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ABSTRACT 
 
To improve Japan’s international agricultural competitiveness, we directed our 
attention to lowering the cost of rice cropping by direct-seeding in drained fields. 
To support the introduction of direct-seeded rice cultivation, we compared the 
variability in developmental stages from seeding date in direct- seeding cultivation 
with that from transplanting date in transplanting cultivation to ripening. We used 
eight cultivars with wide differences in maturity, from very early to mid–late. The 
variability in the number of days from direct-seeding or transplanting to ripening 
with cropping seasons tended to decrease greatly from mid- to late-maturing 
cultivars but small for very-early-maturing cultivars. As direct-seeded rice is easily 
affected by environmental factors, especially from direct-seeding to heading, then 
the variability in the duration between years was larger in direct-seeding 
cultivation than in transplanting cultivation. But the tendency to decrease with 
cropping season was similar between cultivation methods. The variability of the 
duration for ripening phase with cropping seasons was similar between the 
methods in plants that headed together. It was thought from these results that the 
knowledge about the developmental stage variability with cropping seasons of 
transplanting cultivation can be applied to direct-seeding cultivation and can 
provide the groundwork needed to support the introduction of direct-seeding 
cultivation. 
 
Key words: Oryza sativa, direct-seeding cultivation, transplanting cultivation, 
cropping season, developmental stages, rice. 

 
 
INTRODUCTION 
 
To improve its international agricultural competitiveness 
and to adapt to climatic change, even for the basic crops as 
rice, the diversification of the production system is 
demanded. Seedling raising and transplanting account for 
approximately one quarter of the time spent on rice 
cultivation (NSDKT, 2014). If these steps are avoided and 
large-scale cropping is adopted, direct seeding could cut 
production costs. Three principal methods are used in 
direct seeding of rice: dry direct seeding, wet direct 
seeding, and standing water direct seeding (Farooq et al., 
2011). In the first method, which involves direct-seeding 
into well drained fields, puddling and leveling are 
unnecessary. In the second and third methods, mainly pre-

germinated seeds are used, and puddling the field at sowing 
enables water retention. The first method is applicable to a 
wide range of cropping seasons even if irrigation water is 
not available for puddling. As seed coating with calcium 
peroxide or iron powder is usually unnecessary, this 
method can reduce production and labor costs, allow 
production to be scaled up, and be adapted to various 
cropping types owing to flexibility in sowing date.  

There are some reports about direct-seeding cultivation. 
Yoshinaga et al. (2008) reported the change of heading and 
maturing dates of direct-seeded and transplanted rice, two 
or three times a year. They reported that ripening duration 
tended  to  lengthen  with a later cropping season, and crop 
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yield decreased approximately 10% compared with 
transplanted rice, even though grain filling rate did not 
decrease, and 1000-grain weight increased in direct-seeded 
rice. Yasumoto et al. (2016) compared the growth, yield, 
and quality of rice direct-seeded on two dates, but they did 
not compare the progress of developmental stages between 
direct seeding in a dry field and transplanting. Sharma 
(1995) reported low and extremely variable productivity of 
direct-seeded rice in flood-prone lowlands. They proposed 
that to improve yields, farmers should adopt optimal 
combinations of agronomic practices. As characteristics 
related to yield are affected by cultivation methods and 
weather conditions, information on the progress of 
developmental stages in various cropping seasons is useful. 
Therefore, we thought that clarifying the changes of the 
time and duration for each developmental stage using a 
group with large variation in maturity including new bred 
cultivar with the change in cropping season could provide 
useful information for the development of cropping and 
fertilization systems. This information could also be used 
for examing the conformity degree to the existing 
prediction model. As regards the problems in the direct-
seeding cultivation, Ahmed and Chauhan (2014) reported 
on weed control, and pointed out that rotating the use of 
different herbicides will help reduce the risk of resistance 
developing in weeds. Poulton et al. (2016) reported that 
when a small amount of supplementary irrigation became 
serious, direct-seeded short duration rice varieties were 
useful. Therefore, we thought that the data obtained in this 
study will also provide basic knowledge to avoid these 
risks. 

Until now, there has been no report regarding 
experiments for cropping seasons with wide variation using 
materials with a wide range of early and late maturity. 
Therefore, the first purpose of the present study was to 
determine whether there are differences or not in the 
developmental stage variability between the direct seeding 
cultivation on a well-drained paddy field and transplanting 
cultivation. By using data of 2015 and 2016 on cultivars 
with wide range of maturity including newly bred cultivar, 
we detailed compared the variability of a developmental 
stage and used direct-seeding cultivation to allow various 
cropping systems to be selected. The knowledge acquired 
and the comparison of the two methods will be important 
for devising low-cost rice cropping systems, cultivation 
management and fertilizer management programs. The 
second purpose was to obtain the basic knowledge for 
introducing direct-seeding rice cultivation in a well-drained 
paddy field in future as preliminary examination for growth 
predictions. Therefore, we introduced data from 2015 
through 2018 into a conventional model and examined a 
conformity degree of the heading date. Establishing growth 
prediction model was also thought to be important for 
avoiding risks such as shortage of water around 
establishment stage, low temperatures and lack of sunshine 
around heading and ripening stages. 

MATERIALS AND METHODS 
 
This study was performed from 2015 to 2018 in Tsukuba-
mirai City, Ibaraki, Japan (36°02′N, 140°0′E, 20 m a.s.l.). A 
gray lowland soil was present at the site, and we obtained 
the meteorological data from the meteorological station at 
the National Agricultural Research Center (NARC), 
Tsukuba-mirai. Daily mean temperatures during the 
growing season ranged from 11.9 to 29.6C in 2015, from 
11.5 to 29.5C in 2016 from 12.5 to 28.8C in 2017 and 
from 11.4 to 30.4C in 2018. Eight cultivars of Oryza sativa 
L. ssp. japonica were grown. ‘Ichibanboshi’ (Okamoto et al., 
2015) and ‘Fusakogane’ (Shinoda and Koyama, 2007) are 
very-early-maturing cultivars, ‘Moeminori’ (Kataoka et al., 
2007) and ‘Fukumaru’ are early-maturing cultivars, 
‘Koshihikari’ and ‘Yumehitachi’ (Suga et al., 2000) are 
intermediate-maturing cultivars, and ‘Akidawara’ (Ando et 
al., 2011) and ‘Hoshijirushi’ are mid- to late-maturing 
cultivars. Seeds that were harvested in the previous year 
from the fields of the NARC were used. In a preliminary test, 
the germination rates of all cultivars were greater than 95% 
after 7 days in the dark at 30C.  

In the direct-seeding method, plots were arranged in a 
randomized block design and seeds were sown on 17 April, 
1 and 14 May, and 2 and 16 June in 2015 (with two 
replicates), and on 19 April, 2 and 16 May, and 1, 15 and 28 
June in 2016 (with two replicates), and on 19 April, 1 and 
17 May, and 20 June in 2017 (with two replicates), and on 
28 March, 11 and 26 April in 2018 (with two replicates). 
Plot size per cultivar was 32 m2 (2 m × 16 m) in 2015, 10 m2 

(2m × 5m) and 40 m2 (2 m × 20 m) in 2016 and 2017, 10 m2 

(2 m × 5 m) in 2018. In all years, seeds were direct-seeded 
at a rate of 60 kg ha-1. Seeds were sown at the rate of one 
every 1.4 cm. 

Seeds were sown at a depth of 1.4 cm with a model 
NSV600 no-till direct-seeding machine (Matsuyama Co., 
Nagano city, Japan) at 30 cm between ridges in 2015, 2016, 
2017 and in 2018 and sown by hand at same depth and 
interval in 2016, 2017 and in 2018. Soil water was 
maintained at approximately 10 cm below the surface in 
both years after germination until emergence. After 
germination, we put water over the surface. The seeds were 
not treated with fungicide. Fertilizer was comparable to the 
standard regime used locally. In 2015 and 2016, the 
application rate was 200 kg ha-1, at 80 kg ha-1 of nitrogen 
with controlled release fertilizer (type LP70 and LPS100 
polyolefin-coated urea) mixture with the ratio of LP70 and 
LPS100 fertilizer at a 1:2 [w/w]. N content of LP70 was 
42%; N content of LPS100 was 41%. In 2017 and 2018, the 
application rate was 200 kg ha-1, at 80 kg ha-1 of nitrogen 

with the same controlled release fertilizer and 80 kg N ha−1, 

80 kg P2O5-equivalent ha−1, and 80 kg K2O-equivalent ha-1 as 
14-14-14 compound fertilizer, respectively. Then total 
application rate was 400 kg ha-1, at 160 kg ha-1 N. The LP70 
and LPS100 fertilizer release 80% of their total nitrogen 
content  at  a  uniform  and  sigmoid curve rate until 70 and 
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100 days after application, respectively at temperatures 
between 20 and 30C. P and K were not applied because 
they had been applied in sufficient quantities earlier in the 
crop rotation (data not shown). The fertilizer was applied 
on ditch of seedbed (about 10 cm deep). To control weeds, 
we sprayed the field with glyphosate and butachlor, they 
were diluted by a factor about 1000-fold just after sowing, 
and hand-weeded when necessary. 

In the transplanting method, plots were arranged in a 
randomized block design. In 2015, seedlings were 
transplanted on 27th April, 13th May, 9th, 15th, and 23th June, 
and 3rd July with two replications, in 2016 seedlings were 
transplanted on 27th April, 10th and 24th May, 7th and 22nd 
June, and 5th July with two replications, and in 2017 
seedlings were transplanted on 25th April, 9th and 24th May, 
and 28 June with two replications, and in 2018 seedlings 
were transplanted on 23rd April, 8th and 21st May with two 
replications. Experimental plot size per cultivar was 32 m2 

(2 m × 16 m) in 2015, 3 m2 (2.5 m × 1.2 m) in 2016, 10 m2 

(2 m × 5 m) and 40 m2 (2 m × 20 m) in 2017, and 10 m2 (2 
m × 5 m) in 2018 on there were three plants per hill with a 
spacing of 20 cm × 30 cm at the almost 4-leaf stage. In 2015 

and 2016, standard basal fertilization comprised 70 kg N 

ha−1, 70 kg P2O5-equivalent ha−1, and 70 kg K2O-equivalent 

ha−1 as 14-14-14 compound fertilizer. In 2017 and 2018, the 
application rate was 200 kg ha-1, at 80 kg ha-1 of nitrogen 
with the same controlled release fertilizer and 80 kg N ha−1, 
80 kg P2O5-equivalent ha−1, and 80 kg K2O-equivalent ha−1 

as 14-14-14 compound fertilizer, respectively. Then total 
application rate was 400 kg ha-1, at 160 kg ha-1 N. Weeds 
were controlled with standard herbicides when necessary. 

We investigated crop development stage per plot by 
recording the elapsed time from sowing to establishment of 
seedling, flag leaf emergence, heading and maturity. Counce 
et al. (2000) reported three main phases of development, 
seedling, vegetative, and reproductive. As reproductive 
development consists of 10 growth stages based on discrete 
morphological criteria, panicle initiation, panicle 
differentiation, flag leaf collar formation, panicle exertion, 
anthesis, grain length and width expansion, grain depth 
expansion, grain dry down, single grain maturity, and 
complete panicle maturity. In this study, because it is 
important for practical use so that the progress of 
developmental stages can be identified easily on site, the 
characteristics were easily identified on site. Seedling 
establishment was the date when the emerged plants 
described a green line in the field. We counted the 
established plants in three 80-cm rows in two blocks per 
plot and calculated the total number of seedlings per plot 
when 50% of all established plants started heading was set 
as heading stage and the time when more than 90% of 
plants which established matured and yellowed was set as 
ripening stage. The judgment of these developmental stages 
was based on the report (Horie and Nakagawa 1990). Of 
these, using direct-seeding cultivation data from 2015 
through 2018, we introduced them into a conventional 

growth prediction model (Horie and Nakagawa 1990) and 
examined conformity. 
 
 
RESULTS 

 
Seedling establishment 

 
The daily mean temperature on the day of sowing or 
transplanting increased, and during ripening decreased, 
with later sowing or transplanting (Figure 1). The ranges of 
the dates of seedling establishment among the cultivars are 
shown in Figures 1 and 2 (as a bar beside each direct-
seeding date). Following germination, heavy rain fell on the 
blocks direct-seeded on 30th June 2015 and 28th June 2016. 
In the former case, all seeds perished before seedling 
emergence (Figures 2 and 3), and thus, no bar is shown in 
Figures 1 and 2. In 2016, the differences in seedling 
emergence among cultivars were large, and the maximum 
duration from sowing to final seedling emergence was 22 
days (Figure 1 and 2). In early seeding, the average 
duration of cultivars from direct-seeding to date of seedling 
establishment was 25 days (sown on 17 April in 2015) or 
31 days (sown on 19 April in 2016), and in late seeding, 9 
days (sown on 16 June in 2015) or 10 days (sown on 15 
June in 2016) (Figures 1 and 2). The range of the dates of 
seedling establishment among cultivars was larger and the 
duration from direct seeding to seedling establishment was 
longer in the blocks sown in mid-April than in the other 
blocks, except those sown on 1st and 28th June in 2016 
(Figure 1 and 2). The number of seedling establishment 
when the emerged plants described a green line in the field 
was around 98-197 plants m-2 (Figure 4) and the leaf 
number was 1.9-3.1 (data were not shown) in 2015. In 
2016, the number of seedling establishment was around 
73-310 plants m-2 (Figure 4) and the leaf number was 2.5-
3.5 (data not shown). Then about more than 80% of seeds 
that were sown germinated and started greening. The 
number of seedlings established after direct-seeding tended 
to increase in the later cropping seasons, except in the final 
block sown in 2016. The range of the transplanted 
seedlings was approximately 60 plants m-2 for all cultivars. 

 
 
Changes in the duration from direct seeding or 
transplanting to ripening as cropping season 
progressed 
 
The duration from direct seeding or transplanting to 
ripening tended to decrease with later direct seeding or 
transplanting dates, and the differences in duration 
between cultivars also tended to decrease with later 
cropping season (Figure 5). However, the durations of 
‘Akidawara’ sown on 1st May 2015 and ‘Ichibanboshi’, 
‘Fusakogane’, ‘Moeminori’, and ‘Fukumaru’ sown on 14th 
May  2015  were  some  longer  than  the  overall  tendency 
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Figure 1: Changes in daily mean temperature, direct-seeding date, transplanting date, and heading and ripening dates in 
(a, b) 2015 and (c, d) 2016. To the right of each direct-seeding date, “—” shows the range of seedling establishment dates 

(except on 30 June 2015, when all seeds perished before seedling emergence). ×---×, heading; ▴---▴, ripening, ○, from late 
August to September. 

 
 
(Figure 5). The temperatures from late August to 
September during ripening were approximately 5C lower 
in 2015 than in 2016 (circled in Figure 1). 

The differences between cropping seasons by number of 
days from direct seeding or transplanting to ripening were 
larger for mid- to late-maturing cultivars than for very-
early-maturing cultivars in both cultivation methods. In 
direct-seeding cultivation, the growth duration tended to 
shorten with later cropping season, more evidently in 2016 
than in 2015 (Figure 5). Although the changes with 
cropping season were similar between the two methods, 
the period for direct-seeding cultivation was often longer 
than that for transplanting cultivation. 
 
 
Changes in the duration of each developmental stage 
 
Figures 6a-b shows the changes in the duration from direct 

seeding or transplanting to heading with cropping season: 
the duration of all cultivars in both years tended to 
decrease with later cropping season. Figures 6c-d shows 
the changes in duration from direct-seeding or 
transplanting to heading with heading date: the duration of 
all cultivars in both years also tended to decrease with later 
heading date. The duration in most cultivars that headed on 
the same date was longer in direct-seeded plants than in 
transplanted plants, but the differences in the duration 
between cultivation methods became smaller as heading 
date progressed (Figure 6c-d). Although the duration from 
direct-seeding to heading of the plants direct-seeded from 
mid-April to mid May decreased with heading date in 2015 
(Figure 6c), the differences in heading date in 2016 were 
small (circled in Figure 6d). Thus, the decline in duration 
with earlier heading date was rapid. Though the differences 
in the heading dates of plants direct-seeded from mid-April 
to  mid  May  in  2016  were  smaller than those in the other  
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Figure 2: Daily rainfall during growth in 2015 and 2016. The horizontal line next to each direct seeding date 
shows the range of seedling establishment dates among cultivars. 

 
 

 
 

Figure 3: (a) Field direct-seeded on 30 June in 2015 and then flooded (photographed on 3 July 2015). (b) A 
damaged, germinated seed (photographed 14 July 2015). 

 
 

 
 

Figure 4: Establishment of seedlings on each direct-seeding date in 2015 and 2016. Vertical bars represent SEM (n = 2 
or 3).△ Ichibanboshi; ◇ Fusakogane; ○ Moeminori; □ Fukumaru; ▲ Koshihikari; ● Yumehitachi; ■ 

Hoshijirushi; ◆ Akidawara. 
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Figure 5: Changes in the duration from direct-seeding or transplanting to ripening in (a, b) 2015 and (c, d) 
2016. Vertical bars represent SEM (n = 2 or 3). 

- - - △- - - Ichibanboshi; ◇ Fusakogane; Moeminori; □ Fukumaru; ▲ Koshihikari; ● Yumehitachi; 

Hoshijirushi; —◆— Akidawara. 

 
 
periods (Figure 6c-d), the plants that direct-seeded at later 
dates and all transplanted plants headed with the progress 
of respective direct-seeding and transplanting date. The 
duration from direct-seeding or transplanting to heading of 
plants which headed by the end of August in 2016 tended to 
decrease with later cropping season, except that of direct-
seeded ‘Ichibanboshi’ and ‘Fusakogane’ in the last cropping 
season, which were very-early-maturing cultivars, the 
duration tended to increase (Figure 6b). 

We also investigated changes in the heading date with 
cropping season. Although heading date became later with 
progressing of cropping season in both cultivation methods, 
the changes of heading date with progressing of cropping 
season tended to be smaller in direct-seeding cultivation of 
early cropping season than in transplanting cultivation 
(Figure 7). Thus, the difference in heading dates between 
direct-seeding and transplanting cultivation became 
smaller as the cropping season progressed (Figure 7). 
Plants that headed at the same time had similar durations 

of ripening stage regardless of cultivation method (Figure 
8). The changes in the duration of ripening stage with the 
progression of heading date were small. Furthermore, the 
duration of ripening stage tended to lengthen with the 
progression of heading stage in all cultivars in both 
methods (Figure 8). An example of the growth situation of 
direct-seeded and transplanted plants is shown in Figure 9. 
Regardless of maturity type, the developmental stage of 
plants direct-seeded on 17 April and plants transplanted on 
13 May was similar in late August (Figure 9). The changes 
in ripening date with cropping season in direct-seeded and 
transplanted cultivars are shown in Figure 10, with dotted 
lines representing the changes in the ripening date with 
cropping season in direct-seeded and transplanted 
‘Koshihikari’, a traditional cultivar. The differences in 
ripening dates between cultivars differed with cropping 
season and cultivation method (Figure 10). The extent of 
the ripening date of transplanted ‘Koshihikari’ was 49 days 
in   2015  (from  23  August  to  11  October)  and 39 days in  
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Figure 6: Changes in the duration from direct-seeding or transplanting to heading with cropping seasons (a-b) and with heading date (c-d) in 2015 and in 2016. Vertical bars represent SEM (n = 3 or 4 in 
2015 and n=2 in 2016 ). 
▲ Direct seeding; △ Transplanting in 2015. ●: Direct seeding; ○: Transplanting in 2016. ‘Ichibanboshi’ and ‘Fusakogane’ are very-early-maturing cultivars. ‘Moeminori’ and ‘Fukumaru’ are early-maturing 

cultivars. ‘Koshihikari’ and ‘Yumehitachi’ are intermediate- maturing cultivars. ‘Akidawara’ and ‘Hoshijirushi’ are mid-to late-maturing cultivars. 

 
 
2016 (from 27 August to 5 October); that of the 
eight direct-seeded cultivars was 67 days in 2015 
(from 20 August to 26 October) and 55 days in 2016 
(from 1 September to 25 October). Thus, the extent 
of the harvest time of the direct-seeded cultivars 
was 18 to 16 days greater than that of transplanted 
‘Koshihikari’ in each year. Clarifying the change in 
ripening date with cropping season in cultivars with 
different maturities (Figure 10) will aid in designing 
a cropping system. That can spread out the cropping 
season and labor by combining direct-seeding and 
transplanting and by combining the cultivation of 
early-maturing crops such as barley and late-
maturing crops such as wheat and rapeseed. 

However, it is necessary to consider measures to 
overcome the influence of heavy rain when setting 
the seeding time for the rainy season. This 
information will also help in the planning 
operations and fertilizer management. Spreading 
the time of harvest will enable large-scale expansion 
of rice farming. 

Some examples of rice cropping systems 
combining direct-seeding and transplanting 
cultivation based on the data in 2015 and 2016 are 
shown in Figure 11. When it is cultivated by such 
pattern, these ripening dates can be extended 3 to 
11 days earlier and 17 to 23 days later than the 
standard cultivation of transplanted ‘Koshihikari’. 

Preliminary examination for conformity degree 
of the heading date 
 
The results of this cropping season trials from 2015 
to 2018 using three rice cultivars with different 
maturity, such as ‘Fusakogane’, ‘Koshihikari’ and 
‘Akidawara’,  are shown in Table 1. These results 
were introduced into the DVR formula (Horie and 
Nakagawa, 1990) and estimated these heading date. 
The relationship between estimated and observed 
heading date are shown in Figure 12. The 
conformity degree tended to be higher in very-
early-maturing cultivar, and in all cultivars the 
degree  tended  to be higher in late cropping season. 
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Figure 7: Changes in heading date of direct-seeded or transplanted rice with cropping season in 2015 and in 2016. 
▲: Direct seeding; △: Transplanting in 2015. ●: Direct seeding; ○: Transplanting in 2016; Vertical bars represent SEM (n=3 or 4 in 2015 and n=2 in 

2016 ). Plants direct-seeded from mid-April to mid -May in 2016.  

 
 

 
 

Figure 9: Rice (a) direct-seeded on 17 April in 2015 and (b) transplanted on 13 May in 2015. Both images were taken 
on 28 August in 2015. 

 
 
DISCUSSION 
 
To improve its international agricultural competitiveness 

and to adapt the climatic change, we tried to support the 
introduction of direct-seeding cultivation for low-cost, 
large-scale    cultivation.    First,    we    investigated   which  
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Figure 10: Changes of ripening date with cropping season in direct-seeded and 
transplanted rice in (a, b) 2015 and (c, d) 2016. Vertical bars represent SEM (n =3 or 4 in 
2015, n =2 in 2016). The dotted line shows the change in ripening date for ‘Koshihikari’ 
with the change in cropping season. 

∆ Ichibanboshi; ◇ Fusakogane; ○ Moeminori; □ Fukumaru; ▲ Koshihikari; ● 

Yumehitachi; ■ Hoshijirushi; ◆ Akidawara. 

 
 
developmental stage was different or not between two 
methods. So, we compared the progress in crop 
developmental stages of direct-seeded rice cultivation in 
drained fields with that of transplanted rice cultivation 
from 2015 to 2018. Then we examined changes in the 
developmental period from direct seeding or transplanting 
to ripening with cropping season, as groundwork for 
constructing a cropping system that combines direct-
seeding and transplanting cultivation methods. The 
duration from direct-seeding or transplanting to ripening 
tended to decrease with later direct-seeding or 
transplanting dates. Although this tendency was similar 
between the two cultivation methods and the both years 
(Figure 5), there was a difference in the number of days 
between the methods. One factor contributing to this 
difference may be the raising of seedling step. The duration 
from transplanting to ripening tended to decrease with 
progressing cropping season, but that from direct-seeding 
to ripening did not (Figure 5). The number of days from 
direct-seeding to ripening of very-early- and early-maturing 
cultivars (‘Ichibanboshi’, ‘Fusakogane’, ‘Moeminori’, and 
‘Fukumaru’) direct-seeded on 14 May 2015 and of a mid- to 
late-maturing cultivar (‘Akidawara’) direct-seeded on 1 
May 2015 was somewhat longer than the overall tendency 
(Figure 5a). So, we examined changes in the growth period 
from direct seeding or transplanting to heading with 
cropping season. The change in duration from direct-
seeding to heading tended to decrease with later cropping 
season among all cultivars (Figure 6a-b). Then as a possible 

explanation for this difference, it was thought that for 
ripening stage, the weather and field conditions such as 
heavy rain or lack of sunshine, or a high water table 
affected the progress of the stage and slowed the progress 
of the stage, but further examination is thought to be 
necessary (Figures 2 and 8). 

We compared the patterns of change in duration from 
direct-seeding or transplanting to heading between 
methods with cropping season or with heading date in 
2015 and 2016 and compared the patterns of change in 
duration from heading to ripening similarly (Figures 6 and 
8). The duration from direct-seeding or transplanting to 
heading of most cultivars in both years tended to decrease 
with later cropping season (Figure 6a-b) and with later 
heading date (Figure 6c-d). The duration for plants that 
headed on the same date was longer for direct-seeded 
plants than for transplanted plants, but the differences in 
duration between the cultivation methods became smaller 
as heading date progressed (Figure 6c-d). As the 
temperature from direct-seeding or transplanting to 
heading was higher later in the season (Figure 1), the 
difference in the duration between cultivation methods or 
the influence of the seedling establishment period may have 
reduced. 

There were, however, some exceptions, as the duration 
from direct-seeding to heading of direct-seeded 
Ichibanboshi and Fusakogane in the last cropping season in 
2016 increased slightly (Figure 6b). Factors contributing to 
the differences included weather conditions such as rainfall,  
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Figure 11: Examples of cultivation system for combining of direct-seeding cultivation and transplanting cultivation from data of 2015 (a) and 2016 (b). ＊Direct-seeding date; □ Transplanting date; ▲ Ripening. 

 
 
the condition of field drainage, and their very early 
maturity. Especially in direct-seeding cultivation, 
heavy rainfall following germination (Figure 3) 
resulted in very late growth. Seedling emergence 
and plant vigor are influenced by the intensity and 
frequency of rainfall after sowing (Sharma and 
Reddy, 1992). Therefore, rainfall was thought to be 
particularly important for smooth establishment 
progressing in direct-seeding cultivation in the early 
developmental stage. Poulton et al. (2016) also 
reported production risk as variation in rainfall. 
And as the adaptation strategies, they reported 
deployment of short duration rice varieties in 
conjunction with direct seeding. We also thought 
that breeding of early maturing variety was very 
useful for avoiding production risk. 

The results of change in the duration from direct-
seeding to heading, from transplanting to heading 
and from heading to ripening with heading date in 
2015 and 2016 showed that though heading varied 
with cropping season in transplanting cultivation in 
both years (Figure 6c-d), the differences in heading 
date of all cultivars direct-seeded from mid-April to 
mid May in 2016 were smaller than those in other 
cropping seasons (circled in Figure 6d). One of the 
factors, such as the low daily mean temperature 
around direct-seeding on 19th April and 2nd May and 
the delayed growth of plants may have contributed 
to this outcome. The variability of heading date with 
cropping season was smaller in direct-seeding than 
in transplanting cultivation (Figure 7). In this case, 
although direct-seeding from mid-April to mid May 

would allow farmers to expand the direct-seeding 
time, the smaller differences in heading date would 
make it difficult to spread labor at harvest. 
Similarly, in direct-seeding on a flooded paddy field 
and transplanting cultivation of ‘Akitakomachi’ and 
‘Hitomebore’, although heading date in 
transplanting cultivation paralleled transplanting 
date, direct-seeding from late April to mid May 
became compressed (Yoshinaga et al., 2008). Ogata 
and Matsue (1998) reported about planting density 
as one factor that contributes to the progress of 
developmental stage. They reported that as 
compared with planting at a standard 80–100 
plants m-2, planting at 20 plants m-2 resulted in a 2-
day delay in heading date, and planting at 150 and 
200  plants  m-2  resulted  in a 1-day  acceleration  in  
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Table 1: The phenological data used for estimation of developmental parameters in equation. 
 

Year
 

Cultivar 
 

Direct-seeding date Emergence date Heading date Days to heading 

2015 Fusakogane 17 Apr. 11 May 18 July 68 

  1 May 21 May 27 July 67 

  14 May 26 May 1 Aug. 67 

  2 June 12 June 11 Aug. 60 

  16 June 23 June 18 Aug. 56 

      

 Koshihikari 17 Apr. 11 May 30 July 80 

  1 May 20 May 6 Aug. 78 

  14 May 25 May 9 Aug. 76 

  2 June 11 June 20 Aug. 70 

  16 June 23 June 25 Aug. 63 

      

 Akidawara 17 Apr. 12 May 8 Aug. 88 

  1 May 19 May 15 Aug. 88 

  14 May 25 May 23 Aug. 90 

  2 June 11 June 29 Aug. 79 

  16 June 24 June 4 Sep. 72 

      

2016 Fusakogane 19 Apr. 14 May 31 July 78 

  2 May 20 May 5 Aug. 77 

  16 May 2 June 7 Aug. 66 

  1 June 21 June 18 Aug. 58 

  15 June 27 June 23 Aug. 57 

  28 June 13 July 6 Sep. 55 

      

 Koshihikari 19 Apr. 14 May 9 Aug. 87 

  2 May 20 May 12 Aug. 84 

  16 May 4 June 14 Aug. 71 

  1 June 17 June 21 Aug. 65 

  15 June 23 June 25 Aug. 63 

  28 June 15 July 4 Sep. 51 

      

 Akidawara 19 Apr. 16 May 17 Aug. 93 

  2 May 21 May 20 Aug. 91 

  16 May 1 June 22 Aug. 82 

  1 June 17 June 27 Aug. 71 

  15 June 25 June 28 Aug. 64 

  28 June 12 July 7 Sep. 57 

      

2017 Fusakogane 19 Apr. 9 May 24 July 76 

  1 May 17 May 23 July 67 

  17 May 6 June 7 Aug. 62 

  20 June 30 June 24 Aug. 56 

      

 Koshihikari 19 Apr. 25 May 7 Aug. 74 

  1 May 18 May 2 Aug. 76 

  17 May 6 June 14 Aug. 69 

  20 June 30 June 28 Aug. 60 

      

 Akidawara 19 Apr. 25 May 19 Aug. 86 
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Table 1: Conts.The phenological data used for estimation of developmental parameters in equation. 
 

  1 May 18 May 12 Aug. 86 

  17 May 6 June 24 Aug. 79 

  20 June 30 June 4 Sep. 67 

      

2018 Fusakogane 28 Mar. 5 May 22 Jul. 78 

  11 Apr. 29 Apr. 16 July 78 

  26 Apr. 11 May 22 July 72 

      

 Koshihikari 28 Mar. 4 May 4 Aug. 92 

  11 Apr. 30 Apr. 27 July 89 

  26 Apr. 9 May 29 July 81 

      

 Akidawara 28 Mar. 9 May 13 Aug. 96 

  11 Apr. 2 May 6 Aug. 96 

  26 Apr. 9 May 10 Aug. 93 

 
 

 
 

Figure 12: Relationship between estimated and observed heading date. Three cultivars grown in different seasons at 
Tsukuba. 
• 2015; ■ 2016; ○ 2017; □ 2018. 

 
 
Fukuoka Prefecture. In the present study, seedling 
establishment after direct-seeding ranged widely, from 69 
to 308 plants m-2, among all cultivars in both years (Figure 
4), so we consider that plant density did not greatly 
influence the progress of developmental stage, though the 
study location and cultivars differed between studies. 

Although the number of days from direct-seeding or 
transplanting to heading tended to decrease with cropping 
season in both cultivation methods (Figure 6a-b), the 
degree of shortening differed greatly among cultivars. The 
degree of shortening in mid- to late-maturing cultivars with 
cropping season was greater than that in very-early-
maturing cultivars (Figure 6a-b), possibly owing to varietal 
differences in photosensitivity and thermosensitivity. The 
signals that promote heading differ among cultivars 
(Hoshikawa, 1979). Then the change in duration from 
direct-seeding or transplanting to heading with cropping 
season was assumed to also differ. It was assumed that high 
temperatures promoted heading of the very-early-maturing 
cultivars as ‘Ichibanboshi’ and ‘Fusakogane’. Days to 

heading were shortened with progress of cropping season 
(Figure 1). While, shortening day length promoted heading 
of the mid- to late-maturing cultivars, such as ‘Hoshijirushi’ 
and ‘Akidawara’. So, the decrease in days to heading with 
progress of cropping season may have been greater in those 
cultivars than in the very-early-maturing cultivars (Figure 
6a-b). Yasumoto et al. (2017) reported in direct-seeded rice 
cultivation, that shortening of the interval from emergence 
to panicle formation differed among cultivars owing to the 
high photosensitivity of mid- to late-maturing cultivars and 
the high thermosensitivity of very-early-maturing cultivars. 
These factors may have contributed to the differences in the 
duration of the developmental period among the cultivars 
in which it tended to decrease with later cropping season. 
About change in heading date associated with cropping 
season, Takita (1982) reported that the influence of day 
length on shift in heading for the late-maturing group may 
be attributed to the differences in photosensitivity. For 
early-maturing cultivar, it was not related to the day length 
but may be attributed to the differences in temperature.  
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Yabuta et al. (2010) also reported that short-day 

treatment shortened the duration to the reproductive 
phase, and the degree of shortening differed among 
cultivars: larger in mid- to late-maturing cultivars and 
smaller in very-early-maturing cultivars. Xue et al. (2008) 
suggested that genetic elements were involved in such 
differences. We thought these factors were involved also in 
this study.  

About ripening stage, although there were some 
exceptions with long ripening duration, changes in the 
duration with progress of the heading date were small, and 
duration tended to lengthen in all cultivars in both methods 
and both years with progressing of the heading date (Figure 
8). Since one of the factors, such as standard error between 
the samples was large, it was thought that differences in 
field conditions, such as drainage condition, between 
measurement points may have contributed to these 
exceptions.  

The range of ripening date for direct-seeded plants in 
various cropping seasons appeared to be wider than that of 
‘Koshihikari’ transplanted from late April to early May, the 
standard method for this standard cultivar in Japan 
(Figures 10 to 11). The degree of difference in ripening date 
between cultivars varied with cropping season (Figure 10). 
For example, differences between direct-seeded cultivars 
were larger on 1st May and 2nd June in 2015 than on other 
dates, but small in other cropping seasons. Two factors may 
be weather and field conditions, such as differences in 
drainage between locations on the farm. Thus, knowledge 
of the consequences of changing the cropping season is 
necessary not only for coping with gradual changes in day 
length and temperature, but also for evading weather 
extremes such as low temperatures, heavy rainfall, and lack 
of sunlight. As the second purpose in this study, we 
introduced the results of this study into the existing 
prediction model as preliminary examination (Horie and 
Nakagawa, 1990) and examined the conformity degree. It 
showed that the conformity degree tended to be higher in 
very-early-maturing cultivar, and all cultivars tended to be 
higher in late cropping season (Figure 12). As one of the 
causes, it was thought that this predictive expression was 
led by the cropping season experiment of the transplanted 
‘Nipponbare’. For direct-seeding cultivation that performed 
in early cropping season of this examination, temperature 
was low, and the day length was long, therefore it was 
thought that a tendency that an observed date was later 
than estimated date. While about ripening stage, changes in 
the duration of that stage was similar between direct-
seeded and transplanted plants that headed at the same 
time (Figure 8). Therefore, for constructing prediction in 
direct-seeding cultivation, it was considered particularly 
important the predicted developmental stage to heading. 
And the changes of heading and ripening dates of plants 
direct-seeded from mid-April to early May and from early 
to mid-June was tended also small (Figure 10). Therefore, 
we considered that these dates were early and late limits of 

the cropping season for direct-seeding in the range of 
maturity for cultivars used in this study. 

Combining direct-seeding and transplanting of cultivars 
varying in maturity dates over a range of cropping seasons 
will disperse the heading and ripening dates. It will also 
improve labor management, stabilize production, and 
disperse risks such as unexpected heavy rain. As direct-
seeding cultivation faces problems in stabilizing production 
due to lack of knowledge of the progress of developmental 
stage with cropping season, the results of this study will 
become important information. Koda (1985) reported that 
direct-seeding of rice and growing other crops improved 
labor distribution and yield stability and reported that it is 
important when introducing direct-seeding cultivation into 
well drained fields to build drainage measures and to grow 
early-maturing cultivars with high adaptability. Yoshinaga 
et al. (2013) reported that the main factor for high yield is a 
large sink capacity due to a high sink production efficiency 
per unit of absorbed nitrogen. Therefore, understanding the 
changes in heading date in different cropping seasons using 
cultivars with a large range of maturity dates will be useful 
in determining the timing when characters such as panicle 
number per area and spikelet number per panicle are fixed 
in each cultivar. It will also be effective for designing a 
fertilization system to obtain stable yields in various 
cropping systems. 

The progress of the developmental stages with cropping 
season was similar between the two methods when the 
cultivars headed at the same time. Using transplanted rice, 
Yoshida et al. (2007) performed cross-location experiments 
and reported a growth model with heading date as an index 
of growth stage. Horie and Nakagawa (1990) developed a 
growth model using ‘Nipponbare’ as mentioned above. The 
knowledge gained here will be useful for adapting such 
growth prediction models designed for transplanted rice to 
direct-seeded rice. Because our study was performed in the 
Kanto region in Japan, temperature and day length should 
be considered in other regions. 

The results of the present study showed that there were 
instances when the crops suffered serious damage due to 
weather during initial development with direct-seeding 
(Figure 3). Furthermore, the period till establishment was 
much less stable for direct-seeding cultivation than for 
transplanting cultivation (Figures 1 and 3). Therefore, using 
or breeding cultivars with vigorous initial growth and very-
early- and early-maturing cultivars would be useful and 
beneficial for avoiding above risks and for establishing 
direct-seeding into well drained field cultivation. We 
considered that the following are crucial when introducing 
direct-seeding cultivation into well drained fields: (1) Very-
early- and early-maturing cultivars with vigorous early 
growth should be used (2) The soil, especially in the early 
developmental stage, must not be overly dry or wet to 
ensure stable emergence and establishment in dry spring 
and rainy seasons. 

As  regards  heading  date,  we  introduced  that  into  the  
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existing prediction model. While we considered that more 
detailed study was necessary, because significant coefficient 
of determination was observed between the observed date 
and estimated date, it was assumed that heading date 
prediction of direct-seeding cultivation can be constructed 
by improving the existed prediction model of transplanting 
cultivar. Since the present study was performed in the 
Kanto, located in the middle region of Japan, it will be 
necessary to consider temperature and day length in other 
regions. 
 
 
CONCLUSIONS 
 
We investigated changes with cropping season in the 
developmental stages of direct-seeded and transplanted 
rice. Even when planting date and cultivation methods 
differed, cultivars that headed at the same time ripened at a 
similar time between the two methods. This indicates that 
growth prediction models developed for transplanting 
could be applied to direct-seeding of rice cultivars that head 
at the same time. Our results also suggest that a 
combination of direct-seeding and transplanting cultivation 
would be useful not only for the dispersion of cropping 
season, but also for work dispersion. 
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