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Meta-analysis reveals general rice ratooning ability, and rice ratoon cropping shifts 
the plant type from panicle weight type to panicle number type 
 

Rice ratooning is a cultivation method that omits seedling raising, puddling, and 
transplanting and is therefore attracting attention as a low-input and low-cost method. 
However, it faces the challenge of significantly lower yields compared to conventional 
double-cropped rice. To address this, many studies have been conducted on the 
identification of varieties and traits with high ratooning ability. However, due to 
differences in genetic and environmental factors, there are various results from many 
studies, making it difficult to understand the ratooning ability of rice. 

This report uses statistical analysis of 51 field experiment data collected from 14 
countries from 1976 to 2022 to examine the general ratooning ability, the effect of genetic 
and environmental factors on the ratooning ability of yield-related traits (plant height, 
number of stems, panicle length, number of spikelets, number of panicles, 1000-grain 
weight, grain-filling rate, growth period, and grain yield), and the relationship between 
ratooning ability and yield. In this study, ratooning ability is defined as the growth ratio 
of the ratoon crop to the main crop (ratoon rate).  

The growth period of ratoon rice was 41% shorter than that of the main crop, and the 
number of spikelets and grain yield were significantly reduced by 48% and 56%, 
respectively, while the number of stems and panicles increased by only 19% (Fig. 1). This 
suggests that ratoon rice cultivation can accelerate heading, and the plant architecture 
shifts from the panicle weight type in the main crop to the panicle number type in the 
ratoon crop (Fig. 2). The influence of the number of stems in ratoon rice on ratoon rate 
was more variable and more susceptible to the effects of genetic and environmental 
factors such as variety and cultivation environment, while the number of spikelets, growth 
period, and 1000-grain weight were relatively less affected (Fig. 3). Path analysis between 
ratoon rates of each yield-related trait shows that growth period had a significant direct 
effect on grain yield, plant height, and panicle length, and that panicle length had a 
significant direct effect on the number of spikelets (Fig. 4). In other words, the results 
suggest that the shortening of the growth period of ratoon rice accelerates heading, 
which restricts the growth of the stem apex and the differentiation of young panicles that 
determine the number of spikelets, while the number of panicles does not increase 
significantly, resulting in a decrease in grain yield. 
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Fig. 1. Ratoon rate (final amount of growth in 
the ratoon crop relative to that in the main 
crop) for each yield-related trait 
Boxplots show the distribution of the data. n indicates 
the number of data shown in the figure.  

Fig. 2. Relationship between 
number of panicles and number of 
spikelets for main and ratoon 
crops  
The number of data n = 170.  

 

Fig. 3. Effects of differences in genetic and 
environmental factors such as variety and 
cultivation condition on the ratoon rate of 
yield-related traits  
Correlation ratio indicates the ratio of the weighed 
variance of the group means divided by the variance of 
all samples on ratoon rate. The groups are divided into 
(a) yield: low (4.0 t ha–1), medium (6.5 t ha–1), high (9.0 t 
ha–1), (b) maturity: early (110 days), medium (130 days), 
late (147 days), (c) region: South and Southeast Asia, East 
Asia, America, Africa, and (d) N fertilization: low (< 100 kg 
N ha–1), medium (300 kg N ha–1 > N ≥ 100 kg N ha–1), and 
high (≥ 300 kg N ha–1 ).  

Fig. 4. Path analysis of the 
influence of features associated 
with yield on the ratoon rate 
GY, grain yield; PH, plant height; ST, 
stem number; PA, panicle number; SP, 
spikelet number; PL, panicle length; GD, 
growth duration; sample size, n = 42; *, 
statistically significant pathways; GFI, 
goodness of fit index; CFI, comparison 
fit index; RMSEA, root mean square 
error of approximation; ppp, posterior 
predictive p-value. 
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