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ABSTRACT

The rainfed rice ecosystem covers most of rice growing area in Thailand, but on average
the yield is 50 % lower than in irrigated rice because can not control water supply to rice. Rainfed
rice usually faces alternate waterlogged and non-waterlogged soil conditions. The change of
water levels effects soil oxygen and nutrient availability especially phosphorus (P) which low
availability in non-waterlogged soil. These changes will affect rice growth and nutrient uptake.
Understanding adaptive responses to P availability will be basic knowledge for nutrient
management and breeding strategies that might decrease cost and increase productivity of rainfed
rice,

In the first experiment, the objective was to determine responses of rice to P levels in
waterlogged and non-waterlogged soil conditions. Three rice genotypes: KDML105, CNT1 and
NR were grown in waterlogged and non-waterlogged soil with 2 levels of P, 0 and 30 kg/ha, 3
replications, Plants were harvested at 6 weeks after transplant. Tiller number, leaves number, root
number, root dry weight, shoot dry weight and nutrient content were assessed. Growth and
nutrient content were generally higher in waterlogged than non-waterlogged soil. It was found

genotype varied in their responses to P levels. Appling P in non-waterfogged soil, plant dry



weight and P accumulation the most in CNT1 followed by KDMLI105 and NR. When P was
applied to waterlogged soil, the largest increase in plant dry weight and P accumulation was
found in KDMLI105 followed by CNT1 and NR. In general, response to P in non-waterlogged soil
was greater than in waterlogged soil.

Experiment 2 aimed to compare responses of rice to P levels in simulated aerobic and
anaerobic soil conditions, and identify external requirement of P in rice. In experiment 2.1,
KDML 105 was used. Ten days seedling were transferred to nutrient solution with 6 P levels (0.5,
. 1,2, 4, 8 and 16 ppm} and 2 oxygen conditions: acrated (with air bubbling, simulating aerobic
soil condition), and stagnant (0.1% agar added to prevent convection, simulating anaerobic soil
condition). Plants were harvested at 4 weeks after transplant. The results suggested that growth
and P content of rice were generally higher in aerated than in stagnant condition. Plant dry weight
and P content increased with increasing P levels in nutrient much faster in aerated than in stagnant
condition. In aerated solution, maximum growth was reached at 2 ppm in 2 weeks old plants and
4 ppm in 4 weeks old plants. In stagnant condition maximum growth was reached at 8 ppm in 2
week old plant but dry weight was still increasing linearly with P levels to 16 ppm in 4 week old
plants. Phosphorus uptake efficiency was alse higher in aerated than in stagnant solution. The
results were indicated that KDML105 grew better in aerated than in stagnant condition. External
requirement for P of KDML10S5 was 2 ppm at 2 weeks and 4 at 4 weeks in aerated condition, and
8 ppm at 2 weeks and 16 ppm or higher at 4 weeks in stagnant condition.

In experiment 2.2, KDML105, CNT1 and RD7 were used with 3 levels of P (1, 4 and 16
ppm). Growth and P content were collected at 4 weeks after transplant. In aerated condition,
KDML105 and CNT1 did not response to increasing P. Plant dry weight did not differ between P
levels. Increasing P increased plant dry weight in RD7 and maximum growth was reached at 4
ppm. In stagnant condition, all genotypes response to increasing P. Maximum dry weight was
reached at 16 ppm in CNT1, and 4 ppm in KDMLI05 and RD7. Low P requirement in
KDML105 found in experiment 2.2 that differed from experiment 2.1. It may cause by difference
of temperature in the experiment. From experiment 2.1 and 2.2, it can be concluded that rice
genotypes differed in P requirement for maximum growth.

In experiment 3, the objective was to compare the responses of rice genotypes to P in

aerated condition. Two levels of P supply, 0.5 ppm (deficient, low) and 16 ppm (adequate, high),
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were selected from previous studies. Nine rice genotypes including KDML 105, CNT1, SPRI,
PSL1, RD6, RD7, R258, NR, and SMJ were used in this study. Ten days old seedlings were
transferred to aerated nutrient solution with low or high P for 4 weeks. Growth and P content
were assessed. It was found that there were differences among genotypes in their responses to P.
Root dry weight was difference among genotypes. It was higher in low P than in high P in 4
genotypes: CNTI, PSL1, NR, and R258. In R258, root dry weight in low P was 41% higher than
in high P. This difference appears to have effect on P uptake. The root dry weight response was
correlated with P content (r=-0.80**). Shoot dry weight and total plant dry weight were closely
correlated with total P content (r=0.95** and r=0.98%*, respectively). In low P, RD7 and NR
appear to be most efficient in P uptake, having the highest total plant dry weight as well as total P
content. Genotypes responded differently to increasing P. In two efficient genotypes, total plant
dry weight was increased 88% in RD7 but only 69% in NR. Less efficient genotypes, % increased
in total plant dry weight range from 63-96%. Responses to increasing P were different between
genotypes but did not correlate with efficiency. Therefore, 9 rice genotypes were classified into 2
response groups as phosphorus efficient responder (RD7 and NR) and phosphorus inefficient
responder (KDML105, CNT1, SPR1, PSL1, RD6, R258 and SMJ)

The results showed that rice genotypes performed differently when P supply was limited,
and differed in responsiveness when P level was increased. Rice genotypes were both efficient in
low P and responsive to increasing P were RD7 and NR. These characteristics give them
advantage for growing in non-waterlogged soil in rainfed area and source for P efficiency and

responsiveness to applied P for rice breeding programs.



