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Yield Characteristics and Related Agronomic Traits Affected by the Transplanting
Date in Early Maturing Varieties of Rice in the Central Plain Area of Korea
Woonho Yang"', Jeong—Hwa Park?, Jong-Seo Choi?, Shingu Kang? and Sukjin Kim®

ABSTRACT In response to elevated temperature, a shift in the rice planting period was proposed as a promising option in
temperate regions. To understand the yield response of early maturing rice to different transplanting dates and to analyze the
related agronomic traits in the central plain area, we performed a two-year study using different transplanting dates and six
varieties in Suwon, Korea. The maximum head rice weight was achieved in the treatments transplanted between June 14 and 29,
depending upon the varieties. The optimal mean temperature during the 40 days from heading stage for attaining the maximum
head rice weight was 21.8°C on the average of six varieties. The index of head rice weight was positively correlated with the
indices of both the milled rice weight and head rice percentage, the latter showing a higher coefficient of determination. The
highest milled rice weight was commonly achieved from the treatment transplanted on June 29, where the head rice weight was
also the highest. The index of milled rice weight was significantly correlated with the indices of grain filling percentage and
number of spikelets per area, but not correlated with the index of 1000-brown rice weight. The transplanting date with the highest
milled rice yield produced the largest number of spikelets per area, greatest biomass at the heading and harvesting stages, and
highest level of harvest index. We suggest that the optimal transplanting date for early maturing rice varieties in the central plain
area is from June 14 to 29. High head rice yield in this study was attributed to increased spikelets owing to the increased biomass
production at the heading stage, enhanced grain filling due to the high biomass production and harvest index at maturity, and
improved head rice percentage.

Keywords : central plain area, early maturing variety, rice, transplanting date

L22|LI2k= 1912952 E 2008E74A] Hit7]0] 1.7°C At A8t Aoz =T th(National Institute of Meteoro-
Sotod, A A 7] dsE 0.74°Cof| H|sf 218 o4} logical Research, 2012). o]&gt 23} F3F2 oz <l

2143} &7} welth(National Institute of Meteorological FO] LAVIA 2 ol BAglo] 210087 A = R &E
Research, 2000). 7] & 444 $EL 2ZoR $42 el Aoz oy sted], 244 WAl ofL Yk %)

A, 1981dXE 2010@7HA] 3HHtE o Ho+7]&0] 1.2°C &= RCP4.5 AU 2o A $HEEE Ho7]-2-0] 1981~2010

D25 ZFPAgusty FHAER QYujed T YA (Senior Research Scientist, Crop Cultivation & Environment Research
Division, Department of Central Area Crop Science, National Institute of Crop Science, Rural Development Administration, Suwon 16429,
Korea)

De2ANE X FAgnsty FRAEE AYuig A s ¢ 1A}L (Junior Research Scientist, Crop Cultivation & Environment Research
Division, Department of Central Area Crop Science, National Institute of Crop Science, Rural Development Administration, Suwon 16429,
Korea)

V=25 LAty 7)8 2 AT} B AGLAL (Junior Research Scientist, Planning & Coordination Division, National Institute of Crop
Science, Rural Development Administration, Wanju 55365, Korea)

"Corresponding author: Woonho Yang; (Phone) +82-31-695-4130; (E-mail) whyang@korea.kr
<Received 12 June, 2019; Revised 26 July, 2019; Accepted 7 August, 2019>

© 2 srelx|o] HEHL gREBoleiR|o] oD, olo] REEIY =2HE ST
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



166 OHEIX|(KOREAN J. CROP SCL), 64(3), 2019

| tiH] 21417] AHE7]of] 1.4°C, FRE7]of 2.4°C, ZHE7] o
3.0°C A3 Aoz M= th(National Institute of Mete-
orological Research, 2012). Z|* Han ef al. (2018)2 RCP
459} 8.5 7|5 W3} Alvfe] Lol ZATE] AEA, 29Z
715 WsdS A5, 202195 E 20508744 A
=4 s SRR e s AT TheAo] w2 vH, ofF
Y 2ol Ao WAT Jisol Ana sglch
iR o158 7L Sk e SRR

o, S6) o} 28 LA A B eyisol o

& gelas v

UAlE FFol Y 2of

749- 20503} 2100
off BpdFo] o|ASlEtA FX Z7to] YA 24 12.6%
2} 22.0% Z7Fst= Wi, &% Alsof QA= 2+t 22.1%
oF 35.0% 728 Ao dEshert. oo} o] o itaie
& SR F7b) gt ) o P4 mEch 2% Al
ot vk 74 HIPL © Atk AT Aaks oo
H 1% thAinsworth, 2008; Baker ef al., 1995). A&
o 71201 2C s el ol9]-ga] sigel 78
Y, 5.2°C A53tH 16~18Y W= o] B A&7|7ko] Fro}

A= Aoz dZHckShim ef al., 2010). %lﬁg} A8 =
Alell ek Yang et al. (2007) B &4 & =717k 4
e 2] ZHHES AATE ke Aol B4 1

RS At 2ol A 13 AujAlrlE 9]
= ARG 7|2 A0 TS EY 4 dokal skl
ok ey o] B 557 2% SHE AT =
AAE, E= A AE&7I7e] 3A ©EE Z 07 SE9)
ChLee et al., 2011). Yang et al. (2013) E3 S UsH A
AE Buslgon, 247717 v AR AyAEF 2712
o3t WAT okEytE] = AujA vkl 4 LE Aokshlch
9] AnE £F5HH, U3t A wet o] E =
3L, o] ff U= ST 953 o thE W S
F AaE Bsts ko] AAE AT & 4~ Qith
o9} o] 2utstof| thgste] B 55717 & Aol
X E=E HuAIE =5 e WeHE &4 A9 SR

2% 3 54717 39 BA0) QA o 2 GRS mx
7] wholck. H%7)o] W o] BABHE F 26%s 24
7o) AEA e el U kil ARE| FAEH,

[

U A 74%= &4 9 F3Adol s L Eth(Cock &
Yoshida, 1972). |83t EAL R YGo A= 7R =2,
719k 7] Atolof] WQ] 4=5F Afol= &4 A 7dET =
B E27\7F 29] Al o Aog HIEQ
CHYang et al., 2008). AE A= A& 2 Hof| A 2113}
grseo] v AS7|7HE AAs7] fle BT 10Y 94

o|get BeolE pFo] FUISHA] Skt At Axt
K= 9tk Horai ef al., 2013). AAEZ L7} BQ] S5 o0
222 3 4027 Wi 22°CE 2 A QJrHKim, 1983). Yang
t al. (2015) T3+ A 24 A oA 11EFS o] R3] &
At At FEHlE Ve s540] 24 T 4097 Bt

Q

Tu = =271 "o
22.6°Ca}1l 31941, Choi ef al. (2011)& &Au]H 30| 7}
A BT AL Fe Ll R et 24 F 30U1

22.1~23.1°C2}aL 8}Qit}. ol A+t Aol &4 F9] 7|7k
I w0 ekzhe] 2pol= ¢l o1}, Kim (1983)e] H 119} &
tol& Hol= AL ofYith 1juzg 7|5 2uste] 4
o= WHOo R HO o|YA7|E TFo] R 55719
Hat7]0] 22°C A& HE& FAgh= Ao] mabHQl v
o]

ol

Nl

o o ofo

% - Sloh
471 AY, Al L FFol "k =7] g,
o] q1 St Wo. ALy} o]F o] FHTtHChoi et al., 2008; Lee
et al., 2005; Lee et al., 2012; Kim et al., 2015; Yang et
al., 2017; Yang et al., 2018). °o|& G = FIo| Ry
Ak A9y Auf B FFol wet A= ZfolE Hol7]
S} 9k I:H‘:"i' o|FA 77t otk FEAE 7HA
. T2 70| Yol Aufj7|1to] & A Yot
HopA| ZEZ}% ez AN, HTol= 27 &

sh2 913t Bokd WAE =g w gk Teu 24%
2 Gokxol 4 27| AHskE A 54710 120 GG
G A W] R St EY Aste Szt Atk

2 A7e T HoRKolA o] Mekd 7 =4
oA =T BE Auliste BF 1) oldAI7Iol wE &

u] ape 2Apske] o] H7|E AlAska, 2) 0|9l ¥
sfoll T $47] 713t 4 BAC] BAE BAls, 3)
Sor WA GRS VA 4B S4E gohu] glat
of apatic.

Mz Y
Algxel W xa|
B AT FRA gopxo] 9X3t 33 At

S

=
K3



TUT HO O|BAI7I0 ME =T EY 167

RAER 0 AAE YL, 37°27N, 126°99E, sk
34m)o A st o]A7lof] whE ¢hdu] 3 wst
£ Yobil B 44840 WAE BAs] flste] 2017
W 201890 =AF 6FF(M Y], o, JF, xojn],
3, oPAlu)E 5 ISURE 7 19971A] 63] Eoldst
Qek 2t oAl EEE WAL 33.6 m* R 3lgich 2018
doll= o|gAl7]ol wE de ik WakE AR 9
sto] o] AldEA oA off 155< 5E 3145 H 74
10L47b4] 10 7HA e 53] 7]Alo| st en, o|FA7]
d AA2 200 m* R gk AP SR St A g
o 3HkEo R ARSI

R
Adwe] 223 FA4E HEstl FUT AL Sy
F23] 42T F SRAAT 13022 HF3Ac) 145
30°C9] o] ZFAUZE 8% N4 =3HA| S00u] Y of 4847t
AT AT, e 2w BRUSLY 10% FAH e o
b2 10008240 24417 X 2EST A5 F
& guAAe] THEstol 30°CY AAKHI|NA 293
FolAIZ F 249 DA 293 H3eL T KRAAE
FAkelo] AAFSHEE. 59U 3197H) 36U 304 o]
Ae)ut Beg o5 RATE WERAT FHE 99
o1} 7-1081 ol AAASFA O, 6ol TR ol A
o) Bt =L PAS] Sla) WEekA gk Susiic
ABEAE ol 62 A WA |HE AGH F 2
ehel g A shgich. ched o9 A AZAIR Wzn|Ao| 22
vel QU EYAE EE 4TS
W GAHEE ol AN B

-

N R

oX o

N

5

q
27 AT 019 B AREAL ATt T 6EES
o] 88 A2 30x14 cm (HAO.R 35 384 fo|gfahgl

W, o) 1E5E o8 ALt 35 iy 807 7|40l
shich. Aule SR Bgv RS

o1 100% 7112 Helshsict. ol
wo] gloR RASYTL, £B471 S
el olF ol BN R fAsE o, B4 5 40
o Ao stk

EIN 24

7VEARE 71787 Web siteo] M = 2|99 ARE 5
ko] o] &Itk 6FF o8 A= oY7Lt
FTER F9VIE 2RI &5 4097 BV E

A2 7 AR B4 T AALLE 1,100~1,20000
(Chae & Jun, 2002; Kim ef al., 2005) Alo]2] A]7]o] =%t

st} b Alad, 4 FA, $AY Hg 9 v
2 2AskEEY, B0 e 78 993 74 199 o]ef A
eolA] 109 319711 AARRE7} 1,100°Co] meaha] 3
o Ao dmHor 119 290 ekt v
2059 7 548 AL, Batol sk 55 AFstol
AT AT SFE ST T SA4ste] 54U v

m .

AYeS dulY FAL J42 AlLbsielah dn] A= &
AHZ A F st ed® v|&E 2AFSEIY(Grain inspector -
Cervitec TM1625, FOSS, Sweden), ©]& m’g & LL7A|o]
st m*y ¢hdu] BAS gk
et 155 o83 AoA= 2 oA 7]l A
kg, A S, Gt B AeE AT 1
S3l7)of HHEHE 20327])9] 4458 A}
ol afgst= 575 AT F 70°Co| 15:Y o
sto ZAskth Pl Ol 65F AP oAet F

Holl whet ARSI 2] 8]0 ZF
79 A AEFel Ut s=d A5 veE A
th. =87)o] BHEY 120725 $=8sto] 24| & 15%
Aol dn|egkt dAnjdYSS AT B
5 AelolAet 2 WHo R ALbstoit

SN TR
o A 3@ > o BN KL ool o

-

4 o

Algias] 2

bt Sapol Tk o] ohAlYIet B Ael At 3 A
Hmet olg7]e] Ae) Arhe HAHEAS Bl B
th 2 BEUR oA ]e] 2 YA EAH Hol
L Ao APUOR FASon, B4 F 40U
Wl gAn) S ATEAS Fo A4S WA
Stk o}7]oA] ghu] 3ol Hiztk Hi 24 &
4097+ B3] o] EF Abolo] 2 Aol Hol| kel
w2l ShAn] St WA QAE Aol9] WAL RE F
Fo AL P HAOR AL Fo PRt

7143q), 47| ¥ 280 24
7



168

OHEIX|(KOREAN J. CROP SCL), 64(3), 2019

2t} 201749 diu] 2018130] B 7Y 13U
ujZstgon, 74 IR 89 STt E 1RO, 9
2 Bl ol F 109 S ALom Aaksiolt. & A

35

30

25

20

15

10

Mean daily temperature (°C)

5

——2017 —0—2018

0
12

10

Mean daily Sunshine hours

5.15-5.24
5.25-6.03
6.04-6.13
6.14-6.23
6.24-7.03
7.04-7.13
7.14-7.23
7.24-8.02
8.03-8.12
8.13-8.22
8.23-9.01
9.02-9.11
9.12-9.21
9.22-10.01
10.02-10.11
10.12-10.21
10.22-10.31

Date (m.dd)

Fig. 1. Changes in the mean daily temperature and the mean
daily sunshine hours during the rice cropping period
in 2017 and 2018.
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Table 1. Heading date of rice varieties influenced by the transplanting date (TD) in two experimental years.

Heading date of rice variety (m.dd)

™ Baegilmi Odae Jinbu Joami Unkwang Asemi Mean

2017
May 15 7.17 7.23 7.18 7.23 7.24 7.28 7.22
May 30 7.25 8.03 7.28 8.03 8.03 8.08 8.01
June 14 8.04 8.12 8.09 8.10 8.11 8.17 8.10
June 29 8.16 8.23 8.22 8.24 8.26 8.31 8.23
July 09 8.24 9.03 8.30 9.02 9.05 9.15 9.02
July 19 8.29 9.11 9.05 9.11 9.13 9.22 9.10
2018
May 15 7.16 7.27 7.20 7.26 7.25 8.01 7.24
May 30 7.21 7.31 7.27 8.01 7.31 8.06 7.29
June 14 8.03 8.14 8.11 8.15 8.13 8.15 8.11
June 29 8.12 8.24 8.18 8.22 8.23 8.24 8.20
July 09 8.22 9.03 8.28 9.03 9.03 9.05 8.31
July 19 8.31 9.11 9.04 9.11 9.14 9.13 9.08
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Table 2. Significance of the transplanting date and variety on
the head rice weight in 2017 and 2018.

Source of variance 2017 2018
Transplanting date (TD) *x *ox
Variety (V) *ok *x
TDxV sk s

**: significant at P < 0.01
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Table 3. Significance of the experimental year and transplanting date on the head rice weight for each variety.

Source of variance Baegilmi Odae Jinbu Joami Unkwang Asemi
Experimental year (EY) ns ns ns *k *k ns
Transplanting date (TD) HoH rox rox o wok ok
EYXTD k% * k% *% *% k%
*: significant at P < 0.05, **: significant at P < 0.01, ns: not significant
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Fig. 2. Head rice weight as affected by the transplanting date for each variety of rice. Data are the means of two experimental
years. Same letters in each panel are not significantly different according to LSD (P = 0.05).
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Fig. 3. Relationship between the head rice weight and the mean daily temperature for 40 days after heading (MDT for 40 DAH),
induced by controlling the transplanting date. Data are the means of three replicates and were pooled across the two
experimental years. Arrows and their adjacent data in the panels represent the MDT for 40 DAH where the maximum
head rice weight was attained. * and **: significant at P < 0.05 and 0.01, respectively.
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Fig. 4. Association between the index of head rice weight (HRW) and the indices of milled rice weight (MRW) and head rice

percentage (HRP). Data are the indices to the maximum value for each trait and were pooled across the six varieties

and two experimental years. **: significant at P < 0.01.
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Fig. 5. Milled rice weight as affected by the transplanting date for each variety of rice. Data are the means of two experimental
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Fig. 7. Relationship between the index of milled rice weight (MRW) and the indices of grain filling percentage (GFP) and
1000-brown rice weight (TBRW). Data are the indices to the maximum value for each trait and were pooled across
the six varieties and two experimental years. **: significant at P < 0.01, ns: not significant.
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Fig. 8. Relationship between the index of milled rice weight (MRW) and the indices of number of spikelets per square meter
(SN) and grain filling percentage x 1000-brown rice weight (GFP x TBRW). Data are the indices to the maximum
value for each trait and were pooled across the six varieties and two experimental years. **: significant at P < 0.01.
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of two experimental years. Same letters in each panel are not significantly different according to LSD (P = 0.05).

Table 4. Biomass production at the heading stage (BioH), number of spikelets per unit area (SN), biomass production at maturity
(BioM), harvest index (HI), and milled rice yield (MRY) as affected by the transplanting date (TD) in the Odae variety.

TD BioH SN BioM MRY
(m.dd) (g/m?) (x1000/m?) (g/m?) HI (kg/10a)
531 709" 25.1° 1246° 0.39° 497¢
6.10 722° 25.8° 1225° 0.44° 509°
6.20 885° 33.4° 1528° 0.46% 693°
6.30 763° 31.1° 1471° 0.44° 613°
7.10 733° 32.1° 1418° 0.50° 639

*Data are the means of three replicates in 2018.
"Same letters in a column are not significantly different according to LSD (P = 0.05).
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