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ABSTRACT

Intermittent wetting and drying of soils are typical of the rainfed lowland rice
ecosystems. Low nurients supply, particularly low P which dépends on soil-water
regime in the rainfed lowlands is one of the key constrains to rice growth and yield.
However, there is limited understanding of how responses of growth, yield and
nutrient uptake of rice to N and P application under rainfed lowlands as well as the
adaptation of rice roots to changing between acrobic and waterlogged soils during
crop growth. To understand about these characteristics of rice, a series of experiments
in glasshouse were undertaken on the rainfed lowland soils and nutrient solutions that
were simulated from aerobic or waterlogged soils of rainfed lowland conditions.

The growth, nutrient uptake (N and P} and yield of rainfed lowland rice were
examined on a low phosphorus soil (1.5 ppm P by Bray II) in pots. Thai high yielding
rice cultivar, Chainat 1, was grown with a factorial combination of water (W0+ =
acrobic to panicle initiation, followed by waterlogging to maturity; W4+ =

waterlogged throughout), and fertilizer treatments of nitrogen (N at 20, 60, 120 and 60




kg N/ha), and phosphorus (P at 10 and 50 kg N/ha). Generally, plant dry weight and
total N, P. uptake of rice plants were lower in aerobic soil compared to waterlogged
soil up to panicle initiation (PT). However, the root:shoot ratio of aerobic plants was
higher than that of waterlogged plants. These were attributed to that was less available
nutrients, particularly P in aerobic soil than waterlogged soil. After submergence of
aerobic soil at panicle initiation, increasing N and P rates increased strongly the plant
dry weight and also total N, P uptake while those in continuously waterlogged soil
increased less. Moreover, yield of W0+ plants was significantly higher by 12% over
that of W++ plants.

The above results, which were hypothesized that first the morphological
and/or physiological changes of waterlogged rice roots may hinder nutrient uptake by
anaerobic roots. Therefore, rice was grown for 12 days in aerated (A) or stagnant
solution (S) which simulated aerobic or waterlogged soil with added low P (2 ppm),
or high P (8 ppm) to determine the growth, P uptake as well as root development of
plants. After that, plants from each P level were split into two groups. One group
continued in aerated (AA) or stagnant (SS) solution as before. The other group of
acrated plants was transferred to stagnant solution (AS) and stagnant plants
transferred to aerated (SA) condition. Each set of treatments was in four replicates.
Eight days after the transfer plants were harvested for determination of dry weight,
root morphology, porosity and P content. The rice plants tillered less in stagnant than
in aerated condition throughout. This difference was greater in high P than in low P.
Moreover, plant P uptake was found greater in aerated than in stagnant condition.
Roots of aerated plants were almost twice as long as roots in stagnant solution.

However, plants in stagnant solution had more adventitious roots, especially in high
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P. Roots in stagnant solution had higher porosity than those aerated. This difference
also associated with greater extent of aerenchyma formation in stagnant than in
aerated solution. After transfer from A to S (AS), the tillering, plant dry weight, P
uptake and root elongation were slowed down, but adventitious root number and root
porosity increased compared with plants kept in AA. In contrast, after transfer from S
to A, the tiller number, plant dry weight, P uptake and root length increased, but
adventitious root number was produced slowly compared with plants kept in SS. The
responses of rice plants to acrated and stagnant conditions clearly showed to be
influenced by levels of P application. The effect of P deficiency was more severe on
rice growth in stagnant than aerated condition,

The other hypothesis was that nutrient availability may have been less in the
soil that had been kept waterlogged throughout (W-+) than one that was submerged
only after panicle initiation (W0+). Therefore, rice plants were transplanted in pots
under pre-transplanting non-waterlogged (W0) or waterlogged soil (W) associated
with low P or high P (10 or 50 kg P/ha) to determine the growth and P uptake of
plants. Seven weeks after transplanting, the number of tillers, plant dry weight and
total P content of WO plants were significantly higher than those of W+ plants. These
differences were in high P but no evidence in low P treatment. .

In conclusion, before PI growth and nutrient uptake of aerobic rice were not
as high as those of waterlogged rice. However, after submergence at PI the growth,
nutrient uptake and yield of WO+ plants were higher than those of W-— plants. This
difference between early (to PI) soil-water status was shown to have resulted from (D
differential plant responses to aerated and stagnant conditions for its roots, and (2)

differences between waterlogged and non-waterlogged soils before transplanting.




