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Effects of Planting Density on Growth and Yield in Wide—Row Drill Seeding of Proso
millet (Panicum miliaceum L.)
Ki-Youl Jung', Young-Dae Choi?, Hyen-Chung Chun?, Sang-Hun Lee?, and Seung-Ho Jeon®'

ABSTRACT The goal of this study was to investigate how the characteristics of growth and yield are affected by various
planting densities in wide-row drill seeding cultivation suitable for mechanized harvesting. Two cultivars (‘Hwanggeum’ and
‘Leebackchal’) of proso millet (Panicum miliaceum L.) were planted at varying planting densities [row spacing (20, 30, and 50
cm) and plant spacing (3, 5, 10, and 15 cm)]. The culm length was highest at the planting density of 50x3 cm and 50%5 cm for
‘Hwanggeum’ and 20%3 cm for ‘Leebackchal’. The culm diameter became thinner as the planting density increased. The number
of tillering and panicle length showed the same tendency to increase in quantity or length as planting density decreased and was
highest at 50x15 cm when the planting density was lowest. The number of seeds per individual increased as planting density
decreased. The thousand grain weight showed no significant differences among treatment plots. The greatest yield of
‘Hwanggeum’ was obtained at a planting density of 50x3 cm (314.9 kg-10 a™) and that of ‘Leebackchal’ was obtained at 50x3 cm
and 50%5 cm (358-356 kg-10 a™).

Keywords : planting density, proso millet, wide-row drill seeding, yield

7| & (Proso millet, Panicum miliaceum L.)& 9] 2] 2] & 7|13 Za Zo|HE A&7 7ro] wje e AERZ b}
& SRELS] ghsjAo| &R |58 H 7| )% FR-5oHA T T 274 70904 1109 H=H vpd 4= Qlo], &2t
ofo]| o]2= o] Y4HX|Z UefA] QltHRoxburgh, 1932). AA o EZIAIA o] 83t7] i E3E 5ol gl A7)

7)ol FEEE A0l Ao wls| avke2 "ol & syt AEid 4= e ol el ATHCho er al., 2001;

ehal ) A7) Bt o el wleb A So] FRa}aL
O 7 O]gA| &dhgo] FYEW 53|, thE Millet F70
Wlstol Tl 9 mo|AR Heo) tha RS SHE 7
1l QJtiHa & Lee, 2001; Park ef al., 1999). o] oA 7}
29k A% 71 SAEO2AY A7 AT RA, T
of the A77I5A BABEA S worA FHS
= AH|RPF Eoyal QITKMIFAFF, 2010; Sung & Kwon,
2011).
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o1}, v 14,000 ton ATV ALo 2 Qx| Qlom,
AR o AFEel draltol A o ro] jms)
7} o]F oA A H = QITHMIFAFF, 2009, 2010). o] H $-
eutetolq opd, A oR S 7|4 ofyel,
T Emo] ALt ] Ae ZEAQ o S
o] wo} A4l B}, 4 AT A AR Wal Ak
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A2l 49 AT 4t 5ol js) AHo] Wol
A 7] dj&Eo|th(Jung et al., 2015; Sung & Kwon, 2011).
TP EEI NSRRI EERE
B3 glon, kg, 48, A2 W 58 5o sl B
o A0 39 EES} e, Ao 557, A4
T, NI 9 AR7]E 5 A 7]so] AEEA] ghot AYAt
7|qko] w9~ Foret A olth(Jung et al., 2015).

SRoln AAE duh zuh W Akl 5 ek
HRoR gtz AuiE Qed, 4F F SS5A1KE
Ao B =go] 28 %] wZo] i dS
off ZF5o] AbupAul, WA, SH oA 5 ekt
Al 7o) 7= a1 ¢t National Research Council, 1996;
Jung et al., 2015, 2016).

9o A9 F3el Y T AL FAYel 4
WE oz 5o HEHQ) FE9] Ha) 0] A
A0 T2% FRAFEQIThT W 18} 0 H(NCAER, 1980),
ot 2 9 2t AR 7| ASHE Fell ANt oY oEH
T 72 71AE sl v wEA Y] FdET}
o3 3 %, 4849 F 2GS 2Y 4 9o,
=g u)7} 10~27% AZE oty R 113} ch(Balishter ef al.,
1991). T3 FA0] Fo)} A4 AR AL A B
(dibbling)7} ZiKseed drilling)E P Wolg 2 3 &3
o] 7ad B9t ofy g} JuTF Bt dste] Aol wot
A= Ao 7 A& (Edwards & Charter, 1986; Peacock, 1982),

2 Atz Hlsl iAoz YA Skgo] Axsto] A
% Zoloh AHE WA A9 w9 S 5 AR
Az} et Au 7)< Aol 2% 31 ThJung et al., 2017).

wepA 2 Ats A7 7154 i anAke] el =
obA WA a0} AuiEHo] B SYET U s1Ae)
ik Soie AaE S IR AAA QL AR A
g AuirleS SHshr] SRt 7|2ARE A 71A S
ot gkt Al A o] e
AEER U

o B

0

ol @y |

Table 1. Chemical properties of soil before the experiment.

Mz H Y

SAIRE

2 AEE 71730 Fulel 71 Ag=gell A7t
BuEA] A Aol w2 YEEAT} S
Qlste] 2015 e WFA] FEHo|| A7 F7F 24
ARFste =35tk AIE Eoko] o|3shd E/4J2 Table 1
o A9} 7o) Wel 54.3%, UA} 37.4%, HE 83%2] AlFEO|
At B 33 pH 6.809] oz Asof At
ol 21%len], ECE 1.8 dS'm” 0|, #7]% 13.6 gkg'
2 A (20~30 gkg') R}t Woron, §HE AL 792 mg
kg' 2 AW 9)(300~500 g kg)H T} =9k} Ze] 4, vl
Uil de 7H) 1.05 (0.50~0.60), 8.21 (5.0~6.0), 1.11
(1.5~2.0) cmolckg' & AAHHT} =0 f2Fo|glch

A BT w2 AT UA ST &
FTOoE Yrk, oAy, 7| A5} &/do] 9=t H7%
2AFR ‘=71 (Hwanggeum-gijang)’ ¥} SAYZF o]
ZH(Leebackchal-gijang)’ S 443t A3 A S8 23}
£ AdEsh] 93 AeA WHoR vES 1.042 243t
o] 7hepgke $-5F AE Adste] RS AAT &, s
oA e FAR ARSI

= 1o

2L

Ao A S Aol F5e FE wAsigon,
A2l 27042 E 20, 30, 50 cm F 3 o2 51, Al
AlTHQl AR E 242 3, 5, 10, 15 em 5 4 222 A
A8l %] §(Split-split plot design, SSPD) 34H20 2 A3
& FAstlnh AlHIFE2 A2 90 kgrha!, 14} 80 kg-ha',
7be] 70 keha'o] el e mEH] W WAL
A&kl e Alah 2kE7](WISS-12, Woongjin
machinery)2 FEU4H] 150 cm& Z2AJ51aL, o|FuyH|e} &
71Abo] A Al A Eoll 9HAl 27 ske] SRS FA
of wF7] Fat At 2 gste] wEsiink vk & A
ZA| A= ‘o A-HEeHE 2 E(s-metolachlor)’ -F-A|E 10a
S o 300 ml, A 100 LE 15 F, 7o) ]
ol skl

i Exch. cation Aggregate distribution
pH EC T-N oM Avail. seTEeE Soil texture
P05 K Ca Mg sand silt clay
(1:5) dS m % g kg! mg kg’ -~ cmol, kg! --- - % ----
6.8 1.8 0.03 13.6 792 1.05 8.21 1.11 54.3 37.4 8.3 sandy loam
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M U 2R Zat o o
HEEA ZAHE A% F719t 220 ARE S0
oA 24, 714, 14 o

SH Xz

2 Aol A ol HiolE o] FARAlS SASZE IRV,
9.4, Cary, NC, USA)<& ©]-g-sto] £AREA8F31 AL, Duncan )
t}= A A H(Duncan's multiple range test, DMRT)2 £3
S% felezold MR RO WAL

Y=, ol s, 7] AS 4ol $4at Ao %
QL T/ T FUAS oI L o] g3te] Brl
P ASSe) A deold ZWy Au A A Lo
W2 A% F7] AKWSE BB HIAEE AT Table 23}
Ut 24 2A Aaol 4 FEIAL 503 em A
,“olulAe 20x3 em, 50x3 cm Aol A 7 2
131.0, 94.0~96.5 cm7} Ve Oon, QAU L7} =ola 4
2 oAt Aol Uebgrh B3, 2 He4s

—+

Table 2. Effects of planting density of proso millet on the growth characteristics of seedings after 50 days.

Row Plant Plant Stem Number SPAD
Cultivar spacing spacing height diameter of tillering value
(cm) (cm) (cm) (mm) (plant™)
3 109.6"* 6.318 0.00° 214"
5 94.4%f 6.77°% 0.00° 25.1%
20 f def d
10 93.3¢ 7.35%% 0.00° 26.3
15 78.8¢ .29 1.07° 31.0%
3 105.3% 6.56" 0.03¢ 22.9¢
. 30 5 103.4%% 7.68°t 0.13¢ 26.8¢
wanggeum
g8 10 96.6%" 8.01b 1.10° 28.0%
15 85.9¢f 8.77% 0.90° 30.1%
3 126.0° 8.85% 0.30° 30.9%
5 117.1° 8.61% 0.27° 32.6%
50 by b b
10 109.9% 8.32° 2.67° 33.2%
15 90.6 10.16° 2.90° 34.5°
3 96.5° 8.08° 0.00" 31.6°
5 92.0% 8.92¢ 0.46 31.6
20 b d d f
10 90.5" 9.01 2.30 31.8°
15 77.7% 9.31% 2.40¢ 32.0°
3 92.2% 7.93¢ 0.47" 32.8%f
5 90.7% 9.54%4 2.27¢ 33,200t
Leebackchal 30 e bed a J
10 86.6 9.66" 2.83¢ 34.2¢
15 78.5% 9.83% 3.23¢ 34.6%
3 94.0° 9.00¢ 1.63¢ 33.6%¢
5 90.1%® 10.07%* 3.07¢ 34.8%
50 d b b b
10 82.2° 10.32° 3.83 36.1%
15 74.6° 10.77° 4.43° 37.5°

*Within each sampling date, the results followed by the same letter did not significantly differ according to Duncan’s multiple
range test (DMRT) (p < 0.05).
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Ao Eols Aol s A4BN I % &
§ 5 AU soleS dolil 4O e
50x15 cm A g]Fo) A 10.16, 10.77 mm= 7P§3L L Ao
B ZAME QT 3, £t SPAD gholAE flef 2
AL E=7L ol g Fdape WobA|al, SPAD ghe
oL Ao etk oleie Asks ANRET) ol
ol wreh 240] ZojAm AUl btk il
SARSE A7E EAct(Jung er al, 2015, 2016; Lee &
Kim, 2008; Park et al., 2015)

+&7|

~

geols Zuy A A ALz T 7|4
99 Sobr] §I8) 2Py, 144, olaPg u

52 oroli A Table 337 2tk 7L 919 %

B

AR 43t F #F 2R AAEETL sobdas o
L T g R e
A& 50x3, 5 em A2, ‘o] ¥iZP S 20x3 ecm A 2|TLof| A
132.9~132.9, 136.6 cm®} 714 &A ZAFE 20x15 cm A
2ok Bk 247F 37, 12.4 em Aol 7k RAFEQITh 7HE O ¥
stof A= AAEETE 7HE 2 50x15 em A 2]HEof A 6.65,
8.53 mm= Uetton, QAU ET} Fopdps gFokA] =
AROR Uehdth o[ AROINE F BE BE AAUE
7F 78 28 50x15 em & 2Ll A 36.4, 35.5 mmE e}

Bon], Bals B3, ol 2 AR ANUE}

7V We 50x15 em A2 TLo A 2.0, 3.0 T2 RAFE QL)
7% ek ofUet 2ol X wie Ht o)
<7k 17} olAro]
A7t BaEithJeon et al.,

ol A=
APALE o}
= HI1e} FAFSH

&4
T

R A2 7]—11—0]

Table 3. Effects of planting density on growth characteristics at the harvesting stage of proso millet.

Row Plant Culm Culm Panicle Number
Cultivar spacing spacing length diameter length of tillering
(cm) (cm) (cm) (mm) (cm) (plant'l)

3 109.8b* 5.10° 23.6° 0.9¢

5 101.7%% 5.48% 24.3° 1.0%

20 def cde de cd
10 98.4 5.62 26.8 1.1

15 91.3" 5.940 30.6% 1.5°

3 116.2% 5.72%4 26.5% 0.9%

5 108.8"* 5.99b« 2825 1.1¢

Hwanggeum 30

10 105.1% 6.15% 29.9% 1.2¢

15 96.1°f 6.32% 33.2% 2.0°

132.9° 6.32% 31.6% 0.7¢

128.3° 6.44% 33.6° 0.7

50 be a ab b
10 108.5 6.58 34.2 1.6

15 100.5%% 6.65" 36.4% 2.0°

136.6° 6.96° 32.1¢ 0.8°

132.1% 7.17 32.3 1.1¢

20 10 128.8" 7.23bd 33.28bcd 1.8°

15 124.2° 7.83%0d 34.1%¢ 2.4°

3 133.0% 7.500 31.1¢ 1.0%

5 132.9% 7.70%¢ 32.6%¢ 1.1%

Leebackchal 30 b bed b b
10 132.4° 7.74% 33.9% 22

15 128.8% 7.76%¢ 35.0° 3.0

3 135.5%® 7.87%¢ 33.42d 0.8°

5 133.3% 8.05% 33.9%¢ 1.1%

50 ab ab ab b
10 130.7 8.09 34.9 22

15 129.2% 8.53% 35.5° 3.0°

*Within each sampling date, the results followed by the same letter did not significantly differ according to Duncan’s multiple

range test (DMRT) (p < 0.05).
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2014; Jung et al., 2015, 2016; Yoon et al., 2016). A A4
E7b gol s 4ol F7k5he e Sl et A
o2 syt SANAT A0 YA U] U 4
o] A S450] 93 & ZoItHCho e al, 2004; Jung
et al., 2015; Modarres et al., 1998; Park et al., 1989).

2
FAR a0 A AAG FAFE AALET} wold
S7rton, PSS U=t oS vEy
A FShthTable 4). WA Fdr= F 5 27 U=
7P W2 50x10, 15 em A2 2,675~2,745, 2,381~2,432
Nz 714 2 229} 68.8, 45.4% =ko] 7} Yelytth A
H5o Hshs g7 olA 2063 em A FolA W
5.19 go & uvepton], yoz] 2| e] Pk 549 g
2 2AMESQITE o] oA = BE APt e U
EHpA] Fgkom, Pt 4.55 go2 2AE T
olFel Azt w2old SHE Aul Al A=}

=

7t AT SASO] Hox= Ae T 5 3l
om, oje AAEEof wet 71 20] ZA| Tho] 37t
I &, o= A= BATHA Hol 24, WA, 1
< frastar, ghH AU S GEE XY 2, A d FA
© 7ok A dol= Hagths Ko d5E AR5t
= Ao 2 YEldtiAgdag ef al., 2001, Jung ef al., 2016).

10a%d 427 Bisto A= 7|32 50x3 cm A 2o
A 314.9 kg-10a™, “o]dZ 2 50%5, 10 cm A 2]Lo] 4] 358~
356 kg'10a' 02 7} =& aFo] e thFig. 1). %
W eFe 2AAF 7ol vlgl FUHYE o]l o]
=%on, 53], 2A 7 YolAsE o] w94,
Z7F 50 cmol|A] ‘7] a; o]l E o] ot =2 295,
334 kg-10a' 02 ZAFE| QT o]g3t 2to]= Yoon et al.
(2015)0] H gt 7|%9] ug Hup e Z7hA Eoh
FAE 7} v = Gl o Atk Bl vk At
2, o]= AuFale] w2 YA L=l zfol7p thEA LhE}
o AR AzbEc B35, F0AEE 15 emo] HIF) 3 em

Table 4. Effects of planting density on yield components at the harvesting stage of proso millet.

Row Plant Number Number 1,000 seed

Cultivar spacing spacing of plants of seeds weight
(cm) (cm) (10a™) (plant™) (2)

3 105,930° 856° 5.19°

5 70,556° 1,419¢ 5.27%

20 cde cd a

10 38,889 1,526 5.42

15 36,111% 1,664° 5.53°

3 76,296° 1,080% 5.44°

Hwanggeum 30 5 49,444 1,441¢ 5.40°
10 37,407°% 1,999 5.45°

15 32,407° 2,203% 5.40°

3 50,926¢ 1,778 5.50°

50 5 43,333 2,378® 5.52°

10 40,370%% 2,675 5.59*

15 37,407°% 2,745% 5.66°

3 77,593 1,626% 4.50°

5 74,074 1,910 456

20 ab bed a

10 70,926 1,929 455

15 61,667 2,080%° 4.50°

3 71,296 1,327¢ 4.50°

Leebackchal 30 5 60,556:2 1,713232 4.60:
10 60,000 1,738 4.49

15 57,778¢ 2,262% 4.55°

3 60,926 2,191 4.55°

50 5 58,519¢ 2,230% 4.57°

10 58,148¢ 2,381° 4.61°

15 55,000° 2,432° 4.59*

*Within each sampling date, the results followed by the same letter did not significantly differ according to Duncan’s multiple

range test (DMRT) (p < 0.05).
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Fig. 1. Effect of planting density on yield (kg-10 a™) of proso millet. A, Hwanggeum; B, Leebackchal. Bars with different letters
within the same cutting time were significantly different by Duncan’s multiple range test (DMRT), p < 0.05.

Table 5. Analysis of variance by planting density in wide-row drill seeding of proso millet.

Source Df Stem .Stem Panicle Nu'mbe.:r Number Number 1000 . seed Yield
length diameter length  of tillering of plants  of seed weight

Cultivar (C) 1 721.67  297.17 473" 113.0"" 48.6™" 2.2ns 506.0" 63.5""
Row spacing (RS) 2 21.4™ 28.4"™" 264" 11.6™° 3027 63.3" 0.8™ 524"
Plant spacing (PS) 3 31.5™ 3.3° 46" 22517 41.8™" 13.777 1.8™ 1.7
CxRS 2 12.3™ 0.2 11.7° 1.1° 1.4" 158" 44" 0.7
CxPS 3 9.7 1.0° 46" 31.0"™ 19.3™ 46" 24" 56"
RSxPS 6 0.4 0.4 1.6" 7.6 8.1 2.0° 3.0 3.9™
CxRSx%PS 6 2.1 1.3™ 2.0 1.0" 3.7 0.6ns 9.6 L1

k) kxR Qionificant at p < 0.05, p < 0.01, and p < 0.001, respectively. ns, Not significantly different at 0.05 level of

probability (p > 0.05)

Ao w WA SIS W iAo r ko] A eyt uEkheth E3L 270A Y A RSXPS) Y] T A
ot 270AE 9 A w2 S Bk A 2 & P A= fedel o, Y42t 10aT
AR 50 emx A 3 em HA A o] 7MY = T, Rl =Y Fo40] Sl AR etk &
= Aoz Yegth wEkA 71 W2old SR AN T 9 27 E] e FEA(CXRSPS) 9] nTHA = 5
o Aalal A4 A e 27448 50 emx3E7HAE] 3 em 7F o] Zfolof| thgt ko] Ao, 10ad F=}F ol Ao
Aoz #Fshe Aol M 2 A ddEH A E {ojdo] gl Ao UEhTh

EZ U AUz mE 2A 2N o Q

7150 £8 FF D ALY BKEA, SETE8
4 3 RS JAF BASE A3} Table Sofl4lek 2ttt 7] w Ate A% 71548 718l Higt anfRe] A5 ert
A FFE FEHSE AT A8 I, M, molAHEA a0k AufHA o] HA; giE L Sl 7173
olatZo], Y=, 10a 4, HPF oA Lz A FUet AEE FES R AAAQ A A
FOotAl FFE vAE= Aer yugen, 20AH 9 AuirieS GYsy] A% 7I2AEE A 71AS
FAANA = HASE AT ZE 220X F940l o] ARt W 2olg EHE AuiA] ALz whE
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WL 27182 503, 5 em A2, o]u xe 220
cm A2l A 7 AA] UEbg e, S A Y
7b woldaE ofolA= AEdeR L}Emu}.

2. FAe} oA S Ao r A UET} HopE
= BAY dojA= Aoz YR 7 @ 50x
15 cm Aol A 7 WAY AA =AU

3. A S AAEET Holdes S8k e,
zqaz [e] XHAIU1E7} %v’] 61‘3—. 1,}]:/]_1,]%] oJ-o]-r/}.

4. 102 =3 Hslo A= ‘F5717 2 50x3 em A 2]t
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