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Table 1. Wintering ability index and its related characters

Fig. % of No. of Plant Plant Wintering
ref. Variety Origin germi- S.eedling Heading panicle  height surv. ability
No. nation vigour rate per i index
Europe % em %
1 Leikund Norway 98 2.35 43.5 37.0 27.9 86.1 112.0
2 Tammisto Finland 86 2.45 45.9 46. 3 29.4 86.7 124. 8
3 Frode Sweden 9 2.1 23.8 16. 0 35.3 78.1 95,2
4 Dora ITtaly 90 2.20 32.0 26.3 42.1 63.8 78.4
5 Floréal France 69 2.82 17.2 6.2 26.4 64.3 74.1
6 Germinal France 38 3.62 13.6 3.2 21.5 47.6 69.5
7 S 143 U. K. 84 2.80 15.4 8.3 22.1 55.3 65. 8
8 Saborto U. K. 95 2.29 16.7 12.3 32.1 47.5 53.5
9 Montpellier France 17 3.56 5.8 1.3 30.4 51.3 67.5
North America
10 Kay Canada 84 3.20 29.6 17.7 25.8 75.9 110.0
11 Chinook Canada 79 2.53 35.3 30.7 28.7 73.6 99.3
12 Pennlate U. S. A 93 2.79 27.4 16.2 4.7 70.3 91.5
13  Latar U. S. A 90 2.40 41.6 37.2 36.0 77.0 105.2
14 Boone U. S. A 74 2.60 29.8 22.0 34.2 76.8 97.2
15 Potomac U. S. A 81 3.07 17.5 14.0 31.9 64.6 86.9
Japan
16 Okamidori Sapporo 94 2.62 41.5 28.5 32.8 78.2 107.7
17 Kitamidori Sapporo 91 2.31 33.9 26.0 34.8 78.3 94.7
18  Hokkai 1 Sapporo 72 2.49 41.6 42.3 29.1 80.9 114.1
19  Frontier Sapporo 89 2.59 37.6 28.0 33.6 73.3 89.5
20 Aonami Nishinasuno 920 2.91 17.6 11.5 32.6 60.4 76.8
21 Akimidori Nishinasuno 89 2.67 7.3 4.3 39.1 63.0 66. 0
22 Nakei 18 Nishinasuno 90 2.82 22.5 7.2 34.7 74.1 90.1
23 Okayamayasei Okayama 59 3.43 10.7 4.7 34.3 54.8 73.7
24 Kyushu 2 Kumamoto 60 3.42 10.8 5.2 30.1 59.8 79.4
Average 2.79 26.2 18.8 31.7 68. 4 88.4
LSD (p=0.05) 0.32 10.9 14. 2 3.7 8.0

Values expressed as percentage have been angularly transformed.

viguour were estimated in the summer of the next year.

Oct. 21, 1977 (1 (good) — 5 (poor) )

HE79 Y AORBIL20%ICHELE» 57, 1of
Mo otfEER 2 A5 L, B % T Tammisto
TAEKTHY, EBZ UL AOHEBEHRDEIE
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EEREFUMEAMAERLLZ (r=0956). HEHE
BOBEN A S X EEORRIIED bNEHh -
2. BN BEEERLUILER, 2+ 5ED 458
DEFL 1 30em ITEH TR TTH - 12

Characteristics except seedling

Seedling vigour was visually estimated on

ESEFERGIERENEI RO ER, lLEEBE
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TUr. It ERERBSERME % B < RIS

BT RIS, PHEBMEVEREETRL N
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15,

I Leikund J,

" Kay J,

F+ 4 3 F Yy,
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Wintering ability index

Y=-0.176X%—3.88X+88.6 2] 7
60F r=0.8662%**

Mean January temperature (°C)
Fig. 1. Relation between mean January temperature
in the place of origin and wintering ability index
in 24 cocksfoot varieties. The number against
each circle refers to the description in Table 1.
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BTEP - 120, RERZORHEE A TLHSE
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FOXOW Adl

BB E UTRE L 2l BEEE cos T
BB RIFERMSE SN, £ 72 Larsen VR A
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Table 2. Percentage plant survival after freezing treatment

% plant survival %)

Fig. Wintering freezing treatment
ref. Variety Origin ability —14T —12TC —10T
No. index? A A B A B
Europe
1 Leikund Norway 112.2 0.0 69.5 54.2 75.0 60.1
2 Tammisto Finland 124.0 0.0 45.0 41.7 80.0 64.2
3 Frode Sweden 95.2 0.0 26.7 30.8 27.2 30.0
4 Dora Ttaly 78.4 0.0 0.0 0.0 5.0 9.2
5 Floréal France 74.1 0.0 0.0 0.0 is.6 23.0,
6 Germinal France 69.5 0.0 0.0 0.0 0.0 0.0
7 S 143 U. K. 65.8 0.0 0.0 0.0 0.0 0.0
8 Saborto U. K. 53.7 0.0 0.0 0.0 0.0 0.0
9 Montpellier France 67.5 0.0 0.0 0.0 0.0 0.0
North America
10 Kay Canada 110.0 0.0 35.0 36.2 70.0 57.1
11 Chinook Canada 99. 3 0.0 60.0 52.4 77.5 61.7
12 Pennlate U S. A 91.5 0.0 5.0 9.2 35.0 35.8
13 Latar U. S. A 105. 2 0.0 5.0 9.2 45.0 42.1
14 Boone U. 8. A 97.2 0.0 10.0 13.3 41.1 39.4
15 Potomac U. S. Al 86. 9 0.0 5.6 9.7 17.4 24.1
Japan
16 Okamidori Sapporo 107.2 0.0 20.0 19.6 32.2 37.4
17 Kitamidori Sapporo 94,7 0.0 10.0 13.3 42.8 40.8
18 Hokkai 1 Sapporo 114.0 0.0 33.4 27.5 50.0 45.0
19 Frontier Sapporo 89.5 0.0 0.0 0.0 33.3 4.1
20 Aonami Nishinasuno 76.8 0.0 10.0 13.3 25.0 30.0
21 Akimidori Nishinasuno 66.0 0.0 0.0 0.0 6.3 10.1
22 Nakei 18 Nishinasuno 90.1 0.0 25.0 29.9 30.0 3L.7
23 Okayamayasei Okayama 73.7 0.0 0.0 0.0 10.0 13.3
24 Kyushu 2 Kumamoto 79.4 0.0 0.0 0.0 11.3 19.4
average 88.4 0.0 15.0 15.0 30.4 29.5
LSD (p=0.05) 22.7 15.0

a) Based on the field survival and heading behaviour after wintering.

b) A :actual values. B :angularly transformed.
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£ FRRBOENCRAEOETFEERS (Table
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Hotz. XU FoBEIFEGFELLEE G
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DOHTH-1z. ZHiC FTammisto (74 ¥ TV
F) & TKays (#3%) 3501 L Eo@EEH
BEUKERZY, Zhs 4 RENBLEVEFRER
THTHHIEPRINS. ZOREBVETFEL
RTBCEERESBRBEERO TIE 15, & T4
HIFY,, AXT—FVvDEE TFrode ; &Fh
fo. T 3RV, OFERITZ10% ICGAZY, HKH,
75V A, AT ORBESBIEMIEL 2. —
10C ME T, —12CABEELU ZHEHRP RS
iz (r=0967). 2ENCEFRNSGEOER
DIELHAINOT, REBMENLIVRAD LD &
Tofn, —12CABTRLBVWEFRERLIZ/
NI z—, 74TV E, A+ SERBOETERR
0% %82 T, RAEGELEDH L ZOMOREBIC
HLUTHEEIZEMERZTRU . £HEERN 30%~50%
OREEASFREDRERICIEEAERRETE
RAaESKEESESSEN, 0% TOHMHERE
WWREE, 77 v AORBRURB LML EEL
Uk FBOREMPEE NI,

RO &» CEHRMOTHERICKE < HETSHC
EHRBHENT-DT, BIBRMOZORE & HE
HORREZHE (Fig. 2). FOEREHEOHK
BEEREFESZY bz, ThEFEMICRET S
&, RAERECEL T, R0 1 B¥Y
FEICESOVT4BICKRIaI N, T EERM

% plant survival at —10°C

0L r=—0.894**"

oL L 1 1 ! 1 i L Knd
-10 —8 —6 —4 —2 0 2 4 6
Mean January temperature (°C)

Fig. 2. Relation between mean January temprature in the
place of origin and frrezing tolerance. The number
against each circle refers to the description in
Table2.

® 1 AEEREN — 7 CLUFOH ORI D H
LR THY, — 6 THH 1 CORBORELH,
1CHhH5CETE “8B°, 5T EodFoRE
OB “BR” TH-orz. £ULTHRTERS
Nt 4G (Fig 2ref. No. 16 ~ 19) RERE
BOTFIMBELTHY, BROOEX IZHATHE
HATRELTWA I LS HEEINS. KHFRTE
RanimEio0TH5sE, THRIEE, (No
22) & (744 3, (No. 20) PHENEVWAT
FARLEZ, (73 KU, (No.21) REWE
HRUT. i BASELAEORRLAS IO,
HIfi TR AR (Table 1) SWEHD
Ri{% % Fig. 3 \</R U7z, " Tammisto (Fig. 3
ref. No. 2) HliEE L ICBNIEETRULY, B
F 4L Ny — @ ( No.1, 10, 11)i3EN TR
B I AR DD 5 2. F OO REIRTE
O BEZBEFRSTFEL TV,

CooPER 2 IERIM B HEH S Te A —F ¥ —
K7 AERVZTINT A 7S AREER, WE
B ARBEOBRME I EEEHOLTREOHIIC
RRATEEEY 5 & & A EBRIYICEERAL 2. & ORIK
Ean EEOMREHEROEREFE LT, X
LT 4 75 Ak WRICTHEE S ERE R & B
L2, ARBICBVTREOHEREETE
ELTA—Fv— F7 7 AOTEEREICEAL
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Fig. 3. Relation between freezing tolerance and

wintering ability index. The number

against each circle refers to Table 2.

50 -

R, HOBEERLLY YA —F v —FS 520
R E AR OWNEE R, FRME S
DEAEOBRBE-FECHREAET S LWL
1ot BIZAER TR O M EARTE B RS
HEEZZ2524I1040, Biz-1-HHNDRKIZ
RETzsZEPHLMICE 512, T —10C
DEAENIE T3 b AR RS TR R 32—~
50% DEFRERT I ELDH, ZOREITERM
HEaNBE L -#EBAERECHD SN S EERIZE
FRGOBWKICET 2 EZASND. FrEERIC
DNWTORBHERFBRLAKENI LSS, —10T
WD RO EK R % & 508 O i R &
LTHWEZEBRKEEZLNS, ZHIIHL—
12C OHEENEIZ LD T3 ), OEFXRE
18/C, #—Fv— K75 A0HEWITH L TIHE
BE¥EEEELZOND. L LILKRR A F FERE
I, EHETEOMEENS, —12C AB T eEFEL
Zldh, BEMEERREUCEDEORELT
WG L TREERORBRICET 5 LELS
ha.

3. ERREREORE

SRRERERESEERFTDE, HBEERN

HBIHadons. BSERGHERK I CHEEER
BT HHEP EHRE 2R T CARREREK
(|EHFR) L OWEDEILLORES B H K80
HHdH FERAFABREIOHEBETLEAY VATEH
EHLEHEZ, QBN IFRBRAISREBT —
Fovr7sgngc @ ALEE:270, @ER=E
THEETLRUCLH(BEE) c—EHMBEL, %
REIEQBECHARIETh o4& EFREEZEE
Téﬁ&ﬁi—ﬁ%fé 65,10,13, 14,21,29,53).

Typhula spp. DEE BB IZ10CHIHKE SN TVS
p%, L OEBETEMOMEN L OBENET S
OTEBENSELL, CULAETITEND 0 CHEEHS
HMOMENEOBEE T COEE BN TVHDT
) KR TWEEE, N—F=v s, ALEES
TOBBIEROERFBREF U cH o4, ATE
HERFSHO50m LI LOBEETICEE, RETHE
SELAHEEHA.

1) BEERUFHE

HRED SNE SN IA—F¥—F75 5212
SR L 12 ( Table 3). SBWE R T incar
nata ( Wh 63D ) & T ishikariensis DM A 2
Btk (E-1, PR75D ) RU%HE B (Ki Wh-1)
DEH 4 EBA V.. ALEBZOESHMN * EHX
(80H) &L4GHAX (650) D 2 k¥ L 12, BE
BRICCOERET1» AREE (Z Vv 57R”R -
B NESTE - ESEEH) Lo A —
Fr— FI77 238 1 ERE 42 BEEEX 131978
FI9H28H, SHPEEX 10138 IKE&AEIHE
%75 2F oy 7 REE(45X30X Tem)i2 4 X 2 om
OEETHEML . WEEXE S IEE CI0EME
L. 3C - SHBMAECUEMN N~ Fz> 7
HefTonkc ATEREL 7. BERE 3 3 KHE(H
FX¥I20200, 133, 678 ) AFL, HEFEBFIIKRERIC
AL EEREREIEND OmL LB - 2ED
TIRTEOHMES 2. MEEUELS HIC1979F 3
BBHKEY EFT, Bzt L#EDBRLE. &
FET1HABEESETH S, SEEHEEFEEY
AHEEL.

2) BRRUER
(1) EEHEMPOEEFRR
Hif i HBrEE (20/15C) »2%EH (10~13
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Table 3. Characteristics related to winter stresses and growth of seedlings

» Freezing  Wintering Plant height No. of tillers
Variety Origin .
tolerances)  ability ¥ Ao BY Ac) B
cm cm

Kay Canada 57.1 110. 0 18.0 14.8 2.00 3.05
Chinook Canada 61.7 99.3 19.4 18.3 2.58 3.38
Tammisto Finland 64.2 124.0 18.7 18.9 2.49 3.05
Leikund Norway 60.1 112.0 20.3 14.0 2.90 3.70
Frode Sweden 30.0 95.2 25.5 27.2 2.56 3.07
Floréal France 23.0 74.1 30.0 32.8 2.40 3.80
Dora ltaly 9.2 78.4 36.8 42.1 2.36 3.54
S 143 uU. K. 0.0 65. 8 31.5 37.8 2.76 3.54
Montpellier France 0.0 67.5 36.9 35.9 3.47 3.33
Okamidori Japan 37.4 107.2 22.2 21.9 2.32 3.35
Kitamidori Japan 40. 8 9.7 22.1 18.1 2.32 3.16
Aonami Japan 30.0 76.8 26.1 23.4 2.13 2.81
average 34.5 92.1 25.6 25.4 2.58 3.38

a) Assessed in a cold room

b) Assessed in the field at Sapporo

¢) Long incubation treatment (80 days)
d) Short incubation treatment (65 days)

BEAEE) Foirbht. MEIZEBEGTTAS
NHEBFICET 2 RBRAERS T L QU ERHE
woHhtz (Table3). HEROEFRZRT ENL
B A S YO REIR LKL, BbEVWDIEE
BrORETH D, WEMEEOMICHED TEVEEAS
Fooni.

(2) REMEREZBHTIL-DOBBRES X
h+F D2 REERVLEEMOLMEH, b
»oEBEME THENZ SIS 10 BEO N HE
FEGRZHEL, MEHAZELARETA20IXRD
HHSPBKEOHA A DY #MET L (Fig. 4 ).
WR NI T incarnata D 655 < T ishikariensis
DEMBRIF T L, EPR B HEYR A LoiRun s
VOMEE IAKBRTLERIN. JDLD
SRR OE OV E RIEL T, BE/NMEBIRIZ80H
BEX, B/ NEEKIL 65 AREX ¢RERE
HoBHBENErL 1. £ L TEBEOKEILE
KETWHHT E-OT, MBEEXE HICHEYRY
67~1338 (0.05~0.108 /et ) S FZM T - 12.
LR, S, BREOEEREMEILKRD &
SITLTKRD I, BWENNERKKRIL 0 HHEFXD
EEREVVRR EDEROVFEREEEFRDOMIE
WERE, Ba/INEBRESEKISCONT

65 HHEROERFERSVEX - PEXOFEHE
EEFROFEFEERME L2 KD, IEKFEHEIC
& o TRA/NRERFRIEZRL

(3) BEFENEOIBEER

R/ ERIETUE B U TR @ 4 B HES
Huiamant.

RR : Kay, Tammisto, Leikund, * 4 3 FV)
R : Frode, Chinook, ¥% 3 KV

S : Dora, Montpellier, 747 I, Floréal
SS S 143

(R: H\Hulk, S: Bwl)

T4 IR, IS T—, AT ITOREL
M Tammisto ;] OMAMEAINTWVWSE TFH3IF
Dy O RLEAESER TR BAD SINE
LM eEREN: TF2IRY, X THH3 R
), &0bE-1H, EHEREERO T74F 3,
AR - 2. BRSNS ORIC I EBD TR VIEE
HERw 5Ntz (Fig 5). WMEtEEOBOMFRS,
MBI IE R 0N E < > - EETH - 12 ( Fig.
6). EFLrREAXOFHIELHREEOBEL TN
% T Chinook j OEFES R RE L -2 EIT LS.

BE N EERIEREC LT, #EaRERR
D4 FICHEI NI
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Fig. 4. Influence of inoculum level, incubation period and
isolates on the survival of 10 cocksfoot varieties.
Plant survival : H (over 66% survival), M (33-66%),
L (below 33%).
Inoculum level : H (200g/box), M(133g), L (67g).

Kay

_0F ° Tammisto
.9 o
§ Okamidori © , 0O g 700 R
35 6or Leikund %’ ° o Tammisto
3 3] I
: 2 eof Okamidori Leikund

2
5 501 =
B el
% 40 T
» Montpellier 2073 Q0 'EB 40 o
g o Kitamidori - Chinook
2 30 fo) © Aonami E
© Floréal =3
3 ': 30T Montpellier
5 2o r=0.920%** £
® o 2 20}

$143 ® S r=0.774**
10F 1)
L n 1 1 " L 10L o L 1 1 1 i L )
70 80 90 100 110 120 0 10 20 30 40 50 60 70
Wintering ability index % plant survival (—10°C)
Fig. 5. Relation between wintering ability and resistance to Fig. 6. Relationship between freezing tolerance at —10°C and
T. ishikariensis, based on angularly transformed resistance to Typhula ishikariensis in cocksfoot

percentage survival of plants, in cocksfoot varieties. varieties. The values were angularly transformed.
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RR : Leikund, # 7% 3 FY, Dora, Kay
R : Montpellier, Tammisto, Chinook

M :Frode; ¥4 3 KV

S :Floréal, 74+ 3, S143

(R: #Ehitk, S: BmtE, M: )

HE/ WEERERY S 3B > EasA LN
7. FARXE@EBED (Dora; & T Montpellier ; H &
EPREBRICE U CRBRIETH > 1t 0w, B
ITBIRIR T U AL BRI PRl 4 5 35T %
A7z HHPEROL —F v — F 75 23 bmic
EATERBEEHR G T TOEFTIBLATVLA LA
TN BB AT RIIEERONE
RIOEX T, H+4, /-, 745V F
D4 FEBH 18~20em CH - 1Dz L, B 2 &
Bid37mifi<, W2 EOMERAZRLL. BN
&N, T incarnata \325 WY O EHE (L5
BESTCALXERTY, T ishikariensis \IEIREIT
Vo LATFE UIZOER I ELRE N IEE L
2. ZOEDICHIBENEOEEE IKET DS
WREVDT, BERGBED &5 IR K,
RICYE CHEESPEOEVIRERIC L -1 L HE
waht, L LASHRA 100 H 283 £ EHE
T3, FRAESESHMPCEEERL, o
BEZEBIEDLL T, ONEBOREE R
ot ERVBSRBRTCREOI NG EE LS.
KHHDOATEESR COME/RYRESTS. 34
b L RE/N BRI & IS OHEMS,
R 2 M ERRL & 0.1% KETHETSH - 125,
B0BHE5% KETORRKE (r=0572) &
EE o7z (Fig. 7). Bt B/ REERERED
HOBMERbEK 2 FEERERKE<EBx AL
( Fig. 8 ).

R LD &5 - FERRE S TE O B MBS IS
EERS &, —RICBEEICRIG L 2 RE, B
M Tammisto ; ® TKay, BiEHfiEcH 0, BB
BHEICEELTHWS TS 143 ) 3BREES, &
BHOAERBER 2R LTV, LALEL S
TIETCHAEISRLBN TS TKay, &
" Chinook ; @ 2 FHEMIT "Kay ) REHRESL B
NTVWBDIZ, TChinooK ; BB ELED L
CEZHIBY T UK. T Chinook ; OFREA%
FARBE, BBEZAME SN2 Chinook & W5 BER
IZEVBEEM D50 Lethbridge @ 30 4 #6F 77 Eith
PORDIBMLLERINTVE®, 2018

—

% survival of plants infected with 7. ishikariensis

% survival of plants infected with 7'incarnata

70

( Dora Leikund

o Okamidori ® @
[ ]

60 i Kay

©O Montpellier Cninook .

e Tammisto
Frode °

50F
® Kitamidori
a0k r=0.899"%**
5143 (excluding two south
° @ Aonami European varieties)

130

1 1 1 1 1 |
30 70 80 90 100 110 120
Wintering abilit_y index
Fig. 7. Relationship between wintering ability in the field
at Sapporo and resistance to Typhula incarnata,
based on angularly transformed percentage surviv-

al of plants, in cocksfoot varieties.

70+
60
50
ok @ Chinook
Dora
. ® o
Aonami Kitamidori lo)
30 o Montpellier
“Floréal
r=0.923%**
aor (excluding two south
PS S143 European varieties)
1 i 1 L -
30 40 50 60 70

% survival*of plants infected with 7. incarnala
Fig. 8. Relationship between resistance to 7. incarnata
and 7. ishikariensis in cocksfoot varieties. The
values were angularly transformed

BN R ER 2R T b O OFBERESE SRt
FEBITVAS), ok i REE SRR
BRERIC—H LW, T Chinook ) D&HRER
RICBET 28RBS o R INBEL > BMPS
BRINTH, do5AKEDEOWEBE®ZHEZ TV
i, PaLbhBEEL LOSHEREEEE
FHEMHERAING. TabbN—F v IZHT S
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RIGHKEVERITERIIELTEH, N—F=v
TORENNSVRELY BFVWERMEET LS
HEZ HN A, SHBEM L~V TOREE S R
OMENVEREITNIIBHTE L LHEI N5,

4. & ]

FTREEROZHOREBEICBVL T, 2RO
M & BERFNICIID R S EPRETH D, WET
R = EERE L BT, B8, HiE, %N
P EOHEEEER U WEC > LT H RIS
BTXAZENHNEELL. L LBREROER T,
LHRMBEOBIKIIITZ B8, BHEORK: LGS 5
DO THEAEOBN KO REIRETH S, 22
THRE U 2 IC AR T 0% 5538 x 04hiE
MERAOTHESEMMORT 2 E 4 28R, St
FOEBsEENRZE LTERI N BB 0E
WRE (F2bb4HEEROBKICERTE%) &
nreh, KOBELHEAZEREUGE (4R
XMIBRTVWEEAOND) OBBHEIIEI S
ZEMTEL Lo FHESGELAOEEIZ,
FOEDEEFB I L > THEOPOERNSEESI N
720, HAERVFBRTHEET L LEPMHINTY
62,12,36,46,76,78,85,89,113)‘

INHSOBEMILY, BEHEOKREIEFRTLE
RIERERT S & AR W S 7210130
B oA BIREEIC W T A TEAEOE % T
ANEZETERI-HLTWA™, WMEMSE
KB ABESEXRICRT. OME L TERRE
Ul s EBENTIRCHVAS &b d H 0 5,
ZROMBZ RS I, BER> SEHL 1298y
& m A Z) ) ﬁf—‘ﬂﬁﬁ"\] T Zﬁ 510,13,29,32,44,69,75).
LarseN "B OME S SEEL 4502 2 A0
72, WENICE & age #RET L2LENHHY. @
N—=RzvIZDREREELT, MEOEBHEERSM %
FALTFMNCHEB T A EHEX HNEN, N
F= v 7B 2RBERESKE SHEEICEEY
6 el & 7)) 610, 13, 14, 28, 29, 32, 33, 69, 72, 91, 92, 101), ﬁ%%
MEBTEBIANETH D, ZEPTETHRADEE
NEFEHTEEZHLPICLTHOANETHD,
FOBBEEZZORN N — Fo»y 7ORY, BEL
ART®3%. QELAHETIHEYOREEFEH
T (SRR & UERY) PR EhEXETHS
», BECOVWTEEBC LOBEEAEVIRELD
T, BMETEELLV. BIEICOVTIIERRID

EOIHMAEEBET IRy MITEE LR, ¢
BEHBREELHICRL I FTOET EHEEESR
BEREGEEBUENE T S8 L, EEEEREIR
FUTERFBHE S RETUE T 5 H5ENH 0,
BHYEA—F v — FI72~DBEHERA TV
5. BELREOH,» HBIKFERE ULTOEGT AR
HINRETHE. LBARNEEY, BEIL1 kM
REL, EFETRERLE S EEREEZT> T
AHHBH 0. BER 5 KEREREL T50% @ik
ETCERE (LT ) WE-> T REBREBR2HEED
EHPEREE RS TVBHHD, 2 LAXFRBOWEIL
DSNTHHT TOMBEIENETEN2) St jr
REOEE, FIIXMTHOBREE LEY 515
BRAHEIEZ LS., ORSHEFERR 2BV

U4 BAMEEBEE S THAERS O BIZ, Rk
FLEEBRNOEEREAE T HSO0EETH 3.
BRELEBERELIHEELHABT A HEELT,
TIL®EZ EMmohT V5. BREEEET 2
WiREREERHTADEIELLEINTVEY
M HEEOEHIHERE 2N A DITILET 555,
KE 133 A X OEO BRI % 6 - BRI
BHRiC kBB A ERIBLI.

LU 7 & BRI RE R RS S <,
REHERED &5 IR I TRV, E-EE
LbRET S22, YHERNREEOHLSHE
THbH. FOBRTIMEICLE &I, MHOEE
REDEBNDPHEE L BRERBRICKEHEL,
EROIEM s 52 2650, FHEBORK
PHEPOBHNEE OMOHBELEDIBENH 5.
AR TOREBREMED T incarnata 2%+ U THEBM:
ERLIEOSZOBTEL. ENEVERTLEOE
T T incarnata \IBZFOHEBITEA T 2B 1
o, EEEALHTTLEDEEIHBTE
bz AR R DRERE OB A RS,
FESENIEWHERE S -, WERIRICE
v, RABRFFOFTEHII DL T ORI BB EL 2
5L, "= RV IHREEBERIBDTHHE, S
FORELEZRLLTEELRD. N—Fz v 7
Lo TEMMIEEIHATLAIZ PR LATY
B3 Ry - Py SREBERENT
HELLASD)T V5475 A0BE/NIEBHRE
FMERFEIOL > TBHEL TR M ZERCB Y
LIS & OM O RBRIEM EFE—TH-72& LT
Wah., Zhadl &hs, SEFREFRMICBTSE
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FON- FZ vy FOEHBIMEHIZBE T SBEER
BHEIELEZSNS.

foEE 2RI, ATEEROREROLHOE
BB THd 2. Typhula spp. DEBEBEERIZI0TH]
BEXNTHO®, BRISES T 513 BB
MEME NS, BERRE LT Sthomty
COBENKEL LV, BELPEBEOWHA
TREcE N, BRETRENSTTREE LS.
BBICB T2 ZBOBEDHIZ & - TR
THEREZTHIEBELL, 2LFITO0THH
ERZEORISBREE XNT, REKY T pip
e ->TEHEPTE S, R TR U HERE
B, BEFSCBEEYEREAREEB L CRIOD
LOTHD, WEORMIIBIhTWLENMY, o
LAX DR UORED TRBEOHFEIED 5N THY,
FRROSERERIMEEEREOER IR 2LO
EEZLND.

5. & B

F—F - FT7RAOFENHI A H{TONTE
fo 3 —a v /S THRBERG ORI 5 F MO RLE
ERGIZATS, TA)ARCARDRE %ML
WEEOEN I HIREERD Lo Ic KEOME % L
VRZ HGHBREEORLZRADEEBIZ, BX
HOREE BBOREIC DLW THLEEL 2.

(1) HREHLSPELIA-F v - F75 224
SR SR U T, SR OBESBAERE 2 LI T
o7z, BEAETES, R, EFROBFEZTL,
FNoOREH» S BAMEHEEH L CREROK
BB 2 AT

ABEHTERE A AREOBAE RN, HB
WL VEESHTHHIRR, HF 5 ELE S FEKYE
Thot. FRAEBRMLVBESHTERI LM
BT, BlMO 1 AFH5E S BLAEEROBIC
RHEELBESR SN, LR, S5, S5
FOHESHBICET 2AEOREIRETCH I
HEath & VEE LR ICET A REORE XHRET
HBZENHELELEL ST,

(2) F—Fv— K75 20O RE
ERTTAHACEEHNE LT 24 REEHHEL TH
Bk ER L7, 3RS 3 ERESAL - SREm % 13
HENN— F= v 73 (37T - SERHE) L,
3KEOFBLE (—14T, —12C, —10C K16
BEfH) 2R Ak, FO®R1H»ABBRETHES

SEBEOEGFEREEZFE L. FORE, —14TH
HTIILEEMTEL 7. —12CE cidtfkE H
S MBI ERTR OEESETFL 1Y, F0/o
SRREIE A X B EEAZ T . —10C A ¢t
BERBREERMBEOEGTERI 0% figERL,
RERZERORELROLES TH 1. LLEOER
Do, EEMERNRE U ESERTE S BREED
BRZENEZ & THBSICE—12CAE2HN, B
RthHE o OSIERE & SHEFEOBIKD I
—10CHEERHT S LR LBy LN -
3) EENNEBRICYTAF—Fr—F75 R
OHMAMRTEE 2B T 5612, RERER%
oz L, MEEE OB 2ERL 1.
SEBEE I, 10AMBECECYEEN—F
Zy7 (3T - 8RB R - 2:8M/) Lk, B
BREOEREE£0.05—0.18 /cdDBEE A TER
Utz. 2L T T incarnata 2% L CTIE80HM, T
ishikariensis iZ 2 VW T IX65HEF A THE L 2. #
n s, Bah S H U BRI B AMEUER 1
PARECHESERICEEREFEL L.
JERk & A+ &N BRI LR %
AU ERELELEENEBRICNL TR
WHET & - e, REDRERRICY LERE %R
Ul UL URIKE LTI Tywhula BIZ & 5 S5
12X SRS E OMICE WEBSRE A,
RICB T 24 —F v — K77 ZOBEICEERY
BLAKEILEEERILTVEEALNT.

I FAAEF—Fvy—FJ7228REED
& L AE R B

F—Fv— F77 AOMAEREERO 12 HITIE,
MERBYICKSROAT vy 7E LT, BEMBEO
NEESToHNE, BDPLOEANE, BIEHEL
MOV TREHEIICERIT S N T & 128335760 g
REMINE SN LIt 4 7y CRELE
FTHY, JLEERTONESD L L s
H5OBADOLBEHR T -BRE . FENZNELE
Bdazoilk, AREFROREICS2584EM0
BEOHELIFAT LI EVEREEZ LN, BA
BEOLTRICEG M a0 ARERZHE L AR
BrrERm L.

BEBERBIICHOTIR, [RBEERKCESE VD
A 3HEHIRBIL, HICKHE ALz, b
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5L —Hgh SHARYIZ » T TO MV aFEEREES
DRI (I~ T - T— 7 - P EINER),
b adbEROBEICE L 2R E FNICE S Bk
EREE& BT, PvahREs SEIRIC, T
TOWFEAT v THH (PREER - TV A= TEER)
IR S D A

INHOMFOTENRFERIL, FRORKRELSE
OEBOZRILHD, RigHIERLEETHS
D, FOMOMEIIERICIERIC L VEMHGEE
L, 2L CHRESEXRERTREATH S
HEMIZEMLEREZHRT B, IHEAT v TH
HTEREELT 5.

1. MLOEERREORLMY
WEOAREROREMEIL, £EHMORERG2%
PNLBEIPNRBMLTVEEEZ ATV A, HE
HIZETAERLEFHEOBFET, RVZTNT
475 28P) F—Fr—F752%, yusu-—
SOV TREIATVD. FIZED A AR
BT, £EHOLZTERBLOFELBEFEMNRED S
hizhs, yurzo—"Tid, £FMOKRE & WEE
DOROBHRIIEY x> T Aok, L LR
HIRICRELTAHH L, BEOERE L EDETH
DOBRBERED, WEEEBEFRL TV

VOB, v T8, -7 5 HiE
T TOTRTOBEFDO 1 HEHRBRIES5TE
B25DT, XBITbA—F vy — N7 AE4E%
BT 50, PREFEOESIZ1,000mESHY, B
KHEIRA>TTNVAZTEETE, fEL-10TH
H—15CIETETTS. COLHIRKRTFIZD
WTHIEHKERIIBG M aKic@#IE L B
EMEHRIT B EICEY, MAELEFTHORE
DB ODVWTORRSESNB LD LI TE 5.
¥ 1232 A X OH T BrueaL 528, R &
HE DT 11,000 R#ED 5, BE/PNEKRERE
DIFEEBIK L1222, MVIEREN TR
EFhTHBY, TORE»SHE ML EEMZET S
HRIBEBEHHEEZONS.

1) HRRUA®

b ) 2 @ Crop Research and Introduction Cen-
tre S b vaetrbsRELA-F+r—-FIFX
BEAREEE 99 £ % ft3A U 72( Table 4). 19704F 4
RlsHiET2BA g s, BECERHLL. RE

6 A0 ICKEM 25 B2 EENE 1 m THE0.5m
EwH BRiEEE T, tERERARBICRERLT
Bk L, GRgBEFCERE LT, 8%
EHYEKO0.8kg/a, DAMZEL1kg/a, B
BEDREICIE, BREHYERL2kg/a, VAK
#1.3kg/a%, RHEL1BHEL2FENOHIC2
$1 0 10HETBELL. NIV, BEEESE
1219 BTRRIT o8, BEZRELEE 6 A+
OHBEA Y & 9 5 EAOBEREN D OF 2 [@fT-
1. BAEEEIT, 1971 FH 5 1976 FIZh T THE
HFHEL 2. BB IBERE(19714F) I 60 %
Dl EoBEs#EA L 59 EMIC>WTHREL .
BEREHBO I RIEREL L TihEs [ 7
D TArigs ; (735 A) JERkBIGHED " Frode )
B EER Bl L.

Mo BREROEEO 1 BEERE I, b
TRBEFHIZ2HLT, &40 oROMBRD» HH
FU/. BESELEDLYVT I, T—risit
REEREREPRERO 1 BEHKE (yC) &
BE (a°), % (bm) »5, KRTRKD12.

y = 1.05a — 0.0075b + 48.6 r = 0.978

n=76 (K[ZBAAT).

BEHEMAETVAZTEEREO L AFSKE (y
CT) BWES (xm) OBETRDHI.

y=001lx + 696 r=—0.973

n =17 (KEBHFR).

2) BRRRUER
BEEBVOX 2B L IBROEFENLH, BR
R 2 BT shtz(Fig. 9). $abbEE
#7 (map ref. No. 20 ~ 22 ) EIUEAT v 7THhHE
(No.11~19, 23~28) D HEREMOKIERIZA5%
LTTdY, BT 45 (No. 20, 23, 26, 28) #»
SIVE L EREMISBHREF L. £IIHL,
LEOHbEE chEY LTI, T—TEID
MR ERER (No. 1 ~10) O BREMO LB XA S
pots. FLTEBHOLESE LBZEOMICIX
234 vpBEH ot TRaOERLILFINET
TN THNESNo. 1 ~ 4 )OEROEFERIL
52% 1 5 80% DHEBIZH > T, FHEFERILTI%
THote. T—HIKEER (No.5~8) KR
5L, 46 RBED D B 20 BHILI0B LI T OEFERT
Hot. #FULT MVIRBEHROPEHRELE (No.
9 ~10) OHEMIEAEEETEL 7.
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Table 4. Plant survival percentage of the populations six years after sowing

Map ref. Province Number of  Survival percentage(accession number and altitude)® -?
Ne. populations
Marﬂ}ara region
1 Istanbul 2 28% (TR 4831, 160m), 16% (TR 4820, 50m)
2 Bursa 3 449% (TR 4833, 320m), 24% (TR 4813, 450m), 4 % (TR 4834, 220 m)
3 Gonakkale 1 12% (TR 4836, 30m)
4 Balikesir 1 40% (TR 314, -)
Aegean region
5 Manisa 11 12% (TR 4810, 160m), 8% (TR 7003, 200m; TR 7013, 290m), 4%
(TR 4807, 400m), 0% (TR 4778, 250m: TR 4788, 85m: TR 4805,
460m; TR 4806, 150m; TR 4808, 480m; TRK858, 70m; TR 6985, 300m)
6 [zmir 17 52% (TR 312, *), 0 % (TR 1977,*: TR 2008, *: TR 3375, 550m;
TR 3376, 30m; TR 3378, 250m;TR 4772, -; TR 4773, 60m;TR
4775, 30m: TR 4776, 50m; TR 4777, -: TR 4783, 30m:TR 4787,
-+ TR 4792, -: TR 4809, 220m; TR 4824, - ; TR 4859, 15m)
7 Aydin 12 60% (TR 307, 60m; TR 309, 550m), 52% (TR 4804, 950m), 20%
(TR 4803, 995m), 0% (TR 4774. 100m; TR 4779, -: TR 4780, -3
TR 4781, - TR 4784, 40m; TR 4785, 40m; TR 4786, 110m; TR
4802, 360m)
8 Mugla 6 36% (TR 304, 645m), 0% (TR 4782, -3 TR 4791, 230m ; TR 4793,
230m; TR 4794, 330m; TR 4795, 620m)
Mediterranean region
9 Antalya 4 0% (TR 4822, 630m : TR 12249, *: TR 12330, 330m ; TR 12406,
30m)
10 Icel 2 09% (TR 12459, 30m; TR 12599, 800m)
Central Plateau
1 Denizii 3 28% (TR 4828, 1100m), 8 % (TR 4830, 540m), 4% (TR 4829, 480m)
12 Burdur 1 8% (TR 4827, 950m)
13 Afyon 2 88% (TR 4819, 1120m), 84% (TR 4818, 1200m)
14 Eskigehir 3 76% (TR 4817, 1100m), 52% (TR 2645, *; TR 4815, 1090m)
15 Ankara 2 88% (TR 4837, 1060m), 40% (TR 14965, 700m)
16 Gorum 2 849% (TR 15000, 1050m), 72% (TR 4838, 1160m)
17 Tokat 3 84% (TR 4846, 1600m), 80% (TR 4849, 1150m), 72% (TR 4848,
1020m)
18 Sivas 4 96% (TR 4847, 1600m), 84% (TR 4850, 1430m), 76% (TR 4845,
1900m), 72% (TR 4844, 1100m)
19 Kayseri 6 849% (TR 4854, 1370m), 80% (TR 4855, 1600m), 72% (TR 3374,
1100m), 68% (TR 4856, 1400m), 52% (TR 4853, 1350m), 40% (TR
4857, 1300m)
Black Sea region
20 Ordu 2 48% (TR 14767, 30m), 44% (TR 4839, 30m)
21 Trabzon 2 80% (TR 14843, 960m), 40% (TR 14898, 10m)
22 Giresum 3 100% (TR 4842, 1550m), 84% (TR 4843, 1430m), 72% (TR 4841,
860m)
Eastern Anatolia
23 Gﬂmﬂ;hane 1 84% (TR 14771, 1600m)
24 Erzincan 1 96% (TR 2345.*)
25 Erzurum 2 92% (TR 14893, 1620m), 72% (TR 2355, *)
26 Kars 1 84% (TR 15129, 1930m)
27 Bidis 1 88% (TR 15272, 1630m)
28 Van 1 88% (TR 349, 1775m)

! An asterix indicates that specific information on the altitude is unavailable.
2 A hyphen indicates that the collection site is about at sea level.
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Black Sea

Mediterranean Sea

Fig. 9. Percentage survival of plants after the first over-witerring period at Sapporo relative to
geographical origin. Lines on map are January isotherms. White section : surviving
plants. Black section : dead plants. The number against each circle refers to the descrip-

tion in Table 4

BEBEOBLIRAILFEHREOMER L HEOo»
DET—HLUTW. £9, £HFRICET 5 A
DOMENL G, BERBEOCIHLALIAMXEE S 55>
7z (Fig. 10). U RBEHAFERE, 240
XETRETNVAZTRFEHAEE—-TH -2, 3
BEHOBE R b 3P REFREFRIHOERFERR
Lfe. WCEZERBEEHFROBEGEI BRI TR
Dot B HERBBECXFEFENIEDLL
WTLMT T BINESRER L O BOAETERERLL.
Percentage survival
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b ° Eastern Anatolia
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Fig. 10. Changes in percentage survival of geographical
groups of Turkish populations

F, WREFEERD S 5 HhBRERICEEL T
WaHE (No.11~12) OEMOETERIL, LEFH
BB 5 OHAIE % 075 0 FE - 77,

HIER CHN 7205, MBI O P EEROFERE
BERET 2. B0 2 ERTHIES 2EkOL S
&L, B3I ERUREYS S TETROE T I/
S Lo BEMEHORLBENTOE T LA =
TRREMEOL 51 - rBIOEROTHER T3,
6 FERI DIEIEBMAE D 90% Hi$EHE1% 3 R THREZE L
72, WiEOHRBEORL £ T 5 RO BT,
[ U SR O M ZE 18 14 13 2R FEE &R D 70~ 75% T
Hotr.

Eduic&oic, £800 1 AREEETR TN
FUL—BLALY, AEHO 1 ATRK L0 AR
EHZ 6 HICHTC, EHROEREBERLI
(Fig. 11 ). LOFEREE->TH, KEDEVIE
KEFRSEVI LSRN, BEERD 3E/
CHEERAELS 6EHIZAT TORED 3 FE-I
DVNTtRERT-12. BRYIO 3 EMTIE, 1CL
T>2~7C>8~10CORBOENEE T IHIC
SFents. BEOIEMIISOLTIIEICHS N
T, —2CLUTF>-1~4+1C>2~7C>8~
10CO4AEE LT, CAHOHRBEN V- Tk
O BYgih s & AR E RTINSO SEE R, T
AT RIEL2E, @ PEBROEBRVEESR,
@ #HF WL OIREMTE, @ HrhBREHOAR
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Percentage survivat,
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Fig. 11. Changes in percentage survival of climatic groups
based on the mean January temperature in the ori-

ginal habit

EHIcHET 2B 505, BERAY IFEM L
NigE 3 EECABECOES N RENEOKY S
Kotz b, AEHMOLERE (XFRE) »
EREMORZMEICRIETHEN» 20 RBM
BVEBENBEWCIEARLTWS., EMED LA
SEEREIE— 6 CTH BN, BT 0 CTRIRD
BETFrEgrErhATnadiEmrs, —2CTEE
OEXOHED, 5> OHREFTEBVERRERT
i TEZEEZLNS.

My oEARERORAHOREL LT, A&
KT (R 6 EH) OEFERKEELBE S
NT@ESTHAHD (Table 4).

RV I OFEEL HERRIC T T OREFERTE,
<z SN LRI TE T T 5 ICRVEAE

[ EA LT, BEREFOBXMEIMET UL, B
R TH BTV TWOEBORMNS B4 A5
T—-ND1 BEEERIE5.2CE, EBRABE
V. ZLT27 7 BRERICE2MEEREL 72
B <, FOEFERII24% THolr. T4
wWREROY OEMESEEMIEL . 1 AEER
B8 CEBA HMPBRESFOERME, ¥EHD
ZraEEBETEL Lo 1.

kv 2 AEER O RO DR WVIGER TR, 5 1LUE
WS HEMBHETH 5 Bt OER I, %k
FTBELIIKSFA ML ZAOEELSITEN AR L,
o bV apEEM SRS RL 2. BE 50mbl
TOREBHOERMOEFRIT 4% ERELLER
BUELLTWA I THNEROERE HART
WEEIZHES»IZEBR TV, £172EE 860mbl
OMEOERIET VA= TEREFMEEDLLRLVLE
WIREEERL 2.

RV i SOV EEEICE S 2 5 ILE
ATy THIHEEA AR R OROVERD
Boh, BEFOT VA TERZ, 1£ME2KRE
85% Ll EDOEBFEREZR L. FHICRL, AREF
BOEE1,000mEMCEET2EMOEFERI
40%LLF, 1,000mLl ECIa kERSOHERMIL70% %
Bar., b, PRBE CRESRICIESDOER
1213, EFEQBEHEL THAESEVERSRY
shrz.

RN I L EMBR TER VR B 5Ntz (Table
5). BEEROIREFOEMI2EMZ2RAET
XD TRAE» 120, thoMEOERICHEL T
NRITH Y, IR EBRSEVH TR BRI
BEHSED TAnés ) EITW ., —ATNVAZTS
RoBREMRBKREIRAT, BEREUNOEHIZER

Table 5. Morphological characteristics (cm)of the popululations

Number of Culm Panicle Flag leaf
Region populations length length

examined length width
Marmara region 8 79.7+ 3.5 9.9+ 3.1 14.0+ 1.5 0.71+0.05
Aegean region 13 78.5+ 5.2 13.1+ 2.9 17.3+ 1.9 0.60+0.09
Central Plateau 26 81.9+ 6.3 14.0%+ 2.1 18.1+ 2.0 0.63+0.07
Black Sea region 82.2+£12.0 14.7+ 2.8 19.6+ 2.8 0.85+£0.11
Eastern Anatolia 95.94+ 7.0 14.8+ 2.4 19.6+ 1.6 0.72+0.08
Commercial Ariés 105.2 8.2 12.3 0.72
variety Frode 113.2 14.1 18.5 0.77
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LARZE UL, Bt SoaARERE, BENSD
REVH, BEESBELIELT, Ho»iZT VAT
EEEME IR LY, BEIERBEED
MFrode IZIEWVWENZ B, #LTHREROE
Hhd, v Wv< I T—TBRERETIVAZTE
FogEMohEna kg R k.

2. MVOERRKEO KRS
d—Fr—F77IER - ERCEVIERFEE
Shi-tk, RAXBTHEME2BEDHEREST S
EHHEDICBT AR, L LAESEE T
BHIBREREOY —F v — K75 2, UL Y
BZIEBHONATVERN, EHTHEIEIh K
BRI R OBEL I HL TREICHERK( L % K
BLE->THHITEHICE 2 50 EH & 8311650
) 4 FEROEELSER, BICEMEEETHI &
RREHEDETE2L126TOTCEE L L 202,
—HZERY VBB TIIt LS EEHRT
BHIENZHBBERFICLERIIDESBE &Y
EBRIhTH3,
FEESBERG T, SPUEL - ARERH, £
BHERL->TBEFRCEDO L nHBRIEERT
PEELMIZL, P IEHREROBTERZHMEL

TOHFREIC > WK R H 1.

1) HERU A&
AL DERU FVIEA —-F v — 2
TANEMEZHRE L THBERE2HEL
(Table 4). $74bH519714 4 A18H I ICE
ML, FAE6BI0BIZ1 mX0.5mOBECILES
REFBBOBRBICEAML 2. BEFEICE, 7H
16H, 8 A12H, 98 7TH®D 3Eh 1z - T HEH
Bz Lz, BEZE (1972) 1212 60% Ll Eo@Ek
BEBFELISFRMICOVT, 1 BBEOHER - HE
E (9L oAt EREL:.

2) BRRUSB®R

(1) AN

BE S Lo THELNFI2EAHIEL 72 3£R
3, BEHS R STRBE, SEa T (Fig.
12). Lo E£MD> 5 20 £ M2 80% LI L,
FIHIHRERTH 68% Lo THOHBEEERL .
FRWER Ty THIBOERTSH, DREEOHES
TI—-7BRERICEBEL TV AMA (map ref
No.12, 14 )DERMIE 34 LI LD B HiEL 72,
BEEHEORRMICB VTS, LBOMHE

Mediterranean Sea

Fig. 12. Percentage of plants grouped accordingly to earliness of heading in the year of sowing at
Sapporo. Values are based on the average of populations for each province. The number
against each circle refers to the description in Table 4. Lines on the map are mean Janu-
ary isotherms. Black section : early heading plants. Cross-hatched section : medium-
early heading plants. Hatched section : late heading plants. White section : non-heading

plants.
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FOERBTERSED ot BHERLHhE
REEER D 3 HusS(No. 7 — 9)DERE, THEESRE
B T20% D&Y, HEFLEEESAHIELT
W iz. 12 UERES O (No. 10) OER 384 T d -
2. £LT, 1 BEHXE N 6 C D Canakkale
(No.3) oIV HBIHEEZETFLT, 10CO
Antalya(No. 9) KhU T, BEFEVEELRR
EL Y, BERIET2CEVWHZ T4 V2588
Hohitz.

WEAT v TH¥ T, HANED CRNESY
m<nYy, BREFOHBRRIETLL. UL
33EM D H 525813 30% L EOHBERARLT
BY, BRES SR CHEE U 4 BESE 30%
BIRELEOEBRED 2 5, oKkt 1408
DOHEHBLIOES BETHY, PV EERMIL
BEEICHBELRP TV ESI pA A1, #0ORNE
ELT, £BHE O TREGRE, FICRBENY
ROREK FVOEEFASBIN LI EIRT AR
K ltbEZONS.

REBISCHUNG ™13 7 F v ADA—F ¥ — K7 3
ARRERMOPFERD », BEEHFEK 28ED
LfBRER, 32054 FHOLOEILARDERN
TROKkEZ (BE) PEASLTWBE LK.

CALDER 2 13 £ DT X 125 ) T 13X REBISCHUNG &
—H Uy, BRMORE LBEEHROBFK RN
LIPITEL ol AP TIR, £FE#HO1 AF
BRE L BEENREOM I L EE 2BRSED S
ffz (r=0.383, P <0.001). F#&EELOBF
oW TiE, T—SYBRERIESVWCREREIZET 5
754 BBRbHHNT.

(2) B 2 E£HOHMEMNE

BAMORKREIIED 520, w2 I BINES
HEHBEETHY, BEpthAERE bV a2EFO
FTLBEL SBRETH -7 (Table 6). HE
CHEICEENT, A—F v — F7T5 M
BOTRERLEREERIT TOEY, HPBKEE
T, BOHRNECIEBTOLERZRT T AHE
WHbHEBWERBLT, LEORPE]ED
H£RBRETHEEA LMD, DL TRELR
CALDER PSP BEED A — F v — F 73 it
OB ORFHICHANTREOERIZ, $abs®EET
FER ISR ML EOBMEE—HLE. Fh
IZ% LR S ORI ER 2R L TRE» DB
BThdlhe, —FEHLEENTRETHY, Fhils
LERREEVEIN, BELEBREOREICETS

Table 6. Earliness of heading in the second year, based on
the average for populations in each provi province
Region Very early Early Medium-early Medium-late Late
(May 30) (June 2) (June 5) (June 8) (June 11)
Marmara Balikesir Istanbul Canakkale
Bursa
Aegean Mugla Manisa
Izmir Aydin
Black Sea Trabzon Ordu Giresum
Central gorum Tokat Denizli
Plateau Burdur
Eskigehir
Afyon
Ankara
Sivas
Kayseri
Fastern Van Bitlis Erzurum Giimiishane
Anatolia Erzincan
Kars
Commercial Aries(France) Frode(Sweden)

Variety
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EESGDETVEELEXZHNEM,

WEAF v THIHE TR, XOBBLEEOHBIZE
VEFESH I TEBTHESEN. RBEOKEL
HAIEL 4 BIZ5TCIEL, BRI 6 BICBky
% Van $E D 2 #1 ( map ref. No. 27, 28 ) @
EHZBRETH - 1. 20O ILEIE 1L, R
OBRSEEMENC & 650, K5 OER I8
kThots.

(3) BEROHME

BEK 2FACHE L BEREORSHER - £
Bt 1 ARBEOMICREESHAESZEO N
(r=0.449, P <0.001) (Fig. 13). vV~ 5#
POLRBIPITOREOFVHACEET S 44
0% L @& HEEL 2. (SR T v T#hE
TREISE LWL E A OEMIZ E HERAEKS B
LT, BHEO 2EMIIT VA= THEEREIZZD N
1.
REBISCHUNG 3 7 5 v 2D A —F ¥ — F 75
ZABREAOFEYHERIZIB% TH Y, BEPOER
AEVWHBRZRTIEE2WMELTWS, F 17
Beppows % CaLDER 2 &R A —F v —
77 A0BERERROBVW . E2EBRHLTNAS.
APRIC B O TCHARBNREFOEFOBER D
WTOHIRIIB LN Lo ehs, thOREMEOH

#1465 (1986)

M@ EEREHERERNUIL S Eh s, BEDOR
BLBI2EEZBLNS,

(4) MEFEHECFEBEHEEOMFR

M OIS EE SBRSR® S5hiz (r=0.678
P <0.001). HEECHIEL HBEDHT0% DM
REIEEECLHEL T (Table 7). #L7T
RREEINET 57U T ENEL S BB T OE
HGEEEREEICE S, LHOBEREHEDKICH
U7, Bepbows ' piEBEHES BEOHLE
HEORIZBERIEZOE LD, SRR 6%
HMEDLW I, F05 505 ZESHEREIC L
BlzhéEZbND. BICHEELEIEIEEIZA
BWEBEFMA SN B 120, [EBERFICHTLR
IEHABREMEBELZEVbATNSES,
CALDER ®"13 L3 BEppows Dt L 72 6 Zfh %
MATIRMEHME L&A, KfFRE—KL 1
BREBTCVS. EBRELTR, £5HOLDEX
PREAENBICEESBEFEEE T A 5h, KEI
HET 28 FOoMMM L B2z N TV &
HPEIEx N,

3. MLOEEREROEEY
ARENZEEHEME LTE2HLEE, —BITIE
WERHE, R IR s & OB ERE ORI

Black Sea

Mediterranean Sea

Fig. 13. Percentage of plants which headed in the aftermath of the second year at Sapporo. Values are based on the average
of populations for each province. The number against each circle refers to the description in Table 4. Lines on the
map are mean January isotherms. White section : non-heading plants. Black section : plants with panicles.

1
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Table 7. Percentage distribution of plants in relation to autumn heading
Values are based on plants which survived three winter seasons
First Second Both Neither Number of
Region autumn autumn autumns autumn plants
only only examined
Marmara 14.4 18.4 51.3 15.8 76
Aegean 19.4 16.1 32.3 32.3 155
Black Sea 19.1 15.4 47.0 19.8 138
Central Plateau 20.0 12.1 24.2 43.5 405
Eastern Anatolia 18.2 8.0 15.4 58.5 137
Total 19.0 13.3 29.9 37.9 911

HEME SN, NEBE EERET RS
=ML ICET AEROVERTHH Y. BARE
e ki s BB ICES LT, BRLEE
ELTWAIENZL., BREFAEZENERL S
SO R E IO VT, iRt O
M oFERHEERICE->TCBEREINS [TAriésy &
BT s s, BEEMELTOBRE S HICHK
ERERTICETAMRLEBINS I BFN
5.

1) $ERUFE

hREEOFS ( Afyon ) &1E#8 ( Corum ) @
2k, BEBHA LTIV A ZTEROR 1 BHER
B T Ariésy EHE LA (Table8). Wi h
DOFH L BIER 6 EROETERNIA%LL EERL 2.
MR ORISR THRAETFKREY 70—V IZHS T L
T, 1976 £ 5 A FEICitBERERRS B ICE
MU . 1 XERE0.72m (1. 2m BER X 0. 3m B
EX 28E) 71 B0 R 12 12,
AOE T 3 k#E (IR - R - BAE) QL. FHE
Rig, EMaMyr-vE#El.2kg, VAEO Ikg,

Table 8 . Materials used in the investigation

Collecting site

Accession Acc. No. region altivado(m)
Giresum TR 4842 Black Sea 1550
Afyon TR 4818 Central Plateau 1100
Corum TR 15000 Central Plateau 1050
Eruzurum TR 14893  Kastern Anatolia 1620
Arigs Commercial variety of south France

AVL2kg, SEXIZOHKBRAL . PHEE
WS 1 BEUEY (212, 2EHIZREE 1 BY
AER O 07 S RBEAE U 72 B0 (L AEE I 2 [( 8
HI8HE10A28H), 24H1E6 H160 (1 %)
&8 H3IH (2FHE) WEBL L. AREEDNE
ETEENEIC >N TIT 5 1.

2) BRRUEBXE

EMEEICE, B2 ENED 2108 Fh, 248
3, 6 AL S ARHIINERE LI DT, BE,
BE, BEOEFENI -V EHBIENTEL
( Table 9). F¥4ENEmICHNS L, AR

Table 9. Seasonal herbage production (dry weight g/nf)

Seeding year (1976)

1st full harvest year (1977)

1st cut 2nd cut 1st cut 2nd cut

(Aug. 18) (Oct. 28) (June 16) (Aug. 31)
Fert. level none med. high none med. high none med. high none med. high
Afyon 47 82 50 41 103 77 206 313 380 41 104 140
Corum 25 67 51 37 142 86 200 300 333 71 14 134
Giresum 145 175 259 73 147 203 327 520 693 214 324 482
Erzurum 93 109 145 48 115 68 243 530 380 5 59 65
Ariés 177 363 352 279 510 546 450 770 887 300 660 744
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EFMICNBERPRH N, BEEA O Gire-
sum BFEPERLER D KE VKRB OEIEH T,
PEFEOEIBEERCLROBEL TN, BRIC
FXABTNATEBBROD Erzurum 2855, HEEH
A (2EEBO 1 EH) TRHRERERO2AHKELD S
BRCH -, BEEORKRERIAKXL, 28D
2EBURLENTH 2. L UAREFB T
BEZNOD Giresum ZH b BIERE BT 5 &,
HEWIN T 73%, EZEOWREIX60% %R L 1225,
BN TIX30% ICABE s -1, Bigh 5 ICEY
555, EEL50mOMRICEE L TV 5 HRERM
ZODT, MEICRIBRESHIALLELZLNS.
RERO 2R HIECB/LL L EESEERL, BES
DONBERERLENTH - 12,
BEEEEECE TSR (Table5) &
BLT, BERETCERBEIY 20m BV E2F
HonAg, EokE i, EHIck-TEED

5 0ED ( Giresum ) B &H 17 ( Table 10, 11 ).

HEHOEHNEICE 2EH0OH &3, FENE
DMEBICLEFRT A%, BREMAE, —Rii
NN THOERDSZNDT, RIESELVEY

I E RESBRBHIRRE

#1465 (1986)

OEEEDINEZRLIZ. LD L Giresum Rk
DEFHILERESE RS Th 510, EER
UERE S ICRERE EHY, BEEHELTO
FHLOUETHEEEZO NS, LEERAML IO,
BEORBIIRITHEIDVWTHIOLI nHRE
HzRHWT, BIBRHETHA2HRENH S S,
IREBERICE T 2 EREEE OBRERL O
Fig. 14 & Fig. 15 Th 5. KBEETH 8L
HIZBOTKE, BERLEBEONMTHBELI, X4
Rl LuNoBEROMEAE EBITHEAL, 2hiC
fEoTINEBHER 2 (Fig. 14). hIEX24MEL
1ZBBX Tk T Ariés ) & Giresum 285, EE
TREELTshbLERER ARSI TNEERR
Lty 2oto ARERIZIEX BN L
A

HEHICB TR, BREEBIMVULEEET
HBHDT, T, BEIZL->THBOHFZILIRL -
fz (Fig. 15). hREE®O Afyon J8kit, WEA
BEILEWA, BROMHRIBEDOMEICE N THN
U7z, £RICK U Erzurum RfKiz, BELEEY
EHITHBICEVBINUBINL . L USRS

Table 10. Morphological gharacteristics of cocksfoot
populations at hay stage in 1977

Culm length c¢m

Leaf length cml)

Leaf width mml) % leaf blade 2

Fert. level none med, high none med. high none med. high none med. high

Afyon 51 65 58 13 13 13 5.2 58 57 15.4 16.2 15.4
Corum 52 60 62 13 13 15 6.3 5.9 6.5 11.7 14.2 16.8
Giresum 52 65 63 19 24 29 8.7 8.6 10.0 27.6 23.4 29.2
Erzurum 62 78 70 15 22 18 6.7 7.5 7.8 17.5 17.7 16.5
Ariés 96 99 98 18 20 22 8.0 81 8.4 22.4 19.7 23.7

1) The fully expanded leaves under frag leaves were measured
2) Percentage of dry weight of leaf blade in total herbage

Table 11. Morphological characteristics of cocksfoot

populations

in autumn season measured on Oct. 20, 1976

Plant height cm

Leaf lenght Dem

Leaf widthl)mm

Fert. level none med. high none med. high none med. high
Afyon 27 4 36 16 24 23 5.9 6.8 6.6
Corum 31 52 49 20 25 26 7.6 7.2 7.9
Giresum 29 44 50 20 36 36 8.6 9.1 10.7
Erzurum 30 53 37 19 34 24 7.6 7.7 7.4
Ariés 71 86 91 46 57 59 9.4 9.8 9.9

1) The longest leaf was measured.
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Ariés(H)
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Fig. 14. Relation between aftermath yield in autumn and associated morphological characteristics
Afy : Afyon, Gir: Giresum, Erz : Erzurum. N : no fertilizer, M : medium level, H : high level
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Fig. 15. Relation between herbage yields at hay stage and associated morphological characteristics
Afy : Afyon, Gir : Giresum, Erz: Erzurum. N ; no fertilizer, M : medium level, H : high level
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b Giresum R TAnésy &R0, hiEX%
EIEL THENSRIIES S, BRI
TAHNWNEBRISIZEBN TV S Giresum R ¥ &
MAriés | 1E, BRI k> TRERB AL -1z
M, ERVFERXLUTCHESE X2, Lo LU Gire-
sum ZFHOBREIH0mTH B DI L, " Ariés |
N ImEERTH -2 &8, MEOLYINED
BIZ20~30% DBNDSE U KRELBREL -2 &
HHlE Nz, £ —F+— N7 7 2HBREO KRR
AR THABELE A, FHEHBHEBY 0 —
3kg / aOBH T, NBREHRMHARCEAL
THML Y. KRBRD 0 —2.4kgN / a DKET
¥ T Anés | & Giresum R ZEMBELT 0
sntH, OBHKREFTREE LK, Ko
DREIEBEOBINFENI /NS L, BRI L 518
WHROBENHKE I, ZOEN T EHHBIL 12,

4. &R ]

EYOEE 2R T2 _AKRERTHHREE
BRBIZE-T, #—Fvy—F75 AHREMIL3
g S — IS T s Rt $RbsE0BEREO
HEILE-T, FHBEcEEYS 7 Vv-7L 20
O 7N —FiZHd ont. BICEER, £FICE
BUEBULLEEVELET A WEAT Yy T/ LT
(FRBRETAVAZTER) CEAERBISEER
HTHEDOEBE I bNLv LT ITHF HEGH
F¥E - T rEBNREIV—FICERN s h .

ZXEGEPSEVEFTOEY I, HEAEICENT
VWBEVIRFORET T IARB T LR,
Hhizd, 1 A EHRE S EFROMBRIL 3 i
TERRL o1 FEMAHLUNOEE, T4abS5

FERBARE AR & 3 M L — TR R 2 - 12,

BHMA V- T, RERB & HEL TREYE
BEOIE, BEHEESKEN L, B Lo
EERMTcERATH L2 &, NELE WEHEN
PEONSBIEAENFOEPRETHE, T —
TR - PERE SV — T3, KPERETH LD
HRESEHENC &, BEEHBER-HAEHE
ErRELEL, BRERIERIBLECEL/ NIV
EHHILE. BEEAD 2Mizbz > TEEDEL
TBRILEAT v 77— 713, IBEMEADOBITH
HERL L, ROEICHAL THEESENS &
BRI, BEELBEEEERGED. BB
WNBITHEZBTN A T EROERSFRERE

HicHigL 7, BRI UHBRELREVLI L, X
BREBHAOEM &L VEBRT, »ORBHEEL
HTEIEAKENEV . ESRBON. ThabbE
BrEE NI, REEEOKEEIED, FHE
BARMEOR FEAEHBEEb L LTS &
WZ 5.

DL NRERGFPEREROREERFIL T
WaY, BELKBE LR IHRETRE B
WHOEAKC, WEHIIXKX/THBEVSEALNED
i, BEOBWICL> TRE > ABRIDELT
WarzHEEL SRS, JoNEs H° & STEBBINS
59, oL EGHRENEICIE, B
EF s #HRNPERNO Y —F v — F75 2EET
& % Dactylis glomerata subsp. hispanica 7353 L T
WAHBZERRELTWA. ORI, 4{5E&oA+—
Fr— RIS ALXM LU TREEBTHFBEOINLO
T, PV OOFEEE L S TP BRI O+ —
Fr¥—F7 7 ARCBENGHEESXTVWELEER
Hbhb. COBBOEENEE CH 2R /N
19108 RO PN RSO B RERICE &
N5 (Table5). FAREHOERIEO LM,
B LAFEREOHRRIFEOER & LR TEERME
VWOY, AEOCHEBEEROCRBRENEELZ T L
Axns.

BRI, AREAWEOXGEE BB THRET 58
AOBBEMIC >V D., AFSTTTLT 7
V77 RBOREFRISDVTORBRERD S
HeinricEs V13, BRERETLRYOL TIEH
HHT, 2HEMBERTIILEEZRDTVLS. &R
BIlBWTHEBAE TV A Z7TEREROERMIC
EBFROERPRDLNIDRIIFHORNP HTH
D, 3FELLORBHIMSEZ LLEA SN

5. % L

*—F v — 77 A0REMIZEFOEN VD
DOHMREM 9 EF %, HIRT 6 EREERMEL T,
EFROERMER, HESEEEES 28E L.
CORBKRTHE BAREMAIEREBERE
(TAriés 1) %H#3 LT, £EMHICET258% 2
EMfT- 1.

(1) MVaEARENE, TEEBABEZLEIIZ
T - b RR R, B, WEAT v
THHEO I ZV—-TI25id on, HEMEAELRE
DOBMR, R, BRI V- THTREL -
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1.

(2) T—7¥EholpgICH T TO, IREOKF
BREKAHLTVA X —Fy—F/ 5 20HEE
D. glomerata subsp. hispanica V%, % DD EM I
BENEE252T05 I 80, BENEE» 5
HRx Nz, 2OMOEFLEY, WAMIZERER
BELBINEIWNRI LI ERBRIZ L ERT XS
EHSEBRL 7.

(3) BREHOBEFHEERRUCBEOHLERH
HRIHEMOXERBEICHAIL T8, mEMtE
HOBRTH > 1. FNEABHREISIENEIHDE
HaESErEtficsnwtBEcho, BB,
BED 1 ARBLEOBIZZ 54 v 5, PR
TERHont.

(4) BAEFHOEEIL, BRLENTH 2R
5D Giresum A I L HE (T Anés ) ONE
KHLT, 1 BETT0~80%, MET0%TH- T2
M, BRRKN T2 30% g Eap o,

(5) EERBMHFORREMIZ, BREREOAS
SIOANRINT VS, PEOH EFBHH
LIEAEKE L, Giresum RS HE L THh I VE
W &SR L 72,

I R IR EORETMEICHET S
RRMARVEEAER

FES SRYIM S O FEROHRTHEE L
AABRREEFEY—, AF—7227, 4—
Fr—FITIF2, Ly FhvyFErrdox—-7
W=T72ATHo1. RO ABEEIIIEEICE T
HEEWHELEZ oM, ItiBEREARBELEE
VIERBESABE THEENREREE LTI £ 5
NTWVB. ZITINAT, WML S P EmEES
Bh, h 5P xY 1 -F U TCLERREELT

M Norlea % [ Valinge y Vs h TV a XL
=T NI 5 2V0 5 BEE RIS B B1
EwELgEREREBAL T, WS PRE
BRiEFitEic Bl 2EREPHL,IKTEHEEBHIT,
B U2 Ot L OFFEIC >N T HBHER
A1z,

1. ®E - FEOREICEEYT 5 /EME
®

M I E R ICB VT H & OREARIERNIC
WEOSERBERICBEFRELY, BEEcsNT
B E TR TV B 102108 s
L ERFREL2 L COBENICERLTWSRED
WEEZMS 2213, EAMIZBY A ERERETOD
hoBREEZ NS,
HREMOMEEOHEZRFEIIBVTTY 2 &
LT, RETCRERESORBHZRIZOVTHRA
3.

1) BERUFE

1978 9 H» H19794E 4 Bio it T, BEERIZER
BAEML (Table 12). TEBHNTHRIFIE
fig, KBl (FEY— - X R—T7222) xS
FAFy I (A—=F*x—FIFTFZX b= TxX
ZeRLZTNIATIR) OBHBICEBEL .
MR AR (57X31em) Tix2.5X2.3em, 7
S AF v 785 (46X3lem) T2 X 2em& L7,
4 REFABEARAL, &7uy sz, 18E
D& A F—=7 x 27 3108, F £ — 13 13 @i,
fthd 3 FRII1EKZ BIFBICAEB L. BETH
BUN— Py 7B ES E 1 R AR
Lz, "= F=v7ii3~4C - SEEfHESMST
BBT- 128, BHEREAEZIT-12. 0%

Table 12. Methods of assessing freezing tolerance

. No. of . . .
Species varietios Pre-hardening Hardening Freezing

Timothy? 10 1. Sep. 11-Oct. 4 Oct. 5-18 —12C. 16h

2. Oct. 19-Nov. 12 Nov. 13-26 —12TC. 16h

Meadow fescue 6 Sep. 9-0Oct. 4 Oct. 5-18 —12TC. 16h

Cocksfoot 11 Jan. 22-Mar. 1 Mar, 1-14 —10C. 16h
Tall fescue 8

. Feb. 2-Mar.17 Mar. 17-30 —12C. 16h
Perennial ryegrass 8

1) Timothy was trerated twice for the same plants,
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BETHBEFT I ETREARCEER () 28%
Lz, AEFIOBESSIERICEB2EE (5 BRpEF
MTRET >~ 7)) BRBRELTHE -1, TrEHER
EHERER U LEESHHAEL 7. WEEOFS
REEEOEFR(X)REFECLTHR(L), b (1),
F(Mo3BEEL, 1LN0MICIIHEEESTD
shiz.

2) BRRUER
FEY—DPE—12T - 1685 OBEUE T il
ENBEMTH -7 (Table 13). BROBHENA
stz @8 TIEFEL imBWTE 89.2% DK
FL, mERZERIRHINZL -2, #2TZhHh
HOEYMERET I »AMEB ¢, BER UAE

ANzl A, BESGEBRAZR RO oNT:.
THbObE74 5 FED Tammisto ; PED
W B h, JtEEAEXEEEMELE TEY R
71 BUO TRV VBB BPENTZERNE, F125
HRE=8IcmzTd5 TR vay,, Tov7
vy & TER125) ERbE -7,
AF=T712RA7TH, HEEFRLEALTVD
MFiola y ® T Tammisto | OAETERIZ 94~89% &,
FEY-LEDLLHREERLU( Table 14). UL
U D% %5 " Trader; % "TBundyy O4%F
RiZ70% i s, SBEERSBRHI L.
F—Fr— KI5 23M0EBLVERTH S —
10T - 16 RN EAMA ;. BlEBCTLEZER
WBWT—12CAETIE T35 3 FY, Oo%fER

Table 13. Freezing tolerance of timothy

. % plant survival .

Varieties Origin Eizicll]l;ng 1 st treat. 2 nd treat. g)ll‘:f:::i
A B

Tammisto Finland 2.60a 96.0 81.8a 48.1 43.9a I
Senpoku Japan 2.74a 93.9 77.6a 36.3 36.7ab I
Nosappu Japan 2.66a 94, 2 82. 8a 21.8 27.3bed I
Hokusyu Japan 2.72a 9.1 76.8a 11.7  17.2d m
Hokuo Japan 2.67a 89.2 73.5a 30.2 33. labed I
Hokurenkairyo  Japan 2.65a 92.0 78.2a 35.1 35. 5abc I
Kitami 9 Japan 2.45a 96. 1 84. 2a 14.6 19. 6¢d m
Kitami 10 Japan 2.75a 93.4 79. 5a 27.2 31. labed fl
Kunpu‘ Japan 2.60a 97.7 85. 6a 10.5 18. 6d m
Kitami 12 Japan 2.88a 97.5 85. 3a 15.9 17.2d o

Seedling vigour was estimated at pre-hardening stage; 1(good)-5(poor).
A: actual values. B: angularly transformed. Values follwed by the same letter are not significantly

different at P <0.05.

Table 14. Freezing tolerance of meadow fescue
; % plant survival :
Varieties Origin S.eedlmg ¢ Freezing
vigour B tolerance
Tammisto Finland 2.67a 83.9 76.7ab 1
Trader Canada 2.50a 68.4 58.1c il
Leto Denmark 2.67a 86.3 74. 2abc I
Fiola Netherlands 2.44a 9.1 82.5a I
Bundy Netherlands 2.78a 70.0 56. 9¢ 1]
First Japan 2.48a 75. 0 61. 5be I

Seedling vigour was estimated at pre-hardenig stage; 1(good)-5 (poor).
A: actual values. B: angularly transformed. Values followed by the same letter are not

significantly different at P < 0.05.
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HI0BIAET, REMEROBHIITTETSH -
125 T&H%5 ( Table 2). " Kay j 2 T Masshardy
EWAVETIET 4 YT Y FEROBMERNT
VWAHRRBEOREESRLEN, TFHIFY, &
" Frontier } W# N HIZIRE, "TPhyllox; & ™~
AF¥F27 BERELE-F. Fh TFHIFY, 3
BEEOMGH%2R U7 ( Table 15 ).

F=WT 2 AT ERLZT VT 4 7T AL ERH
WRBRZT- 1. FIETRBHIEY HB%, BHE
1324% E{EWEZRUZ( Table 16,17 ). 34
LERELHEGERE - ER o0, MEMS LHBS
BERETLTI0% kKETEEEPRHE IN IO

Y7475 ADRIETFEROANTLS T Kenhy 4
MWIRZ)ag; R TS170, . BATENTR
EERLU, £ TFawn g "<+ 3, T Clarine |
& MManade ; EEWAEFRERL, LT U
FATFADSREESELVE - 1.
NVZTFNF4 757 ATEERMOBRE S KL
T, "Valinge) & TNorleay MBLEVERER
ZRUTZ( Table 17 ). KHESETIL 2 KD T+
by PAEED TSR LOBVEERS
g VR AN
FEBOFREBBUA F- T2 R0 E4—F 5 —
K75 AU CEBIE 2 AREE S H iz, F

LEFE ok b=NT 1R/ OREBHTIEAS)T EY—RIEIHAE, VAV T 2 AT ERLZT LT
Table 15. Freezing tolerance of cocksfoot
i 0 i .
Varieties Origin si(;?)il;ng /'A plant sur\;val ft;lis::;r;ge
Kay Canada 3.09a 72.7 58.9a I
Masshardy U. S. A 2.99% 65.9 55. 2a I
Frode Sweden 2.92a 61.4 51.9a I
Phyllox Denmark 2.60a 29.5 32. 4bc m
Dorise Netherlands 3.2% 56. 8 48. 9ab I
Kitamidori Japan 3.00a 48.6 44, 2ab I
Okamidori Japan 3.17a 6l.4 51.9a I
Frontier Japan 2.88a 45.5 42, 4ab I
St. Hokkaido Japan 2.,93a 50. 2 45.1ab I
Hokurenkairyo Japan 3.17a 56. 8 49. 0ab I
Hayking Japan 3.46a 15.9 20.0c jilf
Seedling vigour was estimated at pre-hardening stage; 1 (good)-5 (poor).
A. acutual values. B. angularly transtormed. Values followed by the same letter are not
significantly different at P <0.05.
Table 16. Freezing tolerance of tall fescue
o o No. of % plant survival % tiller survival  Freezing
Varieties Origin tillers A B A B tolerance
Hokuryo Japan 1.59% 40.9 40.9ab 40.8 39.5a I
Yamanami Japan 1.84a 27.3 30. 8ab 16.7 23.3b o
Clarine France 1.48a 29.5 29, 0b 22.2 24.1b m
Manade France 1.64a 25.0  26.4b 18.2 22.5b m
S 170 U. K. 1.93a 43.2 40. 8ab 33.0 34. 6ab I
Fawn U.S. A 1.70a 27.3 31.3ab 20.9 27.1ab I
Kentucky 31 U. S. A. 1.66a 4.1 34, 8ab 30.8 32.4ab I
Kenhy U. S.A. 1.59 50.0 45, la 3.4 35.7ab I

A ! acutval values.
different at P<0.10.

B :angularly transformed. Values followed by the same letter are not significantly
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Table 17. Freezing tolerance of perennial ryegrass

- » No. of % plant survival % tiller survival  Freeging
Varieties Origin tillers A B A B tolerance
Yatsugane Japan 2.27a 11.4  19.5b 7.5 16. 4b il
Kiyosato Japan 2.11a 31. 8 33. 8a 22.2 27. lab I
Mammoth Japan 2.27a 18.2 24. 5ab 11.7 19. 3ab I
Norlea Canada 2.32a 31.8 33.4a 23.4 27. 5&a 1
Valinge Sweden 2.53a 4.1 34. 5a 25.9 28. 5a I
Reveille Netherlands 2.23a 18.2 23.8ab 14.4 20. 0ab I
Petra Netherlands 2.36a 25.0 28. 6ab 19.7 24. 8ab I
S 23 U.K. 2.33a 22.7 28. 2ab 15.6 22. 6ab )i

A [ actual values.

different at P <0.10.

A5 AERAE. Lid- TEREE BRI
WTOREPRETH S, 2HREIRBETL54 7
T ABDOMEMOREIZ— 8T - 72858 & 1 A Hig
RSB CERMBMOLEIZ L->THa%™, e,
ROMM HIE, SFVBELED, & 0EEEOMLE
BRENDZOT, BRREEMAS L PRETH
55, FREEDTAL 77 AMEETIE, HEED
HEZHEFERCHESVTRAIATNG, 20K
EUT, FEBREREILTEER S B L BB O s
BRICE B0, MUATEERE RIS E S
EFHREZ A D LRI E L < EVEETT
MHEIRTVE™, KRBT IIHPEROSE
BALHEEICEE S TODTHOE P -2 2L 650,
EFEEEREETEROBICIIED TE O EE
(r=0.987) EoOont. Ukh-> TEERDSE
BETHECHEROHERAEEEZ AN 5.
Iz, WEMOBBR OCRBREERIZ ST R
FHL<HANTA LY. 2EELABCT, WM g
LERORANERR, REOCHERME 1 LB RESM
OPREHOEXDORITH B, —BINICIEEK - A+ 5
ERENSELEN, AMERELTRE, 5605
REMEIRLE 2. HIEZUETOBN DS,
Bz EA R—T7 2220 M Trader y & 5EE
W, £FFI13H 572 (Table 14). dLi@E v E
YIREABBOWAUFHBORS - BRIBHX (K
BHREHS - HONH) T, T Trader ;DGR
& T Tammisto 5 & DR RENF{EE R U 72 455,
ARCILBTTmRBOBLEKX T,
T Tammisto ;] D4EHFRIT 68% TH-oTzDITH U,
M Trader 5 1£14% SO TEVWEZTRLEY. =

B ! angularly transfomed. Values followed by the same letter are not significantly

D & HIZ T Trader | DI ZWENREELDIL, 4
HIOWEENS L BB 50, N— K=Y 70D
BSEFMFCEBZ O ZHETE LON, SElo
TR DX E N DR OBRIEE LI EE% b h
%,

EREMOMBYEOELN I, FEY—>% F—7.o
AISA—F ¥ —FIIA5 b= DT 222>
STNIATTRAEINT VAL = izt
YEOWEE R, YHOEBEPRSREZ0T, B
BEOHBETE 00N, EHEFROEREL EEEE
(i—%¥*F77z®ﬁEﬁEw)€%§¢6t,
FEY— (98~89%) ZA F—T = 7 (94~68%)
>h=T7 x5 (50~25%) ZRL=F LT 47
TR (34~11%) >*—F v+ — K352 (—10C -
73~16%) ODMETH -7, 2FY, A —Fv— F s
TAYEOMEEDSEI LB L3 psbh s,
PEAKE 17 & 5 A% S M1 O i T B BR 1 of —
F¥— N7 5 2 (5% Chinook VIS M A57. 5
THSDITH L, RV=T VT4 752 (RE
Norlea )125.0 D TEWVEEZRLE. chod
BRDPO, &A—Fv— F7 7201, HROBINC
HEOREES LD RKE OVHAETEE D60 &M
has.

ARBRICB VT I L 3 YRR - b - 58)
DFRERAT. BES Y 70ORE— Thova
Vi Ty Ty (FE Vo), " Trader | -
M Bundy 4 ( # F—7xx2), TPhyllox - T~ 4
VIS F—-Fr— Fos ), ™W=4 3.
T Clarine § * T Manade ; ( b=V7x2x27) —i3,
FEY—EBROTRVZTVIA T2 E I8
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EAOEAZHES BB EEZLHND.
HAMWEDREEICH > Tid, EEORROH
TR THTHY, BERBROMEILL B, AR
IR U T D RRE 5 K O F I kAR %
LEEBLUT, MELAVICBY 2RV BEEE X
Hhb.

2, M ZRBEOREMEDOERE & MR
BEORFE

ZEVEN HMWIic kB L, KRN THA L WED
BEMII-—y /N )TV —ICEENT
W5, WEOERSENT—T v SkETIE, Ch
SWE DR, T obbAFY0EN TR “B
BAEICESL THb U E S BEICEE L T
HURR” EINTOREBASKTILTVEEE
AT kW, Lizhi-T, HAMBOLEERA RS
LTER SNz, Z20oMBoRERG%2E
BICRBL T WA ERLIENTES. BNTED
BMECHEEBIZVLIA VSV FE/ VI 2 —TCH
BEaht-REEEFIIEIPHEIEOA ML ADE
PBHTHENY 2 - VATER SN ZEERE L,
WAL THEF L TORAZRLTVEEH
nEL, BBERVZTNVNIATIA, F—Fx—F
TIA, b7 2 A7 EE L LEBRRMAPE
WIS T 2MELERINTVSAY, 2T
tEE CHREB SRS BHEICREL, POFEY -
RAF-T 2 A7 BEETSEBIIOVWTHERME
BEHSTVWHIEBERUTCKERERHEL L.
RENTCHRESRGFICIVEESMIL 5H/mEL0,

EETRFEY —BIUERIC, RVZTUF4 55
AR TIEBBLRERICHHLY, BTLL
2EENH-BECERL TV LI TRV, &
Bh—V7 227 3RTEFIHIATHZVODT,
ItBEREHBENCHELTOLIEME» A BER S
NTWEMITBATHS Tk Y a5 e gL
A
BIETELI-HEBETEEIC & 2WEME S /K
BRI RERR S ASERO 3BEOEBR%
WFT U TEMEL, FTELERR A A RHRE O R LM
KHETRENsmRE k0B E#BAHNELT
T-1.

1) HHRUOHE
F & ¥ — ( Phleum pratense), * K— 7z A2
b=V 72 X 7 (F
A— Fv— F 7 F A ( Dactylis
glomerata) & XV =T V7 4 75 R ( Lolium
perenne) DSERIZHO>WT, FEF2 20U 328,
12 i@ 3 EB i dmictE L 72 ( Table 18~
20).

(1) TEHMRTER 2 BT 7. lEE b ABEE
(57X 21em) IZ& SHEE10M{A % EIEBIT 3 X2.5em
DEET, Yvy—- L TRFEROBAMEA.. ER
11978 £ 9 B 9HAH10H 4 A, =£8 212128
25HA 5 19794 1 308 £ cBEATEBLLZO
5, 4HREI3T - SHEHRERHETHN—F=V 7L
r. HAREHEIZ-12CORE TI6RMIT- 2. A
BIPABRENTHEZI R TH LEFREKEZHE

( Festuca pratensis ),

arundinacea ),

Table 18. Treatments of field trials
Snow" Fungicide
Treatment cover spray Remarks
1. Free of snow No No indicative of cold
tolerance
2. Chemical treatment
(1) Notreated Yes No indicative of snow
mould resistance
(2) Quinond 2 Yes Nov. 20, Nov. 30, Dec. 8 effective for Typhula spp.
(3) Thiophanate- Yes Nowv. 25, Dec. 5 effective for S. borealis
methyl and F. nivale
(4) Quinond + Yes refer to (2) and (3)
T. H.

1) The field was covered with snow for 133 days (Dec. 3-Apr. 14)

2) 8-hydroxy-quinoline
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Table 19. Percentage plant survival at —12C for 16 hours

Species ) Origin Experin_\_ent 1 Experim_ent 2

Variety (Sep. —Oct.) (Dec. —Jan.)
Timothy

Tammisto Finland 70.6 ab 59.1 ab

S 51 U. K. 56.5 c 40.6 bec
Meadow fescue

Tammisto Finland 77.1 a 58.6 ab

Ldken Norway 80.8 a 68.9 a

S 53 U. K. 48. 8 cd 51.6 ab
Cocksfoot

Tammisto Finland 40.5 d 19.9 d

Leikund Norway 46,4 cd 19.6 d

S 143 U. K. 18.1 e 4.6 e
Perennial ryegrass

Valinge Sweden 59.5 bc 45.8 be

S 23 U. K. 41.8 d 28.6 cd
Tall fescue

Hokuryo Japan 56.3 c 28.8 cd

S 170 u. K. 54.2 cd 24.9 cd

Note. Values were angularly transformed.

L.

(2) PNEBIRERMEREIC L 4 BEOREKE, ¥
b5 T incarnata (Wh 63D ), T ishikariensis
OEHB A 2 (E-1, PR75D) &4MAB
(Ki Wh-1) ##t5 L 1. BEEOEEFEIZES
IEDORKICEEL.. SEE1ZREICIO>VT, B
1EoRBBUL-B 28 REI5E8E, 752507
BUME (45X30X 7cm) 24 X 2emDFERE T 1978
FIOHIIHKBEL, BFDO1 A 9B ETRETE
BLE. N=F=vy 713181082 514A 3T -
SEMRERMTIT 7. BEERIT I KHE (HH
72067, 133, 2008) BEL, 1 H23 A4
OBIZEH L. ATEEL ZMREFEAT T2
HEEBEL. 4A55BIE,» oL, BEbIIHME
BzBELTHHBEECMAL, 4 I6HICERR
REAFERERAELL.

(3) BBMERN I RESHXEL2EAL, FXic
S5EEI2RE, X5 4BX (BREX, BIEN

BRIX, 3 BROBEEPIIRIX) ZACE L 72 ( Table 18 ).

IR 4B L2mER) 2550, FR2EOH
fRi30.2m, L 2EEES D 2 BEORRE%0.6m
EULHFEEERE L, 1 BICR128 (BRI
0.1m) Hx, WEBHEEIPRO 2 B>V THEN

D2HERVT 1 HIOKOH 206248 E L1

BEEREORIERE Y, E£LHY 3K 0.8kg/ a,
DAMIEL 1kg/a 2REIEEREBEMEICSBES L
fo. BEORFBIEEEREHVI1EK0.6kg/a,

VABEIZ0.45kg / a FARL 72, NHLY 3 BEEE
WMEZ I MORBBRAVZ9F4 8, BED 1B
Beptic L0 3MmIc4id, 6 H18H1IC F Tammisto |
(A F— 72 A7 &FA—F¥— F 7 7 R),

MLoken (A F—7x X 7) TLeikund ;| (#4—
Fr—KT32) £ TS170, (=T 222),
6 25312 T Tammisto 4 (FEY—), F§53, (A
F—72x2RA27)TS143 (A —F ¥+ —FFF32) Tk
2Yay; (b=V7x2A2) TValinge, (XL =
TINS5 475 2), 6 A29HIC TS51, (FEY—)
ETS23, (RVL=ZTFNIAT5A) REL T
BB X O ERmB T+ ~ F2£11820H, 118
30A&12888, by TV rMIZIIA2TAL12R
S5HIKA L. BEOFAIBSHERE D 1979 F
4208 T 1.

2) BRRRUER
(1) WEMRTEEHN
BEHHEORERZEZ G DENSEFERIZEN I,
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Table 20. Resistance to snow mould and plant size
Resistance to snow mould " Plant size 2

Species T. ishikariensis > T. incarnata Plant Number of

Variety % plant % tiller % plant % tile height shoots

survival  survival  survival  survival (em)

Timothy

Tammisto 28.8 22.2 54. 4 50.1 20.3 2.1

S 51 13.8 10.9 32.9 30.8 19.6 1.2
Meadow fescue

Tammisto 30.0 26.1 58.3 52.6 22.0 2.6

Ldken 49,3 4.1 78.9 71.0 25.5 3.3

S 53 12.0 7.6 51.3 41.0 32.9 3.3
Cocksfoot

Tammisto 62.5 47.5 43.9 43.2 16.2 2.6

Leikund 72.4 59.3 67.5 59. 4 14.3 3.2

S 143 9.8 7.2 28.2 25.3 29.9 3.3
Perennial ryegrass

Valinge 3.8 2.6 58.3 4.4 25.8 5.4

S 23 10.7 8.3 36.1 32.7 28.4 3.8
Tall fescue

Hokuryo 60.1 52.3 69. 2 51.0 30.0 3.4

S 170 27.6 21.3 39.2 3.6 28.3 3.2

1) Values were angularly transformed.

2) Measurements were made on Jan. 8 before submitting plants to hardening treatment.

3) Biotxpe A.

EERY R —-EENOSBEROERICIIRE 2
BWIEK -7 (Table 19). BERGFE, BE
IOWTRINB L THERE IR UG EZR -
», HREEHHR, BEEOMENIC52 RE
BEEDP-1. BEHMNTPORARBIIER]L T
358M]J /n?, EE 213 204M] /nf - KB 1 D57%
THot. FLTHEEHBORBVWOEE I, +—F v —
K73 aEP=NT 2 A7IROKELEN
B OMEM E, JEBRBEBIC DV TIEA -7 x
ARJEFEY—ZXRVTNIATTAZ =N
T AIEA—F ¥ —FIF7ATHY, REMET
BAVZTNIATTIREN=NVT L ATH, ER
1 TANED - 2 2 EWRL -T2, EREH OGN
IOV HIE CHEA O RS2 WRITIT - R
SHEBUTRE»128E, b= W72 A2&ERLVD
TANT 475 AOMRIRRICE—BL AP 1
WThHots. FEY—EXAF—7 2 A7 OWEHER,
ArsvoLL P OItMBEOERTH, A F—7x X
2@ TLoken ; ZFEY—® "Engmoy £0D%-
208, FEY—D Otofte ; % [ Grindstad 4 I

FE-THY, MEFEOHBEM CIIBRLER S
WeAaoHhsd MEEOERRZE 'S51, & 7S
531 B (KB 1) oEGHIftho 3EFED
LR BE LS » OREGE L ZIFRAETCH - 17
A, A8 (B 2) OEREAHEAHT TR, <L
ZTWNFT AT T AD TValinge y USHDRBIcH
UTIIREMESERICENATW ., BB X b LAy
PEVEETY, FEY-PAF—T 2 A7 4~
FY—FITITARRVZTNANIATTAICHBRLT
HREOPPWFEsICHTELTVEHI L E, BlE
FICHIE D 2 EEEHEE BN THS & 5EE
ENG, BLER2OBHRMDOE 5B, o
TEEOMRESEL BRSSO, Bigk
HOEBIIHTHHECH LRIV ENI PHX B,
d—F v — F75 AHEREARBRIC BT HRE
HRRELE -1z, BIEORBMERE( Table 2 )0
—1R2CAHETOEFERII54% (" Tammisto ;) —
42% (" Leikund 4) & & 2 BB 50 %R OH
T, FEBRERXELVWERETH - 1. WEMDRE
BEOETFRE 50 AR OKBEIZRET 520K
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1, BORENE - KB 2 OBERLEEICAN,
—12T - 16R5f9QIZ3R 3 &, —10T - 16R5NHE
DR E T HBECY E LB 1.

(2} IHERRERY

SHEOEBTEREBRLRREIC LV KERE o7
FEY—-RBETORFEIEN, £EFEHHY, TS51
WO WEE LB Y TH 1. A K=
TrAR7EF —F v — NI/ 7 ACEIREMEOEE
BENT .

REREECEORBREEEREN T 512017, EE
fufE & T Tammisto y Z2FEKIZ ko7 Vaw, &
M Valinge ; 2&CIRBBIIOVWTEREKI &
CEERE LM ETROMBEERAL L
( Fig.16 ). T ishikariensis D% B ( Ki Wh-1 )
KIXESHBSET ECETFREES Sz <, D
ERORTERTE R -1 EPR A O 2 BK T,
BEERESDROFKENTETH Y, 4X (2H
FRX 2 EEER) oW IERERHEOFEHMEEBEN
KWEERIEFEORES U, T incarnata DR
BROEDKETIINIERES P2 <, RERESR
PR TE LS OT, EEREIFRUEKHEE
LB W IF 34 Bl O 19l % 1B G/ IV B OR BT
HEDHEE S L1z ( Table 20 ).

B/ MWERRERYE RS> O
BERIFBoOL NI, BHERESKEOA -
Fv— F79 AT 60% LI EOBEESEFL M,
RUVZTNIATTATIRIEEAEDREESRIEL

. AFR—=72A7EFEV-—WMEEEZBUT

MLoken ; BN TW. T:R7Y) 3% LEFK
PEATWVE. EEGEMTIE TS1701 B
#h, 2004 FEOKESEIL10~14% DX
GRTH-1:.

wEeMEEREIE I, vy —FE2REE
ko) aw, PRLEL, F0MoltikFETIE
F—F X — FI7FAHBRPE 5128, T Valinge |
EhZz0EWEZRLE. KEREBIISVWTASLE

TS53) WERLEN, TS 143 KPR BHRMEE
AU

28O Typhula EIX s AHEHMEIL, T ishikar
iensis T, FEFLBLEXLZTNI 475 2L
HNOBEBANTERBOIEMIEIEDL ST, T48bb
My z—, 74728, EROR[EOIE I
ERUL. TAZ ) g, 131974 FITHMR TERL
i A ERERBEOBSHRE (FERETIER
ERX) ¢, HEERNF 4% &, FEI— (24%) R
AF—7xR7 (32~98%) L0 bLBNIER %
IRUEZEIs—FL .

NRVZTFTWFA T35 AL, T ishikariensis \Z X5
WHARU LM, T incarnata 124 S EHHE S 4th
OHEELBEDOLVIETERR UL, chidg] =
DA —F¥— FI7I7 AEREEORIGERA UL,
T incarnata \3ZEZNXBFZ LTV EEBELENWI E
H, BHERXGFTCEEIRLERTCH AL =
TNITA TS5 ANOBRMS Dotz EHOHND.
FRVZTNTATTADE L, 7o A7EEE

Inoculum level —= L. M H

Isolate —=  Ki Wh-1 E-1

L M H

L M H L MH
PR75D Wh63D
T. incarnata

Typhula ishikariensis

Fig. 16. Influence of inoculum level and isolates on the survival of 12 varieties of five temperate grasses.
Note. Plant survival : H(over 66% survival), M(33-66), L(below 33%)
Inoculum level : H(200g/box), M(133g), L(67g)
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BIZT v I AN -TEY, FOILEHHEEIDR
BAZEE, BEENZEELEZHOTHSD EHER
xn5. UL 100 BESHEST B,
DELRENT, HOBEEELHIEDSH LKLY,
BRLGTCRBRTSEEZLOND.

(3) MEEBR

1IBACHEWEIMRET, 4 HIBAKAMTHE
0, 1:EREO 4 B20BICHELHEEL . BHF
CEHARORE L BEOEBRRORBRES S H
BFELTWS. Fig 17 ICEERE7 4 ¥ 7> Pl
B (F—W7z2A2A271E k7 Yavg) 2WEULT
HEL. RbBEFoBA TR, ¥/ F
( Typhula BiBg) + b» 7Y v M (S borealis -
F nivale B588) BAHRX £ -13% /) v FBEHEHXT
Bot. chiHLT, by 7YY M BEREAHRX
WEESEBRRK IR L TERFEY ~LSAORETI
SEaBRDESBL NN, ¥V FIKE~RTE
ML -1z, LT 7823, & T Tammisto 4 (4 —

Timothy Meadow fescue

5r Tammisto T Tammisto 7 -

121

Fr—FII7R) CRERBLHRDBEBO AL
o tz. HRBRES T Typhula spp. DEENB L
rotbEx2bNE. FEY—MMBICEEELS
BShBENBEH LIS, £ TS51, et NE
TRLHESBR TN ED S, FEY —RBEAR
BOBRBEAMEECRERR-BEESHFICEEL
Bz hWiFdE, MBI TWBE I EERLTL
%.

HEBHRPORERBIZI-18CEBTH > 1705,
WEEDOEL: —-F+—FIF52 - RVL=ZT LT 4
TSR b=V7 227 DLEEE, BEEHRXIZ
SHUERA ML ZAOEELSTHNT, BREXOFFE
HEIZHD, FEYV—2RAF—7 1 X7 & EHBY
TH-otz.

Davies 523, BELZEECIRET 7 ¥ ADH
Bezmaxr TS345, M10HEE TS143, &9
ABHBEFROIEERELTVS. £EERIL
i, EERESIRRGE & Y REOLFRAN
Bunkaoh, BFRECTIE TS51, & TS143

Cocksfoot Perennial ryegrass Tall fescue
Tammisto -} - Valinge T Hokuryo -
- i» ) - -
[ [ N
11l -

E]
S
g ! ]
§
% 1 2 3 45 12 3 45 1 2 3 45 1 2 3 45 1 2 3 4°65
.Q.
ZET § 51 T S 53 T S 143 T S 23 T S 170 -
j [
4 1A _ ]
3 - I .{ 1
1.H HHHL ! H H" H -
1 23 4 5 1 2 3 4 5 1 2 3 4 5 1 23 4 5 1 23 45

Fig. 17. Early spring regrowth visually estimated.

A bar indicates LSD at 0.05. regrowth vigour : 1 (good) -5 (poor). 1: no fungicide under snow cover, 2
 free of snow, 3-5: fungicide sprayed (See Table 18 for detail).
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IXMERED " Tammisto 1 £V HESBEN T
O EHBEROEBCREBERAZENH LD T, HHF
OHTHAMEMET A ERITERV. T4hbb
Bt 5 AT T 5 BRI IE# L LS, HilE
Bomas o liica s,

1 REOEYINEICLLEOYRMNRH b
( Table 21). BE®KRBRET> &, A—Fr—
FFIREP— N7 2 A7 B0 3EBITERTE
INTCh-te. BERREBRL LD - HBEITE, 4 —
Fy— F7 5 201tk 2 MBS EHBRX L 0K
0%FRL 2, BEEETCERLENTH-72. £
LTFEY—%2B< 4 EETWE, IERRSEISERSR
B L TABICENERLULE. ULALBBRETR,
F—Fx— K77 2%KBE, EEAORBRZER I
BETW b1,
w2 R BREXOBEHRX IO 2 NEH
RBEHBHE, JLEREFEIL80% LIE#RULY,
He BT T1S53 ) DAoMBEIL80% LITTH Y,
BRHNBETHHEREICBINULL, A F-7x2 A7 3%
ERELSOWEEI, BN TV, FEY —OR
EREIEEE S U1

Table 21.

Relative vields (%)

Fig. 18. Relation of freezing tolerance assessed in a cold room with

L EBELRBETEERE $1468 (1986)

JiZ, YEREEOERZHO»PIZTHLD, B
BRI T 2REX & BEEBREoBEINE
EHEME (EE1) SDNEABREREOSHRE
OREREOHBERS 72 ( Fig. 18.,

19).

40
Percentage plant survival at —12°C

the relative yields of “free of snow” plot in field trials

Dry weight (g/m?)at hay stage

Chemical treatment

Species Free of snow
—— Notreated Quinond T. M. Quinond + T. M.
Cultivar Dry wet %
Dry wgt % Dry wgt % Dry wgt % Dry wgt %

Timothy

Tammisto 585 97 593 98 580 96 551 91 606 100

S ol 943 8 650 B 5% 85 710 102 698 100
Meadow fescue

Tammisto 616 92 614 92 678 102 623 93 667 100

Lgken 614 101 575 95 615 102 577 9% 606 100

S 53 515 86 394 66 614 103 491 82 597 100
Cocksfoot

Tammisto 788 87 788 87 910 100 893 98 911 100

Leikund, 725 82 817 93 878 100 745 85 880 100

S 143 300 61 292 59 418 84 472 95 496 100
Perennial ryegrass

Valinge 579 86 616 9 644 95 672 9 677 100

S 23 345 55 493 78 592 94 553 87 633 100
Tall fescue

Hokuryo 666 90 618 84 713 97 685 93 739 100

S 170 649 74 545 62 822 94 752 86 877 100

LSD (1%) :159¢ LSD (5%) : 121g
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100

o .
o e
90} )
!
1
8ol /
i
= !
5.2 70F I‘
= A A
> Meadow fescue
& 60
£
E 1 1 1
2
3
= o
2 9ot 7 S
. /
’
801 T a A
Perennial ryegrass
701
60{
L 1 1 1 1 1
0 20 40 60 20 40 60

Percentage plant survival infected with Thyphula spp.

Fig. 19. Relation of resistance to snow mould with
the relative yields no chemically controlled
plots in field trials.
Circle : Finish and Japanese varieties, triangle :
Welsh ones, rectangle : Norwegian ones. Open : in-
fected with T. ishikariensis, closed : with T. incar-
nata.

HEEOYHHRE - BHERR (BREX) o,
PEECAHIILTH, WEITE CEELBBEER
Urc. ERERE OETNED 10% LIESN 5
B [ Tammisto ((# —F v - F552) & TS23,
DHTH-HI.

S OERRIETE & EBRRORSE BIHRXE
WHNBORMGRIE, BB LICRE -1z (Figl9).
MERIRICON T IR ETERTR L. R
LT NT 475 20 RBE/MNERREGNE: & BB
RROBRERE, MEOHMICITELEFEIED
Hh, WEONE, P ELERBROBED1E
BNBICIERRORESHELSITNAIEY
FiE3htz, RV=ZTNFTATT7ADBEE, 10%
UToEFERTHY, EBELESGEHNERZR
He it ErrcétksssErbhg. #
DOOEBIC>VTHB L, WEAHICEEBFE
=& A R—=T 2 A7 T3 T ishikariensis & T, in-
carnata DEF Y & BBRANNBOMIIFETNTH

Y, BB AMERPEL . A—F ¥ —F7
SAEb=WT7 x A7 OB E BERETIHED
TyphulaBIZ L ABHERED S B - 1205, EEG
BT T ishikariensis IZ & 5ED, T incarnata &
DHREPHT. AIHEORENBEVBN L13H
HhTWEA N FROBEED, REAEOEN
BETCHWHLPTCED 512D, age DEEHLE
1 ERRSEP sl EIc kA LR M.
D EoERD 5, YEREOERVBEBERETT
RELLEDD 1 BENER - FELBRERULED
THHIENPHLPITE -1, BEFEOKERL
LEEREER YD, WAMERE, #ARERE, S
WEOHEIIEHT S EPROBETHS.

3. K ]
EIETHILEL, A—F+— NS5 AWEEE
BRRENYE BT 2 9ERTEEE D 4 ARPHE
~DFEAERS, BEFBOEREILEE L. 20
R, SEHOREME S SEREtEE, REEY
DOHFL 1 BFENBIIRIZFULERESHROME
LHBEAET S EERINI. L UERER
FETEHB IR, EEPREERICL-TE
BRENRLY, ThPYERECKEEIHELT
WAHDT, BREOUENNETHS. HEMHD
FOHEMTOEENERIICREIRS LD EMG%
FEULHd CEMnET, FARDORE, BE, BR
B, BRON— F=v 7O & BE - HERRIC
DNT, BIRET 5 2 EAKE T 513 29948.69.72)
RICSEREMERECHS VT, MROEERED
BEE)NLAXL BN L2ZRTARETHS.
RBIELIYEREEBERBR» OB F TV —
PREE R USRRIERYE, sabbHFEIRD
BNANTVAEMTHY, A F—7 2 A7 HREXHED
BNWEETCHL PPN F LT, A —
FY—FIT5X, b—NT X7, RLZTLT4
FIAGLAO2ERIIH S L bRRTE L. £
OHEBAKMETEZ—oDOREE LT, SFEEOHRKIC
KkpblEbTEE 6EHRTHELFEY -,
P. nodosum (2 n=14) & P. alpinum (2 n =28)
BV MNL, %% (alpine timothy ) O &H#
PEELTHWEEEZLND, Zhizdl 4 E&D
F—Fr—FI77 328D 2 5k, FEFEI—Oy
Mo I XREDLICELAHE LTINS D
aschersoniana & H F) —FEBICEE T B D. smithii
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PERYCEFELTOLEMY, FLoTu54 S
Z A, HiAhdEs SEEET VT OEEED LU,
F—=NWT7 2 A7 DBHBEFENEANRL JITHELTWS
CEREBLBEIATVEM, FEY -, WL
HoBhn 2 SEsERLTHA D LI, ERo
3R I PR I IS L - ey s
LTWa., HEOMAMOFMEBEL T, 208
BEHERELEMINETHHS.

4, 1 B

FEY—, AR=T1A7, F—F¥+—RTI R,
F=WT72R7, RVZTNVIA 75 AORE”E
EERENYERELBSAB s ERL T, BE
NG O BRI O &2 Ic BT 2 B R AR L 12,

(1) SEMBIWE S EEICH> VT, JtEERERHRE
ZHROICEERE 6 ~11REMH L ¢, WEtgER
EEZEBLUI. A—F+—FJ7 52213 -10C - 16
R, zhlSoBERBIC L TIE—12C - 168
BOBEMAN ., A F—T7222&t—F 4 —-F7
TR E L FETH > 120, o 3ERBICHL
TRYWRITREFANRD LML

2FERXBUT, BRMZEZERMOEROL
DEIVHMERICRLEEEZRIFLT NS I &Y
U, BETofsibss, bR v+ SERE
R, AMERE RS, KE - EREMEERES
Hant. RVZT7A54 77 ARCFOMOEE
T, FEV-2BREBES V7 IZ&ETN I REBORK
ERHANOHEAILIMEN S ELEEZR HN 5.

(2) FEHRWE S EROMAMOBN TOSIR
B (b= 72273 Tk ) 37)) ExHEBHY
KEHEEMEDO S 12 @B HHL T, Yl
KRBT L EEHBREERL .

(3) WEMHSHHRT SBRR I & D 2 R L
. BEHOBHENSFEL T, AMFOLEERNE
oo, EBERUCRBEOIENICKE 2581k
Bhpotlz. AN—72 A7 EFEY—pBA, +—
NI 2 AT ERVZTINTA TS ABENSITRE,
A —=F ¥ —FIT7APRLE 1.

(4) PREEREIN LB I ETRI I h b
IZHE U Az, T ishikariensis 12X U T3, JtBRSAER
TRA—F v — F7I2armbERELRL, <L
ZTNITA T ARIZIEREL . EEER T
F=NT7 2 A7 BEHESKRE BT

T. incarnata \ICXA U T, RL=ZTNF 4752

PEFMEEAR U, £/ V2 —PE2REE Tk

7 avy H T Tammisto ) LOBh T,

(5) EBRHBTIRER (WEMEE), HEE
PR (BERERERT) ROWHEX S L CESE
P (BiBRMRRIREIC L0 34H) »Ri1.

s 1 BENBEICNEHORESBH S hir. B
BIRERS 2E A —F v — P77 X0 b= 7 2
ATRBTFEY—EAR=T 2 A7 E0BRTHH1.
Ui UEBIBRX Cl3F £y =BT H » 17, BE
XOBEHRXICHT 2 BNEIL, A F—-T A2
EFEY-CEL, WEEDEBREDOERE o
HuEoHT—HUL.

V #=F+—FI>A0EFRUOKNEEE
KRIETHEHORE

JEEEIC B I A WE DR O T IS » L
Y, REROCRERICES D EEROTFELYE
BEINCICEBERBICBVTED SR,

KETE, BEMORLLBHOF—Fv—F
TAMEEHEL T, BELECEEMFRTLET
BUOMELEIL BT MAMOEREZHL,IT S
EEBIT, WEITHI 2HAMHRDOH 0 HIz>0n
TORFERS 1.

1. —F v —FIS52A0BFEECRITTRE
HOEE

TREEZAME T 2K (cereal crop ) &
Broy, ZEANRAFBRE S RE TR, B4
EEIBEINTEZ., LA USERAEE, HEo
EAEEERSEHIN, VT V3457720
(Tt & Tt ) ) s gBEBT
MBRESERINTE . FhicE-THNTOE
BEREHACEHBEELY, BHKERCS
WU, 1975 5 1980 5B 125 i THBITFFE MKk
HRORERERMORSLICET 2B, 2 EHL
e,
AHBRILZOWMFEDO—BELT, A —Fv— K7
FADEREII OV THHELIZBDTH 5.

1) HERUFE

FIED 6 RERM, 7AVHEIFTIHHD6
MR ICRONEE 4 BIE# D 103 16 REBOETF &,
a¥7-0508 %1975 455 H21AKIE L 12, MR




Mean air temperature (°C)

R - Feuh R A A BURE OR Y & BRRIELT Y 5 nERAR 125

SNTE, ERXEZBX2EY, EEXIIEEE
LT aYrr0EHELEHNVI1EK0.8kg, DAMELI
ke, BEIFLBIERBEE LT, EFLHY
350.6kg &V ARRO0.45kg HEFA L 72, BB,
ERRX O MR I A RTORBRA O BICERE N Y %
O.4kg/a3>EBELE. 1XKIE4E (BR4mX
BEVE0.5m) »H /25 S DEBTH T, NWEIE
hitd 2 BEIC DV TEEL . 2 RESIXEEH
AL, EXCHERE 2 k8, #XIC 16 B8 % B
Utz BREICHEY, ZotoRE IR
eI L > THEELR.

2) BRRUER

19774 A3 BEAIELY HRELEEMHE
Wz, 4 s s 5 A TR T TOHERER
DOEEFRIE, FELVL2CELEBLL (Fig.
20). FHEXAHTH - LHIFICHART, F—-Fv—
Ko 202 RBEEORERHTIE 7T BELR
( Table 22). #O#E, ERMOFHTEK
19. 1CEEIHEL D 2.4C B 5 - TERAHPES
v, e OER) BEIES 1 HEWEREICE
oW, ZOLHICBRPEOAE, Psunb
BRTH-I S, BARTE LI ICETOERICE
WEEL ST,

Feaest ik, KRB EE N7z 1976 A5 1977 F£ &
VBRESGBREET T XEro120, BRICKE
E 3otz (Table 23). BEFEVWRBEICE
M Kay,, " Latary, Tdt# 18, & T#R18 5,
p, BoEWHREE L T T Tammisto 4,

201

161

. Oct I Nov l De;&&t Apr‘ May l June
Period)
Fig. 20. Changes in mean air temperatures from
October to seed harvest time in 1975/76
(—) and 1976/77 (......)

T Pennlate ;, TKays MdFshniz. HIIRED
BEL/DSVEEIBFEEME T Chinook ) &k
BB TS 143, Tho 1.

FENBIIRLBEFGIAEHITIO>VWTA5B &,
1977 F W, RIECHANERB L. BEOE P12
A x T Tammisto 5, " Chinook y, "Kayy, ¥
§ 3RV, THY, 1976 FIT i3 450 & /nf Ll k.
1977 L 200 X/ m 2B & 2. F L CREEE, BX
HEISER O Fig. 21 IR L &2 12, EEOR &
LEWHBDED s .

BB - B%Rsd 0 (Fig 22),
1976 X2 MBI E» 6.6kg/a TH > 77 DIT
%L, 19774 1350% D3.2kg/alcfETF LK
( Table 24 ). F A L VEELE HIZ10%A]
BB L 1208, BRLEEICERZERD5h
otz 197640 BN GLEE X T Tammisto 5, ¥
# 3 KV, TChinook 5, " Pennlate j. 1977 £EiZ
¥ T Chinook s, ™% % 3 FV,,
M Potomac y TH -7

BrAEFEE S HEL T 2 ERREHPRER
BEELILRREREERITRD B &, 1976 F0
BERIOFHRE R 10 B TEOL» 5RIE L VEL,
BAEATOL B EYEBIERIED 4. 4TI L1976
FEIZ1.8CThH-T2 T &N, BELHOETR, i
ENEELE O LM ELHAIEI N (Fig 20).
ZRXAEEICBNLZWAL AT, BEARR L
0 ERENICED T ARROBPIOTmi T, B
B X OBRL T D EBERD LIS EAKRE P12
AR L BRI EE & AROERIE, WiCik~3
BBk EE LY, ETRE~OEE
BRI HARTNES oz ENR S,

BTRELL77EERT X, RIECH<TL, 000
WELERERMPKEET UL (Table 25).
I Chinook 4, TFloréal 5, ThMi 25, T7 %3
FU, 5 E0BERED 1,000 K EAS, 1976 42
131.18 ##x, TLatary, "Kayy, TS 143, @
Mok SRR 1L OBISEL > T2, 1977 EEBTC
1%, [ Chinooky, Tt#15,, T7%3 NV, &
1.18 %827, LALLOBIRELR»>RmEIL
BiEO® 3 K4 %8 I2 "Tammistoy, "Frodey,
TFloréaly, " Pennlate ; @ 4 BEMNMH->T 7 &
ez, PETFOEIFIELY 0.078ET L.

BREBEIREES CI977THEI1L87% LRIELD
5%bHETL, FRHOREZEROEENIKEWNT

I Tammisto J,
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Table 22. Date of flowering and harvesting of cockfoot varieties,

and mean air temperatures during filling period

Ref. Mean air temp. of

No. Cultivar Date of flowering Date of harvest filling period (T )
1976 1977 1976 1977 1976 1977

1 Tammisto June 23 June 30 July 27 July 25 17.8 19.6
2 Frode 21 28 22 22 16.5 19.0
3 Floreal 18 25 21 21 16.3 18.7
4 S 143 26 July 1 29 31 18.3 20.8
5 Kay 23 June 30 27 25 17.8 19.6
6 Chinook 12 18 16 20 15.9 17.8
7  Pennlate 23 30 27 25 17.8 19.6
8 Latar 23 28 23 24 16. 8 19.3
9  Boone 16 24 19 21 16.1 18.7
10  Potomac 17 24 19 21 16.2 18.7
11  Kitamidori 17 25 19 21 16. 2 18.8
12 Hokkai 1 20 27 21 22 16.5 19.0
13 Aonami 19 27 21 22 16.4 19.0
14 Akimidori 17 25 19 22 16. 2 18. 8
15  Nakei 18 20 28 22 23 16. 5 19.1
16  Kyushu 2 19 24 21 22 16.4 18.8
average 19.6 26.5 22.1 22.9 16.7 19.1

Table 23. Culm length, panicle length and number

of panicles of cocksfoot varieties

Culm length Panicle length No. of panicles

Variety cm o per m’

1976 1977 1976 1977 1976 1977
Tammisto 134 126 17.2 15.9 613 353
Frode 136 128 13.7 14.0 344 123
Floréal 130 127 1.1 12.8 302 144
S 143 117 101 11.1 11.9 268 39
Kay 138 130 18.7 16.9 452 264
Chinook 124 118 1.2 11.9 520 237
Pennlate 136 131 16.9 16.7 417 168
Latar 143 133 13.4 4.4 415 143
Boone 131 128 11.5 11.9 337 179
Potomac 135 132 12.1 12.6 332 167
Kitamidori 135 133 12.5 11.9 451 206
Hokkai 1 138 131 13.5 4.1 403 173
Aonami 136 129 12.2 13.3 358 166
Akimidori 133 124 12.4 14.5 290 138
Nakei 18 . 140 131 13.1 13.6 256 104
Kyushu 2 134 131 13.2 14.2 167 130
average 134 127 13.4 13.9 370 171

LSD (p=0.05) 3.8 4.5 1.3 0.9 92 49
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Fig. 21. Influence of freezing tolerance

on production of panicles in
the first production year.

The number against each
circle refers to Table 22.

Table 24.

Seed yields (kg/a)

Fig. 22. Relation between seed yields and number of

o4
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100

panicles in 1977 (closed) and in 1976 (open)

Effect of fertilization levels on seed

yields (kg/a) of cocksfoot varieties

First harvest year

Second harvest year

(1976) (977)
Fert. level medium  high mean medium  high mean
Tammisto 8.3 9.5 8.9 4.0 4.3 4.1
Frode 6.5 7.8 7.1 3.8 3.0 3.4
Floreal 3.9 5.5 4,7 2.8 3.2 3.0
S 143 3.9 3.5 3.7 0.5 0.7 0.6
Kay 7.6 8.5 81 3.1 4.0 3.6
Chinook 7.6 9.7 8.6 5.4 5.3 5.3
Pennlate 81 9.0 8.6 3.2 3.6 3.4
Latar 6.6 7.9 7.3 2.2 2.5 2.4
Boone 6.5 7.0 6.7 3.5 4,2 3.8
Potomac 6.9 7.6 7.3 3.9 4.1 4.0
Kitamidori 8.7 8.9 8.8 4.2 4.6 4.4
Hokkai 1 8.5 8.1 8.3 3.6 3.9 3.8
Aonami 4.2 5.5 4.9 2.7 2.6 2.7
Akimidori 4.4 5.2 4.8 2.0 2.1 2.1
Nakei 18 4.2 5.1 4.6 2.1 2.5 2.3
Kyushu 2 3.2 3.7 3.4 2.7 3.2 3.0
average 6.2 7.0 6.6 3.1 3.4 3.2
LSD (p=0.05) 1.5 0.8
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Table 25. Seed quality of cocksfoot varieties

1000 seeds Test weight Purity
Variety weight g g/l %

1976 1977 1976 1977 1976 1977
Tammisto 1.02 0.88 249 229 90. 6 86.5
Frode 1.02 0.93 245 210 93.7 87.0
Floreal 1.10 0.96 253 213 92.3 85.2
S 143 0.97 0.83 238 220 89.9 83.4
Kay 0.96 0.85 234 213 90.9 83.6
Chinook 1.16 1.12 257 250 94.2 920.7
Pennlate 1.09 0.94 257 239 91.0 85.6
Latar 0.98 0.89 265 224 92.4 84.0
Boone 1.07 1.06 258 253 93.4 89.0
Potomac 1.07 1.02 249 223 93.5 90.3
Kitamidori 1.09 1.06 251 233 93.2 89.0
Hokkai 1 1.08 1.13 246 232 92.9 87.7
Aonami 1.08 1.00 260 220 90. 8 85.0
Akimidori 1.10 1.13 249 223 91.7 87.7
Nakei 18 1.08 1.08 247 214 92.6 85.0
Kyushu 2 1.13 1.03 247 226 93.4 88.0
average 1.06 0.99 250 225 92.3 86.6
LSD (p=0.05) 0.08 0.06 NS NS 2.1 4.6

ERRBUL. 1,000 REEL AU EEREIEL,
BAERESEVE VI ERSRD s,

1,000 REIC DWW T i, WEOEVREOERM
DOEEZ/NEI D 12h5, 1976 FEWXBWERE LR
L 7> T Chinook 4, " Frode,, " Potomacj 7 &
BT FEILELEREFYERAUBAETHS 3 ~
5% FEHEEBRIET LR, IHLRETHETIR
B8/ IETULEYM, MELLIIERLRELNZR
BEBD SN,

Bean WSRO KEH 1,000 WEIC R ITTH
HELEFEBUAR, -7 2227 TIRISTC>20T
>25C, RVZTIVI 475 ATIL20C>25T L,
BRIZLONENSELIASZEARLTVAD, 20CH
FBOFEKETIHERPBTOBERIZELTHS
&M, AERBRTLEEI L.

2. A—Fy—FITSAOBBEEEICRITTRE
HOEE
WHEEEIIBO IR OREEZRLZ T LEE
DO REHNEETHH S, A—Fr—- I3
A2 THHEEOBN T RE L, MEOEEFEN
EHERINTNESY 20BN LH >, ©

RHDBLBNTCVWAIBETHAFEL—DEEN
F—vTHAH ThOLLISHEHRA L 4ERE
BEEGMEE, 1 HBEH 187 kg iICX U 2 FH 1L 22 kg
L9 108AETHE-1®. COEIREBREM
KEORFGERHOPICT A EARNE LTHEE
EHEL 7.

1) HERUEE

F—Fv— K75 215 58E( Table 26) OET
19774 AT HIc_—3—Fy McEEL, 5
R17TH I E B ERBOREB ML 7. 4 RE
EMEa AL, 1KIZ4H (1.2mEEE) 550,
D 2 BOMKIL0.2m, HR2ESNIO 2B
DORERIZ 0. 6mDEEREERE Lz, 1 BEIZIZI2 B
(B 0.1m)fEZ, NERABEFRO 2EIIOVT
D 2 AN T 1 BE 10 BRDEH 20 k2 ER & L
1z.

YEBOBEED, BERELTERED)EE
0.8kg/a, DAEEIIL.1kg/alE5 U7, 2HBE,
BHEREHIVIEIEL.2kg/a, DAEEIIX0.9kg/a %
BEICEE, 1 HFEHE 2 HENERIC W 3oL 7.
FEBEREMY 2 2E, 8 H318&L10H20HK
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Table 26. Herbage yields and other characteristics
Dry weight (g/m?)
l;ef. Variety Origin Date of ear 1 st 2nd 3rd afmual No. .of

0. emetrgence cut cut cut yield panic.
1 Leikund Norway June 2 486 139 62 687 578
2 Tammisto Finland June 5 582 179 72 833 691
3  Frode Sweden June 1 611 232 122 965 582
4  Dora Ttaly May 29 508 239 146 893 416
5  Floréal France May 30 500 242 147 889 599
6 S 143 U. K. June 12 338 196 106 639 229
7  Saborto U K. June 9 400 178 133 711 210
8  Germinal France May 26 451 221 138 810 660
9  Montpellier France May 27 370 218 175 763 204
10 Kay Canada June 7 612 142 52 806 573
11 Chinook Canada May 24 583 165 92 840 706
12 Boone U. S. A May 26 536 222 132 890 535
13 Kitamidori Japan May 27 612 225 119 956 568
14  Aonami Japan May 30 488 227 126 841 478
15 Okayamayasei Japan May 27 496 230 146 872 430

average May 31 505 203 118 826 497

LSD (p=0.05) 2.6 100 39 27 141 115

Fote. 2HICKE, 1BERZBBEORKIZLY 3 (r=0781).

Bl CNELR. §48bb56 HAUHKK
M Leikund j, " Floréal 5, " Doray, [ Germinal 4,
I Montpellier j, " Chinook 5, "Booney, ¥ #
TRy, 7oA 3, THEILEE 6 AI6HIK
M Frode 1, T Kay J, T Tammisto ). 6 H21HIC TS
143 & T Saborto ZINEEL7z. 2HFEL IHFH
DONELY 13 8 A30H £10A 208 I 25 RIRF ITIT -
7z.

2) BRERUER

1BE L T4 38, TFrodey & "TKay
PELERTH-T. FRIIHL, BREETHD
T Montpellier j, TSaborto; & 'S 143, ¥
BEOWNBTH -1z ( Table 26 ). AMEOMETI,
74+ 3, & MRILEFEHES 2 F) K UER
BRI CH -1z, 1 BEICE T AREE, NEBOE -
> T Montpellier ;, Sabortos & 'S 1435 »%
wmaiz b rot, FnRSORE TR, HERN
&M DF 5 TGerminaly T Tammisto % "Chinook
EEHLRBEOZVWSNV-TRBT AL, WEYE
LREBOBRICERRA—HOEbLHLNEY, 1
ZHENE L BEEOBICIFRESHEEIPRD 5N

BOMBEOEBERER L 2 FERE T 1 BEN
BOHA0% Thotz. /I VWIz—, 7477 F,
HFFDED BEEMEISES LTV S RESRD
BNTH -1, FOWITER s M, HEOR
H{E WV [ Saborto s, ™S 1434, T Montpellier 1
THY, KB EHZEF L HFRKEERERLTLIZN
TEBEZOND.

9B BI0AIAITOEBERERT 3BRENE
T, FROBEMEO 4 MBIz 0 ORYE
A1008 RS, WA OB RE 9 AL
OEBIZHELMIIEL I EFEDHLNI. DT E
RESLOHEICLEN, 2FETEHERE ORI
WEEZBERERD SN Lo W, W0ATEIRE
BEMEO 4 HEE 5m lTF, NAOHBEETR
Seml FEMMNES LE LT, MEEELLLZT
L st (Fig 23). 3SHZEETCRLZNEZ
SRU TR, thEEORMr» bBR SN 1 EE
TRLENTH > T Montpellier y TH-7z. K
T TDoray % MFloréal | Z EOBEKEERE
DBENTH -1, FMEGETS TRILFE PR
LEPT, UF 74F+3), TF#43IFY) &0
ETHY, BEHEFBNEIS>DOREOEENS X
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Fig. 23. Relation between plant growth
and frrezing tolerance

2R A

FREHNETE, WAMESHES T Frode |
ETHRYINY, FEENERZ DV, BAERER
M EEME & ORICHEBEIEER S S s -z ( Table
27). L U7H 5 T leikund 5 ZER< &, TS 143 4,
T Saborto ;, " Montpellier | % EHEEPRHIE
VRESRENE SV — TEBRL TV
EMAONESTEMAEORKEA 5L, 1EF
MBS EIE, 3BEWNE S IAOEEY, T IR
U BB etk s oIcEs Hnt. FH
NBITHT 2RETEONBEIES TR, #BFNEIZ
HEUTHY & A s OBRAIR S, BE
DEBF#RT 2B BN EEL R0 0.1%KkHE
THAMOEELAOHEBAERLI.. 2LT1HEE

RIFRIZNT HHBEL -EE< 2o/ (Fig 24 ).

F—F ¥ — FIFAOERMEERIZBNT, M
BRZRISEESTD I & ILHBES )85 pipg

1st harvest (%)

r=0. 880***

45 — e, L L L L . )
50 60 70 8 90 100 110 120 130

Wintering ability index

zor.\
e Teog
151 o\ °

r=—0.886***

3rd harvest (%)
=
L
/

5 L 1 fl L L L J
50 60 70 80 9 100 110 120 130

Wintering ability index

Fig. 24. Influence of wintering ability on seasonal
herbage production for the first harvest year
at hay stage and the third harvest in autumn.

HERLZ. KR THRBELERSB ORI,
BARAAOERBIS OMETEEEZ R L0,
BAEBANOBTHELZHHT 2 8RERELT
BHEPBLEETH L2, 3 5b 5 Hope.
SON BT 5 AN BNT AL — hrO—,&
TNHT 77 7 ORBIEKSRZRAZECAH, H
FFETIAADORBILE L <BRUH, HE
M RESEOICE b Y, PREICHEGLT
W5 RETEESRETH - 2. FhiEdN— Rz
TR HRIBHEOENVERTH 0, HREER
BLERORCEN— F v BRI BEN T
Mmolzl il ko1,
BEWLO~10CHIBGN— F vy ZIZEDTHY,
HICO~5COHBEIENY. 2LTH—F=v
TOHEPEREICIA--EENT LRV E ESRE
ICEDVRED, RLZTVT A 77 ACHEEOE
NTWd "TPremoy & 7'S23, Tid5~7CT
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Table 27.

Correlation of wintering ability and freezing tolerance with

seasonal herbage production in the first harvest year

Correlation coefficient

wintering ability index

freezing tolerance

Herbage yields

First cut 0.757 p<0.01 0.761 p<0.001
Second cut —0.489 non significant —0.563 p<0.05
Third cut —0.767 p<0.001 —0.788 p<0.001
annual yield 0.243 non significant 0.211 non signif

Seasonal yield distribution (percentage to total annual yield)

First cut 0.880 p<0.001
Second cut —0.802 p<0.001
Third cut —0.890 p<0.001

0.917 p<0.001
—0.870 p<0.001
—0.908 p<0.001

FLOICHL, MEMEOLEL- -V —F ¥ FiE
T Grass Ruanui 1132 ~5C & X DERICEHZWV
LEAREBITBIT LW EHSBEIRTVEY.
PLED &S iz — K= v F BRI 2 B 2
ICE-TREBIEMRENEN, N—F=v 7 &
A EOEELITOATVNIOTY, SHER
AHTFTCOEDERIL OV TN, EacLEs ®®
GsTeaRD B kB &, /NI —&FEVNALD
F—Fr— R AHREFOEFrRLRLAHH
ELBELXHER, 5C S hHEZHTTHE-T.
L CEREER, EREEEEOHRENINTH
LIbBEERICAEL< T X o, DI &H Bor
rLL D OHEE L2 A—F v — F 75 ZOBITHF
HE» AN (ZF) OEDEFH, ik
¥ S UEREERCER TV S L OB
L oTWA, BEEMOBAILY > THHREICH
BOUZ K DSBS AOBITHIERE N — P2 v IR
HOLXBRBICERDS S 2 EITERELD LEND
5.

3. % E
HAESRERUCRELECSALEEEL —
Fr— KT AODNTELE. REEHELRE
HELCHEBETEAC L3, BREOEERCIIW
ZMHSEEYELTWEIETHDH. TADLEE
AL BE, WEERBIBVWTS, BICEEERE
THRLEEL | BENESHEEZT 5. HAH
HOESHEECH LA —F v — NI T AE, BEL
RS IT IERITRMT AL B B,
BAEKRTED 2L, MEOBSREBRICBY 5

>

BABENERTH S ENHSVIERLTNS.
U1z h5 - TR OMY - 0 OEEE 10 3EE TR
AMLBRYEHHLDEERZHND.
BREOEHFEBIX, BXRONERKYORLA
EAEWC LR EEYSBEL TV, T4b5,
BRBE T RAE L BRI, HEOHENESRE
B (BERKIIELEE) CHROMRICIEST
NWEEE (KRB 3SHRICL8E) PBERL
TW5, BIZEEICOVTIE, BIEMETIIREL
RESEREAK LIOTERFEI LRI, BOR
BTt LT s0Tch 0 5%, B
ATk T 5. T bbREIE, BB
BFOTHLREICEVKRES BB E25", i
k- 3 EEERFRO S VWEENEEE BV S, £
nNHERTE, WMEA%oBNT T Tammisto ) ®
T Chinook A58 700 &/m* DM TH HDITH L,
EEELECT YN TiBEa» 7228 ( Table
26) ik, —FEKEDOREEZE S LVREIXHE
e hizBY A BEMNEEN 2R RETCELNI L
ERLTWVWS, FhA—Fv—FI7IRTBNTH
HOKZ2ORBHERIEET HY, BrRLE
V' T Chinook | 22 FRZRBL CRENES RS
THotzZ &, BOKNL BHAEBESRE
KOZLHEMDA —F v — F7 7 AFEHE TR
HETHHIERRBLTND.
FASPIIEZA VWHOKRBNEIEEE UTHE
BiIzko¥ians s Lz, £LTHEHLNO TAC
(&BEFRKEE) 2HHTroBFIIXEBRELI
53 KHEIC F CIE T X 4 B N L B % SRR ES R
L, FORHOMMY IIFEEEZLCHL, 1%
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BEABRINSE A EARLESY, KB TW,
ZHABBIIONTHERS | FENBORICEELH
BOoHsE2HLITLE. HEZIEENE
AT 2& 61T, BHEHRLPHEL CRMLENZ
mEX4, EERLEOENZEDS L LEBETSE
U, BRRONELY R HA & A e A HL Y s te 1881 42
43, 46, 50, 56, 98,110) ,?3 % imm EM' 15, 39, 42, 43, 46, 51, 56, 99)
ZEOREMEREY HOMKE & BIZEER» SD
BEt o BEELEbN S,

4.8 B

BEXEOH BT 2MAMOBSEAW L IZT
L2010, MEAHICETIGERERKEL A —
Fr— P77 258 LT, HEEELHEEEC
B SR OEER@EPT L L 2R A1

(1) HREFH»HNEL K 16 FEEHEL T,
BRIz >\ T 2 kBEQE LT, 2 FROEENE
EENKEET ZEEEORE TV, LTORKE
»EsLIN. ORRECENATVS T Tammisto 4,
U Chinook | & & B IEBHIKBISLTWVWS TF
FIR) PRLEBNTH-. QEBNE I1H
KITKTEL, £EFE1FEBIKE6.6kg/aTHo12
M, BERICE3.2kg/a UK. WEE BIC
B LZ2ERSHNBENBO oML o122 &
»H, 2HEHOKE ZREIUIENAREAER T
K, BIERICRETHAEBN Do &Ik B
EHERIx . @E2HEBRYIFEEICERTER
BB OFEREN 2.4CEL, SHRAK 6 BERH
Utrtzo, BTORE (1,000 WE, SEE, [#H)
Bz 0ETFLL.

(2) BMSEERLIER, 244, 72T
BEMxft—F+—RISS5A1558I0->0T,
B 2 FEIC 3EAE D 2TV, A4
ER, HIEHONIIS I 5HEORHEZT - 2.
OB ESBLESLHER S OB, 158
IRBICBWTIIE, 3IBHANE CHADCER 2HEE
BROoNT.. BHNBTRETOLBERBART 2
FE, WAHEOMOEBIE, -2, 2FH
PNEBOEMREBIZHES 288 2HO RS OR
DOEFRESRET 5L, ARSEOHEME»EL N,
QHAMSHENBENT VL RETHD T4 32
FYy & TFrode sy B\ BNT, BEMER
@ TS 1434, "Saborto;, " Montpellier ; & 5
LENTH - 1. FERNE &R & EEESEE

BEsshizhot. @ 1FBENBIEEEOH
LA HNr. BHREREIRENEARG T CH
REEBICERT B 0IC 2B HE A SENE Y, K
FITHHBENTROB VR, O EOHENSEIEL
AR
HMERMm

T[UBDEN C EHEZZEROBREANTKBEERN TS 5.
BREIEMORERMICHEZSZZXHELO L
TVa. BEMZIEDICOEEELLLL, B
ENICEIRA2EE L, fikerE2EHE, B
BRI C OREN ST H LI k- THIRIIOE
BROGHEZF|ZE L, BHFRXONKE (ice
sheet ) TOEYOREES, @ KUKLETIIH
FEEL L LTLAY. BEHIIEREIN TS
BEXLEIRULIEAEORA P L ARSI ARTHESLEND
ZETidnd, AATESHBEOREIKEED
MBI EWRBEAEDVARVEEZ SRS, L
ULESEOEMTIE, WIhhoEtcndhsrd
APVAIZEY, REDPNEOHESLLHNLDT,
BLEELERBEEEIC, FAMLAZDOTH
ha.
PWEOLBICHGRT2EESERE LT, SR
ZREICL TV AEE, ARSI TIIERERD »
EWzd, TA)VATHLRERQOIET >V b
M7 4SRN T I AFOBERPEEICE-T
B, WHHEREE UT T Sprague ) WERE N
TVEMR, L UREOXEBIZEY 5 Smite 1%
ORFTE, BSERICET I XHMEERI ATV S,
HFFEBANTHLRAL T OELLET Y D e h
T RBIh AREORAEICODVWTOEB T,
2 2 BB I3 At & ok sEH S EH L
TWa, LSO I —u v SEBETCLEEROR
FHsMY, THEEEREILIOTHLE
WIS 2 Lo ILEhH TRENEEA TV S,
EHFIH S 2 WEOMEELIHROME L INT
é‘ 72 32,33,42-44, 68,72, 75, 87).
TAYAOHMPSVEEIEE, ARORBICH
T35 AXEMOBFICHBEICRBRETICSERY
REFBLTHLEHEINS., LALFEFEOHEBELT
OWHEIBEOHEB CERT LB <, £EY
RIS - CHREBHFE R SRRIERE A
FTHOBEBIIAZEI NS, BRUESHROEWEE
EHE ORI, —RICHBELBEESZIATVS
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T, EOEASED. L UERBENEEND
EEEHHIC BV O BRI SRS 5 LREET
&, BERIOHT 2BIOAIERICE 208

113),

EERISEESHEOXEOFHETD S Mz
wEREET, RS - T AU AV ERET T,
1920 D 5 1930 X hFCTH 212, FNET
RBRIBE (HE) t&bE3h, FEIELIZEDIC
BEEE L THBRESTFELIEEZ N TV
D% EKSTRAND ATz —F v OBRBHE CEK
WHRLSEZTOVAEHIIHFEL CERRETISE
URFES B & EH s PIT L1,

tEHEICB Y 3 EEREOSHTIC >V TELY
B HEEERE S ECES oD VBRI,
S. borealis 15, THEEFIZ L HEEROLZVE
db - B - HEESM A I Typhula spp. WEITH
THEEPEL . B, BB LS borealis DF
ERPgEL T, HEEE LV IEGICES L HER
RORBEMIEESED, FORKRBRTAILLE,
ANEEIROBEIREHMORI AT &
EESMICUT. £ RE O Typhula spp. I
B4 2 —EOWFEIC L -T, 3BEDS T ishikar-
iensis DEMBRD 5 LIRFH OENEYE B 13EH
WHCHWBER TS ESHELpIT L5127,
—F5 S, borealis IEEHH T B VT b RERE L
ER RO EABIEN O ONBEERTHIEN
BoHoht™., COEFPOREREEL LT F nivale
DABIICHTHL TVBY. Uikl Tz g8
Wi # &> T b F nivale, T incarnata, T. ishikar-
iensis DEMEB A E C, BREIL >TSS
borealis bRET HEICBE DB, Chi34BEECT
LR LY CEBROERRVER TS LA EK
T5, RICINSDRGISHT 2 BEREOHE
IOWTHRRZMA Iz,

S. borealis KX U CIHEENSFHE LV, HED
st & BB ICERLTH 0, o
AFIZBVTHEERBIMEEEESEFESHV,
EEOREL S borealis ITH LIEHEZ R U
12570, WHEEORIRIC L ORETREEEZ SN 5.

Typhula spp. X T 54 —F ¥ — K77 AFED
0B, FEREMED T incarnata \ZX$ L
EHMEERULBE, -7, BU T EPEZHED
RUZTNVIATFRICb AN, SHEREILBL
TEHRMERLL. A ERERSEIO T incar

nata I3 AEFRBEMAEVEVS T L, DERKR
EOMESRTHB. UL T ishikariensis \234$ 5
B R8I T incarnata iIC bR ZRT & H
5, BIEICOWVWTEET S I &IZ& D Typhula spp.
CE T AEHMRESAWRELE 2 5. MBEOHFRI
TLFESIRDL I YVT VT4 TRV CHLEET
HoTc.

HamproN 5313, 3 BEOBEBICL-TH F
nivale RV ZT W5 4 75 B HRLT, BEEOD
NRICEEA2RIFLLIEEZBELTV S,
ArsvoLL P L 30HL TOBMECHENET 5 &0k
RTEY, F nivale SBRERSPZVEEXZHRR
XHLOLEESERETHOT, LRBECHHEI
FBZ LB TH L. 3LXOBEE Tyhula
Fusarium complex & MEIE h % 12 &%), Typhula
spp. & DBIRNSEETH 5%, ArsvoLL b
FEY-EAF—T7 2 AZIBNTHUEREET
NWBZEREDS, KFMXTRU I Typhula spp.
HHMRERIC L ORIGAETIEEVWP EEXS.

Pythium spp. OREIZILHHEICS VW T HERE N
Fe AW, JEEEH S THB L I X h T 545,
BRUEHL 21& Typhula— Fusarium 1234 5 BHitE &
Pythium (23Xt 3 2 BHE RS P ICRLBE LT
REMFADF —F - FI7ABAER D L EZ
BEEERET T A ENREL LB,

REE LT A —F v — KA T 55—
10T - 16BERIEAE LI I k B IRE LS, FAY,
BEVLEBLTHEY, EELILEABIEHNT
5. —10CHTHEELBSINICBRT 2RI
By, BHSE-3C~— 4 CREOEKSR
PEPEEEL L OEFREFABLLE DS,
2BEM®B AT EOETFRIEINS LLTELY,
I RBRAERE, —10CREEL—BLLIEDD,
FORTEEE LT EROFELSFEHTHBE L.

BEER, BL LD KUKEEPERLEICE-T
Brealx, BREOTLI TN TRTHIU—
SHMRE LIl ELSELS Lo T A C
ENH BP0 4 ABKE BRI EEL TS0
THE I 1510,

BRICRSBE- 120, BRI & 0SSR EA
F@AKL, FOBRDOEFTHKE (ice sheet) VK
ah, FOTOHRER, MHBULK CO.TERERT
BEENST AN A ZOHOECRBEICZ>TWES
12,30.100) i o0 BN 77 B IR IR S T OB
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B 0OT, KBFTOEERIHNY. 3%
HEHCREXIIMET L3I0, B
BEMH AR LR A O TIIREOET B
EHEEXNBOTY, 20BE5EFEY—, V) —
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Varietal Differences in Freezing Tolerance and

Resistance to Snow Mould Diseases of Temperate Grasses

Jiro ABE

Summary

Winter hardiness is one of the most important
characteristics determining the distribution of
temperate grasses in Hokkaido, the north-
ernmost part of Japan. Timothy, one of the
hardiest grasses, is grown in the eastern Hok-
kaido where low temperature and snow mould
diseases prevent tender grasses from surviving
cold winters. On the other hand, cocksfoot that
is less hardy and more productive than timothy
is the dominant species in the other parts of
Hokkaido where snow mould diseases are the
chief determinant of winter survival of plants
under winter conditions with long duration of
SNOW COVer.

There are little information on the factors
determining winter survival, on the testing
methods for each factor, and on the relation of
winter hardiness with other characteristics. The
objectives of these studies are to develop
laboratory techniques for screening seedling
plants, to establish methods for introducing
breeding materials, and to make clear the prac-
tical significance of winter hardiness in herbage
and seed production. The main results obtained
in each study were summarized as follows ;

I. Development of screening techniques for

the factors related to winter hardiness in
cocksfoot

There are little information on screening
techniques for winter hardiness of wintering
plants comprising winter wheat and forage crops

in our country. We have observed the existence

of several factors determining winter survival of
temperate grasses. Although the field survival is
affected by a single factor or a complex of
factors, plant breeders should test each factor
separately. Hence, we aimed to develop screen-
ing techniques for seedling materials as to
freezing tolerance and resistance to snow mould
diseases caused by Typhula spp.

1. Testing wintering ability of cocksfoot

seedlings under field conditions.

Wintering ability in seedlings of 24 cocksfoot
varieties from contrasting climatic regions were
compared under field conditions in Sapporo.
Then an attempt was made to obtain “Wintering
Ability Index” based on plant survival together
with seedling vigour, number of panicles and
heading rate (Table 1).

Wintering ability of Okamidori and Hokkai 1
which had been developed in Sapporo was quite
similar to that of Leikund, Tammisto and Kay
from northern Europe and Canada where winter
temperatures are lower than on the experiment
site (Fig. 1). Excluding these horthern varieties,
wintering ability was highly correlated with the
mean January temperature in the place of origin.
Accordingly, it is concluded that the field test is
a valuable means for evaluating potential
wintering ability of plants from warmer climatic
regions than the experimental site but it is
impossible for the plants from colder regions.

2 Screening techniques for freezing tolerance

in cocksfoot.
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The experiment was carried out to develop or
to adapt laboratory techniques for testing freez-
ing tolerance in cocksfoot varieties. The mod-
ified freezing methods developed by LORENZET-
TI et al. (1971) were used in testing freezing
tolerance of 24 cocksfoot varieties from various
climatic regions. Plant survival was compared
under three levels of temperatures; —14°C, —
12°C and —10°C at a set duration of 16 hours
following a hardening regime with a temperature
of 3°C for 2 weeks.

None of plants survived after —14°C freezing
(Table 2). About half of the plants of Scandina-
vian and Canadian varieties survived at —12°C
treatment, whereas less than 30% of the plants of
Japanese varieties survived. With —10°C freez-
ing treatment plant survival percentage changed
greatly among varieties from Hokkaido showing
values between 30 and 50%. Hence, —12°C
freezing should be recommended in selecting
hardier plants suited for severe climatic regions.
And —10°C freezing could be suitable for de-
tecting varietal differences in {reezing tolerance
and for eliminating tender plants.

Using the techniques with —10°C freezing
temperature, attempts were made to detect varia-
tion in freezing tolerance among varieties from
different regions. Coinciding with winter
temperatures of original places, the varieties
from Finland, Norway and Canada showed sig-
nificantly greater survival than the others in-
cluding Japanese varieties (Fig. 2).

3. Screening techniques for resistance to snow
mould diseases caused by Typhula spp. in
cocksfoot.

Experiments were carried out to develop
suitable techniques for testing the resistance of
cocksfoot to Typhula ishikariensis and T. incarna-
ta, and to study the relationship between winter-
ing ability and the resistance to the snow mould
diseases.

Experimental methods are as follows ; Seedl-
ings were grown in a glass-house for 10 weeks,

followed by artificial hardening for 2 weeks at

3°C with 8-h photoperiod. Then each plant was
artificially inoculated with 0.05—0.1g of inocu-
lum per cm? and was incubated under a snow
cover more than 50cm thick for 65 days to test
the resistance to 7. ishikariensis and 80 days in
the case of T incarnata. Plants were transferred
into a glasshouse after incubation, and tops were
clipped. Then the plants were allowed to recov-
er for a month, and plant survival was recorded.

The varieties from colder regions were more
cold tolerant and generally resistant to T. ishi-
kartensis except for a few cases (Fig. 6). The
resistance to T. ishikariensis was closely related
to wintering ability assessed in Sapporo (Fig.
5). On the other hand, the varietal response to T.
incarnata did not always coincide with that to 7.
ishikariensis (Fig. 8). Two south European
varieties, Dora and Montpellier, were as resis-
tant as the north Eurepean ones to T. incarnata.
This resulted in a decrease in the overall
correlation coefficient of wintering ability (Fig.
7).

The highly positive correlation between the
resistance to Typhula spp. and wintering ability
suggests that the primary factor for the winter-
ing of cocksfoot in Sapporo is the resistance to
Typhula spp.

II. Winter hardiness and other characteris-

tics of Turkish populations of cocksfoot

Due to comparatively short history of modern
dairy farming with growing of European temper-
ate grasses, ecotypes that have adapted to their
habitat have hardly developed in our country.
Hence, we should introduce breeding materials
from abroad. Turkey is not only considered to be
one of the original centres for domestication of
cocksfoot, but a great diversity of climate and
altitude prevails there also. Therefore, the natu-
ral populations should be valuable for breeding
materials in regard to winter hardiness. We
aimed to clarify their characteristics such as
winter hardiness, heading behaviour, productiv-
ity and persistency under field conditions in
Sapporo.
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1. Winter hardiness in Turkish populations of
cocksfoot.

Over a six year period, 99 populations of
cocksfoot from Turkey were investigated as to
winter hardiness in the field in Sapporo (Table
4). After the first winter, only populations from
the mild Marmara, Aegean and Mediterranean
regions were badly damaged (Fig. 9). As the
differential plant survival among geographical
groups widened with the elapsing of years, we
are able to rank the groups in descending order
of  relative hardiness from Eastern Anatolia,
through the Black Sea, Central Plateau, Mar-
mara and Aegean region (Fig. 10). This order
was maintained throughout the experimental
period.

Winter temperatures prevailing in the locality
of origin was the most important determinant of
winter survival of the populations (Fig. 11). The
growth pattern in autumn and whether plants
continued to grow through the winter or were
enforced to winter dormancy, were related to
differential survival between maritime and
mountainous populations. On the other hand,
this simple relationships is complicated by
introgression. The subspecies distribution in
the coastal.region is related to a higher level of
survival in the populations from the Black Sea
region, where the continental type of cocksfoot
occurs, than in the populations from the other
maritime regions, where introgression has
occurred from Dactylis glomerata subsp. hispanica

with poor winter hardiness. Lastly, the result of

the present study also indicates the necessity of
a fairly long period of plant mortality assess-
ment, even for moderately hardy populations in
the field.

2. Heading behaviour of Turkish populations
of cocksfoot.

Ninety-nine populations of cocksfoot col-
lected throughout Turkey were examined for
heading behaviour in Sapporo. In some maritime
populations, all the plants produced heads in the

year of sowing or in the aftermath of the next

year (Fig. 12 and Fig. 13). A fairly regular cline
in relative earliness in the year of sowing occurs
along the Aegean from Canakkale, with a mean
January temperature of 5°C, to Antalya, with
10°C, respectively (Fig. 12). This cline proves
to be associated with the variation of winter
temperature and latitude. On the other hand,
three-quarters of the accessions from moun-
tainous regions, with winter temperatures below
0°C, made much more panicles than those of
varieties introduced from Italy or Wales with
milder winters.

There was a close relationship between head-
ing in the year of sowing and heading in the
aftermath. Two-thirds of the plants which
headed in the aftermath, had headed also in the
year of sowing (Table 7).

Date of heading is influenced by the climatic
factors of the habitat, especially by the length of
the growing period between winter and summer
dormancies (Table 6). Plants of the populations
from the Black Sea region where plants continue
to grow throughout the year, headed later than
the plants from Marmara region, even though
latitudes were similar and winters mild. Turkish
populations provided useful material for the
study of flowering habit.

3. Herbage production of Turkish populations
of cocksfoot.

Four Turkish populations, two populations

from Central Plateau, one from Eastern Anatolia
and another from the Black Sea region, together

with a commercial variety, Ariés were used to

assess herbage production in the sward condi-
tion with a density of 10 X 20 cm. The
experiment comprised three levels of fertiliza-
tion treatments., The Giresum population from
the Black Sea region without dry season had
large leaves that favoured them with increasing
herbage yields which responded to increasing
fertilization levels, but the other populations
from mountainous regions had so narrow leaves
adapting to the dry habitat that they were very
poor in herbage production (Table 9—11). Com-
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pared with Ariés, the Giresum population
yielded 60—70% in herbage production despite
of larger leaves largely because of shorter culm
length at hay stage and lower plant height in the
aftermath (Fig. 14 and Fig. 15). Inspite of these
shortcomings, the Giresum population has so
valuable characteristics such as large leaves and
late heading as to breeding materials for pasture
type grass varieties.

III. Winter hardiness in five temperate

grasses

We have noticed the existence of a great
variation in the ability for wintering among
temperate grasses and also among varieties of
each species. Attempts have been made to
compare the results obtained from the above
mentioned laboratory techniques for seedling
materials with the results of field trials for adult
plants of timothy, meadow fescue, cocksfoot,
tall fescue and perennial ryegrass.

1. Varietal differences in freezing tolerance of

five temperate grasses.

Varietal differences in freezing tolerance of
five temperate grasses comprising timothy,
meadow fescue, cocksfoot, tall fescue and peren-
nial ryegrass were assessed by means of the
laboratory technique for seedling materials.

Seedlings artificially hardened with 3C for 2
weeks were exposed to —12C during 16 hours
for four grasses excluding cocksfoot which was

subjected to —10C during 16 hours. Freezing
tolerance of seedlings was ranked in the follow-
ing order of decreasing tolerance, based on
percentage plant survival : timothy (98—89%
)Zmeadow fescue (94 —68% ) >tall fescue (50—
25%)Zperennial ryegrass (34—11%
YZcocksfoot (73—16% at —10C) (Table 13—
17). These treatments were suitable for meadow
fescue and cocksfoot, while the treatment with
—127C for 16 hours was too mild to detect
differences among timothy varieties and was too
severe for tall fescue and perennial ryegrass.

Freezing tolerance in adult plant of temperate

grasses shows the same rank as in seedlings

mentioned above with an exception of cock-
sfoot, whose freezing tolerance is supposed to
be at least greater than that of perennial rye-
grass, this suggests that cocksfoot should in-
crease tolerance with time in a greater rate than
perennial ryegrass and/or the others.

We also agree with earlier workers that the
most important factor responsible for freezing
tolerance common to these grasses is winter
cold in the original habitat of breeding mate-
rials. In general, the Scandinavian and the
Canadian varieties were hardy, the Japanese
ones modest, and the south European and the
British ones tender. The varieties classified as
the tenderest in this experiment except timothy
varieties may be vulnerable to winter cold, so
that we should pay attentions when introducing
them to the eastern Hokkaido, where the winters
are the severest in Japan.

2. Relations of the laboratory techniques for
seedlings with field trials in regard to
winter hardiness of five temperate grasses.

Twelve varieties of five temperate grasses
from contrasting climatic regions, north Euro-
pean varieties from Finland and Norway, and
Welsh varieties bred at Welsh Plant Breeding
Station, were used together in two tests in
laboratories and one field trial test. We aimed to
detect interspecific variations and also varietal

differences in each factor regarding winter

hardiness.

As to freezing tolerance assessed by labora-
tory techniques, timothy and meadow fescue
were more tolerant than the other three grasses
in both north European and Welsh ones (Table
19). Freezing tolerance of seedlings correlated
closely with relative yields in the uncovered
plot with snow in field trials (Fig. 17).

In the laboratory tests for snow mould dis-
eases, cocksfoot seedlings were the most resis-
tant to Typhula ishikariensis, while perennial
ryegrass varieties of both contrasting origins
were the most susceptiable but were resistant to

T incarnata. This is considered to be one of the
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shortcomings of seedling tests that the plants
such as perennial ryegrass or Mediterranean
cocksfoot as shown in Chapter I are growing
vigourously under a short day photoperiod, have
a tendency to exhibit unexpected resistance to
T. incarnata (Table 20). The results of seedling
tests, however, were in accord with those of no
fungicidal treatment plots of field trials in each
grass (Fig. 19).

Under field conditions, timothy and meadow
fescue exhibited their excellent ability for
wintering in regard with early spring regrowth
and hay yields of no fungicidal treated plots
(Fig. 17 and Table 21). On the contrary, cock-
sfoot and tall fescue yielded better than more
winter hardy grasses by means of fungicidal
application but not so much in the plots of no
application.

IV. Relation of winter hardiness with seed
and herbage production in cocksfoot
varieties

We aimed to make clear the practical level of
winter hardiness in cocksfoot varieties that
meets winter conditions of Hokkaido. Two sets
of field trials as to seed and herbage production
were carried out and each experiment consisted
of the leading varieties in Hokkaido and foreign
varieties of contrasting origins. The relation
between high-yielding varieties and their ability
for winter survival could reveal the nesessary
level of winter hardiness from a practical point
of view.

1. Variation in seed yields of cocksfoot
varieties.

Sixteen cocksfoot varieties collected from
Japan, Europe and North America were used in
seed production trials treated with two levels of
fertilization.

Increase in fertility level increased seed
yields by about 10% each year (Table 24). Year
to year variation in seed yields was so great that
seed yields of the second production year re-
duced to 3.2kg/a by half of the preceeding year.
Seed quality such as 1000 seed weight and

purity rate was significantly lowered in the
second year because of higher air temperatures
and less number of days during the period of
seed formation and maturation (Fig. 20 and
Table 25). Kitamidori, together with hardy
varieties such as Tammisto and Chinook, had
the greatest number of panicles, thus resulting
in best seed yields each year (Table 23 and
Table 24).

2. Variation in herbage yields of cocksfoot
varieties.

Fifteen cocksfoot varieties from Japan,
Europe and North America were used in field
trials assessing herbage production in Sapporo.
There appeared varietal differences in seasonal
distribution of herbage yields in relation with
their level of winter hardiness. Namely, the
yields at heading stage correlated positively
with winter hardiness, whereas the autumn
yields negatively correlated with wintering abil-
ity and freezing tolerance (Table 26 and Tadble
27). Kitamidori and Frode which were less
hardy varieties than the Finish and the Cana-
dian varieties, obtained the best annual total
yields. On the other hand, the varieties from
warm regions, that is, S 143, Saborto and
Montpellier were the poorest in the annual total
yields in spite of the best varieties in autumn
herbage production. Thus winter hardiness in-
fluences the seasonal productivity rather than
the annual total of herbage production of cock-
sfoot varieties at the experiment site.

In conclusion, we should not sacrifice autumn
herbage production in improving hardiness, be-
cause our varieties do not necessarily need the
similar levels of winter hardiness of the northern
varieties that should be tolerant to severe win-
ters in Finland or Canada. To develop a hardy
variety with good autumn productivity, we make
efforts to study hardening behaviour, that is, the
initiating time related to photopesiodism and air
temperatures, hardening rate etc., by physiolo-
gical approach, together with collecting breed-
ing materials suitable for autumn and winter

conditions in Hokkaido.
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