Olnl 6559laS pole aloxe
MI-TY YA Jl¥ o lads Y o>

ST 50 Jakomo SBNS § pad Culil (Sl dilrgd iy F 098 &0 4 Fwl
Sl ™ Wl & oo (Lolium perenne) 310 a5
Sy Syl e
é\fgmo@dwy&wﬂ:
VAN /YN s By b
o>

sbes, sl B ad g SRl gl A6 (Lolium  perenne) sl o 3 e ClS 5 g
S kS S 3 e ke 9 3 Jlowe sl a5 o euan Jo6 S esle dso s 305 (il
5SS SRS 0 g pasts 4 Ol ol Pl 53 Sl g Ol g A (5] A sls slals
S 93 (S p s Conle gl o S ol 5l s syl (Ka KU L Lgl bl
sl (NIR) 535 503 0gle primn ek (659555 51 ol 03,90 (s 2 2090 85 53 S 33
o 5l b b & gas Tl ows cpl 038 0 S (gl A esliud Do S o3l
350l Y e o s T B 51 e3liial b s bl ds s i (g S 05T 5l
65 o511 (HPLC) Yu 8 Ly glos 3185l S abm g o 53 dghmue slacid ds
23 2553 Slis sl oy K55, L ess Ky a5 g Al peiies S5 Jud Soid
ey Wb Ao o 55 pean bl gl p 4 5l L el Sy gl il Jor 4 LS Byl
25 ks (gla ad A3 (sl ekt D! gl Y g DHRL (A 4 el g oS S5 85
S 4 fely g ol g DG 8 5L S el g s st (K i oo
‘-.'._;"30‘5“xf)bawéﬁkjc—@ﬁ%é%)‘é%ierm&’“-!C-“‘&-(”“"'“'JJG:—‘U
85 il gl 08 4 bl (h7b) ogos s 2ty Sil5s e ASL 039 0kes S
o b sl ;,,,,.,Cu,,ut, Sam £ 51 Jols (WPop) o g (5 mdy ity 51 L
S del sy (h? op=*/Y0 5 h%, = +/#v) Jgloue b L3 51— (h? op=*/YY 5 h?%, =+/0%)
Sl ol 5 Khas Sl 5 (K55 035k om0 lp S ol (0,0 S5 4 fnly DL o
5 Tg= /05 G /W) 5 ol andllae 3,90 S 53 o (55 9 P e AL o ke
Arp= /YA G 2 /Y

45}1.9 C.:’&;S s‘jﬁj% C—a")" ‘j.'.g}g “ tﬂ“ sws &.‘.‘-‘55 ‘4-:;\?.- EL L;'":'-’-)f gg;t“} r.’:’*' :‘kasubj's

i Calls oo )s (193Y o LSan o Smith NA9F )L San doio

SE kS i )0 e o g9 wol ) Jaloe slo wid g adgle 0y s o gl adgle ol slie coiiS dgp
Cwolie ol ol o Cudge e g s gl adgle JLals KWIN L;.ii}.él)odali)'ﬁi" o8 1> 5l s ooliiul g S5
by K00S0 b gl bl g (S J S o926 (s 4 5 Fahey (\9A4 Corbett g Wheeler ) )l ols 5l 03 91,3



(b 99 et (S (et g (S 4o Gl (S
d_oﬁb > 6345 \S.i).b g,;] 50 J}l;u 6\!&&.;.5 3 p_.a.m V;:.L:L%
Lol 0091 SIS Lyl s (o Al 90 u3S Jed S5l

lewg) 9 g0

Wlio i 35 ogxi g ooliiuil )90 lgo

Ko s ol 5o ool 3)90 ells @z 0095
Dliid 5 p0 50 (S g Al b oud ol slap¥
33e YY - slawi VYYF (bl )0 .l 035 wad ) Oak Park
cS 55 ¥ Gl o allor jgha (i 3,90 0955 I )0
2 525 iy joliier iy adyl Jole 3 Lo azalS el
Sy Do b Gl Gl byl p3 Widd (G5 e i 4z
g g 03dlyg B s S 8 anlo gloys (220 50 ol
Jizie Ve °C (slas b p 8 S & L ool S i Lol
wn Jlo Sl Jalgh 5ol Gl 8l el (g 0ty LS ainds
ahad (5 o ¥ gl )y iz j5h WIS o Lo 4y
et 3 i Sl FA ey V0C 51 o Lo digad 5 2iuds
T 3o Jolne (goaid 5 it ol ooy i o]
o3l (NIR) ' Su55 303 (y90ls i gy ol8id ey
Uiy 1 dgas ol olKzws cpl 39,5 0,5 (gl ot S5
ap Sl s yd Wk (5,5 ol S bl gl Lo
dmoy g el sl (s ot T by, oolisial Ly
Wl S L g b T glagsS gt ST 53 Jolne sl
o 6.5 o3l Slaby; Slajz il S oslat (HPLC)
(144Y) Connolly 4 Jafari lawg NIR o&ws 0,5 0 S g
25 ke b gL & Ly Lol ol 005 00l i
T o (g2 o 3l ovalin BB 4l e 94B) (2ol &0
&5 o3l 5 ouel sy i ulasl oy 0 6 =S o3l
Wb S ) g oY Feolie

35 it Colls oo b ¥

o5 ad Cebli aoys b o¥-Y

1. Nar Infrared Spectroscopy
2 .pepsin cellulase gammanase
3 .Hgh Performance Liquid Chromatography

13 b ) 0 Congin bl 3 Sl el L
DS (Ko 0308 3 0l (ns

adgle ppo LS 51 S, (Lolium perenne) ool gz
Sl lylyd &8 b 0 5 0l o0 Qe e 9 Ghls 0
obj man BB (65, a il ogldas oS (ol sl 52
S Glgia 468 ol (VAFY o LSen g Jung) sl oo g
gl aials 58 Jlad Gblis 3 Sygido oaiys digle
995 a2 9 0N (o) 39 (o0 S8 ygbgr 59515 9 5!
VY Lyt s )5 ol Gt bl 10 s OYVY ol LSien
5§ iaz) walai e agi LS )3 adgle Sis oole o5
3 dgle adgi )0 S ol el cde 4 (VYVA ] LS
OF (e 25l O3t 39 (=23 £95 1 1§ yomssd p Glice
cals walys als Sladgs bl andins 5l

25 liaz g il 0 Vsase sl dsle Sl I
R e R R g D
olesily ;S g Al S Jio egivan bz 3 S
i) el ot Jul ot o) LS Lo 5l (6 i
e 43 ool 2 oMl yle o a5 L iy S50 st
=y Ja S e o 1y LS ey )5 OloS (o sl SlLS
S 25 o8 1y i3S 0y99 Job g old )18 (bl 9y90 5
R o e e S e P
gFalconer) ok YU ag 5 g sl S laoe g0 ;0 L o3l
Lol ok ol 5l G S 39 ol e (V47 Mackay
ST e oSl £ | st oy el Y 55
& Caaglin ¢ 2ALS Lo Joud j Slio (0 0,5 dlone
ol o588 S (gl Laome 53 (9L (Kiran L Lo
CuiS byl gl (129F ) LSen ¢ Elgersma) wins o
oS o ond 1o de 50 g ALS bma g0 5 Flalllas aigle
(VAVD) Cheristie 5 Bath Lislejl o .ol Sgliis Lesl b
gy (b Jg 0058 o gire Tame 5 oy Jliie
s )l Gl S pine @l S (sl 45 w00, S
1454 Clements) 5,5 plxil (gl ae 50 coiS basl s o adsle
.(VAAf Christie 3 McElroy .

£55 Canlo g fis (eesd | e b ol Saa



\RA

el Comad 5l ool U adly 6 mdy el ¥

A dplora Y = SR (5 @ gy 4 o35

ke 59 pne (5 udy Sy aalone gl oY Ll
Sy i i le Ll i iagee el 00 ey Gl
@l 0og 5l (Sola 6,5 diged ool 390 olgs gansl o
) Smgy i L JoLss g (3lmyl 2929 pae
(144% Mackay ¢ Falconer \4%Y Gardner \ 4A¥Becker)
S Wy pogas 6k iy K0 g bl 13 s roty
Sle 3L el g ills 2l ez Gl 3l eolinl L
ol 00 jglaie 09 oo dwlone U sl o0lgil s 10 Slayye
2 B8 gl (Y plly 0l ;53 WS a8 je ke Lan |
a5 didgs o Sl Slas o ,Sles i g o i ol
Dyl &gl Bolas (68 diges 4 yai b
Cdlé 5 (a3l i by (rratd

OIS g & s udly Gl gl e L)y i o
O3S 8 45 o9 ety shalejl b LSl o oah 2 S5
W sy plasl il o8 SO 4y dolal Oj9a
0 Lla b s i bl lyin | oLt s Ly e
3 dolo s Gl b 28,5 i js (0 =V ) (S
sl Y o S5U gle oolgils g coally Lo (yalS &5
2 oy VA (a3l o Loy ol i 2oy S
2035 3.5 dunilors 09,5 o sl |, (Vp) "opdle Ly 2158
5 Dlarye Sk (Lol del ez g il ly 4500 Jguo
el osal Vo jlos Jsur ;5 abogiye slo Jyo

Sla e §filon (ot Joo pulsl o iy 12l
Olyn B2 S5 92ly g iy Slg dnalone 53 g ad dulone
Sloxe Bl dpslove (gl ot 48,8 a0 o il Jlons
Dickerson lawgs 4z, |15 wie j (h%) cagos sy il
moya 6yl Sty Jane Gloul g o esliul (1459)
drla (3000,5 y cnyo Jana Byl (9,5l 90 L (b'p)

4 . Realized heritability

5 . Non-genetic / error variance
6 . Additive variance

7 . Non-additive variance

Al gd 35 0)90 S & Gy (g e

obj Jolre gloaid woyo b op¥-Y

® Jebe sboaid wo o b o Y-F

Vol gy &8 W09 s VP lylo Lo nl 51 S pm
Oty Sl ot ol e Wil S L sl &l e b
FBad cdlyy allan oy coigiy o 5 Jol> Aol asy
el cws gy (HS) ' (56 ol plys oolgils V09,5, a
allaz jeky HS oolgls 1o 5l 30 sue & ol VYYD b
P45 Gemi Widd CitS Al S 0 Y la ol o
e vse A lajen aad kS BxVF = A Lold og, 8
yople Lol S GE A 5 A sald leiw a gl edgs
olai joky Ciei V8 s 8l gla lalS a5l oyl
L25 oolal g s (9L8 0 ay Ll 51 S 1 g wiads sl
99 g ol Dbl 09 5 F o GlelalS (B vall) wiss g,
WalS o B jo (JalS FA+ “Leaz) By A (glo anlt og, 5
Jlgl yo . Wl C e (Y470) Lawrence by, alie  Soloai
alflox O )jga olug) il al> e 10 LS 4 e \YYF Ly,
00,3 NIR alewgy s Sl g S5 O g Nl sl
5 65 ol T 5 Jybne lous 5 tn i

)bl 4526
:CJ;CB,;’:I d> 0 g3 boodd LS)JT@’.' slaesls 4500
9 LS o duslie pslaiay 09 )5 £ i L)y 450 (!
2ol
G oY B IS e el G Ll w526 (o
35l ssbicas (smally (6Lp gl S ) B 5 ot
sk g (S5 sl by
Sy <y dmlona
Sl 20 5l ool Ly " agas (5 mdy uilge)
s 03] (a3 (ally slesgls il g
h2b=VG/VG+VE =VGNp
9 e o Seiy o Lyly wad 5 an Vp Vg Vg S
ws NE . PO
$9) gt (g S adaly 517 ogas g dy oy Y
a3 S aulxe by =2b ully

1. Half sib families
2 . Broad sense heritability

3 . Narrow sense heritability



WA Jlo ¥ o)L@Jb‘T’YJJ.?-ng)gLiSP#ALm rYY

o 9 @l

R & gly

G o S 3 oty Sapmez | sl Lm0 0l
Gl ol i il ea s M ¥ Jga j0 il g0
G 4 gely g 995 e Jolme 9id g pmdd Sl ol
Sl s 5o 3 s G235 (g s o giee Ll 2
G s fesly 5 039 ST ¢ Jslome aid g an ol B alS
2 i Sl gl gk g i 05 )0 (e Lyl 2
ol (oo ol () 232 )0 (grmn By 5 05 05 0 9,5 90 0
gl Curex 5l Slas i S @8ge 5 as asbele ol
ol s g o ploil Jshona 015 Cuio (sl i o
» P Gdg 345 9 o5 et CuhlB g1yl S e i) &
idgy o0 Ul Jglone o8 & bgrya 5o 09

Cio g3 lp G5 4 gl &5 o Gl @l
1 L el i35 4 by 95 0l 09 )= B
Mackay g Falconer) cel oo b )55 Al g3 slo i S
e Sz g el Jdo Sl s 033 ! (Va4r
il 035y 0dae Sl Ly (55 S sz 53 Slio 35 Ly
33 o Sl il g 59 e g ol 4l
ol)San g Deinum 5 (V44F) ol LSea Beerpoot la—wgi
ROW PRI Gqslo o2z 0 (144%)

5 oy 20 P ot W 50 (b 521 AAY) Humphreys
oS 23, aomts dgl 525 5 4565 ol 5l oy 095 08 S
e 1 Joks g ongy ol b L wish Sy S8
&S 0393 iy3S (Va#Y) Cooper « Jlie jo el (6 !
o Breese .l o2ul3 (Jole sLo b gl (S g
AN Wy (i) s a3 = (Y4Y+) Davies
‘”“"’}‘3&)‘}5‘)-‘-‘3)?..9“-'9‘:"—{@?3%—")")‘3@—“
Cato ¢ ol Buiors (0 Cunl il S eaims Lt as
o sl 0 51 (bya) AR Humphreys) g, alie 4y
Jed ool 9y0 S 9 ol oka] oy il e gl 4l
2ol Ygans it ganmy (Si3j a2l hlo &5 b rer
ARS8 Cewndy (§ 52

SR gadly s pdy il e Glponil auilone (gl o
20,8 esliul (V4£Y) Prout we

Hrg) 595 9 (1) 93 (Somrad dusla gl
W solaw! ﬁ) 0:39) 9o

s slS il laeS 5 el lg 2l 95l il )

yo= O-g(xy)
g 2 2
O g(x)°9 g(»)

ot ol oS 5 by 2100y 3 6% Jsed ol o 45
Aiand Cako §O

LA WS T VO UG Jare Ul et alone (61
A ool (VAAY) Becker s,

;o (YAAY) Becker 4 (V44%) Mackay 5Falconer o)
25 ¢y (HD+LD) 4 HWHLW) oo pim ¥ slo =Y

_ COVszZ + COVxlzZ
r, = S
2\/covxlzl covszZ
50 Y ms (x1) JJ‘S 50 | Y o= Lg)|55 =COVxiz2
(2) g

2 Cho g (X)Wl ¥ Cho Ls,leS =covxazi
(@) g

P e g (x)) oJly oV Cdo i Ls,lsS =covxiz
@) gl

PYcass (X) Alg oV oo i Ls,lsS = covxizi
(z) g

) Mackay 4 Falconer b, ;! oolizil b 1 lre 312l
9 Ot eSS I oY ol ogdle S daoloe (Y44f
adl Cumez g B g A sl aald (i S leia¥ o e



Yy .
i Alogd i3S 0)90 K & gy 15 yinn

S oY G gl bl (g8Bly (g Sty s 6y il
ol sl Sn ool pogas 6 by Cllg alia il g5 cso908 Sy Sy yras ¢ gy 1 8 gm0 i 5 8
W= V) Jghone w8 sy 5 (W= 1Y 5 B= 1Y) in sber (siaally sl sy ) ol cslo cglS oo Ll
L aslie Bl Le prass ol sl oy (W= o 1¥0 g 2 0 a5 09 2l pally g0 S 5 Lol> iy iy )
(¥ Jga2) ol ol il lg 092

(56 sla ool ) oo 2 8 (ol 1S o g o lly sl 35 Solog o 83 sl el 5 ity s Y gt

w2l Ll St ubee PSR 35T 4o S i s
Sl e Sl ol
ol +rol e osl gt o  oliro? \-n . b 55 o
w HS e, g
o> a o3l ls 05 o n(1-r) s 55 0300 0 058
V,=40], ocl=0cl+ (O'i, —covy )= V. +3/4V, + 1 Vy=0l-(3ck+0?)
S sltas (U jalgt ol gl sl g la yS slas = ryn
VarVp) = Sa5 wibyly = O-;
Vi = (G lly sl 0508 & by peolzsh) (K55 8 uibly = o-e2
AV 4= 6 sl ool gl oy il S = 50 e el s ooty T O'les
YVarVoiVi= 56 gboslgle 0p55 Sl ly = O-j
VarVorVes oo ibyl, = o?
w3 by JS S eladl 5 (B e (R bl e Ve sVps Va

N Juis ! C_..r-..,_-).u;_'JT).sJJJ:ushth§}r‘é.ng:,.:l.!ls-\J):CJU.AU;IJ_:Qb,:ﬁf&idﬁ:_}h#-f@#@wwﬁi—\' Jae

pan Sl (Ll

Ve sl Comer
A2 4 gl '/.\;,_.<-L,, s O fd ey S E ol LKl sl ¢ Jud) oy 8
V&1 A (Uall) ol o3 55 vr/ve vy O Jd) ot o 5
iy YPIYS A 8L i Cubilh " vo/s¢ 15 S5 piats Calsls
- oI8Y" YOIPA  Ae o i Sl Sl yr/o5 15 o e Sl
Jov” VIV A 3 J plows 5 v v/vr 15 35U Jplows 3
- /5A" /Y A 3 J soun 33 Vve ™ vY/as V8 oS Jghoue 3
YF/FF A oy sl 0 8 YF/\Y \$ sy sl o 48
WAls /P¥ ) N I WO

eV /A% L0 gl sl e U3 i s




WA Jlo ¥ ojlad FY al> (65,508 pole abne rYe

Y Jgu aalol

ol 55 Jaloxe o 038 (o

Ve ot Conaxr .

PO P A R taoy,S s 1Sl sl oy,S
S F A

AT A (Al Jley ZAnd vy (0 Jod) ool 035

o/FY AIY$ A 33 Joloxo wid v FINY \# oL 5 Jekoxo wid

SRAL S (/) SR o Jgkxe W3 Al Y/-f 1% o Jele i3

N NFY A S ar B R A A\ \$ ¢S peir eblG

- v/5Y As 3L e RY R ¥/e0 1 o5 et b8

VIVA A s dlly sl 08 ¥/0A \§ o lly sl 0y

Yiai 1) S P P PP

¥iay v /a8 10 o 53 fs xe M i

'/'\_,'/’O ck.a)bg',._.?ﬂ)bojau *k ok

et 2§ i 7 ey S = S3) g Sl Ay

- 2, . NN 2 . ..
(hzop)gvﬂi- S iy g (h%) il 6 ndy Sy (M%) o ses S s DSl masei Y Jgr

Sy Sy ohdie odd S s Y s Sl Sy g g o gy
ST sally st 018 M%) yes an LA
Y £ NF (HD -+ LD) s 5 50 o5 o5 5 W) e
JAY o /xy (HD) sbj s CoblE
Jov & /vy (LD) oS s Solls M%) il
Jev /e (HD' LD) (u._v’y 93 S yl&) il 9>
N s cste 08 M%) oy T 53 Uglous (sl 3
Jed £ ¥ (HWHLW) 25,8 545 5 o5 5 (h?4p) g s
Jw (HW) A, oY
NS (LW) 55 oS oY M%) ity
IR (HW- LW) (0¥ 35 Sslis) il 3




AN

Alrgo 25 0)99 Sy & ol 1g e

(2l S O g8 4 52 51 ol oLzl il sy 9 S (s 03l gl 0k sl s oy S bl 4 a0 —F Uil

Tr i y ly i s et oS S o
Ve Vb Va Vo Va (V) sttt o3l gl Oy ,y9 o3l glst i F e Y
A 14 . ¥isd of e \/f4 V/a¢ \/VA 3L s b
v . \ ofos J¥A V/¥4 \/5¥ /.4 ¢S s okl
Ys ¥o Y4 YA$ \/AY \/54 g™ N¥E Xy oY
¥ - #r o/ae Y/ V54 v/es " o/ RERE g

VNNV Tl 53 Rl g K

Azt James g 15 8 ¢ a5 bl o5 v = Vg, Vp, Vi

AL gl gar ilsls Ul by e Dl e Kl = 55) 5y Sl Alibigs

2T 53 dhoun (sla 4B 5 ein S h 93 o 555 3 4D SKad e 0 gl

(529 55 Srar 555 (St
JEA £ /08 (+ J) sl Comar
Jov E /v (1 Jos dal) gl Coman
Jog + ey ? Jov £ /v (HD + LD) 25y oS i LB L gl Y
RV N Jov £ /iy (HW +LW) 45 o5 545 5 sl ¥
Jea £ e N sy sl 048

oY ¥ e 50 (eladl) U gla colgils 19,0 il g el

oy (ol g i o (gl ol tl Ly ly jlieads oS
sl 0dlgils oLl b jlg jo a8 all o cpl & ol S
Slow ogbin (5555 ol b lasme (rbfy 558

sl 00 o Sre
T S 5t g & sl ol o LS S g g WS oS
RN O

by il Y 50 s saal iy Sgliie (S
Wb oS Y o adl o ceul el il lg 6l ol
Sadle )i o6 pF i (el el oo Sl il g

WS 0 anb uss oYy )b

V5 milsly oS By 5 (S5 Keas (e 1@
(s STl Lt gy ) (S5 (Socan i (B

«(VAAY) Bugge «()IAP)Frandsen g ooel Coudy b
o e (VAAY) 4, LSen g Buckner 4 (V47Y) Cooper
Sy Slg ¢ iy e gl (390 o)l Sty o Jliy!
03903 4z g JB plliz i g pds y (slo (oY G (Bl
ol o0y i1 el Ko sl ol W5 s o e s
RVJOP I LRV I NOTP

oLl ol s s 5L (5 (s 3 S92
oty 5 ol ol el L ) Ls (-Se |, (0%0)
Slle (Rl Bl il )lg edS Jgoz Sy (5L slagY
5 ol )y i il 3 bl Sl e 3
e o o S iy 4t Lo 551
5 Yojlad Jgor o Lo uils lg 4 i ulis .l oung) do
55 a3, Ll s Slaseie a5 ail ouds 4od> Y ojleds JSG



WA Jlo oY ojos Y al> (55,5L28 pole alme rys

.)35)3():\)’

03uD ol a¥V T ) LSloaxs 9 walle w39l sy ypresS |

(s o o

odul iy 38 s (Y

e by S5 cnl 53 o oains JuSii5 (sl a4 et Ul sl Y il 2252 =) JS
15 55 6 0oyl oy il fy VE Jolas l33l iy 5 (nlly (slo (ol ot sl ly Jolss

& g5 b 0dlgils iloly 4 Sl (2 9)90 bame
il (25 & gy prion g o] oaid S5 sl
ot G () (il il g 4 0l oLy
SLp 23 a0 0 g et Sl B o g0 palla J S 0
i) blie ppbs oJlninl L i (oo Lisl Jslne
S bama 93 G S5 ki 097s pas Joo ol lSLS
G ay pass JiL oaal Cny gulis e 30 g ALS
2 i Slao i Gl oY 5 0l (oo (o 405 oS5
G L ol Bl g 0,8 plol 53 oShie S Ll

255 polee (5l alls

Sl ol
&lo glasal, bl Vincent Connoly zSo jl alwgnn
S50 pyme ulgiana 5 g 030 ol 2 oo o 03|
el G ol szl gl |y 3 arop 45 558l8S sl
e G 1S SBT3l i med 39 o S5 alodgad
5 lopas St e |, allie g3 5L Cnn 45 B )le
o L (g0 6l

W P 4.._9)5’)]@

ad gLl glo opY alin an b 4 by y o sl
sl Sluye (oSl 45 Sglis ol b il (oo Syl
9 f o)la.:) Jsd&) & lowis )L) L;a_'.b sp_.élb &‘.:LJ[:‘! 4 .on)_A
(Vojlod JS
Cio 93 [t (SS9 (s P (S (e

odds 4oY5 O Jgax ;0 &l o Jokoa slooud g pat Colis
S Oygar (S g g (Fimrod b ded S
oxd il s el gubis ol s M (s g o
9 (V4%Y) ol Ko g Grimes {(14#Y) Aldrich g Dent lawg
anil oo ool o3z )0 (€VAAR) Humphreys
S A

Cadgazme sl Jds g9 e Ghalal ol 5l 65 i
J»u' u_ig' o .]ay)..n L s o\.)._a] [WNBWA N et_) ds.._ﬂ le Sl
Al pgo g ol (i) Al ys o S oy S Ly S
SIS 10 g kS 0 G ST O ooliul 3)50 b 54
6y 1aid gl ol s S8 al iy il oat S



YTy Al>go i3S 0590 G 4y Gl 16 yann

REFERENCES o5liiul 3390 @150
P @l g llr liniod aga YF o)l 4y )5 a0 0L (e IYVY o 6156 0 g 3= S o 9,38 gl
Ol g

TR0 5le 55 (55, stk ok 5 ) Oloj DIl gyt g oo b5 AYYA (G g 2 s Bl i dg (g i Y
5 Wl lidxs g Ll olp! K2 g e olls ool § Sy Slidss (Lolium perenne) il 2 g

AVO-VOY Sloxio ) o)l il o
Bath, A.N. and Christie, B.R. (1975). Plant composition and i1 vifro digestibility in bromegrass

—

genotypes. Crop Science 15: 676-679.

2. Becker, W.A. (1984). Manual of Quantitative genetics. 4" edition Academic Enterprises Pullman,
Washington, 196 pages.

3. Beerepoot, L.J., Bouter, W. and Dijkstra, J.A. (1994). Breeding for improved digestibility in perennial
ryegrass. Proceeding of the 19" EUCARPIA Fodder Crops Section Meeting Brugge, Belgium, pages
237-242.

4. Breese, E.L. and Davies, W.E. (1970). Selection for factors affecting nutritive value. (ii) Water soluble
carbohydrates in ryegrass. Report of the Welsh Plant Breeding Station 1919-1 969, UK, pages 35-37.

5. Buckner, R.C., Burrus, P.B., Cornelius, L.P., Bush, L.P. and Leggett, J.E. (1981). Genetic variability
and heritability of certain forage quality and mineral constituents in Lolium-Festuca hybrid derivatives.
Crop Science 21: 419-423.

6. Bugge, G. (1984). Heritability estimates for forage yield ear emergence and quality characteristics of
dry matter in (Lolium multiflorum Lam.). Z. Pflanzenzuchtg 92: 321-327.

7. Clements, R.J. (1969). Selection for crude protein content in Phalaris tuberosa L. 1. Response to
selection and preliminary studies on correlated response. Australian Journal of Agricultural Research
20: 643-652.

8. Cooper, J.P. (1962). Selection for nutritive value. Report of the Welsh Plant Breeding Station for 1961,
UK, pages 145-156.

9. Deinum, B., Van Loo, R.N. and Maassen, A. (1996). Unexploited genetic variation in digestibility of
Lolium perenne. In: “Utilization of local feed resources by dairy cattle” (eds. Groen and Bruchem),
Proceedings Wageningen Institute of Animal Science (WIAS), Wageningen, Netherlands, pages 139-141.

10. Dent, J.W. and Aldrich, D.T.A. (1963). The inter relationship between heading date, yield chemical
composition and digestibility in varieties of perennial ryegrass, timothy, cocksfoot and meadow fescue.
Journal of the National Institute of Agriculture Botany 9: 261-281.

11. Dickerson, G.E. (1969). Techniques for research in quantitative animal genetics. In: “Techniques and
procedures in animal production research” American Society Animal Production Publication New
York, pages 36-79.

12. Elgersma, A., Winkelhorst, G.D. and den Nijs, A. P. M. (1994). The relationships between progeny
seed yield in drilled plots and maternal spaced-plant traits in perennial ryegrass (Lolium perenne L.).
Plant Breeding 112: 209-214,

13. Fahey, Jr, G.C., Collins, M. Marten, D.R. and Moser, L.E. (1994). Forage Quality, Evaluation and
utilization. ASA, CSSA, SSSA, Madison, Wisconsin, U SA, 998 pages.



WA Jlo oY o)l XY al> (65)5liS pole aloxa YYA

14. Falconer, D.S. and Mackay, T. F. C. (1996). Introduction to quantitative genetics, Fourth edition.
Longman Group Ltd. London, 464 pages.

15. Frandsen, K.J. (1986). Variability and inheritance of digestibility in perennial ryegrass (Lolium
perenne), meadow fescue (Festuca pratensis), and cocksfoot (Dactylis glomerata). 11. F1 and F2
progeny. Acta Agricuturae Scandinavica 36: 241-263.

16. Gardner, C.O. (1963). Estimates of genetic parameters in cross-fertilizing plants and their implication
in plant breeding. In: “Statistical genetics and plant breeding” (eds. Hanson and Robinson), National
Academy of Sciences-National Research Council, Washington, D. C., USA, pages 225-248.

17. Grimes, R.C., Watkin, B.R. and Gallagher, J. R. (1967). The growth of lambs on perennial ryegrass,
tall fescue and cocksfoot, with and without white clover, as related to the botanical and chemical
composition of the pasture and pattern of fermentation in rumen. Journal of Agricultural Science,
Cambridge 68: 11-21.

18. Humphreys, M.O. (1989a). Water-soluble carbohydrates in perennial ryegrass breeding, I. Genetic
differences among cultivars and hybrid progeny grown as spaced plants. Grass and Forage Science 44:
231-236.

19. Humphreys, M.O. (1989b). Water-soluble carbohydrates in perennial ryegrass breeding, Il. Cultivar
and hybrid progeny performance in cut plot. Grass and Forage Science 44: 237-244.

20. Humphreys, M.O. (1989¢). Water-soluble carbohydrates in perennial ryegrass breeding, III.
Relationships with herbage production, digestibility and crude protein content. Grass and Forage
Science 44: 423-430.

21. Jafari, A. and Connolly, V. (1997). Genetic variation for quality characteristics in ryegrass (Lolium
perenne L) IGAPA 23" Research Meeting, pages 101-103.

22. Jung, G.A., Kocker, R.E., Gross, C. F., Berg, C.C. and Bennett, O.L. (1976). Non-structural
carbohydrates in the spring herbage of temperate grasses. Crop Science 16: 353-359.

23. Lawrence, M.J. (1965). Variation in wild populations of Papaver dubium 1. variation within
populations; Diallel crosses. Heredity 20: 183-204.

24. McElroy, A.R. and Christie, B.R. (1986). The effect of nursery conditions on the in vitro digestibility
of timothy (Phleum pratense L.) Canadian Journal of Plant Science 66: 307-313.

25. Prout, T. (1962). The error variance of heritability estimate obtained from selection response.
Biometrics 18: 404-407.

26. Smith, K.F., Reed, X.F.M. and Foot, J.Z. (1997). An assessment of relative importance of specific
traits for the genetic improvement of nutritive value in dairy pasture. Grass and Forage Science 52:

167-175.

27. Wheeler, J.L. and Corbett, J.L. (1989). Criteria for breeding forages of improved feeding value:
Results of a Delphi survey. Grass and Forage Science 44: 77-83.



vva

Iranian J. Agric. Sci. Vol.32, No.2, 2001

Response to a one Cycle of Divergent Selection for Digestibility
and WaterSoluble Carbohydrates in Perennial Ryegrass
(Lolium perenne)Under Glasshouse Conditions.

A.A. JAFARI
Member, Scientific Board of Research Institute of Forests and Rangeland,
Tehran, Iran
Accepted, Jan. 10,2001

SUMMARY

Breeding perennial ryegrass (Lolium perenne. L) for improved quality traits
is an important step towards improving animal performance. The objectives of
this research were to determine the extent and nature of genetic variability for
organic matter digestibility and water soluble carbohydratesNear Infrared
Spectroscopy (NIR) was used for estimation of the quality traits. NIR
calibrations were developed using standard measurements. For this purpose the
samples were analyzed in the laboratory for digestibility (pepsin cellulase
gammanase) and water soluble carbohydrates (HPLC).The results of 1 cycle
divergent selection for digestibility indicate that at the vegetative growth stage
the genetic variability for this character was low and response asymmetrical.
For water soluble carbohydrates, genetic variability was larger and selection
response again asymmetrical. The asymmetry of response was attributed to
directional dominance and/or segregation at a few loci with large effects.
Estimation of broad sense heritability from clonally propagated genotypes were
higher than narrow sense heritability from offspring/parent regression (h=
0.54 to h2,= 0.32 for digestibility and h’= 0.67 to h’,;= 0.35 for water soluble
carbohydrates). Because of asymmetry of response these estimates are not
useful in predicting genetic gain for increased level of either traits. The genetic
and phenotypic correlation between traits was high (r, = 0.48 to 0.70 and
rg = 0.56 to 0.77).
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