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Festuca J@IZ I3 B HIBICES AT 58 % <
DA EEN, BorRRILLP 2L 2 &, ZhbHnHE
12 6 DNfER (section) 24T ST 5,
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MEDH 2 2 >OFEPEL T b,

AFP—=T72 27 N7 27FE 412, R
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P72 A0 AR, 8RR, 10 5K 3 O
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TR s
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[TEEO R TII 2l R L, EEEBRNE
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T, Fuid 4 flixtAa B Ndy 4 R e 2 fifi
A DEE var. apennina HPEIDOIE/ 25 —
YERIRTZEDDL, WMBENY / LTI HHE

(homologous) Tii 7 £, WHENY / LEIZI13 &
LRENFIIEL TS Z & ERELZ,
CLARK?® 53, 5D &d 5 var. apennina
BREeLFE 4R TEL, AF-7xA7 ki
Ml 2 o0y LA L BRE RSB

(segmental allopolyploid) T# % & HEZEL 72,
Festuca J& o B 858K 2 Yotk (disomic)
BEIZATAICLE 2MiEICXEEIATSE
NS Fr LR AT D 2 B RELEE E N
TE LT, 202 & Festuca B YLk L — 2
BOREBEROBHEZEEC L Tnwd LN EE 2
HLh,

Lolium J& & Festuca J& 3R &BRICH B 2 &
FHILN TS, FT—a 3D HREMITIE~L
=T NS 4 752 (Lolium perenne) & A F—
72 A7 OHEREREYE L TR, 2nb o
MEREICIE, 215k E 3K E R, TEk, T
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JENKIN®® %2 CARNAHAN" 52 L 5 TH < 2 5
ThebnTaz, LrL, WEBIZIZEATHE
PEHHAE L, Fo i L NS89z i3 e TREE T
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(seed incompatibility) 25 L T 5 2 & 35
L Twa, JAUHAR® 3 A 9 )V T F4 77
2, NV=ZTPNIATTA, AF—=T2ATD3
FRER T, 2FEMIMAE (2n=14), WERE 3 MHAK

{auto-allotriploid, 2n=3x=21), 3 MEHEHE

(2n=3x=21), #2154k Cn=4x=28), R/HLE
H 6 {54k (auto-allohexaploid 2n=6x=42), #*#{E
WL, 9477282 F—=7 227 DRtknH
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Table 1z EZEIZ 51T 2 FHMTA 25} 6 HiE

@ OECD B4k 4hFas (1981 £4R) & #MmFEIC G o
bEGEER L, 6 EHEAF 596 MED 5L A

F=7x2Z 71501 &, F—n 7= X 271340 &
FEAESHE T b AREEIC T 284 Tk
ARN—=T7227, P=NT72AT7H, FNFNS.
6%, 6.7% &%, A—Fr»—F 77 2(18.0%),
FE— (13.9%), 74 77 2% (52.8%) 2kt
NTELS > T, T, A F—72A7TE
4 fERRIEL, 1 DL2BHIN T vl
L, XV=TNI3A47T72ATIz2], £ 2)T>7
A 7T ATl 40 D 4 FEIRGHESBHEINTED,
I ED L Festuca R ERBOEFREIL, M
BIZEBERICT LN TR L) Dh 2
o, EC RS S BEETA L E, A F—
7z A7 mElE, AFY, /N7 —, AT z—
T CEEREICNBT 2ER, B4y, Fx
IZTNRNXTh FORBEURECET 2ETES
Zto>Tnhb,

W, 77V, AXN) A, TA)AERET
3R T,

BAETIE, 4 F—7z 223 EIz40EE CENY
ENTH Y, s Tl B4 Tammisto, Trader,
Bundy, 7 7—Z b 4 @FEDHERFSHICIRE
ENTWE, L2L, 299 bAERTERIN:
Mgl 77— b 1&MEZITTHY, BARICH

Table 1. Numbers of cultivars and percent to total of grasses for meadow fescue (Mf), orchardgrass
(Og), Timothy (T1i), tall fescue (Tf), perennial ryegrass (Pr) and italian ryegrass (Ir) bred in

each of main countries.

Mf Og Ti Tf Pr Ir Total
Canada 2 (12.5) 6 (37.5) 7 (43.8) 1(6.3) 16
Czechoslovakia 2 (13.3) 2 (13.3) 2 (13.3) 2 (13.3) 7 (46.7) 15
Finland 3(37.5) 1(12.5) 4 (50.0) 8
Norway 6 (11.3) 15 (28.3) 10 (18.9) 3 (5.7) 9 (17.0) 10 (18.9) 53
Sweden 3(15.8) 2(10.5) 5(26.3) 1(5.3) 6(31.6) 2 (10.5) 19
Denmark 8 (11.0) 13 (17.8) 9 (12.3) 29 (39.7) 14 (19.2) 73
W. Germany 8(15.1) 5(9.4) 5(89.4) 1(1.9 18(2.9 16 (15.6) 53
Netherland 10 ( 6.4) 9 (5.8 2012 7 (4.5 90 (57.7) 20 (12.8) 156
France 1(3.1) 12(37.5) 3(9.4) 10(31.3) 1(2.9) (15.6) 32
U. K. 2 (4.2 8(16.7) 7(14.6) 5(10.4) 15 (31.3) 11 (22.9) 48
U. S. A 9(26.5) 2(5.9) 6 (17.7) 14 (41.2) 3 ( 8.8) 34
Japan 1(3.8) 7(26.9 3(11.5) 2(7.7 3(11.5) 10 (38.5) 26
other countries 5(3.8) 18 (28.6) 6 ( 9.5) 5 (7.9 13 (20.6) 16 (25.4) 63
Total 51 ( 8.6) 107 (18.0) 83 (13.9) 40 ( 6.7) 201 (33.7) 114 (19.1) 596
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—Miz, A F—7 2 27 REEEENT N
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BEETHY), FE—EDREBICBSTWHICIZ
AF=T 22 7DF T —FHMIL 2295, RN
e bz, AF—7x 2270 & 5083
Lize A—F—F7 72 EDRBIZHBNTY,
A R—=7 12 27 3R TH B 5, FER
rEQLICLIDEL L, 4FHIZE A F—
7 2 A7 DEMHD D LN LY, UgA—
Foo— F 7 Z2H I IHIE9IZ 7 - 7o &35 L
TWwd, =%, FEi—¢td—Fr— T T72¢&
DRFBEEM T, FEL—DRBEMIRLTH,
A —F v —F 77 23IFFEICH D, BFEbE
EBICF R —HWET S,

FRISXL T, A F—7 2z 273 A 5542
FEioxt L CGREIRIL 220, fldns ey
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P LTI CNARERETH LI E2HIEL T
W5, FBAYIE, e ARHE L 0RIBTI,
AR—=7 222379 77—l
WA, T 7 a— S OMARE TR, T A8
[k 5 EREL TWd, K™, Ly Py
TEEEITHAIAFHETENEARE R, F—
Fo— P IAEMTIFFL KL, HicF =

PFREHTE A AREE RS LY, £
F—7x 27 3WERED PRBEN £ R L 72,

RERFIME, SREMM
KENFERE L THRT 28 E Tit, EEKD
HEREINE? N T (BB, M OWTLH
B 508D H 5 BT IS SR EAES
&, AR & BB L Tk D, BLanp'® i3,
W eRCEAEVEWIY, M EnEE
LI EETEIE T B LT

GEERD 6 1%, FME A MR S A AL, &
F/H o, MR, M) =gt s
B2 RAFHIIC L - C, Bt EHEL 2, Th
Lk By, —BETRF T —HR BT L
(, _B/BETIIAF—7 A7, ZHETIIHY
FE—EEE -T2, LT, SFELL T
®—, A V=727 DWEMEFT R, F—
Fro—FI7T72E =72 X7 3ENMEEZRL
726

FRBEN® LiE, A—Fr—FT T2, V=
TNFAT TR, AF—7x A7 DEMUTDHAE
PRz A, AF—T7 2 A7EMTIR, Ml
O 2 BRI AR S, § NI
Lo Twd I E2HEL T2, KB LR
DREBICLYD, A F—T72 A 7EMTIE, A—
F o — F 77 ZFHICHAN, ARV ES LD
EEHEL T3, Festuca JBICERELY, —HRICME
HHEDENE S b 52% FERoREs 51,
AR —=7 2 2 713F =BT, SR
EHLDND, F—Fv—F 7T AL NEFGEIE
WZ XL TH D, MILES® 513, 1 AFH4
RO T RERS F B L 72, in vitro O
b & A R AR I, v =T o477
A>A FP—T72 A 7= NVT 2R I>F—
Fo—F7I7ANEE LY, EHEEAETIE
F—F = K77 AL EMEETR L 2 AMH,
FE? 3, TDN (£nig{bags) &= & DCP (7]
WibHEsE) ga*H4EL, TDN &3, 5%
V=>AF—T A I>F—F¥x—F T T Z,
DCP&EIZ, A F—72RA7>FT—>F—
Fr—FII2DMEE LB EHEL T D,
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RBRERZLTLL—EL Twiewd, LT
AR=7 2271, A—F%—F7 T2~
TDN & &, MIE, MR It EEL &7
7 B E R

%72, Ca, Mg, P, K, Na % ¥ nEERTS
B, A—Fx—FI 72X F—=72 227 TH
PLTWB, FE—TIEmMEREL ) KN &
FHEINTWDED, BLICHAZ, 8% &
B, 7)) OESBIEE, A —F v —F T T 2>
AFP=72A7>F—DIEELN, X F—
7 1 A7 OESBBGEE IR OPRIC LS 2 &
rHEL T2,

Ptz %% +e, Table 2 35N EYE
BUEEREIEICBE T 2 AR ROBIR B R L /2.

AR—=72271%, A~—F+—F7 72, %
I WREEE L REIIRRS S e v Y, iz ok
EREL T, BAMNICIET ¢ BT
PLOBMEEEZ LN D,

4, deBEOERIZE T HIRE

ACHEE DA AT E R, BRI 56 4EICIE 54 T
ha #%z, 20 ) HERETIZ 5 %, BERMTIT
23%, BEHIALH AL 2% % HHTB YD, HEHD
KESFILER I FICRAEL T b, /4, TE
A AR OMEFREEE Y A 5 &, B 56 4£ Tl
FE—810t, A—F+—F7 72255t £ F—
7227 106t 4 ARHMCENRTFEERICHNT 1
BTADLE, TNEFN64.6%, 20.4%, 8.4%&
toTwb,

A F—=7 2 27 ZEEDRBEMICLCERL
TWaY, ¥ —, A—Fx— F 77X,
QRERE L L THWLNTWEDIC, BT0E
HEIBo 2 BRI HAEL o T3,

F—Fr— 7720, EE, ARG TRE
WT§ CnzZmEEEERL, s Dign
EMERBIZ > TWwabd—0, HREATIE, %9

Table 2. Comparisons of main agronomic characters among orchardgrass, meadow fescue and

timothy.
Orchardgrass Meadow fescue Timothy
Seed size intermediate large small
Tillering intermediate high low
Plant height high low high
Potential yield high low intermediate

uniform through

Seasonal growth
seasons

Palatability low

Absorpton of

minerals high
Winter hardiness low
Competitive ability high

with weed grass

less productive

intermediate .
i autumn

intermediate high
intermediate low
intermediate high
intermediate low
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2R THY, EHICEL DKL — 2,
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b, fERfbse, MR, BRITH L X HERE
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1. BEEREOSEBHMESR

A F—=7 270 REHERRICONTIE, H
BTN 6 OMEDHDLDETHD, £DF
T, ME" 513, A F—7 2 27X SERERD
BN Z & 2HRL Twb, 22T, KRBT
BHFEECERI N MELAR L, WERIC
HONDAENER T~ 2B LI, B
MATICH 72 - Tit, HMHFEE LT, 2HED
LEREZ2, 3OBRGEMEE L CEbTZENT
B ERS T E Rz,

ML URE

Table 3 (o fE 2R L 72, SR MFEIT 10 2
Hizchb2250HHTH), 2055 6 MfElL
seed lot DB 2 2 oY > T ULTHRELZ, &
> TCEME N Trader 2%, o BfE13$
NCI—vy EETEE I -RETHE, I
B, A7 x—T 2 THERS Iz Svalofs 01225 &
xS TEHKE NI Festina (3 4 R RETH
B, HEEE Loty P CHE L2 % 1975
I EBRMIGICBRE L, 31976, 1977 FicA& %
177 - 72,

ABRIX I3 EENE 0.5 m, #RFH 0.25 m DfEMNE T
HY, Xilid 2 ESBEE Bz,
FAEZFICEREFIC BT 2 ERERIC S &T
wofz, HEREEIR, FEOATFEE, BE, &
£, LETE-ENER LR, HEEEE, B
FE, PH)— I E, KFEAH, XEEE, 4
2%, BRE, HHEBOO 13 BE T L, B,
EFEMOWEE, 1 (358<8) »55 (b
B) FCOFMTITL -7, BB HOTEIT
1977 42 1 fAER 25 BRI D & 474 - 72,
MOTE 2 1976 48, 1 KAE 51K, 31 10 fEk
2D EREL 72
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Table 3. Cultivars examined and their originated country.

Cultivar Country Cultivar Country
1. Tammisto Finland 26. ¢tofte Denmark
2. Valto Finland 27. Pajbjerg 68-2-13 Denmark
3. Trader Canada 28. Pajbjerg 68-2-27/71 Denmark
4 N FoGo (b W. Germany 29. Trifolium Denmark
5. N. F. G (B)V W. Germany 30. Winge Pajbjerg Denmark
6. Neuga (A) W. Germant 31. Leto Daenfeldt Denmark
7. Neuga (B) W. Germany 32. Pajbjerg-pf-179 Denmark
8. Fiola W. Germany 33. Pajbjerg-s68-2-13/ 72 Denmark
9. Merbeen Belgium 34. Bundy Netherlands
10. Daphne France 35. Comtessa Netherlands
11. Nalade France 36. Festina 2) Netherlands
12. Sequana France 37. Garanta (A) Netherlands
13. Marbury U. K. 38. Lw. 42-38 Netherlands
14. S. 53 Uu. K 39, Sceempter Netherlands
15. S. 215 u. K. 40. Barbarossa Netherlands
16. Lgken Norway 41. Barkas Netherlands
17. Svaléfs Sena (A) Sweden 42. Dufa Netherlands
18. Svalofs Sena (B) Sweden 43. Garanta (B) Netherlands
19. Bottinia 2 Sweden 44, Largo Netherlands
20. Irene Sweden 45. Belimo (A) Netherlands
21. Svalsfs 01225 Sweden 46. Belimo (B) Netherlands
22. Weihenstephan Denmark 47. Bergamo (A) Netherlands
23. Arva dtofte Denmark 48. Bergamo (B) Netherlands
24. Joma Denmark 49. RemKo Netherlands
25. Marsk-2 Denmark 50. Rossa Netherlands

Note: 1); {A) and (B) show the same variety, but their seed samples are originated from different seed lots.

2); Autotetraploid variety

B R

ERE DG TORRE, EREERCLFEI
HEHEHER» RO 57z, Table 412 13
BOMBEREEZ R 72, —HFEE E & R,
SEBOMICIIADNRES, FEEE L OREIZIE
EDHFERHEBEBRIA LN, —BEEOREL
R II R D, BRI BEEICH B,
PR B3RS, FBEE, 2ENLEORE
ZERICH Y, BpAEREIIERES S, BRI
L B KBEEOREIEGL 4> T b,

Table 4 HFEBAATHNIC ET X, ERS T £4T
v, ZoEAME, WFAREL Table 51c7RL
o BIERSF TT, AWK 2NHESD S
nTwa, F1ERTE, BE BE, Bk, ¥
Mg, —HEEETENS WEY, NS, HFE
(Y, SEHTAOEEL L5 Twd, L72Ao
T 1 ERTIIRELERPEDOIT B (EER),
INELFEEREHOT L (FHE) o RREK
bLTWwbLDrEZLNDL, F2FEXTIL, B
B2 T RNTOBETEDERZ E>TEN, ¥
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Table 4. Correlation coefficients among characters in 50 cultivars of meadow fescue.

(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
(1) Growth habit 047 010 116 003 255 3520 -6 —.018 ,160 .359* 057 092
(2) Culm length .27 4784+ 299 — 473+ 152 — 422+ — 191 —.59] = 36 —.372 ATl
(3) Ear length b4 244 — 034 .283 .085 213 020 34290 .274
(4) Leaf length 361 —.216 L380%  —.220 —.021 —,286 382¢x — 118 A78x+
(5) Leaf width —.353" 4d5%s  — 088 .205 -.321 457 — 212 677#+
(6 ) Number of heading tillers .261 134 —.159 819+ 243 055 —.613x+
(7) Dry weight of heading tillers —.100 001 132 990+« — 235 585+
(8 ) Number of vegetative tillers 850+ 676+ —.043 612+ —.143
(9) Dry weight of vegetive tillers 373" 070 519x+ 199
(10) Number of total tillers 152 .388+x  — 540ex
(11) Dry weight of total tillers —.204 ,395% ¢
(12) First heading date —.199
(13) Mean heading tiller weight
Note. *; Significant at 5%. *+; Significant 1%.
Table 5. Eigen values and facor loading of principal components.
Z Z Z
1 2 3
(1) Growth habit 137 .333 .433
(2) Culm length 702 —.268 —.111
(3) Ear length .364 .454 —.270
(4) Leaf length 680 218 —.104
(5) Leaf width .661 .255 —.218
(6) Number of heading tillers — . 488 414 709
(7) Dry weight of hrading tillers 578 .636 428
(8) Number of vegetative tillers —.525 .622 —.476
(9) Dry weight of vegetative tillers —.189 .615 —.658
(10) Number of total tillers — 667 662 253
(11) Dry weight of total tillers .567 678 .381
(12) First heading date — .479 .400 —.510
(13) Mean heading tiller weight .852 .218 —.277
Eigen value 4.150 2.948 2.221
Cumulative % 31.9 54.6 71.7
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Fig. 1. Scatter diagram of the varietal scores in
the Z1-Z2 plane.
Note: O ;Diploid cultivar
@ ;Tetraploid cultivar

[CHBESEE, R E MRE T FEIE ko
Twvd, L7zdi- T, &2 Bl EERNT A X,
53N EKEERELLTWELNEEL LN,
3 EATIE, HEEE, MEMBEH TANRWE
BESTWBIERDL, ZOERTIZRBMEL £
FAEELIC BT 2 REAENARDLL TR0
stz ons, Fig LIc&RENE 1 o L H# 2
FHODZ 2T —DEARE R 72,

4 RERIZE 1 N TEWEERL, ERTHE
LWEBEREZ>TWwh, L L, 82 F8sr M
B R TSI I —EnfEmyr A sl
oz, FHUSHL T, 26K Tl
B Koo SES RO BOHEICES D, B
ERATEE 2 ERICIE, RELIESL ORI
2% (AN

Fig. 212, B 1EWMS L E3 ERFTNDA2T —
DEAIRE R L7z, Fig 212 B TH HmiE 2 b
2 fERREN % (g, MOFLHHEICEE > T
BY, Fig l tFEUaMms—rkb>Tnb, 2
DZEDL, AF—7xA7EEN%E 1L, ER

(55 1 Emsr), ZHUE (5 2 :/sr), Faelts
A RIIC BIT BHEEER (83 E8) KB

Fig.2. Scatter diagram of the varietal scores in
the Z1-Z3 plane.
Note; The symbols are the same as in Fig.
1

L THEBML 2B ERE2 L > T0H LD
CHBEEND,

2. NEFEREOLERER

RIRBRERE X ¥ —7 = 2 7 IEDRERHEIC DV
TERSHELBR L TR L 72,

%8B, KRBT AF—7x A7 DEEN LM
Attkhcmz, BFEYic s 2 IE, BERED
iz, AEDAIIX & ZEDANX ) 2 K BED A FUALE %
T, WEMICOWT, SHIREEmLL,

HiE & UHE

Table 6 iz fikalbrkt 2R L 72, BEAEHL 8 A
Elicbz ) ERE N 2 H5E 14 G, BIRBR L FE
U 4Ek2 i@, #nica—ua v S RT7ILT A
ORER 1400 m (THSR T 5 A HER 1 RO AR 17
kg, 1RMTH B,

1979 4, ~<— ¢— Ky ML D FELH2E
BRRIGICRAE L, 31980 FICTAE AT » 72, &
BRI EENR 0.5 m, BRI 0.25 m DEMKRET, 2 X
AL L7z,

&5k 1 RO 5 A, BT 10 1BMA % BATEIAIC &8
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Table 6. Cultivars examined and their origenated

countries.
Ploidy Cultivars Countries
2n Trader Canada
2n Ensign Canada
2n Valto Finland
2n Tammisto Finland
2n Bottinia-II Sweden
2n Skneszouicho Poland
2n First Japan
2n Yukizirusi gosei I  Japan
2n Leto Denmark
2n Mana Denmark
2n Bundy Netherlands
2n Perdita U. K.
2n Hij-0156 unknown
2n Dira unknown
2n Bf 945 Italy (1400m)
4n Svalofs 01225 Sweden
4n Festina Netherlands

TAIER Y, REFE 4 b NICHE 2 JE L 72,
$ 72 3 EAIEX & 5 BRI #5%0F, 1 X5
AR DF 10 i > & BN EEHBEARGHE > K
D1z,

11

R

Table 7z 13 BEBMERE LR 72, AW
eRHER, BE OBR FETEEOERLE
TR, SEEE, WX FH—EEE, W
e, —fL%) oE, 3EAMX E 5 ERIXIC
BIFAEHNE, 2L T5RMEE 3ENRDH
FIREN TR I NLHENTEETH 5, —it
FZEE T 3ENIRX, 5B ROFEBRE &
EVIENFEBEBELR r=0,455, 0.544 25 D, DY
A RDKE 75 ffEH M E LD ) Tl  FHI
RISk sEm»RBHLNDE, 72, 3ERNKX
& 5 A X o F B EDBIZ 138 E 4 IEOHBIR
FRizR s NT, REOBEMIANEREIICZ L - T
ELT L2 B,

Table 7 DARBIATFIZ D %, TS 24T
T, ToBEAEEHFEfES Table 8j2RL
2. B1ERSORFAREIL, BE, Bk ¥
K, BEE, —HBXETO.7UEoEWMEL L),
E oo REEE, 3ENK, 5 EDAXOFEMIBE
WKBWTL 05 UEDENEEZ &> TV D, LT
T, B1ERSEERE SRELEEDLL T
LLNEEZLND, B2ERS TR, BENE
FH70.901 L EWVWEZRLTEY, ZOEHRSIE
DX & A EA X OFRNEN L TEHEN D
HEIEHARL T LnEEZ LN, §3
TR IEREEA R A7 0.864 DEWEER £ 5T b

Table 7. Correlation coefficients among some agronomic characters in 17 cultivars of meadow

fescue.

(2) (3) (4) (5) (6) (7) (8) (9) (o) an (12) (13)
(1) Culm length 763+ L611#x 440 154 637 —.203 .281 .636x+ .068 458 337 -1
(2) Ear length 730+ 643« 273 567" —.332 .155 695+ 272 495" .548° .024
(3) Leaf length 722 =031 53* 0 —-.1800 —.133 .563° A1 .31 4917 .057
(4) Leaf width —.035 423 —.57 —.370 L 788xx 2315 275 511 .193
(5) Dry weight of vegetative tillers =283 ~.216 407 —.024 50" —.115 27 348
(6) Dry weight of heading tillers 211 .164 655x —.297 855+ 317 —.551*
(7 ) Number of heading tillers 2711 —.593 —.669 2322 =33 —.648
(8) First heading date —073° —297 -0l —.075  —.008
(9) Mean heading tiller weight 276 455 .554* 059
(10) Number of spikelets per ear -.179 481 628+
(11) Total dry weight at 3 cutting 431 —.568°
(12) Total dry weight at 5 cutting A8T*
(13) Regrowth ability




12 el R R

Table 8. Eigen values and factor loading of prin-
cipal components.

1 2 3
(1) Culm length 761 —.243 309
(2) Ear length 885 —.052  .247
(3) Leaf length 798 —.080 —.118
(4) Leaf width 826 177 .36
(5) Dry weight of vegetative tillers 133 436 765
(6) Dry weight of heading tillers 672 —.699 —.004
(7) Number of heading tillers —~.453 —.751 157
(8) First heading date —.063 —.256  .867
(9) Mean heading tiller weight 891 012 —.135
(10) Number of spikelets 347 785 054
(11) Total dry weight at 3 cutting 565 —.653 —.011
(12) Total dry weight at 5 cutting 11 284 097
13) Regrowth ability .09 .901  .080
Eigen value 5.108 3.343 1.730

Cumulative % 39.3 65.0 T78.1

ZERLRBEEELLTVILNEFEILN
%, Fig. 31281 55 & 8 2 =845, Fig 4125
1S EFEIEFNNIBITEEREN LI T —
DEA R %R L 72, 4 154K 1 & Savalofs
01225 (3% 1 FlD TlH TEWEEZ & D, BIR

[
2
o}
° 1
®
o
o
e .,
-2 —1lg 1 2
o o4 o
| o0
&0
1o
o ]
.’,42

Fig. 3. Scatter diagram of the varietal scores in
the Z1-Z2 plane.
Note: O ;Diploid
@ ;Tetraploid
© ;Natural strain

IR e B 24T
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o
= Oﬂ ° 1 7
° o) °
o)
o © g
+—1
°
-2

Fig.4. Scatter diagram of the varietal scores in
the Z1-Z3 plane.
Note: Symbols are the same as in Fig. 3

Brr FERICBHE L ZEBRAIRL, SWTH -7z,
f s, HERERIER 2 £ TlRO TEHWER & -

TEY, ZOZRBIZLEAMKIC ENEENKTT
R ERERTIERH LN,
2 FER AL, 4 EReEERIC N, T,

FLERTDA AT —DMIEN»E LIC2LUT %
AL, WEBICEL T2 KRR RELE
B3AL Toden, M, 3 3 F85 T L Bk,

2 BFE R IR E 2 RS T CERHEDT 1 BN
DEIZHD, ZOEEFIZONWTH, KELER
IFE8H LNk - 72,

LIt s, 25 nERicig, Eie %
Wi (B 1ERS), FED (FB2xs), Pk
M (53 RS e BRI EE LR
LT, RELERBLVWEWZ S, ZIIIHLT,
4 RIS ER Y SR DN T, ifi%m
FEHANZOWTHELFHE L2 5D
7z,

3. R OBRENFHE

AIERBR ORI, R EENCEL T

TEEE LR LN, FITERRBT
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i3, AF—72R70%BRLZMRL, IR
HicoE, LB ANz 72,

MEls L UHE

HEEREEEHE, 4 XY 2D« — )L KB RERT
R L D e ) e, HEETNI0 R & e
Trader T# % (Table 9), AT TNC, 4
YT ) T BEE 900 m LB il
W) ICHRL R TS B,

1981 Fic, _—o3—X v F THW L 2HE 2 ER
BB L, 31982 ISR 2 ITR » 72, B
Xig, MR 1 m, $RE 0.5 m HEEETHY, 2
FASELSREE & L7z,

BAlER & Rk, BETEIIZ BT 2LE, Mg
B, FH3EAKXE 5 EXIK D 2 KEDRAEL
PR % 5l F, SAEECBAREE & BIE L 72,

Table 9. Materials examined and the latitude and
the altitude of their collecting sites.

Strain Country  Region Latitude Altitude(m)
Bf1056 [taly Garessio 44 1000
Bf1057 Ttaly Garessio 44 1380
Bf1060  TItaly Casotto 44 1235
Bf1068  Italy Colle di Tende 44 1300
Bf1069  Italy Colle di Tende 44 1300
Bf1071 Ttaly Colle di Tende 44 1100 -
Bf1072 ftaly Colle di Tende 44 1100
Bf1075  Italy Limone 44 950
Bf1076 Ttaly Limone 44 950
Trader Canada - - -
#w R

BEFEC BT 2 =T A 21 BE 2 VT, £
Mk ATev, Table10 12, ZoBEHME RT A
TiEAR LI, 82 TS E TTETEOK 2%
PEBEING, F1ERFONTEMEEG, HE
EET0.875 L ENDEWVEE, FEEXET—0.722
VI HEDEWER L 5 Twb, LA T, B

1 Bl RIS BT 2 XS, &mE

BrFFEEROEMEZEDL T2 LD EER
L8 2 ERAE, P —HEEEE AT 0.804
ENEEE, WEERTIE-0.761 £V AN
EWER L 5 TwdIEhh, EREERLL T
2LDEE2Z 615,

Table 10. Eigen values and factor ioading of prin-
cipal components obtained from 21 char-
acters in natural strains and cultivar.

Z1 72
(1) DWof lst crop .83 —.327
(2) DW of heading tillers 875  —.298
(3) DWof vegetative tillers — 722 019
(4 ) Vegetative tillers per total DW —.870 179
(5) Number of heading tillers 5200 —.761
(6) Mean heading tiller weight .37 .804
(7) Culm length .681 173
(8) Attachment height of the 3rd leaf 781 —.466
(9) Attachment height of the 2nd leaf 875 —.367
(10) Attachment height of the flag leaf .919 016
(11) Ear length 784 .405
(12) The Ist internode length —.429 .297
(13) The 2nd internode length —.429 297
(14) The 3rd internode length 687  — 480
(15) Number of spikelets per ear 576 616
(16) Number of florets per ear —.317  —.380
(17) Rachis length —.140 .801
(18) Leaf length .729 .631
(19) Leaf width .279 .919
(20) Culm width 234 .946
(21) Heading stage —.b88 —.397
Eigen value 8.567 6.567
Cumulative % 40.8 72.1
23
®
H2
11
@ ® [o]
& 4 + -+ Z,
—2 —1 1 2
2]
@
[
r— 1
@
I,

Fig.5. Scatter diagram of scores in natural
strains and cultivar in the Z1-Z2 plane.
Note: O ;Diploid cultivar(Trader)
© ;Natural strains

Fig. 51z, &%, &MEOE 1 TRTEHE 2+
W5 2 3 T —OEATR AR L 72, '
1 e TlE, 588 Trader 54 BERI )+~
TR NG NEE & - TH D, Trader &
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Fig. 6. Relationship between annual plant yield at
3 and 5 cutting systems.

Table 11. Standard deviations of first heading date
between cultivars in meadow fescue,
orchardgrass and tall fescue.

ER RS Fo

n mean® sd
Meadow fescue 50 8.2 1.598 1)
16 5.6 1.332 2)
27 7.0 1.821 3)
Tall fescue 21 4.4 2.739  4)
21 9.8 5.807 5)
Orchardgrass 49 — 0.5 4,267 6)
25 6.7 3.484 7)
Note: *: Days from lst June,
1) : Data from section 1,
2) . Data from section 2,
3) . After Kawabata 57),
4) © Unpublished data,
5) . After Sugiyama 96),
6) © After Gotoh *0),
7) : After Gotoh 45,
AERRAURC TSR L A H LN D,
L7245 T, HBERYS Trader |- e~ gk &

WNC BT 2ABERDBEAN 4 WA H B, A

¥, HEE2ROTE 2 EHTIC
KCRELGEREFELTWS

RIRBRORER, AR EH X

I3 RERY o) SR

e, 2

METF 2l ESRELE,

Fig. 612, 3R & 5 BAXDEFN ENHHE
BABAMR 2R L 72, FHWEIX 3 BAX AT 5 BIX X
F0EL oz, F72, TR OEMNED
B ISAHBIRE R A e & e e » 72, — %I, &
ey Trader o b, 3 AAX TI3AREL & 7% -

o4
r=0.663
1.0
o
9r
z
3 o
[
L o
£ 8 o
2
& o
2 °
o o °
o ®
4 L i 1 1 1 1 1 1 i

08. 10. 12 14. 16. 18. 20. 22. 24. 26
Vegetative/reproductive dry matter. weight
Fig. 7. Relationship between regrowth ability and

vegetative/reproductive dry matter wei-
ght.

T B, 5 MR TEB E % 2B A L5,
& 50z, Fig 7 icHAEES & i E /1N
BOMOBREZIRL 2, WA MICHE r=0.663 &
V) BEZIEOMBIRFRAEED b, BRI
T ARBEZDEEDEIZE, SRNRICHT 5
ZEME TORNBNEENE L k& ERY»H B,
HEEERNE, WITNOREEL fE Trader & 1) H4
THREDE G FEZEEDEALE k> T,
L7555 T, BiEBROR L b, RIS
RIS N, A RMICB W T FEEERIEA
T, OB ESET L, BEzs
CHIHETCEDLNEEZ LD,

xz B
FERA AR, A F—7 2 27 BEMICIE
BERGDAIT—ICKRELERIZ L, £<D
TR L BT X TR LI IC S F M B o 72,
UL, A F—7 o 27 BREOEIRIE R
CEBLDEHEINDS, W 5L, A
P72 27 & b7 2 270 GHEIE R
TV, A F—7 227 b= 7 2 X712,
LRGN & 2L T 5
2T, AF—712 A7 X HNEREEDERN
KREErHETLRHIZ, AFN—7227, F—
NT 2 A2, F—Fo—FTT72ANIHEEICDE,
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1) Meadow fescue
(number of cultivars are 27)

1 . . .

Number of cultivars

21 1

2) Tall fescue
(number of cultivars are 13)

. 1 .

3) Orchardgrass
(number of cultivars are 6)

-

3 4 5 6

Standard deviation

Fig.8. Comparisons of within cultivar variation of first heading
date among 3 grass species.
Note: 1) ; After Kawabata et al.s”
2) ; After Kawabata et al.*”

3) ; After Gotoh*®
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e hRESERINTEY, &FEOSEHZER
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F—7 222714, 300RBTTNTEERED
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H#EE» 2L EE > TEY, AF—7227
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Fig. 8I2/RENTWE LIS, A F—=T 227D
ZLDEFED 1.9 UTOEEREL L > Twb0
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(451K 1CHNT, BROBHHNZ & D—K
EEZ LN G,
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Lolium JEH &R Lt o BBICH 2, L7z
o T RFEFICDETL A F—T7 = 2713, Bk
TERYEACERTLIHEL), LA Slxt
BEIEIT 385 2T AR AL Yo, &
FERIPRBEMRE S RET D 2 Hic b Y, HEMELE @
UCCERELPIRT A HANGELL CErRMELE 2
N5,

SIMONSEN®" %, finffeEi3, A F—7 12
TRRLZTNTA 77 2OBWEWUNERN %L
IHEMRITH Y, FEMeeiehl ), —%He
VRNV ERETHDLZE2HREL TS, BED
WEERIZ, —ilavhe i nB~AREIC D¢
BEAEEREED R E o T b, Lizh 5 T,
BFREOKEIX, TCNARERFRLEDL JICE
L, BRABETE SRR EET 5
P oTnd, L, AF—72XA 7D
ROWEDNZ E1E, ZOFREICILOEA, K
ELRBELDID, A FP—T7 2 A7 DBRICE
LTid, N 52980l Tvs ke, 94
REWKRT e EZ LN 5, RERL,
AR I IR RO S B A T % A
XTOWBEE»TEND &) BErEDH LN
72,

Lichi» T, teRER oM, Akt &0
oL T3, BRLEEFRE L LDEH
255, UL, EEEIDEN TR TH
., HETRMOBERZIC WL, &5
DEHFRICE Y, ERPILKT 2 I &HWE
FEbN5,

FINE IBERIIBIIEER

BIETlE, A F—7x 22713, o g
BRI T2e, BREPNAT 52 & nbEME
el 2, Lo L, RO &0, 24F
RL~LTid, X F—7z 27 DRBENER%
FLHMKRTELWLD L EbNS, 72 TCKE
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F—7 2 27 DERDYCROWREMEIC DWW THET
L7,

1. BE 4 EBEREOABNIEH

AIERBROFER, [WE 4 RO GFEITE L < S|
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Wty MR L, BETH60 AEE
Wtk 5 AFEBEICREL 72, B4E, BES
ZMC QAR 2SS L, A R LD L 11|
AR 72, 251084, 11 AKRMTETER
Thew, EEINICET 238 L 72, BRI 3
LiREfa2REE L, = —Ky } THEH#,
5 RIZES~ M L 72, BRI L, IR 1 m, #
fH 0.5m o 3 AEELEE* Fv e,

%, oz kg Trader & EIREICHEELL
72, MRS ETERC, N, P, K, #nsn
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10a%9, 4, 6, 7.5kg, —FEAFEEN, P,
FnEn2, 3 kg “EEAREN, K, 20E
nl, 2kgEaLr,

R, &T BEOBTEHIC v, 1K
15 ke 2 R, Bt 10 MK > CElE L 72,
WEFE, BE, MR, LETE2B0%EE L
SR, A, IMEE, EEHLTHL, N
B 4Bk > S 3% L7, WsdAs 7 A
OBIEN (—FE) & 8 AT (CFE) 120w
THT %, KRN % 80°C 48 BRSO 1%, &
REL 2,

"R

Table 12 iz, Trader & 58 4 24K 11 iz
5, FELCRBEREOVEEY R 72, FHE 414%
ARFEICIE, IRTCOBE TRELERIEL
Twb, UL, EE 4 E54R#E, Trader izib
L., —icssErmd L, FH—EE, BE,
R, ERIEMY AEMIZH - 72, Fig. 912, [H
B 4 5k & Trader # EABAL THE T 5726
iz, PH—XE, BiR, MG H, ¥R, FEE,
EHENGA, HWEROBES YR 2, BT
EoMEF L FERIC, F¥—%E, ER, R 0
s TIIEVE 4 AR5 A5 Trader (2 b L3

IMEmEIC B Y, R CIREAEE LR 72,

BETIE, RH 4RO Trader (2 o~
T, BEEE AR L 72, RV 4 KA~
LA BT e —iE, BE, B1EMEL D
b BE TlicA LN, Euco
WTI3, [RVH 4 54k & Trader o ic i3 50457 ¢
F—UICERDPALNT, BEIicL > THBTL
LEEDEALT B b Tld%v, Tablel13 iz, £
B RENEE S8 %~ L 72, Trader &
FE 4 EARRICAEE RO SRR, TEE,
SP¥)—ZEE, HEEGE, BWETh -7, 2F 9,
BRI & > THE L ZE D A o, ©hEo
T, MerEAlL & v o) R L 7o, EEEa T,
R L IEDY A ZOBEMIC DV T EB AR &
L =T 597, BEibic oW TR L 12—
T 70\ OSSO0 s FRE, IR, THR B
"BEBRCMMAOE T, TTEE 4 SRR
KCHBEIBD LI,

FHCPE—Z2H, WA, RO WTE,
FE 4 EHRAHEICEFECER S A LN, —X&
DT, WAl EHEROET OB RBE T
KES BB RT3, Figl0iz, Tra-
der & Z 4 AR O—FH L “HEPNELZRL
72, [VE 4 KT 5 R TAEHE S Trader

Table 12. Mean values of some agronomic characters for each of autotetraploid strains and its original

diploid cultivar, Trader.

Yield of No. of Mean Dry matter First Culm Leaf Leaf Ratio of  Yield of Plant
strain Ist crop tillers tiller wt. content heading length length breadth leaf weight aftermath type
(g) (g) (%) date 1) (em) (cem) (em) (%) (g) index 2)
1 199.98 195 1.33 30.58 10.9 112.1  15.0 9.3 14.23 69.41 6.56
9 218.96 220 1.12 29.51 10.8 111.6  19.2 9.8 14.61 60.76 5.20
11 224.55 238 1.20 31.18 14.0 118.3  16.7 8.0 12.64 60.85 5.03
6 239.99 249 1.15 29.90 11.5 105.1  16.2 9.6 14.39 74.33 4.79
4 225.30 251 1.15 32.19 10.5 109.3  14.5 8.3 12.57 53.14 4.78
10 273.68 267 1.08 30.90 11.4 114.0  14.5 8.6 13.22 77.25 3.94
2 283.00 296 1.00 29.28 11.9 105.6 16.3 8.7 16.30 87.32 3.32
8 312.11 354 0.94 27.34 12.8 109.7 17.6 9.6 17.98 95.94 2.63
3 306 13 356 0.93 30.90 11.0° 103.1  22.6 10.6 17.09 75.89 2.61
7 268.61 353 0.83 34.26 9.3 105.3  14.2 7.3 13.97 86.46 2.19
5 233.08 378 0.77 36.62 9.3 105.1  19.3 8.6 12.67 80.52 1.96
Tetraploid 95322 287 1.05 315 112 109.0 169 9.0 145 M. 40
Trader 258.60 304 0.83 33.77 9.0 105.7 14.8 7.4 13.21 85.56 2.66
Lsd 47.52 96 0.29 3.62 1.4 9.2 3.4 1.8 1.29 NS 0.93
Note. 1): Days from lst June. 2): Plant weight/{(no. of Lil]ers)2
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Table 13. Analysis of variance for some characters in diploid cultivar “Trader” and 11 strains of
autotetraploid derived from Trader by colchicine treatment.

19

Mean square

All strains Within Diploid vs Error
and cultivar tetraploid tetraploid
Df 11 10 1 11
Yield of Ist crop 3826.07#+* 4200.69x+ 79.90 789.14
Yield of aftermath 323.22 333.96 215.73 187.67
Total yield 4930.31++* 5322.31#+ 1010.29 522.51
Plant height 41.98 44.19 19.86 17.95
Leaf length 13.03** 13,49+« 8.36 2.46
Leaf breadth 1.98*+ 1.73 4.48* 0.70
Mean tiller weight 0.0632* 0.0609* 0.0862* 0.0714
No. of tillers 7241.05* 7920.14* 450.07 1947.89
First heading date 6.29%« 5.71** 13.72x+ 0.68
Dry matter content 13.10+*+ 13.10%= 13.05 2.67
Ratio of leaf weight 22.68x+ 24 . 36%x 5.86 1.66
400 -
1 i
20300
=
e
3
s 200
T
£
P
a
100 |
Frader 8 3 2 10 7 6 5 11 9
Strains

Fig.10. Yield of lst crop and aftermath of each tetraploid strain

and cultivar, Trader.

Note: [ ];lst crop [ |;aftermath
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Table 14. Correlation coefficients among yield of Ist crop, no. of tillers. mean tiller weight, dry
matter contenet, first heading date, plant height, leaf length, leaf breadth, ratio of leaf
weight,yield of aftermath and stem thickness.

(2) (3) (4)

(5) (6) (

-1

(8) (9) (10) (11)

Yield of lst crop 0.698* —0.566  —0.277
No. of tillers =0.909**  0.384
Mean tiller weight —0.525
Dry matter content

First heading date

Plant height

Leaf length

Leaf breadth

Ratio of leal weight

10) Yield of aftermath

(11) Stem thickness

P S N NI P
O 00 =~ O U o W DN
[ NN

0.125  —0.415 0.300 0.190 0.717%*
-0.322  —0.639 0.358  —0.079 0.326 0.664"
0.534 0.653  —0.243 0.272  —0.142 —0.672 0.911++
=0.722=» —0.302  —0.101

0.725++ —0.556
—0.870+

—0.587*  —0.670* —0.018  —0.464
0.615* 0.110 0.309 0.320  —0.415 0.554
=0.273  —-0.116 -0.330 —0.48 0.766+
0718+ 0.484 0.004  —0.069
0.645* —0.088 0.336
0.526 —0.182
—0.615"

Note. *: significance at 5% level
KRR TIZ, WEIDRIY 4 BRRHOMIC, [

HAafERmafE s A F—722 70 EK 451K
F. pratensis var. apennina %5, Zh b 4%
R BEFEICOWTHE, BEL2, o8,
var. apenninag NDEEEIZ SN TI3, B 1= Tk
Ni2EBY)TH B,

s L UFE

Table 15 {2, SRR Z R L 72, 2 5K SR
BEREG A F S, 74T F, 27e—F,
K—Z > F, BE, Tr=—20, #7258, A%
V2D 8HEICHIZBA, M4 ¥ ) TS
1400 m o IIEHRT IC SR T 2 4 1B 1Y 1 R+ H
Wiz, ¥z, MEAKE, A7 —TrE AT
Y ATERE NI 2 BFE & EH Trader # BHEK
ELTHERLLZARMTH S,
2 RBHIE, WL AL ADKE
WHEICHRL LD TH B,
1979 4F, ~— 3—FR .y P TEHH LW % 6 A
AN ERBBICREMEL, #1980 FFHE AT -
7o EBKIT, BIEO0.5m, ¥k 0.25m &L, 2
FAGESEE Lz, &WHE, 1 KE 5 BE0i10
ko &, BERIC H b8 COUIY, WHE,
S NREE T > 72, F72, HH 3 [EAIKX
& 5 AR R DA BULEL % 851, ZAEERC I 1 )
5 ER D 10 ERIC D X {2 DHME* Ko
VA

var. apennina )
1700 m o |1

x+: significance at 1% level.

Table 15. Cultivars and strains exmined and their
originated countries.

Ploidy Cultivars Countries Ploidy Cultivars Countries

2n Trader Canada  4n Sva. 01225 Sweden
2n Ensign Canada  4n Festina Netherlands
2n Valto Finland  4n EE Japan

2n Tammisto Finland 4n E Japan

2n Bottinia-11 Sweden 4n M Japan

2n Skneszouicho Poland  4n L Japan

2n First Japan

2n Yukizirusi-gosei-1 Japan

2n Leto Denmark 4n var. apennina-1 Switzerland
2n Mana Denmark 4n var. apennina-2 Switzerland
n Bundy Netherlands

n Perdita U. K.

2n Bf 945 Ttaly(1400m)

w R

Table 16 iz, éﬁﬁﬁ, FHEE CTEEENRD S
N2z 21 EICDE, SRR ER L2 &
f\ufil,tun@, R 2 5K, EE 4 154
var. apennina O 3 FEZVT, BEME & HENICS %5(

EAEIL TRERAT - 72,

A HieEIc W T, var. apenning |3{RK
BORRNIzD 1 RFDAEHNTWD

Tk, WEICOW T, REREICEEEIR
BHLNT, 2K ERE 4 ERIEFEST 5 &K
XRUERPREDLN L -7,

Lo L, Moz, Tablel16icRL 729~
TOWETHEE LR SN2, £, —igEz,
HEROGEIE, BEROSEIZIERT, FL (v
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Table 16. Analysis of variance for main agronomic characters among diploid, autotetraploid and

var.apenning.
Mean spuare
Between group Within group Error
Diploid  Autotetraploid Var. apennina

Weight of heading tillers (g/pl.) 1514 *= 297 126 15 143
Number of heading tillers per plant 20654 *+ 1026 * 987 576 746
Mean heading tiller weight (g) 0.495 ** 0.011 0.052 =x 0.02 0.0061
Plant type index 139.9 *= 0.4 28.8 *x 8.0 3.32
Weight of vegetative tillers (g/pl.) 359 *+« 11 4 7 6.5
Vegetative part per total weight 1) 598 *» 28.7 *» 12.7 3.3 5.48
Culm length (cm) 423.7 *x 97.5 * 150.6 * 37.2 38.2
Ear Length (cm) 82.3 *x 4.2 *x 12.5 *+ 2.2 0.88
The first internode length (cm) 237.5 *x 15.8 20.7 13.0 8.4
Attachment height of flag leaf (em) 130.6 *= 12.2 7.6 10.2 5.16
Leaf length (cem) 78.8 ** 6.7 * 9.3 * 17.8 * 2.4
Leaf width (mm) 20.65 ** 0.47 0.31 3.18 == 0.19
No. of spikelets per ear 407 *= 149 ** 67 ** 22 6.2
No. of florets per spikelet 8.26 ** 1.08 *+ 1.32 *= 0.08 0.20
No. of florets per plant 89291 *= 2979 2747 5844 *= 1439
100 seeds weight (g) 1.543 =*= 0.014 0.100 =+ 0.0001 0.0063
First heading rate 2) 32.6 * 3.38 x+  15.80 *= 1.24 0.46
Regrowth ability 3) 1.579 *++  0.102 +«  0.042 0.0286

Note:  1): Values transformed in arc sign.

2): Days from lst June.

3): Annual yield under 5 cutting system per annual yield under 3 cutting system.

Table 17. T-test of mean values of main agoronomic characters between diploid, autotetraploid

and var. apennina.

T wvalue

2n-tetra. 2n-apennina tetra.~apennina
Weight of heading tillers — 2.24 *» 3.51 == 4.59 *x
No. of heading tillers per plant 7.66 ** 7.18 == 2.08
Mean heading tiller weight —12.71 == — 3.57 *x 4,28 *+
Plant type index —10.01 == — 5.87 == 0.93
Weight of vegetative tillers 1.74 — 9.85 *x —10.16 *=*
Vegetative part per total weight 3.34 —13.58 == —14.57 *»»
Culm length — 4.48 == - 2.31" 1.92
Ear length —13.63 == — 2.47* 5.86 *»
The first internode length — 6.17 *= — 5.41 *+ —1.32
Attachment height of flag leaf — 3.18 == — 6.86 ** — 4.45 #x
Leaf length — 7.19 == — 5.05 *x — 0.38
Leaf width —12.40 *+ —10.45 == —2.26"
No. of spikelets per ear — 7.16 ** —10.12 *= — 5.09 *=
No. of florets per spikelet 0.15 9.14 == 7.33 *x
No. of florets per plant 5.38 *x 6.75 *=* 3.04 *+
1000 seeds weight —21.73 *= 9.43 *x 13.86 *=
First heading date —11.38 *x 1.52 8.21 *»
Regrowth abtlity 0.07 — 4.20 — 3.93 *»

% L->THY, FREICALNSMNE, RHEH
ERNE L, 2 15K, FH 41514, var. apennina

2z

DEDOERICHET L L w2 2, BEOEREE S
LIZEEL (BETT 2 72dic, Table 1712 2 54k &
FH 4 54K, 215K L var. apennina, FE 4 5K
& var. apennina O 3 DNEAEIZDOWT, F

ED tREDREREZRL 72, 72, Fig13 1cid 2 4%
1K, [EI'E 4 51K, var. apennina O EERE DEY)
DB ERLT:, BEIE, W{D»rDITNL—-7
T s ENTESL, 7, 2M5KEEIH 465
K, 21tk ¥ var. apennina HWET, FEHE
LicR LR, 2@KICHT % 4 BR0RHE
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Fig. 13-1. Comparisons of mean values of main agronomic charac-
ters among diploid, autotetraploid and naturally occur-
ring tetraploid var. apemnmina, represented by ratio to

mean value of 2n.
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Fig. 13-2. Comparisons of mean values of main agronomic characters among diploid,
autotetraploid and naturally occurring tetraploid var. apennina,represented

by ratio to mean value of 2n.

23



24

)
&
¥
>
%
T
4
%}-
%

r O,
o e \ - \
/
1 o 5 Lo o o R
0.5} o o
—l L 1 i . Ny Il 1
No. of florets/ear 1000 seed weight first heading dateo weight of head
o ¢]
N3t L L B
o]
.2
s
®oaor = L
O
1 L 0==—0x '0\7 ‘O\ O "/
] o O
SF F = -
—_ L n " 1 1 1 1
Zn 4n apennina 2n 4n apennina 2n 4n apennina on 4n apennina

weight of heading tillers weight of vegetative

tillers

vegetative/total weight regrowth ability

Fig. 13-3. Comparisons of mean values of main agronomic characters among diploid,
autotetraploid and naturally occurring tetraploid var. apennina, represes-

ted by ratio to mean value of 2n.
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successive harvest dates.
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ONEBFICEL TE L R - e RL 7,

Fig.18, 19, 20 ic 2 &h, @EH720H otk
ThEsE, IREE, SEWEOHER IR,
U 4 (ki ESReapE, MW E L LI, ¥
s LM 2 B L DEmCH#ERL Tws. L L,
100 HA B E 26 p 5 Trader AFBHFIVE 4 65
HlzB Vo X, LLE, Trader ieX % & 2MHAD
A5 B BT, IRERIC B> T Trader (3[EH 4 %
REVTnEFEE2RL 2, MF, var. ap-
ennina (L, $TXTCOBR T, 5B, A s L
LEF»ED -2, 3RO 100 RE L T 5
&, Trader 197 mg, wvar. appennina 217 mg, [&]
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Fig.15. Timing and duration of growth of successive leaves.
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Fig.16. Tiller number per plant at successive
harvest dates
Note: Symbols are the same as in Fig.
14.

G AEER3M6mE & D, [AE 4 ERoOfEF 053
LAKRELS o7, FE AEROMEEDY, T
CNTWBDIE, BT LHhRkEWZ EICE
LLDEEZLNE, L L, £FI»ELIZON,
EVE 4 fEAROEM IR L, 3% 100 BE)C

rvest dates
Note: Symbols are the same as in Fig.
14

13, B 4 151k & Trader D EICIE, £ ER
HHALNE L L7z,

Table 18 1z, &fE44E, FiE% 24 H, 34H
i BT pERE I E, IWEEROEARL 2, &
44 T3 Trader DEHEHI T L E» -7, L
L, BELY var. apenninag ¥ Trader £ V) %
W& 70, 348 Tt var. apennina |3, Trader
N, —BETLH6, “HFETH2FEEL
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Fig.18. Top dry weight per plant at succes-

sive harvest dates.
Note: Symbols are the same as in Fig.
14.

WEIRL AR L 72,

W I DOWT 4 R, var. apennina (T 2
£ | ¢ Trader 5T - 7225 3HEBITIE,
Trader & ) WREEE» % & - 72,

Sk 5z, var. apenning |IIFRELEDNET
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Fig.19. Root dry weight per plant at succes-
sive dates
Note: Symbols are the dame as in
Fig. 14
BENLOD, FRERBICL2D-T, $<¢H
REBEARL, THIERIECRLZ L )iz, var.
apenning |3 HEFEE £ SR AE R AN IC
HEZe Z &b b, ERORRENE Tl E
E21HN5,

Table 18. Number of heading tillers and plant dry weight of Ist crop and aftermath for diploid
cultivar(Trader) autotetraploid and var. apennina at the year of sowing, the 2nd year

and the 3rd year.

Plant dry weight

(gl/pl) No. of heading tillers

Ist year 2nd year 3rd year 2nd year 3rd year
Ist 2nd Ist 2nd

Trader 88 328 122 101 56 390 133
(100) (100) (100) (100) (100) (100) (100)

Autotetraploid 59 320 109 110 70 214 33
(67) (98) (90) (109) (125) (55) (63)

var. apenning 60 342 165 157 111 204 174
(67) (104 (136) (155) (198) (52) (131)

Significance NS NS * *x *x *x *x
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Fig.20. Total dry weight per plant at succes-
sive harvest dates.
Note: Symbols are the same as in Fig.
14
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194 L VAT TR, A 2NV T>I4 77
A YRV =TT A 7T ADGEE 4 1BKERRICHE
FL, 1963 Ficiy, [HE 4 R SEDS, 1ZLHT
BeEE 2, BAE (1981 4F) ¥ iz OECD o %
k% VT 4 ERREE, v=T T4 7
FGAT2, AZNTY 747 T72TH 282, 7
477 A TIHERATEIREZEREZ L T
%,

F7, CAROT A 7 o— L R 4 R ERE
PIERIC L ENTEDN, 4 XY 2 TIIREH 41 Wi
7 HREE 4 HRRED 12 2 EH T\ 59,

T4 77 28T, FE 4 ko BENRTEC
DWTES DMBIEEIN T2, LITICA
ARHEHEIC BT 5 B EEED TR DV TRES
L7z,

FV 4RI 2R L D, ARREINFE TIE IR E
B, 4 RERITEER TR 2 B E TS
EHINBEL LB 2 ENEL DRBIEENFIRIED

L LT v B M0005S)

ARBEICBE T L, FE4ERIEERRR, &K
BORHE & LSBT B & 2 RTHE & oRic
NEICERIEH LN LD -T2,

L7z T, Getfhn s SEMuE Tl
BRIMOFERE L TL, HEVAEMTLLZ &7
M2 N5,

Y, RFRBICEWCEE 4RI 2 4%
AR I, B L K B i, REEAHAEL,
T E L DEBICBWTL, FE 45K G
fE, RHEICEEECELVWEREOH L Z L HFE
B 5T 5109,

AHLOOWALIA® (3, #EEIRCHERFZ 172 Gt
ROBVE 4 HERHIE, WEIo L GRIE R =
ABERRELIVEB L 2HMELTws, W
T 4, B4 EROERATE, 2, 3R
FoBIc & » THEW LRI B LN & 23
LTwa, 3562, BrEICBYTH, @ik
X ORVE 4 ERIT 2R L 0 B B 2 2R
HLENTVB9,

L7cds- T, PFEEofEmakilEsSnos
A FERE I VBEWLon, #ikEFNZ 22
Eilk o T 2BRL ) B 4 R E BN
LZXEITRTHLEEZLN S, FIE 415K
2 fERIC AN, NI A b D 2
EDELDOWFRBICL > TIEBEIN T2, 74
77 AT, 4SRRI 2 R L ) AT
Ve R, TIHILERYE R, Mg s R
EIAEHUCC 70 B 2 & AT B LT 319455019

51T, 4K =T INT A 7T ADEM
IR S Tz AE, 2 B R B U S A
S NVWIESEMT 228, Fr 4B, S
DT> o4 77 ZADFMIE, 2B KIC g
DK EDNKRECT EPPEEN T, 72,
PPl & ¢, FE 450 2k
DI CNIEEL2RTIEHNH b, SIPSETH
139, R o — <RV 4 1ERIZ 2 B3R L ) FE
WD b2 2 HEL Tvwd, LA L, WEX-
ELSEN"? (3, 7 4 ZTI3EH 4 1554572 R L D
LA L OOMEEL b I E 2 H]
HEL T, 502 LItk bE, L=TAIALT
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T ZADEE 4 ERGIEIL 2 BARRELC SV
ZHEERT ENT,

b, BRI O>WTL L =P TA 7T
DY 4 ARSI, 2 fBRRHE L )RS U
ROBEAEIR IS T SRV ATE W 2 E AR S
nTws,

Ik iz, [EHE 4 EERIEAKFEm, Bk, B
2, WYL S OBEBEREIC DWW TiE, 2K
;OT<n7 EhEL L, FLT, LR

PEERKDEMEFNEBPEE L TWEL0E
%zbnéo

L72dio T, BETIREERZEKE, SHE W
5 &0, ©LAENLREEom LT, A
MEBEOFRE LN DL NEZFEZLNE, %
LT, BIECRLIZEIIC, A F—72RA7D2
BRI R EROEYI RNk, F72T74 7

T A% EIZ AN TRHE A RO FHEI BTV S
:t#b,kﬁmiA&mxr—7lx7mﬁ@

CESTKRELEREERT LD EFEZ LB,

A RF—72Z2 7D HK 45K var. apennina
13, 2 fEROERERRE L FMkIc, EREEREIC
BT a¥mEENSPAT, KEEPE, £HE
MK T B ES 2RI EE RS 57z,
L& L, var. apennina |23, %O BIENEE
TN ALNRT, BTRELEWZ &
b, var. appenning B H O BENFIR Iz LT
LwinkBbis,

SA TGO, AP—T7 2 A TDANEFHE 4
EREMIZIE, Br o BER) B EE Ta
FNTCEZEXVFLNTWES

BEROEEIL, BIcL-TLRLZY, 45
T4 7T ATAI—60%®, 2L =TNLI4 7
T A T 48~55%'"*%, A F—T7 xR 7 T21%*®
L, AF—72A73T74 75 A T REYK
DFEHIEL > T 5,

BRI, —HRICIE 4 5K T LT, &F,
W&, sy sHEnc s, N, BEEAEEOR
WEE 4 EAREFIZINEEOET 2B LD L #
RN D, KHES®IE, IE 4 FEKS S BB
B4 2 8)E, BRI 4 A BT 2 4HE
B UBRBADOFEITED 3 SOEHIC L » T, &

FIRNIHE L 4 BRKERP CFEHIcET L2 %
BHLTwa, L -7, WEEEERERTIZ
HEROBRFEET SN LWL DEEZ LN D,

BIVE BEHMEHTICEIT5EMEERYE

TEAKERMF T ic BT 2 MEDEE DY, B
TEMGEHETICBW TSNS & ERE v,
L, BROEENPEERD L DI,
T {, BERBORETH HHEBEICL-TL
B XEEINTwELLTHD, HEOLR
RHODES™™™ 1,13, F—5EROMER, 5\
EEFREC IR, EHAE, T/
Bl r OBEBEICHRLIFHICKRELERND
T EEHEL T B, 512, RHODES®™ X, =
NEOBEEREICELIE 2SR L L&k E
THIEICE-T, WEIMNT LI EE2HEL
Twad, L72h-T, FIFBMCE L 22 MAfEn#
ERXEHBEIC BT 5 RIENFHEOEEL &,
EBROREE, BHEORREHT L0108, &E
FEN G BRI DWW TH LI L Tnw 2 &
L EEZ HNb,

AREETld, AL SOEEEORL D £
F=72 270k RHEEHRAL, A F—7=
27 DEFE, REMIC AL N LB ERE
ReBAspicl, BEREHETTOAF—7227
DEFES T TV AERZHELZ L #
L72LnThd,

M B & UFE

AR 6 FE, 4 RBLTH 5. £DOHRIL,
9 &tk & L C 4 f%E (Leto, Trader, First, Bun-
dy) & 7= — ) XHEHEMESTIERT (Welsh plant
breeding station) & Y 3% 4 7 7ILE:
AR 1 Rk (Bf945), 451Kk E L T 2 sikE
(Festina, svalifs 01225) &, #FHEZ»S, HHRL 72
2F%MEE, M), 2L T, A F—7=zR7DHRK
4 {54k F. pratensis var. apennina & 2 fE4k A
F—7 1 7 AOMORKET & - TH L 72 3 585
BThao,

197945 Az, 1X4mx2m&lL, 1 m2y
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N 2.5g DIBHER CHIELEMWEERL 72,

X#liz 2 RIEELREE TITY - 7295, 3 f5AMERE
BREFTRTHETFITE L2, KEEL
BeariT LT 10 cm X 10 cm o> J5 TS HE THiAE L B
L7z,

BEkLy, #xERIc N, P K, 10ak2), 4,
6, 7.5kg, —HEAFKICN, K, gnen2,
3 kg nEIETHIEL 72,

HEFTAIL, 1980 2, ER2EFEHOEWT,
WREERT 2 |, REEEA 1 M, “RFAIEGT 1B 4
\ATZ v, F 72, AR HFERE 8 A TMEN
2 \AT % - 72,

A, 1K 25cmx25cm 23X bH» 5
MEL Y, BEHEEEEIRICHV, WEMEE, SHEE
BlEL, S TBERLIc W THEZTL -
72,

% 7>, HAEHRIC 13, Leto, Bundy, A= %Y Bf 945,
Svaldfs 01225, A& 4 f5KRH EE, 3 SRR D
6 i, REICOE, BB EITRV, &5
ICERAZBI R A E, FEMTE, AHREZBE L

wOR
Table 19 iz, & &k, ZREOHBEIAICET 5%
EEOEEMEE R L 72, MEEXEHALRE,

245

FTNTHORE CHEXGE, REHER»RH L
N7z, o, BEA, BE, BEEHEISCE,
FBHEEN LIS L BERITA LN LD - 12h,
— Rz, s, REMEMTIE, 25k
AfERRNCE L WEE» RO LNz, —iRiC 415
iz, —HBEEEELKREC, HREER> DL (T
LERICHD, FLT, 4B —HazE
Ho¥EmI, BREINVEROBMCE > TWa X
Ebn s, X, FEEICOW T L HEEZE L RRRIC,
4RI —FEEARE L, EHED D% (e pH0E
BB b LT, |

Table 20 (2, &ankE, R 1980 FF & 1981 4
N 2PEITBIT B, —FEE ZHRENGFBE,
oz, MEDTHNEZ R /2. 80 4, 81 F
LHIc EFEOWRICIE, WiE, REMICHEE
BEHLNT, HEFEFICBTAAF—7227
DEFETCRELER I LVWE VIS, 72, 2
iR e 4 AR LIRS E @B L UREICIZERIZ
b LA - 72, Table 211, B&EOF AL
K (To) 05 WBFE 4BRIET (Ty), @5 4 885
5 HiFE 2 @R (To) D2 DDA TF—VIiz Bl 5,
CGR, NAR, MLAI & =¥BY * o OMHBER
w72, To#r s Ty Tid, CGR & MLAI i3 0.
85 &) IENE WHBBIRICH B,

Table 19. Heading date, culm length, mean weight of heading tillers, no. of heading tillers, plant
type index and ratio of heading tillers weight to total dry matter weight.

Heading Culm Mean weight of No. of Plant Heading tillers
date 1) length heading tillers heading tillers type index total weight
(cm) (g (/m) (x10") (%)

Bf 945 8.0 80 0.29 1960 2.92 71
Leto 8.5 77 0.42 2056 3.27 84
Trader 7.5 85 0.44 2128 3.27 80
First 7.5 83 0.33 1432 3.67 69
Bundy 12.5 62 0.38 1104 5.52 62
EE 2) 13.0 78 0.47 1136 6.54 61
M 2) 13.0 83 0.53 1280 6.57 79
Festina 8.5 83 0.53 1184 7.09 83
Sva. 01225 9.0 82 0.56 1128 7.89 71
Triploid 6.0 94 0.68 1088 10.02 72
Diploid 8.8 77 0.37 1736 3.73 73
mean
Tetraploid - -
mean 10.9 82 0.53 1182 7.02 73
LSD 10.9 10 0.36 85.4 3.49 NS

Note.  1): Days from Ist June.

2}: Induced autotetraploid strain derived from Trader.
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Table 20. Dry matter yields of 10 cultivars under sward condition at 2nd and 3rd year after sowing.
2nd year {(g/m¢) 3rd year (g/m®) Mean of both years

Ist 2nd  total Ist 2nd total Ist  2nd total
Bf 945 1011 279 1290 1064 277 1341 1038 283 1321
Leto 1000 369 1369 1285 285 1570 1143 298 1441
Trader 1082 377 1459 1455 414 1869 1269 375 1644
First 1039 418 1457 1412 342 1754 1226 373 1599
Bundy 850 405 1255 1276 354 1630 1063 377 1440
EE 1) 943 381 1324 1281 478 1759 1112 377 1489
M D 951 437 1388 1224 284 1508 1088 361 1449
Festina 932 472 1095 1258 296 1554 1095 391 1486
Sva. (01225 955 365 1318 1681 269 1950 1318 284 1602
Triploid 2) 1050 506 1556 1515 482 1997 1283 477 1760
Diploid mean 996 70 1366 1298 334 1632 1147 352 1499
Tetraploid mean 945 414 1359 1361 332 1693 1153 73 1526
Note. 1): Autotetraploid induced from Trader.

2): Triploid derived from crossing between var. apennina and meadow fescue.

Table 21. Correlation coefficients among crop gro-
wth rate (CGR), net assimilation rate
(NAR), mean leaf area index (MLAI)
and some morphological characters at
vegetative stage.

T0—T1 T1—T2

CGR  NAR MLAI CGR  NAR MLAI
NAR 243 881"
MLAI .853""—.290 826" 470
Mean tiller weight ~ .841"" 271  .694* 446 312 506
No. of tillers —.176 288 —.043 228 287 05l
Plant height 812%* =172 .889%* 319 024 628
Leaf length 768* 219 641" 012 061 .007
Leaf width 883 427 589 063 —.125 343
Leaf angle 023 116 —.020 —.304 —.509 102
SLW —.367 —.883*% 092 —.387 —.360 —.348
CIF 089 262 —.098 7t 397 880t
Note. TO: 21th April T1: 4 weeks before heading stage

T2: 2 weeks before heading stage.
*: Significance at 5% level **: Significance at 1% level.

F72, oz, CGR & MLAI (3 + 442,
XE, ¥y, BERIOBICEOEELHHBEBEEY
AL, AFEVBICBW T, —ZFEORKELLD
HERMSREC, BWEELFNE 572, T,

56 T, i, CGRz, MLAI £ & tr NAR &
ENFCAHBEBRZ R L 72, ZoEETiE, CGR
& —EBOMBERRIE r=0.45 X HEMIE - S,
TR BT 2 EEL —FEEOBICIZr=0.67
EV ) FEMEBEERY SN, —XBEHkEn
EDFFEZET A THHRER NS,

F72, C/Flbe CGR B L MLAL 2 E &
AHBABIMR AR L, ZENHEIAPEWII K ERE AL
&, CGRA"Fw X oy S & 7 - 72, Table 22
12, THRBENE E RTRY & oM OB £ R
Lz, ZHBBENE - —XE, EyME LM,
FNENT=0.80, r=0.73 &9 IEDE\FHBIRS
Bk, ZHFHICBSTHL—XENKREXL LD
DEETRT E VO RRE -7

UEnZ b0, 8B E B BT, £ F—
72 A7 TREFEEHICIPLLT, —EEIAEL
EELANL 0 (FEER) A, —EBEIIS N

Table 22. Correlation coefficients between yield of 2nd crop and some morphological

characters.
Weight  No. of Plant Leaf Leaf Leaf
of a SLW CIF
tiller tillers height length width angle
Yield of 2nd crop .796%* —.452 547 513 211 .729* —.213 —.123
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Table 23. Correlation coefficients among dry matter- weight(DW), leaf area index(LAI),
extinction coefficient(K), culm length(CL), flag leaf height(FLH), penultimate leaf
height(PLH), C/F ratio and vegetative tillers to total dry matter weight(VWR) at
heading stage.
LAI K CL FLH PLH ClF VWR
DW —.942** 921 .902* .944** .986** .766 —.627
LAI -~ .956** —.800 —.893* —.943** —.817* 624
K 817 .930** .965** 723 —.570
CL .966** .920** 440 —.3%
FLH .973** 575 —.569
PLH .713 —.531
LWR —.822*
VWR
Note. *: Significance at 5% level. **: Significance at 1% level.
Table 24. Correlation coefficients among extinction coefficient(K) and leaf area per unit area
of each vertical layer.
Leaf area
0—10cm 10—20cm 20—30cm 30~ 40cm 40—50cm 50— 60cm 60— 70cm
K —.602 —.872* —.865* —.780 —.176 771 .943**
0—10cm .898* 674 042 —.596 —.797 —.713
10 —20cm .818* .395 —.295 —.829* —.712
20—30cm .579 181 —.734 —.712
30— 40cm .632 —.375 —.834*
40—50cm 188 —.337
50—60cm 720
60— 70cm
Note. *: Significance at 5% level **. Significance at 1% level.

PEHS L (FEHY) L) sk EEF

EWz B,

Table 23 ic, HFERAD & & WIEiRE, BRER
HEoMoEBRaRERLL, &8, 22 TIRE
BABU AL 72 6 D2 2 /- T b, HFE
W EE LAloRIciZar=—0.94 &5 Bo, F
72, AR B E HIZiE r=0.92 & v ) EOfED
TEWHEBERR» D Sz, 512, TReiEi
13, B, LIESEES, LETE 1ENEES L
OEICIZIEDTEL, 72, LAl C/F it ol
IR RDAELAEBEREFRE R Tnwd, 2%,
RESEEME» S, EEEI/NZWIE SR
RS, BRIC R 2 AIch 72 2D LD
12, BRI EREO A I TR, B

RIS BT 5, R ETBOEES /7 — Al
HROER 2 T~ 5 726, Table 24 (10, nidsk

EER0em TEDERBICH HTEHEM & 0o
FHBARE R 2 R L 72,

AR HE, 0~40cm F THEBHIEE# &
X ADHEBEBER 2R L, i, 50~70 cm F TH&
B & I IEOE WHBEREZE S R L T 5,
Boiz, 0~40cm $TOBEENTRICH HER
&, 50~70cm £ T EEICH D IEEE L ITH
WICRDOEWHBER®RICH 2, 0D, ARBRT
et U fdE, RERICIE, M BEE o E
IR S, TRIcA LWL, i FEIC
B TRBICECED2ODI A THH D, FL
T, MEcEmRES B, TR iwn
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Fig. 21. Vertical distribution of leaf area, relative light intensity
and specific leaf weight (SLW) through the canopy of

heading stage.

A 7ERBIFEEIE, WELE L inint
LT, IEwifs BB TRIZZ w2473
AR B A, NE L A7 e BEIC B - 72,
Fig.21 iz, #3R L 72 6 Wk, A oZERERER
L HEStREE, SLW oSE oA 2 L 7o,
WoGRENC 1L, 0.220~0.336 £ TOHLERHT

ot

£

5N 7z, EHET Bf 945 & 3 & AMERE I et
B, EEEEL, DNHENARL Vw2000
L, Bundy 3BOGHREAMKC, TROERED
FLAKRELEAEREZ L Tw5, 72, Leto,
Svalofs 01225, EE id@i#EnHH & % - T3,

F 72, FRToE, BT SLW 3 TE» Lk
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Biohenizetaml Ty, Ly, ZoMnE
EiciE, Wi, REMERIALNE, —RRIC,
BARE D EEEERY Bf 945 & 3 [ {RMERE T,
FEASIW nTRINLELSCEWEEZ LT
W x LT, sfEE K Bundy Tl3, Lk
BT SLW DENNES L -TwE, 85
o TG O FE R SLW & RGE K & o Rlic ik
r=0.71 &£ ) EOEWHEEREFEH 0, WhE
B, RHIZEENE L @D -
72,

£ =

RRE T, FEERMICBVY TR, —FH,
THREXDI-ZEENRE L LD, WEED
EBWBEICH 570 A F—T7 2 22130 T <,
% ¢ DA FEMEEIZOWT L, MEEROE LT
WL REERMOBE CIE, —XB L ghEED
MICIEOBE@REFH 5 2 EPEMIN T
500519 = i3, A ARHME TR e, —XE
HREWE, BEEDOSHERDT ¢, ZORE,
HEOGMEEFREFBL D1 L TH S,

A, AR TR L 2o REE, BRI,
R BB ICEEES S, TRIc A e wRl Y,
LB CTRICEWED 2B OEREEIC
B ENTE, FIEL, HHEHOgHE,
Wonthgy, BE, HEEREOFAME, SLW 2 x
LicE <, LAI»E< ), #EiEnfEme R
L7z,

FEHEY L, HELAROHEGRRL L, HESL
EROBEHEZ KD, FIUT LB &, TR
BoOLENSWEE TIIEeREr LRBICRE
D, TRTEFLIAZLSEIDIELT, T
FRE D B R B TR AR B & B I 98K
LTwa, :

R ORMINEN £ CIE, BRE
EoT, L7bE&3NTwa, Lid-T, HFEL
DHERERBERAICT 20001002, BESK
NONDFEBRBEE LT LI 0L, L AHRE
ENENNEGHREERHKRICT LI L EELE 2
LENb,

F24%5

BYVE REB4TE F pratensis var. apennina
ENTHIC L HEENEIH

HEF TOEBROME, HBAET CN-EE
HERL, BHBESEEROEETRE L THE
Tk, Frz, FVH A BERRERIC IR EEIC B
LT, TRWER ML, B & - TERRED
ERORE L I &R E N, RETIE, N2
WHERE S LIZIKRT 2HONFHRELT, &
B HES & 0 3, IWET L var. apennina
EAF—T 2 A7 D2HEERB DI, FE 4 BIK
E DI EN 2B LT B2 DFM L TR L
08D H, EorERETLR,

1. 21{E4&k & var. apennina DM
IEFHENTRER

1) 3fEEosFE

v XN EREER L D FBEEING
var. apennina NFETH> 7 gz, FEFICHTR
HREEE L, 6, BT L ICBeE TRk
FENTH, ZnHo/EKE, Mmookt
FAELIRI[BERTHLI bz, 2D
3 &I, var. apenning DIEFIEHEH, 2 KD
ARP—=T7 s A7 DIEKBDRAL TELTLDEH
bbb,

Table 25ic, 3fEKkE var. apennina, %1 T
2 fE& ki FE Trader DULE & S8 BY 9 5 FH4fE
Rl 7z, WHEEEE, 1 mx0.5m DOEEES
H%C, FREBEOMEH (—FH) & 8 AT (2
FHE) NI %477% - 72,

—Fw, TFEE L LIS, 3EKIL var. apennina
& Trader (3L T, #2852 EEW L %072,
ZOBEEIZOWTHREHT 5 &, —HIBEELR
B3 3Ky, var. apenning ORjic kE L ER
o tzht, 3K T IEEESEE L M
LTwa, L7z T, 3fHADZRMEIR ST
DA ZOFEINTIZ e <, ST D% o8 7 B
ko Th 3Nt nzi b,

2) IBFFMEBEOANRNESL

IEARD ZWHEDTR L2 5 720 T, 25K



BB AN —7 2 A7 DOFRBEERIC

BE9 A5 ' 35

Table 25. Yield and plant type in triploid hybrid between var.apennina and- meadow fescue.

Plant dry weight (g) No. of Mean heading Culm

n heading tillers tiller weight length

Ist 2nd total g) (cm)

var. apennina 4 103 37 140 120 . 68 109.4
Triploid 13 270 106 376 347 . 64 115.4
Diploid 13 141 43 184 237 . 52 93.4

infE Trader % var. apennina ¥ N&UZEHT

DI EICE T, 3EMMEREAERL, TR
ZHEL

s L UBE

THEBLIC I, R Trader # w7z, £R/HE N

FIAEEE BT, W HTIC 4 e niTHE
AT 72, HECIE, BSL ') FRELL 7 BTGB AT
DLFEE LR L 2, BHES, BERMEERIC LD,
43°C 8 4 I LEE & 43°C 15 53 AL @) 2 K # TAT
%o, %mfié Bl L 2R AER o b
2, ARSI AL, UBCRIEE TR 2, BEER
SR 3%D Y 2— 7 v BRI 0.015% 0 EEE
PHRILZLOEHWAY, 2510, SREHA 4
EA % OIREIRBE CHE R A T4 - 72,

ML D 4 ERRICTIEL, 25 C TRE L 72,
FoMTH 8 A1 HIcHEME, Fwl, 9HIcHS
ICFEHE L 72, 0B, var. apennina DFEFII5H K
BARL, BELAP-LOREEREFL
seed lot [cHIRT 2HEFEAAL T, HESGicH
L7ze BAHEIZ 1 mX0.5m DR - L7z,

TE, TEM, BLUHREF, OfNHE G-
FReM 4 A L 72, TRy, &M 1500 k7
Pl Eoiekiic > nw, R S el
Bk, BEMR 2FICHOWTHREL 2,

#® R

Table 26 i KB T OREERL R 72,

LR OKEERIIH 50% 1L TH - 72,

THEc & » FI T ORESRIL, oLk
IC L BERIIED LN, KHOIEMIC & b3
Wb Tho72, FIEETORERL, 84D

Table 26. Seed setting in crosses between Trader
and var. apennina after hot water emas-
culation under culture of cut ear.

Period of No. of No. of Seed setting
emasculation florets seeds  rate
(min.) (%)
Trader x apennina
15 117 18 15.4
Ix1 8 93 17 183
15 111 0 0.0
Zx2 8 105 41 390
15 144 7 4.9
3x3 8 123 11 8.9
4 x 15 189 6 3.2
8 150 28 18.7
apennina x Trader
1 15 273 18 6.6
x 1 8 210 2 11.9
9 15 237 3 1.3
x 2 8 147 20 13.6
15 285 28 9.8
3x3 8 249 65 2.1
15 240 7 2.9
x4 8 195 23 11.8

REBIIC BV TIE 8.9~39% T, MM s~14
DIETH -7, var. apenning O EH LR TH B
F—uo oy | ERAICE, A F—7 227 &DH
SRATHEIC & B 3SR AR L T B 2k Lt
SNTV 5%,

INHLDT EDH, A F—T7 A7k var. ap-
ennina i3, BHIZZHEL, 3HEARMFREZ S D2

EIEH LD TH B, Fig22iz, 3 EKRHEME var
apennina 1 L 1 Trader DER &M E o A5 X
R L7z, PR T, 3 AN (59.8 2) ¢
Trader (27.6¢g) X var. apennina (20.6g) =t
NG 2L BB T - T B,

3 RRMERE L, R LBESALNT, TT
DR —E DO EIZZE L T b,

ZNEHIZ, XA F—T A7 ¥ var. apennina
DO KB & » TER L 72 3 iRk
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&, BRI ClEmBic N TE L L
o,
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w0l Var apennina {(n=30)
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20F
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Triploid hybrid (n=25)
40
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>
9 20r
g
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Trader (n=30)
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Fig.22. Histograms of dry matter yield per
plant in Trader (%) and var. apen-
nina and their triploid hybrids.
z £

AF—7 227 % var. apennina O L -
TH L 72 3 AMERE S, TRRIC S~ TR AR 4 1
TTHELWERARL, UL, RIETRLR
& oic, BEHEAET TR, 20 38RO LI
EHLN -1z,

BHmOER (D) 2 & - TS % 2o
H D REAFEEAT T, 3ERILER LN
&> THERLGEERT 5,

Lo L, EL ) LRBERMEGT T, B
MOERIZE L CHHZ 5T 5720, EEHT
DEVCEREN#BSI1003, #Fn (BE, &)

DEREVBEEL D, 3EERMED 2R, E
MWEBT TaR LN > DT, IIERHERE O
BHOBRER—FREL oS TF oY XoEmic
EoTTlR% L, ORI L -T, &
&N L ThE, LrL, BHEHNLH
A AVE IS B VR ELIE R & ST L WA,
T ENFTF RN & L0 3R RMEREIE, BN
BT ENT b, ZOLSPRLRATESLL
NEEZLND,

3 BARMERE S, {BF, METRMI L bICEES
BThieo, RO TCL2RBETET,
EBNERE L, 3EARMEOFMEICIIARE LR
bbb, Lrl, KOFERIGHTEZ)I2EDL
N5, —D2i3, FORSTER®™ »iER L 2 %R
ML, WETLZ LI -, WREMEORSE
P ERT S &) Aee—REEn s,
hE—olFae F iz k- THRag M
L, BEZEEXELHETH S,

L L, BEHEHT G, 3IEEREEREITHEE L
ZUMEEZRE W b, 3EKROFEE, £
DB oz, EModrnwiidkeEz
Hilb,

2. B8 41{5E e var. apenninag DT
4 fE1RHMERE & D AT HE]

1) BRHEEIC & B304

A F—7 2 27 DRVE 4 15K & var. apennina
AT LI LT, AfERMERE S EHL,
FoOR B, BEExBRE L,

MEs L UHE

S BT & NS B3 COFAE S BRI & [
BThd, £, TEEAL L TRE 4 ERHE
Festina # Fwv 72,

® R

Table 27 1o, WO P BT OREERPRL
7o WEEIIT, U TEIALN, FHE45
o) Festina % f38ic U 7235606 o 72, — %
2, FEERL2HEERDO A F—T7 227 2R
BAL MK k72,
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Table 27. Seed setting in crosses between Autote-
traploid and war. apennina after hot
emasculation under culture of cut ear.

Period of No. of No. of Seed setting

emasculation florets  seeds rate
(min.) (%)
autotetraploid x apennina
15 198 3 1.5
Ix1 8 177 13 7.3
15 123 0 0.0
2x2 8 123 8 6.5
15 189 0 0.0
3x3 8 141 4 2.8
15 255 5 2.0
4 x4 8 204 6 2.9
apennina x autotetraploid
15 252 8 3.2
Ix1 8 240 0 0.0
15 288 5 1.7
Ix1 8 219 17 7.8
3x3 15 240 3 1.3
* 8 194 41 21.1
15 240 4 1.7
4 x4 8 252 44 175
50 Var apennina (n=30)
44
30
20
10
1 ] 1 L 1 1 1 | D 1 i — |
Tetraploid hybrid (n=13)
<
- 30 L
>
220
Q
%w
i . P I N SO N A

Festina (autotetraploid n=30)

40
30
20
10

40 80 120 160 200 240 280
Plant drv matter weight (g/pl.)
Fig. 23. Histograms of dry matter weight per

plant in Festina (%), var. apennina
and their tetraploid hybrid

Table 28 iz, 15 & 17z HEFREEUK DR,
R, HESH TICBIT 5T OREER
2Rz, 72, Fig.23 (2, var. apennina, Festina

Table 28. Plant dry matter weight and pollen stai-
nability and seed setting rate of hybrids
between autotetraploid and wvar. apen-

nina.
Plant Pollen Seed setting
weight stainability rate
(g) (%) (%)
1 63 41.5 7.0
2 7 30.3 8.2
3 140 1.6 0.6
4 95 59.7 4.5
5 33 56.9 47.7
6 41 37.0
7 23 0.0 0.8
8 19 17.0 5.2
9 215 8.5 2.2
10 72 15.5 7.7
11 35 10.3 1.1
12 19 7.5 0.0
13 257 0.0 0.8
Mean 84 22.6 10.2
Festina (4n) 47 96.7
var. apennina 21 97.9

B & U 3 M D B D BRI E DRI %
R L 72. 4 ERMEFE D F YR Z Festina o) 2 4,
var. apennina O 4% L, HEIIEL WL E T
L7ze UL, 45RMERENICIE, MfkaiyE
B> TR E BRI EL T 3, 35EMRE T3,
FTNRTOEER I —ENREF AL 20K LT,
LML, SRS HLBEERZ S E & LT,
ESHETH 555, var. apennina OYED 10 15 &
Vo RS T ER R 2 & A TV B,

4 AEAMERE 213, fERRRTE T 50% UL Lok &
EENTWDA, &K LEROENEE
o T, BADORERITE LIS, 281K
2RRE 0BT TH -7z,

2) R7—7 B RDHE

2 DHFEMRR 2152 72, WVE 4 f5K & var.
apennina f1°C, T —7 v 2z k LFE8E, HEL
177w, 41RO EME IS >V CTRET L 72,

HEs L UHE

ML LT, Trader LN BERL2FIH 4%
R E T2, A F—7 = 27 OR{EIC 2 m
PlbEn®EL & 725 7 4 ZMICTRBERS % 3T, ~
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T—7a A 54T 12,

%8B, var. apennina |3 BREEITE W2, FIE
BRI T L 72,

FORT e BENBRFIZEETCETL, 6 Aic
B 72, BFEEEIZ 1 mX0.5m T, X
Hilid 2 RAEELSEE & L2, IBkHE, 1 F B o
e TN, P, Kensgn10axn, 4,
6,7.5kg, 2HFHNERICEMRIZ4, 6, 7.5kg,
—HBAEKIC, N, Kgnzgh 2, 3 kg #iM
L7z,

HiEE 2 F ORI 2 SN, Rk
WE, BE, HEEHEREL L,

BRI, FIE 4 650K, var. apennina % » 3
12#3 100 B4R, 4 A X S ERIC D E 4T -
72, 7217L, —HEEZEICOWTIE, FIHE 431K,
var. apenninag ¥ 12 25 WK%, HEERA I3 4E
Iz D EFEL 72,

E'E 4 151K & var. appennina HENC 1L, M -
THROFEMBEOTH (USEGMEERT) (2
FELERIBDENLDOTHENG E L, &
B, ML, BL7 4 naBmkRNaHBEN ) —

Var. apennina

7245

v A—%—GIM % Hlvy, TR 3E, 13EHRY
SENPEEATE - 72,

R

RRE T3, BERITEbN A -720T, 4
RO MREENIC IZFVE 4 5RO BALIC & 281K
LEINTE, HFEEKE BEEEE X545
ZETETH B, Fig2diomLz L iz, M
G, 70—y A—F—TUEL 2AENERE S
#, EFEEOIHEICHL T, HHE4EKRE
var. apenning |ZIITEFLERIEL TW5, £
2T, Tb IWHICE D S MRS 2 HIT L,
4 e O HERR IR & BRI L 72, JTEEIE, KOIE
Thb, FENMEE 10 12X, var. apennina
DEIE T B HE L, 12610 FTHR2T
5.2, 3WED A aTOEH R L,
Fig.25 1= var. apennina, FVE 4 4K, 4 (SRS
EHOMREIRE O 2 b 7T LERL 12, var.
apennina DEFEIEHOTAIEIT 14, FH 4 54K
DEMERE 20 & D, mMERMBoOMRERESL, »
b TG ahnrz, LT, HfEEH

Var. apennina Var. apennina
40 |
30t
20 F
10 .
N Hybrid Hybrid Hybrid
5 30t
g 20
=
g 10+
[—L‘ Y R 3 1 I S
40 Autotetraploid Autotetraploid Autotetraploid
30t F .
20+ r
101 r
2 6 10

6/2 10 18 1.2 1.6

first heading dade

2.0 2.4

Relative chlorophyll content Difference between ligules

(cm)

Fig.24. Histograms of first heading date, relative chlorophyll content and
difference between ligules in var. apennina, autotetraploid and their

tetraploid hybrid.



B X F—7 2 27 ORENERIZET 57 39

Var. apennina (n=85)

50 ¢

40

30 r

20

10

Tetraploid hybrid (n=81)

o 4ot
o, 30t
2
5 20r
=]
&3 . N

Autotetraploid (n=287)

40
301
20
10}

6 10 14 18 22 26 30
Hybrid index

Fig. 25. Histgrams of hybrid index calculated
from first heading date, relative chlo-
rophyll content and length between
flag leaf attachment position in var.
apenning, autotetraploid and their
tetraploid hybrid.

A5, Fowficaml Twd, 22T, 200k
DE% & BERE IS HEREER E L2,

Fig.26 iz, MR ¥ UH R ERNBH R 2R
L 72, 20 DL EodERatEs % L DR hic 34686
B ALSERL G 5D, £ T0%L 1
DENEER - TH Y, HEERRC L > TEHFEE
e TcELbDEEZ NS, Fig2d IR L
72k 00, MEIIHEGE, MUESRReE B
HFHE T, mMROBEIS S & - Tw b, Fig.
27 12, 3EFOBKREE 2R L 72, HEEERI,
BB L FAcE L VWERERL 2, /o T2
DR 2, REER TR LE > Tw b,

LA L, MfEERICIE, var. apenninag %2, [EH
415K 2 B Lo E R RT, FLC 2L M
thrgEn b, Fig2sic, 3EHNKE, F
¥ — AR E, WREROE X L 7T AERL T,
4 fEARERE Y, EREDE ¥ FRRIC, s 3
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Fig. 26. Relationship between hybrid index
and pollen stainability in tetraploid
hybrid population.

BIZoWTLEWERERL, BESOFE—I
(B ST OVA XL, FELCKRE SRR
‘B3 L 72, Table 29z, k& HEH100g LI E
& AR ER A E, MRS, — MRS,
R, BEGH, fenktadkiRL 2, £/,

Table 29 A FER I3, var. apennina & [FVE 4 1%
K, 2 fEkifE Trader D FPHMELZ R L Th 5,

4 fEARMRE O BUREE S, FHL TL, var
apennina LTE)'E 4 {24k, Trader L V& e -C
W, SIERMEREEIIRLD, 415RMREO LI
ERIE, BREEET, D T, —HEEECR
B oot 4 XKoL Tw 5, B3
Ty, AEEMEEO SR, 38%LILED
Ja ot 3 OF IR - K NP A

E

LEwWIS® 3, # F—7 = 2 7 DFEE 4 151k X,
var. apennina MOTHE T v, MBEEFED
ISR LS L Tws, Fhiuck s s, F
MR RS H T2 i BETH LD, 3iE 4
fili LAEABE 2o 27 & TR S 4, FEVEE 4 154K & UG 4
EROBE LA E R L2, X, Btz %
< OABERDS, T0%LL EfE % & 0, EAE e -
7278, BMARERERRBOSER ERRRICES L T
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Fig. 27. Histograms of plant dry matter weight in var. apennina, autotetraploid
and their hybrid.

" Var. apennina L Var. apennina b Var. apennina
Hybrid Hybrid Hybrid
Antotetraploid L- Antotetraploid Antotetraploid
40 80 120 160 4 1.2 2.0 100 300 500
Culm length Mean heading tiller weight(g) No. of heading tillers

Fig.28. Histgrams of culm length, mean heading tiller weight and No. of
heading tillers in var. apennina, autotetraploid and their hybrid
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Table 29. Some agronomic characters of hybrids with high yielding ability and mean values
of parents and hybrids populations.

Plant No. of Mean weight of First 1) pollen Hlelading
. dry heading heading Culm heading stain- tillers per
Strain no. weight  tillers tillers length  date ability ~ plant weight
(g/pl) (g) (em) (%) %
hybrid 112 1767 70 1.94 141 1 67.8 52
216 1107 351 2.27 148 14 41.0 72
243 1005 425 1.88 162 14 53.0 80
314 2021 600 2.49 135 13 48.7 74
340 1147 431 1.58 154 14 44.4 60
406 1124 404 1.88 156 12 47.7 67
408 1042 423 1.65 145 15 38.6 67
410 1058 360 1.95 152 16 4.1 66
421 1212 75 1.7 151 12 39.7 69
436 1356 477 1.65 131 12 40.4 58
mean 1283 442 1.90 148 13 46.5 67
hybrid mean 575 234 1.23 114 10 40.5 51
apennina 335 200 .99 115 7 72
autotetraploid 307 194 1.05 121 14 77
Trader(diploid) 332
Note. 1): days from lst June.
O/ 5% = > -y 35
10%HI#% LR L 720 L7chT> T, 448K Trader n—33
WA A R 2 7oiicid, ETREER LS23 ol S
ZEW, FTLETH D, 20¢
Festuca J&fHRFE12 13, SRS % 90HIT 5 ' =t _
BIZFPHFAETHIEPHMENTE D™, ZoiE
BETIE, MREROREKORELL L b L, 3ol Festina n=31
RO LI LR & b0, - 20"_l_[—l_‘_lﬁ Sd4=249
S 10
Ez, WEBSTER'™ 53, F—NA7 xR 7k g — L R
Q
T4 75 ABDOIHEIC & - TH L 728d TREn § Var. apennina n=33
o —
MR b, e - CREL REES LD e

HeELb, MBALEL (, BrREoBWRRKE
Z T3, 252, AFN—T7x2 A7 & var. apen-
nina N7 LML, H HREOHERBGED
0, F7z, FiFEERoGIz, R LR
BWEAL EEN T I Eh 6, REDEWE
KarRET A EIITREEEZ LB,

4 BRI R, WHich~FE LS
ety LrL, 3ARKMERE ¥ (20 HRAYIC, M
RN H T RS L, B TERLMEE T
2 oA, WEBOBKBIEZRZF L (CEm{ ko7
Fig.29 iz, Festuca J& &, Lolium Jg&o JEBIac i
LERLZZGHE (5 72) OEEENE 2L 7
T LERL T

10

P L N .

Festlolium n=34

3

30 mean=40.3
Sd=139.8
20
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.;IB WS anan |
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Plant Dry matter yield (g/pl.)

Fig.29. Histgrams of dry matter weight per
plant in the year of sowing in
Trader(2n), Festina(4n), var. apennina
and a cultivar of Festlolium.
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Festuca-Lolium FiFE1213, RREBED 4 54K
FESER] & FRRIC, SIS TH 545, B
TEW Wik % & A, BRENERMZERIZEL
(, BllE e Twb, Lz > T, MERHAHE
& - TR L LEHD, WEBERENHKHEZE
R L (L, (EECIEH 50D TER
AR E ST, —RNRHHEEZ SN 5,

ME, NSRS CHBICHE AN S
S Eh b, MofER & R TEERS S —TH B
RBlihwv, »2-7T, BESCELIZEEME L L
ERETBRIBICI L AN o, BEICH BRRE
NEBRLZZLI L3, BHNTEREHEMEL 2
ZEIY B, 5T, FihE v BEMEKET
13, EEREOBES LB TE L, BErS 1
FRITE, T T, 2D 0U%DOEEAFEIEST 2 =
EMRESINT B, Zald, EHAEN%
MEEHE 7201213, BT L LTk L )
=BT LU E T v, FN L 0L, BRE
ESE AL T3 Lk Jiz, 72 & 2 EMBIC£#
DEBR BRI EENTATEL, H58ETES
TERLENA > T B HPRER L W2 5,
L7255 T, AR>S [ BERE £ a5,
AR DR Tl e - Th, EfE b
HhEHVMEERELEWLDEEZ LN D,

4 fERMERE O ZERS, 3 AR - 3 Ry
D, EHEIH N T, BRO—ZEEL 5T
DDA XL ML 72,

BHE R EINT 2 2ici3, o4
AHBKREC LD EDPEETHY, Lid-T,
4SRRI AR R IE 2 ) T ( B EHT
TLEWRE X BWREHELOLDEEZ LN D,
DT ED L, ARP—TLAT7DOEE 4 EKE
var. apenning ODE DML, A F—T7 227D
WaEENE Fic & - T, EWIZTHREENE
LEZ NS,

EVIE #HEHE

RDVE L3R Y, HEIFRESND LIS
T otzDid, WENEREIC > T 6 Th b,
BORRILL¥ 12k 2 &, P3—w o/ < Tli3, 17 i

DD & B A 0 - L ORI L s, 1811
oA, s, WBEIZL > THEBEZERT S
Lo o7,

L L, #fEiE, 20 402 A5 & Tl s
Hb b5 ABRREBIRE M2 TIAT R bl Twniz,

WENEFREIZ, X)) 2T 1931 Fi2 JENKIN®
B, BAREICEIARMELEZREL TS
AW e ootz AT TI0BNTH, 1948 F &
D KRR WEFEET MG E - T 2™, L
h o, MEFRIL, b2 50 FCidvnlEs
FHoTwBITEY, fALLXLENEHIZ
b ABIIRER A 2T T & 72 & xRy
Thb,

Zoizsh, HETIE, B R ORMICHE
RFERIIALNLT, BRI FEEME LTES
RIS 2 2 & 5T & 31858019

1960 FAL L D, 72— XHEEFEM T C
2, 3—w v, 77 R, Fraso 10 %6
DERICL N, BHENLHDEER 2 EL
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& o, FROBBEFMHICHIG L 2EWERIE
L Tv»%, COOPER™™®% L, 13  H:HERI A (=
A N BIKIB ST T & BHE R ENER
12, HAEKORRER, L0 %E 5%
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% e i e AL 7 7 ) A o REIE, KET T
LIERICERT A2 845, £HEHMZEET S
TeODOFERR E L TH 5T 3559,

F72, FI—0 oy DHVERICE, AL,
BT 2R T 5 AR HRMEE DT ¢
RIATHFERET D ENEDHLNLTWEY, =
D&z, FHBRICE, £ oFHENIMEZ LD
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& TR EMET TR, —RIC B E % 5T,
WEEE EnteorDERBERM &3, BHELL W
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A ARED L/ OBENFEEIC OV TE, 7
A 772 FHRLIZEL DTHRIATA bR TE,
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Studies on the Potential Variability in Meadow fescue
(Festuca pratensis Huds.)

Naohide TAKAHASHI
(Experiment Farms, Faculty of Agriculture, Hokkaido University, Sapporo, Japan)

Summary

Meadow fescue (Festuca pratensis Huds.), an important temperate grass species, has a high winter
hardiness, palatability and mixing ability, but on the other hand it has a rather low productivity. Thus,
improvement of the productivity is the most important objective in the breeding of meadow fescue.

The breeding of meadow fescue is not so successful as in other species such as timothy, orchardgrass
and perennial ryegrass, because this species has a narrow genetic variability in many agronomic
characters available for the selection. However, in meadow fescue there appears to be a further
possibility of genetic improvement. This species is a diploid and is closely related to the grass species
of Lolium as well as Festuca, and thus polyploidization by colchicine treatment and interspecific
hybridization can be applied to the breeding easily. Particularly, F. pratensis var. apennina which is a
naturally occuring tetraploid species of meadow fescue may be a promissing material for the improve-
ment because of its close affinity to meadow fescue.

The purpose of this study is to clarify the possibility of broadening the genetic variability in
agronomic characters, particularly in productivity by means of introduction of natural strains (ecoty-
pes), polyploidization and interspecific hybridization.

1. Variability in diploid.

1. Variation in the main agronomic characters at the flowering stage was analyzed in 50 cultivars
by principal component analysis. Three components were extracted, which may represent plant type,
productivity and vegetative growth at the flowering stage. Many cultivars were situated around the
central part in the scatter diagrams of each component. This seems to indicate the narrow genetic
variability in these characters among cultivars of meadow fescue.

2 . Main morphological characters and annual yields under three and five cutting systems were
investigated in 14 diploid cultivars, 2 autotetraploid cultivars and a natural strain originating from
European Alps. Principal component analysis was also applied and three components, namely, plant
type, regrowth ability and earliness were extracted. Diploid cultivars showed similar patterns of
distribution in the scatter diagrams of each component to those of the former experiment; namely they
showed the narrow genetic variability, too. In contrast, autotetraploid and the natural strain showed
distinctive properties. Autotetraploid had few but large tillers, and the natural strain showed a high
regrowth ability.

3 . The main morphological characters at the fowering stage and annual yield in the three and five
cutting systems were investigated in the diploid cultivar (Trader) and ten natural strains originating
from mountain areas in Liguria. Natural strains showed better vegetative growth at the reproductive
growth stage and showed higher productivity in the frequent cutting system than diploidcultivars. Thus
it can be said that natural strains of meadow fescue are probably good genetic resources for the breeding
of the cultivars for grazing.

4 . The range of genetic variation in the first heading date of meadow fescue, orchardgrass and tall
fescue was compared. Standard deviation of both betweem and within cultivars in meadow fescue was
lower than those in orchardgress and tall fescue. Hence, broadening the genetic variablity seems to be
the most important project in the breeding of meadow fescue.
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II. Variability in tetraploid.

1. Eleven autotetraploid plants were obtained from Trader by colchicine treatment. Polycross
progenies among these strains were evaluated. Autotetraploid strains showed larger but fewer tillers,
lower dry matter content and later maturity than Trader. A large variation in the yield among strains
of autotetraploid was found. Three strains showed signigicantly higher annual yield (per plant) than
Trader. This result indicates the possibility of breeding high yield autotetraploid cultivars.

2. The main agronomic characters were compared among 15 diploid, 6 autotetraploid and 2
naturally occurring tetraploid species (F. pratensis var. apennina). Both tetraploid types tended to have
larger tillers and leaf size, but fewer heading tillers, spikelets and florets per plant. F. pratensis var.
apennina, particularly, showed lower seed production, but had a higher vegetative growth at the
flowering stage and better regrowth ability than diploid and autotetraploid.

3. Growth patterns of Trader, an autotetraploid strain derived from Trader and var. apennina were
investigated in the first, second and third years after sowing. Autotetraploid had larger but fewer tillers
throughout the season. Autotetraploid showed a higher growth rate in both shoot and root than Trader
in the early growth stage of the first year, but no difference was found between them in the late growing
season (about 100 days after sowing). Although var. apennina was the least productive in both shoot and
root growth in the first year, this species became increasingly productive as the years passed. On the
third year, var. apennina showed the highest yield and the least decrease in number of the heading tillers.
Var.apennina, although less productive in the first year, showed a good regrowth ability and persistency

1II, Variation in dry matter production under sward.

Dry matter production of 6 diploids, 3 autotetraploids and a triploid hybrid derived from crossing
between var. apennina and meadow fescue was evaluated. There was no significant difference between
the yield of strains in the second and the third year after sowing. Production was correlated positively
with tiller size during the vegetative growth stage and with culm length and heights of the flag and the
penultimate leaves during the reproductive growth stage. Tiller size may be the most important
character in determining the dry matter production under sward conditions.

IV. Crossing between meadow fescue and F. pratensis var. apennina.

1. Triploid hybrids were made by crossing between diploid and var. apennina. All plants of triploid
hybrid obtained showed higher tillering ability and productivity than both parents under the spaced
planting conditions, but no change in tiller size was seen. But its superiority to parents was not seen
under sward conditions because greater tillering abilility of triploid hybrid was restricted under close
plant density. The setting rate of F, seeds was a half to one third high as the parents, but all F, triploid
plants were completely sterile. Thus, the breeding of triploid hybrid leaves problems unsolved in seed
production.

2. Tetraploid hybrids were made by crossing between autotetraploid and var. apennina. Tetraploid
hybrids showed a large variation in productivity ranging from the unproductive plant with only a few
tillers to the very productive ones with a more than two times higher yields than both parents. The
productive plants of tetraploid hybrids also vary in fertility. Hybrid plants generally showed a low
fertility, but there were some that showed high pollen or seed fertility. Under sward conditions which
cause a high mortality rate within one year, it would not be necessary for all plants to be uniformly
productive. Thus a wide range of variation of tetraploid hybrid will not be a critical problem for actual
application. In addition, increase in fertility may be possible by selection. Thus, utilization of tetraploid
hybrid seems to be a promising way for the further improvement of productivity in meadow fescue.



