heart of climate-change policy. The Technical Centre for Agricultural and 
Rural Cooperation (CTA) and The CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) 

 



Agriculture’s contribution to GHGs 

• The release of nitrous oxide from the soil, 
largely derived from the breakdown of 
nitrogen fertilizers, accounts for 38% of 
agricultural emissions.  

• Enteric fermentation in livestock produces 
large quantities of methane, comprising 32% 
of agricultural emissions. 

• Irrigated rice production adds a further 11% 
of methane emissions.  

• Finally, the burning of crop residues and 
poor manure management constitute 19% 
of agricultural emissions, mostly in the form 
of nitrous oxide and methane. 

Charlie  Pye- Smith. 2011. Farming’s climate smart future: Placing agriculture a the heart of climate-change policy. The Technical Centre for Agricultural and Rural 
Cooperation (CTA) and The CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) 

 



How much CO2 is in the atmosphere?  

By 2000, approximately 370 parts per million (ppm) of CO2 had accumulated in 
the atmosphere; up from approximately 290 ppm at the beginning of the 
Industrial Revolution 
 
Vital Climate Graphics; UNEP/GRID-Arendal 
http://www.grida.no/graphicslib/detail/global-atmospheric-concentration-of-co2_836d# 
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How much CO2 is in the atmosphere?  

Scientists say that 350 ppm CO2 in the atmosphere is safe  
for humanity – unfortunately, due to increased GHG  
emissions, we are currently at 400 ppm (up 9 ppm since 
last year) 
 
350 Science; http://350.org/about/science 
 

http://350.org/about/science


Over 50 years of CO2 data 

Monthly mean atmospheric carbon dioxide at Mauna Loa Observatory, Hawaii 
The carbon dioxide data (red curve), measured as the mole fraction in dry air, on Mauna Loa 
constitute the longest record of direct measurements of CO2 in the atmosphere. They were started in 
March of 1958. The black curve represents the seasonally corrected data.  
 
http://www.esrl.noaa.gov/gmd/ccgg/trends/ 
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What are the consequences of having more 
than 350 ppm CO2 is in the atmosphere?  

Effects that scientists had predicted in the past would 
result from global climate change are now occurring:  
• loss of sea ice 
• accelerated sea level rise  
• longer, more intense heat waves 
 

NASA:  The present and future consequences of global change    http://climate.nasa.gov/effects/ 
 

http://climate.nasa.gov/effects/


Even hotter in the future  
Scientists have high 
confidence that global 
temperatures will continue 
to rise for decades to come, 
largely due to greenhouse 
gasses produced by human 
activities. The 
Intergovernmental Panel on 
Climate Change (IPCC), 
which includes more than 
1,300 scientists from the 
United States and other 
countries, forecasts a 
temperature rise of 2.5 to 
10 degrees Fahrenheit (1.4-
5.6 degrees Celsius) over 
the next century. 
 

NASA:  The present and future consequences of global change  http://climate.nasa.gov/effects/ 

 

http://climate.nasa.gov/effects/


Expected climate change for the 
Greater Mekong Subregion  

Results from studies carried out by IWMI and others in the GMS, anticipate the following main 
climate changes to 2050: 
• Increase in temperature of 0.02 to 0.03 °C per year in both warm and cold seasons, with 

higher rates of warming in Yunnan and northern Myanmar 
• No significant change in annual rainfall across most of the region, but some seasonal shift in 

rainfall, with drier dry seasons, and shorter, more intense wet seasons 
• Sea level is expected to rise by 33 cm by 2050 on top of the observed rise of 20 cm over the 

last 50 years 
• An increase in the temperature of the sea surface may increase the intensity and incidence 

of typhoons during El Nino years 
• The impact of glacier melt is negligible in the two main catchments of the GMS (Mekong 

and Irrawaddy). The situation may differ slightly in the Salween catchment where the 
contribution of ice melt to total runoff is higher 
 

 
Rethinking Agriculture in the Greater Mekong Subregion (IWMI and World Fish Center) 
http://www.iwmi.cgiar.org/News_Room/Archives/Rethinking_Agriculture/index.aspx  
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Impact of climate change on 
agriculture in the GMS 

• Increased temperature: Warmer 
conditions can reduce yields of crops 
and pastures by  preventing pollination 

• Increased pests and diseases: Higher 
temperatures and longer growing 
seasons could favor damaging pest 
populations 

• Increased water demand: Higher 
temperatures will increase 
evapotranspiration, raising the water 
needs of rain-fed and irrigated crops 
and pastures 

Rethinking Agriculture in the Greater Mekong Subregion (IWMI and World Fish Center) 
http://www.iwmi.cgiar.org/News_Room/Archives/Rethinking_Agriculture/index.aspx  

I 
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Impact of climate change on 
agriculture in the GMS 
• Change in viability of crops - Changes to 

temperature and rainfall may require farmers to 
use new varieties or alter cropping patterns. 

• Vertical shifts in ecosystems - Average annual 
temperature decreases by about 1 °C (1.8 degrees 
F) for every 100 m (328 ft.) of elevation in tropical 
to subtropical areas. Some vertical shifts in 
ecosystems are likely as temperatures rise, 
particularly on the Tibetan Plateau and in the 
montane regions of Yunnan. 

• Changes to seasonal timing - Shifts in the onset, 
and end of, the wet season may affect crop yields 
and irrigation demand (positively or negatively, 
depending on the crop calendar). 

Rethinking Agriculture in the Greater Mekong Subregion (IWMI and World Fish Center) 
http://www.iwmi.cgiar.org/News_Room/Archives/Rethinking_Agriculture/index.aspx  
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Impact of climate change on 
agriculture in the GMS 

• Extreme climate events - These are likely to become more 
frequent. 

• Sea-level rise and saltwater intrusion - Rising sea waters 
will reduce viable crop areas in the deltas and along coasts; 
saline intrusion already affects 1.4 M ha (3.46 M acres) in 
the Mekong Delta. Further rises in sea-level will require 
adaptation measures to protect crops.  

• Impacts on fisheries - Climate changes will likely negatively 
affect availability of many aquatic organisms. Fisheries may 
dwindle due to reduced dry-season  river flows. Changes to 
wild fish stocks, particularly marine, will affect supplies of 
fish meal and fish oils that support the aquaculture and 
livestock industries. However, there may be new 
opportunities for aquaculture in coastal and delta areas 
rendered unsuitable for crop production as sea-levels rise. 

Rethinking Agriculture in the Greater Mekong Subregion (IWMI and World Fish Center) 
http://www.iwmi.cgiar.org/News_Room/Archives/Rethinking_Agriculture/index.aspx  
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Impact of climate change on 
agriculture in the GMS 

 
 

Possible benefits? 
 

Increased CO2  levels has a “fertilization effect” on plants 
and can increase the yield of some crops, including rice, 
wheat, grasses and most trees 

Rethinking Agriculture in the Greater Mekong Subregion (IWMI and World Fish Center) 
http://www.iwmi.cgiar.org/News_Room/Archives/Rethinking_Agriculture/index.aspx  
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Adapting agriculture to be resilient 
 

• Because the rates and timings of climate change are uncertain, it is important to 
build resilient communities that are able to deal with unforeseen changes. 

• Capacity to adapt to change is very closely linked to socioeconomic factors, such 
as poverty, diversification of income sources, level of education, and access to 
infrastructure and technology.  

• Promoting broad-based agricultural development to lift rural communities out of 
poverty is probably the most effective adaptation strategy available. 
 

 
 
Rethinking Agriculture in the Greater Mekong Subregion (IWMI and World Fish Center) 
http://www.iwmi.cgiar.org/News_Room/Archives/Rethinking_Agriculture/index.aspx  
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Adapting agriculture to be resilient 

• Resilient agriculture must be able to adapt to 
withstand the effects of climate change 

• Resilient agriculture must also be able to help 
mitigate the causes of climate change; i.e. reduce 
greenhouse gases rather than produce more.  Certain 
agricultural practices can also help sequester (or 
absorb) carbon rather than emit it.  



What is biological carbon 
sequestration? 

 Biological C sequestration transfers C (from CO2) in the atmosphere to 
biomass through photosynthesis and ultimately stores it in plants (foliage, 
wood, and roots) and soils. Biological sequestration encompasses various 
ways of using agricultural and forest land to enhance the natural storage of 
atmospheric CO2  such as:  
• planting or preserving trees 
• altering crop production practices 
• planting vegetation in areas prone to soil erosion 
• changing the way grazing lands are managed 

 
 

 
 
 
 
When forests, croplands, and grazing lands sequester C, they are referred to 
as C “sinks“ 
 
Solomon G. Haile, Clyde W. Fraisse, Vimala D. Nair, and P.K. Ramachandran Nair. 2012. Greenhouse Gas Mitigation in Forest and Agricultural Lands: Carbon 
Sequestration. Publication #AE435, University of Florida IFAS Extension. https://edis.ifas.ufl.edu/ae435 
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Rice and other crops at risk from heat 
stress 

 
• Rice is highly susceptible to heat stress, 

particularly during the reproductive and 
ripening stages.  

• Extremely high temperatures, even for a few 
hours, during flowering can cause complete 
sterility  

• High temperatures during ripening can lead to 
reduced grain filling and poor milling quality 
(i.e. more broken grains).  

• Higher night-time temperatures, in particular, 
have reduced rice yields—by as much as 10% 
for every 1°C (1.8°F) degree increase in 
minimum temperature 

 
IRRI:  Rice feels the heat  http://irri.org/index.php?option=com_k2&view=item&id=12246:rice-feels-the-heat&lang=en 
 

http://irri.org/index.php?option=com_k2&view=item&id=12246:rice-feels-the-heat&lang=en


Adapting Irrigated Rice Production 

Selection of appropriate 
planting date – In a hotter 
environment, must determine 
the right date for crop 
establishment to allow for the 
reproductive and grain filling 
phases of rice to take place 
during the months with a lower 
temperature (soil moisture 
permitting) 

Suzanne K. Redfern, Nadine Azzu and Jesie S. Binamira; Rice in Southeast Asia: Facing Risks and Vulnerabilities to Respond to Climate Change 

 



Adapting Irrigated Rice Production 

Use of traditional rice varieties with high 
resilience and breeding of new varieties with 
higher temperature tolerance, resistance to 
salinity, drought and floods 

 

Suzanne K. Redfern, Nadine Azzu and Jesie S. Binamira; Rice in Southeast Asia: Facing Risks and Vulnerabilities to Respond to Climate Change 

 

 
Associated activities for agricultural workers: 
• Help establish community seed banks to 

preserve traditional varieties; offer seed 
exchanges 

• Build capacity of local farmers to select, 
breed/improve local resilient lines of rice 

• Contact agencies that offer appropriate, 
improved new rice varieties  
 

 



Adapting Irrigated Rice Production 

The System of Rice Intensification (SRI) incorporates the following steps: 
• Transplanting seedlings younger than one month  
• Transplanting individual seedlings rather than clumps of three or more  
• Spacing plants widely and regularly rather than densely and irregularly 
• Keeping soils moist rather than flooded 
 
Due to climate change, SRI is being promoted for the following reasons 
(Uphoff): 
• SRI methods reduce crop consumption of irrigation water  
• More efficient use of water  
• Reports of drought tolerance and drought resistance with SRI rice 
• Resistance to storm damage (lodging) and cold temperatures  
• Pest and disease resistance  
• Shorter crop duration (1-3 weeks less)  
• Reduce GHG emissions; particularly methane (mitigation approach), 

although effect on nitrous oxide still uncertain 

Suzanne K. Redfern, Nadine Azzu and Jesie S. Binamira; Rice in Southeast Asia: Facing Risks and Vulnerabilities to Respond to Climate Change 
 
Norman Uphoff, 2010, ALTERNATIVE MANAGEMENT METHODS AND IMPACTS WITH THE SYSTEM OF RICE INTENSIFICATION (SRI) IN RESPONDING TO CLIMATE CHANGE EFFECTS,  Climate Change and Rice 
Agriculture, 3rd International Rice Congress, Hanoi, November 8-12, 2010 

 



Adapting Irrigated Rice Production 

Altering farm management 
practices 
  
In Cambodia, some farmers have split 
their rice fields into two parts using 
different management approaches to 
address uncertainty in rainfall  
• Half of the farm uses conventional 

wet-paddy rice techniques  
• The other half uses the less water-

intensive cultivation SRI technique 

Suzanne K. Redfern, Nadine Azzu and Jesie S. Binamira; Rice in Southeast Asia: Facing Risks and Vulnerabilities to Respond to Climate Change 

 



Adapting Irrigated Rice Production 

Crop Rotation 
Rotating rice with different crops that are more  drought-
resistant during  drier periods, especially legumes such as 
green manure/cover crops may prove a valuable 
adaptation to limited water resources:  
• In the Philippines, in recent years, fish or ducks have 

been raised with rice, as well as legumes such as 
mungbean (Vigna radiata), groundnut (Arachis 
hypogaea) and soybean (Glycine max) after two rice 
croppings.   

• Besides soybeans, in Thailand, rice is rotated with 
green manure/cover crops such as sunn hemp 
(Crotolaria juncea), jack bean (Canavalia ensiformis) 
and mung bean (Vigna radiata) as well as other dry 
season crops such as potato, garlic and onion. 

Suzanne K. Redfern, Nadine Azzu and Jesie S. Binamira; Rice in Southeast Asia: Facing Risks and Vulnerabilities to Respond to Climate Change 

 



Adapting Irrigated Rice Production 

To sequester carbon, farmers should 
stop burning rice straw in the fields.  

• Recycling rice straw in the paddy to build and nourish the 
soil 

• Planting second crops, such as soybean, in the rice stubble 
• Using the rice straw to mulch other crops 

Instead, they should be encouraged to 
benefit from such a resource by:   



Adapting Irrigated Rice Production 
Ducks to the rescue 
Researchers in Guangzhou, China report that rice-duck 
farming systems can mitigate overall methane (CH4) 
emission and thereby the global warming potential. 
 
Scientists observed that whereas duck activities in the rice 
fields increased the rate of CH4 emission during the rice 
tillering stage, emissions rates decreased during the 
heading stage.   
 
It is explained that frequent duck movements can 
accelerate CH4 emission into the atmosphere by physically 
stirring the water of the paddy field.  However, such 
agitation also helps to increase CH4 oxidation by physically 
increasing the dissolved oxygen concentration in the water 
of the paddy field which causes decreased rates of CH4 
emission.   
 

http://www.srs.fs.usda.gov/pubs/ja/2011/ja_2011_zhang_003.pdf  

 

http://www.srs.fs.usda.gov/pubs/ja/2011/ja_2011_zhang_003.pdf


Adapting Irrigated Rice Production 
 

Other resilient rice production options in times of 
drought or flood? 

When water and/or land has been 
limited, some farmers in Thailand 
have experimented with container 
production of rice with positive 
results 
 
Due to flooding in 2011, one Thai 
farmer grew containers of rice 
arranged on a raft that floated on a  
river  



Adapting dryland crop production 
As rainfed crops are particularly vulnerable to drought as well as heavy rain, farmers 
must prepare dryland farming solutions for resilient and sustainable crop production.   
 
These approaches in include: 
• Soil conservation against the risk of heavy rain 
• Cover manure/cover crops for soil conservation (heavy rain) and to increase soil 

organic matter to guard against the effects of drought and to improve soil condition 
and fertility 

• Not burning crop residues 
• Selection of drought-tolerant field crops 
• Expansion of terraced rice paddy fields in the uplands 
• Diversification of field crops 
• Crop diversification with perennial crops (agroforestry) 
• Proper management of rotational farming 

 



Adapting dryland crop production 

 
• One soil conservation alternative is called alley 

cropping in which a series of contour hedgerows 
comprised of perennial plants, such as nitrogen-
fixing trees (NFTs), are used to conserve hill field 
soil.  Crops are grown in the alleys between the 
hedgerows 
 
 

• Besides NFTS, certain grasses, such as napier (a 
forage grass) and vetiver, may be used to create 
contour hedgerows 
 
 

• Other crops, such as pineapple, can also be used 
to create contour hedgerows. Besides conserving 
the soil, pineapple fruits boost hill field 
productivity. 
 

 
 
 

Soil conservation protects against the risk of soil loss from 
heavy rain 



Adapting dryland crop production 

• The use of green manure/cover crops 
(gm/ccs), along with appropriate crop residue 
management, helps to provide soil cover 
during much of the rainy season for the 
control of erosion and weeds  

• Various effective gm/ccs grown in SE Asia 
include lablab bean (Lablab purpureus), rice 
bean (Vigna umbellata), cowpea (Vigna 
unguiculata) and jack bean (Canavalia 
ensiformis) 

• Depending on the gm/cc species, coverage 
can extend into the dry season, helping to 
prevent soil N from volatilizing into the 
atmosphere and keeping the soil surface cool 

Cover cropping against soil erosion and the loss of soil N 
 



Adapting dryland crop production 

• Decomposing gm/cc residue will 
increase levels of soil organic 
matter, thereby improving soil 
structure.  Higher levels of soil 
organic matter will help the soil to 
better retain moisture during 
periods of drought 

• Cover cropping and appropriate 
management of crop residues (not 
burning) will enable dryland fields 
to absorb carbon; a form of 
climate change mitigation 

 

Cover cropping to improve soils, hedge against drought and 
sequester C 

 



Adapting dryland crop production 
Farming in seasons and areas of drought 

 
The international Crops Research Institute for the Semi-Arid Tropics states that 
the best way to beat poverty and hunger is to promote drought-tolerant crops on 
a large scale. ICRISAT’s focus on is on:  
 
 

chickpea 

pigeon pea pearl millet 

sorghum 

groundnut 

http://www.cgiar.org/cgiar-consortium/research-centers/international-crops-research-institute-for-the-semi-arid-tropics-icrisat/ 

http://www.google.co.th/imgres?q=pearl+millet&hl=en&sa=X&qscrl=1&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&prmd=imvns&tbnid=sB92G0M36gxuPM:&imgrefurl=http://thesecondgreenrevolution.blogspot.com/2012/06/india-harvestplus-teams-with-private.html&docid=ZlXdGHJD3C4UIM&imgurl=http://4.bp.blogspot.com/-ejRl2qeIo0M/T_PCdtHDKII/AAAAAAAAMaI/aJdQAkBzMDU/s1600/pearl+millet+farmer+India.jpeg&w=630&h=587&ei=H8KAULXwMcfKrAf4vIGwDQ&zoom=1&iact=hc&vpx=112&vpy=141&dur=1366&hovh=217&hovw=233&tx=125&ty=144&sig=108955962673061036200&page=3&tbnh=155&tbnw=181&start=27&ndsp=19&ved=1t:429,r:13,s:27,i:243
http://www.google.co.th/imgres?q=sorghum&um=1&hl=en&sa=N&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=k2pcPVyq2oNIfM:&imgrefurl=http://www.icrisat.org/what-we-do/SASA/sasaindex.htm&docid=7CA_1pT-9aGzqM&imgurl=http://www.icrisat.org/what-we-do/SASA/December/belum_sorghum.jpg&w=300&h=274&ei=ucKAUP6gKISnrAfCqID4Bw&zoom=1&iact=hc&vpx=855&vpy=179&dur=2877&hovh=215&hovw=235&tx=143&ty=118&sig=108955962673061036200&page=1&tbnh=147&tbnw=168&start=0&ndsp=13&ved=1t:429,r:4,s:0,i:148
http://www.google.co.th/imgres?q=chickpea&um=1&hl=en&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=nU0y1IfOTOdlsM:&imgrefurl=http://bijlmakers.com/vegetables/chickpea.htm&docid=aHhtJ4WZ2bRYcM&imgurl=http://bijlmakers.com/vegetables/chickpea/chickpea_1.jpg&w=400&h=267&ei=_cSAUM79HI3qrQevwYHwBA&zoom=1&iact=hc&vpx=595&vpy=254&dur=4541&hovh=183&hovw=275&tx=126&ty=134&sig=108955962673061036200&page=2&tbnh=165&tbnw=228&start=11&ndsp=15&ved=1t:429,r:12,s:11,i:210
http://www.cgiar.org/cgiar-consortium/research-centers/international-crops-research-institute-for-the-semi-arid-tropics-icrisat/


Adapting dryland crop production 

Diversification of rainfed field crops to protect 
against complete crop failure  

 

Hill fields in northern Thailand with mixtures of upland rice, foxtail 
millet, sorghum and other crops 



Adapting dryland crop production 

Expansion of terraced rice paddy fields for 
more secure rice production in the uplands 

wherever possible 

Wherever the expansion of upland terraces is feasible, both rainwater as well as 
water diverted from nearby streams may be better utilized for irrigated rice 
production 



Adapting dryland crop production 

Resilience through diversified perennial crop 
systems 

• Trees, palms, grasses, and other long-lived crops offer the unique possibility of crops 
grown for basic human food that can simultaneously sequester carbon, stabilize slopes, 
and build soils as part of no-till perennial agricultural systems. 

• Perennial crop systems are resilient in the face of extreme weather, surviving drought, 
flooding, and storms better than most annuals 

• Monocultures (single-species plantations) appear to sequester less carbon and are 
more fragile in the face of pests and extreme weather events 

 
 
 
 
 
 
 
Eric Toensmeier, The Overstory #248, Perennial Staple Crops 
 



Adapting dryland crop production 

Crop diversification with perennials – Perennial 
staple crops 

 
This group of crops includes grains, pulses (dry beans), nuts, dry pods, starchy 
fruits, oilseeds, high-protein leaves, and some more exotic products like 
starch-filled trunks, sugary palm saps, and aerial tubers 
 
 
 
 
 
 
 
 
 
 
Eric Toensmeier, The Overstory #248, Perennial Staple Crops 
 

 



Adapting dryland crop production 

Agroforestry –  Production of non-timber forest 
products (NFTPs) from low-maintenance species 
 
 
 
 
 
 
 

Biodiversity, productivity, resilience and carbon 
sequestration 



Adapting horticulture systems 

Perennial horticultural systems  
• For the production of fruits and vegetables, focus on 

drought hardy crops that require less water and 
little, if any, irrigation 

• Focus on perennial fruits and vegetables that offer 
production year round 



Adapting horticulture systems 

Deep-rooted perennial vegetables that are 
productive almost year round 

moringa sweet leaf 

tamarind red fig leaves acacia 



Adapting horticulture systems 

Fruit trees that are productive year round 

banana 
guava 

papaya 
jackfruit 

pomegranate 

http://www.google.co.th/imgres?q=guava&um=1&hl=en&sa=N&qscrl=1&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=qb85e8dp_lyo8M:&imgrefurl=http://www.bijlmakers.com/fruits/guava.htm&docid=7NRoV5O1zYbbsM&imgurl=http://www.bijlmakers.com/fruits/guava/guava_fruit_1.jpg&w=400&h=300&ei=PWSLUMSjBsiOrgeKjYHgDg&zoom=1&iact=hc&vpx=1005&vpy=53&dur=421&hovh=194&hovw=259&tx=141&ty=89&sig=108955962673061036200&page=3&tbnh=164&tbnw=209&start=26&ndsp=16&ved=1t:429,r:5,s:26,i:253
http://www.google.co.th/imgres?q=payaya&start=175&um=1&hl=en&sa=N&qscrl=1&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&addh=36&tbm=isch&tbnid=UqUEWFgl50LomM:&imgrefurl=http://www.villageways.com/index.php?pageid=246&docid=pnYyHmW8mbhpbM&imgurl=http://www.villageways.com/imagelibrary/Sirsi-payaya-180.jpg&w=180&h=180&ei=jmSLUKCiJMbprQfWuoHwDg&zoom=1&iact=hc&vpx=633&vpy=124&dur=5110&hovh=144&hovw=144&tx=110&ty=79&sig=108955962673061036200&page=12&tbnh=144&tbnw=144&ndsp=16&ved=1t:429,r:8,s:175,i:291
http://www.google.co.th/imgres?q=pomegranate&um=1&hl=en&sa=N&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=2aRb37FNcQtDPM:&imgrefurl=http://www.funzine.hu/2012-06-the-favorite-of-wizards-the-pomegranate/&docid=u-McNvtIsiDvvM&imgurl=http://www.funzine.hu/wp-content/uploads/2012/06/big-pomegranate.jpg&w=1280&h=960&ei=6mSLUO3AKYT8rAeU5YC4Ag&zoom=1&iact=hc&vpx=100&vpy=235&dur=3821&hovh=194&hovw=259&tx=125&ty=111&sig=108955962673061036200&page=6&tbnh=160&tbnw=182&start=78&ndsp=18&ved=1t:429,r:6,s:78,i:412
http://www.google.co.th/imgres?q=jackfruit+benefits&um=1&hl=en&sa=N&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=GyGZ3SnfT93l_M:&imgrefurl=http://www.buzzle.com/articles/jackfruit-nutrition-facts.html&docid=HaiT9w5kNnq3QM&imgurl=http://www.buzzle.com/img/articleImages/394010-53722-54.jpg&w=340&h=226&ei=WWWLUNLMJ4eNrgfw9YGoAg&zoom=1&iact=hc&vpx=572&vpy=191&dur=5142&hovh=180&hovw=272&tx=159&ty=95&sig=108955962673061036200&page=3&tbnh=164&tbnw=219&start=42&ndsp=15&ved=1t:429,r:2,s:42,i:214


Adapting horticulture systems 

No water wasted: Maximizing access to water 
for communities, homes and gardens  

Community gravity water system Home rain water collection systems 

Garden water collection systems Rain water collection systems 

Village wells and pumps 



Adapting horticulture systems 

No water wasted: Maximizing efficient water 
delivery to gardens and vegetable plots 

Treadle pump 

PVC pump 

Micro irrigation 

Careful hand watering 

Drip irrigation system 

http://www.google.co.th/imgres?q=drip+irrigation&um=1&hl=en&sa=N&qscrl=1&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=8bgVUyQhdki3gM:&imgrefurl=http://desertification.wordpress.com/2011/03/25/%E2%80%9Cclimate-for-you%E2%80%9D-google-bikyamasr/&docid=LbJpx-302hZylM&imgurl=http://desertification.files.wordpress.com/2011/03/2002-08-drip-irrigation-functions-029.jpg&w=500&h=323&ei=N3KLUNzLEI3PrQeMj4HIDA&zoom=1&iact=hc&vpx=984&vpy=72&dur=9011&hovh=180&hovw=279&tx=163&ty=126&sig=108955962673061036200&page=3&tbnh=162&tbnw=231&start=25&ndsp=16&ved=1t:429,r:4,s:25,i:234
http://www.google.co.th/imgres?q=pvc+hand+pump+irrigation&um=1&hl=en&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=SY8E1yhpvJzYrM:&imgrefurl=http://sustainabilityquest.blogspot.com/2011/08/rest-of-storystepping-up-irrigation.html&docid=o50GEQBwDKuoVM&imgurl=http://3.bp.blogspot.com/-kzYCMV9FJ8c/Tkq70m2lSLI/AAAAAAAAATU/2oKJp7kUisI/s1600/IMG_3718.JPG&w=1600&h=1200&ei=yHOLUL2aA8fjrAeM_IHoDw&zoom=1&iact=hc&vpx=999&vpy=243&dur=11065&hovh=194&hovw=259&tx=153&ty=93&sig=108955962673061036200&page=2&tbnh=150&tbnw=221&start=27&ndsp=17&ved=1t:429,r:10,s:27,i:186


Adapting horticulture systems 

No water wasted: Soil moisture conservation 

Compost used to improve soil organic 
 matter levels as well as moisture  

retention  

Planting in zai holes 
enriched with compost 
for moisture retention 

Keeping new transplants 
shaded from hot sun 

Mulching with locally available materials such as leaves or rice straw 



Adapting horticulture systems 
Production even with excess water: Floating gardens of 

Bangladesh 

A floating garden is built using water hyacinth, which is collected to construct a floating raft. This is covered with soil 
and cow dung, in which vegetables can be planted. A new raft needs to be built every year, but the old one can be used 
as fertilizer during the dry season. The rafts, eight meters long and one meter wide, are made from hyacinth which is 
available for free locally. Soil is put on the surface of the raft and then the seeds planted in the soil. Summer and winter 
vegetables such as gourd, okra and leafy vegetables are grown.  
 
Practical Action, http://practicalaction.org/climatechange_floatinggardens 
 

 

http://practicalaction.org/climatechange_floatinggardens


Adapting horticulture systems 
Production even with excess water: Possible 

crops for flooded and swampy areas 

water mimosa 
(Neptunia oleracea) 
 

taro 
(Colocasia esculenta)  
 

watercress 
(Nasturtium officinale)  

Lotus 
(nelumbo nucifera) 

water spinach 
(Ipomoea aquatica)  

http://www.google.co.th/imgres?q=nelumbo+nucifera&start=228&um=1&hl=en&sa=N&qscrl=1&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&addh=36&tbm=isch&tbnid=po6AQqxGGtWRXM:&imgrefurl=http://www.123rf.com/photo_7619256_beautiful-flowers-of-a-lotus-nelumbo-komarovii-nelumbo-nucifera.html&docid=2HATymebCg6nLM&imgurl=http://us.123rf.com/400wm/400/400/lenor/lenor1008/lenor100800079/7619256-beautiful-flowers-of-a-lotus-nelumbo-komarovii-nelumbo-nucifera.jpg&w=1200&h=801&ei=7oOLUO-bG4firAekvYDwBQ&zoom=1&iact=hc&vpx=678&vpy=108&dur=2628&hovh=183&hovw=275&tx=148&ty=99&sig=108955962673061036200&page=15&tbnh=164&tbnw=219&ndsp=18&ved=1t:429,r:9,s:228,i:144
http://www.google.co.th/imgres?q=taro&um=1&hl=en&sa=N&qscrl=1&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=SmyBx1BUgFMarM:&imgrefurl=http://maile45.blogspot.com/2009/03/oahu-taro-festival.html&docid=6InsLHYcjBf_rM&imgurl=http://1.bp.blogspot.com/_rHb8t8jnX6c/ScQplXFt5BI/AAAAAAAAARY/xuXIM0J3Cr0/s400/taro leaf[1].jpg&w=400&h=400&ei=kISLUNrdJI_IrQfHi4G4Cw&zoom=1&iact=rc&dur=4&sig=108955962673061036200&page=2&tbnh=161&tbnw=160&start=12&ndsp=18&ved=1t:429,r:4,s:12,i:191&tx=82&ty=79
http://www.google.co.th/imgres?q=watercress&start=321&um=1&hl=en&sa=N&qscrl=1&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&addh=36&tbm=isch&tbnid=k5dHfvqrtMubiM:&imgrefurl=http://www.celtnet.org.uk/recipes/ancient/wild-food-entry.php?term=Watercress&docid=BGtoNEImSKJn2M&imgurl=http://www.celtnet.org.uk/images/watercress.gif&w=290&h=253&ei=M4WLUMmtIYPqrAfPpYDQDQ&zoom=1&iact=hc&vpx=442&vpy=133&dur=4142&hovh=202&hovw=232&tx=129&ty=125&sig=108955962673061036200&page=21&tbnh=165&tbnw=175&ndsp=17&ved=1t:429,r:13,s:321,i:145


Adapting livestock production 
systems 

Livestock production presents a number of challenges 
in the face of climate change 
• As of 2010, 33% of the world’s cropland was 

devoted to growing animal feed and 26% of ice-free 
land was used for grazing 

• In many areas, livestock farming is responsible for 
overgrazing, land degradation and the loss of 
forests, releasing large quantities of greenhouse 
gases 

• Livestock are also the largest major source of global 
methane emissions 

• Meat consumption is forecast to rise dramatically 
over the coming decades 

• A significant portion of the annual soybean harvest 
– much of which is grown on land in Latin America 
that has been cleared of tropical forests – is used in 
animal feed 

Charlie  Pye-Smith. 2011. Farming’s climate smart future: Placing agriculture at the heart of climate-change policy. The Technical Centre for Agricultural and Rural 
Cooperation (CTA) and The CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) 

 



Adapting livestock production 
systems 

A wide range of measures are required to 
reduce the livestock sector’s climate-
change footprint. These include: 
• Improving production and feed systems 
• Developing new breeds of ruminant 

which produce less methane 
• Introducing methods of manure 

management which reduce emissions 
• Integrating livestock with crops in order 

to reduce waste and improve soil fertility. 
• Better grazing management improves 

animal nutrition and reduces greenhouse 
gas emissions 

Charlie  Pye- Smith. 2011. Farming’s climate smart future: Placing agriculture a the heart of climate-change policy. The Technical Centre for Agricultural and Rural 
Cooperation (CTA) and The CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) 

 



Adapting livestock production 
systems 

To counter the affects of heat on livestock 
production, recommended strategies to 
address not only the tolerance of livestock 
to heat, but also their ability to survive, 
grow and reproduce in conditions of poor 
nutrition, parasites and diseases include:  
• Identifying and strengthening local 

breeds that have adapted to local 
climatic stress and feed sources 

• Improving local genetics through cross-
breeding with heat and disease tolerant 
breeds.  

Chiara Calvosa, Delgermaa Chuluunbaatar and Katiuscia Fara. Livestock and climate change. International Fund for Agricultural Development. 
Rome. 
  

 

http://www.google.co.th/imgres?q=tropical+cattle+breeds&um=1&hl=en&sa=N&rlz=1T4ADRA_enTH473TH473&biw=1366&bih=556&tbm=isch&tbnid=Son4ZuRQn6zIEM:&imgrefurl=http://www.entrepreneurstoolkit.org/index.php?title=Dadanawa_Ranch,_Guyana_(A_Case-study)&docid=DLZvkeIpo5wjkM&imgurl=http://www.entrepreneurstoolkit.org/images/a/a4/Cow.jpg&w=576&h=432&ei=pJOLUNAGzcutB_LigLAO&zoom=1&iact=hc&vpx=799&vpy=48&dur=3714&hovh=194&hovw=259&tx=105&ty=158&sig=108955962673061036200&page=3&tbnh=157&tbnw=207&start=42&ndsp=17&ved=1t:429,r:15,s:42,i:255


Adapting livestock production 
systems 

For comfort and access to water, appropriate livestock 
management practices for the smallholders might include:  
• Provision of shade and water to animals to reduce heat 

stress from increased temperatures 
• Reduction of livestock numbers – a lower number of more 

productive animals leads to more efficient production and 
lower GHG emissions from livestock production  

• Improved management of water resources, including 
infrastructure to harvest and store rainwater, such as tanks 
connected to the roofs of houses and small surface and 
underground dams 

Chiara Calvosa,  Delgermaa  Chuluunbaatar and Katiuscia Fara. Livestock and climate change. International Fund for Agricultural Development. Rome. 
  

 

Shade and insect exclusion 

Water harvesting Reducing heat stress Uncrowded conditions 



Adapting livestock production 
systems 

Grazing management - Global studies have found that grazing 
can have either a positive or negative impact on rangeland 
vegetation and soils depending on the: 
• Climatic characteristics of rangeland ecosystems 
• Grazing history  
• Effectiveness of management 
 
Animal grazing on pasture also helps reduce emissions 
attributable to animal manure storage.  Common grazing 
management practices that could increase carbon 
sequestration include:  
• Stocking rate management - Stocking rates should not 

exceed the grassland carrying capacity. 
• Rotational pasture management is a cost-effective way to 

mitigate GHG emissions from feed crop production. 
Degraded lands should be fenced off until they recover. 

• Introducing grass species and legumes into grazing lands can 
enhance carbon storage in soils. 
 

 
Chiara Calvosa,  Delgermaa  Chuluunbaatar and Katiuscia Fara. Livestock and climate change. International Fund for Agricultural Development. Rome.  
 
 
 
  

 



Adapting livestock production 
systems 

Sown forage pastures mitigate GHG 
emissions in three ways:  
• By sequestering atmospheric CO2 - High 

quality forages, like brachiaria, are second 
only to native forest in terms of their 
potential for storing soil carbon (CIAT) 

• By lowering ruminant CH4 emissions per 
animal compared to a those raised on 
lower quality rangeland/degraded pasture 
and/or offsetting emissions via carbon 
sequestration 

• By reducing N2O emissions 
 
 

Michael Peters, Idupulapati Rao, Myles Fisher, Guntur Subbarao, Siriwan Martens, Mario Herrero, Rein van der Hoek, Rainer Schultze-Kraft, John Miles, 
Aracely Castro, Sophie Graefe, Tassilo Tiemann, Miguel Ayarza, and Glenn Hyman. Tropical Forage-based Systems to Mitigate Greenhouse Gas Emissions. 
http://www.ciat.cgiar.org/publications/Documents/chapter_11_eco_efficiency.pdf 
 

http://www.ciat.cgiar.org/publications/Documents/chapter_11_eco_efficiency.pdf


Adapting livestock production 
systems 

Farmer Managed Natural Regeneration (FMNR) is a rapid, low 
cost and easily replicated approach to restoring and improving 
agricultural, forested and pasture lands, especially where there is 
at least 200 mm (7.8 in.) of annual rainfall.  
• FMNR is based on encouraging the systematic re-growth of 

existing trees or self-sown seeds. It can be used wherever 
there are living tree stumps with the ability to coppice (re-
sprout) or seeds in the soil that can germinate.  

• In sub-arid areas where FMNR has been adopted, when 
pastures are completely depleted by drought, by having 
trees, grazing animals can make it through by feeding on 
leaves and pods at a time when no other food is available  

• As animals spent more time in the shade of trees and in 
search of falling tree pods, soil fertility on treed fields 
increased through their dung and urine (C sequestration). 

• The shade of trees in the FMNR system also protects pasture 
grass and other crops from heat and wind erosion 

Farmer Managed Natural Regeneration (FMNR): what it is and how it evolved. 2004. World Vision. 
  

 



 
 
 
 
 
 
 

Adapting livestock production 
systems 

 
 

http://blog.ecotrust.org/tag/cattle/ 

Holistic Planned Grazing (Holistic Management) is a 
grazing management system that uses livestock to restore 
and manage grasslands sustainably as well as to improve 
stream habitats and water quality.  It is promoted as an 
effective tool to improve grasslands for both livestock and 
wildlife. 
 
http://en.wikipedia.org/wiki/Holistic_management_(agriculture)   

 
HM resembles the behavior of natural herds of wildlife 
that graze the world’s grasslands.  Under proper 
management, Holistic Management can “double or even 
quadruple (animal) carrying capacity while improving the 
land and storing carbon.”     Schwartz, Judith D. Cows Save the Plant 

HM is promoted as a means of sustainably managing grasslands, particularly in areas 
at risk of desertification (especially where annual rainfall is less than 600 mm/24 in.) 
 

http://blog.ecotrust.org/tag/cattle/
http://en.wikipedia.org/wiki/Holistic_management_(agriculture)
http://en.wikipedia.org/wiki/Holistic_management_(agriculture)


Adapting livestock production 
systems 

Intensive forage gardens for “cut and carry” 
livestock feeding systems can also sequester C 
and be more productive than pastures during 
hot/dry conditions.  To feed goats, cattle and 
pigs, such gardens may be comprised of the 
following crops:  
• Napier grass 
• Mulberry (Morus spp.)  
• Indigofera teysmanii 
• Leucaeana 
• Flemingia 
• Stylo (Stylosanthes guianensis) 
• Paper mulberry (Broussonetia papyrifera) 

Napier 

Stylo 

Paper mulberry forage garden 



Adapting livestock production 
systems 

 

Certain types of fermented feed can 
be used as supplemental livestock 
feed.  In face of climate change, 
these can help to: 
• Reduce the amount of grains used 

to feed livestock  
• Save fuel and reduce the 

production of GHG as 
fermentation does not require 
cooking  

 



Adapting livestock production 
systems 

• Locally available plant materials, such as banana stalks, water 
convolvulus, papaya fruit and other vegetables/fruits may be 
fermented as animal feed.  100 kg of such material should be 
sliced finely.  Mix fruit/vegetable portion with 4 kg brown sugar 
and 1 kg salt. 
 

• Ferment 3-7 days in a covered barrel.  Finished silage can be 
stored/fed over1 week (lactic acid keeps silage from spoiling).  
Silage older than 1 week is less acidic and will begin to spoil.  
Spoiled feed has strong alcohol smell and pigs will refuse to eat.  
However, old feed can be given to ducks, chickens  and catfish 
or refermented with fresh materials.  

 



Adapting livestock production systems 
The Upland Holistic Development Project (Thailand) feeds each of 
its breeding sows the following daily ration (split into morning and 
evening feedings): 
 
• 4-5 kg of fermented banana 
•  600 gm of ground corn 
•  600 gm of rice bran 
•  400 gm of commercial pellet feed 
•  400 of dried paper mulberry leaves 
 
UHDP staff report that a 1 grown pig will consume 1 med-large sized 
banana stalk per week and that a 1 small pig will eat 1 small stalk 
per week. 
 
 



Adapting livestock production systems 

Managing livestock wastes to reduce methane and other 
pollutants 
• Livestock wastes are a major pollutant, often contaminating 

waterways and the water table with nitrates and serving as a 
major source of methane, a GHG 

• One significant means of reducing the negative impact of 
methane from livestock systems is the production of biogas; 
either large or small-scale systems 

• Making use of animal wastes as manures for crop 
fertilization is another key means of C sequestration; one 
example is the use of natural bedding, such as sawdust or 
rice husks, for livestock which is later used as compost 



Adapting aquaculture systems 
Climate change will have a significant impact on fisheries and aquaculture, which currently provide a living 
for around 500 million people and are the main source of animal protein for many of the world’s poorest 
countries. Climate change, affecting aquatic productivity, is expected to result in:  
• an increase in sea-surface temperature 
• decreases in sea-ice cover  
• changes in salinity and acidity 
 
The precise impact of climate change will vary depending on the regional nature of climate change and 
the species of aquatic life involved. Some aquatic organisms may benefit from longer growing seasons and 
faster growth rates. Others may be adversely affected, with significant implications for commercial and 
subsistence fisheries 
 
Cropland in coastal areas impacted by rising sea levels may need to shift from crop production to 
aquaculture. 
 
Charlie  Pye- Smith. 2011. Farming’s climate smart future: Placing agriculture a the heart of climate-change policy. The Technical Centre for Agricultural and Rural 
Cooperation (CTA) and The CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) 
 



Adapting aquaculture systems 

Helping fishing communities adapt to 
climate change and lower their greenhouse 
gas emissions will require a broad range of 
measures. These could include:  
• reducing overcapacity of fishing fleets 
• improving the energy efficiency of fishing 

vessels 
• protecting and restoring fragile coastal 

ecosystems such as mangrove swamps 
and coral reefs - In coastal areas, 
restoring mangroves will help to protect 
coastal land from storm surges, improve 
habitats and increase biodiversity 
 

 
 
 

Charlie  Pye- Smith. 2011. Farming’s climate smart future: Placing agriculture a the heart of climate-change policy. The Technical Centre for Agricultural and Rural 
Cooperation (CTA) and The CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) 
 



Adapting aquaculture systems 

Recommended efforts to help promote 
aquaculture that is better adapted to climate 
change include: 
• Integrating fish farming into irrigated 

agriculture (e.g. fish/rice systems), thereby 
improving water productivity 

• Improving aquaculture in reservoirs and 
waterways to supplement fish production 
and reduce pressure on native fisheries 

• introducing more efficient feeding regimes 
on fish farms. 
 

  
 
 
 

Rethinking Agriculture in the Greater Mekong Subregion (IWMI and World Fish Center) 
http://www.iwmi.cgiar.org/News_Room/Archives/Rethinking_Agriculture/index.aspx  

 

http://www.iwmi.cgiar.org/News_Room/Archives/Rethinking_Agriculture/index.aspx


Adapting aquaculture systems 

• Diversify aquaculture – Encourage 
production in small tanks and 
ponds (especially catfish) 

• Alternative fish feed – To lessen 
dependence on ocean-sourced 
protein, supplement commercial 
feed with worms, certain types of 
insect larva (e.g. black soldier fly) 
and appropriate plant material 
such as rice bran and bean sprouts 

 
 
 



Alternative Energy 
 

Decreasing dependence on carbon fuels  

micro-hydro solar charcoal from waste wood 

biogas efficient charcoal/wood  
cook stoves 

gasifier stoves burn biomass 
such as rice husks 



 
Biochar is a fine-grained, highly porous charcoal that 
helps soils retain nutrients and water. The carbon in 
biochar resists degradation and can sequester carbon in 
soils for hundreds to thousands of years, providing a 
potentially powerful tool for mitigating climate change.  
 

Biochar – For climate change mitigation and 
improved farm productivity 

 



Adapting agriculture to be resilient 
 

A good example of resilient agriculture 
  

Surveys conducted in hillsides after Hurricane 
Mitch hit Central America in 1998 showed that 
farmers using sustainable practices such as 
legume cover cropping, intercropping and 
agroforestry  suffered less “damage” than their 
conventional neighbors. The study spanning 360 
communities and 24 departments in Nicaragua, 
Honduras, and Guatemala showed that 
diversified plots had: 
•  20 to 40 percent more topsoil 
• greater soil moisture 
• less erosion  
• experienced lower economic losses than 

their conventional neighbors 
  

Miguel A. Altieri, Agroecology, Small Farms, and Food Sovereignty: Monthly Review  http://monthlyreview.org/2009/07/01/agroecology-small-farms-and-
food-sovereignty 
 
 
 
 

 

http://monthlyreview.org/2009/07/01/agroecology-small-farms-and-food-sovereignty
http://monthlyreview.org/2009/07/01/agroecology-small-farms-and-food-sovereignty


Adapting agriculture to be resilient 
 
 

Community response in northern Thailand’s Mae Lan Kham (Karen) village in 
response to recent weather extremes by rotational upland rice farmers 

• One strategy was to develop lower parts of their rotational rice 
fields into paddy fields as well as to expand existing paddy fields 
in order to maintain rice production 

• Certain rotational fields contained thriving natural stands of 
makhwaen (Zanthoxylum rhetsa), a native tree that produces 
seed that is used as a condiment and has commercial value.  
These fields were taken out of the rotational cycle and 
transformed into permanent makhwaen orchards for 
supplemental income.  

• Normally the community’s women are responsible for weeding.  
But during the unusually rainy year when there were too many 
weeds in rotational rice fields, the men helped the women with 
the weeding  

• Additionally, the farmers reengaged in the traditional Karen 
practice of labor exchange to lessen family work loads related 
heavier-than-normal weeding 

Prasert Trakansuphakon. 2011. Changing Strategies of Shifting Cultivators to Match a Changing Climate    

 



Final Recommendations 

• Each development agency must consider which climate 
change adaptation and mitigation responses are most 
suitable for their particular regions and focus communities 

• For smaller agencies, focused and specialized responses 
might be better than attempting a wide range of efforts 

• Agencies should consult and cooperate with each other 
concerning non-competitive response strategies in their 
focus areas 

• Funding from international donors is increasingly climate 
change-focused.  Agencies should be considering how they 
can best propose and partner with international agencies 
to adequately access the financial resources needed to 
help build resilient agriculture and communities.  
 



A Toolkit of Resilient Agricultural 
Responses to Climatic Challenges in 

Tropical Asia 
 
Related information from ECHO:  
• A Toolkit of Resilient Agricultural Responses to Climatic Challenges in 

Tropical Asia. ECHO Asia Notes, Issue 16, March 2013 
http://c.ymcdn.com/sites/www.echocommunity.org/resource/collection/0
ADF35ED-72B3-44AA-92B5-D50F9B4A741D/AN_16.pdf 

• Agriculture in Times of Climate Change. 2013. ECHO Best Practices Notes, 
No. 2 
http://c.ymcdn.com/sites/www.echocommunity.org/resource/collection/F
267E2F9-644D-46CF-8ADB-
213667181889/BPN_2_Agriculture_in_Times_of_Climate_Change--
interactive.pdf 
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