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ABSTRACT This study was performed at Rice and 
Winter Cereal Crops Department of NICS during 2007 and 
2008 to investigate the characteristics of rice leaf emergence 
and to obtain basic data which can be used for rice growth 
simulation model by which we can forecast rice growth 
stage and heading date accurately under different cultivars, 
transplanting date, and climatic conditions. To confirm leaf 
emergence rate according to rice maturing ecotype, we 
surveyed the leaf emergence rate and heading date of 
Unkwangbyeo, Hwayoungbyeo and Nampyeongbyeo which 
are early maturing, medium maturing and medium-late 
maturing cultivars, respectively, according to seedling raising 
duration and transplanting time. When seedling duration 
was 15 days, the growth duration between transplanting 
time and completion of flag leaf emergence on main culm 
were 51.5～78.3 days in Unkwangbyeo, 55.3～87.9 days 
in Hwayoungbyeo and 58.4～98.4 days in Nampyeongbyeo, 
respectively. When seedling duration was 30 days, they 
were 50.1～75.5 days in Unkwangbyeo, 52.4～84.7 days 
in Hwayoungbyeo and 56.4～93.8 days in Nampyeongbyeo, 
respectively. As transplanting time delayed, the emerged 
leaf number after transplanting decreased in all rice cultivars. 
The cumulative temperature between transplanting time to 
completion of flag leaf elongation on main culm were 
1,281℃～1,650℃ in Unkwangbyeo, 1,344℃～1,891℃ in 
Hwayoungbyeo and 1,454℃～2,173℃ in Nampyeongbyeo, 
respectively.  Leaf emergence rate on main culm were 
precisely represented by equation, y = y0 + a / [1 + exp( - (x
- x0) / b)]^c, when we used daily mean temperature as 
variable.

Keywords : rice, climate change, phyllochron, leaf emer-
gence rate, heading date

Rice (Oryza sativa L.) is chiefly cultivated in the temperate 
latitudes of Asia which has monsoon climate, but it presently 
broadly cultivated from tropical region to northern 53 latitude. 
So rice can be divided indica, japonica and tropical japonica 
according to accustomed characteristics to each region.

Rice is classified as short-day plant (Vergara & Chang, 
1985). And we can do ecotype grouping according to photo-
sensitivity, thermo-sensitivity and basic vegetative growth 
(Lee et al, 1993). Especially, temperature and photoperiod are 
major environmental factors which determine panicle initiation 
stage and heading date.

Temperature and photoperiod have a critical effects on 
heading (Yin et al, 1996), and are close connection with leaf 
emergence rate (Ellis et al, 1993; Gao et al, 1992). The 
number of emerged leaf of rice is very important parameter 
to predict growth stage and we can predict heading date by 
the number of emerged leaves (Gao et al, 1992).

Leaf emergence rate can be different according to cultivars 
and environmental conditions, but usually it needs 4~5 days 
in the earlier stage and 8~10 days in later stage (Hirano et al, 
1954).

As rice growth proceeding, leaf emergence rate become 
lower and is influenced by change of growth stage and 
environmental factors (Lee et al, 1964; Lee et al, 1987; Ellis 
et al, 1993; Matsushima et al, 1962).

Rice heading is mostly influenced by photoperiod (Vergara 
& Chang, 1985). As emerged leaves increasing, heading is 
hastened in short day condition, but delayed in long day 
condition (Katayama, 1963). Response to photoperiod is more 
sensitive in late maturing cultivars (Lim et al, 1981) than 
early maturing cultivars, and this difference become bigger in 
long day condition but not so big in short day condition. 



한작지(Korean J. Crop Sci.), 55(3), 2010)260

Rice growth model using temperature and photoperiod 
have been generally used to predict growth amount and 
growth stage. Among growth model using temperature, there 
are many models using cumulative temperature (growth 
degree days, GDD) (Lee et al, 1980, 1983). This have a 
foundation that emerged leaf number have a linear relation 
with cumulative temperature (Muchow & Carberry, 1990; 
Slafer et al, 1994). Linear model is very effective and 
convenient in restricted temperature range (Baker et al, 1986; 
Boone et al, 1990), but error can become very  larger in field 
conditions (Yin, 1996). So, by ground that leaf emergence 
rate of gramineous plant increase exponentially in accordance 
with temperature, there are growth model to explain the leaf 
emergence rate with power law (y=axb) by using temperature. 

Excess use of fossil fuels such as petroleum and coal after 
the Industrial Revolution increase the content of global 
warming gas in atmosphere gradually. It has the capacity to 
seize global radiation, so earth temperature increase gradually. 
During last 100 years, the earth temperature increased 0.3～
0.6, and this tendency accelerated more recently. IPCC 
(Intergovernmental Pannel on Climate Change) predicted that 
the earth temperature would increase 2～6℃ until 2100. 
During 30 years before 2000, temperature of Korea increased 
1.04℃ and Korea meteorological administration predicted the 
temperature of Korea would increase 1.79℃ in preceeding 30 
years from 2000. By analyzing recent 30 years, the temper-
ature of winter season have become higher persistently, but 
the temperature of summer season have not showed big 
difference. So, the winter of korea have shorted 1 month and 
summer season became 1 month longer.

In accordance with weather change, we could do diverse 
rice cultivation such as early transplanting for the purpose of 
early harvesting before Korean Thanksgiving Day and late 
transplanting for the purpose of double cropping with 
economical crop. As rice cultivation environment change 
drastically, we need to predict rice growth stage precisely 
according to climate factors.

Consequently, in this study, we analyzed the effects of 
meterological factor to leaf emergence rate according to 
cultivars, transplanting time and seedling duration and 
developed leaf emergence rate model by its climate factors 
during rice culture season.

MATERIALS AND METHODS

This study was performed in experimental field of Rice 
and Winter Cereal Crops Department of NICS which is 
located in northern Jeolla province on 2007 and 2008. The 
experimental cultivars were early maturing Unkwangbyeo, 
medium maturing Hwayoungbyeo and medium-late maturing 
Nampyeongbyeo. We surveyed the variation of leaf emergen
-ce rate according to rice maturing type and seedling duration 
and analyzed the correlation between environmental factors 
and leaf emergence rate and it's effect to heading.

To confirm the characteristics of rice which grows in 
diverse climate environment, we transplanted rice from May 
1 to June 30 every 15 days. To prepare similar seedling 
stage, we did raising seedling for 35 days in transplanting on 
May 1 and May 16, 30 days in transplanting on May 31 and 
25 days in transplanting on June 15 and June 30.

In transplanting from May 1 to May 31, planting 
density was 30×14cm and fertilizer amount was 
N-P2O5-K2O = 9-4.5-5.7kg/10a and fertilizer split appli-
cation was basal-tillering stage-panicle initiation =
50-20-30. In transplanting on June 15 and June 30, 
planting density was 30×12cm and fertilizer amount 
was N-P2O5-K2O = 8-4.5-5.7kg/10a and fertilizer split 
application was basal-panicle initiation = 70-30. And in 
the other cultivation management, we observed rice 
standard culture of NICS.

Leaf emergence rate was surveyed from transplanting 
to completion of flag leaf elongation by marking on 10 
leaves in each hills of each plot. Whenever new leaf 
was emerged in main culm, we surveyed it's time.

Meteorological data were collected from Campbell science 
datalogger which is established in Rice and Winter Cereal 
Crops Department of NICS. The difference of leaf emergence 
rate was analyzed by sigmaplot 8.0 and SAS (statistical 
analysis system 9.1).

RESULTS

Leaf emergence rate of Unkwangbyeo

Fig. 1 and 2 shows the meteorological change and variation 
of leaf emergence rate according to transplanting time and 
seedling duration in early maturing Unkwangbyeo. Trans-
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Fig. 1. Leaf emergence rate on main culm according to transplanting time and it’s relation with meteorological factors in 30 
days old Unkwangbyeo.
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Fig. 2. Leaf emergence rate on main culm according to transplanting time and it’s relation with meteorological factors in 15 
days old Unkwangbyeo.
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Fig. 3. Leaf emergence rate on main culm according to transplanting time and it’s relation with meteorological factors in 30 
days old Hwayoungbyeo.

planting 30 days old seedling at Iksan, the number of 
emerged leaf decreased from 10.6 ± 0.3 in transplanting on 
May 1 to 8.9 ± 0.5 in transplanting on June 30. Transplanting 
15 days old seedling, they were 10.9 ± 0.6 in transplanting 
on May 1 and  9.7 ± 0.3 in transplanting on June 30.

In same transplanting time, the difference of number of 
emerged leaf were small relatively in transplanting until May 
31, but it showed tendency of increase from transplanting 
from June 15.

Transplanting 30 days old seedling, the completion time of 
flag leaf elongation were distributed from 195.5 (Julian day) 
in transplanting on May 1 to 229.1 (J.D.) in transplanting on 
June 30. Transplanting 15 days old seedling, they were 
distributed from 198.3 (J.D.) in transplanting on May 1 to 
230.5 (J.D.) in transplanting on June 30. 

Growth duration from transplanting to completion of flag 
leaf elongation were distributed from 75.5 ± 1.0 in trans-
planting on May 1 to 50.1 ± 2.4 in transplanting on June 30. 
Transplanting 15 days old seedling, they were distributed 
from 78.3 ± 2.3 in transplanting on May 1 to 51.5 ± 1.4 in 
transplanting on June 30. In same transplanting time, heading 
date was delayed 2~3 days in transplanting with 15 days old 

seedling compared to 30 days old seedling.
Transplanting 30 days old seedling, cumulative temperature 

was distributed from 1,583 ± 23℃ in transplanting on May 
1 to 1,281 ± 66℃ in transplanting on June 30. Transplanting 
15 days old seedling, they were 1,650 ± 55℃ in transplanting 
on May 1, and 1,320 ± 66℃ in transplanting on June 30.

Transplanting 30 days old seedling, sunshine hours were 
distributed from 423 ± 4 hr in transplanting on May 1 to 234 
± 19hr in transplanting on June 30. Transplanting 15 days old 
seedling, they were 433 ± 9hr in transplanting on May 1, and 
246 ± 9hr in transplanting on June 30.

Transplanting 30 days old seedling Unkwangbyeo, solar 
radiations were distributed from 1,211 ± 13MJ/m2 in trans-
planting on May 1 to 709 ± 48MJ/m2 in transplanting on 
June 30. Transplanting 15 days old seedling, they were 1,245 
± 29MJ/㎡ in transplanting on May 1, and 739 ± 24MJ/m2 
in transplanting on June 30.

Leaf emergence rate of Hwayoungbyeo

Fig. 3 and 4 shows the meteorological change and variation 
of leaf emergence rate according to transplanting time and 
seedling duration in medium maturing Hwayoungbyeo. Trans-
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Fig. 4. Leaf emergence rate on main culm according to transplanting time and it’s relation with meteorological factors in 15 
days old Hwayoungbyeo.

planting 30 days old seedling, the number of emerged leaf 
decreased from 12.0 ± 0.5 in transplanting on May 1 to 9.4 
± 0.5 in transplanting on June 30. Transplanting 15 days old 
seedling, they were 12.3 ± 0.5 in transplanting on May 1 and 
10.5 ± 0.3 in transplanting on June 30.

In same transplanting time, the difference of number of 
emerged leaf showed increasing tendency in accordance 
with delayed transplanting time.

Transplanting 30 days old seedling, the completion time 
of flag leaf elongation were distributed from 204.7 (J.D.) 
in transplanting on May 1 to 231.4 (J.D.) in transplanting 
on June 30. Transplanting 15 days old seedling, they were 
distributed from 207.9 (J.D.) to 234.3 (J.D.)

In same transplanting time, heading dates were delayed 
2~3 days in transplanting with 15 days old seedling compared 
to those of 30 days old seedling. 

Growth duration from transplanting to completion of flag 
leaf elongation were distributed from 84.7 ± 2.2 days in 
transplanting on May 1 to 52.4 ± 2.5 days in transplanting on 
June 30. Transplanting 15 days old seedling, they were 
distributed from 87.9 ± 2.1 days in transplanting on May 1 

to 55.3 ± 1.6 days in transplanting on June 30. 
Transplanting 30 days old seedling, cumulative temperature 

were 1,807 ± 57℃ in transplanting on May 1, and 1,344 ± 
68℃ in transplanting on June 30. Transplanting 15 days old 
seedling, they were 1,891 ± 57℃ in transplanting on May 1, 
and 1,424 ± 43℃ in transplanting on June 30.

Transplanting 30 days old seedling, sunshine hours distri-
buted from 454 ± 10hr in transplanting on May 1 to 252 ± 
17hr in transplanting on June 30. Transplanting 15 days old 
seedling, they were 470 ± 13hr in transplanting on May 1, 
and 272 ± 11hr in transplanting on June 30.

Transplanting 30 days old seedling, solar radiations were 
distributed from 1320 ± 33MJ/m2 in transplanting on May 1 
to 755 ± 45MJ/m2 in transplanting on June 30. Transplanting 
15 days old seedling, they were 1,370 ± 36MJ/m2 in trans-
planting on May 1, and 807 ± 29MJ/m2 in transplanting on 
June 30.

Leaf emergence rate of Nampyeongbyeo

Fig. 5 and 6 shows the meteorological change and variation 
of leaf emergence rate according to transplanting time and 



한작지(Korean J. Crop Sci.), 55(3), 2010)264

3 0  d a ys  o ld

D A T

0 2 0 4 0 6 0 8 0 1 0 0

Le
af

 a
ge

0

2

4

6

8

1 0

1 2

1 4

M a y 1
M a y 1 6
M a y 3 1
Ju n e  1 5
Ju n e  3 0

3 0  d a ys  o ld

C u m u la tive  te m p ( )℃

0 4 0 0 8 0 0 1 2 0 0 1 6 0 0 2 0 0 0 2 4 0 0

0

2

4

6

8

1 0

1 2

1 4

M a y 1

M a y 1 6

M a y 3 1

Ju n e  1 5

Ju n e  3 0

3 0  d a ys  o ld

S u n s h in e  h o u rs (h )

0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0

Le
af

 a
ge

0

2

4

6

8

1 0

1 2

1 4

M a y  1

M a y  1 6

M a y  3 1

Ju n e  1 5

Ju n e  3 0

3 0  d a ys  o ld

S o la r ra d ia tio n (M J /㎡ )

0 3 0 0 6 0 0 9 0 0 1 2 0 0 1 5 0 0

0

2

4

6

8

1 0

1 2

1 4

M a y 1

M a y 1 6
M a y 3 1
Ju n e  1 5

Ju n e  3 0

Fig 5. Leaf emergence rate on main culm according to transplanting time and it’s relation with meteorological factors in 30 
days old Nampyeongbyeo.
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Fig 6. Leaf emergence rate on main culm according to transplanting time and it’s relation with meteorological factors in 15 
days old Nampyeongbyeo.
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Table 1. The parameters of leaf emergence rate model y=y0+a/[1+exp(-(x-x0)/b)]^c by cumulative temperature after transplanting.

Cultivars Seedling day Transplanting date Estimated parameters R2

a b c x0 y0

UK

15 days

May 1 14.3 528 10.78 -819 -2.26 0.993
May 16 23.4 736 2.29 -548 -10.17 0.992
May 31 32.0 941 3.35 -1572 -18.37 0.990
June 15 15.4 468 2.21 -44 -4.05 0.993
June 30 21.0 586 2.11 -400 -9.22 0.997

30 days

May 1 14.1 494 4.72 -344 -2.50 0.995
May 16 17.0 555 1.84 34 -4.95 0.994
May 31 18.9 601 2.03 -216 -6.87 0.993
June 15 15.2 552 4.16 -446 -3.67 0.996
June 30 12.8 456 4.70 -318 -2.31 0.993

seedling duration in medium-late maturing Nampyeongbyeo. 
Transplanting 30 days old seedling, the number of emerged 
leaf decreased from 12.5 ± 0.6 in transplanting on May 1 to 
9.9 ± 0.3 in transplanting on June 30. Transplanting 15 days 
old seedling, they were 12.9 ± 0.5 in transplanting on May 
1, and 11.2 ± 0.6 in transplanting on June 30. In same 
transplanting time, the difference of number of emerged leaf 
showed increasing tendency in accordance with delayed 
transplanting time. 

Transplanting 30 days old seedling, the completion time of 
flag leaf elongation were distributed from 213.8 (J.D.) to 
235.4 (J.D.). Transplanting 15 days old seedling, they were 
distributed from 218.4 (J.D.) to 237.4 (J.D.). Compared to 
those of 30 days old seedling, in same transplanting time, 
heading date of transplanting on May 1 and May 16 delayed 
4~5 days, but it decreased to 2~3 days in transplanting after 
May 31.

Growth duration from transplanting to completion of flag 
leaf elongation were distributed from 93.8 ± 2.3 days in 
transplanting on May 1 to 56.4 ± 2.0 days in transplanting on 
June 30. Transplanting 15 days old seedling, they were 
distributed from 98.4 ± 2.2 days in transplanting on May 1 
to 58.4 ± 2.8 days in transplanting on June 30. 

Transplanting 30 days old seedling, cumulative temperature 
decreased from 2,051 ± 63℃ in transplanting on May 1 to 
1,454 ± 54℃ in transplanting on June 30. Transplanting 15 
days old seedling, they were 2,173 ± 58℃ in transplanting on 
May 1, and 1,587 ± 17℃ in transplanting on June 30.

Transplanting 30 days old seedling, sunshine hours 
decreased from 511 ± 15hr in transplanting on May 1 to 280 
± 14hr in transplanting on June 30. Transplanting 15 days old 

seedling, they were 530 ± 6hr in transplanting on May 1, and 
306 ± 10hr in transplanting on June 30.

Transplanting 30 days old seedling, solar radiations 
decreased from 1,475 ± 38MJ/m2 to 828 ± 36MJ/m2. Trans-
planting 15 days old seedling, they decreased from 1,531 ± 
22MJ/m2 to 903 ± 4M.J/m2.

By analyzing relation between leaf emergence rate of 
Unkwangbyeo, Hwayoungbyeo and Nampyeongbyeo which 
have different maturing characteristics and growth duration, 
cumulative temperature, sunshine hours and solar radiation 
according to transplanting time and seedling duration, leaf 
emergence rate showed curvilinear relation according to 
growth duration and cumulative temperature. But according 
to sunshine hours and solar radiation, it showed linear 
relation in early transplanting time, but it became curvilinear 
relation gradually in late transplanting.

Accordingly, when we develop rice growth model in 
relation to climate factors which can be used in diverse 
transplanting time, sunshine hours and solar radiation have a 
weakness that observed value and predicted value have a 
more big divergence than those of growth duration and 
cumulative temperature. Moreover, we can conclude that leaf 
emergence rate model more easily converged to one 
curvilinear model by cumulative temperature than that of 
growth duration as showed in above Fig. 1~6.

Table 1 shows the parameters of leaf emergence rate model 
‘y = y0 + a/[1 + exp( - (x - x0)/b)]^c’ according to cumulative 
temperature after transplanting when we cultivate rice in 
Iksan province. Observed values of 10 main culm of each 
plot were corresponded precisely with this model. 

But we already confirmed that the number of emerged 
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Table 1. The parameters of leaf emergence rate model y=y0+a/[1+exp(-(x-x0)/b)]^c by cumulative temperature after transplanting.
(Countinued)

Cultivars Seedling day Transplanting date Estimated parameters R2

a b c x0 y0

HY

15 days

May 1 33.6 1077 2.87 -1404 -17.44 0.991
May 16 52.2 1165 5.95 -3159 -36.13 0.993
May 31 23.2 732 2.78 -657 -9.49 0.994
June 15 26.8 767 3.15 -1016 -13.24 0.995
June 30 22.5 629 2.00 -346 -9.50 0.995

30 days

May 1 24.0 785 2.23 -446 -9.40 0.993
May 16 28.6 899 2.86 -1084 -14.09 0.995
May 31 23.3 771 2.23 -533 -9.94 0.990
June 15 15.0 501 2.71 -98 -3.42 0.993
June 30 16.2 513 1.96 -18 -4.78 0.990

NP

15 days

May 1 49.0 1451 3.74 -2923 -31.21 0.991
May 16 51.8 1307 4.63 -3073 -34.48 0.992
May 31 45.1 1130 4.80 -2660 -29.66 0.992
June 15 36.1 967 3.58 -1719 -21.08 0.990
June 30 35.0 880 3.08 -1390 -20.05 0.997

30 days

May 1 30.9 1076 2.80 -1237 -14.86 0.994
May 16 39.6 1160 3.58 -2116 -23.71 0.995
May 31 41.5 1140 4.03 -2358 -26.21 0.991
June 15 22.8 774 2.67 -686 -9.59 0.996
June 30 20.7 675 2.14 -359 -8.19 0.994

leaves vary according to transplanting time and rice cultivar. 
So, to make leaf emergence rate model which can be broadly 
used in diverse transplanting time, cultivars and climate 
conditions, it is necessary to know previously the number of 
emerging leaf according to cultivars and transplanting time.

DISCUSSION

By global warming effect, the temperature of earth increase 
gradually. IPCC predicted that the temperature of earth will 
increase 2~6℃ until 2100.

In accordance with weather change, there are diverse rice 
cultivation system such as early transplanting for the purpose 
of early harvesting before Korean Thanksgiving Day and late 
transplanting for the purpose of double cropping with 
economical crop. As rice cultivation environment change 
drastically, we need to predict rice growth stage precisely 
according to climate factors.

Consequently, in this study, we analyzed the effects of 
meterological factor to leaf emergence rate according to 
maturing type, transplanting time and seedling growth day 

and developed leaf emergence rate model in diverse 
cultivation conditions.

1. As transplanting time delayed, the number of emerged 
leaf, growth duration, cumulative temperature, sunshine 
hours and solar radiation decreased gradually. 

2. Compared to the number of emerged leaf of 30 days 
seedling, that of 15 days seedling increased more or 
less, and the difference of growth duration between 
transplanting time and completion of flag leaf 
elongation were 2~5 days according to cultivars and 
transplanting time.

3. Leaf emergence rate showed curvilinear relation according 
to growth duration and cumulative temperature. As to 
sunshine hours and solar radiation, it showed linear 
relation in early transplanting time, but changed gradually 
to curvilinear relation in late transplanting time.

4. Leaf emergence rate model more easily converged to 
one curvilinear model by cumulative temperature than 
that of growth duration.

5. Using cumulative temperature as variable, leaf emer-
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gence rate was explained by ‘y = y0 + a/[1 + exp(- (x -
x0)/b)]^c’ precisely.

6. In predicting growth stage of rice according to climate 
factors, the number of emerged leaves can vary 
according to transplanting time and rice cultivar, thus it 
is necessary to know the number of emerging leaf 
according to cultivars and transplanting time previously. 

REFERENCES

J. T. Baker, P. J. Pinter, R. J. Reginato, and E. T. Kanemasu. 
1986. Effects of temperature on leaf appearance in spring and 
winter wheat cultivars. Agron. J. 78 : 605-613

M. Y. L. Boone, R. W. Rickman and F. D. Whisler. 1990. Leaf 
appearance rates of two winter wheat cultivars under high 
carbon dioxide conditions. Agron. J. 82 : 718-724

B. A. M. Bourman and H. H. Van Laar. 2006. Description and 
evaluation of the rice growth model ORYZA 2000 under 
nitrogen-limited conditions. Agricultural Systems 87 : 249-273

Cui, R. X. Lee, B. W. 2002. Spikelet number estimation model 
using nitrogen nutrition status and biomass at panicle initiation 
and heading stage of rice. Korean J. Crop Sci. 47(5) : 390-394

Choi, H. C. Kwon Y. W. 1985. Evaluation of varietal difference 
and environmental variation for some characters related to 
source and sink in the rice plant. Korean J. Crop Sci. 30(4)
: 460-470

Peter Q. Craufurd, Aiming Qi, Richard H. Ellis, Rodney J. Sum-
merfield, Eric H. Roberts and Vishwanathan Mahalakshmi. 
1998. Effect of temperature on time to panicle initiation and 
leaf appearance in sorghum. Crop Sci. 38(4) : 942-947

Dingkuhn M. 1996. Modelling concepts for the phenotypic plasticity 
of dry matter and nitrogen partitioning in rice. Agricultural 
Systems. 52 : 383-597

Ebata, M. 1990. Effective unit summation and base temperature 

on the development of rice plant : Ⅱ On heading, flowering, 
kernel development and maturing of rice Jpn. J. Crop Sci. 59
: 223-238.

Naoki Hirotsu, Amane Makino, Satoshi Yokota and Tadahiko 
Mae. 2005. The photosynthetic properties of rice leaves 
treated with low temperature and high irradiance. Plant Cell 
Physiol. 46(8) : 1377-83

Tohru Kobata and Naoya Uemuki. 2004. High temperatures 
during the grain-filling period do not reduce the potential 
grain dry matter increase of rice. Agron. J. 96 : 406-414

Satoshi Morita, Junichi Yonemaru and Junichi Takanashi. 2005. 
Grain growth and endosperm cell size under night temperature 
in rice(Oryza sativa L.). Ann. Bot. 95 : 695-701

J. K. Olsen, C. R. McMahon and G. L. Hammer. 1993. Predic-
tion of sweet maize phenology in subtropical environmental 
Agron. J. 85(2) : 410-415 

Douglas W. Stewart, Lianne M. Dwyer and Lori L. Carrigan. 
1998. Phenological temperature response of maize. Agron. J. 
90(1) : 73-79

M. Tollenaar, T. B. Daynard and R. B. Hunter. 1979. Effects of 
temperature on rate of leaf appearance and flowering date in 
maize. Crop Sci. 19(3) : 363-366

Xinyou Yin and Martin J. Kropff. 1996. Use of the beta function 
to quantify effects of photoperiod on flowering and leaf 
number in rice. Agricultural and Forest Meteorology 81 :
217-228

이충근, 이변우, 신진철, 윤영환. 2001a. 벼 파종기에 따른 출수

기 및 최종 엽수 변화와 출엽 모델에 의한 출수기 예측. 한국

작물학회지. 46(3) : 195-201.
이충근, 이변우, 윤영환, 신진철. 2001b. 생육온도에 따른 벼의 

출엽양상과 출엽속도 추정모델. 한국작물학회지 46(3) :
202-208.

梁元河. 1991. 벼의 상자육묘일수가 출아일수 및 수량에 미치

는 영향. 서울대학교 박사학위논문. pp. 27-34.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


