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Applied Agrometeorology of Today: Some Case Studies
and New Trends

C.J. (Kees) Stigter'

1Agromet Vision, P.O. Box 16, 68208 Bondowoso, East Java, Indonesia and Groenestraat 13,

5314 AJ Bruchem, Netherlands. E-mail: cjstigter(@usa.net

Abstract

One of the most important trends in agrometeorology is the development of
agrometeorological services with and for farmers. The issue is that they must be explained to
and discussed with these farmers and then must be applied in cultivation planning/actions and
finally also evaluated with them. The second trend therefore is a “farmers first” paradigm in a
participatory approach. An important class of services is the design of new cropping/farming
systems that can face new requirements of the “farmers first” paradigm. Three examples of
intercropping farming systems have been selected and climate change and cultivation aspects of
these designs will be dealt with. Dryland intercropping with heterogeneous mixtures in
semi-arid Nigeria is the first example. Demonstration and extension of relay intercropping of
late rice into lotus in Guangchang County, Jiangxi Province, China is the second. Land scarcity
forcing farmers in semi-arid Kenya to cultivate more sloping land is the third. The next trend to
be discussed is generating and supporting a rural response to climate change in agrometeorology.
We use case studies from Indonesia. Collection and generation of on-farm knowledge will very
much help. If we succeed in creating such weather services, consequences of climate change can
be faced with much more confidence. In Indonesia experiments have taken place with local
Climate Field Schools (CFSs) as a new trend in agrometeorology. We finally have experimented
there with so called “Science Field Shops”, which should become a new trend. The applied

agrometeorology of today is what scientifically supports those trends.

INTRODUCTION

One of the most important trends in agrometeorology is the development of
agrometeorological services with and for farmers (Stigter, 2010). We consider that to
agrometeorological services belong all agrometeorological and agroclimatological knowledge

and information that can be directly applied to try to improve and/or protect the livelihood of
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farmers. This means protection of yield quantity and quality and farmers’ income, while
safeguarding the agricultural resource base from degradation (e.g. Stigter, 2010; WMO, 2011).

An obvious example is of course a specific weather forecast for agriculture, but the issue
with actual agrometeorological services is that such a forecast must be explained to and
discussed with these farmers and then must be applied in cultivation planning/actions with them
and finally also must be evaluated with them (Murthy, 2008). The same applies to other
agrometeorological services such as simple seasonal climate predictions, early warning
messages and other disaster preparedness attempts (Stigter, 2010). Such an approach fits the
“farmers first” paradigm excellently. The second trend therefore is a “farmers first” paradigm in
a participatory approach (e.g. Stigter, 2011a).

Another class of such services is the design of new cropping/farming systems that can face
new requirements of the “farmers first” paradigm. The organizers asked me to exemplify cases
of multiple cropping systems. Three examples of intercropping farming systems will be dealt
with below and climate change and cultivation aspects of these designs will be dealt with
(Stigter, 2010). The next trend discussed is that of generating and supporting a rural response
to climate change in (among others) agrometeorology (Winarto and Stigter, 2011). We discuss it
for agrometeorology using case studies from Indonesia. An example of the latter is the research
we do in Yogyakarta and west Java, Indonesia, stimulating farmers since 2007 to measure
rainfall patterns in their own fields and to follow the consequences for their crops and fields,
growing season by growing season (Winarto et al., 2008; Winarto et al., 2010). These on-farm
data and information are then discussed among themselves and with supporting scientists. If we
succeed in creating such weather services, consequences of climate change can be faced with
much more confidence. In Indonesia experiments have taken place with local Climate Field
Schools (CFSs) as a new trend in agrometeorology. However, the top down approach with the
curricula, “teaching” farmers agrometeorology, left much to be desired. We therefore advocate
bottom up agrometeorological learning processes, focused on weather and climate
vulnerabilities of the farming systems concerned (Winarto and Stigter, 2011). To that end we
have experimented in Indonesia with so called “Science Field Shops”, which should become a
new trend. The applied agrometeorology of today is what scientifically supports those trends
(Stigter, 2010).

INTERCROPPING EXAMPLE FROM SEMI-ARID NIGERIA
The major cereals adapted to the rainfed region of the Nigerian Sudan savannah are pearl
millet (Pennisetum glaucum (L.) R.Br) and sorghum (Sorghum bicolor (L.) Moench). These

cereals are predominantly intercropped with cowpea (Vigna unguiculata (L.) Walp) and/or
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groundnut (Arachis hypogaea (L.)). The most dominant crop mixtures are millet/cowpea, millet/
sorghum/cowpea, millet/cowpea/groundnut, sorghum/cowpea and sorghum/cowpea/groundnut.
Cowpea has a dual purpose: the grain is used for human consumption and the remaining
biomass as fodder for animals. Some cowpea varieties are planted specially within the
intercrops for fodder production, producing little or no grain, to take care of animal feed during
the dry season. The cowpea component of the mixtures also often consists of two types, i.e.
fodder and grain types that differ in growth habit and maturity period (Stigter et al., 2005).The
cereals are grown for consumption and cash (Beets, 1990). Intercropping components adopted
by farmers are grown at low densities, to minimize risks and exploit resources in a good
cropping season. They are grown on soils too low in water holding capacity for the precipitation
- falling in heavy showers - to meet evaporative demands of the atmosphere (Oluwasemire et al.,
2002). High year-to-year variability of rainfall (Ati et al., 2009), serious deep percolation
(Oluwasemire et al., 2002) and high wet soil evaporation losses (Kinama et al., 2005) are
additional stresses. There is need for better understanding of the traditional intercropping
systems. This would improve the possibility of mitigating the limiting factors, as well as making
optimum use of the limited resources (Stigter et al., 2005), while it serves also to face the
changing climate conditions (Stigter, 2010).

Because of intensification of land use over the years, there have already been long lasting
changes in surface microclimate. The efficient use of the limited effective rainfall in this zone is
therefore a crucial factor for future increases in crop production, which should come primarily
from increased yield per unit area of land (Jagtap and Chan, 2000). Low harvest indexes (HI)
may result from the reduction in the supply of assimilates, when competition for water in the
root zone occurs during the yield production stage (Fukai and Trenbath, 1993).

Sorghum root production was greater than for millet, while both cereals produced greater
root density than cowpea. Cowpea produced greater root densities and achieved deeper rooting
when intercropped with millet and/or sorghum than sole, suggesting adaptation and competitive
ability under intercropping conditions. Rooting depths of crops were shallower in a relatively
wet season than when water was limiting. Root densities and proliferation of the cereals below
the surface layer were much higher in low fertility soils than when nutrients were readily
available. This is useful knowledge for designing such systems.

Millet was the dominant crop in dry matter production in the intercrops. This was due to
the faster growth and high tillering rates of millet, especially when sown at low density. The soil
fertility treatments did not create any statistical significant differences in yield and yield
components of millet at harvest in all the cropping systems. To fight land degradation, a

consistent incorporation of organic manure at seasonal level is a way of improving soil physical



P PR P 4 AR

and chemical conditions aimed at conserving soil water. The improvement of the soil nutrient
status by an increased application of organic manure may also encourage the manipulation of
the intercrop components, such that an increase in plant densities would make better use of soil
water that would otherwise have been lost to soil evaporation and deep percolation beyond the
rooting zones (Stigter et al., 2005). Such designs nicely fit a “farmers first” paradigm.

The farmers’ practice of planting millet and/or sorghum earlier in the intercropping
systems relative to the cowpea components affords the cereal components, especially millet,
with a relatively faster rate of assimilate accumulation, more competitiveness for resources than
the other crops in association. The implication of this practice are the negative effects on
cowpea yields as shown in our case. The density and morphological characteristics of crops in
association influence the microclimate within the various cropping systems. The reduction of
soil radiative and heat exchanges (reduced surface soil temperature fluctuation), by a well
developed low growing cowpea component in an intercropping system, is capable of reducing
soil evaporation better than in the sole cereal systems and hence offers a better soil water
conservation practice in the arid and semi-arid zone of Nigeria.

An answer with a view of improving the cereal/legume systems in the Nigerian arid and
semi-arid zones should therefore include genetically superior crop cultivars and the
manipulation of the component densities along with the improvement of microclimatic variables.
An amelioration of the cereal/legume intercropping systems may involve a reduction in plant
density of the tillering and faster dry matter accumulating millet component, while the low
growing and ground covering cowpea component density is increased. The results learn that
abundant organic manure in combination with agrometeorological services on intercrop
manipulation related microclimate improvements may control near surface land degradation in
northern Nigeria under acceptable sustainable yields. Appropriate policy environments, in
economics and research, must enhance this (Stigter et al., 2005). When these issues are attended
to, consequences of climate change can be confidently faced as well in a “farmers first”

paradigm.

INTERCROPPING EXAMPLE FROM GUANGCHANG, JIANGXI PROVINCE,
CHINA

Stigter (2010) recently argued that the issues to attend to appear to be (i) what multiple
cropping systems have as defence strategies to extreme meteorological events that are less
efficient or not available in monocropping and (ii) what science can contribute to understanding
and developing such strategies. Where knowledge is operational at all in agrometeorological

services, it is mainly for monocropping, perhaps for sequential cropping, but it remains marginal
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for mixed (inter)cropping and relay (inter)cropping, with the exception of the long recognized
but insufficient exploited protection functions of trees in agroforestry applications (e.g. Stigter,
2011c).

In the area concerned, a double rice crop (early rice and late rice) used to be grown
everywhere and is still abundantly grown. Because of the slow global warming, the seasons
become longer. Now into lotus, that is sown by the end of March, early April, and gradually
harvested between July and September, late rice is transplanted as a relay crop, roughly between
10 and 20 August. Because of the lotus, the rice is 45 days in the nursery, 10 days longer than
normal, so the rice is transplanted later than usual. But the land is now occupied after the lotus,
that is harvested till September, while the later sown early maturing rice variety occupies the
land till into November.

In Stigter’s (2008; 2011b) categorization of agrometeorological services, this example
should mainly be seen as from the category “Development and validation of adaptation
strategies to changes”. However, it has also elements of “Advices such as in design rules on
above and below ground microclimate management and manipulation”, where it shows “fitting
the crop to the season” aspects of microclimate management, as in Stigter’s earlier
categorization of microclimate related work in agriculture in the early eighties (e.g. Stigter,
1994). This also comes back in the choice of earlier maturing varieties of late rice, and in
microclimate issues of the lotus crop, such as in positive shading, that should be further
researched.

The lotus normally fetches a high prize and the rice is an additional bonus. The lotus may
lose 10% of its harvest because of the rice but under land scarcity the late rice is a useful
addition. In the seventies this would not have been possible, but climate change makes it
possible. Of course under early cold waves the rice will lose in production. During the
demonstration, Meteorological Bureaus signed contracts with farmers, according to which the
former subsidized seeds and fertilizers. They would also compensate any losses compared with
growing sole white lotus or a double rice crop in case of failure of the interplanting.

For extension, here eight times a kind of Climate Field Classes was organized to
demonstrate and popularize the method with the target groups concerned and a class room was
available for training.. As we earlier indicated, a comparison of such an approach (e.g. Winarto
et al., 2008) with the “cascade” down coming of extension information in China would be a
great last phase of the pilot projects started there in 2004 (Stigter, 2009a; 2009b).

Another important lesson learned here is the economically successful adaptation that is
provided to a changing climate. Only some decades ago, the present development would not

have been feasible in this farming system. This is a warning against any trend of scenarios
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projecting present cropping systems into the future and then detailing their suffering from
climate change (Stigter et al., 2008). There are many ways for adaptation through
agrometeorological services and farmers are keen to innovate and follow up (e.g. also Winarto

et al., 2008). By sticking to a “farmers first” paradigm, such errors would not be made.

LAND SCARCITY IN KENYA FORCING FARMERS TO CULTIVATE
SLOPING LAND

One way to fight land degradation without using expensive inputs could be the use of
agroforestry systems, particularly alley cropping (hedgerow agroforestry). Mungai et al. (2001)
showed that for flat land, without fertilizers, yield increases from mulch incorporation in
semi-arid Kenya were insufficient when maize rows were replaced by trees. Below a threshold
rainfall, yields were even less than those in the controls (Mungai et al., 2001). As below ground
resources become more depleted with colonizing ageing systems, tree growth occurs even more
at the expense of crop production (Kinama et al., 2007).

Contour hedgerows on sloping land should be able to capture the runoff and soil, which
would otherwise be lost from hillside cultivation, and thereby compensate at least in the long
run for the extra resources required for tree growth (Stigter et al., 2005). Contour plantings of
trees on hill slopes are highly effective in reducing water caused soil erosion and have provided
more encouraging results than alley cropping on flat lands. Tillage and mulching reduce rain
impacts on cropped soil and provide roughness that slows losses of soil and water. Infiltration
beneath the hedgerows was greatly improved, due partly to the physical barrier effect of the
stems and partly by an increase in macropores under the hedgerows. More water appeared to be
stored and to a greater depth under the hedges than elsewhere (Kiepe, 1995).

However, high water losses from soil evaporation have been reported (Kinama et al., 2005),
while Mungai et al. (2001) proved patterns and densities of overlapping roots between maize
and Senna siamea to be involved in lower yields in middle rows. For such reasons beneficial
effects on crop yield are seen as often unpredictable and insufficient to attract widespread
adoption. Initial enthusiasm for contour hedgerows was dampened by their slow and sporadic
adoption, even in humid and sub-humid regions. Few farmers can afford to invest in any soil
conservation measures which do not improve their crop yields, let alone sacrifice crop yields in
drought seasons (Garrity et al., 1999).

“On-station” comparison was made of erosion control from contour Senna siamea
hedgerows and Panicum maximum grass stripson a 14% Alfisol, intercropped in rotation with
maize and cowpea, without the use of fertilizers and with hedge/strip spacings of 4m. Kinama et

al. (2007) quantified multi-season trends in runoff, soil loss and productivity of the S. siamea



Applied Agrometeorology of Today: Some Case Studies and New Trends

contour hedgerow systems first successfully used by Kiepe (1995) from 1989-1992 with the use
of fertilizers. They examined the trade-offs between soil conservation and crop productivity
without fertilizers for these now mature systems, from 1993-1995.

Cumulative runoff was reduced from close to 100 mm to only 20 mm. Cumulative soil loss
reduced from more than 100 ton/ha to only 2 ton/ha. But this was at the expense of 35% of the
maize yields and 25% of the cowpea yields due to competition. The presence of surface mulch
was clearly the most important factor in reducing runoff since their removal resulted in an
additional cumulative loss of 56 mm. On the other hand, the presence of the hedgerows was
much less important in reducing runoff, e.g. only an extra 23 mm was saved by this treatment as
compared to the controls (Kinama et al., 2007). This is not in line with the results with the
younger system, where hedges were still more important than mulches in the runoff control, but
for the hedges the lower soil loss compared to mulches remained in line with the younger
system (Kiepe, 1995).

The grass strip results for runoff and soil loss reduction were halfway between the values
for the hedges with and without mulches. But the yield reductions were highest for the grass
strips. The grass strips were more effective in preventing soil erosion than the hedgerows
(without mulch) because of the compactness and thickness of the grass strips. The latter are
more effective in reducing runoff speed and trapping soil than the thinner and appreciably less
dense hedgerows. The high soil losses under low crop cover also illustrate again that mulch
cover alone (here of only 2 t ha™') is insufficient in capturing particles. The tree mulch occupies
micro-depressions on the tilled soil surface and increases hydraulic roughness, reducing flow
velocity, and therefore increases flow depth, while it also protects the soil from impacting
raindrops. The hedgerow barriers on the other hand trap runoff water by reducing bare slope
length and give runoff water time to deposit soil sediments and infiltrate into the soil.

The competitive effects of hedgerows on crops generally exceed the benefits gained by the
answer to land degradation of preventing the often small and only infrequently serious amounts
of runoff commonly found in the semi-arid tropics. Nevertheless, cultivation of crops on hill
slopes induces unacceptable amounts of soil loss (Stigter et al., 2005), which are commonly
prevented by terracing or ditches in the Machakos area (Kinama et al., 2007). The protective
function of the mulch being so important, an advice on greater distances between hedgerows
can only work jointly with increase of the numbers of trees and/or bringing in additional mulch
material from outside the system. Little amounts of mulch, in our case around 2 t ha™, that
generally is accepted as the minimum of making agronomically sense, are known to have a
reasonable physical influence, by increasing roughness, on water conservation (e.g. Oteng’i et al.,

2007). The results obtained here suggest that it also is a sufficient level for keeping the tolerable
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soil loss, the maximum erosion for sustainable crop yields, under control (Kinama et al., 2007).

As a system design consequence of these results, provided as an agrometeorological
service, frequent rejuvenation of economically preferred hedge rows and greater distances
between double or triple rows, in combination with fertilizer use or more mulch, will greatly
reduce competition with intercrops. The results learned that to reduce the trade-offs between
crop productivity and erosion control on sloping land in the semi-arid tropics is the crux of the
matter. It is crucial to select hedgerows and to design hedge and tree spacings that minimize
competition and provide adequate erosion control.

Although it was confirmed that it is difficult to increase LEISA crop yields in the semi-arid
tropics with alley cropping on sloping land, it was also observed that these strong trade-offs
need not be a major deterrent to adoption by farmers, in case grass or trees provide other direct
and significant benefits to farmers (Stigter et al., 2005). This are again other aspects of the
“farmers first” paradigm in a participatory approach. As to climate change aspects of these
agroforestry systems: their protective functions make them even more suitable for conditions with

increasing climate variability and more, and more severe, extreme events (e.g. Stigter, 2011c).

GENERATING AND SUPPORTING A RURAL RESPONSE TO CLIMATE
CHANGE

The next trend to be discussed is generating and supporting a rural response to climate
change in (among others) agrometeorology. We discuss it for agrometeorology using case
studies from Indonesia. On-farm knowledge collection will very much help in tying research
and teaching to meteorological disaster impact experience and to improved preparedness of
farmers in different land use and cropping patterns. An example of the latter is the research we
do in Yogyakarta and west Java, Indonesia, stimulating farmers since 2007 to measure rainfall in
their fields. Simultaneously they observe crops, soils, water, pests and diseases in this
agrometeorological learning. We see this as a start to a rural response to climate change,
planning to validate climate adaptation issues (water management, cropping alternatives), using
very basic climate information and validating its use or non-use by various farmers (Stigter and
Winarto, 2011). This research again very well fits a “farmers first” paradigm in a participatory
approach. So far, climate prediction science has, by default, driven the development of climate
application tools. Experience over the last decade indicates the need for a user-oriented
approach to applications development that is characterized by participatory approaches.

Vulnerable communities across the world are already feeling the effects of a changing
climate. These communities are urgently in need of assistance aimed at building resilience and

at undertaking climate change adaptation efforts as a matter of survival and in order to maintain
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livelihoods (e.g. Mergeai, 2010; OXFAM, 2011). They are in need of an urgent rural response to
climate change. The reality of climate change calls for a need to understand how it might affect a
range of natural and social systems, and to identify and evaluate options to respond to these effects
(e.g. lonescu et al., 2009). This should lead to in-depth investigations of vulnerability and
adaptation to climate change, which has become central to climate science, policy and practice.
But capacity to conduct vulnerability and adaptation assessments is still limited (Pulhin, 2011).

For example the International Research Institute for Climate and Society (IRI, 2011)
indicates to use a science-based approach to enhance society's capability to understand, anticipate
and cope with the impacts of climate in order to improve human welfare and the environment. We
want to extend this approach to the rural communities of Indonesia and elsewhere. The basis of
our approach is listening to the farmers concerned, to better understand their vulnerabilities and
needs the way they see them, in a “farmer first” paradigm in a participatory approach, to be able to
generate support with them and for them in facing the consequences of increased climate
variability and climate change in their livelihoods (Stigter, 2010).

However, applied scientists can not do that all by themselves (Stigter, 2010). They should
basically be the connection between applied science (developing agrometeorological services
such as maps, forecasts, warnings, design proposals, response proposals etc. etc.) and the actual
production environment. To that end these applied scientists would in fact be most useful to
back up well educated (in service trained) extension intermediaries to train, on an almost daily
basis, farmers, farmer facilitators and ultimately farmer trainers and farmer communities.
Unfortunately, extension services are very often virtually absent and where they still do exist
they are badly trained and have received little or no upgrading regarding the fast changes that
are occurring in the agricultural production environment and about the actual crises in the
livelihood of farmers (Stigter, 2011b). This has not yet become a trend anywhere.

In Indonesia experiments have taken place with so called Climate Field Schools (CFSs)
(Winarto et al., 2008; Stigter, 2009a; Winarto and Stigter, 2011). This is another new trend,
derived from the highly successful Farmer Field School approach. However these CFSs were set
up “to teach farmers” instead of having a dialogue on their vulnerabilities, problems and questions.
We have noted a gap in “training the trainers” for such CFSs (Winarto and Stigter, 2011).

We finally have experimented with so called “Science Field Shops”, in which scientists
meet with farmers and the former listen to the latter (Stigter and Winarto, 2011; Winarto and
Stigter, 2011). Questions on climate change and its consequences for farmers are answered,
vulnerabilities and possibilities/choices/options to tackle them using agrometeorology etc. are
discussed. In fact I would like to propose today that a “Science Field Shops” approach would

become a new trend in applied agrometeorology and other applied fields of agriculture. If we
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could start here, we could derive better curricula to “train the trainers” and show how to
organize new CFSs to meet the needs of farmers (for agrometeorological services etc.) in their
rural response to climate change.
The new agrometeorology of today is what supports those trends:
- Stigter (2010) for services and for the “farmer first” paradigm;
- Winarto, Stigter et al. (2008-2011) for generating and supporting a rural response to
climate change; and
- the same literature for a renewal of CFSs, including curricula for “training the trainers”, the

extension intermediaries.
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The twentieth century saw remarkable growth in agricultural productivity as a
consequence of successes in plant breeding and supporting technologies and agronomic
practices. The last century closed with growing awareness of the possibility of yield
plateaus in major cereal crops, unintended consequences of agriculture and unsustainable
resource use. As we enter the 21st century, plant breeding investments remain a focal point
of our strategy towards global food security and continued gains in crop productivity. We
must achieve these goals in the face of rapidly increasing human population and climate
change producing generally warmer temperatures and more frequent extreme weather. In
addition to gains in yield potential and nutritional content, we understand that we will need
to accelerate our progress towards abiotic stress tolerance including crop nutrition and to
prepare for new patterns of biotic stresses. It is estimated that agriculture may account for
approximately 1/3 of global greenhouse gas emissions. If we are to stabilize our planetary
climate, mitigation of climate change in our agricultural systems will require further
innovations in crop improvement and our food systems. I will describe the challenges that
lie ahead as we aim to bring our agricultural practices towards balance with our planet's
ecological and physical boundaries that contribute to planetary stability, food sufficiency
and global health.
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Climate change is expected to significantly affect the abiotic and biotic environments
where rice is grown. Changes in temperature and availability of water in quantity (too much or
too little) and in quality (salinity) will directly impact rice productivity. Such climatic conditions
are in fact prevalent in regions of the world where food security is a major concern.
Consequently, many rice breeding programs for the unfavorable ecosystems have included
tolerance to drought, salinity, submergence, and high temperature as important breeding targets.
Major genes and large-effect QTL have been identified for addressing submergence, salinity,
and drought conditions. Examples include the submergence tolerance gene (Subl), salt
tolerance gene (Saltoll), and several QTL for sustaining yield under drought stress. Heat
tolerance research is still at its infancy but useful genetic variation in germplasm has been
identified. Due to the dynamic nature of pathogen and insect populations, it is more difficult to
predict the impact of climate change on the biotic environment. We are interested in establishing
“bio-stations” in diverse environments to gather empirical data on the influence of climatic
extremes on pest-pathogen-host interactions. Such endeavor should be a priority for
international collaboration. On the germplasm side, we are exploring the approach of creating a
gene pool enriched for resistance to multiple biotic stresses. This involves intermating parental
lines with disease and insect resistance to create highly recombined populations with
adaptability and resilience to multiple biotic stresses. As a foundation for all breeding work, we
are building a genetic diversity research platform to enable efficient use of the rice Genebank.
This involves a) the use of 2,000 diverse rice lines in genome-wide association studies to
discover gene-phenotype relationships, and b) sequencing 10,000 germplasm accessions (10%
of the IRRI Genebank) to identify rare alleles for use in breeding. For the long-term, we are
exploring the engineering of C4-photosynthetic machinery into rice to make it more efficient in
capturing radiation energy and using nutrients and water. The newly established Global Rice

Science Partnership (GRiSP, http://irri.org/our-science/global-rice-science-partnership-grisp)

can provide a mechanism to promote collaboration in genetic research and breeding to help
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sustain rice productivity in new climatic regimes and to reduce impact of rice production to the

environment.
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Abstract

Taiwan’s food security relies heavily on imports from abroad because of the
insufficient domestic production. Climate change will result in more extreme variations in
weather. Increases in frequency of climate extremes may lower crop yields beyond the
impacts of mean climate change. Therefore, it is of ultimate importance to prepare ourselves
to meet the impacts of global food crisis. The response strategies for the coming
agrometeorological disasters can be grouped into four aspects, 1. Increase domestic crop
production, 2. Reduce domestic agrometeorological losses, 3. Ensure imports from abroad,
and 4. Raise the capabilities for production forecasting. In this paper, discussions are mainly
focused on aspect 2 and 4. Providing disaster occurring probabilities for better site and crop
selection, developing cost effective agrometeorological disasters protection techniques, and
planting upland crops at regions having faster internal drainage characteristics are directions
that should be placed more emphasis on when considering means to reduce domestic
agrometeorological losses. Developing an operational remote sensing system to provide
timely agricultural intelligence, regarding crop growth and yield forecasts at domestic and
other strategic regions in the world, would allow decision makers to take proper actions in

advance to better alleviate the impacts of incoming global food crisis.
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Climate change and the management of soil quality
and quantity in Taiwan

Horng-yuh Guo

Agricultural chemical division, Taiwan agricultural research institute
E-mail: HY Guo.tari.gov.tw

Meteorology deals with heat, water and wind. The most important factor affected soil
quality and quantity management in Taiwan agriculture production is water. The topography
of Taiwan has very steep and high mountain ranges located in the central part of
narrow-wide terrain, Taiwan's rivers have the following characteristics: short flow path,
large river bed gradient, smaller drainage area, soaring river peak flow, shortly peak arrival
time, densely water sediments. These causes that make the water management of Taiwan
have its difficulty and the associated impact on soil quality and quantity management. The
average annual precipitation is 2,500 mm; it reaches 3,000 to 5,000 mm in the mountainous
regions. Taiwan's average annual rainfall is about three times higher than that of the world.
Most of the precipitation concentrates in the summer season. The maximum one hour
precipitation reaches 300 mm, the maximum one day precipitation reaches 1,748 mm which
is 93.4% of the world record (1 ,870mm). In comparison with the records in the world, the
one-hour to 3-day maximum precipitations in Taiwan are approximately 85 to 93% of the
world records. These evidences projected into the seriously runoff as well as soil erosion
problems in the surface of watersheds in the hillland of Taiwan. The water balance system of
the atmosphere variation becomes larger and larger recently, corresponding to some places
have higher rainfall intensity and even breaking the historic record. These made more
serious soil erosion problems and degradation of soil function in hillland. It affected so
widely and deeply in the live hood of Taiwan and increased the difficulty of slopeland
agriculture management. We also encountered some difficulties in the plain region
agriculture management. Agricultural management can not operate without water and how
to overcome the drought risk during the growth period is important. Allocation of water
resources sophistically with soil management can increase the possibility of success to pass
the food insecurity risk caused by climate change, but the treacherous agricultural
management pattern and adaptability of farmers in Taiwan increase the risk of food security

incidence. Water shortage changes agriculture land-use pattern as well as soil quality. The
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soil organic mater loss caused by climate changes will be tricked on series soil qualities
degradation problems, even affected the public health, for example: the sand dust storm of
the north border of Yunlin County. Occurrence of heavy rains increase the flooding
probability of farmland on the plains regions, resulting in increased risk of upland crop
damages. It is common to find that the farmland with poor soil permeability in long periods
of rainfall lacked of oxygen in the root system environment. It caused fatal of upland
crops’ yields or poor yields. Global sea level rising increasing the possibility of sea water
intrusion, shortage of irrigation water, land sinking expand the acreage of saline soil and
increase the soil salinity. Soil reclamation projects can not be ignored to cope with climate

change.
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Global agro-ecosystems are directly impacted by recent climate change and that also
affect the pathosystems of various crops in Taiwan. Epidemiological data revealed the
extreme weather events and warming climate could influence the dynamics of plant diseases.
For example, typhoon and heavy rainfall not only disseminate the pathogens but also
damage plants, making the injured plants more vulnerable to attack by pathogens. In Taiwan,
the most common outbreaks of diseases after typhoon are anthracnose, bacterial leaf blight
of rice, bacterial soft rot, citrus canker, Fusarium wilt, Phytophthora rot and viral diseases.
In agro-ecosystems, the increase of atmospheric temperature would raise the production of
crops; yet such lavish growth of plants would also attract more or newer pests that may
cause crop losses. Such as several diseases of pitaya (Hylocereus sp.) recently emerged in
Taiwan, a severe outbreak of potato late blight occurred in Houli, and the restricted
distribution of Tomato spotted wilt virus in high altitude areas are related to warming
climates. Climate change influence the incidence and severity of plant diseases by affecting
host plants, vectors, pathogens, and habitats in the pathosystems. A 30-year investigation
showed that changes of trends in prevalence of cucurbits-infecting viruses in Taiwan were
dependent on alternations of dominated vectors and their population densities. The future
adaptation for climate change affects on plant diseases and their management should
emphasize on: (1) prediction and surveillance the shifts in the distributions of host and
pathogen, (2) monitoring the pathosystems to control the emergence of diseases, (3)
understanding the limitation of current control strategies and estimating the losses due to
invalid strategy, (4) development of effective systems for successful management of plant
diseases. As for crop breeding, a thorough understanding of follows in relation to climate
changes is of paramount importance: (1) what changes in the host-pathogen interactions, (2)
how the occurrence and transmission of pathogens alter, (3) how and why the disease
resistance modify, (4) how and why new pathogens emerge, (5) whether current agricultural
practice induce new pathogen, and (6) how stress- and disease-resistant gene function in

crops and where are these germplasms located.
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Table 1. Incidence of Tomato spotted wilt virus infecting peppers in 3 locations in

2009-2010
Locations
Year
Renai ([~ %) Sinyi (E #) Puli (3 EN)
2009 86.8% (178/205) 36.1% (13/36) 5.7% (4/70)
2010 32.0% (40/125) 0% (0/43) 0% (0/32)
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Fig. 1. Heavy rainfall and flooding facilitate pathogens to disperse in a large area quickly (a);

complex symptoms of anthracnose and Phytophthora rot showed on wax gourd after
flooding (b).

45



P3RBT AR R

L e L T L = R
Fig. 2. A severe outbreak of potato late blight occurred in Houli, in later December of
1997.
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Fig. 3. Symptoms of pepper plants infected by Tomato spotted wilt virus in Renai in 2009.
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Fig. 4. Symptoms of melon plants infected by whitefly-transmitted Cucurbit chlorotic

yellows virus and the field scene of epidemics.
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Abstract

The global average surface temperatures have increased by approximately 0.6 C during
the past 100 years and will continue to increase by 1.4-5.8 ‘C by 2100 with the atmospheric
carbon dioxide concentrations expected to rise to between 540 and 970 ppm over the same
period. Consequently, climate change is an important environmental dilemma which has caused
great concern around the world. The nature of climate change will differ with geographical
regions and its final impact on agroecosystems varies depending on the extent of temperature
increase, changes in irradiance and levels of UVB, amount and patterns of precipitation and
humidity, and alterations in the incidence and nature of abiotic disturbances. Despite many
uncertainties of the above-mentioned factors on climate change, there is a consensus to the fact
that global warming has already had and will continue to have impact on the temporal and
spatial dynamics of poikilothermic animals, especially on insects and their surrounding biotic
community. Insects are poikilothermic animals; their body temperature is approximately the
same as that of the environment. Thus, temperature is probably the single most important
environmental factor influencing insect behavior, distribution, development, survival, and
reproduction. Some researchers believe that the effect of temperature on insects largely
overwhelms the effects of other environmental factors. It has been estimated that with a 2 “C
increase insects might experience one to five additional life cycles per season. Other researchers

have found that the effects of moisture and CO; on insects as a result global climate change can

59



P PR P 4 AR

be potentially important. The precise impacts of climate change on agricultural insects and plant
pathogens are somewhat uncertain because climate changes may or may not favor the growth of
pathogens and insects. In this article, the authors review the most recent progress in the effects
of climate change on agricultural insects and provide viewpoints on the following subject
matters: how insects are affected by rising temperatures, changes of precipitation, and rising
CO; levels as well as how farmers are affected and the strategy farmers can use to deal with the

problem.
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Adaptation of Crop Cultivation and Breeding to
Abiotic Stresses: With Aspect of Taiwan's
Environment and Case Study in Rice

Huu-Sheng Lur

Department of Agronomy, National Taiwan University, Taiwan; E-mail: lurhs@ntu.edu.tw

It is found that the temperature has been increasing by the rate about 0.15°C/10 year, which
is faster/higher than the global average rate of warming. The warming status is even significant
during the recent 30 years with rate of 0.36°C/10 year. Increase of night temperature is the main
course for the warming trend. In addition the radiation has also decreased during past 100 years.
With respect to the future, the temperature is estimated to increase by 0.1 — 0.3°C/10 years in
Taiwan, which is also faster than the trend of the globe. In addition, higher frequency of heat
wave and heavy precipitation is also estimated to increase in the coming years. All the climate
changing trends have been imposing significant challenges to the management systems, yield,
and quality of Taiwan crops.

In case of rice, the trends of climate change have affected the yield, timing of harvesting,
and quality of rice production. Statistic survey showed that the average temperature and
maximum temperature have been increasing during recent 10 years for both crop seasons. The
increased temperature may have been causing an increase of immature/chalky grain rate, and
decrease of market value. It is interested to note that farmers may already ‘feel’ the trend of
climate warming, and are adjusting their culture management in coping with the trend of
warming. Statistic review revealed that the timings of transplanting for the 1st crop and 2nd
crop are moved earlier in recent 10 years, especially in the main rice production regions of
Taiwan. The adjustment may lead to a lower temperature at grain filling stage for both crop
seasons, and result in a ‘stable’ yield and quality. Our study also reveals that modification of
plant density may also improve adaptation to high temperature in yield and quality. Currently
breeding program for high temperature tolerance is still at its infancy in Taiwan. Preliminary
results from screening trails at phytotron reveal that almost all of modern cultivars are
vulnerable to high temperature. Low spikelet fertility and high chalky rate are main factors for
the low grain yield and quality in response to high temperature. A broad Introduction of adapted

genes is necessary to improve the high temperature tolerance. Based on the physiological
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approaches, an ideotype has been proposed for the breeding improvement of high temperature
tolerance of Taiwan japonica cultivars.

To elevate the adaptation capability, integrated strategy should be urgently constructed and
implemented. Crucial processes of the strategy include: identifying target/vulnerable economic
traits of crops, understanding responding thresholds of the target traits, restructuring agronomic
management with concept of sustainable intensification, constructing high throughput facility
and phenotyping tools for screening adapt traits of breeding and gene bank materials, and
conducting effective breeding process immediately. A close cooperation among scientists from
multiple disciplines is also vital for the success of the adaptation of our crop production to the

occurring of climate change in Taiwan.
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Abstract

Global warming leads to climate changes, such as (1) climate zones and agricultural zones
are toward diverse extremes; (2) the rising CO, concentration in air promotes global warming
dramatically; (3) soil contains insufficient water and deprives nutrients; (4) extreme climate
elevates agricultural damage; (5) crop growth and development are impeded resulting the
reduction of food production; (6) frequency of insect and pathogen disease increases, and so on.
All mentioned above have various influences on rice production in several countries. Raised
temperature and insufficient water would reduce rice production severely. To establish new rice
varieties facing new environmental stresses by efficient breeding strategies could make effective
and sustainable management of rice production.

The rice breeding for acquiring stress tolerance/resistance to face global warming is
extensive and complicated, including tolerance to drought, flooding, heat, cold, salt, and
deprived soil, and resistance to biotic stresses, and so on. Based on summary of scientific
researches these years, we therefore propose breeding strategies for stress tolerances as
references for the rice breeders in Taiwan. The strategies encompass (1) collection, evaluation
and utilization of germplasm; (2) establishment of phenotype evaluation of stress tolerance; (3)
the traditional breeding approaches of stress tolerant rice; (4) research schemes and progresses
of linkage maps of tolerant genes and their applications in marker assisted selection (MAS).
We focused on landrace, introgressed abroad cultivars, and chemical induced mutants for
screening germplasm possessing abiotic stress tolerance, a total of 18 landrace and 12 cultivars
were tolerant to drought during the seedling stage, and over dozens of mutant lines, obtained
from the mutated populations of CNY 911303, CNY 911363 and IR 64, were tolerant to salt,
drought, cold and heat. This report also introduces the screening methods of drought and salt

tolerance during the seedling stage, the experimental flow and progress of linkage analyses of
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tolerant genes. The salt tolerant gene of SM61, ST1, and one drought tolerant QTL were
coarsely mapped on chromosomes 8 and 12, respectively. Finally, we cited how to transfer the
salt tolerant gene to IR 64 and the drought tolerant QTL to TK 9 and CNY 911303 as examples
to elucidate the breeding procedures of MAS for stress tolerant rice. The platform established
here could provide an efficient way to breed new stress tolerant rice varieties in the future.
However, most of stress tolerances in rice are regulated by polygene and have significant
interaction with environment, leading to difficulties in research and breeding. Exploring QTLs
conferring stress tolerance and consequently designing functional markers are crucial for MAS
for diminishing environmental effects, which could promote efficiency of breeding stress

tolerant rice in Taiwan.
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BED < FREER A P BRI D o B R BRI P D -
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S RHCROR BT R Vo) USRI JERRR R AR S s K
w [gfﬁjv[lﬂﬁﬁ (sucrose)'ﬁ"ﬂ%b%)fgﬁ (glucose) DFF'FJ%@W o fﬂ Eﬂ'jﬁi eSS gt QJ?A
F'FJ (T Do g RORE L BRI TS T AT PIRTRS D (Setter and Parra, 2010) © Y1
SR PO b RURR P B o L] 53 1 BIPOTHE > % (1993) Rk Bk BT 2
FUAEE i, 2 oF SO 0 SIRIR » H oF BO% [OrRA AT SR )
UL B o S ) TR -

BIZ EA995)I B[ 10 {1 E] 8 A POIEE GIPE LT - o of iR BB
PR 5B B B QRS R 5347 e B
1Pk R (R RS IR B < T K PR R T
B r R (UL OO NI By %ﬂx/ﬁﬁ%ﬁﬂi@’éﬁ Iilﬁ[fﬂ (G e S U LA
BT 2.3%~14.5% - SRS (T DA &% B IVIZE (R8T 20.7% ~25.4%(F 5) » () T
il = o R RS O 1B (RO kg/ton )3 B » T AR (HRE fORE
S IO B AR (P DA ) 29.5% ~ 58.3%( F< 6) - B Fﬁ!*ﬁ&ﬂﬁuﬁ"l‘iﬁ?]ﬂﬂ
BB PRl (P RO B IZE R T o [y (D HAL & BOIZE G
B A o T S R (5K e FIJﬁﬁﬂ?f} (transplratlon efﬁ01ency) | PRI E
EIE e fi(qgﬁl 3)> H s L L kﬁyj’r} T [SX[EEJEHLF (5] (Bunce, 2001) - ’5 il
IV e AN N e P*?%“ﬁﬂﬁgﬂf% B T2 i AR Py R f‘ﬁﬁf@\“&*@{ EURE =Tty

I SRR B o AR N o BHTREEE AR REE ﬂ*ﬁ”?ﬁ«wﬂ Iﬁ‘} A
FEViE | F5 A ] [ e SR B[EJJE[E\T (Ribaut, et al. 1996) -
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HIMEI AR LR~ BRI '%iﬁﬁl?w > R LA - (W J‘
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(Heat stress)

— T JF[Jiwgﬁ?ﬁ ?B iEI’;{ﬂj RIS %ET'ﬁ* » - Efj&ﬁfj% ~IEVE ANFYTE 0C ~ 40
T VF il ’5 RUFLIE @E V‘ﬁﬁ R > A T”E%E[TE =y oo @?’JF‘%%%&
P R 5 10C % 4 0 & [ D B RSEE r
shock response, HS) > I*FJ’Q’EBQ #ﬂﬁ’ﬂ% 73 f 1V = F’\’?f 9 JJ’““A [’39 KPr
YA BT > P ERE [ _p‘d S 1((heat shock protein, HSPs) o = K 7J+'[7[TE[?§‘£T¢ %.} 40C ™~ »
1~2 7} Eiﬁ ’ iﬁﬁf E|EVE i 17 4 (Dietrich, et al. 1991; Jorge, et al. 2002) < = K& ff
1S PWVF”’Eqﬁﬂdm?UmEﬁﬁw%@&ﬁﬁﬂﬂwwﬂﬁﬁ
) VER o Srp o LR Sp VRIS LNV > T [RIFYR TRLAT D OB Y %
FLNF AR R 4 (Atkinson, et al. 1993) -

Tollenaar, et al. (1979)@"2?&“@‘%% A B R o T 10 ~35C AR ERAN
ﬁkﬁfﬁ{[. » K32 CEi‘J? SRS R RN LG (R 4) o K ,g‘%ffw&ﬂﬂa{ﬁlﬁ 36
CH B ilel - By ] e PR i pl ﬁ UL S AR U g T
BT ﬁj“ f‘x (5 R s S IR et g F 16 ﬁ'*ﬁj\g‘ﬂf*ﬁ BV N AR A
T TRGER e 5 = > P AR GERT = (Cicchino, et al. 2010a) -

cmmmmaaLQmomﬁHB%w*nggmrl@ﬁﬁwﬁiaii#3sciFvﬁ
— PO > FUARARE P~ B ) 2R BT RS PIRIR D (e 7) 5 [ A R A

35CH] = ikt BRI EARPR o U S FURRRE SRR
HURE R R b b e B S5 P B IRE (X5 D (K 8) -

Dupuis and Dumas (1990)&?5@?5'( in vztro)*?ﬁ%ﬁl (RTINS TENGE AR N Y
S 40O R SR IR - FORE T BAYTh o TRRRE T R F"@é‘?éﬁ& i &
U TESRAOES IR o 155 B D T T TR BT SRR A A
FATRS TBOR RS DN S) » 7§ SR B O © R o O )
WL 4 o I 3SC AT R R b 35-40% « B R B
2L [ 5k (Cheikh and Jones, 1994;1995; Commuri and Jones, 2001)

PR = F v =% Ak ,ﬁyx@@ahjﬁxwﬂ¢ﬁ%n:wc) =K F1d £ B106
B fﬁiziE gk EE J‘FL (tasselingblasting)ZH §¢ Ty 1 & =% B76 F=B106 5! |9
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e S NPVERRE ERATR] - PR Y EERE o 1 3SCHa L 4-6 7 - AR BT3
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(Chilling stress)

A== G @Iiﬁx@ ElFD§ERE 34 i T [F, U KI5 fFJIZI‘rLiFI FUT‘{ﬁ‘I‘ik(cold
tolerance) 2= [ 1 4 F 517 F VAL /1 H 27.5~82.9% 55} ?,5( K 20~24 = s
HFZPIEL YRR 4 0.33~1.16 dgo T IFOF 17 5 S lfﬁE ﬁy*ﬂh’?l (ARl 7 T (S
9) » Ef[1 B73 ~ [V3Xbl4]-2-1 ¥ Mol7 5'% ﬂ,f(ﬁ ILJﬁﬁﬂj T (Mock and McNeill, 1979) -
Hardacre and Eagles (1980)fUE kg T [[Jﬂiﬁl PR 13°C (PSS ff[}g’ﬁ
WHIZPIETET(net dry weight gain) €| PHEFRUE £ -

K EERY 15°C T TN O (YR o E B Fﬁfﬂﬁ E%’#m#ﬂﬁfuwerheul et al., 1996) - [fl[Rf A
fizE tF AL ST d/g\r%rﬁ_ﬂ,rtﬁ 1 7P (Cutforth et al., 1986) > {XF" 100C = ﬁi‘%”
EREIE 1 f' (leaf necr051s) ﬁgﬁapﬁ“—d S H{@’rgrg I (Janowiak and Markowski, 1994) -

IRET(1993))) 3 BEG K AFE S 4THE T S G S TFLATe | T G FId
L e LI E R LT ﬂ?p:ﬂ IR [ ’iﬁiiﬁ‘l‘“‘é"ﬁj °

Lee et al (2002)I') 10 fldf 17 =% 7 B G DF AR - &5 4 (day15°C/
night 3C) » == 8i%%i£?x.ﬁ%‘$[ N B CO, & ik (CER) ~ B B —i{aﬁi% )
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SE T R RE | PEAROSE AR T (P 10)0 BRI (1993)&,“'&15 $}= £ PEPCase
T PRRRE (R (=0 (B RIE S PEPCase APRSF IR (R85 -

F 8 RG] CO R A ik AR Y 5 T AOE
b [ F ) PRERYE AR E T v (Lee etal ,2002) ¢ = K FI % B73 ~ G50 ~ B49 ~ G84 »
Tt = FEEVE N (30°C constant 3 14°C ,constant > 15°C, 16hr ; 8°C, 8hr)iE = EEl > SN HH
- B73 % B49 F= G50 ~ G84 » v (Rl M £ E mfg;ﬁwf&fgm SRS
FA 2L ‘B [pLquﬂj [EPELN B B (R 1) -

Tranel et al.(2009)#F’, M = oK 28RS f“‘é“ﬁ?];i Eﬁﬂﬁlﬂ%\ﬁ FI 2 e | PEEpOE
£l o 103RM T E[pUEYEE LD o 113RM Ao Zuily e b g » 7880 455 | ;‘zF,ﬁEJ
(branch meristem initation)i@iﬂ%’ ZF?I  BUTERGT L B D 60% o [ FITEE D 45% 0 TR
FEYR D 43% 5 113RM g 287800 ARG = Y;IF[ﬁFJ( spikete meristem 1n1t1at10n)1%ﬂ"fkjkfl ]
FUTEYRE D 42% TR TR D 29%; 7 | 587 55 5% ¥ (meiosis of microsporogenesis) £/
4&#\ ) ﬁ“i’?ﬂ* PICEREpVRE > [R5 ] ﬁﬁbﬁ@ﬁﬂqu@ﬁlﬁ} Y@ P o

2o 2 % PSSR 0~ 12°C S S e (SR 0 B R R
PP SRR (] 2 R R 5 AR S A F3
%?%HH*‘pléﬂ’@fmﬁr - FEPT [P SRR ISR S

ARG [ 5505 RGO L i

D 12 R o R s © BRBEW | - Q)RS )

WIS PR [EﬁfVﬁﬁwﬁﬁW Py 7 - ﬁmﬁﬁﬁk’
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EIEERAZF 48 (Miedema, 1982)

(Conclusion)
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Fig. 1. Changes in respiration rates in roots of corn seedlings treated with waterlogging (Sep.
1991). (= = > 1995)
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Fig. 2. Changes in root physiological activities of corn seedlings treated with waterlogging
(Sep. 1989). (= = > 1995)
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Fig. 3. Mean midday values of transpiration efficiency (TE) of eight lines of maize. Each value is a
mean over six measurement dates in 2005 and 2006 made in Beltsville, MD. Values
followed by different letters were significantly different at p=0.05, using Tukey’s Honestly
Significant Difference grouping. The line x date interaction term was not significant at
p=0.05. A linear contrast between the five Pl lines that were reputedly drought resistant and
the other three lines was not significant at p=0.05. (Bunce, 2010)

0.6 ¥

RATE OF LEAF APPEARANCE (leaves /day)

o | T T
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TEMPERATURE ° C

Fig. 4. Relationship between rate of leaf appearance and ambient temperature. Crosses indicate
mean rate of leaf appearance at five constant temperatures (standard deviation = 0.043
leaves/day). Curve A is polynomial equation of best fit to data. Curve B is alternate
polynomial in which Y = 0 when X = 6. Equation of Curve A is Y = 0.2834-0.0639T +
0.0049T> - 0.0000823T°. Equation of Curve B is Y = 0.0997 - 0.0360T + 0.00362T" -
0.0000639T. (Tollenaar et al., 1979)
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50 t
40 1

301

in vitro fertilization ()

unstressed pollen pollen pollen
control 4h/28°C 4h/40°C 4h/ 4°C

Pollination of temperature treated spikelets
with temperature treated pollen

Fig. 5. Influence of temperature treatments on separated male and female reproductive
tissues on in vitro fertilization. Female spikelets were pretreated 4 h at 28°C ([ ]),
40C (i), or4C (g) prior to pollination with pollen also pretreated 4 h at 28, 40,
or 4°C. All the possible combinated pollinations were carried out. For unstressed
control, the pollination was repeated with untreated male and female organs as
described in  “Materials and Methods.” (Dupis and Dumas, 1990)

B73 Mo17
25°C_ 4d(35°C)  6d(35°C) B

‘ ;J “ In Vitro Grown
l &

L 0% 53% 76% [% abortion | 21% 100%  100% | % abortion
i‘ ' i g

E 83 {% Y Field Grown
HHH

0% 100%  100% | % abortion

Fig. 6. High temperature-induced (35°C) changes in the growth of B73 (panel A) and Mol7
(panel B). Pictures were taken at 34 d after pollination (DAP) for in vitro-grown
kernels. For field-grown kernels, pictures were taken at 28 DAP for B73, and at 24
DAP for Mol17. The numbers in the boxes show percentage abortion of kernels in
each treatment. (Commuri and Jones, 2001)

92



120

I B73 (In vitro Grown) AilB7 (Field Grown) a B
3 a ]
80
_ 8] b A
"%a 40_2 ] b
€ 20 c
g 05 L I T L T i o |c' TR, § T
£ 210 MO17 (In vitro Grown) c 1 MO17 (Field Grown) D2
=] ] ]
2 1893 —m-control (25°C) ;
> 1804 —*-44(35°%) 1
& 120] & 6d(35°C) ]
so.; 3
60 a E
30 E B
04 - - 2 ] — .Q.-
0 10 20 30 40 o 10 20 30 40

Days after Pollination

Fig. 7. High temperature-induced (35°C) changes in the dry weight accumulation patterns of B73
(A, B) and Mo17 (C, D) kernels grown either in vitro (A, C) or under field conditions (B,
D). Data are means + SE of three replications. Data points followed by the same letter do
not differ significantly at P =< 0.01 level. (Commuri and Jones, 2001)
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Table 1. Effect of duration of flooding on seed germination (Germination. Temperature:

30/25°C)
(I A T A Enys TG e RmP R ZE
Cultivars  Flooding Germination Germination Mean days of  Germination Dry weight
duration  percentage vigor germination coefficient

hr % % day mg
TN351 Control 98.33a* 98.33a 3.14a 0.314a 74.67
6 56.67b 25.00b 5.54¢ 0.103b 77.33
12 30.00c 0.00c 8.16a 0.037c 46.67
24 16.67cd 1.67¢ 7.08b 0.024c 20.00

48 8.33cd 0.00c 7.38b 0.011c 0.00

72 0.00 0.00 — 0.000 0.00
TN 5 Control 98.33a 93.33a 3.11c 0.301a 74.00
6 65.00b 28.33b 5.75b 0.114b 78.00
12 26.67c 6.67c 7.39a 0.038¢ 73.33
24 8.33d 0.00c 7.67¢ 0.011cd 25.33

48 5.00d 0.00c 8.00a 0.006d 0.00

72 0.00d 0.00c — 0.000d 0.00

*Eﬂ?ﬂ}i prAg S R EE# (P<0.05)
Duncan’s multiple range test at 5% level.

(GHF1 , 1988)
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Table 2. Effect of 5-day waterlogging treatment executed at various growth on the source

and sink characteristics of corn cultivar Tainung 351 (pot experiment, fall crop of

1990)
NS IS {1 Yf1 Source i 5% Sink B
Waterlogging 3 2174 HOH (= P KB FRAd o B R E
stage LAI A1 SRR Kernel it = A#®]  Ear
LAD CGR number KFR KEFD yield
m2pl-1  m2day pl-1 pl-l1day-1 pl-1day-1 days g pl-1
Control 0.545 10.05 1.08 391 3.32 24.6 101.86
Vi 0.489 9.32 1.47 366 3.00 254 94.40
V3 0.397 7.78 0.82 350 3.00 22.7 85.96
V5 0.396 8.37 1.14 304 2.93 23.4 84.47
V8 0.458 10.96 1.50 325 2.90 24.4 87.46
LSD.05 0.134 1.58 0.24 36 0.38 1.6 12.33

LA was determined at 12 days after silking.
LA: Leaf area. LAD: Leaf area duration. CGR: Crop growth rate. KEFD: Kernel effective

filling duration.

V1: First leaf stage. V3: Third leaf stage. V5: Fifth leaf stage. V8: Eighth leaf stage.

(Z£7 5 1993)
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Table 3. Effect of waterlogging at knee-high and tasselling stages on yield and its

components of corn cv. Tainung 351.

e ENiEe A EEE Pt i B HIPRRE E HIPRRE B
Croopping Growth stage Waterlogging Kernel yield Kernel Kernel no.
season duration (day) (kg plot-1) weight per per ear
car (g)
iR Control 8.21a 171.7a 619a
Knee-high 3 6.96b 145.0b 558b
Fall crop 5 5.60c 116.9¢ 488c
(1984) A Control 8.27a 172.3a 640a
Tasselling 3 7.27b 151.4b 609a
5 6.33c 131.9¢ 506b
Knee-high Control 8.29a 172.7a 669a
3 5.55b 115.7b 527b
Spring  crop 5 5.53b 109.9b 505b
(1985) Tasselling Control 8.51a 177.4a 696a
3 5.84b 121.8b 556b
5 6.24b 180.1b 579b

Values followed by the same letter in each colum for he same growth stage are not
significantly different at 0.051evel LSD.
(Y= 1994)

#4355 NEF T [ﬁj’jﬁ#[fﬁ AE7S S Eflt;‘?%lﬁgfﬂ/ 572

Table 4. The yield products of varieties in five days waterlogging.

. FRE il
£l
Ifl# lf _ Kernel weight Kernel number
Varieties - -

CK Waterlogging % CK Waterlogging %
Huang zaosi 31.7 15.1%* 47.6 165.4 82.8%* 50.1
Su-80-1 35.7 24.0%* 67.2 174.4 127.3* 73.0
Suyu 1. 78.2 61.8* 79.0 297.2 244.7 82.3

(=5 1995)
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Table 5. = f T [l FE 73 1y s B == Bl Bn i B Viizf! (28 (1992)
Table5. The yield drought coefficient in water and drought trial (1992)

T# - Gt 7 Sl e

BT FE i El {7 ElD
I;(-:I;Eri;les Water yield Drought yield Drouiij{cloﬂe%gcient
(kg/640m2) (kg/640m?2)

TEHT 7 8K 432 333 22.9
B 60 463 412 11.0
a4 5K 461 421 8.7
E[H1 105 447 382 14.5
H= 101 392 383 2.3
E[ 1 205 386 340 11.9
HiHT 841 367 291 20.7
BT 14 323 270 16.4
FITHT 120 279 208 25.4
Hifl 8 5f 273 260 4.8
Ty 382 330 14.2

(%@%?g?’ 1995)

Table 6. = f FELFEPURTHRE & B0 FIH [F (1992)
Table 6. The water use efficiency for economic yield of hybrids corn(1992)

e | ESTL LIS
7 Kernel yield Water use efficiency
Hybrides (kg/640m2) (Kernel kg/ton water)
T8 < [k ol Bk T8 < B ! Bk
Water Drought Water Drought
TEHT 7 8K 432.0 333.0 1.37 1.36
B 60 463.0 412.0 1.44 1.64
e 45K 461.0 421.0 1.42 1.69
E[ #1105 447.0 382.0 1.39 1.52
= 101 392.0 383.0 1.23 1.55
E[ #1205 386.0 340.0 1.16 1.32
HiHT 841 367.0 291.0 1.13 1.17
T 14 323.0 270.0 1.00 1.07
FITET 120 279.0 208.0 1.02 0.84
Hikl 8 5f 273.0 260.0 0.85 1.04
= 382.3 330.0 1.20 1.32

(FI% §7 » 1995)
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Table 7. Maximum light interception efficiency (ei) and increase in plant height and plant
leaf area from V11 to R2( of plots subjected to contrasting temperature regimes
before anthesis (GS1) in two experiments (Exp. 1 and Exp. 2).

ORIV R 7 Increase in
Experiments and B T?FFJ,'J
temperature regime Maximum ei Leaf area Plant height
(cm?) (cm)
Exp. 1
Control 0.91 5278 182
Heated 0.93 4833 157
Exp. 2
Control 0.91 4911 164
Heated 0.93 4511 117
Temperature effect ns 0.02 0.009

tns, not significant (p>0.10)
ip values of main and interaction effects
(Cicchino et al. 2010)

%8, o T GST (L g+ 11 )i GBI SEREAE 2 A0 = it IRER B 1% &1
PEA R TR B Y3
Table 8. Plant (PGRCP) and ear (EGRCP) growth rates during the critical period, plant grain
yield (PGY), harvest index (HI), and kernel number per plant (KNP) for GS1
treatment periods and two experiments (Exp. 1 and Exp. 2).

K R IAgh A GSI(11 Brggr+11 )

Experiments and MFRE SOk LY Sk BRRE l['ﬁg?ﬁgif HHRRR B

temperature regime PGR EGR PGY HI KNP
—g plant-1d-1 — -g plant-1 - No.

Exp. 1

Control 3.90 0.86 113 0.478 490

Heated 1.06 0.26 56 0.352 236

Exp. 2

Control 4.21 1.30 139 0.533 478

Heated 0.92 0.49 49 0.343 188

Temperature effect 0.0001 0.0003 0.0002 0.0005 0.002

TANOVA performed on data transformed to arcsin.
ins, not significant (p>0.10).

§p values of main and interaction effects.
(Cicchino et al. 2010)
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Table 9. Rank-summation-index values and means of cold-tolerance traits for 34 maize

inbreds planted in early April at two locations in Iowa in 1974 and 1976.

ApHT 7 fnde piizp
I A Index 7 = Emergence  Seedling
Inbred Origin value Emergence index dry weight
% Days dg

B73 Iowa 11.0 80.4 21.1 1.08
(V3xB14)-2-1  Iowa 125. 71.1 20.0 1.15
Mo7 Missouri 13.5 80.8 21.4 1.16
H98 Indiana 20.5 72.5 21.6 1.07
Pa351 Pennsylvania 24.5 76.7 20.4 0.79
Pa70 Pennsylvania 25.0 82.9 21.3 0.85
Oh40B Ohio 26.0 71.1 22.4 1.15
Ky30A Kentucky 32.5 60.8 21.8 1.07
MS141 Michigan 35.5 72.5 22.6 0.93
E2891-1 Indiana 36.0 70.0 23.6 0.82
MS93 Michigan 41.0 75.4 22.2 0.72
Va35 Virginia 41.0 67.5 23.0 1.08
K731 Kansas 41.5 64.2 22.0 0.85
N132 Nebraska 47.5 60.8 21.9 0.83
Mol7 Missouri 49.0 60.4 22.4 0.92
Mpl Mississippi 51.5 70.8 22.3 0.61
N160 Nebraska 53.5 65.0 22.7 0.75
NY693 New York 53.5 53.8 22.0 0.76
CG10 Guelph, Ontario 54.0 52.9 21.2 0.70
A340 Minnesota 55.5 54.2 23.0 1.00
Oh43 Ohio 58.5 56.9 23.5 1.06
Oh26 Ohio 59.0 44.5 22.4 0.88
A334 Minnesota 61.5 61.2 22.3 0.63
F6 Folrida 61.5 70.0 23.6 0.82
Pa405 Pennsylvania 69.5 52.1 23.7 0.94
Mo13 Missouri 74.0 62.1 233 0.65
Va28 Virginia 75.5 56.7 23.1 0.58
B57 Iowa 76.0 41.8 23.2 0.81
WF9 Indiana 78.5 33.8 23.0 0.68
Mp317 Mississippi 78.5 55.4 23.2 0.61
A502 Minnesota 90.0 50.4 23.5 0.48
N139 Nebraska 91.0 42.1 24.0 0.57
Mp305 Mississippi 92.5 27.5 23.1 0.33
K41 Kansas 94.0 31.2 23.6 0.57
Means 60.3 22.4 0.83

(Mock and McNeill, 1979)
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Table 10. Spilt-plot analysis of variance for CER, SPAD value, @ PSII, stomatal conducance,
DW, root/shoot ration, days from 7- to 8-Leaf Stage and days from planting of 7-Leaf

stage.
£ MSE

oW I ) B ST _

Sour(Ee ; CO2 Lk TF’];%%% & * F&"EI}JE i L[eaf - E'EZEI TEL/EU—??B
= CER SPAD ®PSII DW Root/shoot
df conductance

Replication 7 81.68 42.16%* 0.01 2.97x10-3  11.64%* 0.07

Treatment 1 16649.05**  7272.65%* 10.09%* 0.33%:* 3.53* 0.02

Error A 7 30.55 4.24 0.02 0.61 0.02

Genotype 48 53.73%* 93.19%** 1.49x10-2%* 1.81x10-3*  11.00%* 0.14

Treatment 6.56x10-4 0.22 6.50x10-3**

«Genotype 48 11.50%* 19.85%: 4.30x10-3**

Error B 666 5.39 5.52 1.68 4.31x10-4 0.3 3.90%x10-3

*Indicates significance at P=0.05
**Indicates significance at P=0.01
ns, nonsignificant

(Lee et al.,2002)

11 IO GO S P A S Rl Ry

Table 11. Growth Rates of Four Corn Inbreds Grown at Different Temperature Regimes

[ A

R .
Dry Weight of Inbred (20plants)

Growth Temperature

B73 B49 G50 G84
(¢ mg seedling-1d-1
30°C (constant) 7.4 5.8 6.3 5.9
14°C (constant) 2.2 (30) 1.9 (33) 1.6 (25) 1.4 (24)
16 hat 15°C/8 h at 8C 1.9 (26) 1.8 31) 1.3 21) 1.1 (19)
16 hat 13°C/8 hat 4C 1.3 (18) 1.2 (21) 0.9 (14) 0.6 (10)
LSD =0.05 0.62 0.18 0.46 0.26

Numbers in parentheses represent growth rates as a percent of the rate at 30°C . Values

represent mean dry weights of 20 seedlings.

(Stewart et al., 1990)
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Effects of stress on the growth responses of corn and
related operations in breeding and cultures

Guang-Jauh Shieh

Crop Science Division, TARI, E-mail : x486045@tari.gov.tw

Abstract

Maize (Zea mays) originates from subtropical regions and often cultivates in
upland field. The experimental results indicated that the emergence of corn seed was
highly susceptible to flooding, and more damages occurred as flooding period increased.
This may be due to deficient of oxygen in the flooding. Generally, the most sensitive
stages at which were inflicted by flooding resulted in the reduced grain yield was the
early growth stage (V3-V5 stages). That the root growth, physiological activity,
respiration, shoot growth, PEP carboxylase activity, chlorophyll content and grain yield
decreased in the flooding than those of the non- flooding. The best solution is to select
the tolerant cultivars for waterlogging condition and cultures in the well-drained field in
the rainy season. When drought stress occured just before or during the flowering period,
the decreases in the sucrose and glucose content, with transport of assimilates to kernel
would decrease, and the kernel weight, kernel number per plant, heave index and the
grain yield significantly decreased. Maize had significantly genotypic variation in
drought resistance or tolerant traits. The drought coefficient for yield and yield of per
plant were the critical traits for drought tolerance in the breeding program. The maize
was used to high optimum temperature needed for germination and growth, and
belonged to the thermophilic plant species. Heat stress ( 37-39 °C) during late vegetative
growth and the silking-pollination periods had severely negative effects on the plant
height, leaf area per plant, plant dry weight and growth rate. It also delayed the anthesis
and silking, with increasing the length of anthesis-silking interval of maize in heat stress.
Heat waves during growing season caused leaf firing in developing leaves and tasseling
blasting. When high temperature occurred during endosperm cell division would reduce
the sets of kernel and grain yield of maize. The precautions of high temperature stress
are (1) avoiding to plant corn in the high temperature season. (2) It is appropriate to

plant the tropical-type varieties of green corn under high temperature season. (3) To
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select tolerant varieties to high temperature stress from germplasm in the breeding
program. When Maize was in low temperature stress, it might cause various type of
physiological damage (chilling injury). Low temperature stress reduced the shoot
growth, root dry weight, root number, and it also reduced the respiration rate, CO,
exchange rate, PEP carboxylase activity, chlorophyll content. The leaf necrosis was
also found in chlilly injury and the tassel size, branches number, spikelet and pollen
grain per tessel decreased in chilling stress. The objectives of breeding for
low-temperature adaptation will focus on (1) to increase yield and (2) to improve yield
stability, and gene combination from the hybridization of different anti-stresses will be
largely used. After heterosis was extensively gotten, disease-resistance gene selection,
plant type improvement, green-keeping and middle-late maturing have become the main
directions to develop the breeding techniques of increasing maize yield potential. In the
future, the breeding program of field-maize varieties will focus on tolerance to high
planting density, stress resistance, high adaptability to environment, high yield and

adaptability for mechanized operation.
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Abstract

Sweet potatoes are originally from South American, and they grow at higher
temperatures. If sweet potatoes encounter low temperatures, the growth of leaf length, leaf
width, petiole length, root length, root diameter, stem length, and leaf number will be
remarkably reduced. The reduction of elongation growth of the epidermal cells in above
organs can be observed using a microscope.

Sweet potatoes grow well with appropriate water supply. However, the growth of sweet
potato will be affected by flooding or water deficit stress. When sweet potatoes were
inflicted by flooding, the root weight and root number were reduced but the shoot weight
was increased. If sweet potatoes were inflicted by flooding at the early growing stage, the
growth of sweet potato would recover after flooding. If sweet potatoes were inflicted by
flooding at the middle growing stage, the growth of sweet potato would not recover after
flooding.

When sweet potatoes were under the water deficit stress, the shoot fresh weight, branch
number, leaf area, maximum root diameter, root number, root weight, and biological yield
would be reduced. Likewise, the net photosynthetic rate (Pn), stomatal conductance,
transpiration rate, chlorophyll content of sweet potato leaves would also be reduced.

Sweet potatoes have better soil salinity tolerance than other crops. The growth of sweet
potato was not significantly affected with the salt concentration of 0.2-0.4%. If the salt
concentration was greater than 0.8%, the growth would be significantly reduced. If th salt
concentration was greater than 1.6%, no sweet potatoes could survive. When sweet potatoes
were under the salt stress, the water potential, relative water content, photosynthetic rate

(Pn), stomatal conductance, and transpiration rate of sweet potato leaves would be reduced.
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But the intercellular CO, concentration and ABA content of sweet potato leaves would be
increased with the increase of the salt concentration.

To ease the change of climate, the strategies of sweet potato cultivation include (1)
Clipping vines or the use of growth regulator reagents to control the yield of vines and
increase the yield of tuberous roots during flooding. (2) Using drainage treatment to reduce
the damage of sweet potatoes after flooding. (3) Applying calcium chloride or paclobutrazol
for improving the flooding and chilling tolerance of sweet potatoes. The breeding strategies
are (1) Using wild sweet potato varieties as the drought resistance parent. (2) Using EMS to
induce mutation for screening sweet potato varieties with better salt resistance. (3) Using
stress tolerant genes to transform sweet potato varieties with the ability of drought, chilling,

heat, and salt resistance.
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Fol ] B R Y
e Fir 53-—45 fEik 117
b 1 + & E W F 7 iE W
LN (e 83.6 121.1 71.5 128.5
PR 2.0 3.4 4.4 6.6
HETBR (75 E2K) 665.0 1906.0 1401.1 2054.2
L AR CER) 0.30 3.01 0.42 0.61
LR 0.4 0.8 0.8 1.4
HIE (5 0.19 8.35 0.59 1.04
Ay B (3E) 3.86 . 16.90 7.09 - 13.02
A2 FIF AT T FIER YIRS ™ U e A o) A A ALY
NaCl " 18 RFaE AR
(mmol* L") Pn Tr WUE Pn Tr WUE Pn Tr WUE
0 748 1.74 430 8.64 1.80 4.8 6.62 1.83 3.63
85 5.03 1.2t 4.16 4.4 1.20 3.78  3.45 1.09 3.17
170 29 0.70 4.4 298 0.78 3.82 225 0.69 3.26
255 1.60 0.48 3.33 .56 0.49 3.18 098 0.41 2.39
340 0.04 0.19 -0.21 -0.23 0.21 -1.10 -0.28 0.19 -1.47
i (Note) : Pn(CO;, pmol*m 2+s™); Tr(HyO,mmol*m .5™'); WUE(CO;, mol* mmol *,H,0).
F 3 BB BIEAYH T AR VR Y
Concentration and time applied Significant
compared
300 ppm 500 ppm with CK
CK :
45 days 75 days 45&75 5d 5 days
:n"te:‘r afte:’ days after ; a[l:r)|IS ‘;I‘aftlla'egr diis&a;:r ‘10;,35'% “12:'e11%
planting planting planting planting planting planting
SADH #*26,667 **25556 **21256 **26811 **26667 **20978 2,589 3,544
Tainong 64 30,556
ccc **26,256 % 27,778  **23056  **26,256 28,333 **24,167 2,256 3,089
SADH *%*42089 **39,589 **40,833 *%42367 *%37,222 **37,089 4,122 T 5,656
Tainan 18 49,722
cce **38,756 **36,389 **37367 * 43,056 **35556 **3931] 5,333 7,311
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Concentration and time applied

Significant

compared
300 ppm 500 ppm with CK
CK
45 days 75 days  45& 75 45 days 75days = 45&75
after after days after after after days after *on 5% **on 1%
planting  planting  planting  planting  planting * planting level level
)  SADH  **43,611  **44,444  **42,500 **45833  *%46389  **40,000 3,880 5,344
Tainong 64 51,944
CCC  **46389  **46,111 **43056 **45833  **45000 **42,500 3978 5,456
- SADH 70,833 * 65,556 **64,722 68,889  **55000 **62222 7,556 10,356
ainan 18 75,556
cce **62,778  **65278  **61,111 * 677222 68,889  **6] 667 ' 6,822 9,356
= 9 = - 5 )
S5 FALTEAE | T OSSR I AT < ]‘ﬁqy/
Concentration and time applied Significant
compared
300 ppm 500 ppm with CK
CK
45 days 75 days 45& 75 45 days 75 days 45& 175 " o
after after days after after after days after ;’m 5[% 1011 :%
planting planting planting planting planting planting ey il
SADH **12,167 **12,389 **13,056 **12,811 **13,833 *¥15944 1,177.78 1,611.11
Tainong 64 10,422 .
cee #4811 **14756 **14944 **]6033 **14,833  **]5589 134444 184444
SADH ** 4111 ** 4000 ** 4644 * 3756 ** 4278 ** 3,944 5717.78 800.00
Tainan 18 3,056
cce * 3756 ** 3978 ** 4144 ** 3922 ** 3867 ** 4,144 533.33 722.22
EN S B e R NG R
Concentration and time applied Significant
compared
300 ppm 500 ppm with CK
CK
45 days 75 days 45 & 75 45 days 75 days 45& 75 *on § soon 1
after after days after after after days after (l)er:rel% 123e1%
planting planting planting planting planting planting
SADH **18200 **17,200 **I8,867 **17,778 **17,589 **18,867 2,13333 293333
Tainong 64- 14,167
ccc **#19311 * 16,778 **19,056 15,333 16,111  **18222 223333 3,066.66
SADH ** 5667 ** 5333 ** 6278 ** 6389 ** 5444 ** 5833 766.67 822.22
Tainan 18 4,444
cce ** 5500 * 5256 ** 6,700 4667 ** 5611 ** 6,111 74444 102222
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Drawdown Decay (%)

rate Days after harvest
Cultivar {cm/day) 2 9 12 16 23
Centennial S 1 15 25 42 54
20 2 9 18 38 48
35 0 9 29 51 60
100 0 9 11 28 40
Julian 5 0 1 9 25 34
20 0 2 6 24 27
35 0 5 12 31 34
100 0 2 12 21 31
NC 257 5 S0 60 88 96 97
20 41 68 78 85 89
35 35 58 70 81 85
100 6 kS 31 43 54
LSD 5% 13 14 17 17 16

Fe 8 hgHE U SR B SRR VS

Temperature Oxidized glutathione (p mole/g fw)
Xl 3 el )d
regtme pere Control period Chilling period Recovery period
24/20°C O h 42200C 1d T7*C1d 77°C 3d TIFC 5 d 420°C 1d  24/20°C3 d
(day 0) (day 1) (day 2) (day 4) (day 6) (day 7) (day §)
Variety/PBZ
TNTU-P 035" AY d° 042 A od 037 Bd 061 Bc 099B b 124 Ca 027Bd
TNTU+P 029 Ac 029 AB c 072 Ab 099 Ab 143 A a 155 BC a 095 AB b
TN6S-P 011 Bc 009 Cec 032Bc 039 Bc 113AB b 201 Ba 062Bc
TN6S+P 019 B d 020 BCd 039 Bd 103 A cd 140ABbc 300 Aa 33AD

* Each value was the mean of four replicates of each PBZ treatment or for each temperature time
¥ Among four PBZ treatments (column), means with same capital letters were not significantly different by the Duncan test
at P = 0.05 with completely randomized design
* Among seven temperatures of each period (row), means with same small letters were not significantly different by the
Duncan test at P = 0.05 with completely randomized design

P: no paclobutrazol treated; +P: paclobutrazol pre-treated

F9 SFPRID PR SR B ik

il
wHm Drought coefficient HEEN FHE (%) MEFHER (kg
Gerotypes I i I Drought coefficient Dry matter content  Average yield of plot
Y 0,44 0.3 02 0.35 30.1 5,28
2 0.87 0,45 0. 81 0.71 36.9 1.9%
¥y 0. 61 0.23 0. 36 0,40 38.4 2,39
¥k 17 0.1 0.27 0.23 0.20 37.4 2. 69
E3 s 0,23 0.41 0.15 0.26 2.6 15, 30

127



P3RBT AR R

# 10 yy~ye FED F1 [V 2 pIEIREAS

BTE (o
Fresh root wt Dry matter content
Ton  Emam (O AEAS RRER % ow o mmm  tae
Average 7 el Haterosis cv Average Maximum  Selection ratio
K 212Xy, 520 1650 31.6 78.1 26. 9 34.8 7.3
ys X 3 21-2 495 1350 25.3 70. 3 28.7 38. 4 2.7
W 18Xy 405 1700 =13.4 74.4 25.6 34.0 1.5
ye X TR 18 305 875 ~34.8 74.0 25. 6 40.1 0
BEXys 405 800 44.6 56. 2 29.0 38.8 0
ye X i & 330 1075 17.9 66.5 31 36.7 0
¥ 78066 X yg 275 1325 —20.1 104. 6 23.5 28.8 0
ye X ¥ 78066 265 925 —20.9 99. 4 23.1 33.2 1.5
6 52-7X yq 455 1275 35.8 86.5 25. 1 29.0 0
527Xy, 535 1050 189.2 92.1 22.8 36. 1 2.7
y2 X #§ 52-7 250 475 35.1 96. 1 25.8 1.6 2.1
KWa8Xy: 305 825 5.2 77.8 26.3 34.0 31
# 34-14 Xy, 350 1275 131. 4 92.5 25.3 32,2 3.5
ALy, ye FER F2 (40 g@ﬁﬁ#l;&i}%%
B T % B
Fresh root Dry matter Starch

REE  ww  wxmm AR wumm PP OO g pumm we% %

Varety No- bty 7 (%) deg/hmd) = (R DTN gingy B (%) Starch ratio
17-711 43 884 13.4 12 067.5 17.2 27.5 7705, 5 18.6 17. 56
17-78 45 669 18,0 12 741 23.7 27.9 8128.5 25.1 17. 80
17-4 44 241 14.3 13 051.5 26,7 29.5 8538 31.4 19. 30
1788 48879 263 124635 210 5.5 173 19.1 15. 83
17-79 40 317 4.2 13 023 26.5 32.3 8§764.5 34.9 21.74
15-75 51021 3.8 12 807 24.4 25.1 7897.5 21. 6 15. 48
7-13 43536 12.5 11 929.5 15.8 27.4 7609.5 172.1 17. 48

ck 38 698.5 - 10 297.5 - 26.6 6 496.5 - 16.78

« THARR 212X ye, 1SHA LKW 18Xy, TAQER 431Xy,
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NaCl conc. Plantlet Shoot Shoot fresh Chlorophyll Membrane
(mM) length*(mm) weight (g) content (mg/g) permeability
30 MLI M2+2857a 0.287 £ 0.035 ab 1463 £ 0.110 ab 0.317 £ 0.019 ab
ML2 H6£278a 0.260 = 0.031 ab 1402 £0.112 ab 0.332 £ 0.029 ab
ML3 3.0+£3162a 0323 £ 0,057 a 1591 £0.171 a 0285008 b
Control 354287 a 0200 £ 0.039 b 1.288 +0.133 0.361 = 0,051 a
100 MLI 1461200 a 0271 £ 0,038 ab 1.463 £ 0.110 ab 0377+ 0018 b
ML2 462245 0.246 £ 0.050 b 1288 £0.112 b 0.389 £ 0015 b
ML3 164278 a 0317 £ 0.057 a 1505 £0.158 a 0.330 £ 0,036 ¢
Control 12170b 0171 £ 0.M42 ¢ 1076 £ 0.067 ¢ 0476 £ 0.021 a
* Value 1s mean = SD
# 13 PEG6000 J&148 S5~ 75 1 Bz AT w’;iﬁ} VR
5 I 773 4 i &[5 7 i E & S A A & f5 7 A B
PEG W‘l Pl ﬂﬂﬁﬂﬁﬂ@ﬁ Cel]JF;]ggregfa;l{es surviving Cjﬂ?ggpe;a‘;es surviving lelj:?ggregfa:es suviving Cjﬂ?ggm;a:es surviving
Concentration Treatment Number of cell after 1 week after 2 weeks after 3 weeks after 4 weeks
) ggregles taled L (%) Number (%) Number (%) Nober (%)
0 1 62 62 100 62 100 62 100 62 100
I 7 n 100 7 100 n 100 7 100
1 72 2 100 72 100 2 100 72 100
20 1 248 138 35.6 75 30.2 71 28.6 51 20.4
I 210 120 57.1 635 31.0 63 30.0 43 20.6
i 138 9% 69.6 48 35.5 45 2.6 29 21.2
30 1 301 148 49.1 65 21.6 35 18.3 0 0
Il 259 107 41.3 66 25.1 60 23.2 0 0
1l 330 131 39.7 63 19.1 53 16.1 0 0
32 1 305 9% 32.1 40 13.2 [i] 0 0 [i]
I 240 70 29.2 24 10.0 0 0 0 0
Il| 210 62 29.5 20 9.5 0 0 0 0
A4 P R S8
#5 M Plat Rk 0.05 FEHE: 0.01 P E:
Line No. I I m Mean Significant at 0.05 Significant at 0.01
6 0.75 0.73 0.69 0.72 a A
2 0.55 0.78 0.60 0.64 ab AB
10 0.71 0.57 0.63 0.64 abe AB
11 0.53 0.68 0.62 0.61 abed AB
8 0.61 0.48 0.37 0.49 bede BC
1 0.48 0.36 0.60 0.48 cde BC
12 0.51 0.43 0.43 0.46 de BC
7 0.48 0.50 0.35 0.44 e BCD
9 0.30 0.48 0.37 0.38 ef CcDh
CK 0.39 0.42 0.33 0.38 ef cDh
5 0.57 0.28 0.22 0.35 ef CD
3 0.22 0.25 0.22 0.23 f D
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% 15 &' Polyamines # R E %ﬁ#léﬁl‘ﬁé T AR A

Plant Growth condition
Control Salinity Drought
Fresh weight of vines WT 249.6a 338.6a 167.3b
(g planl"] TSP-SS-1 2494a 2748a 144.1b
TSP-SS-4 2573a 258.6a 144.0b
No. of storage roots WT 33cd 40¢ 2.7d
per plant TSP-S5-1 5.0ab 6.la 4.5bc
TSP-SS-4 5.0ab 53ab 40¢
Fresh weight of storage WT 32404 27.1¢ 111.3d
roots (g plant ') TSP-SS-1 34893 2840b 139.1d
TSP-S5-4 1382a 2843 b 127.2d
Starch content in storage WT 150b 16.7 ab 124¢
roots (%, w/w) TSP-SS-1 15.1b 17.0ab 152b
TSP-S5-4 15.7b 175a 17.1ab
Starch yield (g/plant) WT 48.6a 39.6b 138d
TSP-SS-1 52.7a 483a 2.dc
TSP-SS-4 Sla 98a 218¢

Means with different letters are significantly different at P<<0.05 by Turkey's multiple range test.
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Breeding and Cultivated Management of Vegetable
Soybean for Adaptation to the Climate Change

Kuo-Lung, Chou

Kaohsiung DARES, COA, Executive Yuan, E-mail: lung@mail.kdais.gov.tw

Abstract

Under the global climate change obvious tendency, the extreme and unusual
climates occur frequently. At present cultivated vegetable soybean varieties are
sensitive to the climatic environment, and so often meet the flood, the drought or the
cold extreme climates in the spring and fall seasons, to cause the product and the
quality are low. In addition the water resource is precious and cultivation risk is
higher. For example in the fall crop of 2010, the vegetable soybean met the low
temperature in form pods stage, to cause the pod yields were reduced up 40% and the
quality was inferior. The farmers’ loss surpassed above 100 million NT dollars in the
fall crop of 2010. In addition to export special area, vegetable soybean is planted
approximately 6 months in spring and fall crops per year, the lands utilization
efficiency are low, and have the continuous cropping question. Therefore, it is
important how to adapt the climate change, and to develop new vegetable soybean
varieties with the broad adaptability and tolerance stresses to environment. The goals
can achieve the normal year to increase production, the unusual year to reduce loss
at least. In the vegetable soybean breeding strategies to combat stresses, the basis of
stress tolerance breeding is to identify and select the corresponding functional genes
from soybean germplasm resources, and to use as the hybrid parent. The short-range
goal is breeding a new variety for adaptive the short-term cold tolerance or the
drought tolerance in growth season, and with higher yield. In addition to establishes
environment compatible crop rotation management model at the export special area,
in order to strengthen agriculture ecological environment, and to improve vegetable
soybean continuous cropping question. The overall objective of this proposal is to

promote the international competitiveness of Taiwanese vegetable soybean products.
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Adjusting Breeding Strategies of Cruciferous
Vegetable to Match Challenges of Climate Change

San-Tai Wang, Shiow-Huey Hseu, Kan-Shu Chen, Chin-Chun Chiou, Shuo-Peng Li,
Chen-Yu Lin, Hui-Ling Lo, Jaw-Neng Lin, Miao-Miao Hsu, Cheng-Fang Hong,
Lien-chung Chang, Pei-Hua Chen

Abstract

Climate change had started from industrialization by increasing CO, concentration.
Stable production of cruciferous vegetable will be more and more difficulty with climate
change by biotic or non-biotic stress with higher average temperature, drought, higher sea
level, salinity of soil, disease or pest changing. Cruciferous vegetable is the most important
leafy vegetable for human being to supply nutrition economic and farmer’s income.
Production area of cruciferous vegetable will change or adjusting new varieties to adapt new
eco system in the same production area. Taiwan varieties of cruciferous vegetable with
characters of heat tolerance will have chance to cultivate in temperature area where will be
warmer under climate change. Breeding strategies of cruciferous vegetable will be two
major items, one is international assistance, and another is promoting competition of seed
industry. The aims of international assistance breeding are selecting and breeding of
Brassica napus and Brasscia juncea which are amphidiploids with characters of high
eco-adaptation, nutrition and easy propagation locally. The aims of prompting seed industry
breeding are breeding of Brasscia oleracea and Brasscia campestris which are major
consumer crop to match climate change. Besides selection germplasm of B.napus and
B.juncea, interspecies crossing, embryo rescuing and chromosome doubling of B. oleracea
and B. campestris which select for characters of heat tolerance and other eco-adapting
characters will create new population in early generation with fertile normally and enough
seeds. New population of Brasscia napus will send to tropic or subtropics countries to select
its own eco-adaptation variety by AVRDC, ASEAN or International Cooperation and
Development Fund (ICDE). New variety of local adaptation Brasscia napus will send back
to Taiwan for next recurrent selection and back crossing to B. oleracea or B. campestris for
improving eco-adaptation. Although Taiwan’s varieties posses heat tolerance character, but

lack of drought tolerance and virus resistance will be problems. Different of disease
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population between Taiwan and temperature area need more researches to understand. For
examples, race 1 and 4 of Xanthomas campestris were major races in Japan, England and
Germany, but race 1 is major race in Taiwan. Varieties of Brasscia spp. could be also
resistant to Xanthomas campestris of temperate area with screening of specific races in
temperate region. Disorder of tipburn is not only by high temperature, but also for late
maturity variety. Screening and breeding of tipburn resistant varieties are necessary under
climate change. Early maturity varieties can reduce damage of climate change, but shortages
of lacking heat tolerance and tipburn must improve. Enough specific low temperature period
treatment is necessary for production of cauliflower and broccoli. Although Taiwan’s
cauliflower varieties had character of heat tolerance, recurrent selection for improving
ability to produce in the summer of temperate region will hold in the future. Introduction
heat tolerance character from cauliflower to broccoli and introduction heat tolerance
character from Brasscia napus to cauliflower or broccoli will create a new more heat
tolerance population for further breeding. Breeding of high nitrogen use efficiency (NUE)
cultivars will be a challenge for expensive nitrogen fertilizer under climate change.
Molecular marker assist breeding, mutation breeding, embryo rescuing and another culture
are necessary technologies for further breeding of cruciferous vegetable. Time, financial
support and human resource are necessary for breeding to well done. We must invest in

breeding right now for reducing suffering of further disaster under climate change.
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1486 13459
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2n =34
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B.juncea
2n =136
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2n =18

CC

20106 13543 18224

[T R W AR R
(Frandsen, 1943 ; Boukema and Hintum, 1999)
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Pl PRI (o A 2 o UV (1

F 1 A B[RRI PR I 5 TSGR R

2009 2008 2007 2006 2005 T
s e
IEZ TS N G ) 2,287 2,224 2,192 2,218 2,385 2,261
EX: S INCHE ! 64,327 63,597 61201 65535 66,460 64,224
LRI o e
IEZ TS N G )| 1,164 1,053 1,080 1,036 954 1,057
RE () 19,872 18,802 18,333 17,782 16,628 18,283
T )
[EFET AR (7 ) 1,107 1,094 1,090 1,087 1,042 1,084
TR () 24327 23,704 23,610 23,374 22318 23,466
R
IEFET AR (7 813 813 810 821 799 811
4% B () 19,611 18,819 16,101 14,915 13,155 16,520

(¥R Js ¥ © FAOSTAT)
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S PRARBE TR S P

# 2 IEREERESVE A SPERRAT S R AFE
dREE | REEE | EE | R et k| S| 50 | et et k| PMETR[ES % C
(keal) | (g) (&) |A(RE)| (mg)| (mg) | Bl (mg) B2 (mg)| (mg) | (mg)
| ¥ (4~6) | 1800 24 500 | 10 | 800 0.6 0.6 8 25
pir 2900 63 1000 | 10 | 1000 | 1.2 1.3 16 90
(25~50)
EZ2 2200 50 800 15 1000 1.1 1.1 14 75
(25~50)
e 2500 60 800 30 1000 1.4 1.4 18 85
il 33 | 150/FF | 2 20 | 03 | 47 0.09 | 0.08 | 04 30
iz | 20 | 170/ | 3 437 | 1.8 | 158 | 0.05 | 0.11 | 0.7 44
F i 17 | 19FF | 2 115 | 04 | 38 0.05 | 0.05 | 0.6 19
TR 29 | 124/fF | 2 2 04 | 20 0.05 | 0.06 | 0.5 55
il 36 | 130 | 2 962 | 12 | 94 0.07 | 0.09 | 0.7 53
SREE | 48 | 165/4F | 3 7 07 | 41 0.07 | 0.03 | 0.6 89
T 21 | 140/f% | 3 424 1 | 104 | 006 | 009 | 0.6 35
&S 33 | 156/8F | 1 0 03 | 34 0.04 | 004 | 05 18
BN 83 | 77/ 3 1,017 | 1.9 | 357 | 0.08 0.2 1.1 45
<45 205 | 158/fF | 4 0 19 | 16 026 | 0.02 | 2.3 0
| % 407 | 120/fF | 16 0 47 | 41 054 | 026 | 7.6 0
(eTR[$F + USDA)
A3 PIRTEES PR EFE RS G R B Tk
PETRT(A) TGHFEL P (B) B/A(%)

B.campastris x H 9 HE 48572(25) 127(19) 0.26

4n x 4n  36496(5)° 189(2) 0.54
B.oleracea

ﬁz%% 3877(6) 323(6)" 8.33
Boleraced x e 21614(10) 34(1) 0.30

4n x 4n  28577(2) 131(2)° 0.46
B.campastris

L5 & 11627(4) 147(2)" 1.26
CREL R A R RAURTEY (F't Namai, H =7 * 2R 121, 1980)
VEER R ﬁ?ﬂ%’fﬁ%@ﬁ?ﬁ%f
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P PR P 4 AR

Fed {ifl 3 BT R 2 B ] R R AT (L

FHEES E1El S 1 2] & At C

(keal) (2) (8) (mg) (mg) (mg)
i e 22.0 100 1.3 0.2 31 20.0
LR 11.7 100 1.7 1.0 93 25.8
Fl L 14.2 100 1.6 0.3 32 15.9
S 23.3 100 1.6 0.3 16 44.3
i e 27.6 100 1.5 0.9 72 40.7
SR 29.0 100 1.8 0.4 25 53.9
i Ly 15.0 100 2.1 0.7 74 25.0
& il 21.1 100 0.6 0.1 22 11.5
B# 20 100 0 0 20 20.0
Fifl13 8 13.0 100 2.0 1.5 145 16.3
Sl 10.0 100 1.6 0.9 88 16.6

(@EERSE USDA?F",FIIE@{%&&L%)
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Abstract

Genetically improvement of crops, high quality seeds extension and advanced cultural
techniques promotion have been contributors to yield increase and to nutrient supply.
However, the global population is growing and the agricultural environment is changing, the
world food supplies will meet strongly pressure in the future. To feed the several billion
human beings and to maintain food security, the production of food must be increased.
Vegetables are the important sources to provide micronutrient to people living. Among the
vegetables, the cucurbit crops are one of the largest groups with the wide adaptation from
temperate to tropical climate environment. The Cucurbits is a group for cultivated species
of the family Cucurbitaceae which is originated from tropical and subtropical regions
around the world. By production area, the top four cucurbits produced in the globe are
watermelon, cucumber, squash and melon. In Taiwan, cucurbit crops also occupy the
dominant source of vegetables in consumption market, especially watermelon, melon,
cucumber, sponge gourd and bitter gourd. Cucurbits are one of the major providers of
vegetables and supplementary food. Because the cucurbits are grew in warmer seasons in
Taiwan, the production of cucurbits face some stress challenges which are due to the
changing agricultural environment.  Temperature variation, floods, drought, disease
pathogens and pest are the major stress, which adversely affect cucurbit plants growth and
productivity. Therefore, it is important to improve the breeding and cultural technologies
of cucurbit crops in the changing agricultural environment. Some essential components
are required simultaneously: mining and exploit of genetic diversity, establishment of
stress breeding indices, enhance of collaboration, advanced research techniques and
efficiency and developing high quality researchers. The integrated strategies for scientific
research should be implementing to maintain and increase cucurbit crop production in

unpredictable environment.
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Abstract

Abiotic and biotic stresses are major constraints of vegetable production in the tropics
and climate change is expected to aggravate these problems. Depending upon the crop, the
combined effects of multiple stresses may reduce total yield, reduce product quality,
increase postharvest losses, and alter nutrient content. Consequently, vegetable varieties for
the tropics should possess tolerance to heat, salinity, and other abiotic stresses, carry an
array of disease and insect resistances, and still produce high yields of good quality produce
that meet market requirements. Meeting this challenge requires robust protocols to screen
and identify useful alleles from exotic germplasm and efficient selection methods to
facilitate incorporation of multiple stress-tolerance genes into new varieties. Development
of tropically adapted varieties of tomato (Solanum lycopersicum L.) and pepper (Capsicum
annuum) is a high priority at AVRDC — The World Vegetable Center. Tomato production in
the tropics has been devastated by increased incidence and severity of tomato yellow leaf
curl diseases (TYLCD) caused by whitefly-vectored begomoviruses. Development of
resistant varieties is complicated because the pathogen is highly diverse and almost all
TYLCD resistance genes originated from wild tomato species. Application of
marker-assisted selection (MAS) by AVRDC has facilitated development of tomato varieties
homozygous for multiple begomovirus resistance genes that are expected to offer higher

levels of resistance to a wider range of begomoviruses. Most modern tomato varieties are

163



P PR P 4 AR

sensitive to heat, drought, and salinity, but sources of stress tolerance have been found
mainly in wild tomato accessions. AVRDC uses a multidisciplinary approach to map genes
conditioning heat, drought, and salinity tolerance in tomato and to identify markers linked to
targeted genes to facilitate gene introgression. Sweet pepper is a high value crop but
sensitive to heat. AVRDC’s strategy to develop a tropical sweet pepper emphasizes the
evaluation of sweet pepper lines under Taiwan summer stress (high temperatures and
humidity) for yield components (fruit number, fruit weight) and traits linked to heat stress
adaptation (pollen viability, root mass, vegetative biomass). Lines performing well for
different components or traits have been identified and our hypothesis is that crossing lines
with complementary traits and selection will lead to new lines with improved levels of heat
tolerance. Breeding varieties adapted to climate change will shift more attention toward
breeding for tolerance to abiotic stresses, which are often genetically and physiologically
complex. Manipulation of multiple genes and traits will complicate vegetable breeding and
will require effective use of conventional breeding techniques and molecular markers

involving multidisciplinary teams.

Introduction

The solanaceous vegetables include globally important crops such as tomato, chili
pepper and sweet pepper as well as regionally important crops such as eggplant (Solanum
melongena), African eggplant (S. aethiopicum, S. anguivi, S. macrocarpon), and African
nightshade (S. scabrum, S. villosum, others). Solanaceous crops are major significant
sources of pro-vitamin A carotenoids, vitamin C, and other micronutrients. Production of
high value horticultural crops offers smallholders in developing countries opportunities to
substantially boost income and alleviate poverty. Because horticulture is labor- and
capital-intensive, jobs are generated on-farm; transport and processing of horticultural
products also creates off-farm employment for semi-skilled or wunskilled workers
(Weinberger and Lumpkin, 2005). Unfortunately, insect pests, diseases, high temperatures,
salinity, drought and other factors limit solanaceous crop production for smallholder farmers
in Africa, Central/South America, and Asia. For example, tomato yields are 10 to 12 t/ha in
sub-Saharan Africa and tropical Asia, compared with 28 t/ha worldwide (FAO, 2006). It is
expected that the direct and indirect effects of climate change will only exacerbate problems

for small-scale tropical vegetable farmers.
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Depending on the crop and region, the combined effects of multiple abiotic and biotic
stresses can reduce total yield, increase unmarketable yield, lower produce quality, increase
postharvest losses, or alter nutrient content of the produce. The possible effects of climate
change should be assessed by crop, and appropriate breeding objectives and strategies
designed. For example, fruit set and yield of most tomato and sweet pepper will be
adversely affected as mean temperatures exceed 25 °C (de la Pena et al., 2011), while
eggplant may not suffer significant declines in fruit set until mean temperatures exceed 30
°C. Climate change will impose multiple stresses that should be addressed by a combination
of improved varieties and management practices. For most crops, tolerance to heat, drought,
salinity and other stresses are both physiologically and genetically complex, which will
complicate breeding programs. Even if stress tolerant varieties are developed, farmers may
not adopt them unless these varieties meet the requirements of all stakeholders in the value
chain, including farmers, transporters, wholesalers, retailers and consumers.

AVRDC’s breeding programs aim to develop varieties to expand opportunities in
tropical vegetable production. Vegetable varieties for the tropics should possess multiple
disease and insect resistance and tolerance to stress—and still produce high yields of high
quality, nutritious produce. This paper will focus on two examples of approaches AVRDC
uses to breed improved varieties better adapted to climate change: (1) pyramiding virus
resistance genes via marker-assisted selection to manage tomato-infecting begomoviruses

and (2) improving heat tolerance in sweet pepper.

Tomato varieties resistant to tomato yellow leaf curl disease for the
tropics

A direct relationship between climate change and the rapid spread of tomato yellow
leaf curl disease (TYLCD) in Taiwan, the subtropics and tropics, is not certain; however,
periods of warm and dry conditions favor rapid increase of whiteflies (Bemisia tabaci), the
vector of the begomoviruses that cause TYLCD. Early begomovirus infection of susceptible
tomato plants results in severe stunting, reduced leaf size, foliar chlorosis, and yield losses
up to 100%. Early efforts by the worldwide tomato breeding community to identify TYLCD
resistance in cultivated tomato were unsuccessful but high levels of resistance were found in
some wild tomato species, especially some accessions of S. chilense, S. peruvianum, and S.

habrochaites. Interspecific crosses and backcrosses have led to the introgression of Tomato
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yellow leaf curl virus (TYLCV) resistance genes Ty-1, Ty-2, Ty-3, Ty-4, Ty-5 (Ji et al., 2007;
Anbinder et al., 2009). Early TYLCD resistance breeding at AVRDC focused on 7y-2, which
offered excellent resistance to begomoviruses in Taiwan, south India, and parts of the
Middle East. However, the failure of 7y-2 to provide resistance to Tomato yellow leaf curl
Thailand virus, first detected in Taiwan in 2005 (Tsai et al., 2011), and other major
begomoviruses in the tropics prompted AVRDC to adopt a strategy of pyramiding multiple
Ty genes into its lines to increase the chances of broad-based resistance to multiple
begomoviruses. Screening for TYLCD resistance by exposing seedlings to viruliferous
whiteflies and scoring plants for symptom severity was limited by several factors such as
seasonal fluctuations of whitefly populations affecting TYLCD incidence; limitations
imposed by screening with only the begomoviruses present in Taiwan; inability in some
cases to determine by appearance whether targeted Ty genes were present in a particular line
and whether genes were in homozygous or heterozygous condition; and wasted resources
spent growing susceptible plants in the field. Fortunately, marker-assisted selection for
TYLCD resistance genes offers many advantages, including the possibility of eliminating
susceptible plants in a segregating population before transplanting, and the identification of
plants homozygous for 7y-2 and 7y-3 or other combinations in early generations so that
selection in later generations could focus on horticultural, fruit quality or nutritional traits.
Routine application of marker-assisted selection (MAS) in tomato breeding began at
AVRDC in 2007 with the availability of fast, relatively low cost polymerase chain reaction
(PCR) protocols for Ty genes. Because Ty markers are not perfect, conventional exposure of
populations and breeding lines to viruliferous whiteflies coupled with MAS reliably
facilitated development of AVRDC lines with known combinations of resistance genes from
2009-2011 (Table 1). A 2009 AVRDC field trial of tomato lines in Taiwan under high
TYLCD pressure indicated that the group mean of lines with combinations of
Ty-1+1y-2+T1y-3, Ty-1+T1y-3, or Ty-2+7y-3 yielded about nine-fold more than the susceptible
check (Table 2). Initial results from multilocation trials conducted by AVRDC cooperators
in Jordan and Honduras indicate that AVRDC lines with the same two or three Ty gene
combinations above display mild or no symptoms to TYLCD infection, although plants
usually are begomovirus-infected.

Even though multiple Ty lines demonstrate effective resistance to many begomoviruses,
the diversity of tomato-infecting begomoviruses increases the likelihood of virus forms that

will overcome resistance. Use of cultural practices for TYLCD control such as pre- or
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post-transplant nets to exclude whiteflies, application of imidacloprids, and crop-free
periods coupled with resistance can augment TYLCD resistance. Varieties resistant to both
begomoviruses and their vector offer great potential for durable TYLCD resistance. AVRDC
is initiating work in collaboration with Cornell University to incorporate the acyl sugar

insect resistance trait via MAS into AVRDC multiple Ty lines.

Heat tolerant sweet pepper

Among the persistent constraints to production of sweet pepper in tropical climates is
the crop’s poor tolerance to high temperatures. Optimal temperatures for sweet peppers
average 2-3 °C less than for hot chili peppers, and exposure to temperatures greater than 40
°C can cause dramatic reductions in net photosynthesis (Wu et al., 2001). When grown at
high temperatures rather than at optimal cool temperatures, average fruit set and average
fruit size are reduced, resulting in substantially reduced yield. AVRDC searches for
genetic variability for these and other physiological parameters, and through recombination
and selection, aims to improve the heat tolerance of sweet pepper. In addition to
comparative yield component measurements gathered on varieties grown under contrasting
temperature conditions (cool fall or winter vs. warm summer), we evaluate temperature
sensitivity in root development and pollen viability.

An array of sweet pepper varieties, including heat-tolerant and susceptible checks, are
grown in the field under spring and summer conditions, and flowers are harvested the day
prior to expected anthesis. The flowers are dried under a heat lamp, and pollen is screened
from them. The pollen is placed on glass microscope slides and a drop of 10% sucrose
solution with 10 PPM boric acid is added. Samples are incubated at a given temperature
for four hours, after which the germination process is stopped with a fixing solution (25%
acetic acid, 75% ethanol). Slides are examined under magnification, and the percentage of
germinated pollen grain and average pollen tube elongation are estimated. We have found
that pollen viability declined progressively with increasing temperature beyond 36 °C, with
most lines failing to germinate at temperatures greater than 39 °C; a very few lines,
including heat-tolerant checks, may display low rates of pollen germination at temperatures
as high as 42 °C. Pollen tube elongation mirrored these germination results. Heat tolerant
lines incubated at 36 °C, produced tubes averaging 0.8 mm, while susceptible lines

produced pollen tubes 0.2 mm or less in length. Heat tolerant lines could not be
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distinguished from non-tolerant lines at incubation temperatures of 27 °C.

Roots of plant lines with contrasting heat tolerance were carefully excavated at
monthly intervals, separated into three categories (primary [tap] root, secondary roots, and
fibrous roots), cleaned, and dried. The dry weight of the primary root was best correlated
with summer fruit yield potential (r=0.707). This study was compromised by the practice of
establishing field crops via plug transplants, which often truncate the primary root.

Summary characterization of numerous genotypes for the noted field performance traits
(fruit count, fruit weight, vegetative biomass, as well as relative fruit counts and weights
under contrasting growing temperatures, root fraction weights, pollen viability, and pollen
tube elongation at elevated temperatures) were compiled, and correlations were conducted
with yield results under stressful conditions. Correlations of the several yield components
and contributing developmental traits suggested that the most effective way to identify heat
tolerant varieties is to grow them under stressful conditions, and select those that perform
best. However, genotypes were frequently identified that excelled in one or another of these
parameters, but which were not regarded as heat-tolerant. We hope that recombinations
among selected parent lines and improvements in our methodologies will allow us to
combine those genetic contributors to heat tolerance that are currently obscured by
countervailing influences. Greater clarity in understanding the processes of response to
elevated temperatures and their genetic control will allow us to make progress in developing

superior sweet pepper with improved tolerance to high temperatures.

Outlook

For some solanaceous crops, especially tomato, sources of genes to improve abiotic
traits include wild relatives, landraces, or other exotic germplasm. The problems of working
with unadapted germplasm with poor horticultural traits and linkage drag, and traits
conditioned by many small quantitative trait loci (QTLs) present tremendous challenges to
plant breeders. Success will require strong interdisciplinary teams working to design
effective protocols that identify trait sources, efficient high throughput marker protocols that
effectively screen large populations for many markers, and basic research to understand the

mechanisms of crop adaptation to stress.
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Table 1. Elite AVRDC Multiple Ty tomato lines and checks identified from AVRDC trials, 2009-2011.

AVRDC . Tomato yellow leaf curl virus (TYLCYV) | Bacterial | Disease Fruit Fruit
Distribution Internal code Pedigree . 1 . . .3 4

resistance genes wilt Resist. Shape wt
code
vl | Iy2 | Iy3 | Ty3a | TyS il_%l:[ % Surv’ g

AVTO1007 | CLN3078A CLN3078F1-12-34-29-7-8-7 S R R S S S 16 ™V SQR 80
AVTOI1132 | CLN3078I CLN3078F1-12-34-27-9-4-10-19-14 S R R S S S 78 ™V SQR 69
AVTO1139 | CLN3078L CLN3078F1-12-34-26-8-23-7-6 S R R S S S 85 ™V OBL 77
AVTO1141 | CLN3109F CLN3109F1-26-35-11-2-29-10-11 S R S R S S 23 ™V SQR 68
AVTO1130 | CLN3126A-7 CLN3126A-10-23-8-11-1-13-7 S R S R S S 53 ™V Plum 65
AVTO1002 | CLN3125E CLN3125F2-21-15-7-25-14 R R R S S S 9 ™MV, F-2 SQR 144
AVTOI1133 | CLN31250-19 CLN3125F2-21-15-13-29-25-19 R R R S S S 78 TMV,F-2 | OBL-R 84
AVTO1005 | CLN3125P CLN3125F2-21-4-13-1-0 R R R S S S 83 TMV, F-2 | OBL-R 69
AVTO1122 | CLN3150A-5 CLN3150F1-4-18-8-26-4-5 S R S S R S 30 ™V PL-SQR 61
AVTO1143 | CLN2819B CLN2819F1-2-1-4-25-6-13-13-21-4-4 R R R S S R 8 ™V OBL 62
AVTO1137 | CLN3167B CLN3167F1-13-18-10-29-6-6-8 S S S S R S 73 ™V, F-2 R 94
AVTO00922 | CLN3024A CLN3024F2-104-48-1-18-0 R R S S S S 87 - SQR 59
V1045743 TYS52 (ck) BL982 R S S S S S NT PL 70
AVTO0301 | CLN2498D (ck) | CLN2498F1-68-15-22-17-19-12-17-8-0 | S R S S S S 83 ™V OBL 56
AVTO1080 | CLN3022E (ck) | CLN3022F2-154-4-2-30-0 S S S S S S 53 ™V, F-2 OBL 59

'R=homozygous for resistance allele, S=homozygous for susceptible allele as determined by PCR. Ty3a is allelic to 7y3. SLM4-34 is a marker associated with a

resistance gene near or allelic to 75.

*Values are percent healthy plants after drench inoculation with Ralstonia solanacearum (strain Pss4 from Taiwan) in the greenhouse.

*TMV=homozygous for Tm2* allele for resistance to Tobacco mosaic virus (TMV); F-2= resistance to race 2 of the fusarium wilt pathogen
*SQR=square-round, PL=plum, OBL=0blong, R=round
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Table 2. Group mean comparisons of Ty genotypes with different Ty gene combinations

Evaluated under:

Ty Genotype' No. Entries | Mean Ty severity score’ Mean MY (t/ha)
Ty-1+Ty-2+1y-3 9 0.8a 39a
Ty-1+T1y-3 4 09a 42 a
Ty-1+Ty-2 2 1.6b 37a
-2 7 2.1c 25b
None 2 3.0d 4c

'Lines within the group are homozygous for indicated Ty genes.

*Severity scores range from 0 (no symptoms) to 3 (severe leaf size reduction, curling,

yellowing and plant stunting)

Entry means within columns followed by the same letter not significantly different

according to single degree-of-freedom linear contrasts
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Breeding and Cultivation Management of Mushroom
for Mitigation and Adaptation to Climate Change

Hsin-Der Shih*, Mei-Hsing Chen, Wei-Sung Li, Yun-Sheng Leu, Jin-Tong Chen,
Kaun-Tzer Wu

Plant Pathology Division, Taiwan Agricultural Research Institute, Council of Agriculture
(COA), Executive Yuan, Taiwan ROC
*Corresponding author. E-mail: tedshih@tari.gov.tw

Climate change entails an increase in climatic variability, extreme events and shocks. The
impacts of climate variability and extremes are felt even more strongly as the global population
mushrooms. Efforts in breeding locally adaptive mushroom varieties will increase our ability to
be ready for the climate change. In response to the global climate change and the future
development of the mushroom industry, the goals of mushroom cultivation need to be readjusted
to focus on three parts: (1) the selection of bored temperature range mushroom species that yield
low energy consumption and production cost, (2) the breeding of mushroom species that possess
the ability to rapidly decompose mass agricultural wastes, which shortens the mycelia
cultivation time, and (3) the cultivation of mushroom species that are suited for environmental
controlled houses for stable productions. The strategies on mushroom breeding include
cross-breeding method, mutation breeding method and protoplast fusion method. On the other
hand, understanding the biological characteristics is the key to mushroom cultivation and
production. Biological characteristics refer to aspects such as nutrition and cultivation condition
of various stages, which also include environment temperature, humidity, light exposure, and
carbon dioxide concentration. Once biological characteristics are understood, the existing
cultivation houses may be modified and suitable environmental control facilities installed to
curtail the harmful impacts on mushroom cultivation brought on by global climate change.
Confronted by the predicament of global climate change, the pest and stress problems faced by
various corps are different from those in the past, and stability of the world food supply is
challenged. Mushroom is a wonderful source of vegetarian protein and its level of facility
standardization is far greater than other crops, perhaps making it the most stable food source
under the adverse impact of global climate change. In order to maintain food security in the face
of challenges of population growth and global warming, a holistic approach that includes

stress-tolerant germplasm, sustainable crop and natural resource management, and sound policy
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interventions will be needed. The essential disciplines required for sustainable mushroom
production in unpredictable environments include discussions on adaptation of biotic and
abiotic stresses, sustainable and resource-conserving technologies, and new breeding tools for
enhancing mushroom adaptation. It is essential for researchers and policy makers to layout the

basic concepts needed to adapt to and mitigate changes in mushroom cultivation environments.
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Realignment of Tropical Fruit Production to Climate
Change in Taiwan

Chung-Ruey Yen

Dept. of Plant Industry, National Pingtung University of Science and Technology
e-mail: yencr@mail.npust.edu.tw  Tel:08-7740265, 7740451

The effects of climatic change on tropical fruit production are mainly through the
damages induced by dramatic change of rainfall, temperature, light. The adjustment from
variety and management to maintain ecology, productivity and quality of tropical fruit in
Taiwan are discussed.

Development of various varieties to adapt simple and minimum input, multiple harvest
and stable characteristics (under stress environment) are required. Sustainable and
simplified management including windbreak, tree size control, best density and facility,
drainage and grass cover, and minimum input are followed. Integrated research on nutrition,
pest control and ecological response of management should be conducted. Multiple use and
small machines in the orchard should be development for simple and minimum input of

management.
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Impacts of Climate Change on the Subtropical Fruit
in Taiwan

Ming-Hsiung Lu*

Department of Horticulture, National Chiayi University
* adjunct professor, Department of Horticulture, National Chiayi Unviversity.
e-mail : mhlu@mail.ncyu.edu.tw

Taiwan, a mountainous island with tropical and subtropical climate, is famous for
diversified fruit production. There are many subtropical fruits such as citrus (Citrus spp.),
lychee (Litchi chinensis), longan (Euphoria longana), loquat (Erobotrya japonica), passion
fruit (Passiflora edulis), atemoya (Anona atemoya) and avocado (Persea americanan) had
produced in Taiwan. The production area of subtropical fruits had occupied over one third of
total fruit production area in Taiwan. In recent decades, due to greenhouse effect, the global
warming and climate change had affected subtropical fruits production environments, these
factors like sunshine hour has reduced, temperature has increased (include night temperature,
soil temperature and extreme temperature), rainfall models also changed. These
environmental factors change affected subtropical fruits tree growth and developments, the
more vegetative growth of fruit trees and affected flower differentiation, anthesis, fruit
setting and fruit quality. The orchard ecology also changed that affected pests and diseases
occur of fruit trees. The impacts of climate change on subtropical fruit production, we
should accelerate research and innovation to develop and select varieties these have
environment stress-tolerance and diseases resistance, and production techniques for

subtropical fruit sustainable to adapt climate change.
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The Strategies of breeding and production
management of temperate fruits for climate change

Jau Chang Shih

Agricultural Research Institute, E-mail: jeshih@tari.gov.tw

Abstract

The current agricultural face of globalization, global warming, rapid population growth, the
rise of emerging countries, GM crop production issues involved in food security, energy and
water supply issues, particularly energy supply to accelerate global warming, disaster caused by
the frequency, severity increases, the temperature change-sensitive crops gradually alter their
geographic distribution, pests and diseases proliferate, increasing demand for energy facilities,
water supply and deployment of more and more difficult to unstable results. For turning the face
of crisis, must be a global perspective to examine the impact of climate change caused by the
level of impact. Most of the impact on agriculture is negative, but some impacts bring new
opportunities, to promote new industrial revolution, and thus produce positive results. Therefore,
in response to climate change action plan must be set and implemented in order to solve the
problems.

To construct Taiwan's modern fruit industry with quality, safety, efficiency, and sustainable
management needs:

1. To bred to adapt to climate change of the excellent new varieties (the rootstocks) - include:
bred low chilling requirement (anti-warm winter temperature stress), cold tolerable (anti
low-temperature stress), like high-temperature (anti high-temperature stress), especially (very)
early or late-maturing varieties with easy environmental management and protection from
plant pests;

2. To develop key technologies of cultivation and management in response to climate change-
include: summer pruning, defoliation, orchard clearance, advance or delay defoliation in
autumn and winter, winter spraying to create evaporative cooling and diseases prevention
techniques, sunlight natural warming in winter and spring, spraying emerging agents and
lighting technology;

3. To promote the development of orchard under the structure-through the computer using an

integrated environmental control system to regulate the growth and development of fruit trees
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according to physiological demand automatically. Production under the structure with
environmental detection, information integration, immediate analysis, decision making, the
use of various types of environmental sensors to detect the environmental conditions, such as
temperature, humidity, light intensity, day length, air composition, water quality testing, soil
analysis, crops growth associated with environmental conditions to the best control in line
with the conditions of crops, and utilize the stress to achieve an optimum production;

4. To push a large-scale industrial production areas and land planning-for a globally competitive
industry a producing large-scale industrial planning is necessary, so that: in addition to
maintenance the ecological environment, the microclimate can be regulated on these
innovative items but also in the economic to widen the difference with the competitors in
production date, quality, management efficiency, and thus the formation of long-term

comparative advantage.
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Workshop Program

2011 & 8 £] 31 [I(Z)/August 31,2011 (Wednesday)
ﬁ%"’if’jgﬁ %*%ﬁﬁ’?ﬁ?ﬁﬁﬁf*@[ﬁﬁ'@ﬁ%’%

Venue: International Conference Hall, Taiwan Agricultural Research Institute

[E == ===
E\j.]: 5 i K i J = }5? * Moderator
Time Speaker Title
0820-0845 #5%]/ Registration
ﬁﬂ%}' =/ Opening Session
ﬁﬂ%}' Z1/Opening Remarks
0845-0900 [fi= =5 *2%/Dr. Wu-hsiung Chen, Minister of Agriculture, COA
i 7]I57/Welcome Address
[ [Z¢% /Dr. Junne-Jih Chen, Director-General, TARI, COA
B S PSR 00 © [P RS
0900-1000 Dr. Kees Stigter |Keynote speech: Applied agrometeorology of | il EI5i =
| . I E=
today: some case studies and new trends :
1000-1020 R F’ﬁ Eﬁ/ Coffee Break and Group Photo
S ———— Dr. Samson Tsou
ok 21 H] ATl i 5 AR IE-<38175 £ %) | Chair of the Board,
(A AVRDC - The
= :ﬁj Sk & World Vegetable
1020-1120 Dr. Molly Jahn |Keynote speech: Plant breeding for|Center
sustainable agriculture in the face of climate
change in the 21st century
) B T T
| A
1120-1220 Dr. Hei Leung ) )
Keynote speech: Breeding for climate-ready
rice: needs, strategies, and progress
1220-1300 -T2/ Lunch
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2011 F 8 ] 31 [I(=) August 31,2011 (Wednesday)

YIRS A B

Venue: International Conference Hall, Technical Service Building

WFiF

(continued)
E?Jj i # o # = }?ﬁ » Moderator
Time Speaker Title
. 7 40 5 PO e et
1300-1340 | I'754% Rewmonle strataaios HE O Y S
- Response strategies for .
Prof. Yuan Shen agrometeorological disasters Dr. Chwen-Ming
Yang, TARI, COA
Bl A 5 A 4 TR A
1340-1420 | Dr. Horng-Yuh Climate changes affect Taiwan soil
Guo quality and the management strategies
B APE[ | o R Ofl
1420-1500 | Dr. Ting-Ching Climate change and dynamics of plant
Deng diseases
1500-1520 | {f 1/ Coffee Break
SRR L R
TIRAFPE R | v
1520-1600 | Dr. Hsien-Tzung Direct and indirect effects of climate
Shih change on agricultural insects: A brief
review
P PR I T g
i 92 (PR B
1600-1640 | Prof. Huu-Sheng Adaptation of crop cultivation and
Lur breeding to abiotic stresses: with aspect
of Taiwan's environment
RS
S R i
Dr. Kuo-Yun Fang,
Deputy
Director-General,
Dept. Sci. & Tech.,
COA
B
1640-1730 Dr. Junne-Jih Chen,

o F’ﬁ ?jﬁﬁ/ Panel Discussion

Director-General,
TARI

Rt R R
r."Samson Tsou,
Chair of the Board,

AVRDC - The
World Vegetable
Center
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2011 = 9 F] 1 FI(PY)  September 1, 2011 (Thursday)

M TR PR B R IR I B

Venue-Food Session: International Conference Hall, Technical Service Building

o AL I " e EEi
Food Session Speaker Title Moderator
0830-0900 | ¥#Z[l/ Registration

2 SR [~ PR 78
T R
o , SR
IR
0900-0920 ] The breed strategy and development on
Dr. Yong-Pei Wu ) )
stress tolerance of Taiwan rice under global
warming
A SRRV W AR
BECRPEE PRk ?%ﬁ%ﬁ
0920-0940 Dr. Guang-Jauh Effects of stress on the growth responses of B (F | A =
Shieh corn and related operations in breeding and ;Eg# R4l
cultures
0940-1000 + El/ Coffee Break* Prof. Huu-Sheng
PRI S el 1 | %:ﬁﬁ? L %iﬁ 7 el ‘F'LJ“ Lur, Department
o , pig of Agronomy,
A LR _ o . : :
1000-1020 The breeding and cultivation practices of  [National Taiwan
Dr. Yung-Chang Lai ) o
sweet potatoes for the responses of climates | University
changes
[ PABSET [TRE  RU
Sl A The breeding and cultivation practices of
1020-1040 | P PEPIFEEE © >
Mr. Kuo-Lung Chou [soybeans for the responses of climates
changes
1040-1210 73 %Eéiﬁjrﬁ/ Group Discussion

* R AR SRA= B P 3 B 55

* Shuttle service for transportation around three venues is provided at time of coffee break

(0940-1000).
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2011 = 9 F] 1 FI(PY)  September 1, 2011 (Thursday)
R BT B R PR

Venue-Vegetable Sessmn. Conference Hall, Biotechnology Division Building

WFiF

T —;fa I'T o .

;}ru bl ,:J I—:[ A IJ% I‘T } = IS
cgetable Speaker Title Moderator
Session

0830-0900 |¥HZ[/ Registration
e PR & LR PO
= = L [l
0900-0920 Cruciferous vegetables breeding to meet
Mr. San-Tai Wang
challenges of climate change
B R SRR (AR PO
ol P
S SR
0920-0940 Breeding and cultural technologies of < HPHR
Ms. Yu-Hua Wang o ) ) '
cucurbits in the changing agricultural = ﬁgﬁﬂ]}a
environment B U
0940-1000 | {f |/ Coffee Break*
!}‘»f‘ﬁ LN ?;,%?% %ﬁﬁ[ﬂﬁ?’i Dr. Shi-Xian
Solanaceous vegetable breeding at AVRDC | Wang,
1000-1020 | Dr. Peter Hanson ] _ ) )
to meet the challenges of climate change in | Director, Tainan
the tropics. DARES, COA
PO (8 T 8
FE 'ﬁ'ﬁfréltg Breeding and cultivation management of
1020-1040
Dr. Hsin-Der Shih mushroom for mitigation and adaptation to
climate change
1040-1210 |73 ,ﬁ’é'éjﬁ‘%/ Group Discussion
* R AR SR = lBRRE P 30 B

* Shuttle service for transportation around three venues is provided at time of coffee break

(0940-1000).
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2011 = 9 £] 1 FI(P4)  September 1, 2011 (Thursday)
PR LY AR B

BT

Venue- Fruit Sessmn. Conference Hall, Soil Exhlbltlon Bulldmg

A IF i |
i F FRE = ﬁ » Moderator
Fruit Session Speaker Title
0830-0900 | ¥HZ[/ Registration
{IBERT T F P
) iy
e . o
0900-0920 Realignment of tropical fruit
Prof. Chung-Ruey Yen ) ) )
production to climate change in o '
. RER R, W
Taiwan ] B L 5L
- ) gu_l: TG4 CEx:
S AL ;:*ni*”“ A1 s i g
i *PRRAT MBI |y
0920-0940 ] ) Impacts of climate change to
Prof. Ming-Hsiung Lu ] o
subtropical fruits in Taiwan
- Dr. Chih-sheng
0940-1000 ff El/ Coffee Break*
- — Chang, Director,
16 iﬂﬁ\' S5 BB E 2 4 ,
Taichung DARES,
(B
Efﬁiﬁré[‘a’ Fl _ _ COA
1000-1020 The strategies of breeding and
Dr. Jau-Chang Shih )
production management of temperate
fruits for climate change
1020-1210 73 ﬁ’é'éjfﬁﬁ/ Group Discussion

* R AR SRA= BRRE 30 B 55

* Shuttle service for transportation around three venues is provided at time of coffee break

(0940-1000).
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Proceedings of the workshop on crop breeding and management of agricultural

environment for coping with climate change/ Hei Leung =7[%: ;

%j\[j;%' N @ IF ol ~ ISIFL]?J l’ ;-lrw—:_laj 1;‘\ _ T(‘J/:[—Jg gH[‘I %“
L SEERET 2011,12 (5<J 100, 12)
/T’gp'l 19 x 26 ; ISBN : 978-986-03-0500-5

LB 2 RIRE 3 (PR 4 B

= [R5 PR (I 2 U ¥ =

S RS O R R
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T U BT - FTRE
A e kil
(B H (MR PR
Hei Leung ~ Kees Stigter * Molly Jahn + Peter Hanson ~ = = A ~ = &3« {13k [IIFI@' C
R YIS I PR SR S ETB & r—ﬁrrﬁ CENT
lfl
SR iﬁﬁ%' « FHSCEH F‘ﬁr CE I P BRI 2 r;
A TS~ % AR RIRABG - e~ TR AR
TR - R 08 ~ A
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