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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Abstract

JUNGBLUT, Benjamin Pablo. On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf
of Mottama Myanmar

The productivity of rice farmers in the Gulf of Mottama is endangered by salt-water intrusion, that
causes salinity levels to rise in the soil, and flooding, caused by erratic rainfall. This paper aims to
assess the performance of different varieties in the conditions present in the Gulf of Mottama and to
recommend varieties that might improve the yields in this area. To do this, trials were established in
cooperation with the Community-Led Coastal-Management in the Gulf of Mottama Project
(CLCMGoMP). Ten varieties were selected and grown on farmer fields in two project-villages (Boyargyi
- Kyaikhto Township; Zokekali - Bilin Township). Three salt tolerant varieties were selected alongside
three flooding tolerant and three local genotypes. Pawsanyin, the variety that is usually cultivated in
those two villages, was used as a zero treatment. This would allow for a comparison of the newly in-
troduced varieties to the status-quo.

Boyargyi was struck by a flood reaching peak levels of over 1Tm above field-level only 2 weeks after
transplanting. Zokekali on the other hand was mostly affected by salinity and rodents. Various differ-
ences regarding growth and yield parameters were observed, but it is difficult to draw conclusions
from this data, as it is not detailed enough to clearly relate values to biotic or abiotic stresses. Some
new varieties with multiple stress resistances (salinity/flooding; salinity/drought) but also complex
flooding tolerance (tolerance to submergence as well as stagnant-flooding/partial submergence) are
being or have been developed ion recent year. These varieties might be interesting as both villages
showed a combination of salinity and flooding issues.

Sinthwelatt, one of the salt tolerant varieties, performed best throughout the trials and was able to
average higher yields than the local varieties. Some farmers expressed concerns regarding the eating-
properties of Sinthwelatt, which must be considered before promoting its adoption. A demonstration
plot that was establish in cooperation with an innovative farmer from Boyargyi enabled the observa-
tion of the varieties in more favourable conditions than in the trial fields. Together with farmers from
different villages the main reasons for the improved performance in the demonstration plot were de-
fined as soil preparation/levelling, transplanting by hand and water management through drainage.
Most farmers acknowledged the improvements possible through these changes in practice but also
stated various issues regarding the adoption of these techniques. The main constraints mentioned
were mechanisation, financing, labour, know-how and infrastructure.

Further research is needed to assess the exact influence of cultivation practice and intensity to evalu-
ate the optimal approach. Furthermore, the feasibility of changes in cultural practice need to be con-
sidered before promoting a certain agricultural system.

Keywords: Myanmar, Gulf of Mottama, Rice, Salinity, Flooding, Submergence, On-Farm Trials

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences v



On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Jungblut B

Vi



On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

1 Introduction

The livelihoods of the coastal communities in the Gulf of Mottama (Myanmar) are being endangered
by reclining fish catches and climate change. These communities are highly dependent on marine
resources for their income. Fishers have been reporting decreasing stocks, most probably due to ille-
gal fishing practices that are used in the Gulf. More and more households are looking for alternative
incomes outside of the fishery value-chain. Rice is the staple crop in these regions, but the productivi-
ty of fields close to the coastline is low and further threatened through increasing salt water intrusion
and erratic rainfall that leads to floods that can submerge the rice plants. Most of the farmers in the
coastal villages use traditional rice varieties due to lack of knowledge or access. Those varieties are
moderately adapted to the conditions in the area but are usually low-yielding with a very long growth
period inhibiting multiple crops in one year.

The Community-Led Coastal Management in the Gulf of Mottama Project (CLCMGOMP), implemented
by Helvetas Swiss Intercoorperation (HSI), Networks Activity Group (NAG) and the International Union
on Conservation of Nature (IUCN), tries to address the issues present in the Gulf from different per-
spectives together with a multitude of stakeholders. The projects goal is:

“The unique biodiversity of the GoM is conserved and sustainably developed in order to benefit hu-
man communities that depend on it.“ (HSI Myanmar 2015, 4)

This is achieved through three different outcomes, each under the lead of one of the three partners:

Table 1 Outcomes of CLCMGoMP (Source: Adapted from HSI MYanmar 2015,4)

Outcome 1 (NAG): Benefits of sustainable fisheries management in the Gulf of Mottama
are shared through effective value chains and equitable market access

Outcome 2 (HSI): Vulnerable coastal communities have increased income and resilience
through livelihood diversification and improved access to non-fisheries
resources

Outcome 3 (IUCN): The special habitats of the GoM are sustainably and equitably managed

on the basis of scientific evidence through integrated local, regional
and national institutions/management bodies.

The subject of this paper is situated in outcome 2 of the project. It aims at strengthening the non-
fishery income by improving the performance and resilience of rice production. This is to be achieved
by evaluating the performance and the applicability of three salinity and three submergence tolerant
rice varieties in on-farm trials. These on-farm trials have been conducted in two villages in Mon-State
(Boyargyi - Kyaikhto Township; Zokekali - Bilin Township) with five farmers in each village, comparing
the newly introduced varieties to locally grown ones. The goal of this research is to show which of the
tested varieties performs the best under farmer practice and whether the introduction of new stress-
tolerant rice varieties can improve the yield in the salt and flooding affected fields of these two villag-
es.

The research-question of this paper is: which of the tested rice varieties are best adapted to the condi-
tions and cultivating practice in the two selected villages and similar environments and are thus able
to improve the livelihood of local communities? This will be answered by observing the plants mor-
phology and ultimately their yield. These observations will be compared to gradings carried out by
local farmers during the cropping season, to consider the preferences of the target community.
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2 Current State of Research

The following chapters will summarise the current knowledge and breeding success regarding salinity
and flooding tolerant rice varieties and give a short overview of research and the conditions in Myan-
mar.

2.1 Salt tolerance

2.1.1 Importance of Salinity in Rice Production

Salinity is one of the major environmental stress factors that influences rice yields (Wattana and
Maysaya 2008; Thomson et al. 2010). Over 6% of the global land area is affected by salt (Munns and
Tester 2008). Twenty-seven million ha of land in Asia have limited productivity due to salinity (IRRI
1986). The issue has a considerable impact on rice production as more than 20 million hectares of
land used for rice cultivation in South- and South-East-Asia are affected by salinity (Singh et al. 2010).
Rice is known as rather sensitive plant regarding salinity (Platten et al. 2013; Munns and Tester 2008).
Growth and productivity of rice are considerably lowered by salinity stress (Gregorio 2013). The yield
reduction in saline soils compared to more favourable areas can reach up to 80% or even 100% (Singh
et al. 2010). In most cases improving the conditions in saline soils is too complicated or economically
not feasible, so breeding for salinity tolerance is a promising approach to improving the yield in these
areas (Ray and Islam 2008).

2.1.2 Effects of Salinity on the Rice Plant

The rice plant has a changing tolerance to salinity throughout its development. It is most susceptible
to salinity during seedling and reproductive stage with a considerably lower impact during germina-
tion and tillering (Singh et al. 2010; Rad et al. 2011; Yoshida 1981; IRRI 1986, 267)

The two major issues rice is facing in saline soils are ionic stress and osmotic stress. Osmotic stress
can be observed after an increase of salt levels in the soil around the roots. Water uptake is limited
due to changes in osmotic potential and stomatal closure. Reduced evaporation leads to a reduction
in photosynthesis and ultimately dehydration. This shows partly in reduced relative water content of
leaves, reduced shoot growth and increased root length. lonic stress only appears at later stages of a
longer lasting exposure to salinity when ions such as Na* accumulate and exceed the cell-threshold,
leading to disturbed protein synthesis, enzyme activity and photosynthesis (Horie et al. 2012; Wattana
and Maysaya 2008). Osmotic stress gets visible through reduced shoot growth while ionic stress can
be recognized by increased mortality of older leaves. The lower number of young leaves and their
reduced surface will also indirectly limit photosynthesis without necessarily being linked to ionic
stress (Munns and Tester 2008).

Before heading the number of tillers is negatively affected by salt, which leads to a reduced number of
panicles with often reduced weight. It also leads to a delay of flowering and ripening. The reduction of
the photosynthesis rate during flowering leads to an increased number of unfilled/empty grain. The
effects of soil-salinity and the increased accumulation of Na* is visible on the plant and can be ob-
served by visual scoring. This type of scoring has shown to have a strong correlation to Leaf Na* con-
centration and could thus be used for selection during breeding (Platten et al. 201 3).

Overall there is a considerable decrease in yield with increasing salinity levels (Rad et al. 2011; IRRI
2015).

2.1.3 Mechanisms of Salinity Tolerance in Rice

The osmotic stress that affects the plants shortly after an increase in soil salinity can be alleviated by
osmotic adjustments, namely the accumulation of ions or solutes in the root areas responsible for
water uptake. This helps the plant to avoid dehydration but will still lead to reduced growth (Yoshida
1981; Horie et al. 2012; Wattana and Maysaya 2008). This process takes several hours to days, but
the plant reacts immediately through metabolic changes. It also starts adapting the water permeability
of the roots up to the point of changing the structure to allow sufficient water intake (Horie et al.
2012). The plants also have genetically controlled mechanisms to limit the inhibition of cell elonga-
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tion and stomatal closure. This helps to partly compensate for growth reduction due to salinity
(Munns and Tester 2008).

lonic stress on the other hand is managed by mechanisms like Na* extrusion or reabsorption, summa-
rised under the term ion-homeostasis. A reduced transportation of Na* into the shoots or an increased
accumulation of K* are observed to increase plant survival during salinity stress and are mechanisms
used by salt tolerant varieties. The accumulation of K* in the shoots allows maintaining a high K*/Na*
ratio enabling the cells to continue their functions uninhibited (Horie et al. 2012). The reduced trans-
portation of Na* can be achieved by sequestration of Na* in the root vacuoles and altering transport
processes to avoid accumulation. Certain genes have also been identified that relate to a higher toler-
ance of tissues, delaying ion toxicity in the chloroplasts or sequestrating the Na* into the leaf vacu-
oles. (Munns and Tester 2008).

The K*/Na* ratio in plant tissues and salinity tolerance seem to be strongly linked and this ratio can
also be used as an indicator for yield in affected areas (Ray and Islam 2008). At high salinity levels
tolerance seems to be strongly related to the plant’s capacity of keeping low Na+ concentrations in
essential tissues (Platten et al. 2013). One study also found that the overexpression of certain pro-
teins (OsMYB48-1) improves the tolerance of rice to salinity but the scale of the impact is still debated
(Xiong et al. 2014). Research so far focusses on three main mechanisms for salinity tolerance: Osmot-
ic adjustments, cellular Na* exclusion and the tolerance of tissues to accumulated ions (Munns and
Tester 2008).

2.1.4 Breeding for Salinity Tolerant Rice Varieties

Three decades ago the fundamentals of salinity tolerance like its relation to K*/Na* ratios within the
plant and the susceptibility at different stages were already known. A lack of knowledge regarding
genetics and the physiology of salt tolerance slowed down the progress of breeding programs, but
there was already some focus on using local adapted varieties to include these traits into high-yielding
varieties (IRRI 1986, 265 f.). Many studies have improved the knowledge base regarding salt tolerance
and enabled the development of rice cultivars that are tolerant to salinity. The mechanisms being re-
sponsible for this tolerance have not yet been fully understood (Wattana and Maysaya 2008).

The heritability of salt tolerance has been observed to be low to medium. This suggests that a breed-
ing population should be large with a selection in later generations (Ray and Islam 2008).

Poor correlation between tolerance at seedling stage and tolerance at reproduction stage suggests
that different genes are responsible for tolerance in the two stages. Both are required for varieties
that are widely adapted to saline soils (Singh et al. 2010; Thomson et al. 2010).

The Saltol QTL (Quantitative Trait Locus) has been identified as a major regulator regarding Na+ up-
take, but there are multiple QTLs and genes involved in the complex mechanisms of salinity tolerance.
Current screening, although much larger in scale than some years ago, still has potential outside of
conventional gene donors used in breeding. Traditional or even wild varieties might contain genes
responsible for tolerances that are not known yet (Platten et al. 2013; Thomson et al. 2010). The
Saltol QTL might be the most relevant regarding shoot Na+/K+ ration, especially during seedling
stage, but does not provide sufficient tolerance by itself. It will rather be one factor in a breeding
strategy involving multiple genes and tolerance mechanisms (Thomson et al. 2010).

Progress has been made in mapping the SalTol QTL facilitating the fast introduction of this quantita-
tive trait locus into varieties. A few other genes, like the SKC1 gene controlling K+ homeostasis, have
been identified and mapped. Using good markers and combining marker assisted breeding programs
with discoveries made in molecular genetics, that help to identify the mechanisms of salt tolerance
and single genes that can be inserted into intolerant varieties, has the potential to speed up the
breeding process considerably (Gregorio et al. 2013; Thomson et al. 2010). This knowledge is being
applied by integrating the SalTol QTL into varieties from Bangladesh and other countries and testing
them on farmer fields in coastal areas (Islam and Gregorio 2013). The interest in molecular breeding
methods is very high as many of the tolerance-donor varieties have unwanted characteristics that pose
problems for conventional breeding tolerance (Thomson et al. 2010).

Many other candidate genes and their relation to salt tolerance have been identified, but the
knowledge about their influence on tolerance and the mechanisms that they control varies greatly
(Munns and Tester 2008).

The ability of the plants to reduce Na+ concentration in important cellular structures seems to be re-
lated to the HKT1;5 allele. Although salinity tolerance is clearly a polygenic trait, future screening and
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breeding should consider genotyping for this gene (Platten et al. 2013). The OsHKT1;5 has further-
more been identified as an important gene for K+ accumulation in the shoots (Horie et al.). Another
study suggests that only expression of OsHKT1;5 in the roots is beneficial to salinity tolerance as a
conditional and local overexpression led to reduced growth showing the importance of cell-type spe-
cific expression of genes controlling Na+ transportation (Plett et al. 2010). Further mapping of QTL’s
and their correlation to salinity tolerance could create advances in breeding programs and improve
productivity in salt-affected soils (Platten et al. 2013; Gregorio et al 2013).

The International Rice Research Institute (IRRI) successfully crossed the wild rice species Oryza Coarc-
tata, that grows in salty brackish water, with the IR56 variety of O. sativa. This cross is extremely
difficult as the resulting embryos would usually die off due to the genomes of the two species being
on the opposing ends of genome sequence. O.coarctata can tolerate salinity concentrations up to
twice as high as the ones tolerated by current salinity-tolerant varieties. Being unsuitable for edible
rice production the cross with a cultivated variety could create very interesting results through back-
crossing. Out of 34’000 crosses one single plant has been successfully germinated and this plant
holds great value for further research on salt-tolerance in rice (IRRI 201 3).

High yielding varieties developed in experimental conditions might not be accepted by the farmers in
the target area as it might not suit their quality preferences. To ensure adoption of new varieties the
local communities should be involved in the breeding process by approaches like the participatory
varietal selection (PVS) (Singh et al. 2010).

2.2 Flooding Tolerance

2.2.1 Importance of Flooding in Rice Production

Climate change causes erratic rainfall leading to increased drought and/or flooding in agricultural
areas (Fukao et al. 2011; Tamang and Fukao 2015; Hom et al. 2015; Jackson and Ismail 2015; Den-
ning et al. 2013). Estimates go as high as 30% of the global agricultural surface being affected by
flooding. Many of the rice farmlands in the world are rain-fed and their productivity is endangered by
environmental events, submergence being one of the main yield limiting factors (Zhang et al. 2015;
IRRI 2017; Akinwale et al. 2015; Singh et al. 2013; Sarkar et al. 2009). Over 20 million ha of rice are
grown in flood prone areas in Asia alone.

Rice is one of the only crops that can be grown in these fields, as rice can be grown without issues in
waterlogged soils and can tolerate levels of submergence that would lead to the death of any other
plant (Gregorio et al. 2013). Locations where the drainage system is limited and connected to nearby
rivers are often affected by flooding as the rivers and canals are often not able to cope with the heavy
rainfall during rainy season (IRRI 1986). It is key to develop varieties that produce high yields with
good quality and are still tolerant to submergence to improve production and the resilience of rice
systems in affected areas (Thi Lang et al. 2015).

2.2.2 Effects of Flooding on the Rice Plant

There are two main types of flooding that can be distinguished. The first one is long-term or deep-
water flooding, with water levels up to 4 m for a duration of 2-4 Months. The second one is flash-
flooding, where there is usually a rapid rise in water level for some days. Both types of flooding can
result in the submergence of the plant depending on the growth stage (Setter and Laureles 1996). The
potential damage caused by flooding is biggest during booting and heading-flowering stages. Usually
leaf discoloration, reduction of leaves, roots and growth can be observed in submerged plants. These
effects can cause underproduction or even lead to a complete loss of harvest (Zhang et al. 2015). The
limited supply of O, and CO, leads to a stop of the electron flows and an energy deficiency that can
prove very damaging to the plant (Jackson and Ismail 2015).

If the water submerging the plants is muddy it will block the light from reaching the leaves. This will
further reduce photosynthesis and clay deposition on the leaves may have additional negative effects
on the performance of the crop (Singh et al. 2013). This stop in photosynthesis restricts nutrient ab-
sorption from the soil resulting in deficiencies within the plant with the risk of toxic products when
continuously being limited to the anaerobic metabolism. Once water reclines the sudden exposure to
oxygen and light can lead to toxic oxidative products and photo oxidative damage. These stresses
cause an increased susceptibility to diseases but on the other hand seem to reduce damages by in-

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 4



On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

sects (Tamang and Fukao 2015). Some different internal and external stresses of submergence and
the following desubmergence are listed in Table 2.

Table 2 Effects of Submergence and Desubmergence on the Rice Plant (Source: Adapted from Tamang and Fukao 2015)

Effects Submergence Desubmergence

on Plant

External - Gas diffusion limited - Higher oxygen exposure

Stresses - Low Light impact - Higher light exposure
- High risk of infection (humidity) - High risk of Infection (humidity +
- Salinity (coastal areas) weak plant)

- Nutrient leaching
- Salinity (coastal areas)

Internal - Oxygen/Nutrient deficiency - Oxidative stress
Stresses - Transportation limited -> Starva- - Dehydration/Photo inhibition
tion - Nutrient deficiency
- Toxic metabolic products - Osmotic/Salt-stress (coastal are-
- Osmotic/Salt-stress (coastal areas) as)

The production of panicles per m? has been reported to be the yield component most affected by
submergence. A big part of the differences in tillering ability during submergence is related to re-
duced light interception and thus photo assimilation (Kato et al. 2014). Most rice cultivars react to
submergence with shoot elongation with the goal to overgrow the water surface to restore aerobic
photosynthesis. This process is regulated by stress hormones released due to reduced light or oxygen
availability. The reactive chain is started by the hormone ethylene (Kawano et al. 2008).

2.2.3 Mechanisms for Flooding Tolerance in Rice

The rice plant is generally suited for flooding-prone areas as it can tolerate waterlogged soils and
roots. Being completely immersed by water for more than a week will still result in the death of most
varieties. The plant has multiple mechanisms to react to submergence ranging from fermentative me-
tabolisms to development of adventitious roots, internode elongation and conservation of energy for
re-emergence after floodwaters recline (Tamang and Fukao 2015).

As there are different types of flooding there are also different types of flooding tolerance. Depending
on the type of flooding a different response mechanism in the plant is desired. Deepwater rice reacts
to submergence by elongating the shoots to outgrow the water as this is the only possible way of
survival if water levels stay high for are longer period. Varieties that use a strategy known as quies-
cence (slow shoot elongation) on the other hand restrict shoot development as a reaction to flooding
and are better adapted to short flood durations. The survival of cultivars after flash floods is negative-
ly correlated with shoot elongation during complete submergence. This seems to be related to the
higher energy reserves present in the tolerant varieties which enables them to sustain maintenance
for longer and start production of new leaves shortly after desubmergence (Fukao etl al. 2011; Setter
and Laureles 1996; Kato et al. 2014). The conservation of carbohydrates and the maintenance of
physical structure during submergence seem to have the strongest effect on submergence tolerance
(IRRI 1986, p.179; Kawano et al. 2008).

These mechanisms are both controlled by proteins that bind to specific loci that trigger the desired
reaction. SNORKEL 1 and 2 (SK1/SK2) are the two loci responsible for enhanced shoot elongation and
SUBMERGENCET1 (SUBT1) is the locus responsible for reduced elongation. This locus influences ethylene
responses and through a cascade of responses limits energy consumption. This genetic mechanism
properly coordinates physiological and molecular responses within the plant (Fukao et al. 2011; Ta-
mang and Fukao 2015; Kawano et al. 2008). The SUBTA gene found in some indica and aus varieties
enables plants to survive complete submergence of up to 16 days. The SK genes on the other hand
can only be observed in deep-water rice (Tamang and Fukao 2015). Submergence-tolerant varieties
usually express the SUBTA gene (Kawano et al. 2008). It has been observed that the SUBTA gene, be-
ing the most important regulator of submergence tolerance, is also a key actor in the reaction to post-
submergence stress. Genotypes with the SUB1A gene show faster recovery from dehydration, lower

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 5



On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

leaf water loss and reduced lipid peroxidation (Tamang and Fukao 2015). Varieties expressing the
SUB1 gene are only performing optimally under circumstances where the water level drops after no
more than 15-20 days. In cases of slow drainage or so called stagnant flooding it is possible that the
SUBT gene reduces productivity of the plant as it supresses shoot elongation. This results in the plant
not being able to outgrow the water to reach air and sunlight (Singh et al. 2013; Sarkar et al. 2009). It
has been reported that some naturally submergence tolerant varieties are insensitive to ethylene and
thus avoid the energy loss trying to outgrow the water surface by not or barely reacting to the hormo-
nal stress after submergence (Kawano et al. 2008).

2.2.4 Breeding for Submergence Tolerant Rice Varieties

Submergence tolerance has been considered a crucial breeding objective in rice for decades, especial-
ly for rainfed lowland areas. When introducing tolerances into varieties it is important to know the
inheritance patterns of traits influencing the desired trait. For submergence, there are quite a few
studies that mainly describe dominance of tolerance over non-tolerance, but also a few additive and
non-additive gene effects influencing the inheritance (Akinwale et al. 2015). Great advancements have
been achieved regarding submergence tolerance, especially due to the implementation of molecular
markers and combination of different crossing methods (Thi Lang et al. 2015).

Three genes (SUBTA, SUB1B and SUB1C) have been identified within the SUB1 QTL that are responsible
for encoding ethylene response factors. SUB1A, which was later also identified as a major cause for
submergence tolerance, was mapped using a landrace called “FR13A” that is widely studied and now
used as a source of submergence tolerance (Singh et al 2013, Sarkar et al. 2009).

The discovery and extraction of the SUBTA gene, together with other QTLs, was a huge step towards
introducing tolerances to abiotic stresses into high yielding varieties. These traits built the basis for
marker-assisted selection (MAS) that has accelerated the development of new varieties reducing the
risks of rice producers in areas affected by environmentally limiting factors.

In 2003 IRRI started an initiative to introduce the SUBTA gene into very popular varieties from south
Asia. Bangladesh, India, Indonesia, Nepal and the Philippines have also started releasing new sub-
mergence tolerant varieties using the introgression of the SUBTA gene into very popular and common-
ly used varieties. The first, most popular and most successful of these varieties is Swarna-Sub1. Sub-
mergence tolerance in rice is one of the big success stories of MAS as it was possible to increase the
yield following total submergence by 1 to 1.3 t/ha purely by introducing SUB1 into the varieties (Gre-
gorio et al. 2013; Singh et al. 201 3; Sarkar et al. 2009).

Under certain conditions it might be interesting to combine submergence tolerance, in the form of
reduced elongation when fully submerged, and tolerance to stagnant floods, by enabling elongation
in cases of partial submergence. No varieties that combine these characteristics have been found yet
(Setter and Laurels 1996). These linked tolerances could be very beneficial for flood-prone areas in
Asia, as submergence is usually started or followed by stagnant flooding. Marker-assisted back-
crossing of SUB1-varieties and traditional flooding resistant varieties could lead to improved tolerance
and identification of genes that complement SUB1 (Jackson and Ismail 2015).

Introduction of SUBT into varieties with taller seedlings might help to mitigate the issues observed
with stagnant flooding when integrating SUB1 into very short growing varieties like Swarna (Sarkar et
al. 2009).

2.3 Deltas and Coastal Areas

The average yield in coastal deltas in Myanmar and other South-East-Asian countries is far below the
respective national average. This is partly due to salinity and submergence often appearing within
short timeframes or even at the same time. On the other hand, it is due to continuous cultivation of
traditional landraces that have a lower yield potential than their modern counterparts but show decent
tolerances to abiotic stress. Knowledge and financing are limiting factors and force the farmers to use
a low risk low reward strategy. Combined with other abiotic stresses these issues can lead to a total
failure of the crop, especially when rainfall is unstable. In rainfed lowland areas that are prone to
flooding, and especially coastlines affected by saltwater intrusion, the inclusion of submergence tol-
erance into salinity tolerant varieties is important as new varieties would otherwise risk total failure
and would not be adopted by the local population (Singh et al. 2010; Gregorio et al. 2013; Tamang
and Fukao 2015).
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Recently some varieties that are tolerant to salinity as well as submergence have been developed by
introducing the SalTol and the Subl QTL’s into a high-yielding IR-variety. The increasing frequency
and simultaneous appearance of abiotic stresses, partly caused by climate change, forces breeders to
combine multiple tolerances in one genotype. It is very complicated to create this omni-tolerant geno-
type as the complexity of traits involved in certain tolerances will slow down the development process
(Gregorio et al. 2013). How complete submergence, combined with high levels of salt, affects ion
transport within the rice plant is still poorly understood what further hinders progress in breeding
(Tamang and Fukao 2015).

It is very difficult to increase adoption of improved varieties in these regions due to a multitude of
factors. The often remote location of farmers hinders extension to reach these areas, resulting in a
lack of information about new varieties and cultivation practices. Another issue is that research is
mostly done on-station, which is often not representative for the conditions of the fields the rice will
be grown in. Furthermore, the input from farmers is often only sought at the latest stages of the
breeding process, resulting in a lack of understanding of the farmer’s needs and varieties that are
sometimes not adapted due to taste or texture issues (Paris et al. 2011, p.2).

Examples have shown that in complex conditions participatory approaches, like participatory varietal
selection (PVS) or participatory plant breeding (PPB), can show improvements compared to purely re-
search-based methodologies regarding variety development and adoption. By improving the commu-
nication between researchers and farmers, and reducing their gap respectively, the situation of the
people affected by these environmental stresses can be significantly improved (Singh et al. 2010;
Walker 2007, p.7ff; Paris et al. 2011, p.2).

2.4 Myanmar

2.4.1 Rice in Myanmar

Myanmar has dropped from once being the biggest rice exporter in the world to being a small player
on the international market. The countrie’s potential is still high due to its big land surface and suffi-
cient water resources. Recent changes in policies, international investment and an improving infra-
structure show a positive tendency that could lead to favourable development of the rice market
(Denning et al. 2013, p.1). The livelihood of more than 60% of people in Myanmar depends on agricul-
ture. The country was placed second on the Germanwatch’s Climate Risk Index for 1994-2013 and
was hit by a category-4 cyclone called Nargis in 2008 (IRRI 2016a). The main crop remains lowland
rainfed rice alongside green gram (Wongthong and True 2015a). Floods have been one of the main
natural disasters affecting Myanmar. Kayin and Mon State are prone to heavy rains that can generate
dangerous floods, especially when combined with tidal surges and inadequate drainage. The Sittaung
and the Ayeyarwady River regularly overflow and flood the adjacent areas (Hom et al. 2015; Naing et
al. 2008).

The increased frequency of late or early monsoon seasons, changes in rainfall and temperature pat-
terns with tendencies to more extreme events and longer dry periods caused by climate change have
been challenging the farmers in Myanmar. Over 30% of the land’s rice surfaces are considered unfa-
vourable area. Of these, the majority are prone to drought or submergence. Large surfaces are affect-
ed by salinity, namely 60’000 ha in the Ayeyerwady Delta and more than 5’000 ha in Mon State (Hom
et al. 2015; IRRI 2016b). More and more fields become unsuitable for green gram production due to
saltwater intrusion during summer. This also causes losses in the rice crops if occurring during the
critical stages of growth (Wongthong and True 2015a). Myanmar seems to have more issues with
flooding caused by rainfall then by rising sea levels (McKinley et al. 2015).

Rice is mostly produced by smallholders owning an average of 1ha of paddy land, but there is a wide
array of production systems ranging from subsistence farming to specialised production destined for
export. The public sector is responsible for infrastructure, policies, research, development and exten-
sion, while the private sector is mostly active in the markets of input supply, production and pro-
cessing. Some companies have started providing contract work with good machinery to the farmers to
improve planting and harvesting. In some regions the use of machinery is limited due to small parcel
size and limited access to the fields. Sale at farm-gate level is not preferred by small-scale farmers,
but often necessary due to the immediate need for income and their limited resources for transporta-
tion. Better prices can be achieved by storing the rice to be sold a few months after harvest. Many
farmers cannot benefit from this to due insufficient storage facilities or the need for liquidity to pay
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the workers for the next crop (Wongthong and True 2015a; Htay 2017). Most farmers have stated
themselves as source for seed. The production in lower Myanmar, especially in the south, is extensive
with little herbicide and fertilizer use and little to no weeding. Insecticides are applied by some farm-
ers, but only the wealthier farmers on better soils can afford to do so (Naing et al. 2008; Htay 2017).

The Department of Agricultural Research (DAR), under the Ministry of Agriculture and Irrigation
(MoAl), is the main governmental institution conducting Research and Development in the agricultural
sector. Its focus lies on improved seed, crop management, crop protection and cropping systems.
Yezin Agricultural University (YAU) is the institution of agricultural higher education where most sci-
entist and governmental staff graduated. There is only very little research and development done by
private companies in Myanmar. There is some degree of collaboration among the national agencies
and there are some international research institutions and universities that are in exchange with their
respective Myanmar counterparts. Quality and quantity of educated personnel in research and devel-
opment are still low and constrain the ability to cope with the severe economic, environmental and
political stress situations. The Department of Agriculture (DOA) is the institution responsible for the
implementation of policies regarding extension and support (Stads and Kam 2007; Yi et al. 2010).
The weak institutional and technological infrastructure in Myanmar poses challenges regarding cli-
mate change adaption. Gaps of knowledge and information have to be filled in order to benefit deci-
sion making on a local level and development of technology. The climate information available in My-
anmar is too general and needs to be adapted specifically for every location including uncertainties
and the scale of climate change impacts (McKinley et al. 2015).

In 2011 the International Rice Research Institute (IRRI) started a collaboration with the DAR with the
aim to develop suitable varieties for the marginal areas of Myanmar. Together with 60 farmers the
newly produced varieties were compared to other varieties from IRRI close to Mandalay to identify
high-yielding salt-tolerant varieties that would cope with the abiotic stress in Myanmar’s dry zone. Pyi
Myanmar Sein, one of the newly created varieties, performed best during these trials and farmers were
interested in getting the seeds for the next wet season (IRRI 2016b).

Two years later, in 2013, IRRI evaluated varieties together with farmers from the Ayeyarwady Delta.
This was the first time implementing an extensive participatory approach in Myanmar to evaluate vari-
eties regarding the farmers’ as well as the consumers’ needs. The selected varieties were quickly
adopted and the process helped disseminate the change throughout the region (Rahman et al. 2015).
The main areas for improvement of rice production in Myanmar seem to be seed selection, land prep-
aration, crop emergence, soil-/water-/pest-management, crop rotation and post-harvest processing
(Denning et al. 2013, p.9). Further assessments of the rice production and its issues are necessary to
efficiently target investment into the agricultural sector. A centre enabling collaboration between na-
tional and international organisations, under the lead of IRRI and the DOA could help to improve the
situation in Myanmar (ibid, p. 20 ff.)
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2.4.2 The Gulf of Mottama

Due to the enormous masses of sediments from the three rivers (Ayeyarwady, Sittaung and Thanlwin)
flowing into the Gulf of Mottama (GoM) it is the biggest and most significant intertidal mudflat in
Southeast Asia. It is source of livelihood for many people living in the golf and supports a unique eco-
system of aquatic species and wintering shorebirds. Being difficult to access it is also not well studied.
Tidal peaks of 7m keep a zone of up to 45’000 km? turbid. The Gulf has been proposed, and now
acknowledged, as a Ramsar site to protect the birds in the Gulf, particularly the Spoon-billed sandpi-
per. Most people in the coastal villages depend on agriculture, being rice in the wet-season (April-
November) and legumes in dry-season (December-March). Productivity heavily depends on seed quali-
ty, agricultural technique, soil quality (salinity) and possibility of irrigation (Wongthong and True
2015b). The biggest crop losses in the coastal areas are due to flooding or saltwater intrusion while
the generally lower production is probably due to the lack of irrigation and proper water manage-
ment. Tackling these issues is essential for the region (Hom et al. 2015; Naing et al. 2008).
The main challenges reported by rice-value chain actors in Mon State are as follows (Wongthong and
True 2015a):

- Lack of organisation among producers

- Poor condition of infrastructure (roads/irrigation)

- Limited access to: information, financing, resources

- Limited capacity for value addition to products and post-harvest processing

- Environmental insecurity, climate change

- Little cooperation between private and public sector

- Market controlled by big actors (Rice mills, exporters)

- Unethical contracting and labour conditions

The lacking know-how of input suppliers leads to problems for the farmers acquiring agrochemicals.
Improper use of inputs, labour shortage, lack of financing/mechanisation/livestock, low farm-gate
prices and low-quality seed lead to reduced income or even the complete failure of the crop. Access,
to goods, information and markets, can be identified as the main constraint for agricultural livelihood
in Mon State (Wongthong and True 2015a; Htay 2017).
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3 Material and Methods
3.1 Material
3.1.1 Site/Time-period
The Trials used as a basis for this work were con-
ducted in two villages in Mon State during monsoon .

Boyargyi

™ Zokekali

season (Mai-November) 2017. As can be seen in fig-
ure 1, Boyargyi (Kyaikto Township, Nr 19) is located '
close to the Sittaung Rivers entry into the sea and
Zokekali (Bilin Township, Nr 27) is located on the
coast. Both villages were selected due to their coop-
eration with the project and the location close to the
sea. The villages have both issues with salinity and
flooding, the prior being stronger in Zokekali and the
latter more frequent in Boyargyi. In each village 5
farmers were selected using the following criteria in
said order:

1. Owns land affected by either salinity or flood-
ing, preferably both;

2. Grows Rice during monsoon season on said land;

3. Owns enough land to give some of it to the
projects disposal;

4. Fields are accessible without excessive effort.

Figure T Community-Led Coastal Managment in the Gulf
of Mottama: Project Village Location (Source:
adapted from IUCN 2015)

The fields of each respective farmer will be refered to as “plots” or “trial-plots”. When talking about a
specific plot of one variety, the term “sub”-plot will be used, whereas the areas where data collection
took place will be labelled “sample” plots. For more detail see chapter 3.2.1. The plots were selected
to be as uniform as possible. The salinity of the soils was tested using an EC-Meter and a soil sample
obtained at 5cm depth at the centre of each trial plot, resulting in five measurements per village. The
soil types that were assumed for the calculation were selected based on information Mr. Tun Zaw
Htay. The conversion factors stated by Watling (2007, p. 1) were used to then calculate the EC based
on a measurement taken from a 1:5 sollution of soil and distilled water. When doing this type of EC-
measurement, the soil is supposed to sediment before measuring the conductivity. This did not hap-
pen for plots 1,4 and 5 in Boyargyi and plot number 5 in Zokekali. Because of this, the values listed in
Table 3 are expected to be too low, as the lack of sedimentation will result in lower measurement
values. The salinity values observed are as follows:

Table 3 Levels of Salinity in the Different Trial-Plots

ECse = (EC 1:5 x conversion Boyargyi Zokekali

ratio based on soil type)

Plot Nr.1 4.2 (0.3x14) = Moderately Sa- 7 (0.5x14) = Highly Saline
line

Plot Nr.2 17 (1.7x10) = Extremely Saline | 14 (1.4x10) = Highly Saline

Plot Nr.3 7 (0.5x14) = Highly Saline 13 (1.3x10) = Highly Saline

Plot Nr.4 2.8 (0.2x14) = Moderately Sa- 12 (1.2x10) = Highly Saline
line

Plot Nr.5 8.4 (0.6x14) = Highly Saline 4.2 (0.3x14) = Moderately Sa-

line
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3.1.2 Varieties

Ten varieties were selected for the trial, ranging from local traditional varieties to new IR varieties
produced by IRRI that are still in the certification process. The varieties have been selected based on
literature and the recommendations of CLCMGoMP’s Livelihood Officer, Mr. Tun Zaw Htay. As can be
seen in Table 4, three salinity tolerant and three submergence tolerant varieties have been selected,
together with three traditional varieties from areas with similar conditions. Pawsanyin, the variety
used by most farmers in the chosen villages, was used as control/zero treatment. For reasons of
comprehensibility the acronyms mentioned in the table will be used throughout the presentation of
the results and the discussion.

Table 4 Varieties Selected for the Trial

Type Acronym | Name Source Origin Seasonal
Zero Treatment/ Con- oT Pawsanyin Farmer Mon State, Yes
trol local
L1 Baygyar Farmer Ayeyarwady Yes
Traditional/Local L2 Kyarpyan Farmer Ayeyarwady Yes
L3 Taungpyan Farmer Mon State, Yes
different area
F1 Swarna-Sub]1 DoA Bago Re- IRRI No
gion, Kawo
Flooding/Submergence Township
Tolerant F2 Mekyut DoA Mon State, DAR Yes
Kyaikhto Town-
ship; multipli-
cated by project-
farmer
F3 IR-84649 DoA Mon State, IRRI No
Kyaikhto Town-
ship; multipli-
cated by project-
farmer
S1 Pyimyanmarsein | DoA Mon State, DAR No
Paung Township
Salt Tolerant S2 IR-225 DoA Mon State, IRRI No
Paung Township
S3 Sinthwelatt DoA Ayeyarwady | DAR Yes

3.1.3 Farmers’-Practice

To represent the situation of the local farmers as authentically as possi-

ble the Trials were conducted using farmers’ practice. Everything, aside

from transplanting and fertilisation which were both guided by the pro-

ject, crop and field management was left to the farmers’ choice. Trans-

planting was done in one day, instructed by Mr. Tun Zaw Htay with assis-

tance of paid labour (Figure 2). Fertilisation was only limited regarding

quantity. The time of application was left to the farmers. The nursery,

where the plants stay until transplanted, was collective for the five farm-

ers in each village. In Zokekali sowing was done on June 3 with trans-

planting done on July 3. The nursery was fertilized with 25 kg/ha of urea

twice, once 12 and once 24 days after sowing, resulting in a total of 23

kg/ha of nitrogen. The trial field received another 50 kg/ha of urea and

25 kg/ha of compound fertilizer (15-15-15) adding up to 26.76 kg of

hitrogen and 3.75 kg of phosphorous and potassium per hectare after

transplanting. These quantities were based on discussions with the farm-

ers and represent averages of the participating farmers. The timing and ) _ _
Figure 1 Transplanting with

Traditional Stick in Zokekali
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distribution was left to the farmers. The trial followed the same schedule in Boyargyi, with one week
of delay due to a later onset of the rainy season.

3.2 Methods
3.2.1 Trial Design

The varieties were first sown into nursery seedbeds that measured

21x21 ft. Within these fields, 5 small plots of 1ft?were marked to

measure the emergence rate of the varieties. The sample plots, as can

be seen in Figure 3, were aligned diagonally to get samples from the

centre as well as the outside of the fields. As sowing density and

quantities generally are referred to in volume in Myanmar, the exact

seeding density was later calculated by counting the amount of seeds

in 125ml and upscale this number to the volume sown. The emerging

plants were then counted three times a week until transplanting, which

was done 30 days after sowing. The plants were transplanted using

the traditional technique from Mon State, which is using a stick that

has trident-like tool at its end. This speeds up the process, relieves pres-  frigure 2 Layout of Nursery
sure on the back compared to conventional Plots with Sample Plots
transplanting and avoids injuries through
waste in the fields.
The trial consisted of ten 4x5m plots per farmer. These plots were ar-
ranged in two rows of 5 to create uniform conditions throughout the plots.
Between the sub-plots small paths of 2ft had been left out to allow obser-
vation of the plots without damaging the plants. A Random Complete Block
Design was used for assigning the varieties within the farmer fields. Within
the sub-plots 10 plants were selected and marked for data collection by
placing bamboo sticks next to them. The selected plants were, as illustrat-

Figure 3 Layout Plant Se- ed in Figure 4, all 1Tm away from the plot-border and from each-other.

lection for Data Collection

3.2.2 Data Collection

While being in the nursery the number of plants within the sample plots
were counted three times a week to observe the development of the vari-
eties over the first month (Figure 5). The Emergence percentage was then
calculated by dividing the amount of plants counted by the total amount
of seed in the sample plot and multiplying by 100. Before transplanting
the height of 10 plants per sample-plot was measured, to be able to es-
timate the average height at transplanting. During the growing period the
following data was collected on a weekly basis: Plant height, leaf colour
and number of tillers (Figure 6). Once the plants entered flowering stage
the number of panicles, the length of the biggest panicle and the number
of spikelets were registered as well. Plant height was measured from soil
level to the tip of the longest leaf. Leaf colour was assessed using leaf
colour charts
provided by IRRI
and the DOA.

Furthermore

heavy damage to  Figure 5 Data Collection in the
leafs or yellowish  Nursery, Boyargyi

colouring of the

leaves would result in a lower index. Damaged
leaves would result in a reduction of the leaf
colour index by 1. Heavily damaged plants in

Figure 6 Data Collection in Trial Plots number 3 in Zokekali University of Applied Sciences 12
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a reduction by 2 and nearly dead plants with entirely brown leaves or very strong signs of salini-
ty/flooding/pest damage resulted in a leaf colour index of 1. A dead plant was recorded as a value of
0. When counting the number of tillers, also emerging tillers were included until the start of flowering.
The number of panicles refers to the number of completely emerged flowers, panicles that were still
emerging and only partially visible were not counted. Panicles still in the process of development were
not counted. Panicle length was measured from the panicle neck node to the tip of the panicle, select-
ing the biggest panicle of the plant. The same panicle was used to count the number of spikelets,
where every grain in development was counted. The number of panicles per tiller was calculated indi-
vidually for every selected plant using the number of panicles and the number of tillers collected be-
fore harvest. For the case that a plant had died during the week, its death was recorded and the near-
est plant was selected for data collection in the following week.

3.2.3 Harvest

All varieties were harvested once they were fully matured.
The ten plants that were observed during the entire crop-
ping cycle were measured one last time before harvesting a
sample plot of 2x2m in the centre of the trial plot. In cases
of extreme losses. Due to flooding, salinity or pests, the
most representative square of 2x2m was selected. Within
these 2x2 m the number of panicles, panicle length and
number of spikelets of ten more plants was recorded. The
number of hills within these 2x2 meters was counted and
yield parameters were collected in volume and weight, to

correspond to the local market that still mainly uses volume
as unit of measurement. The entire harvest and processing
was done by hand (Figure 7).

Figure 4 Separation of Grains and Stems after
Harvest, Boyargyi

3.2.4 Farmers opinion and demonstration plot

In Boyargyi a demonstration plot was established us-
ing the seedlings remaining from the nursery. The
plot was cultivated by an exemplary farmer that col-
laborates with the project. The demonstration plot
was used during farmer field schools to explain the
trial process and to train farmers on respective activi-
ties. They were asked to participate in grading events
throughout the growth period, where they were asked
to judge the presented plants and communicate their
opinion regarding the newly introduced varieties. The
two gradings were done shortly before transplanting
and harvest respectively. Before transplanting they
were asked to judge the varieties’ plant height, plant
density, leaf colour and root development. They were
asked to give an overall grade to the varieties. The
average grade was calculated using all obtained values and dividing them through the number of
grades. Before harvest the farmers of both villages were invited to Boyargyi and were asked to esti-
mate the yields of a trial plot and the demonstration plot respectively. Additionally, a few questions
regarding cultivation practices and the project itself were asked. The yields obtained in this demon-
stration plot cannot be used in any statistical analysis, but can be used to show the varieties’ tenden-
cies regarding improved cultivation practice. The three main differences compared to the cultivation
practice applied in the trial plots were improved soil preparation and levelling, transplanting by hand
and improved water management through drainage.

Figure 5 Grading of Trial-Plot by Farmers, Boyargyi
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3.2.5 Statistical analysis

Due to the very different nature of soil, weather and practice, the two villages will be considered sepa-
rate trials. The very high variability between the two villages would lead to an increasing insignificance
of the results, which is why a separate analysis of the two villages was chosen. This may allow for
separate recommendations for the two villages, as they are affected by certain abiotic stress factors to
different extent.

An Analysis of Variance (ANOVA) within NCSS was used to evaluate the significance of the observed
results. Each date was analysed separately, no analysis over the entire growth period was conducted.
The influence factor throughout all tests remained the ten chosen varieties. The data collected during
the nursery was analysed using a One-Way Analysis of Variance and the Scheffe’s Multiple Comparison
Test (SMCT). The dependent variables were emergence rate (%) and plant height (cm). If the conditions
for the ANOVA (normality of residuals and equality of variance) were not met, and a transformation of
the data could not solve the issue, a Kruskal-Wallis One-Way ANOVA on Ranks was used together with
a Dunn’s/Bonferroni-Test to determine the significance.

For the data collected during the growth period an Analysis of Variance for Balanced Data (ANOVA
with Blockdesign) for 10 factors (10 varieties) and 5 blocks (5 farmers per village). The target varia-
bles (plant-height, leaf-colour, number of tillers, number of spikelets, number of hills, yield) were put
into relation to the varieties. The requirements were controlled using the tests of assumption included
in the One-Way Analysis of Variance (equality of variance) and the multiple regression (normality of
residuals). Should the data not meet the requirements, a Friedman’s Test was used to determine sig-
nificance using the same dependent varieties. To further analyse this data, a Wilcoxon-Wilcox Test on
Ranks was used. Calculations for this test were done in Excel and are provided in the appendix. All
analysis was done using a significance level of p<0.05, 10 factors and 5 blocks configuration in Bo-
yargyi and 8 factors (due to the non-emergence of two varieties) 5 blocks configuration in Zokekali
respectively.
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4 Results and Discussion

The following chapters will highlight the most relevant results obtained throughout the trials. Details
regarding statistical analysis can be accessed in the respective chapters in the appendix. The results
will focus on four major subjects: emergence in the nursery, growth during the cropping period, yield
performance and the farmers’ perception of the varieties. The results will be shortly discussed and
put into perspective. A conclusive discussion will be presented in a subsequent chapter.

4.1 Nursery

4.1.1 Emergence

The local and the salt-tolerant varieties are the ones that
seem best adapted to the nursery conditions in the two
villages. Higher emergence was observed in Boyargyi.
This can be attributed to a finer land preparation, better
levelling and water management through drainage. Due
to insufficient emergence no further values were obtained
for F2 Mekyut and F3 IR-84649 in Zokekali. The trial was
continued without those two varieties, while the number
of plants in Boyargyi was sufficient for a continued inte-
gration of the varieties in the trial. The low emergence of
the two flooding tolerant varieties might be due to the age of the seeds and improper storage. The
seeds of these two varieties were obtained from a farmer that had multiplied the seed for the project
in 2015. Insuffiecient storage facilities might have led to a loss in quality/germination. The incon-
sistent development of the emergence is probably due to snails and changing competition between
the seedl|

ings. Following is a summary of the values and significant differences observed.

Figure 6 Nursery in Zokekali, Empty Plots =
F3 in the Front, F2 in the Back

4.1.1.1 Boyargyi

There were significant differences in the emergence rates
throughout the 25 days in the seedling nursery plots in Bo-
yargyi. The significant differences over the course of the

Table 5 Significant Differences:
Boyargyi - Emergence

month before transplanting are listed in Table 5. Days after seed- | Significant

Nine days after sowing, the local varieties, except for L2, | ing differences
showed the best emergence rates together with S3 (0T- | 4 F3, L2<O0T, F1, L1,
90.76%, L1 76.2%, S3-71.7%, L3 66.8%), shortly followed by F1 S3

(65%) and S2 (63.5%). The other varieties struggled to emerge | 2/7 F3<O0T, F1, L1, S3
showing a thinner density (S1 46.1%, F2 38.6%, L2 16.8%, F3 L2<0T, F1

7%). The factor variety had a significant influence on the |9 F3<0T, L1, S3
emergence of the rice plants. A further analysis showed that L2<0T

the emergence of F3 was significantly lower than that of S3, | 11 F3<OT, F1

L1 and OT. L2 was only significantly lower than OT. Between L2<0T

the other groups there were no significant differences. 14 F3, L2<0T, F1
After sixteen days S1 and F1 (S1 61.3%, F1 83.4 %) had re- | 16 F3<0T, F1
markably increased in number, while the other varieties only L2<0T

saw slight changes in emergence (0T 102.4%, L3 73.2%, F2 | 13 F3<OT, F1
43.7%, S2 68.2%) if at all (L1 75.7%, S3 70.7%, L2, 15.4%, F3 L2<0T

6.9%). The varieties continued to show a significant influence | 5, F3, L2<O0T, F1

on the rate of emergence. The multiple comparison test |53 F3< 0T, F1, L1
showed that F3 had a significantly lower emergence rate than L2< 0T, F1

F1 and OT, while L2 was lower than OT. The other varieties [ F3. L2<OT, F1

remained without significant differences.
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After twenty-five days OT remained with the highest

emergence rate of 85% with five varieties having very 100 -
similar seedling counts (F1 75.3%, L3 67.6%, S2 65.9%, 80 2

(]
L1 65.5%, ST 63.1%). S3 had remained with 57.8% S 60 V —F3
emergence with F2 having stabilized at 46.3%. Two s ,\/\/_\ )
varieties didn’t exceed 15% emergence (L2 14.7%, F3 £ 40
12.6%). The influence of the variety remained signifi- = 20 E——
cant with a lower emergence of F3 and L2 compared to 0 —_— —_—S1

OT and F1. Still no differences between the other varie-

Figure 8 Broadcasting Seeds,
Boyargyi

4.1.1.2 Zokekali

. 4 7 911141618212325  cmmmm(QT
ties were found. The de-

velopment of the emer-
gence rates of OT, F1, F3,
L1, L2 and S1 are illustrat- Figure 7 Emergence of F1, F3, L1, L2, ST and OT,

ed in Figure 10. Boyargyi

The values above 100% occur because the seeding density was only ap-
proximated and the seeds were broadcasted, creating spots of higher
density (Figure 11). The low emergence of F3 and F2 may be explained
through losses in seed quality through storage or low seed quality to
begin with. The low emergence of L2 was not expected and the reasons
for it are not entirely clear. Damage through snails, too much or too little
water in very specific spots might have contributed to the result. The
other rates were generally perceived as good, considering difficulties
with pest and water management in the region. The good soil prepara-

Days after seeding

tion and drainage of the plot in which the Nursery was located will surely
have contributed to the relatively high numbers of emerging and surviv-
ing plants. OT Pawsanyin has the highest emergence, which was to be
expected as the variety has been adapted to the local customs and vice
versa.

Table 6 Significant Differences
Zokekali - Emergence

Days Significant differences

after

seeding

4 F2, F3,L2<L1, L3, S1, S3

7 F2, F3, L2<F1, L1, L3, S1,S52,S3

9 F2, F3<L1, L3, S1,S2,S3
L2<L1, L3

11 F2, F3<L1, L3, S1,S52,S3
L2<L1, L3

14 F2, F3<L1, L3, S1,S52,S3
L2<L1, L3

16 F3<«L1, L3, S1, 52, S3
F2<L1,L3,S1,S3
L2<L1, L3

18 F3<0T, F1, L1, L2, L3, S1,S2,S3
F2<0T, F1, L1, L3,S1,S2,S3
L2<L3, S3

21 F3<O0T, F1, L1, L2, L3, S1,S2,S3
F2<O0T, F1, L1, L3, ST, S2,S3
L2<L1,L3,S3

23 F3, F2<0T, F1, L1, L2, L3, S1, S2,S3
L2<L1, L3, S3
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25 F3, F2<O0T, F1, L1, L2, L3, S1, S2, S3
30 Also in L2<L1

i —/\/\’\ =F1 = Zokekali
60

g —F3 the varieties showed significant differences regard-
$ 50 vm ing emergence rate throughout the 25 days in the
%" 40 L nursery. The significant results and the evolution of
£ 30 — |2 the varieties OT, F1, F3, L1, L2 and S1 are displayed
x 20 f=—= —_—F1 in Table & and Figure 12. L3 (73.2%) and L1 (69.9%)
10 / — had the highest emergence nine days after seeding,

0 =0T with the three salt-tolerant varieties and the 0T hav-

4 7 911141618212325 ing very similar plant counts (S1 54.6%, OT 51.6%, S3

Days after seeding 48.2%, S2 42.9%). F1 (36.4%) and L2 (22.1%) showed

very low emergence while F2 and F3 didn’t emerge
at all. The factor variety had a significant influence on the emergence with a significantly lower emer-
gence of F2 and F3 compared to all varieties except F1 and L2. L2 is significantly lower than L1 and
L3. F1 is not significantly different from any other variety. Seven days later the distribution was similar
with the local and the salt-tolerant varieties showing good emergence in Zokekali (L1 74.3%, L3 74.17,
S3 59%, S1 56%, OT 51.4%, S2 47.3%). F1(40.1%) and L2(20.1%) stayed consistant in values while F2
(8.2%) had a few plants emerging and F3 (0%) remained without seedlings at all. The influence of the
variety on the emergence stayed significant with F3 being significantly lower than all varieties except
F1, L2 and F2, F2 being lower than S1, S3, L3 and L1 and L2 being lower than L3 and L1. Twenty-five
days after seeding the observations remained similar with the local and salt-tolerant varieties showing
the best performances (L1 61.9%, L3 52.5%, OT 48.2%, S3 46.8%, S1 46.7%). The other varieties strug-
gled resulting in less than 1/3 of the seeds emerging (S2 32.5%, F1 28.8%, L2 21%, F2 2.2%, F3 0%).
The influence of the factor variety remained significant with F2 and F3 having lower emergences than
all the other varieties.

Figure 9 Emergence of F1, F3, L1, L2, S1 and OT, Zokekali

The low Emergence of F2 and F3 can be explained by
the seed quality and duration of storage. Those two
varieties were obtained from a farmer that had repro-
duced the seed in 2015 and stored it in local facilities
that often struggle to maintain low humidity. The gen-
erally lower emergence compared to Boyargyi is prob-
ably due to the lack of drainage and soil preparation.
The varieties were seeded into 10-15cm of standing
water compared to sowing directly onto the soil as in
Boyargyi (Figure 13). The drainage guarantees contact
between the soil and the seed and increases germina-
tion and emergence.

Figure 10 Broadcasting Seeds, Zokekali

4.1.2 Plant Height

It was expected that the local varieties would show

higher average plant heights, as high-yielding im- 70 mF2

proved varieties usually have shorter stature. This is T 60 1=

due to more resources being allocated to reproduc- = 50 mLl

tive rather than vegetative organs within the plant. < 0 L2

Higher plants might be advantageous in areas with @ mL3

stagnant flooding, as they will more easily outgrow g 30 msl

the water. In the situation of a flash flood, the %20 I mS2
10

0 s3

Bovaravi Zokekali moT
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shorter plants are in advantage as the risk of collapse, once the water is gone, is lower. The values
observed correspond to this expectation, except for F2 Mekyut and F3 IR-84649.1295.30. These two
varieties reached very high plant heights in Boyargyi, due to low emergence numbers leading to low
competition between the individual plants. The average plant heights in both villages is illustrated in
Figure 14.

4.1.2.1 Boyargyi

Just before transplanting F2 and F3 showed a plant height average of 75.1 cm, followed by L3 (65.4
cm) OT (61.5 cm), L1 (60.9cm) and L2 (55.4 cm). S3 (49.4 cm), F1(46.4cm) and S2 (43 c¢cm) had aver-
age plant heights above 40 cm with only S1 remaining underneath this value with an average plant
height of 36.8 cm. The influence of the variety on the plant height was significant. A further analysis
of the data through a Dunn’s/Bonferroni Test revealed that S1 had a significantly lower plant height
than all other varieties except S2. F2 and F3 on the other hand showed the highest value, being signif-
icantly higher than all other varieties.

The exceptionally high values observed in F2 and F3 can be explained by their generally low emer-
gence rate. The low competition enabled the few remaining plants to develop faster than the seed-
lings of the other varieties. It was to expect that the local varieties would show higher average plant
heights, as high-yielding improved varieties usually have shorter growth, as they reach the higher
yields by improving the harvest-index.

Zokekali

The average plant height before transplanting was lower in Zokekali (36.9 cm) than in Boyargyi (56.9
cm), starting with 0T at 44.9 cm. L2 (44.7 cm), L1 (43.1 cm) and L3 (41.364) displayed similar plant
heights to OT, with the salt tolerant varieties and F1 remaining under an average height of 40 cm (S2
32.9 cm, S3 32.4 cm, F1 32.1 cm, S1 23.8 cm). The variety also had a significant influence on plant
height in Zokekali. The multiple comparison test revealed that S1 was significantly shorter than all
other varieties while 0T was significantly higher than S1, F1, S2 and S3. F2 and F3 have not been
measured, as the number of plants was insufficient and the trial was continued without those two
varieties. The traditional varieties also show the expected higher average plant height compared to
the salt and submergence tolerant varieties.
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4.2 Growth Parameters

Parameters such as plant height, number of tillers and leaf colour help monitor the development of
the rice plant throughout the entire growing period and can be helpful when identifying reasons for
low or very different yields. The following chapters will elaborate the values observed in both Boyargyi
and Zokekali.

4.2.1 Plant Height

The influence of the varieties on the plant height, when
comparing the data from one measurement date was
significant in both villages throughout the entire growing
period. The expected pattern of the local varieties being
generally taller than the newly introduced ones was ob-
served in both villages. 0T, L2, L3 being taller and F1, S1,
S2 being shorter respectively were particularly noticea-
ble. The plant height ca be used as an indicator for vig-
our or to draw conclusion regarding the genotype or
origin of the variety. Furthermore, the development of
plant height during and after a flood can be related to
the expression of the SUB-1 QTL. Varieties expressing
this submergence tolerance should grow considerably
less while submerged, but struggle less once the water
has reclined. The plant height was influenced by different
exterior factors. A flood only two weeks after transplanting led to complete submergence for multiple
days in Boyargyi (Figure 15). This slowed down the development of the plants, and the local varieties
were smaller after 11 weeks compared to Zokekali. F1, S1, S2 and S3 on the other hand were smaller
in Zokekali compared to Boyargyi at that time. This can be partly attributed to damage caused by ro-
dents (most probably rats) starting 7 weeks after transplanting in Zokekali. The rodents destroyed the
stems of the plants in order to reach the developing panicle, which resulted in death or re-emergence
of the plants Other possible reasons for the difference are lower water levels and/or higher salinity
levels.

Figure 12 Plot Number 1, 3 Days after Peak-Flood,
Boyargyi

4.2.1.1 Boyargyi

The varieties showed significant differences throughout the entire ~ Table 7 Significant Differences
growing period in Boyargyi, except for the measurement 3 weeks Boyargyi - Plant Height

after transplanting, where the influence of the factor variety was | Weeks after | Significant dif-
significant, but no groups were clearly different from each other. | Transplanting | ferences
This might be due to high variability of the data resulting in less | | S1<L1, L3, F2
significant results. As can be seen in Table 7, the varieties that are S2<L3
mostly statistically significant were S1, S2, L2 and L3. S1 was | 2 S1<L3, 0T
smaller than other varieties on ten of eleven measurements, while | 3
smaller values were observed nine times in S2. F1 was significantly [ 4 S1, S2<L2
smaller than L2 five and six weeks after transplanting. L3 and L2 |5 S1,S2, Fl< 1.2
on the other hand had higher values on eight data collection dates. S1,52< L3
The other significant differences to ST and S2 were L1 (six times), [¢ S1,S2, Fl< L2
OT (two times) and F2 (one time). Eleven weeks after transplanting, S1,52< 13
the local varieties showed similar average plant heights (0T Z S1, S2 <L1, L2,
94.27cm, L1 96.46cm, L2 100.67cm, L3 95.07cm) followed by F2 L3
(91.83cm) and S3 (90.97cm). The average values of the three IRRI- 3 S1<Ll
based varieties were all close to 85 cm (F1 84.86cm, F3, 86.96cm, S1.52< 2. L3
S2 84.56cm) while Pyimyanmarsein (S1) only reached 74.22cm 9 Sl,< oT, L]l, L3

S1,S2 <2

10 S1<L1,L3
S1,S82< 12
11 S1<L1, L2
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Figure 16 shows the evolution of the plant height over the 11 weeks in Boyargyi. The varieties dis-
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Figure 13 Evolution of Plant Height F1, F2. L1, L2, S1,
S3 and OT, Boyargyi

/

1234567891011

Weeks after transplanting

—F1
—F2
—_—1

L2
—51

s3
—OT

played are OT, F1, F2, L1, L2, S1 and S3. The peak
two weeks after transplanting can be explained by
the flood that occurred during that week, completely
submerging our plots for 4-5 days. The natural re-
sponse of rice plants to submergence is to outgrow
the water. Plants expressing the SUB-1 QTL should
stop their growth during submergence. It is difficult
to observe this in the data, as there is a very high
variability within the varieties and data collection had
the be conducted after the water had partially re-
clined (access to the village was not possible for sev-
eral days during the flood). The water reached peak
levels of up to 100cm above field level. Depending
on the plot, drainage was difficult, due to limitations
in outflow to the canal. This resulted in a stagnant
flood over the course of 2 weeks. This may be one of

the reasons why F1, that is known to be well adapted to submergence, might have struggled. Once
the water was drained many plants collapsed, which can be observed as a dip in plant-height from
week two to three. The prolonged submergence led to a very long growth inhibition that slowed down
the plants’ development. As mentioned, the local varieties were expected to outgrow the newly intro-
duced varieties due to their genetic disposition. F2 and S3 were bred based on or using local genetics
from Myanmar, which is probably why they show average plant heights close to the traditional varie-

ties.
4.2.1.2 Zokekali

The varieties were also different in Zokekali throughout the
entire growth period. The varieties showing the most signifi-
cant differences were F1, S2, OT and L2. As visible in Table 8,
S2 showed lower values than other groups on all 11 dates,
while F1 did so 9 times. S1 showed significantly smaller plants
on four dates. Significantly higher average plant heights were
observed with OT and L2 eleven and nine times, respectively.
L1 (three times) and L3 (five times) were the other significant-
ly taller varieties. Also in Zokekali the traditional varieties
showed similar average plant heights (0T 115.93cm, LI
111.10cm, L2 107.63cm, L3 111.25cm) with S3 (80.40cm)
being the only other variety reaching more than 80 cm aver-
age plant height. F1 (66.93cm), SI
(60.44cm) averaged close to 65 cm.

Table 8 Significant Differences

Zokekali -

Plant Growth
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Weeks after | Significant differ-
Transplanting | ences
1 SMCT:
F1, S2< OT, L1, L2,
L3
S1, S3<0T, L2
2 S1<0T
S1,S2, F1< L2
(66.22cm) and S2 3 S2<L?2
S1, S2<0T
4 F1, S2<0T, L2
5 S2<L1,L2,L3
F1,S52<0T
6 F1,S52<0T, L2, L3
7 S2<L2
F1, S2<0T, L3
8 F1<0T, L1, L2
F1, 52<L3
9 F1,S2<0T
10 S$2<0T, L3
11 S2<L2
F1,51,52<0T
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Figure 17 shows the development of the average plant height in Zokekali over the course of the 11
weeks of observation. The varieties displayed are OT, F1, L1, L2, S1 and S3. As you can clearly see, the
decrease of plant height observed in Boyargyi is
missing. There was no flood in Zokekali, which

Ello —F1 means that the plants developed very different than
S 90 — 1] in Boyargyi. This allows us to observe two different
%D 0 b apd very probablg scenarios for the region: a year
© with and a year without flood. When recommending
2 5 =—51 varieties for the use in this region, it is important
2 53 that they can cope with both situations, as they are
30 equally frequent and very difficult to predict. Seeing
1234567891011 =0T the performance of submergence tolerant varieties

Weeks after transplanting in an environment without flood enables broader

conclusions. A particularity is the stunted growth of
Figure 17 Evolution of Pant Height F1, L1, L2, S1, S3 F1, S1 and S3 after 6/7 weeks. This stagnation of
growth is due to damages caused by rodents (Figure
18). The varieties mentioned, with the addition of
S2, started to flower around that time. No other
plants in the entire region were flowering, as the
local varieties have a longer growth period and de-
pend on the end of the rainy season for flowering. This attracted a lot of rodents that caused damage
to panicles and to entire plants. The varieties had to develop new tillers, leaves and panicles, which
slowed down their development. As the local varieties seemed not at all affected by this, it is not en-
tirely sure how much of the damage caused by rodents is to be associated with the earlier flowering,
the smaller plant height or the small plot size.

Figure 14 Damage Caused by Rodents with Plots of S1
and S2 on the Left and Centre Front, F1 in
the Central Plot in the Backline
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4.2.2 Number of Tillers

The number of tillers is an important indicator for potential yield as it ultimately limits the number of
panicles and thus the number of grains. A variety that usually has a high yield might not be able to
exploit its potential due to nutrients or space limiting the development of tillers. No significant influ-
ence on the number of tillers was found throughout the growing period in both villages. Only on one
date, 9 weeks after transplanting, a significant influence of the varieties on the number of tillers was
observed in Zokekali, but no groups were different from each other. Especially in the first half of the
growing cycle the difference between the averages of the farmers were bigger than the differences
between the varieties. In conversation with locals and specialists the high variability of the soil and
nutrient supply were highlighted.

4.2.2.1 Boyargyi

No significant influence of the varieties
on the number of tillers was observed
in Boyargyi. This can be partly attribut- 14
ed to strong differences between the

16

plots. Two weeks after transplanting = . "
the averages of the plots varied from S’ 10 —F2
3.96 (Nr.2) to 8.32 (Nr.4) tillers/hill 0 g —_—1
while the average values of the varie- 2

ties stayed between 4.62 (F3) to 6.30 =6 L2
(F2) tillers/hill. Four weeks after trans- 4 —1
planting the farmers values ranged

from 4.22 (Nr.5) to 6.44 (Nr.4) and the 2 s3
varieties’ values averaged between 123 4 5 6 7 8 951011 -
4.25 (S2) and 6.1 (S1), except for OT Weeks after transplanting

averaging 2.84 tillers per hill. These
low values can be associated to the
damages caused by the flood in Boyar-
gy. After the flood many plants were
covered by mud, lost leaves or even died off, this lead to a lower number of tillers. From this date
onwards, the difference between plots started to reduce compared to the variability within varieties.
Seven weeks after transplanting the plots showed averages of 10.57 (Nr.5) to 14.18 (Nr.3) tillers per
hill while the varieties varied from 9.08 (0T) to 14.34 (F1) tillers/hill. Towards the end differences
between certain plots started to become more noticeable again. On the last data collection date, plot
number 3 showed a very high average value of 15.33 till-
ers/hill. This is more than 1,5 times the number of tillers
compared to plot humber 4, that only averaged 9.78 tillers
per hill. The differences between the varieties were even
higher, ranging from 7.96 (F3) to14.38 (L1). The effects of
the flood can also be observed when looking at the
development of tillers throughout the growth period. The
values of the varieties OT, F1, F2, L1, L2, S1 and S3 are
displayed in Figure 19. After 2 Weeks, all varieties show
reduced numbers of tillers to different extent. 0T was very
strongly affected by the flood, but was able to reach values
similar to the other varieties after 9 weeks. After 7 weeks
the varieties started hitting plateaus regarding the number
of tillers. Especially the newly introduced varieties reduced
the number of tillers in the following weeks, while 0T’s and

Figure 16 Evolution of Number of Tillers F1, F2, L1, L2, S1, S3 and OT,
Boyargyi

L1’s values continued to increase. The most noticable
decreases are the ones from F1, ST and S3. F1 and S1
dropped from nearly 14 close to 10 within 3 weeks. S3
dropped from close to 16 to 12 in the same timeframe. The
locals mostly attributed this reduction to nutrient deficiency and/or pressure through pests and

Figure 15 Damage by Rodents Plot Number 2,
F1, Boyargyi
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diseases. The damages caused by rodents were less severe than in Zokekali but still present (Figure
20). The rodents either ate the whole pannicle or damaged the stem to a degree that it would break
and fall down. This leads to the death of the plant or in the best case to a reemergence of the panicle
a few weeks later with extremely reduce number of spikelets.

4.2.2.2 Zokekali

The data was distributed similar to
Boyargyi during the first weeks. Two
weeks after transplanting the farmers
showed values from 5.85 (Nr. 2) to
10.56 (Nr.5) while the varieties only
ranged from 6.44 (S2) to 8.54 (OT).
Two weeks later the tendency was still
the same with the plots reaching val-
ues from 9.8 (Nr.1) to 18.13 (Nr.5)
and the varieties show average values
between 10.26 (52) and 15.12 (OT). In
Zokekali the farmers continued to
show bigger differences than the
varieties. 7 weeks after transplanting
the average of the plots varied
between 12.96 (Nr.2) and 21.1 (Nr.3)
while the varieties showed values from
13.90 (S2) to 20.00 (OT). Nine weeks

20
18
16
14
12

Tillers per hill

10

—F1
—F2

\ —_—L1
L2
—_—51

—— )

1 2 3 4 5 6 7 8
Weeks after transplanting

9 10 11

Figure 17 Evolution of Number of Tillers F1, F2, L1, L2, S1, S2 and 0T,

Zokekali

after transplanting the Friedman Test showed a significant influence of the factor variety on the
number of tillers (Friedman’s Test, 8 factors, 5 blocks; Q=17.00, p=0.02), but no groups were
different from each other. The plots showed average values rom 9.65 (Nr 5) to 21.58 (Nr.1)
highlighting the big differences between the plots. The varieties also showed very different values,
rangin from 7.51 (S2) to 18.67 (F1). These values normalised towards the end of the observation
period. Eleven weeks after transplanting the plots’ averages only varied between 9.83 (Nr.2) to 17.28
(Nr.1) while the varieties stayed between 9.82 (S2) and 16.94 (F1) (Figure 21).

Figure 18 Rodent Damage, Plot 2, ST, Zokekali

The reduction of tillers after 7/8 weeks can also
be observed in Zokekali, but here it is much more
difficult to clearly attribute the reduction of tillers
to one or two factors. As already mentioned the
differences between the plots were very big,
meaning that the averages displayed above only
show an incomplete image. The reduction of till-
ers, especially in the two salt-tolerant varieties is
mostly due to the damages by rodents (Figure 22).
The early flowering varieties (F1, S1, S2, S3) were
most affected by this. F1 still shows very high
values due to its sub-plot from farmers nr.1. The

variety had been strongly affected by snails in the
first weeks. This resulted in a very low number of
plants surviving in this plot. The remaining plants

had very little competition and developed abnormally high number of tillers.
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4.2 .3 Leaf Colour Index

The leaf colour index can be used as an indicator for the plants health or nutrition status. The values
range from 1 to 5, the higher the index the healthier the plant is. Locals stated that leaf yellowing was
usually a sign of salinity while leaf colour is also often used to evaluate nitrogen supply of the plant.
This is why this index will be used as a general indicator of plant health. The varieties had different
influences on the leaf colour index in the two villages. Both villages had seen very different issues
throughout the season and the reaction to those issues where thus also varied. There are some inse-
curities regarding the quality of the data collected. The index is based on personal perception and
visual assessment, which is why the results should be interpreted with care. If this data were to be
collected in a next trial, it is very important that the data collection method is very clearly defined to
avoid a distorted analysis. This Index, or leaf colour in general, should be used as an indicator for the
plants health and their nutrient supply. Optimally farmers would check their fields regularly and ferti-
lize accordingly. A value of 4 is desirable and values below should be answered by nitrogen fertilisa-
tion. Taking into account the extensive production in the Gulf of Mottama, other standards might be
better suited for this region. The next chapters will elaborate on some observed tendencies.

4.2.3.1 Boyargyi

Table 9 Significant Differences Boyargyi - Leaf Colour Index

The varieties had a varying influence on the leaf colour | Weeks after

index over the course of the growing period in Boyar- | Transplanting | Significant differences
gyi. No significant influence of the varieties on the in- | L1<F3

dex was observed two, five, nine and ten weeks after 0T<F3, 51
transplanting. The varieties that mainly stand out are |,

OT, L1, and S1. As can be seen in the summarised sta- 3 L1, S2<S1
tistical results in Table 9, OT showed significantly lower

values on five dates while L1 did so four times. F2 4 OT, LT, 52<51
(three times), S2 (two times) and L3 (once) made up the 5

other significantly lower groups. S1 showed significant- | 6 0T, F2, L1<S1
ly higher leaf colour index on seven of the eleven dates. | 7 0T<S1

The other varieties that showed a significantly higher | 8 F2<F1, S1,S3
index were F3 (once) and S3 (once). 9

In Figure 23 the evolution of the leaf colour indices of 10

0T, F3, L2 and S1 are displayed. The data from the first 1 OT, F2, L3<S1

weeks is not displayed as the plants are prone to stress
after transplanting. The data displayed shows the development after the flood. All varieties were
strongly affected by the flood and showed damage to
leaves (Figure 24). Some varieties, OT in particular, com-
pletely lost certain leaves and had to develop new ones.
S1 Pyimyanmarsein already showed a darker leaf colour
in the nurseries and was also the quickest variety to
recover from the submergence regarding leaf colour. On
the question why a salt resistant, rather than a sub-
mergence tolerant variety, was recovering the fastest
after the flood, Mr Tun Zaw Htay, who had helped select 0
the plots, explained the results through the soil salinity. 2 3456 7 8 91011
The other varieties were already stressed by salinity and Weeks after transplanting
snails after transplanting. Due to this they entered the
Figure 19 Evolution of Leaf Colour Index F3, L2, S1
phase of
submergence and OT, Boyargyi
weakened and once the water retreated were again chal-
lenged by rising salt pressure. High water levels help to
push the salt out of the topsoil, but as the drainage sys-
tems are not very effective nor reliable, a controlled water
level that would support the plants is difficult to achieve.
The two dips seven and nine weeks after transplanting
might be credited to nutrient limitations, increasing salt-

4
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Leaf Colour index
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Figure 20 Plot Number 5 one Week after Peak

Flood, Boyargyi
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pressure through decreasing water levels and pests (rodents, snails, insects). Some differences can
also be attributed to different lighting conditions and different people collecting the data. For future
research it should be defined clearly who collects this data, when and how to avoid distortion of the
data. The rodent issue that we encountered in Zokekali was not as prominent in Boyargyi and affected
mostly the panicles, not the leaves. This can be explained by higher water levels in most of the plots
in Boyargyi. High water levels reduce some of the pressure by rodents and restrict the damages on the
upper parts of the plant, giving a higher chance of recovery.

4.2.3.2 Zokekali
As can be seen on Table 10, the influence of the varieties on the leaf

colour index was only significant on four dates in Zokekali. From five
until seven weeks after transplanting higher values were registered for

Table 10 Significant Differences

Zokekali - Leaf Colour Index

F1. L3 was lower an all three of these dates, while on the 7" measure- Weeks Significant
ment date OT and L1 were also observed brighter or damaged. Ten weeks | after differences
after transplanting S2 had significantly lower values than OT, L1 and L3. Trans-

planting
Figure 25 shows the observed values of OT, F1, L1, L3, ST and S2 during | 1
the 11 weeks of observation. Once established after transplanting, F1 and | 2
S2 showed very dark leaf colour throughout the first seven weeks. From | 3
week seven onwards these two varieties and S1 were affected by heavy | 4
rodent damages, destroying big parts of the trial plots (Figure 26). This is | g5 L3<F1
visible as a strong drop in index values of these varieties. Once they had | g L3<F1
re-established new tillers and leaves, the other varieties had also started
flowering. All varieties ended the season on similar values, but the short 7 0T, L1,

.. . . L3<F1

cycle varieties experienced a very heavy setback through rodents during
more than two weeks. 8

9

10 S2<0T, LT,

L2
11
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Figure 22 Evolution of Leaf Colour Index F1, L1, L3, S1, Figure 21 Rodent Damage Plot Number 5, F1, Zokekali
S2 and OT, Zokekali
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4.3 Harvest

The performance of a variety is ultimately defined by its productivity until harvest and the accom-
plished yield. Several parameters were recorded at harvest and will be compared to illustrate the char-
acteristics of the varieties and their yield. Significant influences and differences among the varieties
were observed in both villages and most parameters. The data was collected on the day of harvest,
meaning that the length of the growing period might vary between the varieties. Harvesting was done
an average of 3 days later in Zokekali (133.85 days after transplanting) compared to Boyargyi (130.98
days after transplanting). Most of this difference is due to the local varieties. OT was harvested an
average of 4.4 days later in Zokekali, while L1 (6.2 days), L2 (11.6 days) and L3 (4.2 days) all had later
harvest dates too. Only S3 (7.2 days) of the newly introduced varieties was harvested a week later in
Zokekali. The other varieties (F1 -0.6 days, S1 0.8 days, S2 -0.4 days) stayed within one day of average
harvest time of their counterparts in Boyargyi. Without the damage caused by rodents and late rains,
these varieties would have been ready for harvest at least two weeks earlier. The shortest average
cropping cycles were observed in S3 with 127.3 and F1 with 129.1 days after transplanting, while the
longest ones were observed in F2 (140.8) and L3 (138.1). It is not entirely clear what lead to the later
harvesting dates in Zokekali, as usually floods lead to a delayed harvest as it delayes the plants devel-
opment depending on the period of submergence. Following this logic, the harvest in Boyargyi should
have been later. Rodent damages or high soil salinity might be reasons for the late harvest. Further-
more, the rainy season started late in 2017 and the rains went on until mid of October, which is late
compared to the preceding years. The overall average harvesting date was 132.65 days after trans-
planting. These differences should be kept in mind when studying the data presented below.

4.3.1 Number of Hills and Plant Height

The number of hills and the plant height can be indica-
tors to how well the different varieties have coped with
the environment. Assuming a similar or identical
transplanting density, the number of hills can be a
measurement of survivability, while plant height can
help to draw conclusions regarding the varieties geno-
type and vigour. Even though the submergence toler-
ant varieties should be genetically able to cope with
the flash flood that occurred in Boyargyi, the local va-
rieties seemed to be better adapted to the environ-
mental stress. They generally showed higher hill

counts than their newly introduced counterparts. This

might be explained by a stagnating flood following the Figure 23 Heavily Reduced Plant Number after Flood
flash flood, and varieties expressing the SUB-1 gene in Plot5, F1, Boyargyi

are known to struggle with stagnating floods. Other

factors like nutrients, pests and diseases might have further influenced those parameters. In Zokekali,
no significantly different groups were observed when comparing the number of hills in the harvested
sample plot, which suggests that most of the differences in Boyargyi was due to the flood and its con-
sequences. Somewhat expected tendencies regarding plant height were observed in both villages,
with the traditional varieties outgrowing the “improved” varieties. Issues with pests increased this
discrepancy, particularly in Zokekali. It is not possible to separate certain environmental factors and
their influence on the performance of the varieties. Further and more detailed research would be
needed to clearly correlate a certain factor to an observed performance. The low hill count will have
surely resulted in lower yields. The farmers will prefer plants with a strong vigour and that can survive
within the conditions present in the two villages. The local varieties seem to better cope with the
stresses present in the Gulf and generally show higher numbers of survival. The following chapters
will present the data collected.
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4.3.1.1 Boyargyi

There was a significant difference between the varieties regarding the num-
ber of remaining hills in Boyargyi. The local varieties showed higher survival
rates than the newly introduced ones. Only S3 (64) had an average value of

hills close to OT (75), L1 (67.2), L2 (71.4) and L3 (80). F1 (47), F2 (54.6) and

F3 (57.2) showed the lowest numbers of surviving plants (Figure 28). The
two remaining salt tolerant varieties (S1: 61.6, S2: 57.2) averaged close to Number
60 hills on the sample plot. As presented in Table 11 F1 and F2 had signifi- | of Hills
cantly less hills than all the local varieties and S3, while F3 and S2 only had
lower values than OT and L3. S1 only had significantly less hills than L3.
Looking at plant height there was also a significant influence of the varieties
in Boyargyi. F1 (94.27cm) had the lowest average plant height, being signifi-
cantly shorter than OT (132.53 cm), F2 (149.53cm), L1 (134.54cm) and L3 | Plant
(130.40cm). S2 (96.27cm) had the second lowest average height, being small- | Height
er than F2 and L1, and F3 (97.85cm) only being significantly smaller than F2

(Figure 29).

ngblut B

Table 11 Significant
Differences Boyargyi -

Number of Hills and

Plant Height
F1, F2<O0T,
L1, L2, L3,
S3
F3, S2<O0T,
L3
S1<L3
F1<0T, F2,
L1, L3
S2<F2, L1
F3<F2

It is very unexpected to have flooding/submergence tolerant varieties be the ones with the lowest
survival rate in plots that were affected by severe flooding. The complexity of issues reducing the
plant numbers seems to outweigh the genetical resilience to submergence present in these varieties.
It is unclear whether pests and diseases, salinity or nutrient deficiency were the main reasons for the
high losses observed in those varieties. Some submergence tolerant varieties also struggled with
stagnant flooding before or after the complete submergence, which was the case in Boyargyi when the
water levels only slowly decreased in some plots. The results regarding plant height were mostly ex-
pected. F2 showed a phenotype closer to the local varieties than to the newly introduced ones, also
characterized by a tall plant. This might be explained by it mostly being based on local Myanmar vari-
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Figure 25 Boyargyi - Average Number of Hills

eties.

160
140
120
100
8
6
4
2

Plant Height (cm)
o O O o

0

Figure 24 Boyargyi - Average Plant Height

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

EF1
HF2
mF3
mLl

L2
mL3
mS1
mS2

S3
mOoT

28




On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

4.3.1.2 Zokekali

The varieties had no significant influence on plant survival in Zokekali. 1,6 12 Significant Differ-
Most of them averaged between 60 and 70 hills (F1 67, L1 69.2, S1 ences Zokekali - Number of
62.8,S52 63.4, S3 69) except for 0T (70.4), L2 (71.8) Hills and Plant Height

and L3 (58.6) (Figure 30). A significant influence of the varieties on

plant height was observed, with S2 (63.46cm) having lower values than [N HiIIs.
L1 (137.5cm), L2 (132.0cm) and L3 (136.15cm). S1 (69.35cm) was only | Plant Height | S2< L1, L2,

significantly shorter than L1 and L3 (Table 12). OT (135.70cm), F1 L3
(96.08cm) and S3 (105.84cm) were not different to any other groups SI<L1, L3
(Figure 31).

The very similar survival rates of all varieties emphasize the complexity of the environmental issues.
The salt tolerant varieties and F1 had issues with rodents and the local varieties struggled with salinity
and snails at different points throughout the season. The difference in plant height was expected as
the newly introduced varieties are characterized by shorter growth. The extremely low values of S1
and S2 might be further explained by the rodent damages that were observed from six weeks on-
wards. F1 and especially S3 were either able to recover faster after the damages, or were less affected
by them.
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Figure 26 Zokekali - Number of Hills Figure 27 Zokekali - Plant Height
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4.3.2 Number of Tillers and Panicles

The yield a variety can produce is directly dependent on the number of tillers and
panicles a plant can produce. The influence of the varieties on the number of
tillers and panicles per hill has been significant in both villages, but only few
groups showed significant differences. Some of these differences may be at-
tributed to low plant density due to damage by snails (Figure 32). The low com-
petition results in plants with above average tiller numbers. Other plots, especial-
ly in Zokekali, have been heavily damaged by rodents, decreasing the number of
tillers and panicles. This will have a negative impact on the yield of the affected

varieties and they will not be able to reach their full potential. More detailed data
would be needed to define the environmental factor that has the most influence
on the development of tillers and panicles. The transplanting technique used in
the Gulf of Mottama places the seedlings lower into the ground than convention-
al transplanting by hand resulting in lower numbers of tillers. Nutrients might

Jungblut B

Figure 28 Plant with

Low Competition and

High Tiller Count

also be a limiting factor and the pressure from pests and diseases probably has a strong impact on
the development of the plants. The higher number of tiller in the plots with low competition are not
able to compensate for the loss of yield, so directly linking the average number of tillers to yield is

not possible. The following chapters will extend on the data in more detail.
4.3.2.1 Boyargyi

There was a significant influence of the varieties on the number of till-
ers and the number of panicles observed at harvest, but no groups were
significantly different from each other in Boyargyi. Significantly more
panicles per tiller were observed in L1 (0.98) compared to F2 (0.92) (Ta-

Table 13 Significant Differ-
ences Boyargyi - Number of
Tillers and Panicles

ble 13). remarkable values are L1 (16.1) S2 (12.44) and OT (11.12) with Nr. Tillers

high numbers of tillers per hill and L3 (8.56) and S1 (8.64) with the lowest | Nr Panicles

average number of tillers (Figure 33). The same three varieties also had | Panicles F2<L1

the highest average number of panicles (L1 15.08, S2 12.2, OT 10.82) | per Tiller

while L3 (8.26) and F1 (8.3) had the lowest values. The highest panicles
per tiller ratios after L1 were S3 (0.97), L3 (0.96) and F3 (0.96).
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Figure 29 Boyargyi - Number of Tilers and Panicles
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4.3.2.2 Zokekali

The varieties had a significant influence on the number of tillers and
panicles in Zokekali. As can be seen in Table 14, a lower number of till-
ers per hill was observed in S3 (9.86) compared to F1 (18.08), while low-
er numbers of panicles were recorded in S2 (6.66) compared to F1

Table 14 Significant Differ-
ences Zokekali - Number of
Tiller and Panicles

(12.589 and L1 (12.72). F1 (0.76) developed less panicles per tiller than Nr Tillers S3<F1

0T (0.95), L1 (0.96) and S3 (0.94). Nr. Pani- | S2<F1, L1
The high tiller values of F1 (Figure 34) can, at least to some extent, be | cles
explained by plot number one in Zokekali, where F1 had big losses at early | Panicles F1<O0T, L1,

stages through snails. This left few plants that could then grow with little | per Tiller S3

competition and developed many tillers. The nutrients supplied by the soil,
added by fertilisation or the plant’s capacity to absorb them, where not sufficient to develop panicles
in all of the tillers, which might explain the low panicle per tiller values.
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Figure 30 Zokekali - Number of Tillers and Panicles
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4.3.3 Panicle Length and Number of Spikelets

The panicle length and number of spikelets are
common yield indicators and can be used to ex-
plain exceptionally high or low yields. The varieties
clearly showed an influence on the characteristics
of the flower development in both villages. S3
Sinthwelatt showed good values regarding panicle
length and number of spikelts in both villages,
while ST Pyimyanmarsein and S2 IR-11T255 had
very low values in Zokekali. This may be due to the
rodent damages that occurred when those varieties
first flowered. The second generation of panicles
that they developed afterwards was a lot smaller

and had less grains. In Boyargyi, low values were
observed in F1 Swarna Sub-1 which can partly be
explained by similar factors (Figure 35). These re-

Figure 31 Damage to Panicles Caused by Insects, Boyargyi

emerged panicles surely did not reach the full potential of the plants and will have led to lower yields.
It is unclear whether a later sowing date, resulting in simultaneous flowering times, would have re-
duced the damage or if the newly introduced varieties are generally more susceptible to rodents and
other pests. It is also possible that bigger surfaces of the same variety might have led to lower pres-
sure. Higher yields could be expected from all varieties that were affected by these conditions, but it
is unclear how much factors apart the rodents influenced the development of the panicles. Further
research is needed to link certain factors or practices to the performance of certain varieties. The re-

sults will be presented below.

4.3.3.1 Boyargyi
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The influence of the varieties
mF2 on the panicle length as well
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mLl was significant (Table 15).

L2 | The most significant varieties
III I||I :5 are F1, F2 and S3. FI
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s3 significantly shorter panicles
0 mOT than F2 (27.28cm) and S3

Table 15 Significant Differ-
ences Boyargyi - Panicle Length
and Number of Spikelets

Panicle F1, L3<F2,
Length S3
Number of | F1<F2, SI1,
Spikelets S3

Figure 32 Boyargyi - Panicle Length
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mS1

HS2
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0 mOT

being developed after the re-

(29.29 cm). The rest of the varieties had very similar average
panicle length, with all varieties except F3 (22.99cm) remain-
ing between 23 and 24 centimetres (Figure 36).

A lower number of spikelets was observed in F1 (85.2) com-
pared to F2 (162.14), S1 (162.2) and S3 (165.16). 0T (152.94),
S2 (146.8) and S3 (165.16) had average numbers of spikelets
above 140, while F3 (106.96), L2 (115.2) and L3 (117.14)
remained under this value (Figure 37).

F1 Swarna Sub-1 was the first variety flowering in Boyargyi,
which made it susceptible to the same rodent attacks that
damaged the trials in Zokekali. Even though the damage was
not as severe, it still showed in a significantly smaller panicle

emergence.
Figure 33 Boyargyi - Number of Spikelets
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4.3.3.2 Zokekali

30 HF1
- 25 mLl
rc-; 20 L2
B mL3
2 ms1
£ 10 ms2
s 5 s3
0 moT
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Figure 35 Zokekali - Number of Spikelets

Also in Zokekali the analysis
showed a significant influ-
ence of the varieties on the
panicle length and the num-
ber of spikelets per panicle
(Table 16). The most noticea-
ble varieties regarding panicle
length are L2, S1, S2 and S3.
S2 (17.64cm) had significantly

Table 16 Significant Differ-
ences Zokekali - Panicle Length
and Number of Spikelets

Panicle S2<F1, S3
Length S1<S3
Number of | S1, S2<L2,
Spikelets S3

smaller panicles than F1 (23.62) and S3 (28.19). S1 (17.64)
was only different from S3. The other varieties all had aver-
age panicle lengths between 22 and 24 centimetres (Figure
38). S1 (58.04) and S2 (61.76) had less spikelets per panicle
than L2 (120.18) and S3 (137.48). F1 (102.26) has the next
smallest average number of spikelets with OT (110.16), L1
(111.26) and L3 (106.92) averaging values close to 110 (Fig-

ure 39).

The two salt tolerant varieties ST Pyimyanmarsein and S2 IR-
11T255 were the two varieties that suffered most from the

rodent damages (Fig-
ure 40). This had a
strong impact on the
development of their
panicles. As their first
panicles had all been
destroyed, they had

to invest into the development of new, much smaller panicles,
that had less spikelets. Even though F1 started to flower earli-

er, it seemed less affected by this, or was able to recover some

of the damage. Especially S3, with the longest panicles and the
highest average spikelet count, was clearly less affected by the

rodents. The reasons for this selective damage are not entirely
clear and the very clear differences between the varieties should be further investigated.

Figure 36 Rodent Damage Plot Number 3,
S2, Zokekali
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4.3.4 Yield

The yield a variety can achieve is often the most important factor for adoption and is responsible for
the food security and/or the income of the farmer. The ten (eight for Zokekali) tested varieties had
significantly different yields in the villages, with S3 Sinthwelatt showing the highest average yield in
both. L2 Kyarpyan also showed a significantly higher yield in Zokekali, while S2 IR-11T255 had low
yields in both environments. The newly introduced varieties, with the exception of S3, were not able
to outperform the locally present varieties under the current conditions. S3 Sithwelatt showed con-
sistently good performance throughout all observed parameters, which might be an explanation for
its high yield. Even though the local varieties had more or roughly the same number of tillers and
panicles, S3 Sinthwelatt had longer panicles with higher numbers of spikelets. The very low number of
spikelets observed in S1 and S2 in Zokekali, which may be due to heavy rodent damages, might ex-
plain the very low yields obtained for these varieites. The panicle length and number of spikelets of F1
might be inflated due to certain plots with low competition; this may be an explanation for the under-
performance of F1 in Zokekali. The low yields of all flooding tolerant varieties in Boyargyi might partly
be explained by the low number of hills remaining at harvest. Even though they should be resilient to
submergence, the other factors like stagnant water levels, pests and nutrients seem to have out-
weighed the capacity to tolerate submergence. The very consistent performance of the local varieties
can be a hint to why the farmers chose to still cultivate these varieties. They had the highest survival
rates in Boyargyi and seemed to be well adapted to the stress prone extensive production present in
the Gulf of Mottama. S3 Sinthwelatt seems to be able to reach comparable yields or even outperform
the local varieties, but the farmers stated issues with the eating properties of this variety, which may
lead to problems regarding its adoption. Further research is needed to assess how the “high-yielding”
varieties would perform with different cultivation practice and production intensity. From the obtained
results it is not possible to clearly recommend one of the new varieties for the region, as it is unclear
whether farmers might accept Sinthwelatt, even though its eating properties are less desired, or
change their cultivation practice. The results will be presented below.

4.3.4.1 Boyargyi

The varieties had a significant influence on the yield in Boyargyi. S2 (12.46
basket/acre,0.95 t/ha) showed lower yields than S3 (61.84 basket/acre, 3.38
t/ha) when measured in volume as well as in weight. The local varieties all
averaged yields above 2 t/ha (0T 2.57 t/ha, L1 2.08 t/ha, L2 2.94 t/ha, L3

Table 17 Significant
Differences Boyargyi -
Yield

2.56 t/ha) while the remaining varieties averaged between 1.2 and 1.7 | Basket/Acre | S2<S3

tonnes per hectare (F1 1.64 t/ha, F2 1.48 t/ha, F3 1.24 t/ha, S1 1.53 t/ha). It | t/ha SP S2<S3

is noteworthy that even though OT has a higher yield than L3 when compared

in weight, the same samples compared in volume benefit L3 (0T 39.92 basket/acre, L3 50.38 bas-
ket/acre). This should be kept in mind when calculating weight from volume or vice versa, as often
standard conversion rates are used. Some of the millers and most of the farmers still use volume as a
measurement for quantity, which is why both values were recorded.
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Figure 37 Boyargyi - Yield
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4.3.4.2 Zokekali

In Zokekali the analysis of the harvest revealed significant differ-
ences between certain varieties (Table 18). Significantly higher
yields were reported for L2 (72.61 basket/acre) and S3 (78.35 bas-
ket/acre) compared to F1 (21.99 basket/acre), S1 (28.19 bas-
ket/acre) and S2(17.69 basket/acre). When comparing the yields in
weight, the difference was only S2 (0.99 t/ha) was significantly lower

Jungblut B

Table 18 Significant Differences

Zokekali - Yield

Basket/Acre | F1, S1, S2<L2,
S3

t/ha SP S2<L2, S3

than L2 (3.99 t/ha) and S3 (4.05 t/ha). The local varieties (0T 3.42 t/ha, L1 2.71 t/ha, L3 2.22 t/ha)
also averaged yields above 2t/ha in Zokekali, while F1 (1.45 t/ha) and S1 (1.54 t/ha) averaged close to

1.5 t/ha (Figure 42).

It is difficult to say how well the short-cycle varieties would perform if they were flowering at the same
time as the other rice plants, or how many other factors apart from the rodents have influenced the
yield of F1, S1 and S2. S3 has a phenotype and a growth cycle that are much more like the local varie-

ties but exceeded them in average yield.
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Figure 38 Zokekali - Yield
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4.4 Farmer Opinion

4.4.1 Nursery

Two days before transplanting the farmers in
both villages were invited to have a look at
the nursery and grade the varieties according
to their preferences on scale from 1 (worst) to
5 (best). Eleven farmers attended this event in
Zokekali (Figure 43), while 14 farmers were
present in Boyargyi. As can be seen in Figure
44, F2 and L3 received the highest average
“overall” grade of 4.5, shortly followed by F1
(4.36), L1 (4.43) and S1 (4.36) in Boyargyi.
The farmers were less content with the per-
formance of F3, compared to the other varie-
ties, giving it an average grade of only 3.79.

In Zokekali, LT (4.73) had by far the highest

average grade, followed by F1 (4.45), L3 (4.45) Figure 39 Farmer Grading of Nursery Plots, Zokekali
and S2 (4.45). S1 was the least popular varie-

ty, still reaching an average grade of 4.18 (Figure 45).
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Figure 41 Nursery Overall Impression Grade Average Figure 40 Nursery Overall Impression Grade Average
Boyargyi Zokekali
Village Boyargyi Zokekali [4)
Variety F1 F2 | F3 | L1 L2 L3 | S1 S2 | S3 | 0T @ | F1 L1 L2 | L3 | SI1 §S2 | S3 | 0T 4] 4]

Leaf Colour 38 |135|44 139|143 |30 |41 |37 |40 |36 |38 35|46 38|34 |36 |40 |34 [38]38]38

Plant Height | 40 | 35 | 44 | 32 |43 |31 (33|34 (39|36 |37 23|38 3131|117 |17 |22|38]|]27]33

Root 37 1353113141 ]|30)40]41 3932 |36 |45 |38 [35|45 |38 (36|41 |39]40 ] 37
Density 41 132 |40 |36 | 44129 |39 |37 |41 (31|37 34|44 (32|34 |31 [38]36][39]36]|37
Over-all 44 | 41 | 45 | 44 | 45 | 38 | 44 | 43 | 44 | 41 | 43 | 45 | 47 | 43 | 45 | 42 | 45 | 44 | 43 | 44 | 43

Remarkable values are the very low grades of the newly introduced varieties regarding plant height,
especially in Zokekali (Table 21). F1 (2.27), S1 (1.73), S2 (1.73) and S3 (2.18) all received average
grades below 2.5 because of their low plant height. The farmers seem to value a certain plant height
before transplanting, or they might like the phenotypes they are used to and interpret the short
growth of the other varieties as a weakness. Another aspect that was negatively perceived was the low
plant density of L2 (3.18) and S1 (3.09) in Zokekali and of OT Pawsanyin (3.07) in Boyargyi. Most varie-
ties showed similar grades in both villages, the most notable difference was S1 that received an aver-
age grade of 3.82 in Boyargyi, where the dark leaf colour (4.07) and the good root development (4.00)
were valued, while it only averaged a grade of 3.07 in Zokekali due to bad grades in plant height and
density (1.73/3.09). The overall grades of all varieties were very similar in both villages, wich sugest
that there was no distinct preference regarding the varieties. L3 got low values in Boyargyi, which
might be explained by its low emergence numbers, but the farmers also didn’t like its properties in
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general. Taller seedling generally got higher grades, but it is unclear whether this is primarily due to
the farmers preferring taller seedlings or the objective of the grading being unclear. It is very well
possible and probable that certain farmers did not entirely understand the purpose of the grading and
were either influenced by other farmers or were confused/overwhelmed by the task given. A good
example for this is that the overall grade should normaly represent an average of the four other pa-
rameters, but it is usually higher than any of them. The farmers didn’t have a lot of experience in ob-
serving and grading different varieties. Future gradings should be prepared with an extensive intro-
duction in mind and a local person explaining the purpose of these gradings and how the farmers
could benefit from these exercises. It could also be helpful to integrate some farmers in the develop-
ment of questionaires/grading sheets.

4.4.2 Grading and Yield Estimate Before Harvest

4 4
HFl
3.5 35
mFl EF2
; 2|
2.5 2.5 mLl
Ll
i 2 ’ als
mL3
1.5 =l 15 ms1
1 =S 1 ms2
0.5 S3 0.5 S3
mOT
0 moT 0
Figure 42 Average Grade Plot Number 3 Figure 43 Average Grade Demonstration Plot

During the grading just before harvest, the farmers compared one of the trial plots to the demonstra-
tion plot in Boyargyi. The graded the varieties regarding their personal impression and preferences
and estimated their yield. As can be seen in Figures 46 and 47, the average grade for most varieties
was higher in the demonstration plot than in the trial. Only L2 (3.32/3.36), L3 (3.48/3.6), S1
(3.36/3.6) and S2 (3.04/3.08) obtained higher average values in the trial plot. No variety got consid-
erably lower grades in the demonstration plot compared to the trial plots. Especially the flooding tol-
erant varieties seemed to leave a better impression in the demonstration plot. No clear favourite can
be nominated on the basis of these figures, and it is unclear how the introduction of certain varieties
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Figure 44 Average Estimated Yield Plot Number 3 Figure 45 Average Estimated Yield Demonstration Plot

and presentations during the farmer field schools might have influenced the farmers opinion or ac-
tions. They stated to be interested in F1 Swarna Sub-1 and S2 IR-11T255 but at the same time gave
these two varieties very low grades and a low estimated yield. These two varieties were both men-
tioned during the farmer field school to explain certain mechanisms and differences. The consistent
naming of these varieties together with S3 Sinthwelatt has probably influenced the farmers’ opinion.
Due to language issues it was not always possible for the researcher to completely understand dis-
cussions and/or instructions, this makes it difficult to draw conclusions from this data. Regarding the
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estimated yield, a similar but more pronounced tendency was observed (Figure 48, Figure 49). Only
for L3 (53.4/55-6) the farmers expected a lower basket per acre yield in the plot established for the
farmer field school than in the trial-fields. The biggest differences in estimated yields were observed
in OT (58.6/50.2), F1 (59.4/44.2), S1 (63.6/47.6), S2 (56/40.8) and S3 (60.6/51). The yields estimated
by the farmers were very close to each other, which wasn’t the case in the actual harvest. Their esti-
mates ranged from 40 basekts/acre to 55 baskets per acre on the trial fields, while the actual yields
were between 10 baskets/acre and 63 baskets/acre. The same tendency can be observed in the esti-
mates of the demonstration plot yields. This suggests that the farmers do not often estimate their
yields or are only partly able to do it. Together with the observations in the gradings this could lead to
the conclusion that farmers do not actively observe their crops and act according to the state of the
fields. Many trial fields were never visited throughout the season, which leaves the impression that
farmers ae used to a low risk low reward strategy.

The fact, that the farmers estimated an average yield difference of more than 15 baskets per acre for
three varieties when comparing the demonstration plot to the trial plots, shows that all farmers seem
to be aware of the improved situation in the demonstration plot. Together with Mr. Tun Zaw Htay,
who was also leading the farmer field school, the major differences between the trial and the demon-
stration plot were evaluated. The three factors soil preparation and leveling, transplanting technique
(by hand in the demonstration plot) and water management were identified as the main differences in
cultivation practice.

Table 20 Farmers Opinion on Changes, Improvements and Issues Regarding Soil Preparation, Transplanting by Hand and
Water Managment

Topic (Total 25 Farm- | Acknowledge | Have Issues Stated

ers) Improvement | Issues

Soil Preaparation and | 22 15 Investment (8), Machines (6), Drainage (2), La-

leveling bour (2)

Transplanting by Hand | 15 22 Skilful Labour (13), Amount of Labour (6),
Deepwater Fields (2)

Water Managment 13 17 Condition of Field (4), No Canal Available (4),
Financing/Know-How (4), Weather (2), Deep-
water Fields (2)

As illustrated in Table 20, 22 of the 25 participating farmers acknowledged that they could improve
their situation by adapting soil preparation and levelling. Fifteen farmers however stated that they
would face difficulties to realize such improvements. The most frequently stated issues where the
availability of machines (6) and financial support (8). Fifteen farmers acknowledged the benefits of
transplanting by hand, but 22 mentioned constraints regarding the adoption of this change. The most
prominent ones are the lack of skilled labour (13) and the lack of labour force in general (6). Slightly
more than half of the farmers were seeing the benefits of advanced water management, but 17 of the
25 farmers stated problems regarding drainage and water levels. Unsuitable conditions in the fields
(4), the lack of a nearby canal (4) and know how as well as financing (4) seem to be the biggest con-
straints encountered by the farmers when wanting to adapt water management. When asked about
the benefits of shorter-cycle varieties, most farmers stated that an earlier harvest would mean more
and/or earlier benefits. Other benefits that have been stated in discussions were the possibility to do
extended weed management before broadcasting summer paddy or to have sufficient time to clear
the fields before sowing green gram, which is usually sown in mid-November. Of the newly introduced
varieties, F1 Swarna-Sub1 (22), S1 Pyimyanmarsein (19) and S3 Sinthwelatt (15) were preferred by the
farmers. When asked what they expected or would like to see from the project in the next phase,
most people stated support regarding inputs (16), technology (10) or finances (7). When asked about
their own changes the most prominent theme was that of good quality seed (4), new varieties (5) and
seed-multiplication-plots (7). Other farmers stated that they were interested in changing their practice,
but that the continuous support and training by the project was important.
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4.4.3 Demonstration Plot

The demonstration plot that was established
using the remaining seedlings of the trial
nursery was mainly used for teaching purpos-
es during the regularly held farmer field
schools. Apart from explanations regarding
the trial, exercises to pest, diseases and gen-
eral crop management were the core activities
carried out in this plot. This plot was less af-
fected by rodents than the trial plots (Figure
50). The reasons for this are not entirely clear,
but high water levels in the surrounding canal
might have stopped the migration of the ro-
dents partly.

Furthermore, the excellent soil preparation,
transplanting technique and water manage-
ment enabled the varieties to realize more of
their genetic potential. The data obtained

Figure 46 Demonstration Plot 14 Weeks after Transplanting

from this plot cannot be used for statistical analysis, as there was no repetition, but it can be used to
highlight observed tendencies and differences to the trial. The data will be compared to the values

observed in the trial plots in Boyargyi.

The average number of panicles per hill was lower in the demonstration plot (6.92) than in the trials
(9.97), but the average number of spikelets per flower was higher (140.17 vs 134.73). The average
panicle length was also higher (25.82 cm) compared to the trial plots (24.02 cm). The lower average
number of panicles per hill can be explained by a higher remaining hill count in the demonstration
plot (85.4 vs 63.7); this increases competition between the individual plants and thus reduce the
number of tillers per hill. The varieties that showed the biggest differences in hill count compared to
the trials are F1 (47 hills->90 hills), F2 (54.6 hills->87 hills), F3 (57.2 hills->89 hills) and S2 (59 hills-
>93 hills). OT (75 hills->79 hills) and S3 (64 hills->77 hills) showed the smallest difference.
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Regarding yield, as you can see in Table 21, there were remarkable differences between the trial plots
and the demonstration plot. The yield of all varieties was higher in the demonstration plot, except for
L1, where the yield obtained in the demonstration plot equalled average the average of the trial plots.
F3 (167%), S1 (250%) and S3 (185%) registered more than 150% higher yields than they averaged in
the trial. Also, OT (62%), F1 (50%), F2 (87%) and L3 (54%) showed an increase of 50% or more. Less
significant increases compared to the trial plots were observed in L2 (21 %) and S3 (41 %) but these
varieties had the highest yield in the trial. These values are only to be understood as reference points
to enable a discussion on the influence of cultivation practices on the yields of the rice varieties in this
region. They do not represent significant results. The generally higher yields in the demonstration
plot show that beneficial circumstances, like soil preparation, transplanting technique and water man-
agement, can help the plants achieve higher yields. Even 0T Pawsanyin, that is usually cultivated in
both villages, had a substantially higher yield in the demonstration plot. When comparing the yields
on volume basis (how rice is usually sold and/or measured in Mon State) the farmer managing the
demonstration plot would have harvested 80 % more rice than his peers managing the trial plots. Pos-
sibly by only applying certain changes to the cultivation practice. Overall there was an average yield
difference of 91 %. As presented in the chapter above some farmers stated constraints regarding the
adoption of the changes.

Table 21 Average Yields of the Trial compared to Yields Obtained in the Demonstration Plot

Variety | Yield  Trial | Yield demonstra- | Yield Yield demonstra- | Difference Difference

(basket/acre) | tion plot (bas- | trial tion plot (t/ha) (%) (bas- | (%) (t/ha)
ket/acre) (t/ha) ket/acre)

oT 39.9 71.9 2.6 4.2 80 62

F1 23.5 49.8 1.6 2.4 112 50

F2 33.5 48.9 1.5 2.8 46 87

F3 21.7 59.3 1.2 3.2 173 167

L1 34.8 36.3 2.1 2.1 4 0

L2 56.3 64.2 2.9 3.5 14 21

L3 50.4 78.7 2.6 4 56 54

S1 23.6 83.4 1.5 5.25 253 250

S2 12.5 53.0 1.0 2.85 324 185

S3 61.8 87.0 3.4 4.78 41 41
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5 Discussion

The conditions in which the farmers cultivate rice in Boyargyi and Zokekali is characterised by very
complex combinations of biotic and abiotic stresses. High salt levels in the soil, erratic rainfall, pest
and diseases pose challenges to the plants and the farmers. Even though the plots were selected to be
as uniform as possible the differences in soil type, nutrients and drainage/water management might
have influenced the results. Boyargyi was struck by a heavy flood only two weeks after the trial plots
had been transplanted. The flood had visible effects on the rice plants with certain varieties struggling
less than others. The local varieties were coping better with the situation than the newly introduced
submergence tolerant varieties. Some studies have shown that genotypes expressing the SUB1 gene,
as it is the case with F1 Swarna-Sub1, struggle with submergence followed by stagnant flooding as
they are inhibited to outgrow the flood. Combining Sub1 with taller traditional varieties or finding a
way to enable elongation when partially submerged might alleviate these issues and make Sub-1 vari-
eties more interesting for areas that regularly face stagnant flooding (Jackson and Ismail 2015, Sarkar
et al. 2009, Setter and Laurels 1996). As this was the case in Boyargyi, it can explain some of the low
yields observed in F1 Swarna-Sub1 particularly At the time of the research it is not clear whether F3 IR
84649 also has the Sub-1 QTL activated, this might partly explain the low yield obtained for this varie-
ty. Some newly developed varieties that combine tolerance to submergence and salinity might also be
better suited for the conditions in the two villages (Tamang and Fukao 2015).

Figure 48 Plot Number '|’ One Week After Flood’ Figure 52 Plot Number ], Two Weeks After Flood,
Boyargyi Boyargyi
Figure 47 Plot Number 1, Four Weeks After Flood, Figure 54 Plot Number 1, Eight Weeks After Flood,
Boyargyi Boyargyi

In Zokekali the short-cycle varieties flowered before any other fields started flowering. This attracted
rodents that caused serious damage to the plants. It is unclear how much these damages can be re-
duced by seeding later, in order to align the flowering with the local varieties, or by having bigger
fields, where the impact of the rodents is less devastating. It is also not possible to assess whether
the short growth habit of these varieties further worsened the situation. The damages by rodents de-
layed the short-cycle varieties and forced them to re-establish tillers and panicles, which resulted in
smaller flowers with less spikelets. This reduced grain production and high numbers of dead plants
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seem to be the main reasons for the low yields of F1 Swarna-Sub1, F3 IR-84649, ST Pyimyanmarsein
and S2 IR-11T255. F2 Mekyut and S3 Sinthwelatt were less or not affected by these rodent damages,
as they have longer growth cycles than the previously mentioned varieties.

The varieties possibly suffered from nutrient deficiencies as the cultiva-
tion approach practiced by the farmers in Boyargyi an Zokekali is very
extensive. The amounts of fertilizer, especially of nitrogen, applied
might limit the productivity of certain varieties. Very little, if any at all,
weeding is done and the land preparation/levelling is very basic. When
the trial plots were transplanted in Boyargyi, very little other rice fields
had allready been transplanted, which means that the pressure from
snails was probably higher than it was to be expected (Figure 55). To-
wards the end of the cropping season, some damages by ruminants
grazing in the fields were also
observed (Figure 56).

The local varieties seemed to
generally cope better with
these conditions. The variety that performed best through-
out both villages was S3 Sinthwelatt. It was the only newly
introduced variety that was able to compete with the tradi-
tional varieties (OT Pawsanyin, L1 Baygyar, L2 Kyarpyan, L3
Taungpyan) and even outperform them. Some farmers have
expressed that they are not entirely satisfied by the eating
properties of S3 Sinthwelatt, which might be a constraint
for adoption of this variety (Htay 2017). S3 and the local
varieties were very consistent throughout all collected
parameters. S3 Sinthwelatt had good values regarding the
panicle length and the number of spikelets, which is where it outperformed the local varieties. The
consistency and stability of the local varieties is what makes them optimal for the region and explains
why the farmers are still cultivating these varieties. Under the current conditions and with the current
practice of leaving the plants on the field until harcest it makes sense to use a variety that copes well
with a low risk low reward strategy. S3 Sinthwelatt might be even better for this situation, but issues
regarding its eating properties have to be clarified before promoting this variety on a larger scale.

The demonstration plot that was established in

Boyargyi showed that under beneficial circumstanc-

es the new varieties can express more of their po-

tential. The farmer that was taking care of the

demonstration plot had been working with the pro-

ject for some time and was known to have exem-

plary management. Furthermore, this field was lo-

cated close to his home, which made regular obser-

vations more convenient. No variety performed

worse in the demonstration plot compared to their

averages in the trial. 250% more yield was observed

in ST IR-11T255, which was the highest yield. 0T

Figure 49 Snail in Zokekali

Figure 50 Damage by Ruminants in Boyargyi

Pawsanyin, which should be well adapted to the

conditions in the field, showed a yield improvement Figure 51 Grading of Demonstration Plots with Farmers
by more than 60%. The plants averaged close to from Different Villages

double the yield. Most of this improvement can be

attributed to a thorough soil preparation with decent levelling, transplanting by hand and water man-
agement through drainage. The farmers participating in the farmer field schools and gradings seemed
interested by the benefits of an improved cultural practices (Figure 57).

The data collected during this trial is not detailed enough to draw precise conclusions regarding the
influence of cultivation practices on the yield of varieties. The farmers seemed interested by the re-
sults they observed in the demonstration plot and were mostly keen on adapting new techniques and
technologies. However, the current situation regarding infrastructure, work and markets in Mon State
poses some constraints to the adoption of new cultivation practices. The main factors limiting change
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are mechanisation for soil preparation, labour for transplanting, and a functioning close-by canal or
drainage system for water management.

6 Conclusions

The salt tolerant variety S3 Sinthwelatt shows potential to improve the yields in Boyargyi and Zokekali.
The variety was able to cope well with an environment majorly affected by salinity, as was the case in
Zokekali, and one affected by flooding. Issues regarding its eating properties must be considered
when promoting its adoption. Some of the other newly introduced varieties showed potential in a
demonstration plot with improved cultivation practice, but will not be able to improve the situation in
the two villages without adaptions in crop management. The local varieties seem to be generally bet-
ter adapted to the prevailing conditions in the fields.

Further research is necessary to determine the major issues and limitations in the agricultural system.
Trials researching different cultivation intensities and systems could allow for more precise conclu-
sions and recommendations regarding soil preparation, transplanting and water management.

The farmers seem interested in new varieties and practices and are keen on continuing the coopera-
tion with the project. The extension provided by the project is appreciated. It is important to consider
whether the additional investments, be it money or labour, can be compensated by the increase in
yield.
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Results Statistical Analysis Nursery

Emergence

Boyargyi:
Summary:
Date/Days after seeding

1/4
2/7

3/9
4/11

5/14
6/16

7/18

8/21
9/23

10/25

ANOVA significant (10 fac-
tors)

Yes (Fo40=8.12, p<0.01)
Yes (Fo40=7.49, p<0.01)
YeS (F9'40= 750, p<00])
Yes (F9‘40=6-08, p<00])

Yes (Fy40=6.60, p<0.01)
Yes (Fy40=6.67, p<0.01)

YeS (F9,40=6.46, p<00])

Yes (F9,40=6-68, p<00])
Yes (Fo40=7.65, p<0.01)

Yes (F9,40=7.-| 8, p<00])

Jungblut B

Significant diferences

F3, L2<0T,F1, L1, S3
F3<O0T, F1, L1, S3
L2<0T, F1
F3<O0T, L1, S3
L2<0T

F3<O0T, F1

L2<0T

F3, L2<O0T, F1
F3<0T, F1

L2<0T

F3<O0T, F1

L2<0T

F3, L2<O0T, F1
F3< 0T, F1, L1
L2< OT, F1

F3, L2<0T, F1
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Date 2:
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Zokekali:

Summary

Date/Days after seeding ANOVA significant (10 Significant diferences

factors)

1/4 Yes (Fo40=14.04, p<0.01) F2, F3, L2<L1, L3, S1,S3

2/7 Yes (Fo40=15.35, p<0.01) F2, F3, L2<F1, L1, L3, S1,S2,S3

3/9 Yes (Fo4= 15.98, p<0.01)  F2, F3<L1, L3, S1,S2,S3
L2<L1, L3

4/11 Yes (Fo40=14.93, p<0.01) F2, F3<L1, L3, S1,S2,S3
L2<LT1, L3

5/14 Yes (Fo40=13.57, p<0.01) F2, F3<L1, L3, S1,S2,S3
L2<L1, L3

6/16 Yes (Fo40=12.05, p<0.01) F3<L1, L3, S1,S2,S3
F2<L1,L3,S1,S3
L2<L1, L3

7/18 Yes (Fo4=32.01, p<0.01) F3<0T, F1, L1, L2, L3, S1,S2,S3
F2<0T, F1, L1, L3, S1,S2,S3
L2<L3, S3

8/21 Yes (F940=34.48, p<0.01) F3<0T, F1, L1, L2, L3, S1,S2,S3
F2<0T, F1, L1, L3,S1,S2,S3
L2<L1,L3,S3

9/23 Yes (Fy40=36.67, p<0.01) F3, F2<0T, F1, L1, L2, L3, S1, S2,
S3
L2<L1, L3, S3

10/25 Yes (Fo40=7.18, p<0.01) F3, F2<0T, F1, L1, L2, L3, S1, S2,
S3
L2<L1
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Without Transformation:
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Local 1 Baygyar 5 8.054657 Flodding 3 IR-84649.1295.30
Flodding 2 Mekyut, Local 2 Kyarpyan
Local 3 Taungpyan 5 8.190391 Flodding 3 IR-84649.1295.30

Flodding 2 Mekyut, Local 2 Kyarpyan

Without Transformation:
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Without Transformation:

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Jungblut B

27



On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Date 10:
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Plant Height Nursery
Boyargyi:

KruskalWallis One-Way ANOVA on Ranks
Hypotheses

HO: Al medians are equal.

Ha: At least two medians are different.

Test Results

Chi-Square
Method OF {H}
Mot Corrected for Ties 9 4135424
Corrected for Ties 9 4135504
Mumber Sets of Ties 150
Multiplicity Factor 2418

Proh
Level
0.000000
0.000000

Decision{0.03)
Reject HO
Reject HO
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Zokekali:

Kruskal-Wallis One-Way ANOVA on Ranks
Hypotheses

HO: All medians are equal.

Ha: At least two medians are different.

Test Results

Chi-Square
Method DF {H)
Mot Corrected for Ties 7 2987877
Corrected for Ties 7 2987979
Murmber Sets of Ties 112
hultiplicity Factar 2184

Grann Natail

Proh
Level
0.000000
0000000

Decision{0.05)
Reject HO
Reject HO
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Results Statistical Analysis Trials

Plant Height

Boyargyi
Summary
Weeks after
Transplanting

1

(0)] vl WIN

~N

10

11

Significance of Variety (Friedman Test, 10  Significant differences (Wilcoxon-

Factors, 5 Blocks)
Yes (Q=31.21, p<0.01)

Yes (Q= 28.94, p<0.01)
Yes (Q=17.73, p=0.04)

Yes (Q= 22.35, p<0.01)
Yes (Q= 33.39, p<0.01)

Yes (Q= 36.36, p<0.01)

Yes (Q=37.01, p<0.01)
Yes (Q= 34.96, p<0.01)

Yes (Q= 35.26, p<0.01)

Yes (Q= 33.17, p<0.01)

Yes (Q= 28.05, p<0.01)

Wilcox Test n=5 k=10)

S1<L1, L3, F2
S2<L3
S1<L3, 0T

S1, S2<1.2
S1,S2, F1< L2
S1, S2< L3
S1,S2, F1< L2
S1,S2< L3
S1,S2 <L1, L2, L3
S1<L1

S1,S2< L2, L3
S1< 0T, L1, L3
S1,S2 < L2
S1< L1, L3
S1,S2< L2

ST<LT1, L2
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Date 1:

Date 2:
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Date 4:
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Date 5:
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Date 6:
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Date 7:
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Date 9:
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Zokekali:

Summary

Weeks after Transplanting Significance of Variety (Fried-
man Test, 8 Factors, 5 Blocks)

1 ANOVA: Yes (F; .= 28.05,
p<0.01)

2 Yes (Q= 28.80, p<0.01)

3 Yes (Q= 28.20, p<0.01)

4 Yes (Q= 28.53, p<0.01)

5 Yes (Q= 28.73, p<0.01)

6 Yes (Q= 28.46, p<0.01)

7 Yes (Q= 29.73, p<0.01)

8 Yes (Q= 28.00, p<0.01)

9 Yes (Q= 25.6, p<0.01)

10 Yes (Q=27.27, p<0.01)

11 Yes (Q= 29.60, p<0.01)

Significant differences (Wilcox-
on-Wilcox Test n=5 k=8)
SMCT:
F1,S2< 0T, L1, L2, L3
S1, S3<0T, L2

S1<0T

S1,S2, Fi< L2

S2<L2

ST, S2<0T
F1,S2<0T, L2
S2<L1, L2, L3
F1,S2<0T
F1,S2<0T, L2, L3
S2<L2

F1,S2<0T, L3
F1<0T, L1, L2
F1,S2<L3

F1,S2<0T

S2<0T, L3

S2<L2

F1,51,52<0T
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Date 1:
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Date2:
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Date 3:
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Date 4:
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Date 5:
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Date 6:
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Date 9:
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Date 11:
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Tillers:

Boyargyi:

Summary:

Weeks after Significance of Variety (Friedman Test, 10 Significant differences (Wilcoxon-
Transplanting Factors, 5 Blocks) Wilcox Test n=5 k=10)
1 No (Q= 7.25, p=0.62)

2 No (Q=7.16, p=0.62)

3 No (Q= 14.82, p=0.10)

4 No (Q= 15.44, p=0.08)

5 No (Q= 15.00, p=0.09)

6 No (Q=12.00, p=0.21)

7 No (Q= 14.77, p=0.10)

8 No (Q= 6.81, p=0.66)

9 No (Q= 7.90, p=0.54)

10 No (Q= 6.83, p=0.65)

11 No (Q= 14.61, p=0.10)
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Date 1:

Date 2:
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Date 4:
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Date 5:

Date 6:
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Date 7:

Date 8:
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Date 9:

Date 10:
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Date 11:
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Zokekali:

Summary:

Weeks after Significance of Variety (Friedman Test, 8  Significant differences (Wilcoxon-
Transplanting Factors, 5 Blocks) Wilcox Test n=5 k=_8)
1 No (Q= 3.44, p=0.84)

2 No (Q= 7.76, p=0.35)

3 No (Q= 3.36, p=0.85)

4 No (Q= 8.40, p=0.30)

5 No (Q=10.18, p=0.18)

6 No (Q= 6.40, p=0.49)

7 No (Q= 6.26, p=0.51)

8 No (Q= 11.20, p=0.13)

9 Yes (Q=17.00, p=0.01)

10 No (Q= 12.98, p=0.07)

11 No (Q= 9.75, p=0.20)
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Date 3:
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Leaf Colour:
Boyargyi:
Summary:
Weeks after Significance of Variety (Friedman Test, 10 Significant differences (Wilcoxon-
Transplanting Factors, 5 Blocks) Wilcox Test n=5 k=10)
1 Yes (Q= 28.24, p<0.01) L1<F3
0T<F3, S1
2 No (Q=11.32, p=0.25)
3 Yes (Q= 22.77, p<0.01) L1, S2<S1
4 Yes (Q= 25.05, p<0.01) 0T, L1, S2<S1
5 No (Q= 13.22, p=0.15)
6 Yes (Q= 29.56, p<0.01) 0T, F2, L1<S1
7 Yes (Q= 22.90, p<0.01) 0T<S1
8 Yes (Q= 28.93, p<0.01) F2<F1, S1,S3
9 No (Q= 12.23, p=0.20)
10 Yes (Q=17.26, p=0.04)
11 Yes (Q= 29.43, p<0.01) 0T, F2, L3<S1
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Date 5:
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Date 6:
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Date 8:
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Date 9:
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Date 10:
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Zokekali:

Summary:

Weeks after Significance of Variety (Friedman Test, 8
Transplanting Factors, 5 Blocks)

1 No (Q= 13.29, p=0.07)
2 No (Q= 8.08, p=0.32)
3 Yes (Q= 14.14, p=0.05)
4 Yes (Q= 14.88, p=0.04)
5 Yes (Q= 21.54, p<0.01)
6 Yes (Q= 23.44, p<0.01)
7 Yes (Q= 22.97, p<0.01)
8 Yes (Q= 14.53, p=0.04)
No (Q=10.79, p=0.15)
10 Yes (Q= 27.76, p<0.01)
11 No (Q=13.57, p=0.06)

Significant differences (Wilcoxon-
Wilcox Test n=5 k=_8)

L3<F1
L3<F1

0T, L1, L3<F1

S$2<0T, L1, L2

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Date 1:

Date 2:
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Date 3:

Leaf Colour_Date3

Zero Treatment Pawsanyin
Local 1 Baygyar

Local 2 Kyarpyan

Local 3 Taungpyan

Salt 1 Pyimyanmarsein
Salt 2 IR-11T225

Salt 3 Sinthwelatt
Flodding 1 Swarna Sub-1
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Date 4:

Leaf Colour_Dated4

Zero Treatment Pawsanyin
Local 1 Baygyar

Local 2 Kyarpyan

Local 3 Taungpyan

Salt 1 Pyimyanmarsein
Salt 2 IR-11T225

Salt 3 Sinthwelatt
Flodding 1 Swarna Sub-1
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Date 5:
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Date 6:
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Date 7:
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Date 8:

Leaf Colour Date8

Zero Treatment Pawsanyin
Local 1 Baygyar

Local 2 Kyarpyan

Local 3 Taungpyan

Salt 1 Pyimyanmarsein
Salt 2 IR-11T225

Salt 3 Sinthwelatt
Flodding 1 Swarna Sub-1
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Date 9:
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Date 10:
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Date 11:
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Statistical Analysis Harvest

Summary

Number of Plants and Plant Height

Boyargyi

Nr. Hills Yes (F9,36= 16.44, p<0.01)
Plant Height Yes (Q=41.99, p<0.01)
Zokekali

Nr. Hills No (Q=7.71, p=0.36)
Plant Height Yes (Q=31.47, p<0.01)

Number of Tillers and Panicles

Boyargyi

Nr. Tillers Yes (Q=19.35, p=0.02)
Nr. Panicles WP Yes (Q= 21.66, p<0.01)
Nr Panicles SP Yes (Q= 20.34, p=0.02)
Panicles per Tiller WP Yes (Q= 23.44, p<0.01)
Zokekali

Nr Tillers Yes (Q=21.23, p<0.01)
Nr Panicles WP Yes (Q=20.01, p<0.01)
Nr. Panicles SP Yes (Q= 19.80, p<0.01)
Panicles per Tiller WP Yes (Q= 22.33, p<0.01)
Panicle Length and Number of Spikelets

Boyargyi

Panicle Length Yes (Q= 29.90, p<0.01)
Number of Spikelets WP Yes (+= 28.81, p<0.01)
Number of Spikelets SP Yes (Q= 28.41, p<0.01)

F1, F2<0T, L1, L2, S3
F3, S2<0T, L3

S1<L3

F1<0T, F2, L1, L3
S2<F2, L1

F3<F2

S2< L1, L2, L3
S1< L1, L3

F2<L1

S3<F1
S2<F1

L1, S2<F1
F1<0T, L1, S3

F1, L3<F2,S3

F1<F2,S1,S3
F1<F2,S1,S3

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Jungblut B

Zokekali

Panicle Length Yes (Q= 28.47, p<0.01) S2<F1, S3
S1<S3

Number of Spikelets WP Yes (Q= 26.33, p<0.01) S1,S2<L2,S3

Number of Spikelets SP Yes (Q= 26.73, p<0.01) S1,S2<L2,S3

Yield
Boyargyi
Basket/Acre WP

Basket/Acre SP
t/ha WP
t/ha SP

Zokekali
Basket/Acre WP

Basket/Acre SP
t/ha WP
t/ha SP

Yes (F9,36=10.52, p<0.01)

Yes (F9,36=5.19, p<0.01)
Yes (Q=25.23, p<0.01)
Yes (F9, 36=4.42, p<0.01)

Yes (Q= 28.87, p<0.01)
Yes (F7,28=10.32, p<0.01)

Yes (Q= 38.90, p<0.01)
Yes (Q= 38.71, p<0.01)

S2<L2,L3,S3
F1,F3,S1<L2,S3
F2<S3

S2<S3

S$2<S3

S$2<S3

F1,S52< 0T, L2
S1<L2

F1,S1, S2<L2, S3
S2<0T, L2
S2<L2,S3

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

96



On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Nr. Hills:
Boyargyi

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Zokekali:

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Plant Height
Boyargyi

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Nr. Tillers
Boyargyi

Nr .Tillers

Zero Treatment Pawsanyin
Local 1 Baygyar

Local 2 Kyarpyan

Local 3 Taungpyan

Salt 1 Pyimyanmarsein
Salt 2 IR-11T225

Salt 3 Sinthwelatt

Flodding 1 Swarna Sub-1
Flodding 2 Mekyut
Flodding 3 IR-84649.1295.30

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Nr. Panicles (WP)

Boyargyi

Nr. Pannicles

Zero Treatment Pawsanyin
Local 1 Baygyar

Local 2 Kyarpyan

Local 3 Taungpyan

Salt 1 Pyimyanmarsein
Salt 2 IR-11T225

Salt 3 Sinthwelatt

Flodding 1 Swarna Sub-1
Flodding 2 Mekyut
Flodding 3 IR-84649.1295.30

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Nr Panicles (SP)
Boyargyi

Sample Plot Nr. Panicles
Zero Treatment Pawsanyin
Local 1 Baygyar

Local 2 Kyarpyan

Local 3 Taungpyan

Salt 1 Pyimyanmarsein
Salt 2 IR-11T225

Salt 3 Sinthwelatt

Flodding 1 Swarna Sub-1
Flodding 2 Mekyut
Flodding 3 IR-84649.1295.30

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Panicle per Tiller

Boyargyi
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar Jungblut B

Panicle Length
Boyargyi
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Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Nr. Spikelets (WP)
Boyargyi
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Nr. Spikelets (SP)
Boyargyi
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Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Yield Basket/acre (WP)
Boyargyi
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Zokekali
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Yield Basket/acre (SP)
Boyargyi
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Zokekali
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On-Farm Trials on Salinity and Flooding Tolerant Rice Varieties in the Gulf of Mottama Myanmar

Yield t/ha (WP)
Boyargyi
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Zokekali
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Yield t/ha (SP)
Boyargyi
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Zokekali
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