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Studies on the interspecific and intergeneric hybridizations
between Lolium and Festuca
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1. Lolium perenne L. (Perennial ryegrass)
2n=14
2, Lolinm multifforum Lam, (Italian ryegrass)
2n=14
3. Festuca qrundinaceq Schreb, (Tall fescue)
2n=42
4, Festuca pratensis Huds. (Meadow fescue)}
2n—42
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Table L.

Results of intergencric crosses of Festuca and Lolium.
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Cross combination

L. perenne 3} F. arund,
L. perenne X F. arund.
reciprocal

L. perenne X F, prat.
L. perenne > F. prat,
reciprocal

L. mlt, X F. arund,
L. mult. X F. arund.
reciprocal

L. mult. X} F. prat.
L, muit, > F, prat,
reclprocal

No, of Caryopsis Germination
Year florets developed
pollmated No. % Na. %
1961 1035 428 414 | 163 38.1
1962 137 7l 518 | X0 423
1962 185 ! 15 8.1 II 4] o0
1961 264 146 553 | 91 623
1962 42 26 619 i6 61.5
1962 69 12 17.4 | 1 83
1961 551 217 9.4 53 244
1962 a3 17 44,7 1 5.9
1962 225 15 6.7 7 46.7
1961 465 152 32.7 A4 28.9
1562 47 | 26 s3] 1 3.8
1962 2.3 31 484 | 1) 00
3122 1156 370 407 35.3

Hybrid ptants
No. %
122 1.3

20 14.6
4} Q0
56 21.2
10 238
1 1.4
35 6.4
Q 0.0
3 1.3
23 4.9
1 21
0 00
27 8.7
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RRTIR AT %, BARERNLUTRNMNTIR 9.7 %,
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Results of interspecific crosses of Festwea and Lofirm in 1952,

Table 2.

No. of Caryopsis

Cross combination florets developed
pollinated No. %
F prat., >< F amnd 7 27 35.1
F. arund. < F. prat. 82 22 26.8
L. muit. . L. perenne 24 55 58.5
. L. peremme X L. nudi, 37 12 32.4
Total 250 116 400

Germination
No. 2
24 88.9
20 90.9
39 709

3 250

86 742 J"_a4

Hybrid plants

No, @
24 31.2
20 24.4
37 30.4
3 al

250
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Table 3.
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i3, o8 FcRd i, SRR NER 2298 1T
LT, Mk 3 HORFHI ohick, Chsidda
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Results of backerosses in 1962

Cross combinatien

%L. perenne ¥ F. arund.g L. perenne
L. perenne X F. arund.) X F. arund.

(L. perenne X F. prat.) x L, perenne

(L. perenne x F, prat.) X F. praf.

(L, mudt, X F. arund.)y > L, mult,
EL mult, X F. arund) X F. arand,
L. mude. > F. prat) X F. mult.

(L. mult, X F. prat,) ¥ F. prai,

Total

Na. of (iaryopsis Germination
florets developed

pollinated No. % No, %
646 a Q0 o] 0.0
617 0 .0 0 00
247 4] 00 0 0.0
209 1 0.5 o] 00
151 0 0.0 0 00
204 2 1.0 o] GO
140 0 o0 0 o0
84 4] 00 0 00
2298 3 o1 | o 00
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Results of inbreeding (sib-crossing) in 1962,

Cross combination

(L. perenne X F. arund.) X (L. perenne X F, arund.)
(L. perenne X F. prat.y » (L. perenne X F. prat}
(L. mudi. ¥ F. arund) x (L. mudt. > F. arand.)

(L. mult. x F. prar)} X (L. mult. > F. prat.)

Caryopsis
. No. of florets
. developed
calculated No.
717 0 [#13]
441 ] 00
568 [} on
637 v] 00
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Table 5. Results of seliing in 1962
No. of

| Car i

! yopsis

Materials ﬂorets_: developed
calcula- No. &

ted | T T
L. peremne X F. arundinacea 767 4 0 00
L. perenne X F. pratensis 200 ; G 00
L. muitifforum < F, arundinacea| 473 0 00
L, multifiorum < F. pratensis 220 a 20
F. arundinacea 541 159 294
F. pratensis 921 64 7.0
L. perenne 552 9 1.6
L. mudtifforam 38% | 13 39
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Fig. 1. Marphological characteristics measured for plants
of Fy, Lelitm and Fesiuea,
Abreviations in ihe Figs. 1—3.
P: Lolimm perenne L. (Percnnial ryvegrass)
1: L. nmudiiflorum Lam. (ltalian ryegrass)
T : Festucn arundinacea Schreb. (Tall fescue)
M : F. pratensis Thuds, (Meadow fescue)
PT: Fy of L peremne X F. arund,
PM: F; of L. perenne X F. pras.
iT: Fy of L, muli. X F, arnnd,
IM: Fy of L. mult. X F. prat.
Length of line represents the range of variation.
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Tig. 2. Morphological characteristics measured for plants

of Fy, Lolium and Festnea.
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Tig. 3. Morphological characteristics measured for plants
of Fi, Lolium and Festuea,
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Table 6. Development of awns.

: :chrce of awn
Materials development

L. perenne |
L. multifiorum b
F. arundinacea
F_ pratensis
i

L. peremne X F, arnnd,
L. perenne > F. prat.
L. mult. X F. arund.
L, mult. > F, praf,

(e B

(B) M- ik ; iTOMEII0HETE b L
7o By CHAEMS L L EEMTH 100 $E T
F2feoT, WAL LTI TERRH L.
ORI TERRT LR, P firdEosy
PSR T SINE L O -2 2 h, BRI MR T3,
= R S Bes elily e} <

(9) AL isE Fi RN Rf R 2 DT
M4 T A L BRE B TR A b e o Bt 5,
Wiy A E R W OH MG LR kD k5 i
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il TRt Al v N S RN 10 R
FEEE &E 1) T ﬁ......_ ...... 3k

MW I B 3IC
T A8 Riead ko, RIEHBNE L muda-
Aorum 352 BT 3FEL B B < T L mndt,
HL87 %, F, prat. 146 %67 L, perenne, F. arund,
Y0 pizbErsoi. TAEHRBERRE, BRERO
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Table 7. Weight of 100 grains of hybrid and parent seeds.
Materials Weight of Materials (Interspecific Weight of
{Intergeneric hybrids) 100 grains (g) hybrids and parents) 100 grains (g)
o L perenne X F, qrund, 0137 F. prat. % F. arund. 0152
reciprogal 0.103 reciprocal 0.134
L. perenne X F. prat. 0.138 L. mult. »{ L, perenne 0.1%0
reciprocal 0078 reciprocal 0.151
L. mudt. X F, arend, 0121 " Loperenne | o248
reciprocal o050 L. mudt. 0.260
L, muls. X F. prat, 0.121 F, arund. 0270
reciprocal 0.086 F, prai, 0.250
Table 8,  Germination of parents,
. Percentage of ! Germinating I Mean days of
Materials germination I energy (%) : germination
L. perenne 79 ! 72 4.1
L, multiflorum 52 | 37 5.1
1
F. arundinacea 38 | 8 43
F. pratensis 78 : 45 5.6
FAIE LTI s eeesavares 107 Bilfr. 7¢43, F. arund.> L. perevine )} F, pratensis

B @ OB 25°02C
HRRBORIKAETHL, BERLE T L perenne
XF. arund, , L, perennex F, prat. | F. arund. x L, malt.
RALD Fr i T, BIFHG, RTFHE 08k
WEMEEAMIE, F arund, XL, nult, F. prat XL,
malt, T3 5~6 B¢, ORGSO ETRI0DELEE

XL, mudt. OWFRE-Fid <k R8de Dk, Bils2
B Cid L. perenneX L. mult, ORLSHER, LoOMG
btk bh, A, REFBELNLIHD, Y
RSOk, BNE S ks L, A
MR Fr RISHMEHOB S 2D bRiEd Ry, RF
BLLE S, VRRFIRL DR,

Table 9. Germination behavior of hybrid seeds.
| .

Percentage of | Germinatin Mean days of

Matertals germination | energy (%) | germination
L. perenne X F. arund. 423 % 239 | 10.7
: reciprecal 00 f 00 ‘ —
L. perenne 2 F. prat, | 61.5 | 308 ! 110
reciprocal | 8.3 (1] s | 15.0
L. mult, X F, arund. 59 0.0 } 140
reciprocal 46,7 I 46.7 i 5.6
L, mudt, X F. prat. 33 | 3.8 | 6.0
reciprocal 00 |I 00 ‘ _
F. prat. X F. arund. i 88.9 74.} 6.8
reciprocal ! 209 0.9 5.6
L, mult, X L, perenne 709 63.6 6.4
reciprocal 25.0 16.7 9.3

€10) i - BETE ; RO 4 AP 55 A
PATR B 61, BEER S Biilms ¢ A Ik s 5h
3. Py MBICRIEGHE L L T ARG HILEE &0
2N B A, ILRIANT S X OREIAE B CR105).

TEUDPHTENT Fid, HBIUNOE L A SIE D, Ik
LFeBTs 5. 1/DUTORIERUEL, B Mok
HicihEy, MR ERONEICETS 5. 1 BOBYE
TR, Lolinm T34 9~121%7, Festuca ¢



Table 10. Date of first heading and flowering
in hybrid and parent plants,

Date of Date of
Materials first first
heading fowering
L. pererne X F. arund,| April 12 | May 3
L. pereane > F, prat, | April 26 | May 14
L. mult, < F, arand, | April 29| May 20
L. mudt. > F. prat. May 2| May 24
L. perenne April 13 | May 8
L, mult, April 17 | May 16
F, arund. April 9 | May &
F. prat, April 11 | May 15

/A5 1L W~ 3 WD T oD Fu Wil Tiiwi
WU =4 000, 44009 Ib~r ik 3 1ikiz T
W Lo Tt s S v L,

3. HEERIME

Mo Btk it JEH REIO MG L. peranne,
L. muitiflorumn 3 a—=7, F. arundinacea, F, pratensis
4 n=21 T2z, F. pratensis iic o 4, 2n=
14, 28, TO WL &H 585 Kb EircoLS
RN LR 2 Aotz Fr Rt 2n =228 iy
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Hoioibid, THRIMEEL, 22 bk
WHDTHALSE. Py HOBSE, B0k 5ic
Mg Sk T iR & 3R o, BOFHUT, &
& DNEARD b D Sk, plNCA 2 &l X
U Fr fiE bR YL, TEAL, W
FHERTHINDSS 5. 1243, Fi KiGO® 158
ok TiE, 2 iMiE DO b ERE
DT, VOB OMER LD . Fiiso
{ERHEERNRIC 35 5 1 il olalsiga, 05s
g 11 FEBE R, LY Do 1 ek
IREEMT, L. perenneX F. arund. Q15451 355,
L, pererme X F. prat. 13 8.22, L. mult. X F. qrund. i3
2.88, L. mude. X F. prat. i 310 THhERZLL, -
¥iz L amltoXF. prar. T2, {LOMESHETIRAT
Fof.

WEKA T, 1 OHBIES TSI, 1R
M OEE); ¢ L perenne Tl 040, L, multifiorum T
{2 0.20, F. arundinacea it 018, F, pratensis Tit
020 ChHof (W 11ER). MHOB N oRumiknt
FRODOTHEL LRI, FL12EONOT, 48

(st il X 4 te. HEMAERA LN, VEREMZENSERL,
) §1 oo kT BO s 2 i By TR 1R ik ilig S e,
Table 11. Frequency of PMCs with diflerent number of univalents
at metaphase I in hybrid and parent plants.
No. of Number of univalents
Materials PMC
obgerved 0 1 2 3 4 8 6 7 8 9—I11 Aver.
L. peremne X F, arund, 100 2 8 19 18 30 9 9 4 i 3.55
L. pererime X F. prai. 100 4 5 24 22 3 9 3 2 3.22%
L mult, X F, arund. 100 g 11 9 17 25 7 10 1 7 5 3.86
L. mudt. X F. prat, 100 1 § 32 20 24 8 7 a.10
L. perenne 50 42 7 1 0.40
L. muit, 50 45 5 0.20
F. arand. 100 91 9 Q.18
F, prat, 50 45 5 0.20
Table 12. Diakinesis configurations in Festuca and Lolinm plants,
. No. of cells I— Univalents Bivalents Multivalenls
Materials observed i (%) %) (%)
L. perenne 50 l 0.6 99.4 0.0
L, multiflorum 50 00 100.0 0.0
F. arundinacen 50 0.7 99.3 o0
F. pratensis 50 05 99.5 o0

(@) BIAZDAEOMBSIRLION W 1
SEEE KU 2 RO BT, Fr Tt &
Resutdk, ARoMAE, WOT RS OMR MBI S R
fo. B LiROBULE, HApkiE, Byl D

LILHMCE <, W 1 SREOBMREKE, K
WEHAR LI TN Lkl LTRE XL
7o 2 OBk, RetufiR, B Rdalk
OEER, B1FRROREL06 U, BlEL
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Table 13. Meiotic irregularities of F; hybrids,
No. of C—— Al - -1 No, of Micraniclei
F; hybrids cells Laggards Bridges Fragments cells at TI
chserved range aver. range aver. range aver. | observed | range  aver,
L. perenne ¥ F. arund. 80 0-13 466 0-3 013 0-6 020 B0 0-8 213
L. perenne X F. prat. 100 0-10 268 0-3 009 0-4 017 40 Q-7 1.48
L. mult «X F. arund. 80 0-13 - 459 0-3 036 0-8 043 80 0-7 216
L, muft ¥ F. prafl, 100 0-13 294 0-2 016 0-2 018 10¢G 0- & 1.34
oo o T ] N - No. of " No, of
All tetrads micronuclei
——— o o observed . per tetrad
L. perenne X F. arund. 200 0-10 214 0-1 004 0-2 004 100 0-12 4.31
L. perenmne X F. prai. 200 0-7 184 0-2 002 0-3 005 100 0-11 3.74
L. mult. X F. arund. 130 0-8 273 0-1 003 05 012 100 0-8 2.78
L. mult, X F. prat, 130 0-11 247 02 005 02 005 100 ¢-11 5.13

3) Telieh; & Foil) 23 M, WhgE W
FRE o0 TIERENE B Ui, Fr oAU Fii
bHb, SBRETRBEIMNRLL AT, ERREORE
HTERLPOI 20D Fi YiOIEREHL 0~
108 %, WEhEROV T L peremnex F. sp.
TO1%, L. mult. < F. arund, T 11 %, L mult.xF.
pret, T 03 L XOHAHETLRNCE, DL L

B, Fi fBOfRSecBELicboh s, BiNEE
AEEE AR L d0E T, HisOBRoboksho
fodt, FORRLIEAOTE, WO E~THY
FERCTE D, WMo, BT
DIEEI R PERL ) 25 Fodn & 95 BT 1 B LV AN AT
B, &< P opratensis & L. perenne T
HEDBARES B0 (B4 R).

Table 14, Variations of pollen fertility,
No. of
By hybrid 1;112 nﬁ !plants withl _ _ Pollen fertility (%)
tested ,degg‘t‘lf;f;ed o o1 2 3 4 5 6—11| aver,
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Summary

For the purpose ol creating new forage crop suitable to warmer region of Japan, the authors
intended to raise the interspecific and intergeneric hybrids using four main graminae harbacious
plants, perennial ryegrass (Lollum perenne L.), Ttalian ryegrass (L. multiflorum Lam,), 1all fescue
( Festuca arundinaceq Schreb,) and meadow fescue (F. pratemsis Huds.).

For the first step, we studied on Lhe crossability between these species, comparison of the
morphological characteristics and cytological aralysis of hybrid plants. The results obtained are
as follows,

I, Intergeneric hybridization was not so hard, although the results were different in cross
combinations, namely, we could get the hybrid plants more easily when Lofinm sp. were used as
maternal plants than reciprocal crosses. The interspecilic hybridization was much easier than
the intergeneric hybridization. But, back crosses to F; plants by parental species were very hard,
and we got only three hybrid seeds which did net germinate,

Furthermore, we could not get any seeds by sib-crossing between different F, plants or selfing
in all hybrid plants tested. The percentage of seed setting by selfing differed in species and
it was about 30 % in tall fescue against 1.6 % in perennial ryegrass. The resulis were compiled
in Tables 1-5,

2. General appearance of hybrid plants resembled more to Fesfuea sp. than to Lofum sp.,
although dimentions of such characters as culm length, ear length, number of ears per plant,
number of rachis per ear and number of nodes per ear were intermediate or resembled more to
either parental species. Hybrid seeds were very light compared with parental seeds, and inter-
specific bybrid sesds were pretty heavier than intergeneric ones. In general, the degree of varia-
tion was large in hybrid populations. All hybrid plants dclayed somewhat in the date of heading
and flowering than parental species and showed long duration of flowering time. About 24 45 of
the hybrid plants had completely degenerated anthers and Lhe other showed very high pollen
sterility ranging from 0.1 to 1.1 4. The data on measured characters were presented in Figs, 1-8,
Plate 4 and Tables 8-10.

3. As haploid chromosome number was 7 in Lolfumt sp. and 21 in Fesfuca sp., genus hybrid
plante conlained 28 chromosomes in somalic cells, In the meiotic division of the hybrid plants,
it was not $o easy to distinguish complete configurations, then we counted the number of univalent
chromosomes for convenience, The frequency of univalent chromosome varied widely from 0 1o
11 in either cell of the same anther or different plant, But, the average number of univalents
did not differ so widely in cross combinations, ranging from 3.10 in L. mudr. X F. prat, to 3.86 in
L. mult. < F. arund.

Such irregularities as chromosome bridges, laggards and fragments were also frequently
observed in later stages of reduction division, From these analysis we supposed that the genome
of Loliwm sp. is semi-homologous to some genome of Fastuen sp. The results of cytological
studies were compiled in Tables 11-14 and some microphotographs are presented in Plates 5 and 6,

4, We are now going to produce fertile amphidipleid plant by colchicine treatment or J-ray
irradiation of hybrid seeds or F: plants,



Explanation of Plate 6

Inflorescences of parents and F; plants.

A,

B.

Inflorescences of parents and intergenerie hybrid plants.
1. L. perenne

7. F, arundinacea

2-6, F; plants between 17

Inflorescences of parents and intergeneric hybrid plants,
1. L. perenne

7. F. pratensis

2-6, F1 plants between 17

Inflorescences of parents and intergeneric hybrid plants.
1. L. mudriflornn

11, F, arundinacea

2-10. F; planis between 1x11

Inflarescences of parents and intergeneric hybrid plants.
1. L. mudtiflorum

10, F. pratensis

2-9, Fq plants between 110
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Explanation of Plate 7

Microphotographs of root tips and pollen mother

cells of parents and F; hybrids.
Late diakinesis of L. peremne (n=7).
Late diakinesis of F. arundinacea (n=—21).
Metaphase plate of root tip cell of L. perennte (2n—14).
Metaphase plate of root tip cell of F. arundinacea (2n—42).
Diakinesis of genus hybrid plant between L. perenne and F. arun-
dinacea, bivalent and multivalent configurations are seen.

Side view of the lst metaphase plate of genus hybrid plant between
L. perenne and F. anmdinacea, univalent and multivalent are seen.

Polar view of the 1st metaphase plate of genus hybrid plant between
L. perenne and F, arundinacea, univalent, bivalent and multivalent are
Seen.,

1st anaphase plate of genus hybrid plant between L. perenne and
F. arundinacea, showing bridges and laggards
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Explanation of Plate 8

Microphotographs of root tips and pollen mother
cells of parents and F; hybrids (continued).

9. lst anaphase plate of genus hydrid plant between L. muftiflorum
and F. arundinacea, showing bridges and divided laggards.

10. Late 1st anaphase plate of genus hybrid plant between L. multifiorum
and F. arundinacea, showing divided univalent laggards,

11-12. 2nd anaphase plate of genus hybrid plant between L. peremne
and F, pratensis, showing laggards,

13-14. 2nd telophase of genus hybrid plant between L. peremne and F.
pratensis, showing exclusion of lagpards,
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