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Optimum Seeding Date of Wet Hill Seeding on Puddled Soil after Weedy Rice Control
in Southern Plain Area of South Korea

Woon-Ha Hwang', Jae—Hyeok Jeong', Hyen-Seok Lee', Seo-Yeong Yang', Chung—Keun Lee', Seung—Hyun Cho?,
Hyun-Kyung Min®, Sang-Kuk Kim*, Eun-Hui Han®, and Kyung-Jin Choi®'

ABSTRACT Wet hill seeding (WHS) is one of the more famous labor and money saving methods technology used for rice
cultivation. In WHS, rice standing percentage and weedy rice occurrence are the most important factors considered to secure a rice
yield. We investigated the optimum seeding date of WHS in the Southern Plain area of South Korea. Weedy rice needed two weeks
at 15°C to show over 80% emergence. Germinated rice seed grown at 20°C needed over for 10 days to achieve a shoot length over
3 cm. In field cultivation, the mean temperature for ten days after seeding showed a highly positive correlation with rice standing
rate, spikelet number per square meter and yield index that favorably compared to machine transplanting. With these data, we
suggest that the optimum seeding date of WHS that can secure over 98% of yield index of machine transplanting in Southern part
of Korea is May. 21~Jun. 5 in Honam and May. 16~Jun. 5 in Yeongnam area.
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Table 1. Emergence percentage(%) of weedy rice and cultivation rice according to different temperature condition.

Emergency percentage at days after seeding (%)

Mean temperature Material

7days 14days 21days

. Cultivation rice 0+£0.3e 10£1.2d 18+£2.5¢
13c Weedy rice 0+0.2¢ 62+3.2b 69+3.5a
. Cultivation rice 6+1.1e 30+2.5d 38+2.2¢cd
e Weedy rice 46+2.5¢ 68+3.4b 80+5.6a
15oC Cultivation rice 11+1.5d 40+£3.7¢ 46+3.5bc
Weedy rice 5543.5b 82+3.8a 88+4.7a

Emergence percentage (%) was checked 7, 14, 21 days after sowing. Daily temperature range was setted as 10C. Buried soil
depth was lcm and eight kinds of weedy rice germplasms were used as materials. Same letters are not significantly different

at p<0.05(Duncan’s multiple test)

(C) 8 days

(A) 2 days

(E) Seed growth under different temperature condition
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Fig. 1. Growth of rice seed after germination under different temperature conditions. (A) 2days, (B) Sdays, (C) 8days and
(D)10days after germination. (E) Change of rice plant length according to different temperature condition. Seed
germination was conducted at 32°C then selected evenly germinated seed. In each temperature condition, 20 germinated
seeds were cultivated. Rice plant length was check every days after cultivation with 20 replication in each temperature

condition.
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Table 2. Rice growth characters in wet hill direct seeding according to cultivation

OHEIX|(KOREAN J. CROP SCL.), 63(4), 2018

area and seeding date.

Area Cultivation Date of WHS MTI10 SSR PN HD
(Cultivar) method & TP(m.dd) °O) (%) (m?) (m.dd)
5.10 16.8 59.7¢ 297b 8.15¢

Tksan WHS 5.20 19.0 66.3b 312ab 8.18b
(Sukwang) 5.30 20.6 80.7a 348a 8.22a
TP 5.30 - - 324ab 8.11d

5.10 17.2 61.1b 318b 8.19¢

Naju WHS 5.20 19.5 78.1a 375a 8.22b
(Hyunpum) 5.30 20.8 75.7a 378a 8.24a
TP 6.05 - - 368a 8.22b

5.10 19.1 62.4a 350b 8.14c

Daegu WHS 5.20 21.8 67.0a 325¢ 8.17b
(Samkwang) 5.30 22.8 66.0a 336¢ 8.21a
TP 5.30 - - 392a 8.12¢

5.10 17.2 79.1b 399b 8.20c

Jinju WHS 5.20 19.3 83.7a 425a 8.23b
(Younghojinmi) 5.30 20.6 85.8a 426a 8.27a
TP 6.05 - - 386b 8.24b

TP: Transplanting, WHS: wet hill seeding, SSR: seedling stand

temperature for 10 days after seeding
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Table 3. Yield components in wet hill seeding according to cultivation area and seeding date.

Area Cultivation Date of WHS RR SN TGW RY RYI MT40

(Cultivar) method & TP (m.dd) (%) (no./m?) (2) (kg/10a) (%) °O)

5.10 91.3¢ 30,722b 22.8a 491b 88c 23.2

Tksan WHS 5.20 92.8b 32,279ab 23.1a 525ab 94b 22.6

(Sukwang) 5.30 94 4a 33,430a 23.5a 553a 99a 22.0

TP 5.30 94.9a 32,825a 23.4a 559a 100a 23.6

5.10 92.0ab 31,413¢ 24.6a 559b 93b 22.6

Naju WHS 5.20 91.1b 36,745b 24.7a 602a 100a 22.0

(Hyunpum) 5.30 93.4a 35,972b 24.3a 607a 101a 21.6

TP 6.05 91.4ab 39,023a 24.8a 60la 100a 22.1

5.10 92.8ab 34,416¢ 22.8a 543b 92b 22.8

Daegu WHS 5.20 92.1b 37,042ab 22.4a 579a 98a 22.5

(Samkwang) 5.30 92.9ab 38,721a 22.4a 591a 100a 21.9

TP 5.30 93.7a 36,146b 22.3a 592a 100a 23.5

5.10 92.6b 31,829¢ 22.9a 501c 87d 21.9

Jinju WHS 5.20 94.52 32,411b 23.2a 547b 95¢ 214
(Youngho-

jinmi) 5.30 93.4ab 37,483a 22.9a 599a 104a 20.6

TP 6.05 93.2ab 30,834¢ 23.1a 577ab 100b 21.2

TP: Machine transplanting, WHS: wet hill seeding, RR: ripening rate, SN: spikelet number, TGW: thousand of grain weigh(g),
RY: rice yield, RYI: rice yield index(wet hill seeding/machine transplanting, %), MT40: mean temperature for 40 days after
heading. Same letters are not significantly different at p<0.05(Duncan’s multiple test)
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Table 4. The correlation of each factor.

STR (%) PN (No.) SNP (No.) SN (No.) RR (%) TGW (g) RY
MTI10 (°C) 0.64" 0.14 0.44 0.88" 0.38 0.08 0.74™
STR (%) 0.78" -0.34 0.60° 0.58" 0.12 0.64"
PN (No.) -0.61% 0.24 0.50 0.08 0.10
SNP (No.) 0.40 0.44 -0.23 0.68"
SN (No.) 0.01 -0.14 0.85"
RR (%) -0.35 0.12

TGW (g) 0.34

MT10: mean temperature for 10 days after seeding, STR: seeding stand rate (%), PN: panicle number (No./m®), SNP: spikelet number
per panicle, SN: spikelet number (No./m’), RR: ripening rate (%), TGW: thousand of grain weigh (g), RY: rice yield (kg/10a)

(A) 110 (B) Month / Date
2 510~5/18
P * [ 519~5i22
S O isssasainins [ 523~5/26
gg % e * [ 51275130
g * B 531~612
Eo ¢ 613 ~ 616
8 £ a0 [Z] Notsuitable
=
Ba y .

52 80 445x2+19.7x-117.9
R R2 = 0.7182
'>__ -

70

16 17 18 19 20 21 22 23 24

Mean temperature for 10 days after seeding(°C)

Fig. 2. Change of yield ratio (wet hill seeding/machine transplanting) according to mean temperature for 10 days after seeding
(A) and adaptable seeding date of wet hill seeding in Southern area (B).

Table 5. Weed and weedy rice occurrence according to cultivation region and seeding date in wet hill seeding method.

Cultivation area Seeding date of WHS Weed occurrence No. of Wgedy rice
(m.dd) Species (No./m?) Dry weigh (g/m%) (m?)
5.10 7.0a 137.2a -
Iksan 5.20 6.7a 121.6a -
5.30 6.0a 74.5b -
5.10 3.0a 148.1b -
Naju 5.20 3.0a 272.3a -
5.30 3.3a 160.8b -
5.10 6.0a 37.3b -
Daegue 5.20 6.0a 73.9a -
5.30 6.0a 26.7b -
5.10 4.0a 4.4a 0.34a
Jinju 5.20 2.3b 3.3a 0.13b
5.30 2.0b 0.6b 0.03c
5.10 5.6a 81.7b 0.09a
Mean 5.20 5.4a 117.8a 0.03b
5.30 S.1a 65.6¢ 0.01c

WHS: wet hill seeding. Same letters are not significantly different at p<0.05 (Duncan’s multiple test)
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Table 6. Proper seeding date of wet hill seeding cultivation in Southern region.

Region Area Date (m.dd) Region Area Date (m.dd)
Inland Plains 5.21-6.05 Southern Inland Plain 5.16-5.31
Central Inland Plain 5.21-5.26
Honam West Coast 5.27-6.05 Yeognam
South Coast 5.21-6.05
South Coast 5.27-6.05

East Coast, south of Pohang city  5.26-6.05

Table 7. The beginning seeding date for stable seedling stand and yield of wet hill seeding by each region in Southern Province.

Jeollabuk-do  Date (m.dd)  Jeollanam-do  Date (m.dd) Gyeongsangbuk-do Date (m.dd) Gyeongsangnam-do Date (m.dd)

Gunsan 5.28 Gangjin 5.27 Gampo 6.6 Geoje 5.29
Gimje 5.23 Goheung 5.31 Kyungsan 5.15 Gechang N.S
Namwon 5.25 Gogseong 5.24 Gyeongju 5.27 Goseong 5.24
Muju N.S Gwangyang 5.19 Golyeong 5.25 Gimhae 5.17
Byeonsan 6.05 Gwangju 5.18 Gumi 5.18 Namhae 5.24
Buan 5.28 Gulye 5.21 Gunyu 5.28 Milyanng 5.20
Sunchang 5.25 Naju 5.22 Gimcheon 5.22 Busan 6.01
Sindeog N.S Damyang 5.24 Dalseong 5.16 Jinyeong 5.18
Yeosan 522 Ttangkkeut 6.01 Daegu 5.13 Sacheon 5.20
Wanju 5.24 Mogpo 5.27 Mungyeong N.S Sancheon 5.25
Iksan 5.24 Muan 5.28 Bonghwa N.S Yangsan 5.29
Imsil N.S Beolgyo 522 Sangju 5.20 Ulsan 5.26
Jangsu N.S Boseng N.S Sunshan 5.19 Uilyeong 5.25
Jeonju 5.19 Suncheon 5.18 Seongju 5.21 Jinju 5.25
Jeongeub 5.22 Yeosu 5.29 Angye 5.18 Jinhae 6.02
Jinan N.S Yeonggwang 5.30 Andong 5.26 Changwon 5.21
Taein 5.24 Yeongam 5.23 Yeongdeog N.S Cheongdo 5.24
Wando 5.28 Yeongyang N.S Tongyeong 6.01
Jangseong 5.27 Yeongju N.S Hadong 5.19
Jangheung 5.28 Yeongcheon 5.28 Hanan 5.23
Jindo 6.01 Yecheon N.S Hamyang 5.23
Hampyeong 5.25 Ulkin N.S Habcheon 522
Hanam 5.29 Uiseong N.S Hwagae 5.25

Hwaseon 5.23 Jugjang N.S

Cheongsong N.S

Chilgog 5.18

Pohang 5.26

Hawang 5.17

N.S: not suitable for wet hill seeding

Mol wheh AEWA 2F40h BAFS FaAGT FE WAl ghsHe APoldrk FRAME oAz
WA Gheto oAk bRl o) Hubiule] A AlolE 2-347k
o Rzl o wael WAl gtk eld YITkKim e al, 1998,



280 OHEIX|(KOREAN J. CROP SCL.), 63(4), 2018

Park et al., 2002). 0]} SAFSHA & A& o] ALg= EZF
B Rt shgAEol 21REY] A ol A st
W Folo A FaAH ol WAlo] WX Y AW B
Aok R W GRS WAF 24 A, B A1}
59 30908 Lol 4E WARE Ahsts Ago|ddiy
FEA7)7 ol deE 2o} 2

o on

o2 Hd
Mo¥R rlo

Aguig o o] MHAyA
2 F BEe 9% YYNE I Ans wuwd

73%—5.33 YA 3}

5 HA uF /\] i
23 < 10 Ao =

o %go]é AR A& 32513 UTHNICS, 2014)

23, JERIEE M= 10d

& Fofof k= o= UERE

4d 5 80%°1YY =dE= &2

18°Col/Jol A= i

= ]EH%E}- E}E}H ioﬂ

RES
9
iw
i)
_E_l,
ofX
ot o
=
ue,
o
o,

%7li°l 20°Co AN71E

gl sy gL 7bse 5 7Hs AR AR DA
819 al(Fig. 2), ¥ &4 & 4047t Ht7])20] 22°C7} =
= A7IE %ﬁ%—’?—ﬁ‘lzﬂﬂ A1 A 3}o](Choi et al., 2005;
Kim ef al., 2007) FEx o A L=} upx 23
A71E EARE 7574: Table 63} 7t} 7|12 Az} tq
H=dupAl Al FEA 9] w37 = s de] F
59 179~31Y, FIAHY] 4% 549 16~314= 0‘8:111
UTHNICS, 2017). Zefut 42 UA & 53 g5
37 Yt TEA7]= 7€ w7 vlg T =07
= AR, 3EA Y A WEHoA = 5Y 219~6¢Y
A, Aafietal 59 279~64 5, FafetAl 59 279~6Y
S5UR Yeton, Jdxgel 49 FRYEHoA| = 5¢Y
l69~54 31, SRUSHoRA 59 219~59 269, )
k7] 5 219~6¢Y 5ol TFA 7|2 YEpylth 7 299
AR ﬁ%%ﬁﬂ—% ekl 7%4— Table 73} Zroo %
T, B4 59 5 EREA o
2ol %o J% A7

Ao eyt JEM TR IR & ALl f, Zt

A Z]

Lh

99 49 B4LES Huste N 1E7E ¢F
A eoll o3t Qm gt EA M WA} o9 sk
W) Ashe] felvh S, REAE YA 5 Yw
7Het Al7lol 3t Qg 4aA s nek 1A 24 5

of FET 54 /IS FustA £ A0 dAHTh E
3 FUAE WS FrAnE AN 49 FE 4L
= 3Rt ojelg) 2AE EE FAE AW Fss 4
o AmAuE AP FUAEE olUAu sHe o]
W gpa Suet TEAW A4k §olstchn weE

X ©

— A
S uhA s w AskAe 5 Aoy el A e
Ao FeiA AN FRAHe] WA W o]
otk HEAWE ALH O WASTEA g s
AL BRI 2RET A AEH EL 8
HAIE Sk MUE SHEsHe o] ARolth ol 4
ME RAWE GRS Rt A A W e
7 7Rss A AR 915718 ARSI B A 4

stk

. ;é]—i/\-h:t] Oxﬂx}oj 82—1.& 0]—9—6]—01 H/dﬁL]‘— 75‘7_}.’ ;é]—;_

Agule] e gl 80% ool H7] SlEAE BFLw
14°C 9 15°C 7} ZF 219 9 14¢ HQgt Ao= 1}
ehge.

2. 9H ol ¥ Lo ME ALUAE HA 2k,
% 5 1097 B#7]20] 20°C A= Fojok 3 em W
ole] 2714 0] Shuslo] 7] A Ymergsto]
felatert

=5t Al T e

45 A3 590] ok 39 A ot

7l Qlmg, geluAy Hos
of o e etk

A olol 4] A A 3 oloitiu] 98%o]4ko)

g ey AL WA HE F 10U3 B

£0] 20°C ol4fo] Elofof stui, o] QHAE4|S

13 4 SEA7 Aol uhet EA e 59

219~69Y 5¢, GFR 9 59 164~6Y 5= e

et

N
r°1'
off R

i-{)n&;%m&r{m.&
4y o

NN

e
rr
Fd
Mo
o
rP
oﬁ
OH

FATAAGFH ST LAL,



TEPH Y L & 5

TS PI011577)9] A o] oJ8) S| Azpdrh
o122 3(REFERENCES)

Choi, W.Y., JK. Nam, S.S. Kim, J.H. Lee, J.H. Kim, H.K.
Park, N.H. Back, M.G. Choi, C.K. Kim, and K.Y. Jung,
2005. Opimum transplanting date for production quality
rice in Honam plain area. Korean. J. Crop Sci. 50(6) :
435-441.

Choi, M.K., B.I. Gu, S.G. Kang, W.G. Sang, N.H. Baek, Y.D.
Kim, H.K. Park, W.Y. Choi, T.S. Park, and B.K. Kim,
2012. Study on the optimal seeding date of rice direct hill
seeding on puddle paddy in Honam plain area. Korean J.
Intl. Agri. 24(3) : 325-330.

Hwang, W.H., J.S. Back, S.H. An, H.Y. Jeong, H.S. Lee, J.T.
Yoon, T.S. Park, G.H. Lee, and K.J. Choi. 2017. Emergence
characteristics of weedy rice collected in South Korea.
Weed Turf. Sci. 6(3) : 179-188.

Im, I.B., JK Kang, and S. Kim, 2004. Physio-Ecological
characteristics and control of weedy rice in the rice paddy.
Kor. J. Weed Sci. 24(1) : 56-63.

Im L.B., B.H. Im, J.H. Park, J.H. Jang, M.H. Im, and LY.
Lee. 2015. Weeds on rice paddy field of Jeonnam western
region. Weed Turf. Sci. 4(4) : 295-307.

Kim, J.K, JI.L. Lee, K.H. Park, and M.H. Lee. 1995. Charac-
teristics of the rice plant associated with loding highly
adapted in broadcast-seeded cultivation. RDA. J. Agri. Sci
37(2) : 20-28.

Kim, C.S., S.J. Lee, J.Y. Ko, E.S. Yoon, U.S. Yeo, J.H. Lee,
D.Y. Kwak, M.S. Shin, and B.G. Oh, 2007. Evalutaion of
optimum rice heading period under recent climate change
in Yeonnam area. 9(1) : 17-28.

Kim, S.Y., Y. Son, W.K. Ha, S.T. Park, and S.C. Kim, 1998,
Occurrence of weedy rice as affected by rice cultivation
methods. Kor. J. Weed Sci. 18(supp.1) : 57-59.

Kim, S.Y., B.C. Moon, S.T. Park, S.O. Shin, and S.J. Yang.
2002. Control of water foxtail (Aleopercurus aequalis var.
amurensis Ohwi.) by paraquat and glyphosate in no-tillage
dry seeded rice. Kor. J. Weed Sci. 22(4) : 344-349.

Lee, C.W., J.E. Hill, and Y.J. Oh. 1993. Germination and
dissolved oxygen uptake of californoa rices in water

TULE ALt F=EIL AT 281

seeding. Korean J. Crop Sci. 38(2) : 117-120.

National Institute of Crop Science (NICS). 2012. Methods of
soil and plant analysis. RDA. Suwon, Korea.

National Institute of Crop Science (NICS). 2014. Manual for
rice direct seeding.

National Institute of Crop Science(NICS). 2017. Manual for
rice direct seeding.

Park, S.H., C.W. Lee, W.H. Yang, and R.K. Park. 1986. Direct
seeding cultivation on submerged paddy in rice. Korean J.
Crop Sci. 31(2) : 204-213.

Park, S.H. 1994. Summary of rice direct seeding technology
in Japan. p219.

Park, S.H., D.Y. Kwak, D.K. Shin, S.Y. Kim, and D.S. Lee.
1999. Rice seeding establishment and early growth affected
by seeding depth and flooding duration for anaerobic wet
seeding. Kor. J. Intl. Agri. 11(2) : 161-168.

Park, H.K., S.S. Kim, W.Y. Choi, K.S. and Lee, J.K. Lee,
2002, Effect of continuous cutltivation years on soil properties,
weed occurrence and rice yield in no-tillage machine
transplanting and direct dry seeding culture of rice. Kor. J.
Crop Science. 47(3) : 167-173.

Shon, J.Y., J.C. Ko, W.J. Kim, B.K. Kim, C.K. Kim, and N.J.
Jung. 2008. Changes of antioxidative enzymes and alcohol
dehydrogenase in young rice seedlings submerged in
water. KoreanJ. Crop Sci. 53(3) : 430-446.

Shon, J.Y. 2011. Physio-biochemical characterization and tran-
script profiling of hypoxia and anoxia-tolerant rice during
germination and early seedling growth. Thesis of Ph.D.
Chonbuk National University.

Shon, J.Y., C.K. Lee, J,H. Kim, Y.H. Yoon, and W.H. Yang,
2012. Comparison of growth, heading and grain filling
characteristics between wet hill seeding and transplanting
in rice. Korean J. Crop Sci. 57(2) : 151-159.

Shon, J.Y., C.K. Lee, J,H. Kim, Y.H. Yoon, W.H. Yang, K.J.
Choi, H.K. Park, T.S. Park, C.K. Kim, and Y.H. Yoon,
2013. Changes of weedy rice occurrence in repeated wet
direct seeding and alternate transplanting/wet direct seeding
of rice. Weed Turf. Sci. 2(4) : 348-351.

Yang, W.H., J.K. Kim, M.H. Lee, S.C. Chen, and H.S. Han.
2015. Status and prospect on rice direct seeding technology
of farmers. Koran J. Int. Agri. 27(3) : 342-347.





