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Abstract: In order to identify the key factors that arrest yield improvement in rice, we observed fifteen divergent 
cultivars in a field at Kyoto, Japan in 1995 and 2001 under various nitrogen (N) regimes. The contribution that sink 
size (spikelet number X single fully ripened grain mass), source size (total available carbohydrate), and source 
components, non-structural carbohydrate (pre-reserved) at full heading (NSCh ) and dry matter production during 
grain filling (DMP) had to the variation in yield among cultivars was examined. The dry weight of rough brown rice 
(Y) ranged from 310 to 743 g m- 2 throughout two years and under all N regimes examined. Although Y correlated 
with both sink and ource sizes, it tended to correlate more closely with source size than with sink size. In many 
cultivars, source size was smaller than sink size at all conditions examined except for the low nitrogen regime. The 
contribution of source components to Y was analyzed with the equation: Y = Cn NSCh + Cd DMP, where Cn and Cd 
are coefficients of NSC utilization and of DMP utilization for grain filling. Y correlated with DMP more closely than 
with NSCh • t.NSC (NSCh - NSCm ), where NSCm is NSC at maturity and "Cn" vaguely correlated with the difference 
between sink size and DMP, showing that NSC is used to ompensate for the shortage of DMP to fill grains. At the 
same time, there were cultivar differences in NSCh and "Cn". The highest yielding cultivar Takanari always had the 
greatest DMP, relatively high NSCh and stably high values of "Cn". In conclusion, yield variation among rice cultivars 
correlated with source size more closely than with sink size, and DMP rather than NSCh primarily contributed to Y. 
While NSCh tended to be utilized complementarily to DMP, the contribution of NSCh seemed to depend on the ability 
of rice cultivars to utilize NSC. 
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The yield of rice is controlled by sink size and/or 
source size. Sink size, also called yield capacity (Y 0-

shida, 1972) or yield potential (Takami et aI., 1990), is 
determined by spikelet number per unit area and single 
fully ripened grain mass. The source size for grain filling 
consists of non-structural carbohydrate stored up to the 
heading stage and dry matter production during that 
period (Saitoh et aI., 1990; Takami et aI., 1990; 
Yamamoto et aI., 1991; Tsukaguchi et aI., 1996) .. 

Sink size is determined by crop growth performance 
before heading (Yoshida, 1981 ; Fujita and Yoshida, 
1984). Spikelet number per unit area is a function of 
plant nitrogen (N) concentration and aboveground dry 
weight at panicle formation stage (Hasegawa et aI., 
1994), and the size of hulls that limits the weight of 
single fully ripened grain mass is also determined before 
heading (Horie, 2001). On the other hand, the source 
size is determined by crop growth before and after 
heading. Non-structural carbohydrate (NSC) accumu­
lates rapidly during the two weeks before heading, and 
reaches a maximum around the heading stage (Yoshida, 

1981). Dry matter production during grain filling 
(DMP) is the sum of photosynthate produced during 
that period, being associated with the amount of solar 
energy absorbed by the crop, plant N nutrition and 
longevity of the tissue (Yoshida, 1972; Saitoh et aI., 
1991; Hasegawa et aI., 1994; Horie et aI., 1997). 

A great deal of work has been done to clarify the 
superior characteristics of high yielding rice cultivars 
compared with the common cultivars (Weng et aI., 1982; 
Song et aI., 1990a; Yamamoto et aI., 1991; Amano et aI., 
1993; Kusutani et aI., 1993; Saitoh et aI., 1993; Sumi et 
aI., 1996). Amano et aL (1993) attributed the higher 
yield of a Chinese hybrid variety, compared with a 
Japanese cultivar, to higher spikelet number per area 
associated with greater nitrogen accumulation before 
heading and especially to the larger amount of dry 
matter translocated from the vegetative part to the grain. 
Observing one hundred rice cultivars, Kusutani et aL 
(1993) also characterized the highest yielding type as 
having a very large sink size (as expressed by volume), 
high filling percentage (yield per sink volume) and the 
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utilized during grain filling; WAB, WAB 450-I-B-P-38-HB; Y, dry weight of rough brown rice. 














