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Changes of Heading Response and Leaf Production of Winter Cereals as Spring
Living Mulch According to Cultivar and Sowing Date

Jong—Ho Seo+, Jae—Eun Lee, Young-Up Kwon, Gun—-Ho Jung, and Wook—Han Kim
National Institute of Crop Science, RDA, Suwon 441-857, Korea

ABSTRACT Changes of heading response and leaf produc-
tion of winter cereals according to cultivar and sowing date
in spring, were investigated in Suwon Korea during three
years from 2007 to 2009 to obtain information on use as
spring living mulch of winter cereals for weed suppression
without herbicide in environment-friendly crop production.
Rye showed variation among cultivar in heading response
according to sowing date, which means that cultivar selection
for living mulch is important in rye. Cultivar Prima and
Wintergreen had not headed in sowing during March with
low soil temperature in contrast to cultivar Koolgrazer and
Gokwoo which had headed somewhat even until sowing in
early May with relative high soil temperature. Barley and
wheat showed distinct characteristics in heading response
between sowing before and after early April compared to
rye. Leaf production for soil covering was higher in barley
than wheat, and cultivar Mirak than Ol within barley in
2007, respectively. Leaf production were not different much
among rye cultivar in sowing during early or mid April, but
it was different in sowing after mid April indicating that
winter cereal cultivar with high leaf production could be
selected in late sowing. It is thought that rye cultivar Duru
was the most proper cultivar for spring living mulch in the
point of high leaf production in addition to low heading in
sowing after March.

Keywords : living mulch, winter cereals, rye, cultivar, sowing
date
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Fig. 1. Soybean production without herbicide by use of spring

living mulch of barley and rye ; (A) early growth stage
of soybean, (B) maturity stage of soybean.
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Fig. 2. Changes of daily mean soil temperature (5 cm) in
spring during three experimental years.
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7F &7] el 3] Apolof ogt FF] AEET= = SUo| EFE EMAIof| E S+ H ¥ HEl
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£ HW(Table 3), 3¢9 13U vpFofA= EF2=7F H2 B
Table 1. Number and dry weight(DW) of ear stem ’ by sowing date in spring 2007.
. . Ear stem number (No. m'2) Ear stem DW (g m'z)
Winter cereals  Cultivar 7
3.100 320 4.1 410 4.20 5.1 3.10  3.20 4.1 410 4.20 5.1
Barley Ol 80 88 0 0 0 0 164 181 0 0 0 0
Mirak 84 83 0 0 0 0 197 170 0 0 0 0
Wheat Keumkang 87 95 0 0 0 0 157 164 0 0 0 0
Chokwang 2 2 0 0 0 0 4 3 0 0 0 0
Rye Gokwoo 37 30 18 22 11 0 64 88 30 25 6 0
Okjeon 27 11 2 0 0 0 137 26 2 0 0 0
Wintergreen 9 3 0 0 0 0 32 4 0 0 0 0
Triticale Shinyoung 80 76 61 12 0 0 222 160 113 37 0 0
LSD (0.05) 13 19 8 12 6 ns 83 31 13 9 1 ns
i Sowing date : month.day
! Sampling date : June 9
Table 2. Dry weight(DW) and ratio of leaf J by sowing date in spring 2007.
. . Leaf DW (g m™) Leaf DW ratio’ (%)
Winter cereals  Cultivar T
3.100 320 4.1 4.10 420 5.1 3.10 320 4.1 4.10  4.20 5.1
Barley 01 0 0 37 51 42 29 0 0 100 100 100 100
Mirak 0 0 58 63 62 33 0 0 100 100 100 100
Wheat Keumkang 0 18 44 62 42 28 0 7 100 100 100 100
Chokwang 32 47 33 42 27 20 90 94 100 100 100 100
Rye Gokwoo 40 39 47 57 31 28 39 32 61 69 83 100
Okjeon 72 83 65 72 42 27 45 77 97 100 100 100
Wintergreen 62 90 57 68 45 26 66 95 100 100 100 100
Triticale Shinyoung 17 11 19 18 52 31 7 6 13 34 100 100
LSD (0.05) 14 21 29 18 9 10 13 11 4 4 3 ns
! Sowmg date : month.day
Samphng date : June 9

(aboveground DW - ear stem DW) / aboveground DW x 100

Table 3. Status of headingJ

of rye cultivar by sowing date in spring 2008.

Days to emergence

Beginning of heading

Ear stem number (No. m”~)

Cultivar

3.13 4.4 4.25 3.13 4.4 4.25 3.13 4.4 4.25
Ol(barley) 14 9 8 5.23 - - 180 0 0
Koolgrazer 14 8 8 5.29 6.8 6.24 117 65 17
Ol-homil 14 8 7 5.24 6.5 6.21 143 97 13
Gokwoo 14 8 7 5.27 6.7 6.21 147 56 13
Duru 14 8 7 6.9 6.24 - 158 14 0
Wintergreen 14 8 7 6.16 6.25 - 57 4 0
Frima 14 9 8 - - - 0 0 0
LSD (0.05) - - - - - - 50 24 13
i Sowing date : month.day
! Sampling date : June 26
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Ear stem DW (g m'z)

leaf DW (g m?)

Leaf DW ratio” (%)

Cultivar

3.13 4.04 4.25 3.13 4.4 4.25 3.13 4.4 4.25
Ol(barley) 447 0 0 0 267 42 0 100 100
Koolgrazer 244 116 19 227 179 43 48 59 74
Ol-homil 373 195 14 242 144 32 39 43 74
Gokwoo 339 91 21 242 225 48 44 72 75
Duru 403 28 0 188 245 70 33 91 100
Wintergreen 119 5 0 267 209 43 69 98 100
Frima 0 0 0 333 224 44 100 100 100
LSD (0.05) 156 53 17 87 103 29 15 14 23
i Sowing date : month.day
! Sampling date : June 26

i (aboveground DW - ear stem DW) / aboveground DW x 100

Table 5. Status of heading’

of rye cultivar by sowing date in spring 2009.

Days to emergence

Beginning of heading

Ear stem number (No. m~)

Cultivar T
4.1 421 5.11 4.1 4.21 5.11 4.1 421 5.11
Ol(barley) 12 12 9 6.22 - - 57 0 0
Koolgrazer 12 12 9 5.31 6.13 6.30 133 32 15
Gokwoo 12 9 9 5.26 6.10 6.26 155 52 26
Duru 12 12 9 6.20 7.1 - 66 12 0
Okjeon 12 9 9 6.6 6.23 - 58 12 0
Wintergreen 12 9 9 6.25 - - 19 0 0
Frima 12 9 9 - - - 0 0 0
LSD (0.05) - - - - - - 17 7 4
! Sowmg date : month.day
Samplmg date : July 8

Table 6. Dry weight(DW) of ear stem, leaf and leaf ratio’

of rye cultivars by sowing date in spring 2009.

Ear stem DW (g m'z)

Leaf DW (g m"z)

Leaf DW ratio’ (%)

Cultivar T
4.1 4.21 5.11 4.1 421 5.11 4.1 421 5.11
Ol(barley) 128 0 0 491 358 203 79 100 100
Koolgrazer 321 65 24 425 363 212 57 85 90
Gokwoo 418 128 46 333 314 183 45 71 80
Duru 180 56 0 460 368 225 72 86 100
Okjeon 156 41 0 455 325 185 75 89 100
Wintergreen 66 0 0 499 314 193 89 100 100
Frima 0 0 0 474 334 199 100 100 100
LSD (0.05) 65 16 9 60 ns 42 8 5 3
i Sowmg date : month.day
Samplmg date : July 8

(aboveground DW - ear stem DW) / aboveground DW x 100



212 StZiX|(Korean J. Crop Sci.), 55(3), (2010)

209 A= =len Eolddirt dAE Agded, F

£% 0% 49 49 TEolx Q80| 90% ol42 et
Yol Eof UBFLES} 10T Ol4THIE 49 2ol 2]
WA gom mEol A5RE ¥ 4 AUk 2AE
Koolgrazer, &, 2%+ 49 259 gFoAxE E45= 7
A7k 75%USle] AF RS ekl eEAgo R 49
utzo BAskEloth AR ALRL 0 R rlo] 229]F o] u

o] 3HHIL = FF2 Koolgrazer 5 2T FFo o
g ol gletl, B EAELR AR Al A2l W
S o 2 @Al 7] el FoE 89 et
A GF HekE 21 349 139 4l 49 4 ugt 2
ZpolE YEpiA] XL, 449 49 wFoA= AFHE0
90% o]l &FF ollMe 2 AolE HERAl X3 1

S 2HE717F =012l 49 259 FFoll A= GFol Mol
A E FFLE AolE tha e gledl, 29 FFolA
T FR7E70 g mToR T wskek
2009¢ 9] EF U4 2008} H|Z=3E
(Table 5) 44 19 u}FQlof &= =5l w5 A] AP ahA]2

e A=,

o] tha e BAR W] 129 % AAEY Helo)
4TS 2 48 19 3488 ol 574
Ful& 9% ehiel Ml AU g0z s

o
7l°ﬂL opAl WHE A7|YE & i’l‘iii}- g 5 =
THEg H|alof A= 20089 = =S
Fema} 43 19 SOV, SANTH 59105, 2 16
o sl of el I3 ekl 55 5
2o 242 &A% Koolgrazer?} =
Al B SolAie=E Q=T % 1Y whFof A of
0%, 481 21 SEEAN °F 0% e AFHIEE e
o] 49 Fokee] WEL = BAV §1& Ao AT
10] whafl 2AYE Koolgrazer 4 4_,——‘,’4‘; 4 11Y gFo=
Z4h 7L Qo] eEA) SO 49 T SIEAl

At
A5 HRAAE 49 1Y D 49 21 wEoA HF
H|-& 90% O]A0l EFo| A= E57F 2 Ao|E Ho|A|
QrTHTable 6). 1 H| AFo] AAsh= 59 1Y TFofA
L E% 7 Aolrt By, 59 EEo|N TR 225 g
N _
=]

OPH -1
S,
[0
_ﬁ
_\1:_1‘
2,
°
i

i&

m22i MBS G 2ol
freElstelnt. Fzo) A
ofdes Fashedl, webd =
WS TS v ‘%PFJ AL vEste] S fAsh
ﬁo] dQsteg o 34\

o= 71

F

i
m\j
n{u
E
N
N
ol 73
2
o
ot
e
ofN

ow;u}.

flo

fol
=
lo
(o]
= OkO
o
Fa
n
_\|l_‘
olr
ot
s o mﬂs
i1ies %N'

2
s
lop rlo
=)
2
>

o
ox

IF 2 o o
4‘1:1 fll
i
M
_{ o
T

o ofo

4 9t dgel pag
Aol W 2UES &

& 2700l shsiol mekel MELL Foix
Wl i 94w RS B

o=
N
.
pacs
fer
___‘_‘r_(‘
dm S
ol
S
=
2

RAZA DB A2
&= H8l F5 4 7ol wE &
© 20074, 20089 @ 2009 3o AH 2AFFA=,
A Avbe e 2.

A A B e gEA g e A}

I B BE7E 24vgo] Falo] ekt elyux g

52
rir
i
e
_@;
_\;
ofN
é
r—IF
M
4y
e
oo
o



YTRIG BEQ| BHEIG U XTI 213

AEE

SEL, IS, e, 2005, RIS 350 B RKRE
XA ALXEFMTCREL 20 B I F ] HIE
fidl. 74(4) : 401-416.

AEZ, oAk, e, AT, AIY, ol&7], HAE 200
TH9| Fup 9 FAto] ulo] oA @ F K] njA=
G e AETE]A] 54(7H2) : 134,

NSRS, SSEME, B, IR R, N, i
%, Mk, IR, S, /gl 2008, 2 X kA
N> 7= nF e LTHwREA Z N DL X &
A ZIFIRHEFERE. HE5 078 Vol 53(2) : 63-68.

ojr, AP, FAY, WEZ, o|AF, 2008. T FpFA7|7}
71 T 2T vAe FF e EstalA] 28(2)
:111-116.

IFEP 351, /MRS, IR, B EEE. 2009, 2% %% )
Er 7= F e LTHwRE AL ZEICB35 84 2—
LB ORI 7RG, MERBTE. Vol. 54(3) : 139-146.

A, SAE, SAF, 971, BHdE. 2008. =04 F Auf Al
Hel- - §3 mEof ok Ay A Ayt ghertzsts]
2] 28(4) : 414-419.

FFR, At o] &AL 1986, 3, A, EEALY 5444
T B8 3a8E5ks]|A] 18(3) : 154-161.

N

Ateh C. M. and J. D. Doll. 1996. Spring-planted winter rye
(Secale cereale) as a living mulch to control weeds in
soybean(Glycine max). Weed Technology 10 : 347-353.

Barnes, J. P. and A. R. Putnam. 1987. Role of benzoxazinones
in allelopathy by rye (Secale cereale L.). Journal of Chemical
Ecology 13 : 889-905.

Carlene A. Chase and Odemari S. Mbuya. 2008. Greater interfe-
rence from living mulches than weeds in organic broccoli
production. Weed Technology 22 : 280-285.

Dhima. K. V., I. B. Vasilakoglou, I. G. Eleftherohorinos, and A.
S. Lithoourgidis. 2006. Allelopathic potential of winter cereals
and their cover crop mulch effect on grass weed suppression
on corn development. Crop Sci. 46 : 345-352.

Hoffman, M. L. and E. E. Regnier. 2005. Contributions to weed
suppression from cover crops. 51-75. in H. P. Singh, D. R.
Batish and R. K. Kohli, eds. Handbook of Sustainable weed
management. Newyork, MI: Food Products Press.

Thelen, K. D., D.R. Mutch, and T. E. Martin. 2004. Utility of
interseeded winter cereal rye in organic soybean production
systems. Agron. J. 96 : 281-284.

Yusuf, R. I, J. C. Siemens, and D. G. Bullock. 1999. Growth
analysis of soybean under no-tillage and conventional tillage
systems. Agron. J. 91 : 928-933.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


