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ABSTRACT

The rainfed rice system covers most of rice growing area in the world, but on
average the yield is 50 % lower than in irrigated culture. Its water supply comes from
rainfall, the timing and amount of which can not be controlled. Therefore, rainfed
rice commonly encounters intermittent waterlogged and aerobic conditions in the root
zone through the growth period. The fluctuation of water supply affects availability
of oxygen and nutrients, especially phosphorus. Root acclimation to the changing
water regimes may in turn result in changes in morphological features and
physiological functions such as nutrient uptake efficiency. Therefore, understanding
the mechanism of response to changing oxygen and nutrient availability, and how
genotypes adapted to different water regimes, should form the basis for development
of better adapted rice varieties and fertilization management strategies for the rainfed
rice ecosystem. This thesis examined responses of upland and lowland rice cultivars

to waterlogging and aerobic conditions, in a series of experiments in soil and nutrient
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solution. In the first experiment two upland (Sew Mae Jan and Kae Noi) and two
lowland (Chainatl and KDML105) cultivars were studied in soil, comparing the
effects of continuous waterlogging and freely drained soil and of transfers between
these two soil conditions. Rice plants were harvested at 2 to 10 weeks and root and
shoot length, root and shoot dry weight, total root volume, aerenchyma development
and nutrient content in plants were assessed. Shoot and root growth of all cultivars
were higher in continuous waterlogging than with well drained soil throughout.
Exception was Kae Noi, which did not show any difference between waterlogged and
well drained soil, but it had smaller growth than the other varieties in both soil
conditions. Aerenchyma development of Sew Mae Jan and KDMLI10 were not
different in two water soils conditions, while in waterlogged soil Kae Noi had more
aerenchyma at 5 cm from the tip than other three cultivars. Nutrient contents were
also generally higher in waterlogged soil. In the second soil experiment, shoot and
root growth of three cultivars (Kae Noi, Chainatl and KDML105) was greater when
soils were continuously waterlogged than when exposed to well drained conditions
between 2-3 weeks before return to waterlogging. The lack of standing water in any
growth stage, especially in the first weeks, depressed rice growth. Overall, in soil, the
adaptive responses of roots and shoots to waterlogging overlapped between upland
and lowland cultivars.

The composition and oxygen supply of nutrient solution was investigated in
order to simulate rice growth in waterlogged and aerobic soil conditions with precise
control of oxygen and nutrient supply. Rice growth was determined in solution
culture with different air bubbling time to investigate the optimal aeration.

Suspension of agar (0.1 % w/v) and flushing of solution with N, were tested to
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simulate depletion of oxygen in waterlogging. Iron (Fe) in different forms (Fe EDTA,
FeSO4 and FeCly) and concentrations (100, 150 and 200 uM) were evaluated to
ensure adequate supply for rice growth in solution culture. It was found that rice
growth in waterlogged soil was best simulated in aerated solution without interruption
of air bubbling. While, rice grown in nutrient solution containing 0.1 % agar was
similar to responses in waterlogged soil. Optimum supply of Fe was obtained with Fe
EDTA at 100 uM. This was confirmed with several rice cultivars. Therefore, these
methods were used to simulate rice response to aerobic (solution culture with air
bubbling, termed aerated culture) and waterlogging (with agar, termed stagnant
culture) conditions, respectively, in the next experiments.

The rice growth in waterlogged soil was better than in well drained soil, but
the growth in aerated culture was better than in stagnant culture. These results
suggested that stagnant solution restricts nutrient uptake efficiency possibly due to
nutrient depletion zone around roots. While, stagnant culture simulated the oxygen
supply of waterlogged soil to roots at least in the short term, it was apparently less
effective in similating nutrient supply.

Responses of rice to limited P were determined by growing rice in stagnant
and aerated cultures at low P (1.6 uM) and adequate P (200 uM) supply. After
transfer to treatments for 2-6 weeks, rice grew best in aerated solution with adequate
P supply. Rice in stagnant culture had shorter roots, more root numbers, with fewer
tillers, and greater root porosity and aerenchyma formation than in aerated culture.
Rice growth was decreased particularly in low P. Determination of short term
responses of rice found that only 1-2 days in stagnant culture produced depression of

radial oxygen loss (ROL) from roots. Decrease in ROL in stagnant solution culture
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was followed by distinctive increases in autofluorescence of the exodermis attributed
to phenolic compounds immersed in the cell wall. This layer was the putative barrier
to radial oxygen loss from roots. The morphological responses of rice to depletion of
oxygen supply occurred later the change in ROL and were evident after four days by
increase in root elongation, root numbers and tiller numbers. The morphological
changes became clearer at eight days, especially increases in aerenchyma formation
and root porosity. Decreased ROL, the barrier formation, aerenchyma development
and increased root porosity of rice in stagnant culture were associated with a
depression in P uptake efficiency of rice root, measurable after two days. Hence the
decrease in P uptake efficiency occurred in the same time frame as lowered ROL but
preceeded changes in root morphology.

The genotypic variation of rice responses to limited P supply in stagnant and
aerated cultures was investigated. Ten Thai rice cultivars, KDML105, Kae Noi,
Chainatl, R258, Sew Mae Jan, RD6, Nam Sa Guil9, RD7, Leb Mue Nangl11 and
Prachinburil, were grown in stagnant and aerated cultures for 6 weeks to compare the
growth and responses to limited P supply. All ten cultivars similarly responded to
solution conditions by increase in growth in aerated culture at high P supply but
decrease in stagnant culture at low P supply. However, RD7 produced more root and
tiller numbers, and higher root and shoot dry weight when grown at low P supply,
while it was lower in root elongation and shoot length than other cultivars. By
contrast at high P supply, growth of RD7 in aerated culture was also lower than
others. The short-term responses of two improved rice cultivars (Chainatl and RD7)
over eight days indicated that RD7 had higher phosphorus uptake efficiency than

Chainatl. Variation of responses to P in aerated and stagnant culture was confirmed
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with three Australian rice cultivars (Langi, Amaroo and Kyeema) at four P levels (1.6,
8, 40 and 200). Growth of all three cultivars were better in aerated culture when
solution phosphorus > 8 uM. In summary, from three experiments, there is evidence
of cultivar differences in P efficiency at low P in solution culture. In RD7, the
apparent P efficiency was associated with greater P uptake efficiency. However,
further work is needed to understand the range of cultivar variation in P efficiency
under acrobic and anaerobic conditions, and the associated mechanisms.

In conclusion, this thesis has shown that rice roots are sensitive to sudden
changes in oxygen supply. When transferred from aerobic to anaerobic conditions
roots respond very rapidly, and within one day can lower ROL, however, this change
appears to be associated with a decline in P uptake efficiency. Over the following
several days, morphological adaption of roots occurs also with increased aecrenchyma,
porosity and root numbers. The longer term implications of morphological changes
have not been examined. The transition from aerobic to anaerobic soil conditions
appeared to be more severe for rice root growth than the change from anaerobic to
aerobic conditions. Cultivar differences in adaptation to these transitions in soil water
regime have not yet been explored. Solution culture, both aerated and stagnant
conditions, were useful for examining rice root physiological and morphological
responses to root-zone oxygen supply, however, further method development is
needed to better simulate nutrient supply of waterlogged soils. Rapid changes in soil
water regime can have significant effects on the functioning of rice roots and hence
need to be studied in more detail to develop better nutrient management strategies and

adapted cultivars for the rainfed rice ecosystems.
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