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ABSTRACT

Soil acidity is a major constraint to agricultural production worldwide. An
estimated 30-40% of the world’s arable soils have pH below 5.5. Although the poor
fertility of acid soils is caused by many factors, aluminum (Al) toxicity is generally
the major limiting factor of plant on these soils that inhibits root growth and nutrient
uptake. In Thailand, acid soils are distributed in all parts of the country and covered
about 45% of total land area. Many of these soils are utilized for rice production both
in lowland and upland rice areas. Recently, acid soils become a problem not only on
aerated rice on upland areas, but also more distributed to lowland rice areas managed
by dry direct seeding and applying more acidifying nitrogen fertilizers. As rice has a
wide range of genotypic variation in tolerance to Al toxicity and its mechanisms is
still debated. The development of tolerant varieties to Al toxicity and acidic soils
along with soil improvement should help to improve rice productivity on acid soils.
A survey at Tee Cha village, Mae Hong Son, found some local upland rice varieties

growing and yield well in acid soils (pH < 5) but less information for tolerance to soil



Vi

acidity. The present studies were to evaluate genotypic variation of rice in tolerance
to Al toxicity and to determine their performance on acidic soils in farmers’ fields.

A field study in the village evaluated the performance of upland rice varieties
for adaptation to acidic soils and farmer’s management by a crop cutting survey of
farmers’ upland rice is grown in shifting cultivation with soil pH as low as 4.5. This
study found that yields of upland rice varieties varied among farmers’ fields. Grain
yield of five most common varieties in the village (Bue Bang, BB; Bue Mue Ta Bong,
BM; Bue Gao, BG; Bue Paw Law, BP; Pa Ai Khu Phae, PA) varied from 0.8 to 2.8
ton ha and straw yield varied from 1.6 to 4.6 ton ha™. There was also differential
response between varieties in the same field. Three sampling farmers’ fields
designated as Field A, Field B and Field C, each of whom was growing two varieties:
BB-PA, BM-PA and BB-BM, respectively. There was negative correlation between
soil pH and exchangeable Al (r = -0.662; P < 0.05). In each plot, while soil pH was
slightly lower in the subsoil, with exchangeable Al increasing from 40-100 mg Al kg™
on the top soil to more than 200 mg Al kg™ in the subsoil. The exchangeable Al in
the soils was closely correlated with Al concentration in shoot part at tillering stage (r
=0.80; P < 0.05). The acid-soil tolerant BB and BM took up twice as much P, K, Ca
and Mg and produced twice as much above ground dry matter as the sensitive PA.
These differences are likely to have contributed towards yield difference, in which
grain yield of PA was only one quarter of BM or one half of BB in the same field.

As upland rice is commonly known to be fertilized by ash from slash-and-burn
system, soil amendment effect was confirmed by simulating burning biomass on the
top soil in a pot experiment. In the ash added treatment (Ash+), in which the same

amount of biomass as in well regenerated fallows was burnt on the soil surface, plant
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dry weight and nutrient uptake in rice were much higher than that grown on soil
without the ash (Ash0). There was differential response between varieties to ash
treatments. In AshO, BB produced more root dry weight than KDML105. The roots
of BB that distributed deeper in the soil layer were about three times as much as those
of KDML105. Even though difference in total root dry weight of the two rice
varieties disappeared in Ash+, rooting pattern over the soil depth was different.
Genotypic variation in rooting depth suggests differential adaptation for upland rice in
acidic soils. Shallow roots like KDML105 can take advantage of nutrients available
on the soil surface such as those released by burning. Deeper roots like that of BB
that penetrated to subsoil, however, should be advantageous in acquisition of water as
well as nutrients deeper down in the soil profile.

Genotypic variation for Al tolerance in rice varieties adapted to highly of
acidic soil was studied in more detail in nutrient solution. The five most common
upland rice varieties from the village were investigated in comparison with a standard
check (KDML105) with two Al levels, 0 and 30 mg Al L™(designated as Al, and
Al3z). Root length of the varieties was differently inhibited in the presence of Al.
Relative root length (root length with Al as % of root length without Al, RRL) was
used as an indicator for Al tolerance. The RRL of the upland rice varieties varied
from 37 to 74%. BB was the highest whereas PA was the lowest which was about the
same as KDML105. Nine improved varieties were screened for Al tolerance in
comparison with Al tolerant BB. The values of RRL varied from 22 to 46% among
improved varieties, none of them was as tolerant to Al as local upland rice BB which

had an RRL of 74%.
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Genotypic variation in tolerance to Al was determined within and between two
seed lots of BB from different farmers. Variation in the response to Al was indicated
by variation in the RRL of 20 progeny lines of the two BB seed lots, with the RRL
ranging between 51-81% in BB1 and 57-75% in BB2. However, almost all of the BB
lines were more tolerant to Al than Al tolerant check, Koshihikari. Even though there
was almost the same morphologically in these seed lots, they were indeed different
genotypes at the DNA levels. Similar genotypic variation in tolerance to Al was
found between and within seed lots of deep water rice on acid-sulphate soil sharing
the same name of Leung Yai. Individuals from the seed of Leung Yai from 15
farmers showed much greater variation in root length in Alsy (CV = 19-34%) than in
Alp (CV = 9-17%). The most Al tolerant line of BB and BM were selected for
evaluating Al tolerant mechanism in comparison with a representative line of Al
sensitive PA.

The Al tolerant (BB and BM) and sensitive (PA) upland rice and KDML105
(used as Al sensitive check) were grown in nutrient solution with four levels of added
Al: 0, 10, 20 and 30 mg L™ (designated as Alo, Alyo, Alsg and Alsg). In sensitive PA
and KDML105, increasing Al depressed RRL linearly to 30% at Als. The tolerant
BB and BM were unaffected at Alyo, and at Alsp their RRL were still to 80% and 60%,
respectively. At Alsy, BB and BM increased dry weight of their roots and shoots
several times between 30 and 45 days, while PA and KDML105 almost stopped
growing in the intervening 15 days. As Al tolerance in rice involves the ability to
take up and accumulate essential nutrients, root weight was found to be a better
indicator of nutrient uptake than root length. Shorter root length of BM was

compensated by root dry weight and presumably surface area to take up essential



nutrients (i.e. N, P, K, Ca and Mg) to the same amount of BB. At Als, Al sensitive
varieties accumulated less than one tenth of the nutrients taken up without the Al
stress (Alp) whereas nutrient uptake in Alspin Al tolerant varieties were about 20-30%
of that in Al,. A key mechanism for Al tolerance in rice is suggested by the
partitioning of Al between root and shoot. While Al tolerant BB and sensitive
KDML105 had about the same Al accumulation in their roots, BB appeared to
transport less Al from roots to shoot than KDML105. This study has shown that Al
tolerance in upland rice is associated with ability of the roots to take up nutrients in
the presence of toxic Al and possibly involving excluding Al from reaching the shoot
by keeping it in the roots.

In conclusion, rice varieties differ markedly in their tolerance to soil acidity.
Tolerant varieties grow more roots that are able to take up more nutrients in the
presence of Al. They may also retain more Al in the roots, and so prevent Al to
accumulate in the shoot. Nutrient solution technique is effective for screening large
germplasm and could predict final crop yield in acidic soils. Local rice varieties
tolerant to Al as BB and BM are useful to upland farmers who grow rice on acidic
soils like those in Tee Cha village. They are also an invaluable resource for Al
tolerance trait in rice breeding. However, genetic variation in Al tolerance in same
varieties kept by different farmers and among individuals in the same seed lots of
these local rice varieties means that care must be taken in identifying the right

genotypes.
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