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Abstract 

 

The effect of slow release fertilizer on yield and yield components in Chinese high-yielding rice cultivars were 

evaluated and analyzed to avoid over-fertilization in China. Two different types, linear (L) and sigmoid (S) 

fertilizer as a nitrogen (N) source were applied at basal dressing, in comparison with split applications of 

ammonium chloride (C type). The application of the slow release fertilizer increased the brown rice yield 

significantly in Chinese high-yielding cultivars, Yangdao 4 (YD) and Wuyugen 3 (WY), and was more effective at 

low N conditions than at high N conditions. Maximum yield was achieved in YD grown at 21 g N m
-2

 by S type, 

and in HH grown at 21 g N m
-2

 by L type. This indicates that about 30 % of N fertilizer could be saved by the 

application of the slow release fertilizer. These effects on yield resulted from the increase in sink size (the 

number of spikelets m
-2

 multiply one grain weight) due to the increase in the number of spikelets m
-2

. The effect 

of the S type slow release fertilizer was more effective on the increase in sink size and the number of spikelets 

panicle
-1

 than that of L type. Grain filling percentage in WY and HH decreased with the increase in sink size, 

while it was slight in YD. Therefore, the increase in sink size was important for YD to improve the yield 

production. These responses to the N supply were different between YD and WY, suggesting that the optimum 

amount of N fertilizer applied should be varied with these cultivars. 
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Introduction 

 

In Jiangsu province in China, one of the representative rice-producing areas, high-yielding 

rice cultivars are widely used for breeding and cultivation with applying a large amount of nitrogen 

(N) fertilizer more than 30 g m
-2

 to achieve high-yield (Peng et al. 2006). These cultivars have large 

yield potentials (Amano et al. 1993; Wang et al. 1995; Yao et al. 2000) and require the application 

of large amounts of nutrients, especially nitrogen (N). However, an excess fertilizer application 

causes not only an increase of costs but also an outflow of nutrients with an environmental burden. 

This requires an appropriate management of the fertilizer application and an improvement of 

fertilizer use efficiency (brown rice yield / the amount of N fertilizer application) in the rice cultivation. 

The method of fertilizer application has been improved by changing the amounts and timings of 

fertilizer application (Peng et al. 2006), and by using farmyard manure (Liu et al. 2008) and 

supplemental nitrification inhibitor (Huang et al. 1996) to raise the fertilizer use efficiency. As one of 

the effective solutions for high fertilizer recovery rate, a slow release fertilizer has been commonly 

used in Japan for the rice cultivation. However, there are few studies in Chinese high-yielding 

cultivars (Ju et al. 2006). As recent high-yielding cultivars can achieve high yield even in a small 

quantity of fertilizer application (Hasegawa 2003; Taylaran et al. 2009), the optimum fertilizer 

condition should be examined by using the slow release fertilizer. In this study, effects of different 
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types of the slow release fertilizer on yield in Chinese high-yielding rice cultivars were evaluated 

and analyzed to determine effective methods and amounts of N fertilizer application. 

 

 

Materials and Methods 

 

Experiments were conducted in 2006 to 2009 (Exp.1) and 2010 (Exp.2) in a paddy field of 

Faculty of Agriculture, Kochi University, Japan. Three treatments were designed by types of N 

fertilizer applied. Ammonium chloride was applied as conventional N fertilizer (C type) for basal and 

top-dressing at each growth stage (basal:20 days after transplanting : 20 days before heading : 10 

days before heading : heading = 2 :1:1:1:1). Two types of the slow release fertilizer, linear type (LP 

coat 100, L type) and sigmoid type (LP coat SS 100, S type) were applied as basal dressing all at 

once, except for the S type in 2006 and 2007, in which both 6 g m
-2

 of sigmoid type and 4 g m
-2

 of 

ammonium chloride were mixed at basal dressing and 2 g m
-2

 of ammonium chloride was 

additionally applied at 20 days after transplanting to promote early growth. In Exp.1, Chinese high-

yielding Indica cultivar, Yangdao 4 (YD), Chinese high-yielding Japonica cultivar, Wuyugen 3 (WY) 

and conventional Japonica cultivar, Hinohikari (HH) were grown at the rate of 12 g N m
-2

 for each 

types of N fertilizer. In Exp.2, three different amounts of N, 12, 21, 30 g m
-2

 for each type of fertilizer 

were applied in YD and HH. The same amounts of P2O5 and K2O as N in both experiments were 

applied at basal dressing and at each growth stage (basal : 20 days before heading : 10 days 

before heading =4:1:1), respectively. All treatments were arranged with 2 replications by a 

randomized block design. Yield and yield components were determined by using 20 hills sampled at 

maturity.  

 

 

Results and Discussion 

 

The effect of the slow release fertilizer on brown rice yield 

Brown rice yield significantly increased with the application of slow release fertilizer in 

Exp.1 (Table 1). The effect of the slow release fertilizer on yield did not differ significantly among 

cultivars, but the average increasing percentage in YD and WY (6 to 15%) was higher than that in 

HH (0 to 5%). This result agreed with reports by Sato et al. (1993; 1997) in which the yield 

increased by 33 to 55% and 12 to 14% respectively. 

 The effect of the slow release fertilizer on yield was not significant in Exp.2 (Table 2). 

However, the increasing percentage at 12 g N m
-2

 was higher than that at 30 g N m
-2

 in both 

cultivars, showing that the slow release fertilizer was more effective on yield in low N fertilizer 

conditions than in high N fertilizer conditions. In addition, this effect was significantly different 

between cultivars, and the increasing percentage in YD was higher than that in HH. Maximum yield 

was obtained in YD grown at 21 g N by S type (781 g m
-2

), and in HH grown at 21 g N by L type 

(539 g m
-2

), which were higher than those grown at 30 g N by C type. This result indicates that the 

slow release fertilizer saves about 30% of N fertilizer applied, compared with the conventional 

fertilizer. 
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Table 1. Yield and yield components of rice cultivars in Exp.1 (the average value of 2005-2009) 

 
Note: Italic values indicate the increasing percentage by the slow release fertilizers. 

 Values with different small letters indicate significant differences at the 5% level among methods of the fertilizer application 

and cultivars. 

 Values with different capital letters indicate significant differences at the 5% level among varieties. 

*, **, ***; Significant at 5, 1, 0.1% levels by ANOVA, respectively; ns is Not significant. 

 

 

Analysis of yield components 

These effects of the slow release fertilizer on yield resulted from the increase in sink size 

(the number of spikelets m
-2

 multiply one grain weight, Venkateswarlu and Visperas, 1987) due to 

the increase in the number of spikelets m
-2

 in both experiments, although 1000 grain weight 

significantly decreased with the increase in the number of spikelets m
-2

 (Table 1, 2). The increase in 

the number of spikelets m
-2

 was attributed to the increase in both the number of panicles m
-2

 and 

the number of spikelets panicle
-1

. The effect of the S type slow release fertilizer was more effective 

on  the increase in sink size and the number of spikelets panicle
-1

 than that of L type.  Kamekawa 

(1990) reported that sink size increased with the application of the slow release fertilizer of linear 

type mainly due to the increase in the number of panicles m
-2

 in Japanese cultivars. These results 

show that there is a difference of the effect on the yield components between L and S types. 

 The increase in sink size resulted in the decrease in grain filling percentage in both 

experiments. However, Tanaka (1988) and Nakanishi et al. (1990) reported that grain filling 

percentage increased despite the increase in the number of spikelets m
-2

 with applying the slow 

release fertilizer at panicle neck-node differentiation stage. This result may be because of late 

fertilizer application in comparison with our study.  

 A negative relationship between sink size and grain filling percentage was observed in WY 

and HH (P<0.10), but not observed in YD in Exp.1 (Figure 1A). A similar trend was observed in 

Exp.2; the decrease in grain filling percentage in YD was less than that in HH when grown with high 

N fertilizer conditions (Figure 1B). Yang et al. (2002) reported that grain filling percentage in recent 

Chinese cultivars did not always decrease with the increase of the number of spikelets panicle
-1

. 

These results show that YD maintains high grain filling percentage with high sink size in response to 

high N conditions, resulting in high fertilizer use efficiency. However, Chinese high-yielding 

Japonica cultivar, WY had a different trend with YD, and showed the significant decrease (P<0.10) 

in grain filling percentage with the increase in sink size. This indicates that the optimum amount of 

fertilizer application should be different between YD and WY.  
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Table 2. Yield and yield components of rice cultivars in Exp.2 (2010) 

 
Note:  Italic values indicate the increasing percentage by the slow release fertilizers. 

Values with different small letters indicate significant differences at the 5% level among methods of the fertilizer 

application and cultivars. 

Values with different capital letters indicate significant differences at the 5% level among varieties. 

*, **, ***; Significant at 5, 1, 0.1% levels by ANOVA, respectively; ns is Not significant. 

 

YD: y = -0.0305x + 98.9
r = -0.754 ***

HH: y = -0.0854x + 124.8
r = -0.792 ***
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***, †; Significant at 0.1 % and 10 % levels, respectively. n.s.; Not significant.  

 

Figure 1. Relationship between sink size and grain filling percentage in Exp.1 (A) and Exp.2 (B).  
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Yearly differences 

The effect of the slow release fertilizer on yield was minimum in 2006 (-1%) and maximum 

in 2009 (12%) on average of cultivars in Exp.1. This yearly differences of the slow release fertilizer 

was because of the decreasing rate in grain filling percentage and the increasing rate in sink size 

due to the increase in the number of spikelets panicle
-1

. That is, the remarkable decrease in grain 

filling percentage and the slight increase in sink size were observed in 2006, while the opposite 

trend was observed in 2009. 

 

 

Conclusion 

 

From the above results, the application of the slow release fertilizer increased the brown 

rice yield significantly, especially in YD and WY, and was more effective at low N fertilizer conditions 

than at high N fertilizer conditions. Maximum yield was achieved in YD grown at 21 g N m
-2

 by S 

type, and in HH grown at 21 g N m
-2

 by L type. Therefore, about 30% of N fertilizer could be saved 

by the application of the slow release fertilizer without any decrease in yield, in comparison with the 

conventional fertilizer. This resulted from the significant increase in sink size due to the increase in 

the number of spikelets m
-2

. The slow release fertilizer of S type was more effective on increases in 

sink size and the number of spikelets panicle
-1

 than that of L type. The increase in sink size resulted 

in the decrease in grain filling percentage in WY and HH, while it was negligible or slight in YD, 

which contributed to the increase in the yield production. These responses to the N supply were 

different between YD and WY, both Chinese high-yielding cultivars. Therefore, the amount of N 

fertilizer applied should be varied with these cultivars. 
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