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ABSTRACT 

In Thailand, rice is mostly grown in rainfed lowland ecosystem where water 
supply is variable during the growing season. When soil is waterlogged, gas space is 
replaced by water, oxygen is rapidly depleted. Thus the rice root must acclimate, by 
physiological and morphological changes, to adapt to this condition of oxygen 
deficiency. In anaerobic condition, rice root forms aerenchyma to transport oxygen 
from the atmosphere to the root. On the other hand phosphorus (P) becomes more 
available in waterlogged soil. Waterlogging can depress nutrient uptake efficiency in 
upland crops like wheat. In rice it is yet unclear how P uptake is affected by 
waterlogging. The objective of this study was to examine adaptation to waterlogged 
soil in Thai rice varieties, specifically in their morphological and physiological 
changes. There were three experiments. 

The first experiment compared rice (KDML105) and wheat (Fang60) grown in 
aerated and stagnant nutrient solution (simulated waterlogged soil) with low (1.6 µM 
P) and high (200 µM P) P supply. There were four replicates with separate sets of pots 
for each harvest. Plants were harvested at one day before transfer to treatments and, 4, 
8 and 12 days after treatment. Rice and wheat both adapted to stagnant condition by 
increasing root numbers and root porosity, by forming more aerenchyma, especially 
in low P supply. Wheat had longer roots in stagnant than aerobic conditions, but rice 
was opposite. Rice root developed barrier to limit radial oxygen loss when grown in 
stagnant condition but wheat did not. Phosphorus content in plant was highest in 
aerobic condition with high P supply, but in stagnant condition with high P supply, P 
content in rice was three folds higher than wheat. In stagnant condition rice had much 
higher P uptake efficiency than wheat. However, rice P content in stagnant was 1.7 
folds lower than aerated condition. This study has found that the general adaptation to 
stagnant condition of rice and wheat consisted of increased root numbers and 
percentage of root porosity. Rice, however, shows better adaptation to stagnant 
condition than wheat by aerenchyma and barrier formation and higher P uptake 
efficiency.



In the second experiment five upland, nine lowland and one deepwater rice 
varieties were grown in aerated full strength nutrient solution (sufficient P) for 21 
days and then subjected to a stagnant nutrient solution (simulated anaerobic soil, same 
nutrient concentration) for seven days. Within these seven days in stagnant solution 
the rice varieties grew differently by a number of measures. The number of roots per 
plant in lowland and deep water varieties continued to grow, by 86 - 167%, and three 
of the upland rice grew less, by 39 - 59%, while two varieties of upland rice produced 
no new roots. Root length continued to increase in four upland and one lowland rice 
varieties; but stopped growing in one upland, six lowland and one deepwater variety, 
and in two lowland rice varieties the root became shorter. The root became more 
porous in the stagnant solution in one upland and three lowland rice varieties, with 31 
- 61% increase in root porosity; but did not change the other varieties. All of the rice 
varieties continued to accumulate more P in the stagnant solution, slightly more in 
lowland and deepwater varieties (180%) than upland varieties (140%). After seven 
days in stagnant solution P uptake efficiency (mg P/ g root DW) was the same as 
before they were placed in stagnant solution in two lowland and one deepwater rice 
varieties, increased only in Nam Sa Gui 19 (lowland rice), and decreased by in the 
other 11 varieties. It is clear that rice varieties adapted to anaerobic condition. 
 The third experiment compared three rice varieties (SPR1, MN62M and 
NSG19, selected from pervious study) in their response to aerobic/anaerobic 
condition and P. The rice plants were grown in aerated full strength nutrient solution 
(sufficient P) for 21 days and then the roots were pruned and transferred to a stagnant 
or aerated nutrient solution with low (1.6 µM) and high (200 µM) P supply for seven 
days. Total dry weight plant P accumulation and P uptake efficiency decreased from 
before transition for 16, 23 and 92% respectively in low P supply. In high P supply 
under aerated condition, total dry weight of thin root rice increased higher than fat 
root rice in SPR1 and MN62M. However, total dry weight in stagnant condition was 
higher than aerated condition. Especially total dry weight of fat root rice in stagnant 
condition was higher than aerated condition for 2.5 and 3.5 folds in SPR1 and 
MN62M respectively. Dry weigh of NSG19 was lowest increased. In aerated 
condition fat root rice of NSG19 grew higher than thin root rice but in stagnant 
condition was opposite.
 Plant P content in aerated condition, thin root rice was the same as normal root 
rice and higher than fat root rice in SPR1 and MN62M but in NSG19 fat root rice was 
the highest increased. Phosphorus content in stagnant condition of fat root rice 
increased was the same as thin root rice in SPR1, higher than thin root rice in 
MN62M, but not differed in NSG19. All of rice varieties increased P uptake 
efficiency for 22% in fat and thin root rice in aerated condition but in stagnant 
condition was 4 - 38% decreased. This study has found that thin root was high 
efficiency for growth in aerobic condition but in anaerobic condition fat root play a 
key role to grow than thin root. 
 The results showed that rice varieties were differed responses to anaerobic 
condition. Adaptation of rice to anaerobic condition consisted of increased in root 
numbers, aerenchyma formation that enhance oxygen diffusion to root tip by barrier 
to radial oxygen loss and high root growth rate. These characteristics and acclimations 
give them tolerance to anaerobic condition. 


