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Abstract 

 

Water stress is the major factor that determines the rice productivity, which includes drought under 

upland conditions, and moisture fluctuations in rainfed lowland and possibly in irrigated fields with 

water-saving production technology like aerobic rice cultivation. The response of root system to a 

certain soil environmental condition in turn largely determines the plant’s ability to adapt to the 

condition. The ability of the plant to change its morphology, as environmental conditions change is 

known as phenotypic plasticity. We showed that the root system development and their plastic 

responses to drought are under different QTL control. We further showed that root osmotic adjustment 

is one of the physiological bases for the plasticity. We then used chromosome segment substitution 

lines to identify desirable root traits under water stress conditions and to evaluate the functional 

significance of the target traits with greater precision because of the minimal confounding effects of 

other traits. We found that the lines exhibiting plastic root system development in response to drought 

and those with plastic lateral root development and aerenchyma formation in response to transient 

drought and O2 deficient conditions showed better adaptation to respective condition. Further study is 

in progress to more precisely identify the QTL responsible for the root plasticity under various 

intensities and types of water stresses and to examine quantitatively the physiological function of such 

plasticity for plant adaptation and productivity. 

 

Media summary 

 

Identification of desirable traits for rice to be able to adapt to unfavorable environment especially 

water stress conditions for development of new variety. 
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Nature of water stresses in rice fields 

 

It is believed that roots play important roles in the crop adaptation to stresses such as constant drought 

(Wang and Yamauchi, 2006), and fluctuating soil moisture such as drought and waterlogging. For 

example, under upland conditions where soil moisture is available mainly in deep layer, the desirable 



traits may be deep and thick roots. On the other hand, generally under field conditions, soil 

environment continues to change during a cropping season and is heterogeneous in space. Except for 

upland rice fields, in most of rice growing environments such rainfed lowlands and possibly irrigated 

fields with water-saving production technology like aerobic rice cultivation, soil moistures usually 

fluctuate between aerobic (drought) and anaerobic to various extents. This is due to the intermittent 

nature of rainfall patterns and irrigation systems. The severe changes in soil moisture are perceived to 

be very crucial for crop growth and yield. 

 

Plastic development of root system 

 

A root system of a crop plant is an integration of component roots with dissimilar morphology, 

anatomy and possibly physiological functions. They are different also in developmental responses to 

various environments. The ability of the plant to change its morphology as environmental conditions 

change is known as phenotypic plasticity. The root system that is high in function may be defined as 

the one that developmentally responds to environmental changes in a way that it stabilizes the whole 

plant growth, i.e., plastic root system. In this aspect, the ability of root traits to change 

developmentally and functionally in response to the changing conditions was suggested to be one of 

the most important traits for adaptation (Yamauchi et al. 1996). Such trait is difficult to be dealt with 

genetically and thus has been rarely incorporated in any breeding program. 

 We showed that in rice root system, the development of different component roots and their 

plastic responses to drought are under different QTL control. Such QTL were found also to differ with 

the intensities of water stress (Wang et al., 2005). We further showed that root osmotic adjustment is 

one of the physiological bases for the plasticity (Ogawa and Yamauchi, 2006). Especially, the sugar 

accumulation on root axes induced by water stress was found to be closely associated with plastic 

lateral root branching under the condition suggesting that such responses may be one of the 

physiological bases of the plasticity exhibited by the root system (Ogawa et al., 2005). 

 

Desirable root traits under water stress conditions 

 

Our recent studies have been aiming at evaluating the genetic variations in responses in dry matter 

production, shoot growth and root system development to constant drought stress and transient 

moisture stress conditions (drought and O2 deficiency) to identify key root traits that contribute to 

plant adaptation to various intensities of drought stress and fluctuating soil moisture stresses. 

 

Constant drought stress 

Fifty-four chromosome segment substitution lines (CSSLs) derived from Nipponbare and Kasalath 

parents provided by the Rice Genome Research Center of the National Institute of Agrobiological 

Sciences, Japan were used in the field experiments for two years. We used a watertight experimental 

bed installed with line source sprinkler system, which created and maintained various intensities of 

soil moisture stresses. Results showed that these CSSLs generally showed reduced plant height, 

tillering and dry matter productions as the drought intensified in both years, which were associated 

with reduced photosynthesis and transpiration, and stomatal conductance. However, compared with 

Nipponbare, CSSL45 and 50 relatively maintained dry matter production with increasing drought 



stress due to their ability to maintain or promote root elongation and branching under the conditions. 

Specifically, their growth in shoot and roots were not different from Nipponbare at 40% and above in 

soil moisture content (SMC), while the dry matter production and total root length in those CSSLs 

peaked around 30-35 % of SMC. Under severe drought at 10 % of SMC or below, the extent of shoot 

and root growth reductions were similar to those of Nipponbare (Kanou et al., 2005; Kanou et al., 

2006). These results strongly suggest that plastic root responses of rice genotypes may be one of the 

key traits that contribute to plant adaptation to various intensities of water stress. 

 

Transient moisture stress 

Two aerobic genotypes (UPLRi7 and NSICRc9), one irrigated lowland (PSBRc82), Kasalath (indica) 

and Nipponbare (japonica) CSSLs parents were grown under transient moisture stress in a growth 

chamber for 2 weeks (one week under each moisture stress). The transient moisture stress treatments 

were drought to O2 deficient (stagnant) and stagnant to drought conditions. Then, the 54 CSSLs were 

also evaluated in similar manners. 

Consistent genotypic differences were found between aerobic and irrigated lowland genotypes 

in lateral root production responses to transient moisture stresses (Suralta et al., 2008a). Under 

transient stagnant to drought condition, the root trait that mainly determined the genotypic differences 

was the ability to maintain seminal root elongation and branching of lateral roots along seminal root 

axis, nodal root production and elongation. Under transient drought to stagnant condition, the 

differences were mainly determined by greater ability in maintaining seminal root elongation and 

nodal root production, which were exhibited by aerobic genotype. The seminal roots of aerobic 

genotypes had the ability to enhance root aerenchyma formation when subjected to stagnant condition 

while the irrigated lowland genotype completely lost such ability once droughted. Kasalath showed 

much greater ability in lateral root production under both transient moisture stresses than Nipponbare. 

This indicates the potential utilization of their CSSLs for precise identification of desirable root traits 

with reduced effects of genetic confounding. 

 Among the 54 CSSLs, Line 47 was identified to show no significant differences in shoot and root 

growth with the recurrent parent Nipponbare under non-stressed conditions but consistently exhibit 

greater lateral root production under both transient conditions (Suralta et al., 2006). Using this line in 

comparison with Nipponbare, the key root traits observed with genetically diverse rice cultivars and the 

CSSL as shown above were confirmed to contribute to better adaptation through enhanced water uptake, 

stomatal conductance, photosynthesis and dry matter production when grown in soil with fluctuating 

moistures (Suralta et al., 2008b). Some of the traits were found to be common with those identified for 

aerobic and irrigated lowland genotypes grown under constant drought and waterlogged conditions 

(Suralta and Yamauchi, 2008). 

The selected CSSLs under constant drought and transient moisture stresses will be used for 

further production of near isogenic lines on the QTLs to examine quantitatively the physiological 

function of the root plasticity for plant adaptation under constant drought and transient moisture 

stresses. 
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