
(Establishment of a high yielding cultivation technique in barley by emphasis 

on later stage fertilization that increased topdressing at spike formation stage) 
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Summary 

 In yamaguchi prefecture, barley has been used for miso and shochu is secondly off-season crop 

following wheat. Recently it is high demand by users and need to product increasingly. But barley 

production is low. And also its grain yield is lower than nation average. As a factor of low yielding, 

its growth was weakening after top dressing at spike formation stage (SFS) in March, what is called 

Haruochi. In addition, previous study has showed that its yield has tended to decrease to decrease a 

spike number by warming and increasing of amount of precipitation. On the other hands, another 

study has shown that grain yield is increased increasing spike number in order to increasing top 

dressing at SFS. Thus, we considered that increasing the amount of topdressing at SFS might 

improve low grain yield in barley. In this study, we conducted to cultivate with increasing of top 

dressing at SFS and investigated grain yield, yield components, dry matter production and nitrogen 

metabolism to establish the stability and high yielding growth skill. And the objectives present study 

was to clarify the effect of increasing the amount of topdressing at SFS. 

 First, we investigated effect of increasing the amount of topdressing at SFS on grain yield and yield 

components and considered dry matter production by using growth analysis in ripening period. 

Grain yield and spike number were the highest in the 4-2-6, increasing the amount of topdressing at 

SFS. However, emphasizing topdressing a later stage did not give grain yield a positive effect when 

total N was 10 g m-2, because the grain yield was lower in the 4-2-4 than in the 6-2-2. Therefore, it 

was suggested that grain yield increased by increasing spike number in case of increasing the 

amount of topdressing at SFS in barley when total N was 12 g m-2. CGR, S&LAI and NAR were 
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also the highest in the 4-2-6 during ripening period. CGR was high from full heading time to milky 

stage in the 6-2-4 (total N was 12 gm-2), but was low from milky stage to maturity. The N content of 

whole plant was already highest at the full heading stage in the 4-2-6, and the N uptakes during the 

grain filling period were also highest in the 4-2-6. We guessed that increasing topdressing at SFS 

was increased grain yield as photosynthetic ability brought high N contents through ripening period 

could maintained and the spikes were full. Although grain number per unit area highly correlated 

with the N contents of plant on the ground in 2012/2013, when grain number increased from 10000 

to 15000 in 2011/2012, N contents of plant on the ground did not increase. Thus, N contents, 

especially in treatments having the many number of grain numbers, varied by seasons.  

 Second, we investigated the number of emerged tillers, the nodal position of the emerged tillers and 

the characters concerned with productivity of tillers in order to clarify how the topdressing at SFS 

increases the spike number. The more topdressing at SFS increased, the more emerged tillers rate 

increased both basal dressing of 4 g m-2 and 6 g m-2. Total N amount 12 g m-2 increased the number 

of individual with emerging primary tillers at the 1st nodal position. Increasing topdressing at SFS 

increased the number of individual with emerging primary tillers at the 1st, 3rd and 4th nodal 

position. The percentage productive culms was the highest in the 4-2-6, secondly the 4-2-4. Thus, it 

was suggested that increasing topdressing at SFS increased emerged tillers rate of the number of 

individual and these were became productive tillers. 

 We analyzed the mechanism of becoming productive tillers by investigating the dry weight and leaf 

expanding of main stem and tillers. The productive tillers expanded 5 - 8 leaves among the all 
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treatments and its weight was more than 1000 mg. The basal dressing 4 g m-2 plots increased the 

productive tiller by increasing top dressing at SFS, since the primary tiller at low and a part of high 

nodal position became productive tillers. In the 4-2-6, productive tillers at low nodal position weight 

increased. The tillers at high nodal position became the non - productive tillers expanded about 5 

leaves and its weight was 300 - 500 mg. A part of these was heavier than productive tillers. While 

the basal dressing 6 g m-2 plots increased only the primary tiller at low nodal position because the 

tillers at high nodal position did not emerged, in addition to little non - productive tillers at high 

nodal position. We investigated how relationship between productive tillers and nitrogen (N) content 

or water soluble carbohydrate content. N content of primary tillers at the second nodal position in the 

4-2-6 was higher than one of the first nodal position in the 4-2-0. The water soluble carbohydrate 

content of tillers did not differ between productive and non - productive tillers. But only the non - 

productive tiller showed significant positively correlation between the water soluble carbohydrate of 

tillers and dry weight, and the non - productive tillers was high water soluble carbohydrate content 

of tillers also expanded many leaves. The water soluble carbohydrate content of the productive tillers 

which grain was growing ranged from 10% to 20%. Therefore, we suggested that increasing 

topdressing at SFS enhanced the photosynthetic ability by increasing the N contents and productive 

tillers increased by increasing accumulation of assimilation product. And it was emerged tillers that 

expanded about 5 leaves and its weight was about 500mg, what is called late emerging head, which 

was the border between productive tiller and non - productive tiller. And it increased a number of 

individual that had productive tillers that its dry weight was heavier more than 1000 mg. 
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 Finally, fertilizing top dressing at later stage in growth period became low quality by increasing 

steely grain rate in naked barley. On this account, we are worried that increasing topdressing at SFS 

was decreased its quality. As the steely grain was showed positively correlation with grain protein 

contents, if we could find that how many the amount of nitrogen that was fertilized the field did the 

plant uptake of N and translocate to grain, we would estimate the steely grain emergence. Thus, we 

investigated the amount of N contents of each organs, flag leaf, second leaf, lower leaf, stem, chaff 

and grain, during ripening period, and we would clarify the nitrogen metabolism in naked barley by 

comparing among the seasons or treatments. Changes in amount of N contents of each part per a 

productive stem were similar among the treatments for both seasons. Amount of N contents in total 

above ground increased from four weeks after full heading time (FHT) to maturity in 2012/2013, 

while it did not increase throughout grain filling period in 2013/2014. In grain, amount of N content 

increased throughout grain filling period in 2012/2013, while it did not increase from five weeks 

after FHT to maturity. Therefore it was indicated that the amount of N content in grain did not only 

came from remobilization from vegetative organs but also from absorption from soil during grain 

filling period. There were different for two seasons how the grain absorbed amount of N during later 

grain filling period, while there were not different among treatments. Grain N content increased to 

two weeks after FHT, and it decreased to four weeks after FHT both seasons. After that, in 

2012/2013, it increased to maturity. As Grain N content increased, steely grain increased and more 

quality became low. However, in this study, grain protein content was not significantly difference 

among the treatments for both seasons. 
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 The over all results of the present study revealed that increasing topdressing at SFS was effective 

fertilization method which kept maintaining high photosynthetic ability during ripening period, 

assimilated many dry matter productions and increased grain yield by increasing spike number. 

Moreover N metabolism was not significantly different among treatments. Therefore it was clarified   

the increasing topdressing at later stage method which was not only high - yielding culture but also 

was not increased grain protein content. 
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