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Foreword

The Food and Agriculture Organization of the United Nations (FAO) is implementing a project
entittedi S u s t a roplaadbandefore€t management in priority aggosystems of Myanmar
(SLM-G E F )nacoordination with the Ministry of Natural Resources and Environmental
Conservation (MoNREC) and the Ministry of Agriculture, Livestock and Irrigation (MoALI)
with funding flom the Global Environment Facility (GEF).

The project aims to build the capacity of farming and forestry stakeholders to mitigate climate
change and improve land condition by adopting clirsabart agriculture (CSA)sustainable
forest management (SFM)@austainable land management (SLM) policies and practices. The
project facilitates the adoption of climate smart agriculture (CSA) policies and practices that
will help to sustainably increase productivity, enhance resilience, reduce/remove GHGs

emissionand enhance achievement of national food security and development goals.

The project intends to establish a national CSA/SLM training program mainstreaming
CSA/SLM in the agriculture related academic courses and trainings conducted by Yezin
Agricultural University (YAU), State Agricultural Institutes (SAlRepartment of Agriculture
(DoA) and Department of Agriculture Research (DAR). The project is working woik, D
SAls, DAR and YAU to integrate CSA within their research, extension, training and
developnent programs. The project has made efforts to revise/develop the curricula integrating
CSA topics for example: i) CSA component integrated into the Masters and Bachelor level
courses on Agriculture at YAU; ii) CSA component integrated into the Diplomgrioulture

course at SAls; iii) one month training on CSA together with other subjects for-seevice

or refresher course at Central Agriculture Research and Training Centre (CARTC) under DoA
and iv) oneweek intensive Training of Trainers (ToT) pragr aiming for the researchers,

extension agents and teachers of DoA, DAR and YAU.

AVSI Foundationwascontracted by FAO to develop the Climate Smart Agriculture Curricula

for the abovementioned courses and a CSA Handbook both in Myanmar and English
languages. This CSA Handbook is intended to hiegpresearchers, extension agents, teachers
and farmers to learn and promote CSA in Myanmar

Ms. Xiaojie Fan
FAO Representative in Myanmar
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1.BASICS

1.1 Agro-ecological Zones in Myanmar

Land area of Myanmar is 676,577 square kilometertapdgraphically, the country can be
divided into five regions. They are the northerml avestern mountains, the eastern plateau
(Shan plateau), the central basin and coastal strip. The country is mountainous, rising to more
than 5 800 m above sea level in the far north, and reaching an elevation of well over 2 000 m
over much of Shan state the northeast, and in Rakhine and Chin states in the west.

The average annual rainfall of central dry zone is less than 30 inches (762 mm) but it may be
200 inches (5080 mm) in the coastal. The mean maximum temperature in central dry zone is
about 100°K37.8°C) in March and April but it may B®°F (4.4°C) to 50°F (10.0°Cin the

Northern part of Myanmar in January and February (Lai Lai Aung et al. 2017).

Myanmar is situated in the tropical climate region and highly vulnerable to impacts from
climate clange. From 1961990 to 19812010, the maximum temperature has increased
whereas the minimum temperature has decreased. The normal annual mean maximum
temperature increased by 0.5 °C from 19890 to 198412010. Monthly normal rainfall was

about 200 mm iMay, > 300 mm in September, > 400 in June, July and August (Big.1

In the premonsoon and mithonsoon seasons, the amount of rainfall has decreased over the
whole country. The onset date of the monsoon is later and the withdrawal date is earlier. The
duration of the rainy season has decreased. The normal duration of the monsoon period was
144 days in the period 1964090 and 121 days in the period of 19810 (Lai Lai Aung et

al. 2017). However, it was reported to be shorter than this (only 107 daa@hanyear (Fig.

1.1- 1.3).



Before 1978
147 days

v

I“
el

15hApri
15hMay
10" October
End Novemb

After 1978
107 days

|
er

15" April

End May
Mid Septemb
End November

Formation of cumulus nimbus becomes more and more as the durationndmseon and pos
monsoon becomes longer. Thunderstorm, tornado, downburst, squall and lightning occur m

Fig.1.1 The duration of pre-monsoon, monsoon and poshonsoon before and after 1978
(Source: Tun Lwin, 2010).

147 days

15" April
End November

The clouds formed in pmonsoon and poshonsoon are cumus It shows the instability o
atmosphere Thundershower will be scattered. Rain occurs only a few hours. Thunderstorm,
downburst, squall, roll of thunder and lightning occur most.

Fig.1.2 The duration of preemonsoon, monsoon and posnonsoon, ad cloud formation
before 1978©Tun Lwin, 2010).




147 days

v

A
st

15" May
End June
End Augu

10" October

The clouds formed during monsoon are only stratocumulus. It shevatebility of atmosphere.
Rain will be widespread continuous days. There will be no thunderstorm, toamaddownburst

Fig.1.3 The duration of early monsoon, mid monsoon and late monsoon befat878 ©
Tun Lwin, 2010).

Monthly Normal Rainfall(mm)
500.0
400.0
300.0
200.0
100.0
0.0 - . T . T
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
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1.1.1Agricultural Zoning and Characteristics

The total cultivable arem Myanmaris almost 18.3 million ha. Total cultivated area in 2009
was around 12.1 million ha of whicih.D million ha or 91 percent was for annual crops and

1.1 million ha or 9 percent for permanent crops. The cultivated areas are concentrated in the
Ayeyawady river basin, while potential for further expansion lies mainly in upper Myanmar,

in the Chin, Kachn and Shan states. Basedtopography, land use, climate and sown crops

the entire countrgan be divided into fousigraecological zones: hilly and mountainous area,
central dry zone, delta area and coastal area IFHp(FAO 2009; JICA, 2013)Topogaphy,
weather conditions, cultivated crops and population density varies with different ecological
zone. Each and every zone suffered from the impacts of climate change but the severity and
magnitude differed from one anothA@gricultural characteristicsf each zone araismmarized

as shown in Table.1

Sculez | to 800900

Fig.1.5 Agro-ecological zones of Myanmagr(© FAO 2009; JICA, 2013)



Table.11 Agricultural Zoning and Characteristics

Item

Zone |

Hilly and
Mountainous
Area

Zone |l
Central Dry
Zone Area

Zone Il
Delta Area

Zone IV
Coastal Area

Administrative | Kachin State Sagaing Regiorn Ayeyarwady Mon State
Area Kayah State Magway Region Tanintharyi
Chin State Region Yangon Region| Region
Shan State Mandalay Bago Region | Rakhine State
Region
Climate -Rany season | -Summer (Mar.| -Rainy season
(Mid-May to to May (Mid-May to
Mid-Oct.) -Rainy season | Mid-Oct.)
-Dry season (Mid-May to -Dry season
(Mid-Oct.to Oct.), (Mid-Oct. to
Mid-May) -Winter (Nov. | Mid-May)
to Feb.)
- Annual -Annual rainfall| -Annual rainfall | - Annual
Rainfall (1,000 | (700 to 1,000 | (2,200 to rainfall (3,000-
to 2,000mm) mm) 28,000 mm) 5,000 mm)
Topography - High -Flat -Low land
and Land Use | mountains, topography, consists of
range and semidry to dry | Ayeyarwady
forests condition delta and
-Some areas Sittaung delta
high rainfall,
rivers developed -Area 3.1 -Cultivated
-Crop -Paddy million ha, areas of coasta
cultivation in cultivation by | padd/ regions of Mon,
valley areas irrigation water.| monoculture Tanintharyi,
shift-cultivation | Rainfed paddy Rakhine
in hilly areas lands are found
in some areas.
Major Crops -Rice wheat, -Rice, -Rice, pulses | -Rice, rubber,
and Potential maize, sorghum| groundnut, oil palm oil
vegetables, sesame, pulses -60% of total
sugarcane oil seeds etc., | rice production | -Rice
various crops | is produced in | sufficiency area
-Soil types and | are sown. this zone -Potential area
topography is for
suitable for development
agroforestry rubber, coconut
and oil palm
Issues for Forestland is | To increase This zone Flood
Agricultural degraded by crop production| cannot be protection and
Production shifting depend upon | classified as drainage
cultivation. Soil | the improving | problematic one improvement
erosion, exist ing for agricultural | are required.
sediment and | irrigation production, but




deficit of water | networks and | more
resources are | maintenance | renovation on
found. canals flooding and
Few fertile land | Production of | dranage
and low sesame depeng protection
potential to on weather becomes
manage the condition. necessary
. large scale Rice deficit is
farming observed in

some areas

(Source: JICA, 2013)

1.1.2Climate Change and Vulnerability in Myanmar

Myanmar is highly vulnerable to climate change and extreme weather conditions. According
to the Global Climate Risk Index, Myanmar ranks among the top three countries most affected
by weather related events, which has led to massive displacement of people and the destruction
of livelihoods, crops and other food sources. In the recent yeaxhdhge in the climate has
been characterized by changing rainfall patterns, increasing temperatures and extreme weather
throughout the country and some examples are presented below.
1. Drought commonly occurs in the dry zone (Sagaing, Mandalay, Magwans3gi
2. Cyclones, storm surges, heavy winds, floods were usually observed in the coastal areas,
mainly the Rakhine Coastal State, Ayeyarwady Delta and Mon State.
3. High temperatures happened in flat regions in Central Dry Zoneskméarid belts.
4. Intensiverains occur in Tanintharyi, Yangon, Rakhine, Ayarwady and Mon
state/Region and other parts of the country. Sea level rise was observed in coastal
regions/ Ayayarwady Delta.
The country has experiences with meteorological, hydrological and seismic habar@eat
Sittwe Cyclone of 1968, the Pathein Cyclone of 1975, the Gwa Cyclone 1982, the Maungdaw
Cylone of 1994, the Cyclone Mala of 2006, the Cyclone Nargis of May 2008, the effect of the
Cyclone Koman (crossed Bangladesh coast) and the historicaldfogshr 2004, 2010 and
2015 were all extreme meteorological and hydrological events.

The extent of damage
The flooded areas of crop increased year after year from2®91%6201617. In 2018, the rain

started earlier and the crop damage becomes morees@able 2). In this year, Kayin and
Mon states became vulnerable to climate change. The flooded area in Mon State was about



73462 acres and 26760 acres was damaged. This situations call for taking action immediately

to prevent further damage in the fallmg years.

Table.1.2 Submerged and damaged acres of crops in selected regions and states in
different years

Sr Region/ 20152016 20162017 20172018 2018 (till Aug)

no State Submerge | Damage | Submerge | Damage | Submerge | Damage | Submerge | Damage

1 | Kachin 33%2 12959 11757 4164 30051| 13452 8082 1488

2 | Sagaing 248599| 152901 66385| 31416 171858 51699 108492 67800

3 | Bago 376446| 152847 167273| 111906 240577| 72854 497706| 192865

4 | Magway 98646| 65912 62706| 24032 135712| 83188 259902| 169892

5 | Rakhine 291219| 217246 4872 - - - 5525 -

6 | Yangon 116894 56486 77849 56207 32996| 4584 55279 19858

7 | Ayeyawady 318843| 224515 327495| 223941 142471| 79348 132415 41449
Total 1520226| 889376 763445| 460633 850328| 329535| 1233557 | 563527

Source: DA (2018)

1.2 What is climatechange?

1.2.1 Introduction to climate change

The primary cause of climate change is the burning of fossil fuels, such as oil and coal, which

emits greenhouse gases into the atmosphprenarily carbon dioxide Agriculture and

deforestation, also contribute toettproliferation of greenhouse gases that cause climate

change. These greenhouse gases include carbon dioxidg (@€hane (Ck) and nitraus

oxide (NO). Increases in average global temperature (global warming) is one of the main

characteristics of climatchange. The gases trap heat within the atmosphere, which can have a

range of effects on ecosystems, including rising sea levels, severe weather events, and droughts

that render landscapes more susceptible to wildfires.



IPCC, 2006

Fig.1.6 The nature of greenhouse@as emission(© IPCC, 2006.

Detailed brealdown of GHG emission from diffen¢ sectors is given in Fig. 1.7 and global
agricultural land use emission in Fig.1.8yriculture is the largest contributor (56 percent) of

nonCO, GHGs. Livestock contributes4.5 percent and food systems2® percent of global

GHG emissior(Fig.19). There i s more than one way agric
can be reduced. Theitigation process involves implementation of new practices that enhance

the efficiency oinput use so that the increase in agricultural output is greater than the increase

in emissions (Smitlet al. 2014).
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Agriculture is the Livestock contributes 7,100 MtCOze/year or 14.5% of total global
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Figure 1.9: Share of agricultural greenhouse gas emission in a 2°C world in a BAU
scenario (SourceCCAFS Big Facts: Food emissions

Livestock and manure is he main direct source of agricultural emissions

30% of direct agriculture emissions

7% of all global GHGs

Up to 14.5% if livestock related land use change is counted as livestock caused
Ruminants = 80% of livestock GHG issue (Beef= 6 X as many GHG/pratethicken, eggs
or pork)

To T o Io

10


https://ccafs.cgiar.org/bigfacts/#theme=food-emissions

/ Short-Term Food Availability

Agriculture and land use: expansion of
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better weather forecasting to farmers;
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Pre- and postproduction: more
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/Agriculture and land use: reduced deforestation coupled
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livestock, and fishery varieties

Pre- and postproduction: less allocation of grains to
animal feed; greater use of by-products in food processing

Agriculture and land use: soil management that conserves
soil carbon; restoration of degraded lands; improved pest
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Pre- and postproduction: improved management of food
reserves; reductions in overconsumption of food
and consumer waste

Broader governance: secure and equitable rights and
access; financial services; effective input and product
markets; learning processes and knowledge management;
social safety nets

Agriculture and land use: switch to
climate-adapted but lower-yielding crop,
livestock, and fishery varieties; changes in
farming calendars and pastoral ranges

Pre- and postproduction: diversified

Agriculture and land use: reafforestation with
multifunctional trees; more efficient water storage and
management

Pre- and postproduction: reduced reliance on cold chain;
increased energy efficiency; higher consumption of

~
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Potential

Agriculture and land use:
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of high sequestration
potential; more
energy-efficient technologies;
decreased mechanization,
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production

Pre- and postproduction:
decreased use of, and more
efficient technologies for,
refrigeration, processing,
transport, and manufacture
of synthetic fertilizers; switch
to clean fuels and
energy-efficient cooking
stoves

&easonal produce /

Adaptive Capacity

animal feeds; flexible household menus

Figure 1.10 Synergies and tradeoffs for adaptation, mitigation and food security (Source;
Vermeulenet al.,2012, p. G3).

Another important emissions reduction pathway is through increasing the atpogstration
capacity of agriculture. Plants and soils have the capacity to removeEdd©the atmosphere

and store it in their biomagsthisis the process of carbon sequestration. Increasing tree cover
in crop and livestock systems (e.g. through #grestry) and reducing soil disturbance (e.qg.
through reduced tillage) are two means of sequestering carbon in agricultural systems.
However, ths form of emissions reduction may not be permanenthe trees are cut or the

soil plowed, the stored COis released. Despite these challenges, increasing carbon
sequestration represents a huge potential source of mitigation, especially since tifteiradric

practices that generate sequestration are also important for adaptation and food security.
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Global mean temperatures have increased 0.2°C per decade since the 1970s, and global mean
precipitation increased 2% in the last 100 years with a high piipat warming of more
than 2°C over the next century (IPCC 2007). In the short term, the frequency of extreme

weather events such as cyclones, drought, heat waves and floods is expected to increase.

Global Surface Temperature
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Figure 1.11 Global surface temperature relative t01880 1920 mean
(Sourcehttps://doi.org/10.1371/journal.pone.0081648.9003

Climate change is a global problem and it has negative impact on the peoplerantparts

of the world. It can severely affect the livelihoods of farmer, and is fundamentally changing
the way agriculture is practiced. Drastically different weather patterns, shorter growing
seasons, extreme weather, and many other changes poses sgdblems for smallholder
farmers around the worddespecially in the tropics. Developing countries are the most
vulnerable to climate change impacts because they have fewer resources to adapt: socially,
technologically and financially. Consequently, goynents of many developing countries

have given adaptation action a high, even urgent, priority. Myanmar is no exception and she

also suffered a lot from the climate change and finding its way to tackle the problem.

In this case, the problems caused bmate change must be tackled so that the sustainable
increasen production of crop could be achieved. People especially farstersld be educated

to get awareness of climate change and its consequences or impact on agriculture. After that
farmers shoul be trained to be able to cope with climate change in performing their farming

practices.

The Government of Myanmar has initiated economic reforms to achieve a higher per capita

income for the rural populace, whose major source of livelihood is agrigudind Myanmar's
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economy was growing at 7.3% in 2012 to 2013. However, these economic gains are being
threatened by climate chandéyanmar is annually affected by climate extremes, particularly
floods, droughts, and tropical cyclones, threatening tteditiwods of poor people living in

rural areas, as well dlsefood security in the countryn 2008, category 4 cycloréargishit

the country. According to a World Bank report, biars ever el y af fected
agriculture sector with losses equivaléo 80,000 tons and damaging 251,000 tons of stored

crops, across 34,000 hectares of cropland.

Examples of observed changes in climate related hazards in Myanmar and their consequences

include:

An increase in the prevalence of drought events
An increase in intensity and frequency of cyclones/strong winds
Rainfall variability including erratic and receliteaking intenseainfall events

An increase in the occurrence of flooding and storm surge

=A =4 =4 -4 =4

An increase in extreme high temperatures

According to the Germanwatch Global Climate Risk Index 2018, Myanmar ranked third as one

of the countries most affected by extreme Wweaevents from 1997 to 201Edkstein et. al

201§ . Ger man Watchés index is based on the
the already changing climate. O6Adaptationé
climate change (i.dlood wal | s and ot her infrastructure).

of climate change, mainly by curbing emissidhe intensity and regularity with which
cyclones make landfall have increased with every year, with the delta region affected by

tropical storms and the dry zone impacted by debilitating droughts.

1.2.2Impact of climate changeon crops/farmers

The longterm effects of climatic change will seriously impact agricultural production and food
security, requiring substantive adaptation agricultural systems over time. Moreover
agriculture significantly contributes to greenhouse gas (GHG) emissions. Therémre, t
vulnerability of agriculture to climate change and food security is an issue of major importance
that needs the attention dfet national authority as well as local community. For achieving

food security to offset the impacts of climate change, the implementation of climate smart

13
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agriculture through the sustainable crop production, adaptation and mitigation measures will
be the slution.

Rapidly rising levels of carbon dioxide (@Cand other GHGin the atmosphere have direct
effects on agricultural systems due to increased &@ ozone levels, seasonal changes in
rainfall and temperature, and modified pest, weed, and disepstapons. In general, the flux

of agraclimatic conditions can alter the length of growing seasons, planting and harvesting
calendars, water availability and water usage rates, along with a host of plant physiological
functions including evaptranspiraion, photosynthesis and biomass production, and land

suitability.

Scarce rainfall and droughts

Droughts mostly occur in the early monsoon period causing a shortage of soil moisture
adversely affecting crop productivity. In the Central Dry Zone area,gtitoyears have
significantly affected the production of crops, leading to food shortages for both people and
livestock. In 2010, severe drought depleted village water sources across the country and
destroyed agricultural yields of peas, sugar cane, toaradarice. Short spurts of excessive
precipitation are expected to alternate with longer periods of drought. This will make it even

more challenging for the countrydés | argely

Heavy rains and floods

After 1978, the rain days during monsoon season becomes less, about 30 days shorter than
before which is about 147 days. However, the intensity of rain was heavier and flood is a
common phenomenon in rainy season across Myanmar. In manysragibstées flashfloods

due to heavy raimave beenobserved. In 2008, itay worse and the spillway of some dams
collapsel and paddy field were flo@dl The sand covered the whole area and it egexlbe

removed for growing another crop. Irregular and erratic rairddsis create problems.

14
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paddy field due to lack of rain (right) (© Kyaw Ko Ko / The Myanmar Times).

Temperature

For any particular crop, the effect of increasemhperature will depend on the crop's optimal
temperature for growth and reproductiom.some areas, warming may benefit the types of
crops that are typically planted there, or allow farmers to shift to crops that are currently grown
in warmer areas. Conkeely, if the higher temperature exceeds a crop's optimum temperature,
yields will decline (USGCRP, 2014).

Depending on future emissions of greenhouse ga$iesate change will increase global
temperatureby 2°C and 4 °C within the next centyrghan@ rainfall patterns and will result

in more frequent and severe floods and droudkitd. only the average annual or seasonal
rainfall will changethere will also be an increase in the number of extreme events resulting in

more frequent and severe floodslalroughts.

Developing countries are most vulnerable to climate change and the poor are likely to suffer
most from climate chang®/ithout serious adaptation, climate change is likely to push millions
further into poverty and limit the opportunities farssainable development and for people to
escape from poverty.

Climate change is likely to reduce economic growth in developing courrniéshence
significant investments in climate change adaptation are nece$saoygh its impacts on
agriculture, clinate change is likely to have a significant impact on reducing severe poverty
and hungerClimate change policies for the rapidly developing countries should focus on

mitigationand thepolicies for the least developed countries should focus on adaptation.
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Salt intrusion

This is the main problem in delta area. Due to the salt intrusion, crop production could be no
longer profitable in most area of the delta region after N&@g~done occurred i2008. The

improvement of soil fertility and structure makéamany years costing a lot of money.

Table 1.3 Summary of the most important projected impacts of climate change on the
different sectors in developing countries (Asia).

Water {1 Disappearing glaciers reduce summer stream flow of most

rivers affectingmore than one billion people

T Snowmelt earlier in the season will increase risk of spring flog

1 Increased water shortages during the dry season in South an
Asia

1 Higher flood risks during the monsoon season in South East
and the Indian subcontine

1 Likely increase of water stress due to a combination of incre
population growth, higher per capita water demands and cli
change.

Agriculture 1 Increased climate variability will generally increase the numbg¢
crop failures due to either floods droughts.

1 In areas where rainfall is predicted to increase agricul
production is likely to improve.

1 Irrigated agriculture which depends on +oifi from snowmelt
and/or glaciers is likely to be affected; snow will melt earlier in
season which Wi reduce water availability during the (lat
summer when irrigation is most needed.

T Agricultural production in low lying coastal areas such as I
parts of Bangladesh will be affected by increased flooding ang
water intrusion.

1 o Likely increase ofliseases and pests affecting both plant
animal production systems.

Ecosystem 1 Large parts of the biodiversity at risk, although detailed ana
are lacking for most countries.

1 Forest fires have been observed to increase over the last 2(
due tohigher temperatures; this trend could increase into the fu

1 Grasslands are likely to see a reduction in productivity du
higher temperatures and increased evaporation; desertificatio
increase if land use remains unchanged.

T In Mountainous re@ins such as the Himalaya different vegeta
zones will move higher into the mountains.

1 Species with low migration rates could become (locally) exi
and vegetation zones could disappear

(Source: Ludwig et. al, 2007)
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1.2 3 Efforts of Government to tackle the problemscaused by climate change

In response to climate changeinidtry of Agriculture, Livestock and Irrigation (®ALI) has

developed Myanmar Climate Smart Agriculture Strategy in 20.a n mar 6 s CSA st i
has been designed socially, cudlly and politically appropriate, environmefniendly and
economically feasible to promote sustainable agriculture with maximized food security and

nutrition, development, climate change adaptation and mitigation.

At the same time, thBlinistry hasdevdopedthe Agricultural Development Strate@&DS)

with the consensus of all stakeholdersd officially launched it in June 201800d and
Nutrition Security is one of the 12 principles laid downADS. Agricultural development
contributes to food and mition security through different channels including increasing farm
and rural household incomaeutrition behavioral change communication, initiatives such as
home economics arshckyard gardening, and agricultural diversification; the comprehensive
inclusionof women in development programs (including the application of a minimum quota

for womenés participation where necessary),

Government of Myanmar is trying its best to cope with the adverse effects of climaaigec

with a National Adaptation Program of Action (NAPA) covering eight sectors, namely: 1)
agriculture, 2) early warning systems, 3) forests, 4) public hé&gltiater resources, 6) coastal
zones, 7) energy and industry, and 8) biodiversity. Agriculteaely warning systems and
forests have the highest priority. Howemers critical to get awareness of the climate change
impact among the farmers who are the main stakeholder for food crop production. On the other
hand, the extension staffs as welltlas policy makers need to be educated to help tackle the
problems of climate change. The final solution is the knowledge and adoption of CSA

practices.

In this case, all the stakeholders from the agricultural sectors need to be trained to get familiar
with climate smart agriculture. The duration of the training course and the content involved in
the training will vary with the level of target group and type of organization as the training
course is designed to address the need of individual instituttbtaeget groups. For-service
training, only basic concept will be introduced but it will be extended for ToT, diploma level,

bachelor level and master's level one step after another.
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Firstly, the awareness on climate change and its impact shouldsbd enong the farmers
using different media. On the other hand, a course on CSA should be introduced to the
institutions for the students and extension staff working with Department of Agriculture. CSA
has never been introduced as a subject at the unmwensitraining centers iltMyanmar.
Therefore, it is timeto develop curricula for different levels of agricultural institute and

university.

The CSA training curriculum will provide students with the skills and tools for developing
agricultural practicegolicies and measures addressingkdyechallengsthat global warming

poses for agriculture and food security worldwide.

There are a number of constraints (physical, policy, and institutional and governance) for each
subsector of agriculture (food croprater resource and environment). The physical constraints
that commonly affect crop production in Myanmar like other developing countries are: rural
infrastructure deficiencies, inadequate irrigation, limited and unreliable electrification, and
inadequat flood, drainage and salinity control structures. Government of Myanmar is to

relieve policy constraints and institutional and governance constraints (see Mir 2013 for detail).

Institutional and

Physical Constraints Policy Constraints Govemance Constraints

Improved farm inputs,
Land tenure, rural finance,
land laws, taxes, etc. extension servicas,
R&D

Rural infrastructure,
Food Crop irigation,
electrification, etc.

Water policy, Organizational
institutional framework structurs for water
for water resources management, water
management user assaociation, etc.

Groundwaler,
farm level structures,
soil erosion, salinity

Water
Resources

Framework far
environmental
management, human
resource capacity

Size of the country, Legislaticns and
accassibility, regulations, protection
land degradation of forest reserves

Fig. 1.13 Key constraints in agricultural development(© Mir, 2013).
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1.3 What is climatesmart agriculture?
Introduction

Climatesmart agricliure (CSA) is an approach for developing actions needed to transform
and reorient agricultural systems to effectively support development and ensure food security
under climate change. CSA aims to tackle three main objectives: sustainably increasing
agriaultural productivity and incomes; adapting and building resilience to climate change; and
reducing and/or removing greenhouse gas emissions, Wwhere possible

(http://www.fao.org/climatesmartagriculturesourcebook/concept/an/

FAOs CCA foresee a broader approach, working to build synergies among social protection

and climate change to achieve sustainable growth and eliminate rural pévetiyuses a

A t wtirna apkroach, on the one hand taking immediate steps to protect and support
agriculture, food and nutrition, and on the other addressing in the longer term the underlying
factors driving risks, disasters and cridfeAOb6s wor k focuses gamd devel
restoring sustainable livelihoods so that the integrity of societies that depend on farming,
livestock, fish, forests and other natural resources is not threatened by crises. CSA uses a
comprehensive approach in seeking to improve rural livelihdodseasing the productivity

and resilience of poor communities, including rural women and girls, while also providing

mitigation benefits.

Climatesmart agriculture is a holistic system applicable to big farms cultivating thousands of
acres as well as sntfablder farmers who live and work on fewer than 10 acres of land. The
principles can have positive effects for farmers, the land, water, and wildlife. It helps reduce
the negative impacts of climate change to agriculture and boost positive ones, pratgating
ecosystems, and promoting healthier, more resilient landscapes, which in the aggregate,
contributes to climate change mitigation and food security.

Being an agricultural countyylyanmar economy mainly relies on agriculture. In Myanmatr,
mostofthnepeopl e consider AAgricultureo as the pr
scope not only crop and livestock production but also covers fisheries and forest management.
Agriculture sector contributed to 28.6 % of total export earnings in-2016 ad employed

61.25% of the labour force (MOALI, 2017)
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CSA is not a new production systénit is a means of identifying which production systems
and enabling institutions are best suited to respond to the challenges of climate change for
specific locatims, to maintain and enhance the capacity of agriculture to support food security

in a sustainable way.

The Myanmar Climat&mart Agriculture Strategy (MCSAS) has been elaborated in response
to the adverse effects of climate change that Myanmar suffers fromuch as fAscar
rainfall, irregular rainfall, heat stress, drought, flooding, seawater intrusion, land degradation,

desertificati on, deforestation and ot her nat

1.3.1 Three pillars of CSA

CSA has three main pillars (Figlh):

1. Sustainably increasing agricultural productivity and incomes
2. Adapting and building resilience to climate change and
3. Reducing and/or removing greenhouse gas emissions, where possible.

1. Sustainably increasing agricultural productivity and incomes

The worldpopulation is expected to reach 9 billion by 2050, and the need to provide enough
nutritious food in the future will be crucial (United Nations 2015). To feed an expanding
population, the annual world food production will need to increase by 60 peregrihewnext

three decades (Bruinsma, 2009). Diets need to be balanced with nutrients such as: vitamins,
trace elements and amino acids. Diet must also take into account factors such as energy
requirements, age and pregnancy. An additional challenge ftuttine is the growing demand

for animal products such as milk, dairy, and meat, particularly in developing countries. Food
security is not only a matter of increasing production, but also avoiding spoilage or waste of
food along the value chainei therange of activities that are necessary to deliver the product

to the customer. The amount of food produced only countsit reaches the individual
consuming it. Ensuring food security for future generations relies in increasing productivity in

a sustaiable manner.

CSA aims to sustainably increase agricultural productivity and incomes from crops, livestock
and fish, without having a negative impact on the environment. This, in turn, will raise food

and nutritional security. A key concept related to ingisproductivity is sustainable

20



intensification.Increasing productivity as well as reducing costs through increased resource
use efficiency is important means of attaining agricultural growth. Reducing yield gaps by
enhancing the productivity of agerogystems and increasing the efficiency of soil, water,
fertilizer, livestock feed and other agricultural inputs offers higher returns to agricultural
producers, reducing poverty and increasing food availability and access. These same measures

can often restilin lower greenhouse gas emissions compared with past trends (FAO, 2014).

What is CSA?

Sustainably increases -~
productivity and
income

i
- iy

National Food Security 2
and Development Goals Fi%

-l

— -
T

Strengthens resilience
to climate change and
variability

Reduce agricultura’s
contrbution to climats

Fig. 1.14 Three pillars of climate smartagriculture (© Papuso and Faraby, 2013)

2 Adapting and building resilience to climate change

Agriculture is affected by numerous chalh@s in a changing climate including extreme
weather events such as: severe rainfalls, storms, high temperatures, droughts and floods. Rising
sea levels are a challenge for agriculture in coastal areas. Globally there are changes in
seasonality and averagemperatures. In some countries climate change might favour
agriculture, for example, by longer growing seasons or higher temperatures. In many countries

however, the effects of climate change on agriculture will be negative. There is an inevitable
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need toadapt farming in order to ensure the resilience of agricultural systems to the changing
climate. Adaptation can involve changes in practice such as: changing the crops or livestock
that are farmed, use of new technologies and, applying climate or welatiaeto make
decisions for the future.

There is already an increase in the frequency and intensity of extreme events, such as drought,
heavy rainfall and subsequent flooding and high maximum temperatures. The increased
exposure to these climate risksealdy being experienced in many parts of the world, poses a
significant threat to the potential for increasing food security and reducing poverty amongst

low-income agriculturalependent populations.

CSA aims to reduce the exposure of farmers to gbaririsks, while also strengthening their
resilience by building their capacity to adapt and prosper in the face of shocks anddomger
stresses. Particular attention is given to protecting the ecosystem services which ecosystems
provide to farmers and ahs. These services are essential for maintaining productivity and our

ability to adapt to climate changes.

It is possible to reduce and even avoid these negative impacts of climateichabgeequires
formulating and implementing effective adaptatstrategies. Given the sipecific effects of

climate change, together with the wide variation in agpologies and farming, livestock and
fishery systems, the most effective a@déipn strategies will vary even within countries. A

range of potential aptation measures, for example, enhancing the resilience of agro
ecosystems by increasing ecosystem services through the use-etalgigy principles and
landscape approaches, can be applied depending on the local situations. Reducing risk exposure
through diversification of production or incomes, and building input supply systems and
extension services that support efficient and timely use of inputs, including stress tolerant crop
varieties, livestock breeds and fish and forestry species are also examh@eaptation

measures that can increase resilience.

3. Reducing and/removinggreenhouse gases emissiondere possible

Adapting agriculture to climate change and maintaining food production could help to solve
the current problems. However, with risingvels of GHGs, climate change and its
consequences will continue to impact our lives and pose new challenges. Currently agriculture

(and related sectors) contributes about a quarter of hindaned GHG emissions, so there is
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a lot of potential to reducthese emissions, and to mitigate other detrimental effects of

agriculture on the environment.

Very often, mitigating resource input and increasing efficiency goes hand in hand with
mitigating emissions. Wherever and whenever possible, CSA should hedguoerand/or
remove greenhouse gas (GHG) emissions in producing for each calorie or kilo of food, fibre
and fuel, avoid deforestation from agriculture and manage soils and trees in ways that
maximizes their potential to acts as carbon sinks and absorlfr@® the atmosphere. The
more the concentration of GHGs in our atmosphere can be reduced, the less liketsetine

climate scenarios will be for the future, and the easier it will be to adapt to climate change.

1.4Key characteristics of CSA

1 CSA addresses climate changeContrary to conventional agricultural development,
CSA systematically integrates climate change into the planning and development of
sustainable agricultural systems (Lipperl, 2014).

1 CSA integrates multiple goals and manages tradeffs: Ideally, CSA produces
triple-win outcomes: increased productivity enhanced resilience and reduced
emissions. But often it is not possible to achievéhalthree. Frequently, when it comes
time to implement CSA, tradeffs must be made. This regesr us to identify synergies
and weigh the costs and benefits of different options based on stakeholder objectives
identified through participatory approaches.

T CSA maintains ecosystems service€cosystems provide farmers with essential
services, includingclean air, water, food and materials. It is imperative that CSA
interventions do not contribute to their degradation. Thus, CSA adopts a landscape
approach that builds upon the principles of sustainable agriculture but goes beyond the
narrow sectoral appaches that result in uncoordinated and competing land uses, to
integrated planning and management.

T CSA has multiple entry points at different levels:CSA should not be perceived as a
set of practices and technologies. It has multiple entry points, rariging the
development of technologies and practices to the elaboration of climate change models
and scenarios, information technologies, insurance schemes, value chains and the
strengthening of institutional and political enabling environments. As sugoes
beyond single technologies at the farm level and includes the integration of multiple

interventions at the food system, landscape, value chain or policy level.
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T CSA is context specificWhat is climatesmart in oneplace may not be climatemart
in andher, and no interventions are clim&®art everywhere or every time.
Interventions must take into account how different elements interact at the landscape
level, within or among ecosystems and as a part of different institutional arrangements
and politial realities. The fact that CSA often strives to reach multiple objectives at the
system level makes it particularly difficult to transfer experiences from one context to
another.

1 CSA engages women andharginalized groups: To achieve food security goalsdan
enhance resilience, CSA approaches must involve the poorest and most vulnerable
groups. These groups often live on marginal lands which are most vulnerable to climate
events like drought and floods. They are, thus, most likely to be affected by climate
change. Gender is another central aspect of CSA. Women typically have less access
and legal right to the land which they farm, or to other productive and economic
resources which could help build their adaptive capacity to cope with events like
droughts anfloods. CSA strives to involve all local, regional and national stakeholders
in decisionmaking. Only by doing so, is it possible to identify the most appropriate
interventions and form the partnerships and alliances needed to enable sustainable

developmat.

There ardive actions to implement a CSA approatttcessfully; i) Expanding the evidence

base; ii) supporting enabling policy frameworks; iii) Strengthening national/localtists;

iv) Enhancing financing options; and v) | mpl
evi dence ba®mwmdatioatccthesvhote approdete as it informs and expands the
actions to strengthen national/local institutions, enhamandial options and support policy
frameworks. These three actions then support and inform the implementation of CSA practices

at field level. The CSA practices on the ground inform and expand, through monitoring and

evaluation, the evidence base (Fig5).1
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CSA on the ground
implementing practices at field level
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institutions N options
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enabling policy =

frameworks ...

Inform / Expand (M&E) Inform / Expand (M&E)

Expanding
the evidence base

Fig 1.15 Climate-smart agriculture implementation in agricultural production systems
and food systemg© Rima Al-Azar, 2018)

1.5 Why climate-smart agriculture?

Climatesmart agriculture (CSA) helps address a number of important challenges:
1. CSA adresses food security, misdistribution and malnutrition

Despite the attention paid to agricultural development and food security over the past decades,
there are still about 800 million undernourished and 1 billion malnourished people in the world.
At thesame time, more than 1.4 billion adults are overweight and one third of all food produced
is wasted. Before 2050, the global population is expected to swell to more than 9.7 billion
people (United Nations 2015t the same time, global food consumpticends are changing
drastically, for example, increasing affluence is driving demand for-ridadiets. If the

current trends in consumption patterns and food waste continue, it is estimated we will require
60% more food production by 2050 (Alexandratod Bruinsma 2012)CSA helps to improve

food security for the poor andarginalizedgroups while also reducing food waste globally
(CCAFS 2013).
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2. CSA addresses the relationship between agriculture and poverty

Agriculture continues to be the main souotéood, employment and income for many people
l'iving in developing countries. Indeed, i1t i
in rural areas, with agriculture being their most important income soAscguich, agriculture

is uniquely placé to propel people out of poverty. Agricultural growth is often the most

effective and equitable strategy for both reducing poverty and increasingséoodty as

Myanmar 6s economy heavily relies on agricult
In 2008, 1.4 BILLION % of global aduit population B ©G total world population
ADULTS were overweight o 25% 50% 5% 100%

UNDERNOURISHED 12%
----------------- >
' MICRONUTRIENT
DEFICIENT 29%
868 MILLION PEOPLE H

were undernourished 2

* 98% OF THESE PEOPLE live outside of high-income countries.

Figurel.16 Food security, malnuition and misdistribution(SourceCCAFS Big Facts: Food secdurity

3. CSA addresses the relation between climate change and agriculture

Climate change is already increagaverage temperatures around the globe and, in the future,
temperatures are projected to be not only hotter but more volatile too. This, in turn, will alter
how much precipitation falls, where and when. Combined, these changes will increase the
frequeng and intensity of extreme weather events such as hurricanes, floods, heat waves,
snowstorms and droughts. They may cause sea level rise and salinization, as well as
perturbations across entire ecosystems. All of these changes will have profound impacts on

agriculture, forestry and fisheries (FAO 2013).

The agriculture sector is particularly vulnerable to climate change because different crops and
animals thrive in different conditions. This makes agriculture highly dependent on consistent
temperature rargg and water availability, which are exactly what climate change threatens to
undermine. In addition, plant pests and diseases will likely increase in incidence and spread
into new territories (Grist 2015pringing further challenges for agricultural pumdvity. In

this case, it is necessary to observe the impact of climate change on the infestation insect pests
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and diseases on the cropsorderto take immediate action tavoid any #ect on crop
production. Otherwise, agricultural productivity will kluced andill consequently threaten

thefood security.
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2.PRACTICES

Global alliance for climate smart agriculture (GACSA) has developed a number of
compendium concerning with CSA practices. They include Compendium oiS&tfic
Nutrient Managemenintegrated Soil Fertility Management, System of Rice Intensification,
ClimateSmart Irrigation, Supplemental Irrigation, Agricultural Extension, Ancestral
Agroforestry Systems, Enabling Advisory Services, Gender Responsive Approach, Climate
smart Pest mmgement, Indekase Crop Insurance and so on. GACSA and FAO also
published Policy Brief Enabling Advisory Services for CShitg:// www. fao. org/

gacsal/resources/gaessadocuments/en/

Each compendium provides a comprehensive overviewh@fchallenges and issues for
sustainable development, both related and unrelated to climate change. It discusses the options
and opportunities for each CSA pillar, identifies potential synergies anddffsdgetween the
different objectives of CSA, anaghderscores the importance of inclusive processes engaging

stakeholders across different sectors and institutional levels.

2.1 Soil management

Soill

Soil is a dynamic resource that supports plant life. It is made up of different sized mineral
particle (&nd, silt and clay), organic matter and numerous species of living organisms. Thus,
soil has biological, chemical and physical properties, some of which are dynamics and can

change in response to how the soil is managed.

The importance of soil

Soil is a citical component to most agricultural and environmental systénis not just a

medium for plant growth and support. Whether the objective is crop production, urban
development, livestock management, 4grdss maintenance or environmental protection,
understanding the role of soil in physical, chemical and biological processes cannot be ignored.
Soil performs many roles in natural and managed environments, including facilitating plant
growth, regulating water supplies, recycling materials, hostingosgénisms and providing

physical support. In most, if not all, cases, it is a combination of the physical, chemical and

bi ol ogi cal properties of soil t hat deter mi n

different roles.
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The role of soil
1 Soil provides several essential services or functions. Soil supports the growth and

diversity of plants and animals by providing a physical, chemical and biological
environment for the exchange of water, nutrients, energy and air.

1 Soil regulates the distributicof rain or irrigation water between infiltration and runoff
and regulates the flow and storage of water and solutes, including nitrogen, phosphorus,
pesticides and other nutrients and compounds dissolved in the water.
Soil stores, moderates the releakara cycles plant nutrients and other elements.
Soil acts as a filter to protect the quality of water, air and other resources. Soil supports

structures and protects archeological treasures.

Soil function
Soil function describes what the soil does. 8aiktions are: (1) sustaining biological activity,

diversity and productivity; (2) regulating and partitioning water and solute flow; (3) filtering

and buffering, degrading, immobilizing and detoxifying organic and inorganic materials,
including industrialand municipal byproducts and atmospheric deposition; (4) storing and
cycling nutrients and other el ements within
socioeconomic structures and protection for archeological treasures associated with human
habitation.

Soil quality

Soil quality is the capacity of a specific kind of soil to function, within natural or managed
ecosystem boundaries, to sustain plant and animal productivity, maintain or enhance water and

air quality and support human health amadbikation. Changes in the capacity of soil to function

are reflected in soil properties that change in response to management or climate.

Mechanisms that concerns relaté to soil quality
Evaluating soil quality can improve the response to many resourcerognincluding those

listed below.
Loss of soil by erosion
Deposition of sediment by wind or floodwater
Compaction of layer near the surface

8§
8§
8§
8 Degradation of soil aggregates or soil structure
8 Reduced infiltration and increased runoff

8§

Crusting of the soilwface
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Nutrient loss or imbalance

Pesticide carryover

Buildup of salts

An unfavorable change in pH

Loss of organic matter

Reduced biological activity

Poor residue breakdown

Infestation by weeds or pathogens
Excessive wetness

Increased waterepellency of sils due to fire

Reduced water quality

w wWw w wWw wWw W wWw wWw w wWw w w

Greenhouse gas emissions

Soil Texture, Soil Structure and Macropores

Soil phases

From a physical standpoint, soil is a thpFease system: solid, liquid and gas. Each phase is
equally essential for growth of planfhe solid phase is made up primarily of minerals along
with a small amount of humus in most soils. This phase provides a source of nutrients and
anchorage for plants and make up approximately half of the soil volume. The liquid and

gaseous phases are ie 8oil pores and occupy the other half.

The main solil particles

Soil mineral particles can be grouped together into five broad classes. First, particles such as
stones, boulders and gravel larger than 2 mm are separated from soil material less than 2 mm

us ng si eves. The soil t hat passes through t
then divided into three partickdze fractions: sand, silt and clay. The proportion of sand, silt

and clay in the fine earetdoh ainsd riesf eursreedd ttoo cal:
several textural groups.

Table 2.1 The size range of particles in the UK, US and International System of
Classification

Fraction UK System US System International System
Stones/gravel | >2.0 mm >2.0 mm >2.0 mm
Coarse and 2.0-0.2 mm 2.0-0.2 mm 2.0-0.2 mm
Fine sand 0.2-0.06 mm 0.2-0.05 mm 0.2-0.02 mm
Silt 607 2 [m 507 2 [m 207 2 [m
Clay <2[m <2[m <2[m
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Soil Texture

Soil texture describes the relative proportions of sand, silt and clay partidesoih These

amounts, expressed as percentagesdivided into twelve different soil textural classes. The

textural classes describe whether the soil properties are dominated by one or more of the three
particle size separates (for example, sandyy, it clayed ). If the soil is characterized as

l oam or |l oamy soil this suggests that it has
properties exhibit an equal influence of sand, silt, and clay. The soil textural classes are readily
illustrated on a textural triangle (Figu2el).

Soil Textural Triangle
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Figure.2.1 Soil Textural Triangle (© Sensors P13).

Soil Structure

Soil structure describes the combination and arrangement of primary soil pgsadessilt,

and clay) into secondary particles, or units, called aggregates or peds. The spaces between the
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peds are the pores that conduct and store water and allow air exchange between the soil and

atmosphere. The characteristics of these pores are determined by the size and shape of the peds.

Structural Type (Shape)

Soil scientists recognize six basis typésail structure; granular, platey, angular blocky,-sub

angular blocky, prismatic, and columnar (Fig@r2).

columnar

i

Copyrightd Markus Tubarand Oani 20022004

single grained massive

Figure.2.2 Types of Soil Structure(© UCONN).

Soil Porosity

The total amount of pore space, or porosity, can be defined as the percentage of the total soil
volume not occupied by solid gicles (mineral or organic).

Soil porosity conveys information about ease of root penetration,-tvaliging capacity and

soil strength.

Healthy soil is a combination of minerals, rock, water, air, organic matter (plant and animal
residue), microorganismcluding bacteria, fungi and protozoa and a variety of insects and
worms. This intricate web carries out a process that continually replenishes the soil and

maintains longerm soil fertility.
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For sustained growth, plants require macubrients and @ice elements. Machautrients
include nitrogen (N), phosphorous (P), potassium (K), calcium (Ca), magnesium (Mg) and
sulfur (S). Trace elements include, iron (Fe), manganese (Mn), copper (Cu) and zinc (Zn). For
optimum plant growth, soil must be capablestiring these nutrients and transferring them to

the root surface for uptake by plants.
2.2 Conservation Agriculture (CA)

Conservation AgriculturéCA) is an approach to managing agroosystems for improved and
sustained productivity, increased profitsd food security while preserving and enhancing the

resource base and the environmdrfAQ@ definition:www.fao.org/ag/ca

Conservation Agriculture is a concept for resowsaeing agricultural crop productiohét

strives to achieve acceptable profits together with high and sustained production levels while
concurrently conserving the environment. CA is based on enhancing natural biological
processes above and below the ground. Interventions such as mechaihitbhge are
reduced to an absolute minimum, and the use of external inputs such as agrochemicals and
nutrients of mineral or organic origin are applied at an optimum level and in a way and quantity

that does not interfere with, or disrupt, the biolafjjgrocesses.

CA is characterized by three linked princip(Bschards et. al, 2014)
1. Minimum soil disturbance: Zero tillage is ideal, but the system may involve controlled

tillage in which no more than 20 to 25% of the soil surface is disturbed.

2. Retention of crop residues or other soil surface coveMany definitions of CA use 30%

permanent organic soil cover as the minimum, but the ideal level of soil coverdpesiiéc.

3. Use of crop rotations:Crop rotation helps reduce builgb of weeds, @sts and diseases.
Where farmers do not have enough land to rotate crops, intercropping can be used. Legumes
are recommended as rotational crops for their nitrdg@mg functions.

The world population will reach 9 billion in a few decades; that meansniding more food

to feed the exploding population. This is a challenge as the natural resources are dwindling.
For the sustainable increase production of food, there is no other option but to link /integrate
production with sustainability. One new strategoal of FAO is sustainable crop production
intensification (SCPI). CA is the core strategy of SCPI or in other word, applied sustainable

agriculture.
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2.2.1History of conservation agriculture

The idea of minimizing soil disturbance was introduced & 2830s as a soil conservation
system to counter the Dust Bowl b Conservation Tillage Serviaethe United States, but

t he term Acons emasvnatcainedruntibtige 199@Etstinotili was 0

CA globally and regionally
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Fig. 2.3 History and adoption of Conservabn Agriculture (© Mkomwa, 2015)

practiced in US and followed by Japan in thearly 1950s. Somecountries
practiced no till in 1970s and it popularity increased abruptly after 1990, adopted in many
countries reaching over 100 million ha after 2000ly recently has CA been promoted on the
basis of its climate adaptation and mitigation benefits. CA is now widespread in parts of the
Americas, as well as Australia. In the tropics, Brazil has the longest experience with CA, where
the principles have beengmticed since the 1970s and CA now covers over 30 million hectares.
CA spread from Brazil to other South American countries, and is widely practiced in Paraguay
and Uruguay as well. African farmers have adopted CA in the last 15 years, but at slower rates.

Little data is available on adoption in Asian countries
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CA is more than justno i | | but almswhenéwnevercumomblaByt i ons
incorporating with other best practices such as integrated pest management (IPM), integrated
plant nutriem management (IPNM), integrated crop management and landscape management
(IC-LS), agroforestry, etc., it is sustainable agriculture and ecosystem management. CA also
includes organic matter and carbon recycling, biodiversity (rotation, soil life), bialogic

processes, and climate change adaptation and mitigation

Fig. 2.4 Mix cropping of sunflower, sweet corrand maize(Left). Sequential cropping of
peanut, upland rice and chickpea(Right), (©FAO/U.Theinsu, 2017, Myanmar).

2.2.2Benefits of CA

Stable yields The water and soitconserving effects of CA help to stabilize yields against
weather extremes. Often, CA increases average yields lorily termBy using CA practices
farmers need to use less machinery cost, they can save 70% for the fuel, 50 % of the labour and
20-50 % of inputs. The job becomes less drudgery and stable yield can be expected for food

security, and farmers can enjogtter livelihood and income.

Drought buffering: CA increases soil water content by increasing infiltration and reducing
runoff and evaporation. Increased infiltration improves water use efficiency and buffers crops
against drought. Mulch cover also bufféne soil against temperature extrente® example,

in rainfed semiarid highlands of Mexico, soil water content during dry periods w&)lIim

higher in maize fields under CA than in those with conventional tillage and residue removal.
Infiltration was on average 288 mm per ha greater on CA fields in southern Africa as

compared to conventionally tilled plots
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Reduced field preparation costs CA reduces costs associated with tillage, whether manual
or by machineryln mechanized rice&vheatsystems inndia, field operational costs were 15%
lower under CAIn manual maize systems in Malawi, CAlis required 20% ledabor than
conventional ridge and furrowefds. The reduction ifield preparations with CA also allows

timelier planting, whictsupportssuccessful harvests

Reduced soil erosion:Reducing tillage and maintaining soil cover with crop residues can
reduce erosion by up to 80%. CA also generally increases soil organic matter in topsoil, as well

as soil biological activity and biodiversity.

Climate change mitigation Under certain conditions, CA may contribute to climate change
mitigation through carbon sequestration and reduced GHG emisbioinslimate change

adaptation rather than mitigation should be the main policy driver for its promotion

2.2.3Challenges to CA adoption

Though CA practices can provide multiple benefits, experience shows several common
constraints to its adoption.

Appropriate soil type: Wetlands and soils that have poor drainage are generally challenging
for CA. Heavy mich can slow drying and cause disease problems, and increased water

infiltration can exacerbate drainage problems.

Sufficient availability of crop residues or other mulch If crop yields are very low, there
may be insufficient quantity of residues to efieely practice CA. The need for crop residues
as livestock feed is also a common constraint to CA practice.

Affordable access to fertilizer and herbicidesIn some cases, appropriate use of fertilizers
as a complement to legume residues is necessary imitiating CA to increase crop yields

and available quantity of crop residues.

Weed control Eliminating tillage sometimes increases weed pressure in the early years of CA
adoption, but weeds decrease over time if controlled well. Many adaptations oS&€A

herbicides to control weeds.

Delayed yield benefits While CA sometimes increases yields in the long term, farmers may

need to wait 3 to 7 years to see yield increases. It takes time for farmers to gain experience with
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CA, and the improvement of soitrgcture and fertility is a slow process. More immediate

benefits are likely to be related to savings in labor or other costs.

2.2.4Implications for climate-smart agriculture initiatives

Mitigation -adaptation synergies are possibleCA has been shownotincrease water
productivity in dry areas, and can help buffer against the decreasing and more erratic rainfall
likely under future climate change. Contributions to climate change mitigation through soil
carbon sequestration are also possible, and depeimdreasing inputs of organic matter to the

soil.

Consider capacities, resources and regional contexffargeting CA promotion effectively
requires examining factors at multiple scales: farm, village and region. Capacities and
resources of farmers, vitle land tenure patterns and regional infrastructure such as roads and

markets can all determine the success of CA.

Be flexible: The particular technologies involved in CA differ markedly between countries,
and even regions within a country. Sometimearéiqular practice (e.g. crop rotation) may be
dropped altogether. Policies to scale up CA should not be overly prescriptive, as local
adaptation by farmers is necessary and desired.

Look beyond the crops Some opportunitiés such as associating suppont @A with efforts
to increase livestock productivéiyare not immediately obvious. Adaptation to climate change
often requires shifts in entire farming systems, and CA practices may be just one piece of the

puzzle.

2.25 Policy engagement

For wider adoptio of CA, policy support is necessary. In China, for example, CA was
mentioned in number 1 party document. CA was promoted to prevent dust storms around
Beijing before the Olympic game. Subsidies for mechanization exclude ploughs and priority
was given to o-till seeding equipment. DPR Korea is another example where CA was
promoted by Ministry of Agriculture and the Academy of Sciences as approach to sustainable

and intensive agriculture

37



2.26 Conclusions

CA is universally applicable/location specifichls been practiced on 8% of farmland and is
growing exponentially. |t is compatible wit
objectives. On the other hand, it is productive and sustainablewwirsituation) and
responding to climatic challenges. Hewver, supportive policies for accelerated adoption are

required.

2.3 Biomass Recycling and Soil Health

A variety of wastes generated through different agricultural and other activities in our day to
day life including crop residues in the form of stratgver, husk, biomass of uncultivated

plant species and weeds, forest biomass; animal wastes and by products like dung, urine, bones,
fish processing wastes and human habitation wastes like garbage, sewage and sludge etc.. Crop
residues are abundantly gesiiexd in large quantities during crop cultivation. After harvesting

the economic part(s) the plants are considered as wastes gedaralydumped on field side

in mound.

2.3.1Effect of Recycled Organic Wastes on Soil Properties

The positive impatcof organic waste application on the improvement of physical properties of
the soils such as solil structure, water holding capacity, soil temperature, bulk density, total
porosity, pore size distribution, soil resistance to penetration, aggregatiorgatggtbility,
hydraulic conductivity, base exchange capacity and resistance to soil erosion have been well

documentedAggelides and Londra, 2000; Elsgaard et al., 2001)

Gonzalez et al. (2010) recorded a positive change of soil physical propertiesrgéteic
amendment application, as soil organic carlmmmtent, fulvic acid fraction, electrical
conductivity and soil respiration were found significantly higher whereas bulk density showed

lower values at higher doses of vermicomposimpost amended soil

2.3.2Carbon pool in the soill

Soil organic carbon (SOC) content decreased rapidly when crop residues from the field were
removed regularly coupled with practicing conventional tillage. Increase in soil organic carbon
was principally due to the continu®addition of carbon through addition of the roots and crop
residues at regular intervdlhe incorporation of crop residues also increased the crop available

phosphorus either directly by the process of decomposition and release of phosphorus from the
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biomass or indirectly by increase in the amount of soluble organic matter which are mainly
organic acids that increase the rate of desorption of phosphate and, thus, improve the available

phosphorus content in the soil.

2.3.3Benefits of recycling of organiowvastes in nutrient management

A Utilization of embedded nutrients of o
A Conservation of energy

A Complementary source of plant nutrient
A Reduction of import cost of fertilizer
A Maximization of fertilizer use efficie
A E c o lbatagcing o $oil and land

A Reduce environment pollution

A Sustained agricultural gr owt h

Existing practices

Generally, farmers burn crop residues like stalks of pigemnand cotton without recycling
them. This is a great loss to the farmer as wethe land, as the land is deprived of biomass,
which helps build precious soil organic carbon. This harmful practice is leading to increased
COz emissions besidalepriving crop residue to the soil. Farmers resort to burning of the crop

residue as remowvinit involves higher costs for labour to uproot, chop and mix in the soil.

Resilience practice/technology

In order to encourage farmers to change this practice, rotavator machine was introduced in the
National Initiatives on ClimatResilient Agriculture JICRA) villagesin India. The harvested

crop stalks/ stubbles are chopped into small pieces and incorporaédl imo the soil with

varying efficiencies depending upon the left over residue. The cost of implement is USD 2000
to 3000 and field capaciwgf the rotavator is B ha/day. Rotavator helps in obtaining of early
seedbed preparation soon after harvesting ofsmaon crops for sowing of winter crops. This

not only requires low energy in tillage operation but also mixes and incorporates the stubbles
of previous crop thoroughly in the soil. This improves the soil physical properties and hence,
results in increased crop yield. Incorporation of green manuring crops susashania

aculeata mungbean and cowpea in wet conditions can be taken up toviengod health.
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Rotavator for incorporation of cotton stalks Incorporation of green biomass

Figure 25 Rotavator for incorporation of cotton stalk (left) and green manure (right)

(Source: vikaspedia.in)

2.3.4Soil organic matter

Soil organic matter is any material produced originally by living organisms (plant or animal)
that is returned to the soil and goes through the decomposition process. At any given time, it
consists of a range of materials from the intact original tissues of plants and animals to the

substantially decomposed mixture of materials known as humus.

Most soil organic matter originates from plant tissue. Plant residues conte80 f@rcent
moisture. The remaining dry matter consists of carbon (C), oX@ehydrogen (H) and small
amounts of sulphur (S), nitrogen (N), phosphorus (P), potassium (K), calciumaf@a
magnesium (Mg). Although present in small amounts, these nutrients are very important from

the viewpoint of soil fertility management.

Organic matter existing on the soil surface as raw plant residues helps protect the soil from the
effect of rainfal, wind and sun. Removal, incorporation or burning of residues exposes the soil
to negative climatic impacts, and removal or burning deprives the soil organisms of their

primary energy source.

Organic matter within the soil serves several functions. Fromragtical agricultural
standpoint, it is important for two main rec

an agent to improve soil structure, maintain tilth and minimize erosion.

As a revolving nutrient fund, organic matter serves two rhaiations:
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T As soil organic matter is derived mainly from plant residues, it contains all of the
essential plant nutrients. Therefore, accumulated organic matter is a storehouse of plant
nutrients.

1 The stable organic fraction (humus) adsorbs and holdsentdrin a planravailable

form.

2.3.5Microbial activity and microbial biodiversity

Healthy soil supports the functions of ecosystems by enhancing the health of plants and
animals. A healthy microbial community is vital to fertility, productivity, andansability of

an ecosystem.

Soil microorganisms are vital for the continuing cycling of nutrient and for driving above
ground ecosystems. It is important to study microbial diversity not only for basic scientific
research, but also to understand the lndtween diversity and community structure and
function. Soil bacteria and fungi play pivotal roles in various biogeochemical cycles (BGC).
Soil microorganisms also influence abey@und ecosystems by contributing to plant, plant
health, soil structure ansoil fertility (Meliani et al. 2012). However, activity and species
composition of microbes are generally influenced by many factors including pihesicical
propertiesof the soil, temperature and vegetatidhe dynamics of soil microorganisms have

important implications for the response of subsurface soil ecosystems to perturbations.
2.4 Integrated Farming and Efficient Use of Fertilizer

2.4.1What is Integrated Farming System (IFS)?

The Integrated farmingystem, also known as Integrated Biosystems, is a combination of
integrated approaches to farming rather than monoculture approaches. In this system an inter
related set of farming practices are used, in which the waste product from one component
becomes ma input for the others, thereby reducing the cost and improving the productivity.
Integration is the most important aspect of sustainable resource managemesmergence

of Integrated Farming Systems (IFS) has led to the development of a framewoprdoem

the feasibility of smaikcale farming operations. Since IFS maximizes the utilization of waste
materials from one form as resources in another, it not only ensures the increase in overall
income for the whole agricultural systems, but it also resitimenvironmental impacts caused

by waste products of the intensive farming activities.
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2.4.2Scope of IFS

IFS usually refer to agricultural systems that integrate livestock and crop production. IFS can
include a wide range of enterprises related tacatjure, such as crop, livestock, poultry, fish,
tree crops, plantation crops, and so on. A combination of one or more enterprises will give
greater return than a single enterprise, especially for stak farmers. To establish inter and
intra subsystm closer integration is attempted within each farm/garden/pond etc. at the level

of nutrient exchange as well as at the functional level.

2.4.3Goals of IFS

The Goals of thIntegrated Farming Systems (IFS) are:
1 To provide a steady and stable incomelameor at i on of t he syst emi
1 To achieve agrecological equilibrium through the natural cropping system

management and reduction in the use of chemicals

2.4.4Advantages of IFS

It improves space utilization and increase productivity perarea

It provides diversified products

Improves soil fertility and soil physical structure from appropriate crop rotation
Reduce weeds, insect pests and diseases from appropriate crop rotation
Utilization of crop residues and livestock wastes

Less reliane on outside inpufts fertilizers, agrochemicals, feeds, energy, etc

= =4 4 A -4 A -

Higher net returns to land and labor resources of the farming family

Current traditional farming system adopted by farmer have one rice field (RF) which
provide rice for household consption and getting income by selling some paddy in the
market, getting some fodder from straw as well as getting some milk for their children.
Introducing IFS by making a small pond for fish and duck culture in the lowland area of
rice field, cultivate vgetables on the bund of the pond, growing fruit and fodder tree in the
bund of the rice field, making compost by using waste materials. By changing current
traditional farming system to IFS, production system is diversified and can support each

other, whid can reduce cost and increase production and egfFfiguye 26).
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Figure 2.6 Advantages gaired from integrated farming system (IFS) from simple farming
system. (SourceBasuet al.,2013).

The practitioner can use IFS to

Improve productivity

Regulate nutrient and material flows
Increase otfarm biodiversity

Limit diseases

= =4 4 A4 -

Reduce the smell of some Isteck operation
2.4.5The components of IFS

It will include crops, fish farming, poultry, pigs, cattle, sheep and goat, fodder production,
kitchen gardening. The crop activitiggy consist of grain crops (corn, sorghum, rice, beans
soybeansetc), vegetable crops, plantation crops (coconut, banana, plaeta; root crops
(cassava, cocoyam, sweet pojattc), sugarcane, tree crops (moringa, mulberry, nacedero,
leucaenaetc) and fodder crops. The livestock activitiesy consist of poultry, pig, cattle

and small ruminants and argroduced to obtain waste products as a source of nutrients and
other functional inputsThe selection of crops is dependent on family consumption, market,
soil type, rainfall and type(s) animals raised, while livelston family consumption, potential
market, and availability of resources. Careful selection of the different components is very
important so that thapteract positively; e.g. chickens can be destructive in a vegetable garden,
but in a fruit orchard theyan keep the pests/weeds under control. In a garden some
plants/birds/animals etc. are deliberately introduced, while other living things grow by
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themselves or come to the garden if a suitable environment is created or food/water/shelter is

provided.

Table 2.2 Major components of Integrated Farming Systems (Source: Prakash et. al.

2015)
Crop Livestock and Fishery Secondary
Poultry Agriculture

CerealsPulses Cattle Composite fish culture | Beekeeping
Oilseeds Buffalo Fingerling production | Mushroom cultivation
Fruits Pig Paddy cum fish culture | Vermicomposting
Vegetables Goat Biogas production
Species Sheep Azolla cultivation
Plantation crops Chicken Sericulture
Flowers Duck Moriculture

Fodder/ forage crops
Agro-forestry
Sugarcane

Fiber crops

2.4 6 Efficient Use of Fertilizers

Efficient use can be defined as maximizing yield with a minimum amount of fertilizer. The

greatest efficiency usually results from the first increment of added fertilizer/nutrients.

Additional increments of fertilizer/nutrients usuabgsult in a lower efficiency but may be

profitable. A grower who wants to maximize profits will usually sacrifice some fertilizer

efficiency. Some useful practices on efficient use of fertilizers are explained below.

Soil Testing Soll testing is a mears f

evaluati

ng

the soil 6s

abi

Some soils are naturally fertile or have been made more fertile by the use of fertilizers or other

nutrient sources.

An assessment of what the soil can supply can be related to crop yieldsised éxtensively

for making fertilizer and lime recommendations. Soils that test low in phosphorus (P) or

potassium (K) will need larger amounts of fertilizer P and K than soils testing high in these two

nutrients. Much fertilizer energy can be saved hi/testing if fertilizers are applied to soils

that have the greatest need and by using reduced rates where soil reserves are high.

Liming : Liming soil to the optimal pH for a crop helps makes nutrients more available, thus

reducing the need for fertilizer This will be especially useful for farmers working on soil of

low pH as in lower Myanmar where annual rainfall is plenty. Limestone is an important source
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of the essential nutrients calcium (Ca) and magnesium (Mg). It is commonly used to raise the

soil pH, which is a measure of soil acidity or alkalinity.

Nutrient availability to plants is often affected by soil pH, with the greatest availability
generally occurring between pH 6.5 and 7.0. For example, on acid soils (below 5.5), soluble
aluminum is toxido many plants and reduces the availability of P fertilizers. On alkaline soils,

P availability is also reduced, resulting in reduced fertilizer efficiency and crop yield.

Liming acid soils will also improve nodulation of legumes and increase fixatiatmafspheric
nitrogen, thereby reducing added N fertilizer requirements.

Fertilizer Placement It has long been known that banding (placing fertilizer near the seed at
planting) is more efficient at supplying nutrients to the crop than broadcast appscaton

some crop producers have moved away from band applications. One of the reasons for this
shift is that many crops no longer respond to P and K fertilizers where soils are already high in

these nutrients.

Another reason for the shift from band to lioast fertilizer is the increased labor cost and
time involved in band application. Uniform application of broadcast fertilizer is important in
maximizing yields. Deep placement of ureatiizer becomes a promisingahnology in
Myanmar

Time of Application: Sidedress applications of nitrogen (N) applied after plant emergence
particularly on shallowooted crops such as groundnut grown on sandy soils which are subject
to leaching, or on crops grown on fitextured soils where denitrification is a prefli may

be used advantageously to increase effectiveness of fertilizers.

Applying N through the irrigation system is another means of improving nitrogen efficiency.

Such a procedure requires little additional energy for application and assures thateadequ
nitrogen is available during the plantds gre
sandy soils where leaching of N is a problem. In this case, fertigation should be considered for

water useefficiency as well where water source is scdilcein dry zone area.

Use of Manure

Manure is an organic nutrient source available on poultry and livestock farms. Often equivalent

to a lowanalysis fertilizer, it thus requires a great deal of energy for uniform distribution to the
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field but should b effectively utilized whenever possible. The nutrient composition of manure
varies greatly, depending on the type of livestock and the methods of handling and spreading.
Incorporation of manure immediately after application will reduce volatilizatioresos$

ammonia nitrogen and nutrient runoff from manure and result in better nutrient recovery.

Use of Legumes in RotationIincorporating a legume crop such as alfalfa in the crop rotation
is an excellent way of improving the N status of the soil. Leguieatinospheric N by a
process called symbiotic N fixation. Therefore, roots and nodules rich in N when plowed under

release readily available N for other crops.

Nutrient Carry -Over: Fertilizer residue and manure nutrients often carry over from one year
to another. More carrpver can be expected with high application rates and following droughty
years. Yield reduction due to drought, poor stand, or insect or disease problems often results in

less nutrient uptake and removal, which can significantly infle¢ie carryover of fertilizer.

Crop Rotation: Crop rotation is also important in using fertilizer efficiently. A low nutdent
requiring crop such as soybeans following a heavily fertilized corn crop may require little or

no fertilizer. Such practices acemmon and helpful in lizing fertilizer efficiently.
2.5 Crop Production (management)

2.5.1System of Rice Intensification (SRI)

To maximize agricultural production, mitigate GHG emissions, and enhance food security,
fundamental changes are negderice production systems. One alternative option is to apply
the System of Rice Intensification (SRI) which requires less agricultural inputs (land, seeds,
fertilizers, pesticides) and less water compared to conventional rice cultivation (Thakur, 2010;
Geethalakshmet al.,2011; Jairet al.,2013).

The System of Rice Intensification (SRI) as a knowlebgged methodology increases the
productivity and resilience of rice, and more recently also of other crops. Its simple changes
of agronomic practiceswere assembled in close collaboration with farmers during the 1970s
80s in Madagascar. Since 2000, SRI has been spreading to other countries, and today we
estimate that more than 10 million farmers are benefiting from the application of this
methodology inmore than 50 countries of Asia, Africa and Latin America (BRE 2016;

FAO 2016; World Bank 2010).
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Application of SRI practices can raise household incomes, enhance soil fertility, and protect
crops against climatic, pest, and disease stresses. gatadirice production, for which SRI

was first devioped, farmers transplant young asidgle seedlings, spacing them widely in a
grid pattern, keeping soils moist and fertile, but not flooded, enhancing them with compost and
other sources of organic nunts, doing regular and early weeding that aerates the soil, and

incorporating weeds into the soil to decompose.

Key components of SRI
SRI involves some combination of the following changes in rice cultivation practices.

1 Land preparation: Soil should bavell worked and welleveled so that there is good soil
structure, and plant roots can grow easily. Correct leveling helps farmers to achieve uniform
wetting of their soil through irrigation with a minimum application of water.

1 Varietal selection: Choose aariety, improved or traditional, that is wssllited to local
conditions (soil, climate, drainage, etc.), being resistant to anticipated problems like pests
or irregular water supply, and having desired grain characteristics.

1 Seed selectionOnly the bes seed, with good density and formation, should be used.
Submerging the seed in a pail of water, with enough salt dissolved in it to make a salt
solution in which an egg will float, enables farmers to separate and discard any light and
inferiorseedsaséhs e wi || fl oat. Just use the good s

1. Raise seedlings in unflooded nurseries (dry nursery bedot planted densely and

well-supplied with organic matter.

gl -
" LA @ b

Fig. 2.7 Nursery raising in foam boxegleft) and nursery raising in plastic trays (right)
(©FAO/U.Theinsu, 2018, Myanmar)
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2. Land preparation of transplanting rows by row markers

Soil should be well worked and wédlveled so that there is good soil structure, and plant
roots can grow easily. Correct leveling hefaemers to achieve uniform wetting of their

soil through irrigation with a minimum application of water. Before transplanting, the rows
are drawn by row markers to make easy for transplanting. This can be done by rakes of

different teeth or by rollers.

Fig. 28 Transplanting lines drawn by a simple rake (left) and transplanting lines
drawn by a roll marker (right) (©FAO/U.Theinsu, 2018, Myanmar)

3. Transplant seedlings at a very young agé 8 to 12 days old, at most 14 days old,

instead of theusual age for seedlings of43weeks or more.

, ‘l i ‘ \ “'lu
Fig. 29 A piece of nursery bed (left) and young seedling with seed sagilght)
(©FAO/U.Theinsu, 2018, Myanmar)
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4. Transplant seedlings quickly, carefully and shallow taking care to have mimum

trauma to roots.

Fig. 2.10 Young seedling with seed sacHleft) and one seedling at each poinfright),
(©FAO/U.Theinsu 2018, Myanmar).

5. Transplant single seedling in one place s at wider dis@n2x25 cm in a sgpre
pattern in urflooded plot.

Fig. 2.11 Paddy fields seen after transplanting in SRI(©FAO/U.Theinsu, 2018,
Myanmar).
6. Do not continuously flood the soil soil saturation causes plant roots to degenerate and
suppress soil organisms that require oxygen; either appd}l amounts of watetaily,

to keep soil moist but not saturatedatiernately flood and dryhe soil.
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Fig. 2.12 Healthy seedling bearing in cracked soi{©FAO/U.Theinsu , 2018, Myanmar)
7. Weeding and intercultivating - Weed control is prderably done with a simple
mechanical hand weeder (Rotary Weeder). 8kisites the sois it eliminates weeds,
giving better results than either hand weeding or herbicides.

Fig. 2.13 Weedingby intercultivator (left) (©Myint Thaung) and earththing up of tillage
(right) (©FAO/U.Theinsu, 2018, Myanmar).

The water irrigated in the field for weeding and intercultivation will be drained in the soil
gradually after weeding operation. No more watering is done till next weeding time. The paddy
plants are nokept under submerged condition. Hand weeding is also necessary to keep the
paddy field to be free from weeds at all times.

8. Provide as much organic matter as possible to the sailwhile chemical fertilizer gives
positive results with SRI practices, thest yields will come with organic fertilization. This

does more than feed the plaibfeeds the soil, so that the soil can feed the plant

Table 2.3Comparison of conventional and SRI practices

Conventional Rice Management SRI'i management

A T r &ant siger seedlings, 280 days old,| A T r a n yopnp seedtings8i 12 days

or even 40 days old old, and certainly less than 15 days old to
preserve subsequent growth potential
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ATransplant seedl i qATr an seedlingssinglyone per hill,
and fairly densely, 50 150 gants m2 and in a square pattern 25x25 cm, or widg
if or when the soil is more fertile

T Transplant quickly (1% 30 minutes after
removal from nursery)

i Shallow (22 cm deep) and vertical
planting

A Ma i maddyisail continuously flooded, A K e pagdy soil moist, but not

with standing water throughout the growtl continuously saturated so that mostly

cycle aerobic soil conditions prevail
AUse water to contrnAContr ol freqentdveedingbytal
by hand weeding or use hertoes mechanical hand weeder (rotating hoe or

cono weeder) that also aerates the soil
AUse chemical fertiAAppl y aganichmatero the soil
nutrients as possible; can use chemitatilizer, but
best results from compost, mulch etc.,

(Source: Selvaraju, 2013)
Benefits of SRI

The benefits of SRI reported by (Uphoff , 20@haoet al.2009 andThakur et al. ,2010)

are:

Increase in yield/ha 52% (21 to 105%)
Increased net some/ha 128% (5971 412% )
Reduction in cost of productian24% (71 56%)
Reduction in water requirementt4% (241 60%)

Shorter time to maturity (B weeks less)

o gk w N PE

plant hopper) 70% reduction in incidence
7. Tolerant to abiotic stressedrought, storm damage, extreme temperatures

8. Higher milling outturn (by ~ 15%) lower chalkiness

Contribution to Climate Zsmart Agriculture

1 Reduced water requirements by higlveop waterise efficiency benefits both natural

ecosystems and people in competition with agriculture for scarce water supplies

1 Less use of inorganic fertilizérr eacti ve N i s fAthe third

biodiversity loss and climate chag &aiready returns are greatly diminishing

Protection against biotic stresses pests/diseases (Sheath blight, leaf folder, brown

ma j

1 Less reliance on agrochemicals for crop protection enhances the quality of both soil and

water
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1 Buffering against the effects of climate changérought, storms (resist lodging), cold

temperatures

1 SRI cause mitigation of Climate Change asethane emission from rice fields are
determined mainly by water regime and organic inputs. Flooding causes methane emission
and organic inputs stimulate methane emissions as long as fields remain flooded. However,
mid-seaon drainage and intermittent irrigation can reduce methane emission by 40%
(Wassman et al, 2009)

2.5.2Challenges for adoption of SRI

Challenges for adoption of SRI are as follow:

Quiality of training and technical follow-up: For best results, farmereed to understand

the SRI methodology well and gain confidence in it. This is best done over at least three rice
cropping seasons. In the first season, farmers witness the crop performance improvements
through demonstrations, preferably on their owndBelln the second season they confirm

the experience and gain technical proficiency; and in the third season they start expanding
surface area and integrating SRI into their broader farming systems and cordApaseity

activities, such as irrigation managemt and mobilization of labous{yger and Uphoff. 20)6

Importance of rice production to households and their opportunitycostst f r i ce i s f a
primary crop and already intensivatyltivated, and if getting the greatest returns from their

land and other resources is desired, SRI will be very attractive. Where rice is cultivated in a
more extensive manner or as a secondary crop with substantial opportunity costs of

intensification, SRI will be of less interest to these farmers.

Access to appropride tools and equipment:Access to suitable weeders, transplanters or
directseeders for SRI operations is often lacking. Many weeder prototypes have been
developed for varying environments, but their distribution remains a challenge within some
countriesMechanical transplanters and dirseteders that perform well for SRI are still being
developed in some places. If implements are not available, this slows SRI adoption for labour

constrained households or for mediuand largerscale farming operations.

Assuring market accessincreases in overall rice production need to be accompanied by

improved market access and appropriate remuneration for the crop produced, even when
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farmers are growing rice just as their staple food. If market payoff is not asfamadrs

are less likely to be interested in increasing their production and in crop intensification.

Policy support: This is crucial since SRI lik e other ageoological approaches works within
a longerterm time frame. Government subsidization of agroubel inputs, for
i nstance, can di vert far mer so efforts and

intensification efforts.

Social organization of labour and of water managementfFarmers do not cultivate in
isolation. They are embedded in communities wlagreultural operations are to some extent
synchronized and cooperative. In order to change rice production practices and go to
scale, a social process of embracing this change needs to happen, especially in irrigation
schemes where farmers depend on estblkr for water access and management (Styger et

al. 2011).

Learning process involving successful farmersin most countries, farmers have given
leadership in the development and adaptation of SRI practices. Extension services, often
oriented toward inpdibased technologies, need to be vigined on the SRI principles and
practices in order to be effective in their job. At present, most research is undertaken through

onstation experiments rather than in far mer s¢

2.5.3Contribution to CSA pillars
SRI increases productivity, farm livelihoods and food security

The combined application of the SRI practices resulisnproved plant phenotypes and
physiological processesSRI plants growtaller, have stronger and thicker tillers, thicker
leaves, deeperoots, and a much larger root mass in combination with improved
photosynthesis efficiencylso, increases in beneficial microbial activity and processes have
been recorded in the SRI plasdil environment, which are key for improved plant

performance rad productivity

Farm livelihood and food securityare improved based on significantly higher yields, usually
associated with similar or lower cost of production compared to conventional methexis.

results in increased income and the availability of engice at household level.

Many SRI farmers in Asia and Africa achieve rice-seifficiency and even produce a surplus,
which allows them to sell some rice and cover household costs such as medical expenses and

school fees for their children, among others

53



SRI helps farmers adapt to and increase their resilience to the impacts of

climate change

Based on the improved and stronger plant types with larger and deeper root systems that
result from applying SRI methods, these plants are more resilient towarateschange
impacts as witnessed every year in the countries where farmers have adopted SRI.

Among the most important benefits are:

Reduced water requirements and greater drought resistance:

SRI plants thrive with 3G0% less irrigation water comparexdalways flooded rice. Reduced
competition among plants in combination with aerated and organic
matterenriched soils creates stronger plants above and below ground with larger, deeper,

lesssenescing root systems, which can resist drought and extremer&tunes better.
Higher pest and disease resistance:

Stronger and healthier rice plants are less susceptible to pest and disease attacks. Given
the much lower plant density with SRI, less humidity builds up within the plant canopy as
air can circulate me easily among the plants. This provides pest and diseases with a less
favorable environment compared to densely planted and contiilealied conventional

rice paddies

Greater resistance to rain and wind damage from stormsAs SRI plants have thickéillers

and deeper roots, and as they are more widely spaced, they have been shown to resist strong
rain and winds better than conventional paddy rice. A study in Japan reported that during a
storm event, 10% of SR field lodged compared to 55% of ateadf conventionallynanaged

field.

SRI mitigates greenhouse gas emissions

SRI management contributes to mitigation objectives by decreasing the emissions of
greenhouse gases (GHG) when continuous flooding of paddy soils is stopped and other

rice-growing pactices are changed.
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Methane (CH4) is reduced between 22% and 64% as intermittent irrigation (or
alternatewetting and drying, AWD) means that soils have more time under aerobic

conditions.

Nitrous oxide (N20) emissions increase only slightly with &Rdometimes decrease
as the use of N fertilizers is reduced. No studies so far have shown N20O increases

offsetting the gains from CH4 reduction.

Total global warming potential (GWP) from rice paddies was reduced with SRI

methods in the above studies 20-30%, and up to 73% in one of the studies

Rice productiondés carbon footprint S
feweragrochemicals are used. GHG emissions from producing, distributing and using
theseinputs equal about-50% of the gbbal warming potential (GWP) from all direct

emissions from food production

GHG emission studies with SRI are still in the early stages, and more detailed studies are
needed to better link and understand how individual practices contribute to increasing o
reducing GHG emissions. However, the mitigation potential of alternate wetting and

drying, a component of SR, is well established (Richards and Sander 2014).

2.6 Crop Improvement for Climate Change (Breeding Strategies for Climate

Change
2.6.1Introduction

Climate change is any loftgrm significant change in the "average weather" of a region or the
earth as a whole. Average weather may include average temperature, precipitation and wind
patterns. It involves changes in the variability or average at#ite atmosphere over durations

ranging fromdecades to millions of years.

2.6.2Effects of Climate Change

The climate change has two types of effects, viz., direct and indirect effects. The direct effects
of climate change include effect on (i) termgtere, (i) rainfall, (iii) sunlight, (iv) C@
concentration, etc. As a result of change in these aspects in a region, there are indirect effects
or change in the (i) pest scenario, (ii) disease situation, (iii) water availability, (v) day length,

(vi) biodiversity and (vii) cropping pattern.
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Natural Disaster Risk Hotspots:
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Fig. 2.14 Natural disaster risk hotspots in Myanmar. Source: Burma_profilel

(https://www.ldeo.columbia.edu/chrr/research/prdiles/pdfs/burma profilel.pdf).

2.6.3Climate Change and Breeding

Gradual change in the climate over a long period will lead to several new problems such as
appearance of new insects, new weeds, high temperature, drought conditions, change in rainfall

efc. As a result of climate change, the following problems emerge.

Fig. 2.15 extreme of climate change: drought (left) and flood (right)
(Source: Vidalloet al, 2015)

® Water scarcity or excess depending upon the change in the rainfall pattern,

(i) Droughtif there is lowrainfall and increase in temperature,

(i)  Change in response to thermo and photoperiods depending upon the change in
sunlight and day length,

(iv)  Appearance of new insects, disease, and weeds in the changed climate,
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(V) Change in the adaptation of culirs in the areas of climate change,

(vi)  Change in the cropping pattern in the region of climate change.

Table 2.4 Climate change and its effects

S.N.| Climate change | Anticipated Effects

1. Rise in temperatur{ Drought, desert expansion, insects, diseaseg &daptation
etc.

2. Rainfall pattern More Rainfall: Flood situation, water stagnation, cropg
pattern. Low Rainfall: Water deficit, drought, etc.

Sunlight Thermo and photo period requirement.

4, Wind velocity Lodging of crop cultivars

Such typs of changes will require new set of crop cultivars for successful crop production. To
keep pace with the climate change, breeders have to make continuous concerted efforts. The

climate change needs to be converted from a difficulty into an opportunity.

2.6.4Sources of Resistance

In crop plants, there are five important sources which can be used for developing suitable
cultivars for cultivation in the region where climate change is taking place. These sources
include (i) germplasm collections, (ii) cultated varieties, (iii) wild species anelatives (iv)

induced mutations and (v) transgenes.

Table .25 Situation of Climate Change and Breeding Strategies

No. | Situation of Climate Change Breeding Strategies

1. | Low rainfall in paddy growing (i) Devebpment of upland paddy cultivars th

region can be grown with irrigation without standit
water

(i) Shifting of paddy with crops with low waté
requirement

2. | Very high rainfall in paddy Development of floating varieties of paddy

growing areas

3. | Rise in temperate leading tg Development of drought and heat resistant g

drought situations cultivars

4. | Very high rainfall in pulseg Shifting of pulses crops with paddy and sugarc

growing areas

5. | Sudden appearance of new ins¢ Development of crop cultivars resistant to n

and disease due to climate char insects and disease
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6. | Moisture deficit in wheat growin{ Development of drought resistant cultivars
areas wheat
7. | Low intensity of light and less¢ Development of thermo and photo insénsi
sunlight days crop cultivars
8. | Delayed onset of Monsoon Development of crop varieties suitable for |
sowing
9 Increase in wind velocity Development of crop cultivars resistant to lodg

(Source: $hgh, 2007)

2.6.5Screening Techniques

The screening of keding material can be carried out looking to the new problem arising as a
result of climate change. The new problems may include heat, drought, excessive moisture,
new insects, new diseases and new weeds. The standard procedures available can be adopted
for screening of material to tackle these problems. The material can be screened under both
natural and controlled conditions to select genotypes suitable for a particular situation. Under
artificial conditions the screening of breeding material should deied out under the

controlled conditions representing climate change.

2.6.6Future Breeding Goals

In view of the climate change, the future plant breeding efforts need to beedimeard the

following thrust areas.

1. The new crop varieties should béet@ant to drought and heat that are crossed due
to increase in temperature. Crop breeding programs to develop temperature and
droughttolerant high yielding cultivars of the identified psshould be initiated
urgently so that the desired kinds of cropltouars are available when efforts of
climate change are noticed.

2. The new varieties, especially grown during winter season should have
characteristics of early flowering, phetand thermensensitivity, early maturity
and high productivity.

3. The plant gentc resources, especially landraces from those areas that have
similarities with climate change can be used to start breeding programs for
developing varieties suitable for climate change.

4. The new crop cultivars for climate change can be developed usioiglaination

of conventional breeding approaches, marker assisted selection, induced mutations
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and transgenibreeding. Crop based coordinated programs need to be launched to
develop earlymaturing, high yielding and temperature and drought tolerant
varieties as early as possible.

5. The desirable genotypes for climate change can also be selected in the breeding
populations of some ongoing research programs. There will be need for
identifications of areas where the climate change conditions already exist or
reemble. In such areas, large segregation populations can be screened foe selection

of desirable genotypes.

2.6.7Practical achievements

In the past, several cultivars in different crop species have been developed with resistance to
various insects, demse and drought. Conventional breeding approaches along with modern
crop improvement techniques will be rewarding to solve various problems that arise in future

as a result of climate change.

Adopted crop varieties

Table 2.6 Adopted crop varieties

Rice
No. Variety Name Growth Plant Potential Resistance
duration height (cm) yield
(bsk/ac)
1 KhoneMyinti 4 115 60-80 Drought resistance
2 Shwe Ma Naw 117 75 80-100 BB resistance
3 Sin Nwe Yin 110 105 90-130 BPH resistance
4 Shwe Myanmar 115 105 90-130 BB resistance
5 EinmaYebaw 115 80-100 BB resistance
6 Yezinlonethwe 125 90-130 BPH, Bl_ast and BB
- resistance
" | vadana Toe 120-125 125 | 100-140 | BPH. BlastandBB
resistance
8 ShwePyiHtay 127 99 90-100 BB resistance
9 ShweThwe Yin 115 80-100 BB resstance
10 | Sinthukha 140 107 100-120 BB resistance
11 Hninkar 175 50-70 Submergen_ce resistancg
BB resistance
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12 | Sinthwelatt 140 120 100-140 BB resistance
13 . Salinity resistance,
Shwe Asian 116 _ 100110 Drought resistance
14 . : Alkaline soil and Salinity
Pyl Myanmar Sein| 116120 124 100110 soil, drought resistance
15 | Sar Ngan Resistance to Saline
KharnSinthwelatt 140-145 84 75100 concentration 6 dm/m
16| ve Myote Khan-1 155 100 go100 | Resistance (1414) days
submergence, logging
17 Resistance (1aL4) days
Ye Myote Khan -2 143 103 82-135 Submergence, Logging
resistance
18 | Ye Aneloi 6 110 120 90-140 Drought resistance
19 | Ye Aneloi 5 116 126 90-100 Drought resistance
20 | Ye Aneloi 4 117 115120 90-100 Drought resistance
21 Drought tolerance
Ye Aneloi 2 112 106.5 60-90 rice leaf roll resistance
Yellow draft resistance
22 | Ye Aneloi 1 115 120 70-90 Drought tolerance
23 | Myaungmya May 137 127 80-100 Logging resistance
24 | AkariHmwe 125 99 90-115 Logging resistance
25 . . Bacterial Blight and Rice|
Sin Thiri 125 105 80-100 Blast Resistance
26 | Thee Htut Saba?2 125130 115 80-100 Rice Blast Resistance
27 | Thee Htut Saba3 125130 115 70-90 Rice Blast Resistance
28 | YezinYarsabab 130135 130 50-70 drought tolerance
29 Si Lay 125130 195 60-80 Ba_cterlal leaf s'_[reak and
rice blast resistance
30 | Sin ShweThwe 125130 125 60-80 Rice Blast Resistance
31 Bacterial Blight and Rice|
ShweThwe Lay 135140 110 80-100 Blast Resistance
Black Gram
No. Variety Name Growth Potential yield Resistance
duration (bsk/ac)
1 Yezin-7 90-95 28-30 Resistance to Yellow
Mosaic Virus
Chickpea
No. Variety Name Growth Potential yield Resistance
duration (bsk/ac)
Yezin5 95 29 Moderate resistant t
wilt disease
1 Yezin-6 86 25.08 Heat tolerant
moderate restant to
wilt disease
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2 Yezinl1l 80-85 25-30 Moderate resistant t
wilt disease
Groundnut
No. Variety Name Growth Potential yield Resistance
duration (bsk/ac)
1 Sinpadathab 120 55 Resistant to genera
diseases
2 Sinpadathab 105115 35 Tolerant todrought
3 Kyaunggon 140150 50 Tolerant to drought
4 Magwe Pinpyant 150-160 50 Tolerant to drought
5 MagwePinpyant2 140-150 50 Tolerant to drought
Sesame
No. Variety Name Growth Potential yield Resistance
duration (bsk/ac)
1 Magwayi Ni 1/04 85 20 Drought tolerance,
Phylody resistance
2 Magwayi Ni 2/04 85-90 12-17 Drought tolerance
3 Sini Yadanar 3 95-100 9-12 Drought tolerance
4 Sin-Yadana 5 90-95 10-15 Disease resistance
5 HnanNi 25/160 90-95 9-15 Drought tolerance,
Phylody resistance
6 Magwayi 7/9 80-90 9-15 Drought tolerance
Green Gram
No. Variety Name Growth Potential yield Resistance
duration (bsk/ac)
1 Yezinll 60-65 20.22 Resistance to Yellov
mosaic
2 Yezin-14 70-75 17 Resistance to Yelloy
mosaic
Maize
No. Variety Name Growth Potential yield Resistance
duration (t/ha)
1 Yezin-10 100-110 1.47.7 Moderate resistance
to Banded leaf and
Sheath Blight
2 Yezin-11l 105115 7.1-7.8 Moderate resistance
Leaf Blight
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Sunflower

No. Variety Name Growth Potential yield Resistance
duration (bask/ac)
1 Yezin Hybrid (1) 80-85 55-60 Resistant to
alternaria leaf blight

2.7 Crop and Livelihood Diversification

2.7.1Livelihood diversification

Ellis (2000) classifies rural livelihoods into farm and fiarm based on the proportion beeme
landless households and those with access to land for farming. Nevertheless, these two groups
are traditionally connected: farmers provide employment for landless laborers in the same

village or village tract.

Agriculture remains a mainstay for livetibds in rural Myanmar, but village populations are
increasingly exposed to an array of raagricultural livelihood options, either locally or distant.
These processes @é-agrarianizationare indicative of a need for close attention to household
scale leels of livelihood diversification (Pritchard et al. 2017). The most common livelihood

activity is casual wage labor, followed by farming, small trade and sale of livestock.

The labor requirement for farming activities may depend on the time of crop grodtthe
cropping pattern: single crop or double crop. As the demand for labor may be more intensive
at the time of land preparation, transplanting and harvesting of paddy, farmers will face the
problem of labor shortage. Double or triple cropping basedirogation keep labor
requirements high but may lead to a chronic labor force shortage in agriculture over the long
run, especially, if they are preferable and competing livelihood activities available, such as in
the Delta (fishing, emerging industriaizon). Such opportunity to generate income from a
diversified livelihood should be encouraged so that to make sure farmers get sustainable
income at least for their survival although they faced difficulties and crop failure due to severe
weather conditios. To address labor shortage issues, farm mechanization may help the farmers

to accomplish the tasks in time.

The causes of livelihood diversifications by the individuals and households can be divided into

two: survival and choice or survival and accuatian. There are many factors influencing the
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variations of livelihoods for rural people: skills (e.g. trading, vehicle repair, brick making),
education (e.g. business job or government job), gender (only male workers are demanded for
construction work), rad lack of credit access. For example, farmers use cash funds generated
from nonfarm to purchase agricultural inputs or farm equipment.

In this case, public and private sector can support the rural communities by providing technical
and vocational educatn training (TVET) for capacity building, developing midiance
systems as well as creating more job opportunities to generate more income. The government
of Myanmar is trying its best and private sector is giving assistance to achieve the goal.
Currenty, the Myanmar Agricultural Development Bank (MADB) is giving loans to farmers
although the amoumMiMK 150,000 (about USD 100) per acre, up to 10 acres per farmer is not
enough to cover all the cultivation costs. However, the government interest rai¢ 2abo
percent for one cropping season) is much lower than from the loan from a local money lender
(at least 5 to 10 percent per month and also requiring collateral in some cases). Some non
government organizations are also providing cash and kind assigtdaomer and loan with

reasonable interest rate.

The extent to which agricultural incomes influence household nutrition and food security out
comes depends on a number of factors including the characteristics of food markets, level of
empowerment to makdecisions on household food purchases, and household nutritional
knowledge. Economic research has also shown that income generating activities within various
agricultural projects can have a positive, negative, or neutral effect on nutritional outcomes
(World Bank, 2007).

2.7.2Crop diversification

After the success of Asian Green Revolution, crop diversification is strongly regarded as a vital
element in raising incomes, improving food security and reducing poverty (lbrahim et al.,
2009). As crop divercation is fundamental for development in agrarian based economies, it
has been promoted to enhance household incomes and ensure food and nutrition security. At
the household level crop diversification is a major pathway for household food security and
nutrition through incomes realized from the sale of agricultural produce. Sometimes,
practicing crop diversification may be impractical for a small holder due to the financial and

other limitations.
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Under the different topography, climate and soil typesre than 61 kinds of crops are usually
cultivated in Myanmar. They include cereals (paddy, wheat, maize, sorghum, etc.), oilseeds
(groundnut, sesame, sunflower, niger, mustard, etc.), pulses (17 kinds of pulses: black gram,
green gram, pigeon pea, sogan, etc.), industrial crops (cotton, jute, sugarcane, rubber, oll
palm, coffee, etc.), kitchen crops (chilly, onion, garlic, etc.) and fruits and vegetables (mango,
banana, cabbage, tomato, etc.) (MOALI, 2016). According to the Global Food Security Index
2014, Myanmar is ranked 86 out of 109 countrigfp(//foodsecurityindex.eiu.com/Index

Although the country produces a surplus of food in different items, many households in rural
areas are suffarg from chronic and acute food insecurity. The Dry Zone is a posaitken

area and one of the most food insecure regions of the country comprising Magway, Mandalay
and lower Sagaing regions (WFP 2011). It is also characterized by a larggivasgaty with

three or more different crop types cultivated. The most common crops grown are pulses (pigeon
pea, groundnut, sesame, chickpea, cow pea and green gram), rice and maize (MOALI 2016).
Growing cowpea in rotation with rice breaks the pest and diseakefoy both crops because

most rice pests and diseases do not transfer to cowpea and most cowpea pests and diseases do
not transfer to rice. On the other hand, in the off season after the rice harvest, cowpea cropping

can create new jobs.

There are a nuber of agricultural practices and technologies which enhance food security,

resilience and productivity in a sustainable manner. Some of them are briefly outlined below:

Cropping system adjustment: Adjusting the planting calendar by synchronizing witle t
occurrence of precipitation will likely help farmers cope with increasing climatic variability

and temporal water scarcity.

Stresstolerant crop varieties: Stresstolerant crop varieties can help cope with biotic
stresses (pest and disease) and abistiessegdrought, flood, salinity, heat). In the
Ayeyarwaddy Delta, a range of rice varieties have been introduced for cultivation, including

salttolerant, deepvater, waterlogged, and submerged rice varieties.

Crop diversification and intensification: In the central Dry Zone, a number of crops are
cultivated using crop intensification systems. This includes the mixed/multiple cropping

systems and the sequence cropping systems.
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In the past, farmer has no liberty to grow any crop they like if they\ang in a project area

or under a certain irrigation system where growing paddy is a must. A variety of high value
crops: some legume, vegetable andftower, can be grown in these areas. Whilst the potential
for diversification is considerable it is likely to happen to any degree until the policy
environment is liberalized to allow freedom of farmer choice within a marketted system.
Recently, farmers are reluctant to grow legumes dueetdatling prics as a consequence of

the policy change &m Indian sile which is a huge market for Myanmar. Tlsguation
demandsfor finding alternativecrops with promising market. The capacity of domestic
infrastructure to handle high quality perishable crops for export and lack of incentives to attract
foreign investment are major constraints to diversification for the perishable products such as

vegetable, fruit and cuflower.

2.7.3Contribution to CSA

There is good potential to mitigate the risks of the ongoing poverty trap related to the
continuous riance on the cultivation of rice through crop diversificatognimprovingR&D

and extension delivery of improved cropping systems, and the scope for this urgently needed
change (se NAPA Working paper 5, 2016).

QSEM (2016) reported that improvements umat agriculturebased livelihoods have varied
significantly by region and improvements have been most noticeable in Shan, Chin, and
Ayeyarwady whereas agricultural livelihoods in Magway, Mandalay and Rakhine are
constrained by frequent weathetated shoks. It has been recommended that livelihood
interventions need to take into account how different socioeconomic groups within villages
balance a range of livelihood opportunities. Understanding these variations will enable

livelihood-interventions to bud on opportunities and maximize development outcomes.

5 b, y -

Fig. 2.16 Crop diversification helps increase farm profits in Myanmarn© DOA).
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Fig. 217 Crop diversification (left), prepared land for legume (front), paddy (middle)
and maize (back) mung bean (right). (©Myint Thaung).
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2.8 Organic Farming for Sustainable Agriculture

2.8.1 What is organic farming?

According to the Codex Alimentarius Commi ssi
management system that avoids use of syntretidiZzers, pesticides and genetically modified
organisms, minimizes pollution of air, soil and water, and optimizes the health and productivity

of i nterdependent communities o f pl ant s, é

Commission. 2001).

It relies an fertilizers of organic origin such as compost manure, green manure, and bone meal,
with the objectives of environmental, social, and economic sustainability. Organic farming can

provide quality food without amvivoemestel v af fec

There were 57.8 million hectares of organic agricultural land in 2016, includoaniersion

areas. The regions with the largest areas of organic agricultural land are Oceania (27.3 million
hectares, whi ch i s al nmusltlandy antd Europeo(t315 dndlisn or g a
hectares, 23 percent). Latin America has 7.1 million hectares (12 percent) followed by Asia

(4.9 million hectares, 9 percent), North America countries (3.1 million hectares, 6 percent), and
Africa (1.8 million hectars, 3 percent). The countries with the most organic agricultural land

are Australia (27.1 million hectaregirgentina(3 million hectares), and China (2.3 million

hectares) (Willer and Lernoud 2018).

Organic farming has beneficial effects on sustainabtew@ture, especially where there is
evident degradation of resources, such as soil erosion, due to conventional farming system.
Today, use chemicals and fertilizers are rapidly increasing to maximize the farm productivity
to meet the eveincreasing foodequirements due to population explosion. The prolonged and
over usage of chemicals has inevitably led to human and soil health hazards along with
environmental pollution. Farmers in the developed countries are therefore encouraged to
convert their existig farms into organic farming. In general, organic standards are designed to
allow the use of naturally occurring substances while prohibiting or strictly limiting synthetic

substances.

The key characteristics of organic farming include careful mechamiea/ention based on
organic materials, such as protecting the oo fertility of soils by maintaining organic

matter levels, fostering soil biological activity, nitrogen selfficiency through the use of
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legumes and biological nitrogen fixation, exfive recycling of organic materials including

crop residues and livestock wastes and weed, and diseases and pest control relying primarily
on crop rotations, organic manure, and resistant varieties. A great emphasis is placed to
maintain the soil fertity by returning all the wastes to it chiefly through compost to minimize

the gap between NPK addition and removal from the soil.

/- increasing
~ GENETIC DIVERSITY

Fig. 2.18 The activities involved in organic farming®©® Ghimire, 2014).

2.8.2 Conventional, conservation and organic farmig

Agriculture production has to increase by 70% within 2050 in order to keep pace with
population growth and changing diets. However, this production increase will have to be
achieved in a way that preserves the environment and reduces the vulnesthiiticulture

to climate change. Agriculture will furthermore need to minimize the emissions of greenhouse

gases, pesticides and plant nutrients like nitrogen and phosphorous to the environment. Organic

68



agriculture, conventional agriculture and conseoratagriculture can be considered as

different approaches for dealing with these production and environmental challenges.

C Green Leaf Manure Crops )

leucocephala

Fig. 2.19 Some green manure cropg© TNAU, 2016.

Table 2.7 Key differences between the different forms of agriculture

Conventional Organic Conservation
agriculture agriculture agriculture
Ploughing Yes Yes No
Residues retained No Limited Yes
Crop rotations Limited Yes Yes
Use of mineral fertilizer Yes No Yes
Use of pesticides Yes No Yes

2.8.30rganic Sources of PlaniNutrients

Application of organic sources encouraged the growth and activity of mycardmzaother
beneficial organisms in the soil and is also helpful in alleviating the increasing incidence or
deficiency of secondary and micronutrients and is capldestaining high crop productivity
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and soil health. Farmers generally use straw of the harvested crop as animal feed or bedding.
In most cases, straw is used as bedding to trap urine to increase N cycling. Wet straw and
manures from the animalshedsare | | ect ed every day and stored
premises. The composted manure is applied either immediately or stored until the next crop
season depending upon farmerds soci oeconomi
nutrient manageant strategies, such as reduced tillage and use of raised beds, that avoid the

deleterious effects of puddling on soil structure and fertility, improve wakel nutrierduse

efficiencies, and increase crop productivity, may be appropriate.

Fig. 220 A piece of land with organic farming(Source: solutionsandco.org)
2.8.4Effect of Organic Nutrition on Crop Productivity

Addition of organic matter in the soil is a w&thown practice to increase crop yields. The
application of organic materials can iease grain and straw yield of riCkhe application of

spent mushroom and rice straw compost though comparable with FYM increased rice grain
yields by 20 per cent over NPK fertiliz€3tockdale et al., 2001An organically managed field
activity of earthworm is higher than in inorganic agriculture. In kawput agriculture, the crop
productivity under organic farming is comparable to that under conventional farming, and the
growth of rice was better under continuous organic farming than with converfaoméahg
(Chhonkar 200R Under biogas slurry with panchagaviw dung, urine, milkcurd and
gheeare mixed in proper ratio and then allowed to ferfjentreased nitrogen accumulation

at all growth stages on maize, sunflower, and green gram, aasneliher yield of maize and
sunflower was observeth India (Sofia et al., 2006) The organic matter incorporation
increased soil water retention in soil and hence enhanced root growth, culminating in high
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yields of maize. The impact was greater in maimn in cowpea, especiallyit gliricidia
leaves(Chandra and Chauhan 2004)

2.8.5Effect of Organic Nutrition on Soil Fertility

Organic farming can sustain higher crop productivity and improving soil quality and
productivity by manipulating the s@roperties on long term bastSlark etal., (1998)reported

that organic and lovinput farming practices after 4 years led to an increase in the organic
carbon, soluble phosphorus, exchangeable potassium, and pH. Organic farming improved
organic matter aatent and labile status of nutrients and also soil physicochemical properties.
Addition of carbonaceous materials such as straw, wood, bark, sawdust, or corn cobs helped
the composting characteristics of manure. These materials reduced water conteséditlea

C: N (Yaday &t a.2000)

2.8.6Principles of organic agriculture

The main principles of organic farmingare as follows (Chandrashekar, 2010):

To work within a closed system and draw upon local resources as much as possible
To maintain lmg-term fertility of soils

To avoid all forms of pollution that may result from agricultural techniques

To produce foodstuffs in sufficient quantity and having high nutritional quality

To minimize the use of fossil energy in agricultural practices

To givelivestock conditions of life that confirm to their physiological needs and

= =4 4 A4 -4 A -

To make it possible for agricultural producers to earn a living through their work and
develop their potentialities as human being

The principles of organic agriculture are coneermwith how agriculture and food production
ought to be done and should be ethical principles with sufficient generality and guiding force.
The cyclical principle is a principle that linked our abilities to act in relation to nature. It
concerns certainspects of our lives and actions, focusing on our relation to natures systems
and cycles in food production. The precautionary principle arose in such a broader
environmentalist setting, and the nearness principle is closely related to even broader

democrat principles. As ethical principles they are of a general nature.
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ﬂ Objective of organic farming

w Health 1) i 2)
v Produce food with Work with (3)

higher nutritional ‘ natural system Maintain and

quality increase soil
: ‘ t fertilit
cAIlE Principles of = &
7 3 @) Objectives of
0 Or'gamc Far'mmg 3 low satisfaction -ll Orgalnic Farming
B s to agricultural )
: 7 @ Use renewable

y v producer
Care Ecology . i i resources as far
’ as possible

(6)
Wider social and
ecological impact
of farming system

(5)
Avoid Pollution

Fig. 2.21 Principles and objectives of organic farming© TNAU, 2016)
1. The cyclical principle

It is a principle for how to interact with nature. It says that organic food systemkls
emulate and benefit from nature's systems and cycles, fit into them, and help sustain
them. This is the oldest and most established organic principle. Kindred concepts are

the ecological principle and the idea of naturalness.
2. The precautionary principle

It is a principle for how to make decisions on changes in technology and practice. It
says that action should be taken to prevent harm, even if there is no conclusive scientific
evidence that this harm will occur. The principle also calls for ttieeapromotion of
cleaner, safer technologies and comprehensive research to detect and reduce risks.

3. The nearness principle

It is a principle for how to learn and communicate in food systems. It says that
possibilities for personal experience and closetact between consumers, producers,
researchers and other organic actors should be created and maintained. All relevant
actors should be encouraged to take part in the development of organic agriculture. This
participation should be facilitated by pronmgf transparency and cooperation in the

production and communication processes in the organic food systems.

2.8.7 Contribution to CSA

Organic agriculture mitigates climate change because it:
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1 Reduces greenhouse gases, especially nitrous oxide, as noathretrogen fertilizers
are used and nutrient losses are minimized.

1 Stores carbon in soil and plant biomass by building organic matter, encouraging agro
forestry and forbidding the clearance of primary ecosystems.

1 Minimizes energy consumption by-3@% perunit of land by eliminating the energy
required to manufacture synthetic fertilizers, and by using internal farm inputs, thus

reducing fuel used for transportation.
Organic agriculture helps farmers adapt to climate change because it:

1 Prevents nutrient ahwater loss through high organic matter content and soil covers,
thus making soils more resilient to floods, droughts and land degradation processes.

1 Preserves seed and crop diversity, which increases crop resistance to pests and disease.
Maintenance of idersity also helps farmers evolve new cropping systems to adapt to
climatic changes.

1 Minimizes risk as a result of stable agroosystems and yields, and lower production

costs.

2.8.8 Consideration for scaling up

In the case of crops like rice, organidtivation appears to be less economical as compared to
other crops. However there is more scope for minimizing the economic cost and environmental
loss, under organic farming system in the long (Rajendran, 2002). Besides these,
environmental balance imaintained such that crops, trees, animals and man can live more
harmoniously. Reducing the use of pesticide can provide the growers with direct economic

benefits by decreasing the cost of inputs, thereby increasing net returns (Brenner, 1991).

Organic gricultural systems have an inherent potential to both reduce GHG emissions and to
enhance carbon sequestration in the soil. An important potential contribution of organically
managed systems is the careful management of nutrients, and hence the redudsion
emissions from soils, which are the most relevant single source of direct GHG emissions from
agriculture. More research is needed to quantify and improve the effects of organic paddy rice
production and to develop strategies to reduce methane ensigsbm enteric fermentation

(e.g., by promoting doublese breeds). Indirect GHG emissions are reduced in organic systems

by avoidance of mineral fertilizers.
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2.9 Participatory Seed Production and Seed Saving

2.9.1Seed sector analysis

Seed is the & important input to harvest a good crop. The potential yield of crop depends
on the quality of the seed used for cultivation of crop. Use of quality seeds alone can enhance
the crop productivity by 125%. One of the main reasons for low productivitgi@ps is not
availability of reliable quality seeds in the local markets. To enhance productivity, seed should
be of high quality, which will express full potential yield of the genotype under favourable
cultivation environments. Therefore seed sector awgment was carried out with the

assistance of Japan International Cooperation Agency (JICA).

i

Output 1
Capacity, for production of BS
and ES in DAR sre improved

Output 2

Capacity for & planning of
production & distribution for
quality rnice seed and @ quality
control are improved in DOA

Output 3

Extension workers' capability
on instruction of CS production
for fapmersis improved in the
Project site

|' Paddy |_1 Farmers

Fig.2.22 The outline and seed flow of a JICA project on development of
participatory Multiplication and distribution system of Quality Rice Seed
(©JICA).

The seed sector of Myanmar can be characterized by three major clusters of seed systems i.e.:
a) the informal seed system b) the intermediate seed system, and c) the formal seed system .
These seed systems are specific in the crops they target afyparieties, quality of seed and

ways of seed marketing and dissemination. Overall, the different types of seed systems fulfill
the specific seed demand of farmers.
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Table.2.8 Various seed systems within national seed sector of Myanmar

Characteristics| Informal Intermediary Formal seed system
seed system
Farmer save¢ Community Public seed | Publicprivate | Private seed
seed based seed system seed system | system
production
Key actors Framers, NGOs Government | Government | International
local traders and national | private seed
private ®ed | companies
companies
Types of crops | Food crops, | Food crops Food crops, | Food crops, | Cash crops,
some cash cash crops cash crops food crops,
crops feed crops
Key crops Rice, wheat, | Rice, legumes| Rice & maize| Rice, potato, | Vegetables
maize, food (OPV, maize (exotic,
legumes, hybrid), improved),
local sunflower maize & rice
vegetables, (hybrid) (hybrid)
potato
Types of Landraces, | Improved Improved Improved Improved
Varieties recycled varieties, local| varieties varieties (hybrid)
improved varieties (OPV,
varieties hybrid)
Types of seed | Informal Certified or Certified or | Certified or | Certified
Quality seed quality seed, | quality seed | quality seed
Dissemination | Gift, barter, | Exchange Sale through | Sale through | Agro-dealer
/Marketing exchange, contact contact shops, seed
local farmers, agro| farmers, imports
traders, sale dealer traders and
in shops agrodealer
village shops
market

(Source: Van den Broeket al, (2015)

The overall performance of the present system is notémith the objectives of the overall
agricultural policy. More than 90% of the seed planted of most crops is farm saved seed, while
many improved varieties have been developed by research for a large number of crops (Van
den Broeket al, (2015). In addion, only for vegetables and hybrid maize a more advanced
private production and marketing system has been developed while for most other crops the

performance of the seed valakain is rather limited.

The overview of support programmes shows that masteobevelopment Partners, (I) NGOs

and government projects concentrate on the formal, public seed system. Thepuie

seed system is much less developed in Myanmar. In addition, there are limited interventions in
improving the informal and intermeaty seed systems which still provide around 95% of seed

to farmers for most crops, and are crucially important for conservation and use of plant genetic
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resources and climate adaptation strategies. Also, very few projects focus on new variety
development.

2.9.2Changing infrastructure for seed sector improvement

Van den Broelet al, (2015) pointed out a number of issues in the enabling environment that
are hampering the growth and/or transformation of the different seed systems. The first is the
relativedominance of the public sector in the production and marketing of seed. The second
major challenge is the quality assurance system. Major limitations were observed in the system
of field inspections and seed testing at all levels, placing great emphagiamtity rather than
guality, from the Department of Agriculture Research (DAR) Seed Farms to the Department
of Agriculture (DoA) Seed Farms and from Seed Villages to the Inspection Lab. The third one
is limited communication and collaboration betweenR)Ahe Seed Division and Extension
Division of DoA leading to inefficiencies in the performance of the seed chain, reducing the

number of indemand varieties reaching farmers and reducing the overall seed quality.

Table 29 Overview on formal seed productbn in 20132014 seasons in Myanmar

Crop Types of seed Area (ha) Seed production (ton)
Rice Breeder 6s|_ 2.96

Rice Foundation seed (FY 102 3.80

Rice Registered seed (RY 798 197.49

Rice Certified seed (CS) | Not available Not available
Maize Cetified seed (CS) | 100 35.15

Green gram Certified seed (CS) | 34 9.70

Pigeon pea Certified seed (CS) | 279 82.63
Groundnut Certified seed (CS) | 4 2.45
Sesame Certified seed (CS) | 408 14.55
Sunflower - 36 16.61

(Source: MoAl, 2014, * 20132014 rainy season da).

The DAR is responsible for breederdos seed
foundation seed and registered seed production at the 43 government farms established across
the different agreecological production zones of Myanmar. These gavemnt farms provide
foundation and registered seed to seed village schemes, contact farmers, national private seed

companies, NGO programs and millers who multiply to certified or quality seed. It is obvious
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to see the public sector stakeholders playingrkéy and dominating the seed multiplication

chain.

2.9.3Informal seed system

The informal seed system wil/| remain playing
estimated that currently the informal system contributes more than 95% of a#et@lanted
in Myanmar, and for most other crops this percentage is higher (except for vegetable and maize

seeds).

Since the sakeof quality seeds were sluggish and advantagegsofg CS were not well
recognized among stakeholders such as paddy groddiarmers, traders and rice millers, one
JICA projectwasconduced milling demonstration for the stakeholders. The test showed that
red rice ratio of CS origin paddy was significantly lower than that of none CS paddy collected
from Labutta, Myaungmyanal Hinthada townships. Similarly the head rice ratio of CS origin
paddy was significantly higher than that of none CS paddy (JICA 2017).

2.9.4Strengthening local rice seed production of premium varieties

Specific aromatic rice varieties (often combingttler the namedwsanhmwe) have a high
demand in Myanmar 6és food market. Superior va
origin (e.g. Shwebo) to the farmerds field.
are popular while thevailability of good quality seed is lowsome activities in the LIFT

program are supporting farmers to better select new varieties (e.g. through Participatory
Variety Selection) and support livelihoods in better seed management practices and developing
local seed markets.

In addition, these activities can also contribute to conserving and using thei@djkersity,

which wil/l be necessary for the continuous ¢
diversity in rice varieties (including lap@ces)includes traits that are less susceptible to
droughts, floods and salinity (Van den Broek et al. (2015).
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Fig. 2.23 (a) Mass activity for seed selection at vegetative growth stage (left) and

(b) before harvest in Myingyan(right), (© DOA).

Fig. 2.23 (c) Mass activity for eating quality test on breeding lines of paddy in Myingyan
(© DOA).

2.9.5Community seed banks

Community seed banks are mostly informal collections of seeds maintained by local
communities and managed with thaiaditional knowledge, whose primary function is to
conserve seeds for local use. Seeds are obtained from the farmers in the community and are
selected and stored depending on the agreed storage system. Community seed banks can take
different forms, for exaple, seeds can be stored in pots in a shed or community buildings, or

in clay pots on the floor, in a family granary or on the kitchen shelf.
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Once the seeds are collected from the farmers, they are stored in a community seed bank until
they are needed.n@ of the purposes of a community seed bank is to serve as an emergency
seed supply when farmers experience a shortage of seeds, due to failure or destruction of crops

as a result of floods, droughts, pests and diseases.

As climate change has a signifitampact on agricultural production, growing local varieties,

which have a high degree of genetic diversity, is highly important because these varieties have
the ability to better withstand and adapt to environmental stresses and changes. Setting up
commurty seed banks may help farmers to acquire varieties that are adapted to local
conditions; these varieties may not be accessible through formal seed systems, may be costly
or may suffer from erratic supplies. If farmers, in particular small holder fanwigrspoor
resources, can access these locally adapted varieties, it can help them to get access to seeds for
the next planting season as well as provide them with an emergency seed supply in times of

crisis, thus making them less dependent on the forred Sgstems.
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Fig. 224 Some village seed bank® Green Foundation
Sourcehttp://www.greenfoundation.in/ communigeedbanksnba/(Left) andSource:

http://ubinig.org/index.php/home/ printAerticle/51/engl{gtight).

Revolving Seed Bank system

Some organizations likeommunity Agencyor Rural Developmenset upvillage based seed
banksto help rural community with the aim of improvimgusehold food security and food
sovereignty. Their main objectives were to help local farmers access (1) to modern farming
technology, (2) to better and productive seed for higher farm production and r{@rket

oriented seed for their higher income and food security.
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Fig 2.25 Seeds ready to distribute to the farmergleft); farmers to receive delivery in
Chauk (right) (© DOA).

Local farmers can loan seeds from the bank which is managed by villageedelemmittee

and farmers are obliged to replace one fold of the seed in line with agreement between farmers
and the committee. Profits are meant to use
members. These sorts of activity should be encouragestréogthen participatory seed

production system in Myanmar.

Under the Fostering Agricultural Revitalization in Myanmar (FARM) project, some common
interest groups (CIG) were supported and encouraged to produce quality seeds for the local
community. Theravere some other groups producing quality seeds for local farmers in some
regions. These groups should be given financial as well technical assistance. Local farmers

should be organized to participate in tieenenunity seed producing system.

2.10Water Management

2.10.1Alternate Wetting and Drying (AWD) Techniques for Rice Cultivation

What is Alternate Wetting and Drying?

Alternate wetting and drying (AWD) is also known as intermittent flooding. AWD is the
practice of flood initiation and recession. lasvfirst developed at the International Rice
Research Institute (IRRI). As a rice flood management practice, AWD is used to maximize

rainfall capture and reduce irrigation pumping while maintaining grain quality and yield.

Alternate wetting and drying cersts of flooding a field to a reasonable depth and allowing the

flood to naturally subside to the soil surface via infiltration and evapotranspiration. This
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subsidence can be a mud (or drier) consistency at the soil surface béfoodireg depending

onfield specifics including soil texture and irrigation capacity.

The timing, frequency, and extent of the wetting and drying cycles depend on rice growth stage,
prevailing weather and field conditions, and grower comfort level with the practice. After
holding the initial flood for 3 weeks, it is common to refrain from applying a flood for five or
more days between wdty cycles when using AWD. A full flood is maintained at panicle

initiation (green ring) and at flowering, when rice is most sensitive tengiess.

Alternate Wetting and Drying (AWD) is a watsaving technology that farmers can apply to
reduce their irrigation water consumption in rice fields without decreasing its yield. In AWD,
irrigation water is applied a few days after the disappearahthe ponded water. Hence, the

field gets alternately flooded and nrtlaoded. The number of days of nfinoded soil between
irrigations can vary from 1 to more than 10 days depending on the number of factors such as

soil type,weather, and crop grotvistage.

How to implement AWD?

A practical way to implement AWD is to monitor the depth of ponded water on the field using

a o0field water tubed. After irrigation, the
the ponded water has dropped to 1% loelow the surface of the soil, irrigation should be
applied to reflood the field with 5 cm of ponded water. From one week before to one week
after flowering, ponded water should always be kept at 5 cm depth. After flowering, during
grain filling and rigening, the water level can drop again to 15 cm below the surface before re
irrigation. Alternate wetting and drying can be started a few days after transplanting (or with

a 18cm tall crop in direct seeding). When many weeds are present, AWD can benpdstpo

for 2-3 weeks until weeds have been suppressed by the ponded water. Local fertilizer
recommendations as for flooded rice can be used. Apply fertilizer N preferably on the dry soil

just before irrigation.
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Fig.2.26 Water at 15 cm depth: Time to irrigate and flood the field again
(Source: IRRI 2009)

Safe AWD?

The threshold of 15 cm water depth (below th
as this will not cause any yield decline. In Safe AWD, water savings are ardbeof 15

30%. After creating confidence that Safe AWD does not reduce yield, farmers may experiment

by lowering the threshold level for irrigation to 20, 25, 30 cm depth, or even deeper. Lowering

the threshold level for irrigation will increase the srasavings, but some yield penalty may

occur. Such a yield penalty may be acceptable when the price of water is high or when water

is very scarce.

The Field Water Tube

A tube can be made of 4n long plastic pipe or bamboo, and have a diameter of 15
cm a more so that the water table is easily visible. Perforate the tube with holes on all sides.
Dig the tube in the soil so that 20 cm protrudes above the soil surface. Take care not to penetrate
through the bottom of the plow pan. Remove the soil fromrtbielé so that the bottom of the
tube is visible. Check that the water table inside the tube is the same as outside the tube. The
tube can be placed in a flat part of the field close to a bund, so it is easy to monitor the ponded

water depth.
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Fig. 2.27 Fieldwater tube from PVC and a field tube underflooded conditions
Note the holes on all side€Source: IRRI 2009)

How does AWD reduce greenhouse gas emissions?

Methane (CH) i n wet riaersoil & praddckd by the anaerobic decomposition of
organic material after the flooding of rice fields. Allowing the field to drain removes the
anaerobic condition for a time and halts the production af @ids reducing the total quantity

of CHs released during the growing season. The production of nitrous oxig®) (N also
regulated by the presence of oxygen. In contrast tpl@Mever, the recurring shift between
aerobic and anaerobic conditions favors bacteoalersion of other nitrogen compuis to

N20 and its release from the soil. The production gbNs also strongly influenced by the
availability of nitrogen in the soil. Thus,2@ emissions increase with the amount of nitrogen

fertilizer applied to rice paddies.

Where can AWD be practical?

In general, lowland ricgrowing areas where soils can be drainedda intervals are suitable

for AWD. High rainfall may impede AWD. If rainfall exceeds water lost to evapotranspiration
and seepage, the field will be unable to dry during thegioeing period. Farmers must have
control over irrigation of their fields and know that they will have access to water once fields
have drained. AWD in ra#fed rice is not recommended due to uncertain water availability

when fields have to be reflooded.
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Advantages

1. Large reductions in methane emissions are possible compared to continuous flooding.

2. It will help the economic use of water during rice cultivation.

3. The drying phase of rhizosphere will help root growth and its sustainability for water
transport to rice plants even under low soil moisture conditions.

4. Farmers will be able to know the status of water of their rice growing fields and would be
able to balance irrigation with achieving minimum methane emissions.

5. The savings of irrigationvater will have impact on environment because of reduced
withdrawal of ground water and a reduction in consumption of diesel for water pumps.

6. Protection of water levels of ground water may also reduce arsenic contamination in rice

grain and straw.

Disadvantages

1. Occasionally, rice productivity is reduced using AWD technology if moisture stress
condition is induced. However, the reduction of yield was less compared to the yield
reduction due to the direct moisture stress effect.

2. NbO emissions are aneased.

Fertility Management

Properly managed AWD should not influence nutrient managemetarnm of rates and
timings of fertilizer applicationNo changes are needed to nitrogen (N) fertility management.
A single preflood N fertilizer applicatioriraplifies water management through the season. A
continuous flood should maintain well saturated soils for a full three weeks followkfigppde

N application to ensure efficient N uptake by rice plants. If avag split N management plan

is used for coventional cultivars the midseason N application should be applied into the

floodwater which is maintained for at least 5 days following application.

2.10.2Water Harvesting and Saving Techniques

Water harvesting in dry zone area
The dry zone area inalles 51 townships of 11 districts within Magway, Mandalay and Sagaing
regions. Although the land in these areas may be fertile and productive in the past, now it

becomes dry land and the annual rainfall is about 25 inches. On the other hand, heavy rainfall
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within a short duration enhanced soil erosion in this area. The soll fertility is poor and crop
production is no longer profitable due to the land degradation. The main causes of land

degradation are:

(a) soil erosion by water / wind erosion
(b) human activitiegdeforestation, insufficient reforestation, the wrong cultural

practices, etc,).

Soil erosion can be caused by leaving the land without soil cover or no crop, the land is

sloping to one side and ruoff water resulted from poor absorption due to compat.

Figure 2.28 The causes of soil erosion, burning (left) and harrowing along the sloping line (right)
(© Yar Zar Naing Win, TAF) .

Land degradation

It has been found out that the current rate of soil erosion ranged from Otbdi1g', and

that the average rate of soil erosion increased from 14.2 ta B4 6yr't over a period from

2000 to 2012. The major types of land degradation were physical and chemical soil degradation
such as salinization and solidification due to the impact ofate changeFarmers identified
topographic condition, soil types, improper crop management practices and climatic factors as
the main causes of soil erosion. The observed crop yields of monsoon rice, groundnut, sesame
and cotton in the highly degraded aneere 312 times lower compared with the yields of
these crops grown in less degraded area (Kyawt K.K. Tun et al.2015).
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Figure 2.29 Soil erosion in dry zone area, rill erosion (left) and eroded poor soil (right)
(© Yar Zar Naing Win, T AF).

This means immediate remedial measures are urgently need to prevent further degradation of
the soil in these areas. A number of things can be done to prevent soil erosion and also to
conserve moisture for crop production. The first thing is growiimgl break trees to prevent

wind erosion.

Wind break trees

Wind breaks mean growing certain type of trees or tall crops in the field together with the
crop or in the periphery of the filed so that to reduce the velocity of the wind. Fast growing
perennias, for example, the lead trdesucaena glaucaandGliricidia sepium suitable for

the region can be selected as wind break tree (Figure 3). The benefits of wind break are:

to reduce yield losses due to strong wind

to prevent wind erosion

to reduce moiste loss due to wind

to supplement animal feed and food for human
to get firewood for the rural community and

o a0k~ w NP

to enrich organic matter in the soil from the residues of wind break trees.
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Fig. 230 Planting wind break trees

Figure 2.31 Pigeon pea as Wind Break (Intercropping with pigeon pea and groundnut)(© Yar
Zar Naing Win, TAF).

Moisture conservation

In dry zone area, the annual rainfall is very limited and the distribution is not even occurring
intensively in short duration leand) to soil erosion. The wrong harrowing method enhanced
the soil erosion. On the other hand, it is very important to prepare the land in time to catch up
the remaining moisture in the soil.

To conserve moisture in the soil, fast growing crops from legomsifiamily can be grown as
green manure before the main crop, for example, groundnut in dry zon# er@agreat way

to add nutrients to the soiGreen manure involves planting a crop that is meant to be
incorporated into the soil to increase itsifiggt In agriculture green manwis created by
leaving uprooted or sown crop parts to wither on a field so that they senreudshaandsoil
amendmenfThe green manure crop must be ploedjlunderat the time of flowering. Green

manures usually perform multiple functions that includeisgprovement and soil protection.
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Leguminouggreen manures contanmitrogenfixing symbioticbacteriain root noduleghat fix
atmosyeric nitrogen in a form that plants can use. This performs the vital function of
fertilization. If desiredanimalmanures may also be added. Depending on the species of cover
crop grown, tle amount of nitrogen released into the soil lies between 40 and 200 pounds per
acre. With green manure use, the amount of nitrogen that is available to the succeeding crop is
usually in the range of 460% of the total amount of nitrogen that is contawvétin the green

manure crop.

Incorporation ofcover cropsnto the soil allows the nutrients held within the green manure to
be released and made available to the succeeding. ¢Fbs additional decomposition also
allows for the rencorporation of nutrients that are found in the soil in a particular form such

asnitrogen(N), potassiun{K), phosphorugP),calcium(Ca),magnesiunfMg), andsulfur (S).

Microbial activity from incorporation of cover crops into the soil leads to the formation of
mycelium and viscous materials which benefit the health of the soil by increasisgilits
structure(i.e. by aggregation)The advardges of green manure are: prevent soil erosion as a
soil cover, improve soil structure aftdecomposition, retain soil moisture and temperature,

reduce weed problem and improve soil fertility.

Fig.2.32 Green manure (green gram) before and after plougimg (© Yar Zar Naing Win, TAF) .
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