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ABSTRACT

Advances have been made in three areas, namely, boron (B) nutrition, other
nutritional problems in rice and agrodiversity.

For B nutrition of plants, the areas covered included adaptation to low B soils,
genetic control of B efficiency and function of B in plant processes. Genotypic
variation in adaptation to low boron soils has been established among major crop
species and within some important cereals and grain legumes. Rice is the most well
adapted to low B soils, it has never been found to be deficient. Bread wheat, along
with durum wheat, barley and triticale, is the most sensitive to B deficiency. Maize is
intermediate between these two extremes. Wheat and its Triticeae relatives are
affected by B deficiency in a different way from maize. Bread and durum wheat and
barley and triticale are all affected by B deficiency primarily through the development
of the male gametes, the pollen. Maize, on the other hand, is affected first through the
function of the style of the female flower, commonly known as silk , during polien
germination.

The range of genotypic variation in adaptation to low B is very large in wheat.
Boron efficiency genotypes will set grain normally in the same soils in which B
inefficient genotypes fail completely. We have also found that the international wheat
germplasm used to improve production by most developing countries is largely B
inefficient. Wheat production on the world’ wheat growing areas on low B soils,
hundreds of thousand of hectares already identified in Asia, can be greatly boosted by
increasing B efficiency in these international germplasm. This should be relatively
easy. Some advanced breeding lines, even only a few, in the international germplasm
are already B efficient. The genetics of B efficiency has been proved to be relatively
simple, involving two dominant genes. We have developed a simple screening that
may be used to evaluated very large germplasm with thousands of entries as well as to
select segregating materials. The other Triticeae cereals, durum wheat, barley and
triticale, have somewhat more complex response to low B. They should nevertheless
also benefit from similar increase in B efficiency.

One key issue in B nutrition in this project is the mechanism by which B
efficient genotypes become adapted to low B soils. For wheat, B efficient Fang 60
and very inefficient genotypes such as Bonza and Tatiara are distinguished by their B
uptake. This, however, does not explain the difference between B efficient Fang 60
or Sonora 64 with moderately inefficient genotypes such as SW41. The differential
mechanism was demonstrated with the use of '’B and ''B and more precise methods
for evaluating pollen viability. Fang 60 has the ability to maintain the B supply line
from the root to the developing ear and so meeting demand for microsporogenesis
even while external supply was interrupted. The inefficient SW41 cannot do this. It
was also clearly established that phloem mobility and recycling of B did not play a
part. On the other hand, we found some evidence that phloem mobility and the ability
to recycle B may be very important in the adaptation to low B of some tropical
species, including coffee, guava, jackfruit, mangosteen, papaya and teak. In custard
apple, cashew, mango, lime, passion fruit, and cassava, B appeared to be as immobile
as calcium.

xil



We have established 2 simple rules to study adaptation with implications to
crop management in low B soils that may be applied to the study of whole plant
responses to any stress factor.

1. While adverse effects of a stress factor of so many processes may be of interest to
physiologists, not all of them are equally important to whole plant response and so
relevant to crop adaptation and production. Physiological studies with agronomic
aims should always try to identify those processes that are most sensitive and are
likely to adversely affect whole plant response.

2. Physiological studies of plant under stress must always take into account all
possible dynamics of (a) changes in the stress condition over time, (b) changes in
the plant’s various responses over different growth and developmental stages.

In addition to the reproductive response, which appears to be the key whole
plant response in many crop species, germination and seedling growth have been
identified as a possible limiting step in the production of grain legumes on low B
soils. Low B concentration in the seed may depress germination and affect the
growth of seedlings when grown on low B soils. Phenol metabolism and the
production of oxygen free radicals have both been suggested to involve B. Keeping
quality of bean sprouts is therefore another effect of low B that should be further
investigated in sprout making species such as mungbean, black gram and soybean.

Our research group has initiated nutritional work in rice in several areas under
this project. Many of the study areas that are still in the preliminary stage include
phosphorus efficiency, tron efficiency and tolerance to soil acidity. Progress has been
made in development of screening methods and i1dentifying efficient and tolerant
genotypes from Thailand’s native rice germplasm. Areas in which considerable
progress has been made are in iron (Fe) in rice grain, adaptation to wetland (water
logging) and dryland (aerated) condition and nitrogen fixing endophytes of rice.

For grain Fe, we have carlier established the baseline of grain Fe contents of
Thailand’s many important varieties, including KDML105, RD6 and RD15 and some
new improved varieties and advanced breeding lines. These are generally low, about
10 mg Fe/kg in brown rice. We have also identified genotypes with almost twice as
much Fe among local varieties. Some GxE effects on grain Fe have been found, but
largely on whole plant Fe uptake. The grain Fe is a relatively small fraction of the
whole plant uptake. The grain Fe, especially after the husk is removed, appears to be
controlled largely by genetics. This makes genetic improvement promising as a
means to increase grain Fe,

A rapid and simple method for assessing Fe in individual rice grains has been
developed by using a dye called Perls’ Prussian blue (PP blue) for staining localized
Fe on the grain. The PP blue has enabled us to discover a relatively large range of
grain Fe-content in farmers’ normally heterogeneous seed lots. Thus we are now
optimistic in find genotypes with even higher grain Fe. The PP blue should also be
useful in selection and breeding programs aiming to increase grain Fe, as well as to
study the controlling genetics.

In the newly initiated program on nutrient uptake efficiency of rice in dryland,

we are finding that rice is basically a ‘water’ plant. It generally grows better when
waterlogged in the wetland condition than in the aerated soil of the dryland condition.
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Among Thailand’s native rice germplasm, however, we are finding varieties that are

better adapted to dryland than others. Part of this adaptation is an ability to take up
nutrients in dryland. Preliminary nutrient uptake data show that this ability may be
related to the ability to continue to grow more roots in aerated soil rather than the
specific ability of the roots to take up nutrients from dry soil per unit root dry weight.
This is expected to be an area of understanding that can make significant contribution
to rice breeding for Thailand’s largely rainfed growing condition. The program now
focuses on nutrient uptake efficiency in intermittently waterlogged and aerated soil, in
acidic soil and with a special focus on phosphorus, one of the most limiting nutrients
in dryland condition.

Nitrogen (N) was another important nutrient covered by the project. We have
found large numbers of N fixing endophytic bacteria inside the rice plant, from the
roots, stems and leaves. They were found in both crop rice and wild rice. Their N
fixing ability has been confirmed by acetylene reduction assays. Practical
implications of these findings require measurement of the impact on rice growth and
N use. The methodology for doing this is now under investigation. Another aspect of
N nutrition is the negative relationship between grain N concentration and grain
breakage during milling. Different rice varieties with similar long grained type have
also been found with different tolerance to grain breakage. The internal structure of
the rice grain is now being studied under light and electron microscopy to determine
the effect of grain N concentration and variety.

The group’s research on agrodiversity on biodiversity management has led to
its application on the conservation of Thailand’s native rice germplasm'. The other

area was in forest regeneration and fallow enrichment. We found a system of local
knowledge system involving a small pioneer tree called pada (Macaranga denticulata
(BL) Muell. Arg.). The system has a most impressive capacity to recycle nutrients
that has proved to be effective in keeping upland rice yield at respectable levels of 2-4
t/ha that should also be useful in forest regeneration. Furthermore, we have found that
the system has two key elements. First is a highly diverse population of arbuscular
mycorrhizal (AM) fungi in the pada roots, which greatly enhanced nutrient uptake by
the tree. Second is the tree itself which recycle a very large proportion of the

nutrients back to the roots and soil. This second point may explain why the AM fungi
are much more abundant in the rhizosphere of pada than other local tree species.

In conclusion, the group has made much progress in the 3 years of support
from TRF. We have built on the work that had already been ongoing before August
2000. The TRF funding has enabled to group to embark on new areas, which are
expected to have more impact on Thailand’s agriculture. The group’s technical
capacity in nutrient efficiency should be particularly relevant particularly for
understanding adaptation of rice and having real impact in improving production
difficult growing conditions.

! This further evolved into the project “Agrodiversity for in situ Conservation and Management of

Thailand’s Native Rice Germplasm”, which has received substantial funding from the Collaborative
Crop Research Program of the McKnight Foundation. The McKnight project has been built on key
findings and methodologies developed in this TRF project. However, findings on Thai rice germplasm
from that project have largely been kept out of this report.
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