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Study on the Optimum Planting Density of Pot Seedling for Mid—Late Maturing Rice
Variety in Wheat—Rice Double Cropping System in Honam Plain Area

Shin-Gu Kang, Young-Doo KimT, Bon-Il Ku, Wan—Gyu Sang, Min—Hee Lee, Hong—Kyu Park, Ji-Young Shon,
Woon-Ho Yang, and Jeom—-Ho Lee

National Institute of Crop Science, RDA, Suwon 16429, Republic of Korea

ABSTRACT This experiment was carried out to determine
the optimum planting density for rice pot seedling cultivation
in wheat-rice double cropping system in Honam plain area.
A mid-late maturing rice variety ‘Chinnong’ was raised in
pot seedling tray and conventional tray for 30 days, and then
transplanted on June 25 in 2012 and 2013. Four different
planting densities (15.2, 18.9, 21.6, and 25.3 hills per mz)
in pot seedlings were applied as treatment. Conventional
tray seedling was implicated as control at a single planting
density of 27.8 hills per m’. In this experiment, the number
of effective tillers was increased as planting density increasing,
but stem diameter was decreased. Pot seedling showed higher
stem diameter and effective tillers than the control. Heading
dates of pot seedling plots were not significantly different
between the planting densities but 2 days faster than the
control. Culm length, number of panicles, panicle length, and
ripening grain ratio were higher in pot seedling compared
to the control, but 1000-grain weight showed no significant
difference. Milled rice yields in pot seedlings ranged from
5.19 to 543 t ha'l, and the highest yield was observed in
21.6 hills per m’. Head rice ratios in pot seedlings and the
controls were not significantly different. Above results on
planting density of rice pot seedling cultivation would be
applicable to wheat-rice double cropping and also to late
transplanting cultivation of rice single cropping.
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(Kim and Rha, 1997). 1918 A7-&48} ola)] $ejuet
of Hg7leo] A 10043k 15C ARitel whet 7heme]
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wel 4] AT FF 52 AR H7E GrhKim e
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7h A H YO LK (Yoon er al, 2011), B ZH o] mhE
olmate] Zp5AolE Bk gl Aol

Helt ) $HoR oS AT 49 sk S5
2 AE SR Bage] ofsha Fte] A Awn ol
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Aeler, 7leo] & Ao, A A

| A
= ofaL, W= 7o) W A9, =A
218 K Choi ef al., 2006; Hong et al., 1999). w2}
20| Wil AK7|7F g opA] 25 A oA HE e
S tha WAske] 4= Ao] fElsithal shglth(Park er
al., 2010). 2t} Aol A o] B AufA] Z} =z Hof &
et e AR D A Aol Bt AtSo] Hilk
v} Qlth(Baloch ef al., 2002, Miller et al., 1991, Wu et al.,
2013). 1-H A AAEE A4S Yol S5 B
T3t 1HE sfjof sl EESEH tisi= A7 nlggt
Aol

b A S5 W SR o] x| oA ZEH O

ZIAolka o] tfst A7 4= S LK (Saigusa et al.,
1996; Hossain et al., 1998; Matsushima, 1980), o|® 2l AF
FAA A B EEA O] A7 A o] et A B
A 2] ofEe AdRolth eyt A e ZEH tigh
AHE A7} QOU(Kim ef al., 1988; Kim ef al., 1993; Kwon
et al., 2010; Kim, et al., 2013; Lee ef al., 1992) o] A} )
Ao Aol Aufe] gt A= w)Sgh Aol

o|mAto A= K| FLE W ZAo| YA = W oA A
HiE T} o] GAI7| 7} oA GG 7IIol Hoeng s
o] RISt m'y A57F BEF o] 5 Fad Fa
Helojoh. wetA =5 AAE Fol7] fleiA= AlHE 5
ks QA 27|45 2Ask] o WAY 44 2
G345 FHHEH= Zo] falsithal skt Rho ef al., 1977).
FEER7L WY Abapro] vl pfo] 4~5%F o E Tkl H
ARk B lol(Kim et al., 2013), olof] T gokA] W-H o
Hzto| A ZER AujA] A AHALEE Fstaiat & A

FERE 483 FEo| T 2394 of 4508 TFal3]
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o} o]l 69 25U 2N E2HE m'Y 27.85(30 cm x
12 cm), FEHE= mz% 152533 cm x 20 cm), 18.957(33

cm % 16 cm), 21.652(33 cm x 14 ¢cm) ¥ 253533 cm x
12 em)2 AA LS Gelsto] s1Ao]e) shlr.
AulgHe 100 A 8 ke 217 BABIEAA B0l
AES 2 40:40:30% 5 EAJ5E oM, AAXRS 4.5 kg& A
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2 7030%2 BASIAT v S 2 4ok 2A 2%, 7)
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a

-

-

T ol::I]
B AR %ol HEA He 278 334 A

HAS Z43 AIRE 70T oA 2U7F =38t
t}. A2 SPAD (SPAD-502, Konica Minolta,
£ o]lgslo] 7HHA R Ao A= T A E
ZAPLTE gRA 52 24 & A4 E 1,100C We
AN

% 4 52 AR & E9x2 A= nlHIE7I(RN-500,
Kett, Japan)= 57433ty Thid, ofd= A

Table 1. Monthly mean temperature, precipitation, and sunshine hours during rice growing period in experimental years.

Average Temperature (C)

Precipitation (mm)

Sunshine hour (hr)

Month 2012 2013 Normal year® 2012 2013 Normal year 2012 2013 Normal year
5 18.5 17.4 17.8 213 197 204 24 115 92
6 233 232 22.5 187 164 179 51 52 124
7 25.8 26.5 25.6 141 119 138 249 276 302
8 27.1 27.7 26.2 125 198 150 535 164 296
9 20.4 21.5 21.6 210 74 84 142 155 164
10 14.3 15.5 14.7 37 20 28 170 180 171
Mean or Sum 21.6 22.0 21.4 913 772 783 1172 942 1148

*Normal year indicates 5 years from 2008 to 2012.
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o3t 7[AA W ez SAs I Wyl B A=A

L | HUAE Eow sfgon, Je A 9 AL xA
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¥} 2013\ BF Ay} Blseshgl o, 2013W =9 79
8 HAL 75, S6 890 Axs} ol S feat %
olld Zer Helth

EAEAL R EAEA =2 TR Core Team. Austria,
2013)% o851 FARIA(ANOVA) 9 HZIH5-4%(Duncan’s
Multiple Range Test)S AA|S}4T).
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Table 2. Comparison of 30-day-old rice seedlings grown in conventional tray type and pot type seedling box.

Year Seedling type Plant height (cm) Dry weight (mg/plant)  Seedling index (g/cm) Leaf number

Tray 16b 28b 1.7b 5.1b

2012
Pot 19a 76a 4.1a 6.2a
Tray 23a 28b 1.2b 5.2b

2013
Pot 23a 76a 3.3a 6.0a
Tray 20a 28b 1.5b 5.2b

Mean
Pot 2la 76a 3.7a 6.1a
Seedling type (A) ns *ok *k *k
Year (B) wox ns ns ns

% Means with the same letter in a column are not significantly different according to DMRT(0.05).

** Significant effect at @ < 0.01.
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Table 3. Growth of rice at maximum tillering and heading stages under different planting density in wheat-rice double cropping

cultivation in Honam plain area.

Planting density

Maximum tillering stage

Stem diameter

Year  Seedling type (hills m?) Plant height (cm) Tiller no. (No./m?) (mm) SPAD LAl
Tray 27.8 45 438 7.1 41.7 3.5

15.2 56 292 7.8 422 32

2012 Pot 18.9 58 340 7.7 422 34
21.6 58 363 7.4 433 3.5

25.3 61 421 7.3 435 3.7

Tray 27.8 36 528 7.6 35.7 4.7

15.2 44 342 8.7 37.9 4.3

2013 Pot 18.9 42 400 8.6 38.1 3.8
21.6 43 452 8.6 37.2 44

253 43 455 8.5 38.1 4.5

Tray 27.8 40 483 7.3 38.7 4.1

15.2 50 317 8.2 40.0 3.7

Mean Pot 18.9 50 370 8.1 40.2 3.6
21.6 51 407 8.0 40.2 3.9

253 52 438 7.9 40.8 4.1

Seedling type (A) ok wx ok * ns

Planting density (B) * Hox ok ns ns

Year (C) *k ns *k ns *ok

A x C kk * kk * ns

B x C ok ns ns ns ns

* Significant effect at @ < 0.05.
** Significant effect at @ < 0.01.

ARl AL, GaAHEE ZEAUI} =S Ao7 1
olth= Kim ef al. (2013)2] 2319} Z9kth. FA(SPAD)S
SHYHT] fogt AolE Ko FERTL U8 Abutno|
] gl oA £9ko ﬂ AL E ol = frolgh Z}o]

AA Y Ja-ALADE= A}
2kl HAE E ‘/} S U AL =Tt Zpo]7} ¢l
ot} Park er al. (2010)& 2ubz o7 WAlslo] wlal Jd
2 A7 Skt ke, FER S A9 AU e}
A<, 8ol g el PA dial 274l A7 da
g Aoz AyztEt

5ot FERS Sl o A=Y WEoR Helch
P o g ofgmyt FHo| Hlg] 47 =olxlth= Yang
et al. (1992)9] Hi1e} Zro] SR Yo W o]ofgAl 9
Hago] E47lo] GFS vA =, FERS] F9E upt

7HAZ Y Abmbre] ws) E4dS gl 4 9o, &
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FAQL E4 Abo] 9] 717ko] Y Atubiof Hlsl ZHA
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UFie ) DYE & S0 L AL et
S-o3t zpo]2 Wty EERI B AR ETH 7Hol
o zlon, ZERS AL HAUE7 } i—f%#% 7Ho] o
A vebyteh ojitdols ZERYL e AlutrE ) tha

27 vebgo.
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Table 4. Heading date and yield component of rice under different planting density in wheat-rice double cropping cultivation

in Honam plain area.

Year Seedling Plantlzng de_glsity Heading date IS::;:}I] Panicle length pari\ilgl'esoi)er sI;:Ii(lzel(e)tfs ﬁllglr;ilrlate IOQO-grain
type (hills m™) (m.d) (cm) (cm) ol per panicle %) weight (g)
Tray 27.8 8.20 76 20 319 111 83.6 18.1
15.2 8.19 81 22 276 134 82.8 18.4
2012 18.9 8.19 80 22 278 126 83.7 18.3
Pot 21.6 8.19 79 22 291 125 82.3 18.3
253 8.19 79 21 292 120 79.8 18.1
Tray 27.8 8.21 74 21 315 116 90.8 19.1
15.2 8.19 78 22 222 145 86.0 19.2
2013 Pot 18.9 8.19 75 22 246 139 90.7 19.3
21.6 8.19 74 21 269 134 89.2 19.3
253 8.20 74 22 303 126 90.0 19.3
Tray 27.8 8.21 75 20 317 114 87.2 18.6
15.2 8.19 80 22 249 140 84.4 18.8
Mean Pot 18.9 8.19 78 22 262 132 87.2 18.8
21.6 8.19 76 22 280 130 85.7 18.8
253 8.20 76 21 298 123 84.9 18.7
Seedling type (A) - *ok * *ok *k ns ns
Planting density (B) - ok ns *x *x ns ns
Year (C) _ sk ns ok sk sk sk
A x C - ns ns * ns ns ns
B x C - ns ns ok ns ns ns

* Significant effect at a < 0.05.
** Significant effect at a < 0.01.

Zpol & Hof W Almturt FEH R o]Art o Wk
AL, QA ET} oA g oAkt FUtehs A HY
£, 2012 Rt 2013 0]] AHAYE Atoje] v  AolE
Bt} o] Kim et al. (1999), Park er al. (2010)9] .11
oF Zro] WARE o]Ah=9] FUGITE AT Sl
T ARt Apol7h Ao F o K EERTE
sHETH goton, ZEHA YATSE a6t
Btk FEH 152F5 14070& 25.33F9] 123
17747} o @okth. ol ol 23} Ysk4=7}
wte} HojAtH= Park er al. (2010)Q] Hi19}w
. 318 Son ef al. (1989)0] 9J3hd m'y P
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Fig. 1. Rice seedlings grown in conventional tray (left) and
pot tray (right) at 20 days after sowing.
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Table 5. Milled rice yield and perfect rice yield under different
planting density in wheat-rice double cropping cultivation
in Honam plain area.
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——P:25.3
——P:15.2
——P:18.9

. Planting Milled rice  Perfect rice
Seedling . . .
Year tvpe density yield yield
yP (hills m?) (t ha™) (t ha™)
Tray 27.8 5.08 4.47
15.2 5.21 4.63
2012 18.9 5.30 4.65
Pot
21.6 5.25 4.58
253 4.97 4.06
Tray 27.8 5.27 4.76
152 5.41 491
2013 18.9 5.56 5.03
Pot
21.6 5.50 4.96
253 5.42 4.82
Tray 27.8 5.18 4.61
152 5.31 4.77
Mean 18.9 5.43 4.84
Pot
21.6 5.38 4.77
253 5.19 4.44
Seedling type (A) * ns
Planting density (B) * ok
Year (C) *x **
A x C ns ns
B x C ns *
* Significant effect at a < 0.05.
** Significant effect at a < 0.01.
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Number of exerted panicle (m2)
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Month/Day
(A)
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Fig. 2. Number of exerted panicles per m* by day during
heading (A) and the ratio of the exerted panicle to
the total number of panicles (B) in different planting
density of conventional and pot seedling cultivation
transplanted on June 25, 2013. P: pot seedling, T
conventional tray seedling, and the numbers indicate
the planting density in the legend.

2 71w b, 189500 o Eorot o3
W9l ol ev), FER 1525 9 253% Mok §e
3t 2712 2t 9Hdu|asF T3 FERO 21.650] A
Vg 9 ol EERIL B} ool 2}
oItk Kim er al. (2013)9] B119} v]2gtk Aeo|olon,
Apge BE AHuSFES Y f FERt Y
216722 At Zo] 98 Aoz AztEh Kim er dl.
(2013) g eefo) mlR]= Ax} Bt |3k o= &
=6||(Year, Planting density x Year), ©]= FZEH 9] #2]
U 7] F m'g 25.3F AFLA EEo] WAEgd 1
Wzpe] g=gfo] 21dato] Hisl Al7] wEo 2 FekE

OE U Qs 9
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Table 6. Quality and chemical components of milled rice grain under different planting density in wheat-rice double cropping

cultivation in Honam plain area.

Year Seedling Planting de_r;sity He'fld rice Imperfect rice (%) Protein Amylose
type (hills m™)  ratio (%)  Broken Chalky Damaged Others ~ content (%) content (%)
Tray 27.8 84.8 32 8.1 0.5 33 7.0 17.9
15.2 86.8 2.6 6.6 0.6 33 7.2 17.6
2012 Pot 18.9 86.3 24 7.5 0.5 33 6.9 17.3
21.6 85.3 2.8 7.5 0.7 3.8 6.8 17.6
253 78.7 5.7 9.8 1.6 43 7.2 17.4
Tray 27.8 93.3 2.0 32 0.2 1.3 6.2 17.8
15.2 94.9 1.4 1.7 0.8 1.3 6.4 17.7
2013 18.9 95.1 1.8 1.6 0.4 1.1 6.4 17.8
Pot 216 95.0 18 17 0.4 11 63 17.9
253 95.3 1.6 1.7 0.4 1.0 6.3 17.9
Tray 27.8 89.1 2.6 5.7 0.3 23 6.6 17.9
15.2 90.9 2.0 4.1 0.7 23 6.8 17.7
Mean Pot 18.9 90.7 2.1 4.6 0.5 22 6.7 17.6
21.6 90.2 23 4.6 0.6 24 6.5 17.8
253 87.0 3.6 5.8 1.0 2.7 6.8 17.6
Seedling type (A) ns - - - - ns ns
Planting density (B) * - - - - * ns
Year (C) *x - - - - * *
A x C * - - - - ns ns
B x C ok - - - - * ns
* Significant effect at a < 0.05.
** Significant effect at @ < 0.01.
uE0] A9 AR} #pol7h A yEbd=Tl, ol 2012 oA itk
dit 2013 S=71709 714EE Y GF HEor Ko
o, 37 HE7E Had Jlor Y4HEn. XEHS] H
S AAEE whE ] Hgo] o3t ApolE HAL
W, JAUE7E S7HeE b Hleo] FAastal, & & A dS SFgorAoA U-B ojmz} AujA W EE
3] 25350 A WA stk ol EEH 25359 Hof| durE AY AALUEE 5] Hste] 3k
A5 =HAE SollA Aetr|er SAAE vE Ao vg  XER AAUETL Gees S7147%0] wolRen, il
E7] fgoz Hloh Wojo] oh obke SEHYUW 2979 d9HAY E2des ANEET e s B0
SOAA RS whE AlolE HolA] =T, ol= AAE ok M WY AlvtEEG EERYE O ZAL, AAUET}
7bo] W geo] Witk Choi e dl (2006, 2010) 2 W42 hgo] v 27 Uehten, o]azlols A4 aE
Park et al. (2010)9] R 1@} H]=3}9 ) Kim ef al. (2013)2 W2 995t 2fo]E Ho|R| oottt okl AW =T}
ANESTE A QAR Be A9 2% BAREA T BolASE SlAT ol 447} wolx: Aol B
4 ol wld ol F/HITIY Sy, £ AN ulg

i olsk ol 152300 e s el A g— 918
1:]-_ o] o}nlﬁ/\ ‘6]—1'-'/120 x{ﬂ H]—l:H 7].01] 1

AHFS SEUH 2 QA d= Abolo] {9k
9 1) 2=2f 0. xHumEﬂﬂi Hy EFEH 189
Z7} 543 t ha' 2 73 5.18 t ha'! Xt} 5% Z4319c). 9
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Fig. 3. Effect of seedling nursery type and planting density on milled rice quality. (A) Conventional tray seedling, and pot

seedlings in four different planting densities of (B) 15.2, (C) 18.9, (D) 21.6 and (E) 25.3 hills per m’,

o] &L FEH 2535 o|YolA tha Wkl 1
H7te] Zfoli= s.eiadsb} A= Zhol= thar Apo)7} 9L
SUEl WER, obU s FhREe AAUE hof §oJ3t Xfol 7}
Qgick W-u] o|mF AufA] HEV|HC} KA EERS o]
L ALY AT PAUEE AHEt= Ao] Po] =&

Aoz mel).
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