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Abstract

Palatability of 14 varieties of orchardgrass (Dactylis glomerata L.) was evaluated with Holstein 
heifers by using a trough cafeteria method for 4 years.  Highly significant differences in the 
palatability of varieties were recognized throughout the growing seasons in each year.  Multiple 
regression analysis was carried out in 15 cafeteria trials to identify the variables which could 
predict the palatability of varieties.  Among 41 available variables, the best combinations of 2 
variables were identified in each growing season.  For all the seasons, the concentration of Ca, 
the concentration of P, and flexibility of leaf and stem were considered to be the best positive 
predictors for the palatability.  In contrast, ADF and 3 kinds of diseases (Rhynchosporium 
scald, rust and total leaf diseases) were considered to be the best negative predictors for the 
palatability.  Lude, a French variety, exhibited superior characteristics in quality compared with 
other varieties, namely, high palatability, resistance to rust and total leaf diseases, high 
flexibility of leaf and stem and the highest concentration of Ca among the tested varieties.  
Intake of fresh materials in 2 varieties, Lude and Akimidori was compared by using Holstein 
heifers, It was observed that the estimated increase of dry matter intake (DMI, g/kgBW0.75) of 
Lude over Akimidori was 3.49 g at the same DMD level,  High palatability in Lude might have 
a positive effect on the DMI level and could increase it more than expected from the DMD 
level.  A model for the improvement of both palatability and quality which includes digestibil-
ity and mineral-balances was proposed as a part of the forage breeding program in Japan.
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I ntrocl uction 

· Orchardgrass (Dactylis glomerata L.) is one of the 
most important pasture grasses wi th high adaptability in a 
wide range of environments. lt is grown in Japan very 
widely from cool regions (Hokkaido and Tohoku areas) 
to warm regions (Kanto to Kyushu areas). Several variet
ies wi th high yield and resistance to main diseases have 
been bred in Japan. However, compared with other tem
perate grasses, some reports indicated that the qua li ty, 
palatability2-7•16•17), and animal productivity13•

4
•61 in the 

case of orchardgrass were not appreciably high. 
Research and programs for the improvement of quality in 
orchardgrass should be mgent ly promoted in Japan. This 

Present address: 

study was conducted 10 analyze the vanat1ons among 
varieties o f orchardgrass in palatability and quality traits 
with a view to developing a breeding program for both 
high palatability and high qua li ty in Japan. 

Varietal clif'fcrcnccs in palatability 

I) Analysis (~/'relative palatability values 
Pa latabili ty o f variet ies o f orchardgrass was evalu

ated wi th Holstein heifers by us ing a trough cafeteria 
method during a period of 4 years9> (Table I). The 14 
variet ies used in th is study were Akimidori, Makiba
midori, Kitamidori, Ludc, Lully, Lutctia, Luci fer, Pra i
rial, Potomac, Cambria, Sylvan, Jesper, Juno and Frocle 
(Table 2). Among these variet ies, Akimidori was used as 
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Table I. Animals used in the cafeteria trial 

Year Culling 13rccd 

1991 ls1 - 61h I lols1cin (hei fer) 
1992 Js1 - S1h liols1cin (heifer) 
1993 3rd - S1h 1-l<llstcin (heifer) 
1994 3rd l-lols1dn (heifer) 

Table 2. Orchardgri,ss variet ies used in the study 

Varicly Symbol Breeding co,nu,y 

Akimidori A Japan 
Makibamidori M Japan 
Kirnmidori K Japan 
Ludc L France 
Lu lly y Frnncc 
Lutc1ia T Frnncc 
Lucifer u l'rnncc 
rrairi:tl R Fi.incc 
Sylvan s UK 
Caml>rfo C UK 
Jcs1>cr J Denmark 
l'o1omnc I' USA 
Juno N Canada 
Frodc F Sweden 

1he standard varie1y for all 1he cafeteria tria ls. Table 3 
shows the results of 45 trials. Relative palatabili ty value 
ol' each varie1y was expressed in percentage of intake per 
diet of the variety within the same variety group. The 
analysis of variance was based on this value. r values of 
sources for the varie1y indicated that the differences iin 
the relative palatability values among varieties were 
highly significant (P<0.001 or P<0.01) for 42 out of 45 

tria ls. 
According to the relat ive palatability value, Table 3 

shows that a French variety Ludc (L) exhibited a high 
palatabi lity in most seasons of lhe years in the current 
study. Co111pared with the standard variety /\k i111idori 
(A), significant differences (P<0.05) in the value of Lude 
(L) were recognized throughout the seasons of the years, 
except for the reproductive stage in the 2nd culling, the 
4th cutting in 1993 and 3rd cutting in 1994. 

2) Pa/atabili~)' of the variety lude 
Jn order to compare the relative palatabi lity values 

of the varieties obtained fro111 3 different variety groups 
in the sa111e cutting period, as shown in Table 3, the value 
of palatability(%) of each variety was defined as the dif
ference between the re lative palatability value of the vari
ety and the value of the standard variety Aki111iclori. The 
values or palatability in Aki111idori were always 
expressed as 0% in th is defin ition. The values of palat
abi lity of Lude and Akimidori are shown in Pig. I with 
the maximum and minimum values of palatability 

Number o Average livcwcighl (kg) 
;inimnls 

4 (2 pnirs) 315 (A pr.) - 429 (Nov.) 
4 (2 pairs) 271 (Apr.) - 361 (Nov.) 
4 (2 pairs) 269 (Jun.) - 303 (Oct ) 
4 (2 pairs) 3•17 (Jun.) 

obtained fro111 all the variety groups in the same culling 
period. As pointed out in Table 3, it was also confirmed 
in Fig. I that Lucie showed a high palatability a111ong all 
the tested varieties for most of lhe seasons of the years. 

Predictors for palatability 

Multiple regression analysis was carried out to iden
tily variables which could predict the values ofpalatnbil
ity of varieties in 15 cafeteria trials in spring, sum111er and 
auwmn seasons13>. Characters used in this analysis are 
listed in Table 4. Agrono111ic chnrnctcrs101, fiber and 
dcgradabi li ty characters11>, mineral eleme111s121, free 
sugars121, leaf 111orphologica110

l and physical characters111 

were measured or analyzed to predict the values of palat
ability. Among 41 av11 ilable vii riablcs, which represent 
these characters, best combinations of 2 vari11bles were 
detected in each growing season (Table 5). Contribution 
ratios due to regression (R2

} of the palatability on 2 best 
variables ranged approximately from 0.6 to 0.95 in all the 
15 trials. For all the seasons, the concentration of Ca, the 
concentration of P and flexibility of leaf and stem mea
sured by the hand-touching method were considered to 
be the best posi tive predictors lor the palatability of vari
eties. In contrast, ADF and 3 kinds of diseases (Rhyn
chospori u111 scald, rust and total leaf diseases) were 
consiclcrcd to be the best negative predictors for the palat
abili ty of varieties1·1J. 

Characters of the palatable variety Lude and 
positive effect of palatability on intake 

I) Characters of !lie variety Lude 

Lude, a French variety, exhibited superior character
ist ics in quality compared with other varieties in our 
swdy. namely. high palatability, resistance to rust and 
total leaf discases '0>, high nexibility of leaf and stem10>, 

the highest concentration of Ca and ratio of Ca/P, and the 
lowest rat io or K/(Ca+Mg) among all the tested varieties 
(Fig. I). Although Lude is susceptible to su111111er blight 
and its value of DM degradability by cellulase solution is 
average among the varieties, ii could become a promising 
breeding material for the improvement of both palatabi l
ity and quality in orchardgrass, especially for the war111 
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Table 3. Results or 45 trials during 4 years: F values in the analysis or va riance and T\1kcy's studcntizcd rnngc tests 
for the relative llalatability values of varieties in each cnfctcrh1 trial 

Year. 
Date of F va I ucs or sources 

Abbreviation or vnl'icty uamc11 

Cuuiug 
Group" culling and 

Varicty(VA l 
Heifer 

VAxllA (relative palatnbilicy va lue %. lcucr'1) feeding pair(IIA) 
1991 Isl I Apr.23 12.90**" 1.51 0.06 P (63.4 ·). N (81.2 '), Y (60. 7 ·). /\( 19.6 6) 

199 1 1st 2 Apr.24 36.61 ••• 0.00 1.75 T (38.2 '). S (78.9 '). K (88.3 '). A (30. 7 ") 
199 1 Isl 3 Apr.26 51.49 ... 0.03 3.oo• J (89.2 '), L (57.6 "). C (30.1 '). A (30.7 ') 
199 1 2nd I May2 1 J 1.14*** 5.33* 0.2 1 P (40.0 "), N (21.5 '), Y (79.9 ' ), A (63.2 ') 
199 1 2nd 2 May22 56.9 1* .. 0.01 1.58 T (82.0 •). S (73.2 ' ). K (17.7 ' ). /\ (5 1.3 ") 
1991 2nd 3 May 23 5.60** 0.64 2.30 J (44.5 •), L (75.8 '), C (70.5 ' ), /\ ( (,2. 7 ' ") 
199 1 3rd I Jun. 18 15.37*** 0.09 0.94 r cs 1.4 ' ). N (70.4 ' ), Y (75.6 '). A (44.1 ") 
1991 3rd 2 Jun. I 9 ~.26 ... 2.06 0.11 T (57.3 •i. S (78.5 '). K (74.6'), A (52.1 ") 
1991 3rd 3 Jun.21 13.80*** 0.52 1.40 J (79.5 ' ). L (79.2 '), C (52.5 •). A (44.5 •) 
1991 41h I Jul.I 7 12.os••• 6.60* 1. 11 P(81.1 ' ), N ((,8.5 '), Y (69.6 ' ), A (50.0 •) 
1991 41h 2 Jul.I 8 1.31 0.1 9 2. 14 T (62.4 ), S (67.9 ). K (65.0 ), A (57.7) 
1991 4th 3 Jul.I 9 18.31"** 2.63 1.60 J (65.7 "). l . (83.9 '). C (40.3 '). A (51.2 "') 
1991 Sch SCJ>.1 1 17.74••• 1.04 0.45 P (43.5 "'). N (55.8 "). U (79.3 ' ). A (33.2 ') 
1991 Sc h 2 Scp.12 2fUio••• 4.25* 1. 14 T (87.6 '). M (52.4 '). K (69.2 •). A (34.3 '1) 
1991 Sch ., Scp.13 8.02*** 0.85 0.71 J (64.7 ' ). L (62.3 '), F (37.8 •), A (43.4 ') 
1991 61h I Nov. 12 13.65*** 3.04 1.14 L (85.6 '), R (70.9 ' ). C (75.8 '). A (4 1.1 ") 
1991 6th 2 Nov. 13 6.74 ... 0.03 6.44*** T (83.9 ' ). S (66.1 ... ,. M (69.5 ••), A (51.0 ") 
1991 61h 3 Nov. 14 1.40 1.96 1.62 P (61.5 ). U (74.1 ), Y (69.9 ). A (57.0) 
1992 lsr I Apr.28 22.65*** ~ 7 0.26 J (67.7 ' ). Y (36.9 ·,. M (77.0 ' ). A (37.7 •) 
1992 1st 2 Apr.30 25.37*** 0.7 1 0.23 L (76.9 ' ). R (49.1 • ). S (69.1 ' ). A (29.2 ' ) 
1992 lsr 3 Mny I 26.31* .. 0.2 1 0.48 P (86.4 ' ), T (44.1 "), C (35.8 "). A (32.9 ") 
1992 2nd I Jun.2 32.41 ••• 1.89 0.66 J ( 49.3 "), Y (38.8 "). M (46.S "). A (84.3 ' ) 
1992 2nd 2 Jun.3 192.95 ... 7.89 .. 2.98* I. (33.7 "). R (19.8 ' ). S (40.8 •). A (91.0 ' ) 
1992 2nd 3 Jun .4 94.26*** 0.00 1.87 I' (34.9 •). T (75.7 ' ). C (31.6 "), I\ (SO. 7 ') 
1992 3rd I Jul.7 17.58·** 0.03 I. 73 J (55.2 ' ). Y (56.3 •i. M (86.3 ' ). A (58.3 ") 
1992 3rd 2 Jul.S 10.s1•u 0. 15 1.53 I. (70.4 ' ), R (62.9 ' ), S (76.8 ·). A (46.4 ") 
1992 3rd 3 Jul.9 34.95 ... 3. 11 0.99 P (76.5 ' ). T (39.71>), C (78.7 ' ). A (33.5 ") 
1992 41h I Scp. 16 42.04··· 0. 14 5_35n J (33.3 ' ), Y (71.8 ' ). M (55.9 "). A (34.4 ' ) 
1992 41h 2 Scp.17 22.07* .. 0. 14 0. 19 L (57.4 ' ). R (33.9 ''). S (48.0 ' ). A (31.5 ") 
1992 41h 3 Sep. IS 16.68 ... 2.29 3.71* r (4 1.3 "). T (51.0 .,.). C (58.1 ''). A (25.0 ') 
1992 51h I Nov.17 18.76*** 2.51 2.79* J (37.4 ·>. Y (74.5 ' ). M (52.6 "). A (74.9 ' ) 
1992 51h 2 Nov.IS 11 .92° .. 1.05 1. 19 L (80.1 '). R (45.4 ' ). S (74.7 .. ). A (58.8 "') 
1992 51h 3 Nov.19 16.55••• O.Q7 3.21• P (57.9 "'), T (41.7 ' ). C (85.5 '), A (64.1 •) 
1993~ 

-- Jun:29-- 1.20••• .f (40. 1 "). v csi:O ''>. M (71.7 '). A (33.1 •f I 
1993 3rd 2 Jun.30 s.6s••• L (76.6 ' ), R (76.0 ' ), S (52.3 I,), A (55.8 •) 
1993 3rd 3 Jul. I 14.15**" P (67.0 ' '), T (56.5 •). C (35.4 '). A (81. 1 ' ) 
1993 4th Aug.24 11.60••• 11. 15** 6.34 ... J (48.3'"). Y (60.2 ' ). M (31.S ' ). A (46.4 ") 
1993 41h 2 Aug.25 21.82 ... 0.55 (,.09•• L (40.5 "), R (33.5 "). S (24.4 ' ). /\(59. 1 ' ) 
1993 41h 3 Aug.26 21.9.S••• 0.80 0.33 I' (50.8 ' ). T (13.3 "). C (46.2 ' ). A (57.5 ' ) 
1993 Sch Oct.26 4.37•• 0.50 0.38 .f (38.5 •). U (59.8 ' ), Y (41. 1 ··,. A (33.4 ") 
1993 51h 2 Oct.27 7.65 ... 0.JO 0.84 L (78.6 ' ). S (52.5 •). M (52.2 ' ). A (44.6 ") 
1993 Sch 3 Oct.28 14.79··· 0.03 3.46" p (73.8 ' ), T (29.1 "l. C (73.3 ' ). A (48.0 ' l 
1994 3rd Jun.27 1.82 0.23 2.11 J (65.0 ). Y (71.1 ). M (63.5 ), A (56.8) 
1994 3rd 2 Jun.28 5.61•• 0.54 1.71 L (77.1 '), R (48.5 "), S (60.5 "'). A (63.6 '") 
1994 3rd 3 Jun.29 10.21••• 0.87 2.67 p (77.2 '). T (52.5 "). C (57.8 "). A (46.1 1') 

Rclati-ve 1>nln1ability value w11s expressed in pcrecncngc ofinrnkc per die, of1he variety within che same variety group. 
•.••.•••: Signi ficam at 5%, 1% and 0.1% levels. rcspcccivcly. The values ofvariccy Lude arc indicated in bold characccrs. 
I) : Different varic1ies were cvalua1cd in each grou1>- 2): Sec Table 2. 
J): Diffcrcnl lc11crs wichin che same ,,ariecy group arc signific.intly difTcrcnc at 5% level. 

region of Japan because of its high adaptabili ty to the c l i- Each measurement of the intake was carrie d out during a 

mat ic conditions. period of 3 days together with palatabili ty tests. Mean 

value of dry ma uc r intake (OM. I, g/kgBW0
·
75

) of Lucic 

2) Positive effect o.fpalatabilizv 0 11 intake was 0.8 g, 2.3 g and 2.5 g h igher than that of Akimidori 

lnlake of fresh maierials in 2 varieties, Lucic and in the first tria l in Ju ly 1993, second tria l in Novt:mbcr 

Akimidori was compared by using Holslein heifers'~>. 1993. a nd thi rd trial in June 1994, respectively. Dry mat-
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Culling month and year 

t 
: Maximum value of 10 vnrictic~ use. d. 
: l.udc. 
: Akimicfori. 
: Minimum value of IO varieties used. 

Fig. I. Pnlntnbility (%), conccntration of Ca(% OM), Ca/P rntio nnd K/(Cn+Mg) ratio 
(equiva lent basis) of va riet ies al cull ing limes in 1991 , 1992 and 1993 

ter digestibili ty (DMD) of each variety was predicted 
from the degradability by I% cellulase solution. Regres-· 
sion equation of DMI on DMD was calculated in each 
variety. According to the t-distribution statistics, tl1e
regression coefficient of original equations in each vari
ety could be pooled statistically. The pooled equations 
were as follows: DMI of Akimidori = -44.72 + 1.79 
DMD; OM! ofLude = -41.23 + 1.79 DMD (Fig. 2). The 
intercept of regression line on these equations was, how-, 
ever, significantly different. Based on the di fl'ercncc in 
the values of intercept, the estimated increase of DM I 

value in Ludc over Akimidori was 3.49 g at the same 
DMD level. Palatabili ty of Lucic measured by using the 
:;amc heifers was also significantly higher than that of 
Akimiclori in each trial 1">. High palatability in Lllcle 
might have a posi tive effect on the DM I level and could 
increase it more than expected rrom the DMD level. 

Proposed model for developing new varieties 
with high palatability in J apan 

I) Methods/or selectio11 ofpala1ability and digestibilily 
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Table 4. Characters used for single and/or mul tiple regressions with palatability 

Number Character Scoring method Abbreviation 
or measuring unit in Table 5 

I. Degree of heading ( I to 9 = full) HED 
2. Degree of booting ( I = vegetative growth BOT 

10 5 = first head ing) 
3. Flexibil ity of leaf and stem ( I to 9 = nexiblc) FLX 
4. Green leaf / whole plant (% OM) 
5. Stem / whole pra111 (% OM) 
6. Dc,id leaf/ wbole leaf (%OM} RDL 
7. Leaf character; width (mm) 
8. Leaf character; serration ( I 10 9 = most) 
9. Leaf charnctc,·; trichome ( I to 9 = most) 

10. Disease; Rhynchosporium scald ( I 10 9 K severe occurrence) DRS 
11. Disease; rust ( I to 9 m severe occurrence) ORT 
12. Disease; summer blight ( I 10 9 = severe occurrence) 
13. Disease; mosaic ( I to 9 = severe occurrence) 
14. Disease; 101nl lcaf diseases ( I 10 9 = severe occurrence) DTL 
IS. Fiber character: neutral detergent fiber (% OM) NDF 
16. Fiber character; acid detergent fiber (%DM) ADF 
17. Fiber character; hcmiccllulosc (NDF- A l)F) (%OM) HEM 
18. OM Dcgradability = a + b(l- c "}; 

a: instant ly soluble fraction 
by buffer solution. 

19. b: insoluble but potentially degradable 
fmction by 1% ccllulascsolution. 

20. c: rntc constant oft he 
degradation of fraction b. 

21. a + b: potential clegraclability. 
22. Leaf tension; maximum load 
23. Leaf tension; maximum stretch 
24. Leaf compression load 
25. lilcctric power consumption by 

grindi ng mill for leaf samples 
26. Dynamic viscoelastic measurement; 

dynamic modul us 
27. Dynamic viscoelastic measurement; 

loss tangent 
28. Mineral clement; N 
29. Mineral element: P 
30. Mineral clement; K 
31. Mincrn l element: Mg 
32. Mineral clement; Ca 
33. Minernl clement; Zn 
34. Minera l clement: Mn 
35. Mineral clement: Cu 
36. Mineral clement; Co 
37. Free sugar; sucrose 
38. Free sugar; glucose 
39. Free sugar; fructose 
40. Free sugar; total 
41. Specific volatile compound'' 

a): Reported by Dohi ct al 1• 

( 1) Palatabili ty 
In order to develop usefu l selection criteria for pala1-

abil ity, lhe flexibili ly of leaf and stem atJd 1he concentra
lion of Ca were consiclercd151• As for the f1exibili1y, 6 
persons gave independently similar scores for the llexi
bility of tested strains by using a simple method of hand
touching and ii was considered that the method for mea-

(% OM) 

(% DM) 

(h ') 
(%OM) Dab 
(gf) TLD 
(mm} TST 
(kgf) CLD 

(I o-3Wh) GLF 

( I 09clyn/cm2) VDM 

( io-' } 

(% DM} 
(% DM) p 

(% DM) K 
(% DM) Mg 
(%OM) Ca 
(ppm DM} 
(ppm DM) Mn 
(ppm OM) 
(ppm DM) Co 
(%DM} sue 
(%OM) GLU 
(%DM) FRU 
(% DM} 

suring the flex ibility might be easy and reliable. There
fore, il could be one of the most useful criteria for 
estimating the palatabil ity of breeding malerials in 
orchardgrass. As for the Ca concentralion, 1he increase 
of the Ca concentration in orchardgrass was considered to 
be effective for the improvement of both palatability and 
mineral-balances with Mg, Kand P. 
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Table 5. Charnctcrs and their contribution ratios due to 
regression (R' or r') most closely correlated with 
1>alatability of IO va riet ies used 

Season Year, Culling Character '1 R' or r' 
Spring 1991 1st - BOT + FRU 0.712• 

+ [' - Mn 0.7JO• 
1992 1st - K + TST 0.749** 

Jlcadmg 111 spring 1991 2nd + Cn 0.933°--
- ADF 0.91 , ••• 
+ K 0.832* 0 

t FLX 0.817* .. 
1992 2nd - JIGD 0.821 ... 

- ADF 0.786• 0 

+ J> Af )F 0.893 .... 
- I JG)) - ADF 0.880**' 

t nrly sun1111Cr 199 1 3rd + [' M-n--o:-sso•--

1991 4th + FLX 0.805* 0 

+ FLX DRS 0.892**• 
1992 3rd - DRS 0.61 2 .. 

- DRS - VDM 0.843 .. 
- DRS + r 0.781 .. 

1993 3rd - <;LD 0.637 .. 
- CLD - lmD 0.821 .. 
+ )> - Mn 0.756** 

1994 3rd - GLU 'f RDL 0.740** 
- J"RU + CLO 0.637• 

Late sumn\Cr 1991 5th + N + suc- o'lITT..-
- ADF Mg 0.829 .. 

1992 4th + Ca 0.100•• 
+ Ca - GLF 0.965 .... 
+ Ca - TST 0.86R••• 

1993 4th - NDF 0.731 .. 
+ K 0.616 .. 

+ K - sue 0.913* 0 

+ K t-Co 0.877•*°' 
Autmnn 1991 6th + GLF 0.642*.--

- DTL 0.610•• 
+ FLX + TLD 0.849° 
- DTL f- 1' 0.774*'" 

1992 5th + f> - RDL 0.683'" 
+ f> ORT 0.647* 

1993 5th + Dab + HEM 0.730* 
•. •• .... :Significant :u 5%. 1% nn<I 0.1% levels. respectively. 
-1- : Positive cocflicicm of correlation. 
- : Ncga1ivc cocnicic111 of correlat ion. 
11): Abbreviat ions arc the same as in Table 4. 

(2) Digestibility 
In addition to the palaiability, digestibility is the 

most important character for the quality of grass variet
ies. Near infrared reflectance spectroscopy (NIRS) cou Id 
successfully predict cellulase degrndability of unknown 
samples of orchardgrass, and NtRS was considered 10 be 
one of the most effective methods 10 improve the digest
ibility in grass breeding6•

15>. 

2) Proposed mode/for breeding 
A model for developing new varieties with a high 

J)alatabili ly was proposed 15> (Table 6), in which 3 stages 
were designed for 2 regions in Japan. For the breeding of 
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(1): DMI ofAkimidori = -44.72+1.79 DMD. 
(2): DMI of Lude = -4 I .23+1.79 DMD. 

Fig. 2. Relationship between dry matter inrnke (OM t) 
nnd predicted dry matter digestibility (OMO)>l 
in 2 va rieties of orcharclgrass 

a): /11 Pivo DMD (Y. %) was predicted from 
the following equation: 
Y= 25.1 + 0.9 I 7 x (DM degradability by 
I% cellulase solut ion for 48 h, %). 

According to the t-distri but ion. the rcg1·ession 
cocmcicnt of 1hc original equations on Akimi
dori and Lude can be pooled statistically to the 
value 1.79, but the intercept of the regression 
line on (1) and (2) is sign ificantly different lll 
5% level. 

varieties sui1able for the cool region, promising planrs in 
the original popu lat ion could be selected based on winter 
hardiness and resistance to diseases, and their seeds 
would be harvested as maternal lines in Stage I. Then, 
superior maternal lines could be selected based on the 
flexibility of leaf and stem and the Ca concentration in 
Stage 2. Finally, new varieties could be selected through 
the evaluation of palatabi li ty measured by using cattle 
from the final candidate lines in Stage 3. 

For the breeding of varieties suitable for the warm 
region, variety Lucie would be one of the most important 
breeding materials. Promising plants in the original pop
ulation could be selected based on summer productivity 
and resistance to summer blight 10 breed maternal lines in 
Stage I. Then, superior maternal lines could be selected 
based on the digestibility by using a cellulasc solution or 
by NfRS in Stage 2. Finally, new varieties could be 
selected through the evaluation or palarabilily measmed 
by using cattle in Stage 3. 
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Table 6. Proposed model for breedi ng scheme to imp-rove pala tability of or chardgrnss for 2 regions In Jnpnn 

Adaptation 
area in 
Japan 

Main breeding 
materials 

Characters 
to be selected 

Stage for selection I 

5,000 plants _, 
Smgc for selection 2 
I 00 to 200 lines ..... 
5 to 10 lines 

Stage for selection 3 
5 10 10 lines -

I 00 10 200 plants I lo 2 varieties 
Cool region 

(Hokkaido 
and Tohoku) 

W,inn region 
(Kanto to 

Kyushu) 

Winter-hardy 
type varieties 

Ludc and 
Japanese 
varieties 

I. Palatabili ty'' 
2. Flexibi lity"' 
3. Ca concentration 
4. Digestibility' 1 

5. Winter hardiness 
6. Disease resistance 
7. Other agronomic 

traits•• 
I. Palatability"\ 
2. Digestibility<' 
3. Resistance to 

summer blight 
4. Rcsisiance to 

other diseases 

@ 
@ 

@ 

0 

@ 
@ 

0 
0 
@ 

@ 

0 

@ 

0 

0 

@ 

0 

5. Summer regrowth @ O 
6. Other agronomic @ 0 

trnits' 1 

@ : Main characters to be selected at the given stage. 0 : Characters 10 be selected at the given stage 
a): !;valuated by cattle. b): Measured by lumd-touching. c): Measured by NlRS or cellulase solution 
d): Including yield and pcrsistcncy. c): Including yield. pcrsistcncy nncl competitive abi lity with weeds.· 

This model was the fi rst to be proposed for the 
improvement of both palatabili ty and quality, which 

includes digest ibili ty and mineral-balances in forngc 
breeding in Japan. 
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