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MERAL YV T VS5A4 55X (Lolium multiflorum Lam.)
[CBIT D SEMREIRDZIR

APREHIN*Y - kil gesis® - fkiln fEsR* Y - AR MRV

¥ 8 RAEoNfEKRL )7 25475 A (Lolium multiflorum Lam.) 54 [ #b 2 5| (DUF. TK2)
M5, 3HRITH 7z 0 S L 7SS HGRAE [TK2H-3rd]) & S 512 1 HARE K L 72 [TK2H-4th ]
ZWGICIERE L. WS, MmO, BREE, 1HFRow L, g%, @®E, NFC (Non fiber
carbohydrate : JEMEMEYE KAL) ZMlE L7z. [TK2H-3rd] & [TK2) X 0 W= & NFCA =D
o720 ZREREFBRIC, WREKICOWTHLEWETRKTEL I LPWL 2L 572, [TK2HAth] %
JAWTRZ2FER I 20 % [TK2) Lk L72& 25, [TK2H-4th] & [TK2] 12X, K
R X T X ) WER ENFCH R F A A0 Sz, [TK2H-3rd] 8 & U8 [TK2H-4th| OEEY
FIFEICIE, NFCOERMHE L TWwb EE X bz,

X—T—=K: A5V T V5475 A, B, WEE. A

Effects of High Dry Matter Ratio Selection in Tetraploid Italian Ryegrass (Lolium multiflorum
Lam.) : Akito KuBoTA*", Yasufumi UEYAMA*?, Yukio AKIYAMA*" and Masahiro FuUjiMORI*”

Abstract : The objective of this study was to evaluate the dry matter ratio and other agronomic
characteristics in our Italian ryegrass (Lolium multiflorum Lam.) strain “TK2H-3rd,” which was selected
from the “TK2" tetraploid strain with a high dry matter ratio through 3 generations. We sowed “TK2H-
3rd” and “TK2" for 3 years and investigated snow endurance, heading date, lodging tendency, plant
length, dry matter ratio and weight, and amount of non-fiber carbohydrate (NFC). We confirmed
that “TK2H-3rd” had a higher dry matter ratio and NFC than those of “TK2." “TK2H-4th,” which
was selected from “TK2H-3rd” for 1 more generation with a high dry matter ratio, was tested for
responses to a low sowing rate. TK2H-4th had a higher dry matter ratio and NFC than those of “TK2,”
especially in low sowing plots. Therefore, we concluded that the higher dry matter ratio of “TK2H-
3rd” and “TK2H-4th” was partially attributable to a higher accumulation of NFC than that by “TK2.

Key Words : High dry matter ratio, Italian ryegrass, Snow endurance, Tetraploid
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B IZBNTA 5T F427F A (Lolium
multiflorum Lam. ) (&, KHE/ERLEIEHIZB T
5 SAEGRAEY & OBA/EARRIZIND AR5 TWw
5o L L. ESEHICZB W TS M2 b o JE 7
BOEIZHARTHE L2 s (LR - FWE 1962) #%
Femsie U <\ IHARRE SRR, % v O ST 25 1 v A
DERDPITONCEI2e AFNVT Y IATTRAIB
Wi, TSRS AR & D D ISR B

nCHH (R 1975). iS5 E Rl RSk ps T
L&l otze TOME, WEEICEN UM HE
[FANeA) ] BERS N UMES 1992). L
Pl [Faner) | EREMETH L7720, %
% e B I 38 W TR AL A S D T R 7 RS R
EDR SN D 2 L h s, T HRIE R (R
KEBKE BRI 2007) 0 KO A4 pE i 1%
HHEA K @ 2 IR O AR~ DO F I A3 K
D HNTWDHIES, EEREBRIBE O ClitiRk
AR < (A 1964 5 F /NI 1967) . BB TIGE
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BToOENA 5 )T 54 7T A, WEEENES
5T LI X o THILHIBIZ B W T H 6 K2R
EL %0 5 %, €2 THEE L IXRADOMBEARRM
OMEEICHE L CREKE T [HIL25] (BT,
TK2) #BX Lo A5V T VI4 75 Ao
FEMAVBCRE AR THE AR DMK < ORI A iR
WHARTE LRz, BELRTIA L—TV %S
O EREYR I TTRIELDICHM
L. RN 7 EEDORLE R AR LM 0 E %
ZFRT Ve SR TIREWTRICOWTEKTE S
TEDHESNTEY (RS 1999). MRS
DWTHHBRIGRIETE 2 DD EZ BN Zff
RIZBW T, RSB RPER OBrixfiti &
My epmonTB) (FRS  1999). &
Foix [TK2) 28M L LT, 3R & Brixfli 2 %
PAREE L LC 3R 2o THRIK L, misii
PRt [TK2H-3rd) 2 BB L7z ARERO HIWi,
HEWRERA 50T V54 75 A8 HEWHEIC
M9 2 @A 2. [TK2H-3rd] DD &R
THIETHD, 72, EWHRICH LTSS
Rk L7z [TK2H-4th] & A<, BIkERi <7z
DIHRHE R 2 S L7zl BRIX % 30T SR
DERHEIIBI U6 E AL, EWHEIFGTS
RHEMET %,

B35 & OHESHICE VT, R gL
P S E R 3 3 R0V} NN
FAE, MR, HERETOMINO, TR
BOWTEBHTFROZH N ZTHE, TZIZR L TR
5,

I MEEHE

1. HEr1
AT VFA T T ADRAED SRR R

Table 1

#115% (2013)

ThHd [TK2] &, ThaxMe LTEWEL X
ORI PR OBrixfli 2 $8FE & LT, 3 1AL
D7z 0 BPL 2mic =R [ TK2H-3rd]) % 658
L7z BEWFRIZOWTIE, 1 FEIDETIRO 2 559 2
WA Z A ) o THEEZWEL, 70
BECASIFIEIE L= LW E A WAL, WHEz
B L7, BrixfElZowTlid, MY LHICHEE
% LAY YY), e = = 27D &T
Yo T, HilEx 7Y 7 VBEEERN (PR-101. #RX 4
Ty HE) CllE L7z, KRR,

1 H 235 % (5/100) 2 HAE HA%4.2 % (10/240)
3HACH 3.3 % (10/300) TdH - 720 R & I
NC, BWHRIZOWTIRIEHTLO~LTRA ¥ b,
Brixfli i 2 \W TIE B TL6~47R 4 ¥ b EW K
BB L7z, BREMERLICE LD,

BRI PR T I 5 2 HUL R gE 2~ & —
WoREREY; (ZRLZIBAEEERERZ 1) Tfio7n
REIXIEE 70y PRE5S m. £M05 mo 1 54
EC. 4 EEBE:E L. 20084, 20104E B L O
20114E > 9 i FAU IS 35 (S HE AR L 720 T 13
20084E 1% 72 v 75 ¢ (30 g¢/m?) & L7z, 2010
EB L2014, BURZ FRI§ % 72 O3l % i
5L, £7a9v h50g (20 g/m?) & L7z, AL
L TAEEMEHIN © P,O; : K.O% £ 5 T0.8 kg/a.
BIEE L CIREERAED 4  THICH 503 kg/a®
JEH L7z

2. #B&2

[TK2] &. [TK2H-3rd] 2> H5FFRITOWT
SHIC 1 AGEKL 7R TH S [ TK2HAth] %
MR L7z (1), REBRX IR R &R e %
Wed 24 RAGEIECTRE L7z, Wi,
XT&7a >y b50 g (20 g/m?). LEX TS0
v 15 g (06 g/m?) & L7z, 200940 9 H18H 2

Breeding process of TK2H-3rd and TK2H-4th.

First selection

Second selection

Third selection Fourth selection

Dry matter Brix value Dry matter Brix value Dry matter Brix value Dry matter Brix value
ratio (%) ratio (%) ratio (%) ratio (%)

Average of TK2 185 9.0 No data No data 19.6 9.7 20.8 No data
Average of population! 185 9.0 23.1 11.0 20.7 10.3 22.3 No data
Average of selected plants 20.2 13.7 24.2 12.9 21.7 11.9 234 No data
Selection rate 5.0% ( 5/100) 42%  (10/240) 33%  (10/300) 33%  (10/300)
Their progenies are Their progenies are

Notes.

TK2H-3rd. TK2H-4th.

1. Average of plants pre-selected with heading date since second selection.
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L7z B E UCTIEBUEEIN @ P,O; : K.O% 4%
45 TLO kg/a, BIEE LTHIED 4 H FIZKRK
5703 kg/ax FEH L7zo ZOMidikER 1 12H# L T17
272

3. AEFE ER1LUHR2HERE)

Mk, 1 F ARG, BRRERE, 1HFRAD
WY R R, s, WELRAE L (BIRRE
JE 12 20094F 3 & O°20104E#FAE O &) o iS5 P (RS
BTG X 2 BN D S5l L7z SE
OMBNEE T Y FENDITX 5 TTo 720 TR
IZ2WTIk, &7 0y bh5ERETI00 gh 5
2000 gD ¥ TV EFRELL . TORE CASWERIHENE L 72
HELETWMERZNE L, ZOUWERE T Ty b OEY
HE L7z 20094E B X U20104EH6HE 0 BRI DWW T
& RO EREEFED LD, £T7ay 3
BT A S > TR RELL 72,

20084F, 20094F 3 X U20104E D HERIZ D W Tl
MERAEE OV ¥ TV O—ET, ﬁﬂﬂﬁ‘a"é&%ﬁ%ﬁ
720 HIMTI AW S B TR L FitL 72

4. #HEx3

[TK2) 3 &0 [TK2H-3rd| ZH\T. MKk
AR EAT - 120 ABRIX1E [TK2] %10M8 4k x 3
KAE. TTK2H-3rd] % 100fEfk x 3 KiE (#R0.75
m X F[0.75 m) OfLBEE L L7z, 20084 9 H24H
WM L 720 2R E L CTILRIERIN @ P,O; :
Kp%%ﬁﬁf%kyaiJﬂthmw$4HT

IC&H50.3 kg/aZ il L7z HEE H oFE 20

pufsik 4 #9754 75 A (Lolium multiflorum Lam.)

(2B B AR O MR 73

S8 2 8MEIC, 7y MECEME» S 5XETD
YT 7L, TORETASKERIANE L 7= LW
FAWEL, EWERELEN L,

5. #EtEEm

FRTHEMNT 1X. SAS ver. 9.2 (SAS Institute Inc..
Cary. NC. USA) %#FIH L7z. BB L 0353
DY FIT DWW TIE, [ TK2H-3rd] 2% [TK2] X
DB EVIRIERFOL & WISDH 5 FHlt
Mg Z AT o 720 BR21ICD W TId, R & %
Wa K &9 2 ZInEE ST &2 1T 5 72,

I #& £

B BT 5 20004 DL o ¥R S W R I1Z 70 H
ST THALDITH L. 201048 L U201 14EHEFED
AERIC BT, MEMRM280H, 100H & ik
W< BEHIZ L 2EMNDL K ADNTD5 B
JEAME T3 213 &M EI -7, TLMEHD
R FIRIC & D F4ECHBLGH 228 L 7228
(2BXUV3), REROMSE 2 Wi F 5 X 95 By
GHBIIEI ST, MAKESLMEILEL TV,

K211 0, £RBEICB TS [TK2) B
X0 [TK2H-3rd] oiifEHtk, WEEsGH ., SRR,
1 HROKI, W=, wWE, B X OFRH 5
M oOMREER LI WEEICOWTHEEIALR
Bholzh, FIRIZE o TiE TTK2H-3rd] 238X
N, BB HIZOW T, 200845 T [ TK2H-
3rd] AIRRMeD o 725, MMOFETIIRE 71T A

Table 2 Characteristics of tested strains in each test year.

. Sowing Snow Heading Lodging Plant Dry matter Dry matter
Seeding . . . NFC2
rate Strain endurance date tendency length! ratio weight o
YO (g/m2) (1993 (Days)t (195  (cm) (%) kg/l0a)
2008 30 TK2 4.0 6.0 No data 107 195 998 222
TK2H-3rd 4.0 7.3 108 194 1015 255
P valueb n.c.’? 0.003 0.686 0416 0.830 0.019
2010 2.0 TK2 2.8 155 35 105 19.3 410 239
TK2H-3rd 3.0 15.3 40 106 20.6 530 26.5
P value 0.356 0.537 0.705 0.702 0.015 0.029 0.165
2011 2.0 TK2 2.8 10.0 No data 119 20.3 590 No data
TK2H-3rd 35 10.0 120 214 661
P value 0.097 n.c. 0.848 0.017 0.488

At first heading stage.

Non fiber carbohydrate.

1 means very poor and 9 means excellent.

Number of days from 1 May.

1 means no lodging and 9 means completely lodged.

N Uk W=

Not calculated.

Probability of paired t-test. For dry matter ratio, values are one-tailed t-test.
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SN%drolze BUREEEIZOWTIZ20104ED A D F
— % THHH. [TK2H-3rd] H3R BT 2 1A
Tholzo HLIZODWTIE, FELIEHEIIAD
Nhhole EWRIZOWTIE, B3 g/m’
T 520084 ITH A SN Do 7255 2010
B X U20114E0RBIZ BV Tid. [TK2H-3rd ]
A ITK2) L) bHEIIED»o 7 (P<005) W2 W)
2DV T, 20104E1k [TK2H-3rd] #% [ TK2]
IV IHERIIE» o7 (P<0.05) »%. 20084 &
201 AEDRERIC BV T EED B o 720 FIEK
SRt oK E. 2008451 [ TK2H-3rd] 2% [TK2]
X Y HNFC (Non fiber carbohydrate : FEfk#E M %
KAL) HAEEIE -7z (P<005). 20104E 134
HTIEZRWD, FMOMEm»H~ Sz,

F 3B 2 o, [TK2) B XU [TK2H4th]
P MRS BT H MW EE, WA H . SRR,
1 FEOFA, W, EWE, B X OFRS 5
WrokEe, BREICBT 5 ICEE ST D
RERER L2, WEEICOWTIE, EEX AR
KXy bR (P<0.05). HETIEZRWVA,
[TK2H4th] 25 [TK2] XV dWFEHEICEN M6
BHHNT. MBI HICHES IR Do 70 B
JEIZOWTIZAETIE VA, EERPDER LD
BRI A A S, F 72 [TK2H-4th] 28 [ TK2]
LD LBERT 2 TH o720 WLICHETAEIADS
Ndrolze EWHRIZOWTIZ, PRERPEERX X
DL (P<001). [TK2HA4th| 7% [TK2) &9
bE o7 (P<0001), F7-4FfEE L RFEOLH

#115% (2013)

EFHIZDW T FEENA LD LN (P<0.05),
[TK2H-4th| 1 [TK2] 12k, L=XTX )W
HKAEE 5720 HPWEIZOWTUIFRERX AP mX X
NHHEBEIZEN-7 (P<005), NFCIZoWTidd
WXPEAEX L) b FRICE, o7 (P<005). £
MM B 2 2 IE580 SNk 2o 7228, [ TK2HA4th |
H FTKZJ I dEEHRTD 5 72, E’i%éﬁk%
) ZRHEAEMIEAEE TIE R wA, [ TK2H4th] |
[TK2) X9 b, PEKXT, X YNFCHH iéﬁ;ﬁﬁ
Th o7z

RER 3 DA 2 RKEBIC B W Tid, [TK2] oz
WpEH21.2%Td > 72D 1% L. [ TK2H-3rd] 1%
220%TdH o720 PHHIZ0006TH ), HEAENPAD
n7z.

v % =

B L, B2 B X OB 3 O S, EiY
%%m%ﬁ[TmmamjﬁiwrﬂQHMMLi
ORFFIMTH B [TK2) X0 HEWEIE
k% & N7 20084E AR O S iR BR O TR
PRI ED R S N hr o 728, BAE 2 R IC BV
TIIH DR T X 720 20084EHFHE D 53R 12
B 2 RS T ORI, MO RERAE & BRI
NECASE Ao 722 &0 5. 20084F D HE #2778
ooz e LT, 20084 O 3FH & A3.0
g/mERR Lozl LI BBERD D, F v
TVOEREPENR TV ZENEZSN5H, 20084
OBEURFEEE IZPA L TR WAL 20104E 0 BRI B

Table 3 Responses of tested strains in different sowing rate and P values of two-way ANOVA.

Snow Heading Lodging Plant  Dry matter Dry matter NFC2
Sowing rate Strain endurance date tendency  length! ratio weight

(1-9)3 (Days)4 (19)5 (cm) (%) (kg/10a) (%)
Control plot TK2 4.3 130 28 120 20.0 724 304
(2.0g/m2) TK2H-4th 45 12.8 43 117 20.8 804 31.0
Low sowing rate TK2 38 12.8 2.3 123 20.2 683 31.3
plot (0.6g/m?) TK2H-4th 40 123 30 120 220 629 32.8
P valueS
Sowing rate 0.025 0.152 0.216 0.121 0.003 0.011 0.047
Strain 0.213 0.152 0.121 0.121 <0.001 0.705 0.121
Sowing rate * Strain 1.000 0.614 0.582 0.893 0.015 0.075 0431

At first heading stage.

Non fiber carbohydrate.

1 means very poor and 9 means excellent.

Number of days from 1 May.

1 means no lodging and 9 means completely lodged.
Probability of two-way ANOVA.

S Ol W o



ABREIE D UREEAL ¥V 7 54 75 A (Lolium multiflorum Lam.) (ZBF % SR OR)H 75

WCid, [TK2H3rd] & [TTK2) X0 3 #KT5
M2 A SN 7ze F72 [TK2H-3rd] 225 35121
AL L7 [TK2H-4th] I2BWwTd, [TK2) X
DERT I TH - 720 1 FHAY B KEIZB L)
BENICAHEA I 2D o 72A%, [TK2H-3rd] B &
O [TK2H-4th] & [TK2] 12, FLEDBRA
WCTHhotzo TOTEDPEURIEBELTVDLLEEZ
5Nb, BURBI LD 720 (23l & 220 g/m*& L7
20004 LLFE D ERBRIC B W TIE, 2 L THMRICH
HESPALNZZEHNS, [TK2H-3rd] B
[TK2H-A4th| oErzR@EgcRmid, [TK2) &1
LEMHEIEEHE SN, k15T T
477 A (EES 1999) & RBRIC, PUREERIZO W
THHWRTERILTEX DI EMHIS & ol
BRI S (1999) XMk A 70 794 7T Adh
Moty h] & 3HMREKTLZILIZED,
26K A ¥ MR E Lz EL TV S, B
JE & (1999) @K H1F &M TI0-25 %TH D .
R OBHIIREX LI AOWEICLIELDTH
%o ARRERIZ BT 5 W= U3 Brix il & B PR
WA THBY . FEEE o ARG o KR R S
(1999) LML EEEZ SN D, KREIZBWT
. WU 3R DBEEFZTD 1 RS » MEEL
ML Ao 7208 ZHIGMURERA R X D
by F—@EZTHIIBIT2ERTORENL. 5
WIZEREDSRE WD & E 2 B, BAF O AR
AR - RO 1 RN B 2 w1320~
22 %BRETH L 0D (F—FRAEK), Rk
THwWw7: [TK2H-3rd]) # & O [ TK2HA4th] 13—
R L R O & BRI L T b, L L,
RER2D i X R 5ABR 3 O AAH 2 GABRTI1X22 % &
THMHEIEHE->TBY., gkt ELQ, S5
BRI 2 s B & T2R2% M T TR %
B0 LN HEMEN D %
SRS oMt OFER A S [TK2H-3rd ] 1% [TK2)
L0 ANFCHH A - 720 REE 2128V, [TK2H-
4th] 13 [TK2] &) v AEXT, X EW=EsrE
FORTho72T 8, FLARETIER WAL NFC
bR ZERLZZ E2 S, [TK2H3rd] B
L O [TK2HAth] O EEWHREEZ. NFCOERMR
HEELTwREEZ bR, K1 R3O
ART LI, FIERBR L D R OBA AN E
WE R 2 SREBR I BV Tid, [TK2H-3rd) B X O°
[TK2H-4th| A%, [TK2] &0 %8 L TEWEZY

HKThollbdINEXFFT 5, Brixfl & W3
EOBICHEBERSH 2 GRS 1999 5 AR S
2008) Zind, FHEINZIETHD, BB,
NFCO ER 5 I TH O . Brixfifi (& K& H D
VafRETEREINDL NS, T I R
g e % 4 T2 Organic cellular contents (OCC) X
D&, NFCOHu#iy) &% 2 OCCOEIZ A M L 72
A RO TH > 72,

KABOKE DS, [ TK2H-3rd] B L O
[TK2H-4th ] (3B TH 2 [TK2] LHAT, #2W
2T T W HERLPERPEICB W T H N L
WA HND 72D, FALHIEADEA D HE % FA D
LR TH L, L L, B2 A EKXIZEWT
3. [TK2H-4th| B X [TK2]) & HITHHEXIZIT
WAL b o 7o F 7R D30 g/m*T
H - 7220084 DFRERIZ L, B E T 572012
20 g/m*E L 7220094 DL o Sz Ui 12 A 72 B2 o
7oo MEALZZEIARL Y, JEGNbRRL L
AH. HALICHERT 2 2 L3 TE RV, Rz
RS 2Bm O 3R D THI LIdE T
L< v, FEBRORENIB W TR SHETH
Dy RBEECTHWK L 2B =GRimizid, Rk
DYENLEETH 5,

51 A X #
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