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Effects of Tillage Practice and Planting Date on Maize—onion Growth and Yield in
Southern Regions Paddy Field

Wonsang Park', Gamgon Kim?, Yonghyun Jeong', Nayoung Choi', and Chae-In Na*'

ABSTRACT The present study investigated the effects of tillage practices (deep cultivation [DC] and conventional tillage [CT])
and extended planting dates (mid-June to July) for maize-onion rotation in paddy fields. The silage corn (Zea mays L.) cultivar
‘Kwangpyeongok’ and the waxy corn cultivar ‘Ilmichal’ were planted on June 14, July 3, and July 15 in 2019. In both maize, the
plant height of June 14 planted was up to 100 cm greater than that of July 15 planted on August 16 and up to 40 cm on August 30.
At 30 Days after planting, the leaf area index (LAI) of silage corn planted on July 3 and 15 greater than that of corn planted on June
14 due to high temperature in the early season; however, there were no differences in the LAI of waxy corn according to the
planting date. Despite favorable temperature, plants sown on July 3 and 15 experienced high moisture stress during the seedling
stage due to consistent rainfall, and waxy corn was highly sensitive to high moisture stress. The total yield of silage corn was 1,232
(845 in TDN), 860 (598 in TDN), and 765 (508 in TDN) DW kg 10a™* for plants sown on June 14, July 3, and July 15, respectively.
The fresh marketable ear yield of waxy corn was 872, 814, and 525 FW kg- 10a™! for plants sown on June 14, July 3, and July 15,
respectively. After the completion of maize cultivation, onion seedlings (Al//ium cepa L.) were transplanted on November 12,
2019, and harvested on May 27, 2020. Neither summer tillage nor maize planting date affected onion growth or yield. The
marketable onion yield was 8,305 and 7,848 kg- 10a™ with DC and CT, respectively. In conclusion, DC did not improve maize
growth or yield under paddy conditions. Mid-June to early July is a practical window for maize planting for growers in this region.
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gahel k2 0 WA Aol B B4 AL, $7)
So) A9 2w ot s Bape] ot

QtH(Yoon et al., 2014). &44=
o Hepstnz wjpzkelt Faskehi o
al., 2006). S5 A34917 e BAoIA Golrt
Wel7] 47, S8 §37) 4717 B4E A9 el 2
th(Lee et al., 1994; Shin ef al., 2017). 115 AE|7} A &5
= BESE @714 23 9l 29 #elof Abaggol
AR gfon, 53] S0 A9 HelY F7]x40]
2 E ] kot Hei9] Heirt & Aoem dHA Utk
(Blokhina, 2000). 535 92 Sooe 49 543 =3
= FA Asli7E dojun, et £719 dEFol Ha
S} ejo] of 4B FF o] AshElo] ko] Aad
t}a1 ghck(Kozlowski, 1984; Liu er al., 2010; Musgrave &
Ding, 1998; Semthurst & Shabala, 2003; Yan et al., 1996).
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Table 1. Soil chemical characteristics at the experimental site in 2019.

pH EC OM TN Av. P,0;s K Ca Mg
1:5 1:5 (dS/m) (g/kg) (g/kg) (mg/kg) (cmol*/kg)
5.4 0.4 152 1.22 70.7 0.4 9.6 2.0
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£ Adlslo] 24319tk LAl A= Plant canopy analyzer
(LAI-2200C, LI-COR Biosciences, NE, USA)E ©]8-3]¢]
7 9pg A7) wiek 78 5o| Folo] o)A et 27
87] 28(Canopy) H4 = Aol 2Alshs] 9I3) 3t
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5t & ojg@ #]L(Hanging scale) ©]&3to] & A%
< S5, oAt 1t e HESS 4 Ast7] <SSk
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HES FE3}0] 70°C <3 dFdx7|oA SdAxs &
A=E 42 o &9 HaT dE = AEsH o]
Ar0] A= R S AATS AL oA, o)A
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2 AtollA Lol Hlo]E & FA A SAS 9.4 (SAS
Institute, NC, USA)2] PROC MIXED modelS o|-&3}o] 9]
Kl =] BARLA(Two way ANOVA)S AA|9 S, random
factor2 = 5%, fixed factor=2& F-EA T, 35 AI7|& F
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ok = 27, 49
Aol Al viRR S 2L EFY SedS JfAste] A=
of W8} L Rol o £ Frhn B ork
(Cannell & Jackson, 1981; Skaggs ef al., 1982). T-ZA]7|
of wehxl= 8 16 FAfol|A 64 14, 7€ 34, 74 15Y
a2 AHgE7F 272 198.7 em, 131.5 ¢cm, 95.0 cm2 &
o] Aol wzt g5o] FZIF O m(Tables 2, 3), 84 30
A ZAP A= 2+ 202.2 cm, 212.8 cm, 166.5 cmZ &
o] Al webA AYso] RAIFTE 9 16Y AR A
= wHA7)o] wek 69 149, 74 39, 79 159 5 A
g5t7F Z12ZF 193.1 cm, 200.7 cm, 197.0 cm=Z -§-2]3F 2}o]
7 gloleh. 2 2ARDEE ShEAYI gl ke 24l
A vehd A A Axo Ao] flEo® Helth
E3h, QuAoR ot el 9 18 7o) ofa) A4
Aoz o] Hgto] Welx Ao otej qlit|(Park er
al,, 1987) 2 AIFAE Th5o] olxlel uet ghelat @
2of o8 EAF FAEUL HE APAS Akt FA
sHA QJopgel R atol 79 159 wHE Al
Ao Ago] HAFPY Aoz HeltkTable 4) (Lee ef al.,
1981; Park et al., 1987).
WS Beq ZANHE oA @ TEA7]o) wet
© 93} 2Jo]7} 912l th Tables 3, 5). 21 g Ao
o] Ao} GARSHA TEA7|7E Aol whel GopHe
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%= EtH(Tables 3, 5) (Lee et al., 1981). of osff =¥ =elido] M= A7 FFol aE A

THAE 2ol du|Ehe] AL AL RAF AI7|EE o2 FAHTKCannell & Jackson, 1981; Skaggs e al.,
AeA2lol uket §o/3 Ajol7h @kTables 3, 5). A1 1982). 5EA 7ol wkeba 89 162 ZAWA 64 149,
Aol Aol SAHA B AT 24 20 wle2 79 39, 79 159 35 AT 247 1700 em, 1294

Table 2. Analysis of variance of maize (‘Kwangpyeongok’ and ‘Ilmichal’) plant height as affected by different planting dates
and tillage practices.

Variety Measuring dates Source of variation df’ P-value
Planting date (P) 2 0.0005

8/16 Tillage (T) 1 0.4216

PxT 2 0.2678

P 2 0.0049

Kwangpyeongok 8/30 T 1 0.8570
PxT 2 0.8334

P 2 0.3919

9/16 T 1 0.4897

PxT 2 0.9483

P 2 0.0015

8/16 T 1 0.8898

limichal PxT 2 0.9691
P 2 0.0193

8/30 T 1 0.8984

PxT 2 0.9621

df = Degrees of freedom.

Table 3. Maize (‘Kwangpyeongok’ and ‘Ilmichal’) plant height and ear height as affected by different planting dates and tillage

practices.
Plant height (cm i
Variety Planting date T £ (cm) Ear height
8/16 8/30 9/16 (cm)
6/14 198.7 a’ 202.2 a 193.1 ns 86.6 ns
7/3 1315 b 2128 b 200.7 90.9
7/15 95.0 ¢ 166.5 ¢ 197.0 84.0
Kwangpyeongok . s
Tillage
DC 140.0 ns 193.3 ns 198.3 ns 86.5 ns
CT 143.5 194.3 195.4 87.8
6/14 170.1 a 169.3 a - 79.4 ns
7/3 1294 b 1849 a - 71.3
. 7/15 78.0 ¢ 126.0 b - 76.2
Ilmichal .
Tillage
DC 125.3 ns 159.4 ns - 79.2 ns
CT 126.4 160.7 - 76.0

"Measuring date.
*DC = Deep Cultivation, CT = Conventional Tillage.
SEntries within a column followed by the same letter are not significantly different (p<0.05); ns represents non-significant.
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cm, 78.0 om WFo] Rold4E Ago] A r)
(Tables 2, 3). 89 302 ZAP| A= 69 149 515 A 2|
7} 1693 cm, 7€ 349 T A7} 184.9 cm&E 5514
OU% 79 159 T2 A9 HS- 126.0 cmZ AJSo] B
A5l tH(Tables 2, 3). 79 159 T} A9 AL =
7P = ol FolA AFo] FE3] o] FojRA| S
ohJzt A% 7] A4 A AR Ago] BT A
eI Th(Tables 2, 3). =3 74 15° T A2t
O Oﬂokxﬂxl—o] x] o} —8— /KJ—EH I/J—Ug—_g_i ke
IFel Aol $AT Aoz B LK Table 4). 2o
2 2231 AV A A A e wel DC 79.2 cm vs. CT
760 em= %915 ol G HEAo] HLAE 62
144, 79 3, 79 154 ub= AHg]3+7F 2428 79.4 cm, 77.3
cm, 76.2 cmZ §-2J3t x}o]7} 9l tH(Tables 3, 5). =il
of 7% AT TH50] 209 A A= A4 20 em
Jbepo] sk Aol UERont & AolAL 55
o] AAFo] et 2 20|z} gl A2 LheheTh(Tables
4, 5) (Jung et al., 2012). Yoz A o| vro} Z4=710]
Aol7h 2A] ke Ao kel
LA 2} 55A)7] ofe} 712 5] 2polo] eJshA Liet
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Table 4. Flowering (tasseling) dates and days to flowering of
maize in 2019.

vaiey TR e fowering
6/14 8/11 59
Kwangpyeongok 7/3 8/29 58
7/15 9/10 58
6/14 8/12 59
IImichal 7/3 8/29 58
7/15 9/08 56

Table 5. Analysis of variance of maize (‘Kwangpyeongok’
and ‘Ilmichal’) ear height as affected by different
planting dates and tillage practices.

Variety Source of variation df’ P-value
Planting date (P) 2 0.3654

Kwangpyeongok Tillage (T) 1 0.5824
PxT 2 0.3989

P 2 0.8705

Ilmichal T 1 0.5368
PxT 2 0.8644

"df = Degrees of freedom.

e 27] 487] canopy 34 &% Aol s 99
gol A7t ol BE AW 2
Aoz 717k 33)(DAP 30, 45, 60) Z/\} A A 5H4 T
Y2 H$ HFA7]0] webAE DAP 30 ZAIA §
ot o1t Astonl 6% 149 o5 A7t 08, 74 3
A oE Ael ot 18, 78 159 3F AP} 152 69
149 T2 Aol LA} 7H4 woFckFig. 1). DAP 45
% DAP 60 Aol A= 5] 7]0] utet §-o 2ol 7t ¢
oleh(Fig. 1). 318, ex 2ol nh2 LAIS §A4 o]t
Qloich. 5}547]0] wheb s DAP 309 6% 149 3H5 A
2579 LAIZ} Wotid] ol 27] A% £27} ot 4
L& ATRog =2 Ao R KHOltk(Table 6, Fig. 1)
(Lee et al., 1981).
AulE LAIS| 79 HB S Th2A) DAP 30 EAk
A AL o] webd= DC 1.4 vs. CT 1L.6E 2|3t 2jo]
7b QAT THEA 7o) Wb E 69 149, 7€ 39, 79 15

Kwangpyeongok

LAI

0 T T T
DAP30 DAP45 DAP60

limichal

LAl

DAP30 DAP45 DAPE0

Fig. 1. Maize leaf area index (LAI) as affected by different
planting dates and tillage practices during the growing
season (‘Kwangpyeongok’: upper; ‘Ilmichal’: lower).
Data are presented as mean + SE; different letters
indicate significant differences at p<0.05; ns indicates
non-significant.
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A F ATk 242 L1, 18, 162 23 Zol7} glg]
tH(Table 6, Fig. 1). DAP 45 ZA}o|A&= DC 2.0 vs. CT
212 FeHelo] wek Fo3t Ffol7k Ggla, BHEA| 7]
webA s 64 149, 74 39, 749 159 W Hel 7} 247
22, 1.8, 2008 993 2o]7} ¢1ltiTable 6, Fig. 1).
DAP 60 ZAM) A= npz7R] 2 DC 2.3, CT 222 -4

[ daily rainfall
aily mean

rainfall (mm)
Temp. (C)

Fig. 2. Daily meteorological data during the summer and winter
crop growing seasons of 2019-2020 retrieved from the
station located 8 km northwest from the research site.
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LAI= A8 2 apFA7]of e} 27k 2ol 7t it
(Table 6, Fig. 1). Lnz 79 15 95 A2 45 A
AT A e viel De] 649 14 Tk A 2|tet At
o7} gld A2 AH 27| AEH Aol wE 159 ¢
Foz o o] FAPH Ao m HltkFig. 2) (Ji er
al., 2006; Jung et al., 2012).
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4 2TTHRA U 47

BE FEFRAA oA A 2lof webi] DC
144 cm vs. CT 14.7 cmZ 8-2]3F A}o|7} §19) a1, u}EA]
710 weba= 69 14Y, 79 3¢, 7¥€ 159 5 A7t
ZYZF 17.4 cm, 14.4 cm, 12.0 cmZ 1}£0] £=0o]Z]of ulz}
ol abgto] ke ACE LFERTHTables 7, 8). o]4H417%
o A% ALA @ SEAle) Wt elar Aol gt
(Tables 7, 8). ©]44== DC 4,5437}]/10a vs. CT 4,3657}|/10a
B2 AA D Ttoll §ogk zpol7k §1%laL, TEA|7 o wat

Table 6. Analysis of variance of maize (‘Kwangpyeongok’ and ‘Ilmichal’) leaf area index (LAI) as affected by different planting

dates and tillage practices.

Variety Measuring DAP’ Source of variation df* P-value
Planting date (P) 2 0.0129

DAP 30 Tillage (T) 1 0.5545

PxT 2 0.4308

2 0.9552

Kwangpyeongok DAP 45 1 0.8681
PxT 2 0.7139

2 0.7881

DAP 60 1 0.9711

PxT 2 0.5578

2 0.2928

DAP 30 1 0.6256

PxT 2 0.9036

2 0.7275

Ilmichal DAP 45 1 0.3825
PxT 2 0.4792

2 0.7445

DAP 60 1 0.6801

PxT 2 0.0867

'DAP = Day After Planting.
*df = Degrees of freedom.
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A= 64 144, 79 34, 79 15 wF A7 7442
4,9487)/10a, 4,296711/10a, 4,1197}/10a5 G203+ 2}o]7} ¢
A tHTables 7, 8). 2t o] AHE(RKSLEL)> 74 2fof
2} DC 83% vs. CT 82%2 Q-03F 2jo|7} Q1Qla, T2A|
710 wEtAE 6 14, 79 34, 79 1549 w5 A2+L7t
717} 84%, 82%, 82% 2 X | TR -0)& xpo]7} glolct
(Tables 7, 8). < olabAEFe] 4¢ AeA o] wa}
A= DC 348 kg/10a vs. CT 365 kg/10as §-2J5t 2po]7}
9L, $HEA7)o) webi 69 149, 79 39, 79 159
9% 2@ 77} 2k2k 478 kg/10a, 375 kg/10a, 235 kg/l0as
aFo] Zojof wet Fhast= A o= e th(Tables 7,
8). ol 64 14 W AHYHE 7|0 & 2+ 78% (7Y
3%), 49% (7¥ 159) ==o|qth 1rgAdesS FA T
ol walA DC 616 kg/10a vs. CT 578 kg/10as G-2l3t 2}
o7} §lAaL, TkEA7]o] Wt = 6 14U uhF A2+t
7} 754 kg/10a2 7P A1 79 39, 79 159 93 a7

7} ZF7F 506 kg/10a, 531 kg/10a& T}Eo] =-gof what 7t
o dEFol HasoithTables 7, 8). o= 649 14 o
APTE 7o 2 22 67% (74 3%), 70% (74 15%)
Foldith FEE T AEFY A5 AeA e wek DC
964 kg/10a vs. 943kg/10a2 7|3t 2}o]7} qi¥low, ot%
Al71of whebA= 649 144, 79 3Y, 79 15Y wHF A2+
7} 272} 1,232 kg/10a, 863 kg/10a, 765kg/10az 1}Fo] &=
of o] wet eko] TrasheTHTables 7, 8). ol 64 14
A 5k Al PE AEoR 47 0% (79 32), 62% (79
159) 4==o|ItK(Tables 7, 8). TDN &2 A4 29
w2} DC 654 kg/10a vs. CT 646 kg/10a=2 2]t x}o]7}
fow, dFA7lol wetd= 649 149 oF A7t
845 ke/10a 74 731 79 39, 79 159 9% e 77}
77} 598 kg/10a, 508 kg/10a® SrobAtt. o] 69 142
o Al ol lsh 22t 71% (79 3%), 60% (79 15%)
4>Z0] ¢ tH(Tables 7, 8).

Table 7. Analysis of variance of ‘Kwangpyeongok’ yield and yield components as affected by different planting dates and tillage

practices.
Ear .Ear Ear RKSLEL* Ear. dry S'[OVG.I' dry Tota.l dry TDN
Source of . length diameter number (%) weight weight weight (kg/10a)
variation df (em) (cm) (ca/10a) ° (kg/l0a)  (kg/l0a)  (kg/l0a) &
P-value
Planting date (P) 2 0.0050 0.1083 0.0654 0.7993 0.0023 0.0045 0.0031 0.0027
Tillage (T) 1 0.6526 0.6873 0.4277 0.9428 0.4854 0.1004 0.6349 0.8068
P xT 2 0.8708 0.7957 0.3185 0.9016 0.7768 0.0765 0.3181 0.3998

df = Degrees of freedom.
*RKSLEL = Ratio of Kernel Set Length to Ear Length.
STDN = Total Digestible Nutrients.

Table 8. ‘Kwangpyeongok’ yield and yield components as affected by different planting dates and tillage practices.

Tillage' Planting le];zlzrth dia];:r?;ter Ear number RKSOLELi ]i:/‘;;ﬁz’ Stgxyee;rgh(:ry Tssgilgl(litry TDN'
date (cm) (cm) (ea/10a) (%0) (ke/10a)  (ke/l0a)  (ke/l0a)  (K&/102)
6/14 174 af 4.6 ns 4,978 ns 83 ns 479 a 812 a 1,291 a 880 a
(Z?Em) 7/3 143 b 4.6 4,444 82 339 b 498 ¢ 837 b 578 b
7/15 11.6 c 4.5 4,207 83 226 ¢ 537 ¢ 763 b 505 b
6/14 174 a 4.6 4,919 85 476 a 696 b 1,172 a 810 a
(12CIm) 7/3 145 b 4.6 4,385 81 375 b 513 ¢ 888 b 617 b
7/15 12.3 be 4.4 3,793 81 243 ¢ 524 ¢ 767 b 511 b

'DC = Deep Cultivation, CT = Conventional Tillage.
%RKSLEL = Ratio of Kernel Set Length to Ear Length.
‘TDN = Total Digestible Nutrients.

IEntries within a column followed by the same letter are not significantly different (p<0.05); ns represents non-significant.
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Table 9. Analysis of variance of ‘Ilmichal’ yield and yield components as affected by different planting dates and tillage

practices.
Ear Ear Ear fresh p Marketable Marketable
. . RKSLEL .
Source of df length diameter weight %) fresh ear yield ear number
variation (cm) (cm) €3] (kg/10a) (ea/10a)
P-value
Planting date (P) 2 0.0004 0.0210 0.0075 0.0103 0.0017 0.0089
Tillage (T) 1 0.3139 0.8459 0.6266 0.1795 0.5505 0.3503
PxT 2 0.8202 0.6110 0.3688 0.3636 0.5560 0.4649
"df = Degrees of freedom.
*RKSLEL = Ratio of Kernel Set Length to Ear Length.
Table 10. ‘Ilmichal’ yield and yield components as affected by different tillage practices and planting dates.
. . Planting Ear ' Ear Egr RKSLEL* Marketablle Marketable
Tillage dat length diameter weight %) fresh ear yield  ear number
ate (cm) (cm) (2) ° (kg/10a) (ea/10a)
6/14 19.7 ab® 42.0 ab 168 a 97 a 841 a 5,037 a
be 7/3 185 ¢ 444 a 184 a 92 be 827 a 4,267 ab
(25 cm)
7/15 149 d 40.1 b 120 b 90 cd 512 b 2,785 ¢
6/14 19.9 a 42.7 ab 186 a 95 ab 903 a 4,859 a
T 7/3 18.7 be 43.6 a 172 a 92 be 801 a 4,622 a
(12 cm)
7/15 15.5 cd 40.5 b 126 b 87 d 537 b 3,259 be

'DC = Deep Cultivation, CT = Conventional Tillage.
*RKSLEL = Ratio of Kernel Set Length to Ear Length.

SEntries within a column followed by the same letter are not significantly different (p<0.05).
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Table 11. Onion yield and yield components as affected by different tillage practices and maize planting dates in 2019-2020.

Tillage to Maize Plant Leaf Leaves Bulb Bulb Bulb Marketable
& " . height length per length diameter weight bulb yield
maize planting date
(cm) (cm) plant (cm) (cm) (2) (kg/10a)
6/14 74.7 62.3 7.3 9.0 8.4 223.1 8,453
bc 7/3 73.4 60.1 8.1 9.0 7.9 208.1 7,847
(25 cm)
7/15 77.4 63.9 8.3 9.2 8.2 232.4 8,616
6/14 72.3 61.5 7.9 8.9 83 232.5 8,406
T 7/3 73.5 61.4 7.5 8.6 8.1 212.9 7,975
(12 cm)
7/15 75.7 63.6 7.8 8.8 7.8 208.8 7,164
Planting date (P) ns* ns ns ns ns ns ns
p-value Tillage (T) ns ns ns ns ns ns ns
PxT ns ns ns ns ns ns ns

'DC = Deep Cultivation, CT = Conventional Tillage.

*ns represents non-significant.
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