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FA V=V by 'wa MM AR [Na7l] OFKE DRk

P - LHEE - PUBAET - WA TR - APARIERD ¢ - FHHCRIE - #)1

SRR S R e SRME IR ZE s, AIRZEIR )R, 329-2793

BR—AMEGEEFRT 2 7200BHGERTE LT [Na7l] 2FR L, 2010 412 miEs skt L 72,

[Na7l] 1% [Na7 x Na23] #HiH L7z F, M2 B & L CHEB S L7z, 1987 EALFRZ AL, 1995 412 S;
AL 2D, 1996 FFISHETRRIBERBRTHE RO LN 2 En b, BERRES [Na7ll 24 L7z

KL (7> M, BB [RRBE] (08T 5. ZF ARG [5R], 3 TROREBUIEE [0, SO
EHurkix [, BRI (R Th b, BRI [RPE] Al [RRE) BRI [2IT7y7I4
MU T Do KFHIEIE 1450T, BEREE300kgaThb, 7)) ¥ MELEOMERREINIT TN TH 5,

[Na7ll| ZfEH& U<, e, WmEicEns L0 BB —RMEmE [ 4747 7] (L) 8AZ LR
MAL 68 77) HRBREZILEHGY (HE )b A2 LHEMiEERER) (IS THERIN.

X—J—K: bMyEuay, HIESREK T~ HAeEhE

*

il

N ET Y ORI, MERE LA L —R
MR, WhbWDF MENERTHY, 20720113 H
AE LTEFZHBEREAARTRTH S Y, bhHE
OANBHEREO by EO I FH T, kEF v M
FLIE O FERAE & BARLER 7 1) MEREO H LR &
DOHTEVHEAERENPEHT LI EPHLNIR -
TBY, Ty Ex7) v MO AEREEERE LT
F, B X HIEREO B 2 ED T 5 Y, Lk
KEFEO LB CHER S -7 >~ MERGERE S FIH
LW, N2 CTRrOAVEORREIEHEET 5
BEF SEOERITEL W LB EN, BETIE
T MEIZOWTH EEO BIEAROF AP TR E % o
TWb, DYREORXWEREEE CIE, byEua T Hff
DRFEAE D720 1987 - L ) by E0 I v FREHAL
DI THWCHEREHEM R E R L 72 BRI O W T3

o CEIERRE

EHOTHBY, ZHFTOF, EFRICAHL TV,
ZORR, I TICHEED BiEARK Y Vo7 v M
X7 MIOHMETIZEEF ML LT [FAF
~L1® TewzrEs]” Teoths]” [47%
AL =] P REPERENT VD,

[Na7l] 37> MO BIERRT, HAERS Y ET
R71) v NEOHIERTE OGS REDACEENT, &
F R 7 L OIFREICOWT O ER L VISEL T
%, [Na7l] #fFH L L, RIFRIFEMLEZHGEY (B
&9 b A LEEREREM) 2SHARI RS ) E 7T
) v MEIZET 24N [NFIS] 26 FHL L 72 Fit R
[CHU68] 7 %t e LT, EFRFENLXRERY
BIFHATET] (L)AL EKRKLE) 2HK
L7zZ &k, #HAME LTORRIDBDO HND,
[Na7l| % GFEEFHEE L 72, &2 TR TIRAMED
HHE B & OO ES 2 b4 5,

2012429 7 26 H52fk, 2012 4% 11 A 22 H52#
* IR

"Bl R IEE R ERT e v 5 —

“BL IR

B RBTRHE U R RS 2 vy —



2 = PE B ZE T FE

B

B o iAo F) OB & L CoFHIZH# L,
ZF EARIRPUE B L A SRR ICEN S RO E K
FEMEREE L.

[Na7) ® 2H7HE L, [Na23] ¥ #1EmBE L2
KB A BHEA & L7ze [Na7] 1 3KRE A 4+ = THE
B DESSE S [P3424] =40 & L ¢, BBy, (R
HHEEHITIERT) A% 1988 FFICHE L Z e T L 72 B R4
& T FERREIUE IS EN S T MEOB HIERK TH
¥, 1991 4RI EEEERD T (B ERTES 2690), %
OHRMENSHBERO F O HE LTRHHES
720 [Na23) 13 [Oh43Htx H84| @ F, |2 [H84) % 1
[\ R ACHE L 72 4651 % fhbE & LT, BRI A% 1988 4F
WZHGE - BB 5E T L2 2 F BEAWIRETIE B & OO
BPEICENR LT Y MEOHHABAKTHY V', EEFE
WS RSERBRY (BLEYPILERSEAE 2 WBaYy) "B L
T8 F5H A1 OHEE LTHHT 572080
FEHMB ATV, 2002 SEICafEE SRS L (B8
9919) .

1987 4E1Z [Na7| #fEF#, [Na23] #fbh#E e LT
R ZATW F, T 28R L, 1987 FEO LR =ETH
JEEATWE, T2 L T, Ihi Sotifte Lz, &
OBEAE, TR, IR, HERIEICE L RS &
OMEARGER &, B X 2B E R - 72,

BRAEMOME LR 1 IR L7z, REREY BT

#5135 (2013)

B BTN, S LR I3 AL, BRE
HEMET COLTERERBIRE, BREAEED 2V
MoOEY B4, B B XOMREEICESWT, R
B LORMAEAEK E AT, REEAERET &
L720 1995 412 S, AR L 2 1), Z DRI WIEACHL I &
D RFMEREZAT O & & B2, 1996 EICHLA R RE D E
RERAAT o 12, HELROOLN/-0, 1997 412
[Na7l] &fnsaL7zo 1997 4ELIRE, A aRERIc it +
b, REFEPERERB 2O LT LEN
BHRESATANEAT S, &HAT CHMERERIC M S 7z,

IS OHBOMER, KRFOBEHEIRO SN,
2010 4 5 A AEE SRR L 72,

BRI

1. [Na71] (CE8d 2588

AMERH R £ 2 1R L. BRI H R ZET (Wi
AREIOESLIE T T- A4S 768, 1997 4F 13 B & 0 & #3055 )
TiTo 7z HBGRALE LTT A A THER S NAEY
% BERETH A [Mol7Ht), [H84J, ek user
BHREO [Na65] ¥, JuIN By (BN 3
Mot —) Hlo Mi29] ¥ 23 L7z, 2o
HESRIZWING 7 MEIZET %,

BRI EER L 1 X 1 BERCAE 2 L CEMR I, i
BIRE ORI 2 17V, B FRAER L 1 X 2 B 2 /R C,
PRI, M EIRYEIZ I 2 O RERO R, $RATE Y

x£1. BERZA
AEW '87TH 874 '88 '89 '90 '91 '92  '93  '94 '95 '96  '97 '08 09
AR F, e F, B S, S, S, S, S, S, S S, — WERASEI X0 AR
FHHRAE 1 5 2 2 1 2 92 1 —Na71
PR 1 2 2 2 1 2 1
FERARAR L 5 2 2 1 2 2 1
PR B O O
LRRE R T O
Z F R LU M A O
FLA-E e AR AR O
2. [Na71] (CBEY 2RHBROFE
EVa SEW J&fEH Fohitim B Fomiig= AR 1 XA %L
(A.H) (A /a) M ] < BRI (cm)
Rk R AUR 2008 5.12 444 75%30 1 13
2009 5.11 444 75%30 1 13
FEE R 2008 5.12 444 75%30 2 26
2009 5.13 444 75%30 2 26
O F SEARAHT A TR 1997 5.24 533 75%25 2 12




S A V=Y by 'w gy B AR [Na7l] OFRE T 08k 3

RV, BIEREICOWTHIA L7 O F SRR e
ABRTIL, 2B X \ZHAE L 72 O F ERR R IE O A R
St [BSSS] 12 I 5 A HE T 52 40 R MR i & 28 L
TR EE & FAT L 72 o 21 R0 & AR P 00 B 55 1 7 1
BRI O SR B SR I AT D LI O T E % b
LT 72

2.[Na71] # F, & T2 BEXXEHEGEICET 2H5

BRI R K 3ITIR L 7o BB I & S T FE AT (1996
LT OFHHEY) 2B WT, ZEL D 1K 2860
m’® THT o 72 1996 413 [P3358], 2009 4F 1% [34B39]
NN E U L 7o MR s
WIFZEAT OMEATIZ & 0, A FHI AR EY Rt sk
e BRI AR Y 1 2HE U7

3.[Na71] ZEFHRET HEXEF, ME 2 HXT 7]
ICREY B8R
BT E R 4R L 72 SBRITH EE AT ZETIC B
W, FHEL DL 1TIX 4120 m® TiT o7z, HHESHELC
[KD777], [32K61] % Hik L7z Ml 55 13w o v b
WEZERT OWEATIC X 0, AT 8 ER R R B S A

AABRAHE

1. NE S SRS
FEB L ORMMELZES IR L2, MEIETY FT
Holzo 2 74 RBOTIYT, [Na7ll o HERFHAE]
X8 A2H, MAMMMIZT A0 HTH -7, R
2B % [Mol7Ht), TH84] & v HEREBAAEHI IEE
b OOMAHMHIZIZIZFETHL Z LA 5, [Na7ll
DRI TIE [RRWA ] (283 2 L HE L7

2. mREEM

TEEMIFOMRAE A 6128 L7z, [Na7l] Off
FRFEEED 2 7 4 4 WEROTFIHIE 24 T, THETITK
itk Tod) LB SNZHBRHIETH o722 &h b,
[Na7l] o ZF FEMEIRIUE [l L HE L7,

TIRIROMIRIEEZ FK T IR L7z [Na7ll ORI
FEED 2 7 4F 4 WBROTFIHEIL 31 T, 21 E TIS[E5R
LHE S [H84) Ly eem, [ LHmEsh
72 [Mi29] ¥ TH-7=2Z L5, [Na7ll O3 8%
etk o) &HE L7z,

ORI DO FERIRER 2 K 8 IR L 720 [Na7ll DREmkk

SEBRIEREH © 12# U7, KO 2 44 REROTFHEIL 507% T, T ETIC [
£3. WEUENRERROTE
BN AE &L H FRAH R Fef ik S 1 XAk
(H.®) (FJa) BEE[E] < B[ (cm)
LA HE) R AR 1996 6.5 667 75%20 2 38
2009 5.8 667 75%20 2 38
F4. [Na71] 2BFHETHIEXEF & (22787 OEFEHHRICET 2HE
I A H FAH AR etk SAEE 1 XfEE %
(H.\/) (F/a) BE] < BR[E (cm)

2006 5.9 667 75x20 3 76

2008 5.7 667 75%20 3 76

2009 5.7 667 75%20 3 76

x5 HESIURRME"
.. . MEREBRAEIT (. H) faRdm (. H)

Sk R} I
A R 2008A 2008B” 2009A 2009B? iy 2008A 2008B” 2009A 2009B? Fiy? wHRE
Na71 ok 8. 3 8. 3a 17.31 731a 8. 2a 8. 1 7.31 7.29 729a  7.30 T O
Mol7Ht S~ b 7.28 726d 7.25 724c  7.26b 7.28 7.28 7.26 7.26b  7.27 HhE DR
H84 Frh 7.30 7.28cd 7.26 725¢  7.27b 7.30 7.30 7.28 726b  17.29 Aol
Na65 FUr o 81 7.29bc  7.27 7.28b  7.29b 8. 1 7.30 7.28 729a  17.30 A O
Mi29 7 b 7.30 7.30b 725 728b  7.28b 7.29 7.30 7.26 727ab  7.28 HAE D

1) A FREERTAEER (B2 L), B FrIE R (KEDH )

2) FrEoEEER (B) O 5L HIC Tukey Hi5E T 5% RIEDHEED Y

3) FHOfEENGEIX AR T gL LTHE



4 e SR T AR JE SR 46 13 5 (2013)
*6. CxERKEREE"
. TR (10 |~ 9 ) .
AT 997 2008A  2008B7 2009A 200087 pgp At
Na71l 4.6 2.5 3.0a 2.0 2.0a 2.4 [
Mol7Ht 5.0 3.5 5.6b 2.0 3.5b 3.7 5
H84 4.2 2.0 5.1ab 3.0 2.0a 3.0 i}
Na65 5.4 3.5 42ab 2.0 2.0a 2.9 5l
Mi29 - 3.5 6.0b 3.0 3.0ab 3.9 i
1) 1997 4£1 & F #EA RT3k, Elliott S OFERIEE (51 STk 3) 12k -
THRAEEATV, 19 OFF S I2HE, 2008 ~ 2009 4E D AP EFmENER (S L)
B bR (KEH 1 )
2) VS HERER (B) O B IC Tukey Bi5E T 5% KEDHHED D
3) FHOMEIE 1997 £ A RS AEEREISRBRE MEE LCHM (FEXER L)
®7. TTRRBRREE" *8. MiEREREE"

; AR (1 |~ 9 ) o , R (%) o
At 2008A 2008B” 2009A 2009B? i HtE A 2008A 2008B” 2009A 2009B? Ei5° B
Na71 1.0 50b 35  3.0abc 3.1 i Na71 462 56.1b 615 39.1b  50.7 G
Mol7Ht 2.0 48b 20 25ab 2.8 i Mol7Ht 69.2 85.1b 250 24.3ab 509 G
H84 1.0 20a 30 20a 2.0 i H84 444 11.3a 77 22.0ab 214 CoA
Na65 2.5 25a 4.0  4.0bc 3.3 B Na65 18.2  40.8b 154 77a 205 G
Mi29 1.0 25a 4.0 45¢ 3.0 G Mi29 46.2 343b 273 392b 368 XM

1) A RREETmRER (R L), B: FIEs s (REH )

2) SR (B) OSSR Tukey 178 T 5% K #E DK 74

)

3) PIOFEAERE R AHBE RE L LTI (FEEs L)

1) A RREETm SR (R4 L), B: RIS (REH Y )
2) RS EEER (B) ORI I Tukey #i7E T 5% KEEDH

3)

)

FHOFEEREII SRR KE L LCHB (FEERL)

x9. BRRERGER"

2008A 2008B? 2009A 2009B? ERZR
Afs FORERE MR RRAE MERERR O FURARSR MR TR MFERDR O HRACE MERERDR IRPUE
(%)  ¥RE (%) (%)  #E (%) (%)  #E (%) (%)  #E (%) (%)  #E (%)
Na71l 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a 0.0 0.0 0.0 iR
Mol7Ht 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a 0.0 0.0 0.0 i
H84 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a 0.0 0.0 0.0 B
Na65 0.0 0.0 0.0 0.0 0.0 0.0 5.7b 1.9 1.4 0.5 i
Mi29 0.0 0.0 0.0 0.0 0.0 0.0 0.0a 0.0 0.0 0.0 B

1) At FIERFERSR (1872 L), B KIS (5D

")

2) SRR (B) O BRI Tukey M T 5% KIEDH EEDH

3) FHOFE

LHISE S N7z [Mol7Ht] i TH-72Z &H 5, [Na7l)
ORAFFEIEE [ LHE L7,

BRROBRREE L IR L 720 2 7 4 4 RERO#E
R, INFTIZ ] LHE SN [Nabs] THTh
RSO SN2 b 00, [H] LHE S hzho
BRI AR RFIL IR RO SN o722 &
5, [Na7l] o Bmiithd M) &HmE L7z,

3. MR
REAREIINEIT [H] HH0IE [5]) EHES R
TWh 7S, AR EE U CERmICBEROZAE TS

AEMUEIX SRR E R L LCHE (FEELR L)

SNT, HEURMEDOHEIRZTE Zdolz (F— 5B,
4. FRTEE

BUES R T OFRAE & & AEMRBAZE £ £ 10 IR L7z,
[Na7l| OWALZH T TO 2 » £ FI 0 Hil &3 426
kg/a T, [Na65], [H84] & V47 {,[Mol7Ht] : T -
7oo WEMEMEIL 3 11 @ F) BREFHEE TOMFH L L TOF
H %485 L 725 B 320 kg/a T, Fy $REERE TOR
BEOHLTH D 30kglalZELTWADE I EHS, [Na7ll
E—EOFMEMEZ A LT 5 EHIIT SN ze fE R
FEE L BRI T - 72,



il S © A V=Y by en oy ~URRB AR [Na7l] OF K E T O

£10. FEEH"Y

EX i A (kg/a)? i B (kg/a)? TERTRBFEE (1~ 9)?

20089 20099  SFY 2008V 20099 I 20087 20099 g
Na71 42.6b 42.6b 426b 32.0 32.0 32.0 7.0 6.0 6.5
Mol7Ht  47.9b  35.6b  41.8b 35.9 26.7 31.3 8.0 5.0 6.5
H84 66.5a 58.4ab 62.4ab 49.9 43.8 46.8 75 5.0 6.3
Na65 71.2a 682a 69.7a 53.4 51.2 52.3 7.0 5.3 6.2
Mi29 57.4ab 50.7ab 54.1ab 431 38.0 40.5 7.0 6.0 6.5

D B EEUERO AR

2) PRAE A GG, RIS B (MEMEREIL 311 0 F SRS COM T L LCORAEEE L7z 5HHE
3) ACHTRBAREEL 1 AR~ 9 BRI L BFTRH
4) BTN Tukey HET 5% KEDFEED Y

5) PO FEENEIR G IR LCHE

=1 —fReEe”

Py S (cm)» A BE (cm) _ A5 HERE (cm)» A A (mm) _

2008? 20092 P 20082 20092 PP 20082 20092  FEd 2008? 20092
Na71 39.8 95.4 67.6 204 222 a 214 91 107 a 99 17 18 17
Mol7Ht 39.0 86.8 62.9 205 204 ¢ 204 83 87b 85 16 17 17
H84 41.6 97.6 69.6 229 224 a 226 83 88D 86 18 18 18
Na65 38.8 90.3 64.6 202 219ab 210 86 97 ab 92 15 17 16
Mi29 43.4 86.9 65.2 205 208 be 207 86 90 ab 89 14 17 16
P BEAE () R (KO 5 (em) 3 (em)

2008? 20092 20082 2009%  FHY 20082 20092 Y 2008? 20092
Na71 14 20 ab 17 19.2a 20.8a 20.0a 86 a 83ab 85a 99b 10.2b 10.0b
Mol7Ht 30 32 d 31 16.5b 16.8b 16.7b 70 c 67 c 69 b 9.6b 99b 9.7b
H84 38 24 be 31 19.0a 19.1a 19.1ab 76 b 80 b 78 ab 9.1b 9.6b 9.3b
Na65 42 28 cd 36 184a 194a 189ab 83 a 87 a 85a 11.5a 11.9a 11.7a
Mi29 24 17 a 21 189a 19.2a 19.1ab 76 Db 80 b 78 ab 9.5b 10.2b 9.9b

D) Rk RO R
2) BTN Tukey Mg T 5% KIEDHEAEDHD
3) FHOEEAENE XSGR AR TR M

5. — iR BHHE S S UMERE - R4

—WRAEBRMEE R 1LITR L7z, [Na7l] OfHEE
WX HBCRALIE Tdh - 720 [Na7l] ORED 2 7 £ P8
13214 em T, [Na65] HTHY, HME D 2 7 4
I 99 em T, HESRH L D 2w, BED 2 4
13 17 mm T, R TH o720 [Na7ll OZEM
BED 2 7 FPIEIX 177 TH Y, IMi29J T LI 7 v
TTA N LT E N2, EoSERIEEN W (I
Do [Na7ll O&ZEHD 2 » FFIfEIE 200 B THESR
MENL L, ERO2 7 EFHHIZE em T, ot
BARFKL D RREL, #IED 2 7 F£FfEIX 100 cm T,
[Na65] DD IEBABIETH > 72,

MERE 3 X ORI FEPE R % 12 1278 L 720 [Na7ll ot
FED 2 7 FEFIMIL 178 ecm T, HBSRARIET, MR
FED 2 r AEFIMHIZ 41 em T, [Mol7Ht) I TH - 72,
[Na7l] ORFIED 2 » 4EFHfEIL 141 5T, [H84,
[Nab65| W Th Y, —FIKED 2 7 F Pl 1% 252 ki

1.

Na71 BE3&
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2. Na71 Hf&

TR L VDB o7z [Na7l] OERED 2 7 4
FIMHEIL 328 ¢ T, [Mi29] LIM o BGRFIETH - 72,
[Na71| OMEfiE [HEE] (4 2) T, 3% [#] T,
FENE [~ B] Tholo,

6. EEE

FIEEOMEA £ 131K L7z, [Na7ll OfEE, i
M, R, 2Rl EE EROZEHREUL, wITh
bUERHIECTH 722 Ln s, BFEOHIERRKILOR
EEIGELTWD EHIE L,

K12, MBI UHORHE"

P WEFE R (cm) HEREAE (cm) RFEL
2008? 20092  FiY 2008? 20092  Fid 20082 20092  Fi9
Na71 15.5 20.1a 17.8 40ab  4.1b 41b 14.4b  139c¢c 14.1b
Mol7Ht 17.1 17.6ab 17.4 3.9b 3.8¢ 39b 10.8¢c  10.9d 109c
HS84 17.1 17.7ab 174 46ab 4.7a 4.7a 16.2b 16.2b 162D
Na65 17.0 17.0ab  17.0 5.1a 49a 49a 16.2b 164b  16.2b
Mi29 14.2 16.8b 15.4 4.5 ab 4.5 a 4.6 a 20.8 a 19.0 a 19.9 a
Py —Fkr HHE (g) pIREEN povetl
20082 20092  F® 20082  2009?  Fi® '08~'09 '08~'09
Na71 24.1b 264b 252¢ 31.9 33.7a 328a H i~ %2 3243
Mol7Ht 342a 34.7a 345a 32.2 30.7b 3l4a B h
H84 36.7a 36.2a 36.4a 29.5 30.4b  30.0ab i 2
Na65 35.8a 34.5a 35.0a 30.9 31.3ab 3l.la i it (Y
Mi29 29.6ab 30.3ab 30.0b 27.3 269c¢ 27.1b i) A~ B

D) HES RSO
2) FICFIIC Tukey BE T 5% KO
3) RO EARE S RBE AL LCH

*13. BERERE"”

e i TR i a7 R T
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
Na71 4.1 3.6 9.6 5.3 7.8 5.1 3.9 2.1 2.4 4.5 7.0 8.1
Mol7Ht 6.1 3.3 8.7 8.8 10.5 4.7 2.9 2.4 5.1 6.9 9.7 6.3
H84 5.4 4.7 15.1 9.9 12.0 5.5 4.2 3.6 4.0 5.3 9.4 5.9
Na65 6.0 3.8 11.4 9.9 8.8 3.9 2.4 3.9 5.6 3.4 5.0 4.8
Mi29 10.7 4.7 14.7 8.2 7.3 4.1 2.9 3.1 9.0 4.2 9.9 3.2
1) SRR
2) MIXERIEEL (%)
%14, [Na71] BREET5ETRE F, EACOBMTHE
— — S .
BRI Res e T SRR A mﬁ<%>:%2ﬁ$ I (%) G
1996 HAERLY 3 8.12 1.7 ** 20.2 40.1 170.8 86 47.2 **
P3358 8.13 2.1 15.9 39.2 198.7 100 53.2
2009 HZEHLY 7 7.21 2.3 ** 20.7 0.0 186.9 96 48.7 **
34B39 - 7.19 4.5 13.8 0.0 195.6 100 55.2

D INa7ll 2R #led27) 0 MEEOHZH F RGO FIgME
2) 1M~ 9 FHDOFR, 72720 1996 FFOfEIZ 0 e~ 5 ETRHALAb D% 1 B~ 9 FIE S A 71

3) kS

4) ** 1% THEEDY
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#15. [Na71] 2BFRETHIHERACF, RFE [ZHXT NV OFE
ER afEd RRIHE MR AMEE CEEAWEY BE?2 O EIR @i WAL HEREE . SR
(H.1) (cm) (cm) (1-9) (%) (%) (kg/a) (%) e (%) (%)
2006  FHAT R 7.31 272 152 4.3 32.5 0.4 188.7 101 49.2 217.6
KD777 8.1 253 137 4.1 45.7 0.9 187.2 100 52.4 25.2
32K61 7.29 258 133 5.7 18.3 0.0 172.3 92 53.9 29.3
LSD.,; 1. 8 ns 8.5 ns 11.7 ns ns ns 3.4 0.8
2008 FHATRY 7.26 312 162 1.7 39.5 1.3 204.0 114 50.9 28.0
KD777 7.28 296 157 1.0 34.1 1.3 178.9 100 51.4 26.2
32K61 7.26 319 154 2.3 17.6 1.8 188.2 105 52.0 27.5
LSD.,; ns ns ns ns ns ns ns ns ns ns
2009 FHATRY 7.20 327 167 1.7 36.3 2.7 215.2 118 51.1 24.2
KD777 7.20 298 152 1.7 54.5 0.4 182.9 100 48.7 22.8
32K61 7.19 313 145 3.7 39.2 0.4 189.5 104 52.6 24.7
LSD.,; ns ns 11.6 1.2 ns ns 19.2 ns ns ns
F FHAT Y 7.25 304 160 2.6 36.1 1.5 202.6 111 50.4 26.6
KD777 7.26 282 149 2.3 44.8 0.9 183.0 100 50.8 24.7
32K61 7.24 297 144 3.9 25.0 0.7 183.3 100 52.8 27.2
LSD.,; ns 11.5 6.7 0.6 ns ns ns ns ns ns
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Development and Characteristics of New Inbred Line“Na71”of Silage Maize

Hisashi SATO, Yasuaki INOUE®, Eihide MONMA ?, Keiichi KOINUMA", Akio KATO®,
Masanori MURAKI Y, Eisaku ITO" and Tomohiro KIKAWADA"

Forage Crop Research Division,
NARO Institute of Livestock and Grassland Science, Nasushiobara, 329-2793 Japan

Summary

A new maize inbred line “Na71” was developed at the NARO Institute of Livestock and Grassland Science.
“Na71” was applied for a registration of the Seed Protection Law controlled by the Ministry of Agriculture,
Forestry and Fisheries in 2010.

“Na71” was developed from the single cross “Na7 x Na23”.Inbred “Na7” is derived from “P3424”, a hybrid
introduced from United States and inbred "Na23” was developed from ” (Oh43Ht x H84) x H84” . Both “Na7” and
"Na23” belong to a dent group in the United States. Selection and selfing were carried out continuously for six
generations.

“Na71” is classified into the medium-late maturity group in the Honshu region in Japan. “Na71” shows
high level resistance to southern leaf blight(Cochliobolus heterostrophus) , northern leaf blight(Setosphaeria turcica),
smut(Ustilago maydis), and medium level resistance to sheath blight(Rhizoctonia solani). “Na71” has a medium-
long stalk length, semi-upright leaves, and tall ear height, and nearly 14 kernels rows on each ear. The seed
yield is about 30 kg/a. “Na71” shows medium combining ability with flint inbred lines.

“Na71” is the seed parent of a single-cross hybrid cultivar “Takanefudo” which was developed at the

Nagano vegetable and ornamental crops experiment station.

Key words: Zea mays L., inbred line, dent, combining ability, southern leaf blight

2 Retired

> Present address: NARO Hokkaido Agricultural Research Center, Sapporo, 062-8555 Japan

¢ Present address: Kyoto Prefecural University, Kyoto, 606-8522 Japan

4 Present address: NARO Kyushu Okinawa Agricultural Research Center, Miyakonojo, 885-0091 Japan
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1R E L7

REURL Y Y —RHHSHIIBWTUL, [HIH] -
[Meyer| - [ A% 2 ] #ME L T19946 HIOHIZS5
em AORy M E 16 AT, 1 m® ORERX I EH
L 3ETHEBE TS 72,

REAURY ¥ ¥ =AM I B WL, [HI5H -
[Meyer| - [ A% 2 ] ML CT199946 A 10 HIZ5
em ORy M E 16 kTS, 064 m® (08 m MUJ5)
ORBRIXNEM L, 3 ETHBREZIT 572,

3. [HABR| ORHEMFERE B

WHOE R PR e R L, IR IR Ry (PRI
EREEAT) 123\ T 1999 4F 20 & 2002 4F 2 Fe A
T A BREEE ZE AR I HE U CHEfE L 72 (322). alBRIHE
31 XEifEE 20 m* & L, HEFFZEA 2R L7 5
em AOR Y M 1999 4E 9 A 20 HIZ 1 A&/ m* O

TEM L, [#18R], [Meyer] B XU A% Z ] 2L 720
WBALELE ARV A S A Y FeFLA 6 B S 9B Z 2N DR
HIZEDETHIL 72,

4. [E8E] DER S JUHHERE

(EBR ] LU YU L -ifEaR Y of T, Ik
FTREEAR CINE L7z a sy 4 7 [Hl 4] (7212 [#)
Hi ] L %) I FEERESE CHEZEOMEMED [HI5K]
IZRWTRIFTH 727280, FEEICED SR
IV CHREERR A % FAG L 720

TR AL, 95 ] - [ Emerald] - [Meyer| - [ A% Z |
L TIT o 720 BBRTTENE [IEAI 57 4F EEAR B AR 1%
SERARSE ] ICHE LTIV, 199847 H8 HIZY
em FEARY ARy Mg EiE L, 19994 11 H £ Tk L 72,
ABRIE 2 m PR 5K /iR A R LR RE IR &
AT HMEEMEZXE, 15 m EHOREBEXAIZ 15 cm
BB OREF-IRIZ 100 ME1R / XEEAH LI S B IER Z R T
Pt 2BMXTIT, wihd 3 ETHBK 2
BT 7z0

5. [A8] DT 57> NEREIERR
W ARSRAREHRASERT D KAdFT A 0 77 > K (#1100
m 5D 1 ha, #ZE 415 m) TEAERB L OEHO
BT o720 ZO7 I FIZFHSEMIHEH
Th7cO, YANOEHEEY BN ET 505, WEORE
ML Tld 1 ha?d#A1L12 10,000 m* (X725 0 ) 7> 5 5000
m® (IR D F2EHEY) oV F (vy MRoY

F2. HEMFEREHRORERE CREHE

THH AT AL FORE X5 %

EHEDORE SEAETR 30 ~ 60 HE DA B % Bi% 1 BAR~9 R A ENEORNE

WEAH EEREEIMELIHOLEIEREEYBIE 1 BMAR~9 R B EHFEOLFE

Tk High RLEERT O T & e 1:BAR~9: R B EHEDNSEERNE

HLEE D FL EEEOF B EAL L 7R % Bl H/H B EWED S BERE

FrRALO FL B X EEOMEDTRD & N7 % 8152 H/H B EREAE DI EAE R A

AT WA ORBEFERE & 152 1 BAR~9: R B EMBEDIREEERE

FOHE R o VR AT O T8 & 182 1:BAR~9 i B EMEBEDRREERE

G ESSS Hh F AR =DM R % Bl5 1 BAR~9: E B EAEBRAEDRE, ) o ET i

%

T HRHOE S % 10 T/ KillE 0.lcm A AR EIE

I s bR A R 1 BAR~9 MR A HiMIEIcHlE

AR HREOE S % 10 H AT/ KillE 0.lcm A BT EzHlE

R M bR A Bt 1 BAR~9 R B &4 ITEICHlE

TR Ol e — FR A -+ WMo s % A

REE B DR A S N RRE % Blgt 1BAR~9: ME A FiWosd F 723z ic i
F7213%

B EE RO 5 2N - MR - b osEs s % A ERBMEDRE, EA) OB & Rk

Bz

Z OARE R AT B & RO 7o S

Wtz |2




14 = PE B ZE T SE

NHD HLETH Y, FHARIZT T 100 TNCET 5.
Ko A MEERS 720, HBIEIC L 2RISR ES 720
BB - kTS HEMBIE R L BE N - EED
EMEICEND PN LA Hike LT, FEHAEE
O E 2N T | OR Y NIEME BT 5 5
TR EAT o720

75 v ROBEERATH HIER T NB L OMEE % i
oM L7, T NERRIZSEAT L C 1999 4F 10 AU b —
VNI LA BEOT V¥ v X =TV —7 5 ADEEGE
IR L 7o FHEEIIEREE LCoOMERE (P—V7 o
A7 2300 ~500 kg/ha, 7 ¥ ¥ v F—TN—FFA:
150 ~ 200 kg/ha) & 0 Klgi24 7% 4 50 kg/ha & L7z,
2000 4E 5 HIZE M43 50 a (50 mx 100 m) 2B\
T, b= WT 2RI BIYT ¥ v F—TNV—07F A
EMIC T @75 em &R ) Ry N EF 06 Kk
/m* DT NEWEECTEM L7z ¥ /3OE % 50a #5455
WZBRo72D1E, Y NOEREE 2R L T TH -
THRMNCEAALT 2720 TH %,

ZHEOEHIE Tha BWIZOWT, 4 A5 10 HOM
V2 H 2B OB TN - 4504 % FHE & 37T 7228, AR 0.7
mOFEHOT—5 ) ET LHHHTE 25272 2000 48
L U201 4E I H LRIBLF 2N - EEF I T - 72,
2002 4EA HIZAMIR 1S m D a— % 1) E 7 L LI 5 5%
L7200 BHoZAEERA NI 7y 2B AL, EHEE

%13 5 (2013)

D DZA] - R AR L 72,

AL, 2001 4R 5 2005 4E AT C, [HAM ) %58
WL D50 aloBWTiTo7. HEDHE, £
WIFATR N T ks b AR 2 K2 %E LT,
%hI s M RIC5 m BT (2001 41 10 m k)
FAAX % T 720 B TIE50em ADO T KT — b %
QML CEE, HEHABICL Y I T — NAOREA
BN M= )VTZRT - T vFXF—TN—T T -
MR (ATRC 3 EAELIAL) - O 500 & L OB R Y
LBl A NI — 2 MO HER DT — 5 &
L72% H—2 2ot bt h 2 8 RAEEEE O &N
D7D, B NRTER R - EEE O BRI T
Lol

# X

1. [EER] D4FMRE

FRERAEOHK R, [HIER] 134 < OREIZB W CEEE
tn i [Emerald] - [Meyer] £ X VI dRAE [ A% 2
EOMICEEENRBD LN, FICHEZORS (EiE
37 A 1629 em, EAE13 7 H% 1 1467 cm) 131lo
3 anfE & ) BEEICR , FEIEAT 48 mm &L VRS D o
72 (R3~FK4d). &b, 1997467 HH» 5 1998 4 11 A
F CORBIIR AP NI IR L o 72720, Tl

=3 [FER] OFMHAEHRE (BEEMMER, EFEZLTOHREEIER)
A T HRHZEDEZ (cm) #EE (em)  ZEiE (mm) g RS BROMHEOEHE  BAkOKKE
BRI 1~ Skl E A Bk 1~ BAR 1~ F-PORHRE L B~
T 9 3Rk 13 7 Ht% g9 ME:9 FORMTE 2, Tk © 9
BRI 3,
LGB 4
18K 5.9 n.s. 62.9 a 146.7 a 8.8 a 48 a 43 b 6.1a 1 3.3 ¢
Emerald 7.1 18.6 be 28.8 c 3.8 ¢ 1.9 d 5.2 a 4.2 b 2 5.0 b
Meyer 5.8 10.0 ¢ 19.7 ¢ 4.4 be 32 ¢ 6.1 a 4.9 ab 2 24 ¢
AR 6.8 36.8 b 60.1 b 7.6 ab 4.2 b 39 b 6.1a 4 6.3 a
1 Tukey DL HELKOMGR, AL LFHICIL 5% KETHEEDROHN D,
x4, [H8] OfFMAERRE (BFEEMWMER, ZECORAEERE)
rn i FDE FRDE FEORS %;l;c;}fﬁ Ao AEORM  BAORT BEORT
KPLY”
AR 1~ MAR:1~ MAR: 1~ M1~ 4H1H 1HLH AR 1~ MWAR:1~
MR 9 MR 9 fiE 9 T 9 EHEHE EEHE MR 9 MR 9

1 6.3 a 6.7 b 3.7 b 50 b 93 b 26.0 b 7.7a 8.0 n.s.

Emerald 23 b 3.3 ¢ 6.0 a 50 b 15.3 a 173 ¢ 3.7 b 8.0

Meyer 3.0 b 3.3 ¢ 5.0 a 3.3 ¢ 11.3 ab 173 ¢ 4.7 b 8.0

AR 5.3 a 8.0 a 3.7 b 6.3 a 8.0 b 38.0 a 7.7 a 8.0

1 Tukey DL EILBOMER, H7e LT HICIE 5% KETHEED RO LN,



RS o3l TEIBR ] B KO (W1 ] oF K

AN - IR B IREIGIRETE 2o 72,

D EDFE RS, 95K SEEAE SRS L OB A
V2 L CIX B D B &I L7z HETEISE D B hnfl
BEDOETH 1 - WERIREFINTH L 720
MERTETHBY, REEEESHEZ V2D, 1999 4£ 3
H 15 HICHIE L 2002 4F 9 A 4 HI2%5 10487 % & L&
FRS Nz,

2. [ERBR| OOHbig@EmMHER
1) REFFEE R a8

1999 4E 10 HIC 1 X% 400 /7% L 727+E (5 cm PUJ5)
BT 2 MEEOERTHE L2HETIE, [HE &
615%CTdH b, [EER) (81.9%), [EFEILFR] (750%),
MRl (723%) X k<, W2 B%R] (554%) &
Do e HEE, 1999 4F 10 A < [#iBK] 1266
em TH Y, [FHHFR] (109 em) £V 5%/KETHEIZ
<, 2000 4FE 9 HTIE 6.1 em & [EZER] (81 cm) [ 5
%] (80 em) X A EISHEA - 721E A, 2000 4F 10
H £ To 5 HoOFA Tl - RO R TR <
WLz, ToMmosFRHEEE, BEORE -HAS-
RO FF (1999 49 H) - AL - BRI AR AL,
FOFZ (2000 45 H) & [WIEE] 1% 28, [SF LR ][ &
FZER - TEAR] (& 43 B3 (20004E9 H) 1 [
BR) 1232, [EAsR] 1360 LiEwiizRL 727,
2) BAMEEERARS

BT L TR 1999 R [Tk AR 25104 ~
126 em & [HABK] (83 ~ 120 em) &£ V&<, 2000 4F
WEEIIC THI8K] 25112 ~ 119 em & [fERSRH] LD
RREHWEEZ R L2MIZIZIZFREETH - 72, REH

15

TIE 1999 4F 1L HIBRAS 7.9 ~ 24.7 em & [MERARM] &
D <, 2000 4E1E 5 H &R O 9 I [Tk Rk
WENZN 232 cm- 196 cm & HWlE A /R L7213 0014,
[GIBE] 2578 ~247 em Em CHER L7z (£5), IRE
BToREGOkE (SPAD fiE) 1, 2000 4 11 AiZsw
T[] 13278 & [HEkARft] L DI, MEADkK
JEDPMET LR T WA S o 72 (6), RZEICBW
T 2000 4F- 8 HAZAI Y Wl 7= iz, [HIEK] 25812
gim® & [EdRHE) @ 15 %R L7zs
3) KEXR > 2 —REFHS

[EHER | 1A LD FE T 190 & [Meyer] « [ &% Z ]
I NEL, HEZEETIZ526 cm & [Meyer] - [ A% 2]
INEL EETIE7lem & [Meyer] L&, Ih
5DOBEIZDWTIE 5% RETHEEBD LNz (R
7~8)o
4) REURB & 4 —RERHIG

(B ] IZEHFDORT 83) - WIAEFE (83) TEN
FI [Meyer] BLU [ARZ] I DEN, Lo FB
T 2000 413 240 & [Meyerl-[ARZ] L VHTH -
72 (£9) 7, FEOBEBILT0 L [Meyer) - [#% 2] &
DEN, MEZERETIZ 199947 B3 7.7 & [Meyer]-[ &
2] LD, 20004E5 HiZ83 & [ARZ] L EDL-
720 HETIX 2000 4E 6 H D 85 em- 2000 4 10 H @ 6.9
em & [Meyer] &0 @<, #E T 200045 ] Tl
923% & [Meyer| - [A% | X Wik o7z (10) 7
INSIR>WTND 5B KETHETH -7

DEofER» S, RS sl 2 817 228,
REWR Y V¥ —REBH S5 & ORI BT,
BRI TH 5 & R T ePT & TIFFEARICE L - FE -

%5 EX (cm) O (BHMEZJERRE)
E 1999 2000
H 8 9 10 11 12 4 5 6 7 8 9 10 11
vk 51 IR 8.3 99 120 111 9.7 4.0 7.3 92 119 112 108 105 8.9
TER A 104 11.8 126 11.8 115 4.6 7.7 9.3  10.0 9.7 100 100 10.5
CISSEaREN GHIK 7.9 202 247 236 203 7.8 202 247 236 203 139 180  15.0
TER R 6.0 144 146 145 144 6.0 232 146 145 144 196 120 8.5

HZHETIE 2000 4 8 HOFM ARG A Z E L 720

6. SPAD fEDQ#E (RMRHEHRS)

4E 1999 2000

H 9 10 11 12 6 7 8 9 10 11
HER 328 328 262 208 31.1 259 281 299 331 317 278
TR 328 31.1 263 258 285 269 288 252 319 312 307

3V H EEREFEET SPAD-502 ZfHEH L 72,
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®7. WEELCHHRER (RBFLREF-REHRS, 20 1)

nn SEAE DR AT TRDEL

19994E7H2H  19994F7/J14H  19994F10H13H 19994E10H1H  20004F5H1H  20004-5H25H  20004E5/130H

GBK 7.7 n.s. 5.0 n.s. 5.0
Meyer 8.7 4.7 5.0
AR 8.0 5.3 5.3

FLEED EL iy FRALO B A1 FDORE
L HEL HEEHE
n.s. 19.0 a 6.0 n.s. 4.7 n.s.
10.0 c 6.0 5.7
15.0 b 6.0 4.3

1 Tukey DL EILBOMER, 75 0T HNCIE 5% K THEED

OB,

x8. WHERMHRBRER FREXREF-REHS T02)

mn HRZEE (cm)
200046 H1H

LT 52.6

Meyer 30.5

AR 36.2

TE (em) SN (%)
200046 H1H 200046 H1H
a 58.3 n.s.

b 70.0

a 53.3

11 Tukey DZE LI DOKER, $72 5 3CFMITIE 5% KMETHE AL

OHN D,

®9. HMEELHHBRER (REXR > 7 —8BFHE, T01)

A EEDORT MIEE ISPX X HLHE D FLfy FRALDF
19994E7H12H  199947H12H 19994E11H12H 19994E11H1H  20004E11H1H 200044 H1H 200144 H1H
A H % S H £ A H K A H
GBR 83 a 83 a 6.0 n.s. ab 10.3 n.s. 24.0 a 19.0 n.s.
Meyer 4.3 b 4.3 b 5.7 b 4.3 17.7 b 15.0
IR 5.0 b 4.3 b 5.3 a 4.3 16.0 b 18.7
1 Tukey DL E ILILOMER, B 5LTHIZIL 5% KETHEENEOSN L,

F10. HIHBICHHBRGER (RERR > 2 —BEXHE 202

Y A FOFH MEZEE (m)

20004F4H10H 20004F5H8H 19994E7H21H 20004E5H22H 20004E6H9H 20004F10H20H 20004-5H8H 20004F11H16H

R 9.0 ns. 7.0 a 7.7 a
Meyer 9.0 5.0 b 4.3 b
IR 9.0 5.7 b 4.3 b

HE (em) Bz (%)
85 a 69 a 923 b 96.7 n.s.
46 b 35 b 963 a 97.3
6.9 ab 6.9 a 970 a 99.0

1 Tukey DL EILM O R, e 5 LFMIIE 5% KETHEED

MEERDKTH DT S B 7 o 720 FUHSERE S
FHABI B TORERIE L D KA RO &
BERLAERIIIS 2 Chvy, ARBHORE b
S BEEAMT S > DR R JIF LW R D B o B
U A IR T B C IR BRSBTS o 7o R
&, EEEAEMEEDSEIEET D E TEEIEE
Lzew [H15] OFEZRBL-bDEEZ 2,

3. [FABR| DRAUEMEFHEMRE R

1999 4E 720 5 2000 4E D ER T UL, [HIBK | (S wiHAFH
7590 T [Meyer) - [ARZ | LV EEIZEN, f¥ED
BERE 270 T [AR ] LV ABIZE L FEOEHIXT0
T [Meyer| LD AEIZENDD [ARLZ] L) HFEI

RO HND

%o 72, FIEIZERIZ 1999 4 10 H T1% 20.7 cm & [ Meyer)
X0, 20004E5 H Tlx 456 cm & [Meyer] - [ A% Z |
IDEBICELo7 (FR1D). BAGEERIZ 200045 F -
6H - 7THIAT- 72728, 5 HB XU 6 HOWMHIREZIE A b
I RBEGEREE o TV AHIRETHY, EEok
et SRR ZHET 5 2 EREETH -7 (£ 12) 2,
TROMBMTIEEZ I L7000, HEMHER
[RHBK ] 31.1%, [Meyer] 171%, [A= 2] 286% & &
FOH A CEER L (£13) 7

2001 SFORERTIE, WEZERE (1 BAR~9: HE)
25 TEER | 1390 T [Meyer] (30) - [A#%Z] (80) &
DAL, B2 A BB 1 270 kg/a & T A % 2 1(391
kg/a) |25 - 72, 6 4T - - aER D 5 bR HiY
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£ 1. HHEMSMRERRER (EBREREARSE €0 1)
A TEEDRE MEE RLEEORM  fR(Lo R HAE FDEE HEZEE (cm)
19994E10H4H 19994E10H4H 1999411 H1H 20004E3H1H 20004E3H21H 20004E4H7H 19994E10H29H 20004E5H22H
R H A H %
R 50 n.s. 9.0 a 27.0 b 21.0 n.s. 7.0 n.s. 7.0 b 20.7 a 456 a
Meyer 5.0 5.0 c 248 b 17.0 7.0 4.8 c 81 b 17.4 c
IR 5.0 7.5 b 30.0 a 17.0 7.0 9.0 a 184 a 274 b
1 Tukey DELEILBOMER, H73 5 LT ML 5% KM THEAED RO LN D,
*£12. BAEMSUREERRER (EREZIESRRS, 02
Ry BT (em)  FREES (cm)  EEFIHE (%) VG
20004E6H15H  20004E6H16H 20004£6 H15H
HABK 12.6 n.s. 12.3 n.s. 1.6 n.s. 5.0 b
Meyer 10.7 10.4 1.7 3.0 c
AR 13.0 11.9 8.2 6.5 a
W D Tukey DL EILIORER, e 5 LFHITIE 5% KMETHEEN RO SN D,
*13. BAEMSMREERRER (EREZIESRRS, Z03)
Ay WBET R (em)  FRERR (m) FEAIHE (%) TR
20004E7H21H 20004£8H1H 20004£7H12H
GAER 13.8 ab 9.4 n.s. 31.1 n.s. 5.0 n.s.
Meyer 11.6 b 9.6 17.1 5.0
AR 16.2 a 11.6 28.6 7.0

i Tukey DL E LB OREH,

& L7211 % B < 5O T, B EECE 35K
13310% & [A% 2 (31.3%) LITIZMEETH - 72720,
BHCGEMEE [Meyer] & WENLD [ 2] LFEIEE
PEPIZE D EHEEN Y,

2002 4E DFRERTIX, HIFEZER DT HIEK 1L 8.0 T Meyer]
(50) - [ARZ] (70) £ Y KT, #ETIE [Meyer]
FVENDLD [ARZ] X% o7, 4~ 10 HIZH 118 -
A 3 em TR ) Bl o 7z R pE A RHiEC b, THIBK
A3538 kg/a & [Meyer] (139 kg/a) X W ENL DT [H
2] (741 kg/a) L% o720 5~ 10 HEHOEEF)
A, [HHR | A%456% & [Meyer| (253%) [ A% Z |
(374%) % kll>7-7,

BACE R E R ORE R S, ML LTHAT
BT 07 H— N A INFELN) DONOBEIF IR DS,
INBMENLR VIR TIE Y NOREL LW e, Wil
BICIZEEDTE [AR T OEEFEDS [HI5R]) L&
NTW5b Z EDTRES NI,

4. [Ei8F] D4MREE
AR 2 BRI B WX, [§H ] Ao ES
231820 ecm EMD 3 FEL D AEICEL, MEEOE

B7e B 3CF I 5% KIETHBEEN LD HN D,

FEASTS LMo 3 Al & ) HEIZE T, ¥EEDS] em
& [Emerald] - [Meyer| £ ) AEIZE L, ZEIEA 49
mm & 3l L D HFEICKE L, WEAEFIZ6L &
[Emerald] - [Meyer| &0 FRIZENL (K 14), B
ZOKEIE 142 mm & [Meyer] - [AXZ | XD EEIC
KL, HEDS514 mm & [Meyer] - [AXZ] LD EE
IR o7z (R15). /MHEIRIE 1.25 mm & [Meyer]-[ &
R LVEBICAL, MEEA 469 & [Meyer] « [ A
R EVEBICEL, ETE (g/1000 k) A70.73 &
[Meyer] - [A%Z ] IO AEICEL, HEA62 Lo
IMAEL D HEICE o7z (R 16).

FREHERIZ BT, [HA8 ] 3R OFE - ko R
MWENENAT -50 & [Emerald] - [Meyer| &£ 1) &
ZEN, BEADORBGAT70 & [Emerald| - [Meyer] &
DAEEIEN, NS OYRESIED 60 & [Meyer] - [ &
R IV AEECHE»o (E1D,

Db ofERr s, T8I ] 3RS X O g il
W2t U CIKBIMED S 2 &CFIT L 720 FHTTHAE D B il fl
BEROEMTH HI— - WETEIIREFIHTH L7220
TERTETEY, REEMEDMEZ 20, 2000 4F 12
J 1L HICHEL 2004 423 H 3 HIZEE 11724 5 & L TF
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F14. [E#] OBUREER (BFEEWHAER, BEFELZ TOREER, T01)
iy i) WEORS MARZEORE MEEOKRE  EE (m) ZEE (mm) et IS
(cm) (mm)
MRE. 1~ ERH T 0 1 ~ g 11~ FEANE 1~
e 9 13 7 At T 9 R 9 =)
GHRE 4.0 n.s. 182.0 a 7.5 a 1.65 a 51 a 49 a 4.7 ns 6.1 a
Emerald 7.0 675 Db 49 b 1.17 b 3.0 b 2.0 d 5.2 3.9 b
Meyer 6.0 789 b 3.6 ¢ 1.62 a 2.8 b 3.3 c 4.6 4.1 b
AR 7.0 92.8 b 51 b 165 a 44 a 41 b 5.9 4.8 ab
i Tukey DETLMOHR, $% 5 LFMIZIE 5% Kil CH EAN D b5,
F15. [F#] OFMRAERE (BEEWMER, BFEL TCORAETEE, 202)
A iZo ks MiiZoEs  #E (mm) Tt Ay Gl ko L OH &
(mm) (em)
Mg 0 1~ 19994E5 0 1H & - AT 1, FEok 2,
i 9 S H Pk 13, FHRD I 4
[uiNi) 1.42 a 13.1 a 51.4 a 6.1 a 175 b 2
Emerald - - - - 1
Meyer 0.84 b 7.7 b 26.8 b 52 a 224 b 2
AR 0.95 b 99 ab 28.6 b 2.9 b 304 a 2
1 Tukey DETEILBOMER, $75 5 LT ML 5% KETHEED RO HN D,
W [Emerald] (B o Al L 22220 720
*16. [E#] ORMREERR (BFEEWMHRRF, EBEELZ TOREEE, £03)
AL AER (mm)  /DEE (cm) /NS I i f- I %
(g/1000 #i)
A1~ AR~ WA 1~
W% 19 HRE 9 W% 9
GHHE 352 a 1.25 a 46.9 a 3.0 n.s. 0.73 a 62 a
Emerald - - - - 1.0 c
Meyer 3.17 b 094 b 281 b 3.0 055 b 27 b
AR 3.40 ab 1.06 b 23.3 b 3.0 0.56 b 3.0 b
1 Tukey DL HILEOAER, $e 2 SCFHIIL 5% KETHEEI RO OND,
VE [ Emerald] (35U H A HAE L 227205 72,
x17. [H#] OFMPAERRE (BEERHRAR, FHETOREEE)
mn A FRDEEL MoOEH  FAORT  HILoFH FLIEQHE  WAORT WMEOBL INSUYE UNBEE (%)
BT
MANE 11~ AR 11~ WAL 1~ 19994E4H1H  19994E11H1H MAE 1~ AR 1~ Myg:1~ HEERECORMK
RE 9 TR 9 E 9 AN A H % MRE 9 WE 9 185 © 9 B PAV/NLT)
LHFEDOEI A
GARE 4.7 a 5.0 ab 6.7 a 6.7 a 6.0 n.s. 7.0 a 8.0 n.s. 6.0 95.0 a
Emerald 2.3 c 33 b 6.0 ab 5.3 12.7 3.3 c 8.0 6.0 38.3 b
Meyer 2.7  be 4.7 b 4.3 b 50 a 9.3 4.7 b 8.0 3.3 c 75.0 a
AR 4.3 ab 6.7 a 50 ab 2.0 b 9.0 7.3 a 8.0 5.0 b 88.3 a

1 Tukey D% LK O

FRE N7z

5. [EA85] DT T N&ERERER
EREX OB TRTE, PNV T LAY Y
5o X —TN—7 T AOMERIL 2001 F 11 BilcZEhE

. RGBT 5% RIETHEEN RO LN S,

337% - 418% T - 7275, 20024 10 2z e h =
1131%-158%, 2003 4F 9 HIZidZhE4 1.8%-7.6%,
2004 4F 9 HIZIE 221 00% - 07% L HE2fE5 T LI
BT L7ze —75, [8#5] 132001 4E 11 H D 22% 5 5
2002 4 8 H @™ 284 %, 2003 4F 9 H @ 66.1%, 2004 49
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H o 834%, 20054 11 H D 96.7%~ & 1 2 \ W T % 31k
KLU, FRICEHEIZRZRN) - BEAFITL b— VT = A7
12 & % 2 NOBEEAANEE T & 72 2002 45 DIRE, BHETH -
7=,

ERLTHEL N T 78 AEEEOY -2 - LYY VRS
LRBE, EMBEBIY, AME ($XTOEEIZOWV
TR 1M /8B THRE) 245132 L, FRIC
X BHEAT 5721999 4E 1% 217 HFHEZE L7225, Lk
1$2004 FFTOHMHDS 145 THDOWRIZINE - 720 Z
ORETIEZEFHMA N 7 5 oERO ) —A - LY
VR R EHERT E LT B, RREE 4 90 M
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Breeding of Japanese Lawngrass “Asagake” and “Asamoe”

Makoto KOBAYASHI, Masumi EBINA, Shigemitsu KASUGA*®, Kenji OKUMURA",
Tomoyuki TAKAI®, Hiroshi ARAYA®, Yoshiro TSURUMI ® and Hitoshi NAKAGAWA '

Forage Crop Research Division,
NARO Institute of Livestock and Grassland Science, Nasushiobara, 329-2793 Japan

Summary

Cultivar “Asagake” is selected from ecotype “Nankoku 9” which is collected in Kochi prefecture, Japan
and registered in 2002 by The Plant Variety Protection and Seed Act. Cultivar “Asamoe” is selected from
ecotype “Houbenzan 4” which is collected in Yamaguchi prefecture, Japan and registered in 2004 by The Plant
Variety Protection and Seed Act. Since “Asagake” has superior character of high stolon elongation and vigor
in spring, evaluation test was conducted in Kyoto Prefectural Ikari Highland Livestock Experiment Station,
Kochi Prefectural Livestock Experiment Station, National Livestock Breeding Center (NLBC), Nagano Station,
NLBC Kumamoto Station, and Miyazaki Prefectural Livestock Experiment Station. Since “Asamoe” has traits
to form dense turf, test for turf establishment and management was conducted in sports ground in Nasu town,
Japan. In consequence of these tests, it is considered that “Asagake” is adaptable to grazing grassland and soil

conservation, and “Asamoe” is suitable for turf use such as in sport ground and schoolyard.

Key words: Japanese lawngrass, Asagake, Asamoe, grazing, turf
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Plant Regeneration from Embryogenic Calli of the Wild Sugarcane
(Saccharum spontaneum L.) Clone ‘Glagah Kloet’

Wataru TAKAHASHI and Tadashi TAKAMIZO

Forage Crop Research Division,
NARO Institute of Livestock and Grassland Science, Nasushiobara, 329-2793 Japan

Abstract

A wild sugarcane clone, Saccharum spontaneum ‘Glagah Kloet’, is utilized as breeding material for
development of high-yielding sugarcane cultivars. In the present study, we established a plant regeneration
system for this clone to increase its potential for use in molecular breeding of sugarcane with a transformation
system in the future. Although embryogenic callus was not induced with the medium containing
2,4-dichlorophenoxyacetic acid (2,4-D) alone that has been used commonly for callus induction of sugarcane,
we obtained embryogenic calli when apical meristems aseptically isolated from shoots were cultured on callus
induction medium containing both 0.01 mg L™ benzyladenine (BA) and 5 mg L 2,4-D. This finding indicates
that BA is positively effective for induction of embryogenic calli of ‘Glagah Kloet’. The embryogenic calli
produced shoots when cultured on medium containing 0.3 mg L' gibberellic acid or on hormone-free medium
supplemented with 3 g L' activated charcoal (AC). The morphology of the shoots clearly differed between the
regeneration media. The shoots formed on medium containing gibberellic acid were finer and softer, and the leaf
color was lighter compared with those formed on the hormone-free medium containing AC, thus more healthy

shoots were regenerated.

Key words: activated charcoal, benzyladenine, plant regeneration, tissue culture, wild sugarcane
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Introduction

Sugarcane is a tall perennial grass that is
cultivated in tropical and subtropical regions of the
world. Notably, this grass stores a high concentration
of sucrose in the stem. Approximately 65-70% of
global sugar production in the form of sucrose is
derived from sugarcane”. Sugarcane belongs to the
genus Saccharum. Although six polyploid species are

“’29), modern cultivars

recognized within Saccharum
for sugar production are mostly derived from
interspecific hybridization between S. officinarum

and S. spontaneum“ﬂ). Of the other four species, S.

robustum, S. barberi, and S. sinense have also provided
minor contributions to the breeding of some modern
sugarcane cultivars®.

Saccharum spontaneum is an important breeding
resource because of its high dry matter yield, good
ratooning ability, and possession of some tolerance
against biotic and abiotic stresses in spite of a
relatively low sugar content. In the late nineteenth
century, a spontaneous hybrid group called Kassoer
derived from a cross between S. officinarum and
Glagah— the wild Javan form of S. spontaneum from

Indonesia—was used as breeding material, and the

progenies have given rise to many cultivars, such

Received 2012.10.11, accepted 2012.12.17
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as POJ2722, POJ2725, POJ2875, and POJ2878, by
backcrossing with S. 0fficinarum5’16‘26). In particular,
POJ2878 was an excellent clone and was called
‘Java Wondercane’ because it showed 35% higher
sugar productivity than that of the previously
best cultivars'®?. Glagah still has potential as an
important breeding resource for development of
cultivars with high biomass, high ratooning ability,
and improved stress tolerance for production of sugar
and/or bioenergy in the future.

In Japan, sugarcane breeders also employed
the wild sugarcane species to introduce the above-
mentioned agronomically important traits to their
breeding system. They have succeeded in developing
the two most recent distinctive forage cultivars
‘KRF093-1"**” and ‘Shimanoushie’*” (as of November
8th, 2012, an application for seedling registration
in Japan is pending as application number 25824).
In addition, Japanese breeders have developed a
prominent cultivar, ‘KY01-2044’, with 1.5 times the
total biomass yield and 1.3 times the total sugar
yield than the major Japanese sugar-producing
cultivars®10#30, Interestingly, the above-mentioned
three cultivars were derived from a common clone,
‘Glagah Kloet’, which was the male parent of ‘KRF093-
1’ and a grandparent of ‘Shimanoushie’ and ‘KYO01-
2044, ‘Glagah Kloet’ is one of the clones belonging to
the wild species group Glagah.

Thus, we focused on ‘Glagah Kloet’ and
decided to further expand the potential of this
clone for use in molecular breeding of sugarcane
with a transformation system in the future. A
transformation system requires plant regeneration via
callus culture, which is indispensable for selection of
transformed cells. To the best of our knowledge, only
two previous reports have focused on development
of a plant regeneration system for S. spontaneum.
Sobhakumari and Mathew? reported hybrid vigor
in their plant regeneration system and found that
the hybrid parents, S. spontaneum and S. officinarum,
have lower potential for tissue culture compared with
that of the hybrids. Fitch and Moore” succeeded in
achieving plant regeneration via green organogenic
calli with picloram, but did not obtain embryogenic

callus of S. spontaneum, and quantitative data on the

regeneration system were not presented.

In contrast, numerous reports of a plant
regeneration system for many hybrid sugarcane
cultivars have been published, of which most have
focused on the auxin 2,4-dichlorophenoxyacetic acid
(2,4-D), but sometimes other synthetic auxins, such
as picloram and 3,6-dichloro-2-methoxybenzoic acid
(dicamba), were used, with or without the cytokinins
benzyladenine (BA), 1-phenyl-3-(1,2,3-thidiazol-5-
yl) urea, or kinetin'?**%?? In addition to the plant
hormones, a combination of carbon sources composed
of 1.5% (w v'!) each of sucrose and sorbitol, and
addition of casein hydrolysate to the regeneration
medium were reported to have a positive effect on
plant regeneration from protoplast-derived calli'",
Furthermore, effects of exogenous amino acids such
as glycine, arginine, and cysteine on embryogenic
callus formation have been observed. Incorporation
of these amino acids in culture media significantly
induced somatic embryogenesis and promoted plant
regenerationl’w). Genotypic differences in responses
to tissue culture conditions were observed in these
studies reflecting the outcrossing reproductive system
of sugarcane, which indicated that tissue culture
conditions must be optimized for individual cultivars
and genotypeszg).

In the present study, we aimed to optimize
tissue culture conditions for callus induction and
plant regeneration from callus of ‘Glagah Kloet’. We
observed the effect of BA on callus induction in the
presence of 2,4-D, and the effect of different media on
the manner of plant regeneration and morphology of
the regenerants. We report here the development of
a plant regeneration system from embryogenic calli
induced by a low concentration of BA in the presence

of 2,4-D for ‘Glagah Kloet’.

Materials and Methods

Plant materials

A wild sugarcane clone, S. spontaneum L.
‘Glagah Kloet’, registered as JP 172015 in the
National Institute of Agrobiological Sciences (NIAS)
GeneBank, Japan, was used in this study. In addition,

a Japanese commercial hybrid cultivar, ‘KRF093-1’ (a
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Saccharum spp. hybrid), was used as a reference. Tillers
of the plants were transplanted into soil in pots and
grown in a glasshouse maintained at 30°C. For clonal
propagation, axillary buds on cut stem sections were
planted in soil in pots and cultured in the glasshouse
maintained at 30°C. Shoots that sprouted from the
buds were used as donors for provision of explants for

tissue culture.

Culture media

Components of the culture media are listed
in Table 1. In callus induction medium (CIM) 2 and
CIMS3, 750 mg L™ of additional MgCl, was added,
whereas other macro- and micro-nutrients of all

7

media used were based on MS medium' containing
3% (w v') sucrose, adjusted to pH 5.8, and solidified
with 0.25% (w v') Gelrite (Wako, Osaka, Japan).
Vitamins of CIM1 were the same components as those
of N6 medium”, whereas vitamins of CIM2, CIM3,
regeneration medium (RM) 1, and RM2 were the same

components as those of MS medium.

Callus induction

Leaf sheaths of shoots each including an apical
meristem were washed in 70% ethanol for 1 min,
surface-sterilized in 30% (v v'') sodium hypochlorite
solution (3% available chlorine) for 20 min, and rinsed

twice in sterile distilled water. Apical meristems each

covered with one or two small leaves were aseptically
isolated from shoots under a stereomicroscope. The
isolated tissues were placed on callus induction media
(Table 1) in Petri dishes and were cultured in the
dark at 25°C. For ‘Glagah Kloet’, meristems were
cultured on CIM1, CIM2, and CIM3, whereas those
of ‘KRF093-1" were cultured on CIMI1 as a reference.
The induced calli were subcultured every month onto
the same fresh medium prior to plant regeneration
experiments. In the present study, each culture was
derived from one explant and was maintained as a

single culture line.

Plant regeneration from calli

For plant regeneration, calli were divided into
small pieces (5 mm in diameter) and transferred onto
plant regeneration media (Table 1) and were cultured
under continuous fluorescent light (40 pmol m™ s™) at
25°C. For ‘Glagah Kloet’, independently induced calli
were cultured on both regeneration media, RM1 and
RM?2, whereas calli of ‘KRF093-1" were cultured on

RM2 as a reference.

Statistical analysis

Data on the culture responses (percentage of
non-callused explants and callus formation frequency)
of ‘Glagah Kloet’ were obtained in each experiment,

and mean values were analyzed by analysis of

Table 1. Components of culture media for callus induction and plant regeneration

Media Components”

Callus induction medium (CIM)

CIM1 0.25 mg L' benzyladenine (BA)
4 mg L™ 2,4-dichlorophenoxyacetic acid (2,4-D)

N6 vitamins

CIM2 5mg L™ 2,4-D

25 mM L™ Proline
750 mg L' MgCl,+6H,0

MS vitamins

CIM3 CIM2 medium + 0.01 mg L™ BA

Regeneration medium (RM)

RM1 0.3 mg L™ gibberellic acid

MS vitamins

RM2 3 g L™ activated charcoal

MS vitamins

a) Other macro- and micro-nutrients in all media not shown here were based on MS medium containing
3% (w v sucrose, adjusted to pH 5.8, and solidified with 0.25% (w v ") Gelrite (Wako, Osaka, Japan)

(see Materials and Methods).
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variance (ANOVA) and Tukey contrasts in R v. 2.15.2

)

software® using plant hormones, proline, MgCl,, and

vitamins as factors.

Results

Callus induction

A summary of the callus induction data is
presented in Table 2. Soon after culture initiation,
most meristems were expanded in both ‘KRF093-
1’ and ‘Glagah Kloet’. In ‘KRF093-1’, although most

cultured tissues exuded a black substance that

stained the culture medium around the tissues,
callus appeared from 1 month after culture initiation
(Fig. 1A), and on average 87.9% of cultured explants
produced embryogenic calli and underwent somatic
embryogenesis (Table 2, Fig. 1B). In ‘Glagah Kloet’,
most tissues cultured on CIMI1 died without forming
callus (Fig. 2A) or turned brown soon after callus
formation (Fig 2B) during 1 month of culture (Table
2). However, some tissues cultured on CIM2 and
CIM3 continued to grow and we observed two types
of calli—watery and embryogenic—on their surface

(Fig. 2C—F). The watery calli were induced on both

Table 2. Effects of culture media on induction of different types of calli

Non-callused Formation of each callus type (%)

Clone/Cultivar Culture medium Experiment No. of explants

explants (%) Browning* Watery Embryogenic
Glagah Kloet CIM1 1 2 100.0 0.0 0.0 0.0
5 80.0 20.0 0.0 0.0
.............. 8 100000 0000
Mean + SD%# 93.3 +11.5a 6.7 £ 11.5a 0.0a 0.0a
CIM2 1 3 0.0 0.0 100.0 0.0
2 5 40.0 20.0 40.0 0.0
3 3 0.0 0.0 100.0 0.0
s I 0.0 . 83.3 .. 66.7 .. 0.0 .
Mean + SD 10.0 £ 20.0b  13.3 + 16.3a  76.7 + 29.1b 0.0a
CIM3 1 7 0.0 28.6 14.3 57.1 (42.9)8
2 8 83.3 . 83.3 .. 0.0 . 83.3
Mean + SD 16.7 + 23.6b 31.0 + 3.4a 7.1 + 10.1a 45.2 + 16.8b
KRFo093-1 CIM1 1 14 7.1 7.1 0.0 85.7

Mean = SD 0.0 87.9 + 3.0

* Callused explants that died after callus formation.

T SD: Standard deviation.

I Mean values for ‘Glagah Kloet’ in each column followed by the same letter are not significantly different at P < 0.01 based on
Tukey contrasts.

§ Value in parentheses is the frequency of embryogenic calli that partially contained watery callus.

Fig. 1. Embryogenic callus formation and plant regeneration from callus in ‘KRF093-1".
(A) Black substance surrounding a callused meristematic tissue cultured on CIM1, (B) embryogenic callus
induced on CIM1, (C) shoot formation from embryogenic callus on RM2. Bar = 0.5 mm in (A), and 1 cm in
(B) and (C).
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Fig. 2. Types of calli induced by different culture media in ‘Glagah Kloet’.
(A) Non-callused explant cultured on CIM1, (B) browning callus induced on CIM1,
(C, D) watery callus induced on CIM2, (E) embryogenic callus induced on CIM3, (F)
embryogenic callus also containing watery callus. Bar = 2 mm.

CIMZ and CIM3, but their growth was extremely slow
even after subculturing (Table 2, Fig. 2C and D). Five
embryogenic calli were independently induced from
on average 45.2% of cultured explants only on CIM3
in ‘Glagah Kloet’ (Table 2, Fig. 2E and F). In three
of the five instances embryogenic callus induction
was accompanied by watery callus induction but the
embryogenic parts of the calli grew well during tissue
culture (Fig. 2F). ANOVA revealed that for ‘Glagah
Kloet” BA concentration significantly influenced the
frequencies of watery callus and embryogenic callus
formation (P < 0.01, Table 2). We used the embryogenic

calli for the following plant regeneration experiments.

Plant regeneration

After 3 months of callus culture initiation,

embryogenic calli were subjected to plant regeneration
experiments. In ‘KRF093-1’, five randomly selected
calli were cultured on RM2. We observed shoot
formation from all of the transferred calli 1 month
after the transfer (Fig. 1C). In ‘Glagah Kloet’, three of
the five independently induced calli were cultured on
both RM1 and RM2. Growth of the calli after transfer
to RM1 was vigorous and subsequent formation of
shoot primordia occurred 12 days after transplanting,
whereas shoots formed from calli on RM2 after about
1 month. However, during culture for shoot formation,
calli cultured on RM1 partially turned brown and
occasionally died #2 callus in Fig. 3). The morphology
of the shoots clearly differed between regeneration
media. The shoots formed on RM1 were finer and

softer, and their leaf color was lighter compared with
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Regeneration medium

RMI1

Callus number

RM?2

Fig. 3. Morphological differences of shoots regenerated on RM1 and RM2 in ‘Glagah Kloet’.
Shoots regenerated on RM1 were finer and softer, and the leaf color was lighter than in those
formed on RM2. Results of three independently induced calli are shown.

those formed on RM2 (Fig. 3). Each of the three calli
produced shoots on RM2 (Fig. 3). All regenerated
shoots on RM1 and RM2 were established in soil,
after washing their roots to remove culture media,

without the need for acclimatization treatment.

Discussion

In the experiment with the commercial hybrid
cultivar ‘KRF093-1’, which was used as a reference, we
obtained embryogenic calli from apical meristems on
CIM1 with a high frequency (87.9% on average; Table
2, Fig. 1B). In ‘Glagah Kloet’ severe tissue-browning

of explants was observed during tissue culture, and

most cultured tissues (93.3% on average) did not
produce any callus on CIM1 (Fig. 2A and B). However,
the problem of tissue browning was almost eliminated
with CIM2 and CIM3, and calli were induced on both
media (Fig. 2C—F). Although direct evidence was
not obtained because of differences in the vitamin
components and the different concentration of MgCl,
between CIM1 and the other two media, the presence
of proline in CIM2 and CIM3 might be a major factor
in preventing tissue-browning because proline is well
known to prevent tissue-browning caused by oxidized
phenolic compounds that result from polyphenol
oxidase activity in cultured cells?.

Most published research on induction of
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regenerable embryogenic callus in sugarcane has
focused on auxins such as 2,4-D and picloram™®. In
the present study, however, a low concentration of
BA in the CIM3 medium promoted callus growth,
whereas calli induced on the CIM2 medium without
BA were watery and did not grow well. Eventually,
embryogenic calli were significantly induced on
CIMS3 (P < 0.01, Table 2), which indicated that a low
concentration of BA (0.01 mg L™) was effective for
induction of embryogenic calli in ‘Glagah Kloet’,
although a somewhat higher concentration of BA
(0.25 mg L™ in the CIM1 medium possibly prevented
callus induction. To the best of our knowledge, in
sugarcane tissue culture this response to BA of
callus growth might be specific to this clone. Overall,
embryogenic calli with regeneration potential were
only induced on the CIM3 medium (Table 2, Fig. 2E
and F). In Miscanthus sinensis, a relative of sugarcane,
a low concentration of BA was recently reported to
have a positive effect on induction of embryogenic
calli, although a high concentration of BA caused
tissue browningw. These findings are consistent with
a previous report on Ranunculus asiaticus in which
addition of kinetin—Ilike BA one of the most important
cytokinins—to a culture medium containing 2,4-D
promoted the formation and growth of regenerable
callus”.

For plant regeneration from embryogenic
calli, we prepared two types of media (Table 1).
Subsequently, we obtained shoots from calli with both
RM1 and RM2 in ‘Glagah Kloet’, but some obvious
differences in shoot morphology were observed (Fig.
3). These differences might reflect the presence of
gibberellic acid in RM1 and activated charcoal (AC)
in RM2. Gibberellic acid in RM1 might promote fine
shoot elongation and callus browning, which seems to
be detrimental for further growth of developed shoots
on the calli. A similar effect of gibberellic acid on shoot
elongation has been reported for one other sugarcane
cultivar”. The presence of AC in RM2 medium might
prevent callus browning by absorbing oxidized
phenolic compounds exuded from the calli because AC
in culture media adsorbs aromatic compounds such as
phenolics and their oxidates?. This allowed the calli

to grow well and promoted subsequent healthy shoot

formation from the calli. On the basis of these results,
the RM2 medium is considered to be suitable for plant
regeneration in ‘Glagah Kloet’, although both RM1
and RM2 media can be used for plant regeneration in
‘Glagah Kloet’ because shoots obtained on both media
were readily established in soil in pots.

In conclusion, we established a plant
regeneration system for the wild sugarcane clone
‘Glagah Kloet’. This clone clearly requires a low
concentration (0.01 mg L") of BA for induction of
regenerable embryogenic calli in the presence of 2,4-
D. This distinctive response might be specific to this
clone. The optimal conditions for plant regeneration
in ‘Glagah Kloet’ comprised use of CIM3 and RM2
(Table 1) for induction of embryogenic calli and plant
regeneration from the calli, respectively. It remains to
be examined whether the present system is applicable
to other sugarcane cultivars and wild relatives.
Given that ‘Glagah Kloet’ might be a valuable genetic
resource for development of high-yielding cultivars
for forage and bioethanol production as well as sugar
production, the present plant regeneration system is
applicable for genetic transformation of ‘Glagah Kloet’,
and is likely to contribute to the molecular breeding

of high-yielding sugarcane in the future.
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BERETIE, 2006 40 6-7 AL, PAEIZHRTA% <, 2008
DT HIFFEICHARTE o 7275, Zofho FIEF4E
WARTH 572,

5 A R OIRFER L WUHER: DB ED & Ko 72 R
& (3£2), 2006 4F 355 B AY 58-69%, 2008 4 55 Ky AT
7890% Td ), 2006 4 FiHsF O FRAF 1 2008 4F A HE

IZHER L T 10% DR WETH 5 720 kT2 L9
2, WEE S, 14 XOEFITHEY RITTHEORA
A7 < RITRA: 2 AR L 2o af IR IX 2 BT b 2006 4R
DEFREMENMEE 2> TWB I RS, 29 LK
BAEEIIROAFEPSEZEL2DOTERZVEEZEZ LN
bo I I CIHERMEAREDS, I ZITHE - EF AR EE
2% &, 2006 EAIEE OFRAFZDE o Fode b K& 7
TRE LT, WFEEROKT, 374 b b B
Mozl ENEZ HND, 2006 FEHEETIX, 1 HIH DK
Y5 2 [0 H OB E TORBIAK ST o 72720, 2
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x1. HEHFPORRKR

6 H 7H 8 H 9H 10 H 11 H

F&AE (T) 2006 16.0 19.4 21.1 16.0 11.5 5.7
2008 15.2 20.7 20.3 16.6 10.9 4.6

SEAR 15.4 19.3 20.3 15.9 9.6 4.2

K S (mm) 2006 112.5 394.5 70.0 152.5 196.0 79.5
2008 169.5 120.0 220.5 131.0 68.5 44.0

SR 124.7 134.3 158.6 110.1 140.1 153.9

FES H I (h) 2006 101.0 86.9 174.6 116.0 150.2 154.3
2008 123.3 173.1 146.4 113.2 159.4 137.5

AR 124.7 134.3 158.6 110.1 140.1 153.9
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®2. 44 EENE EKEE

2006 4 2008 4
AL BHD JRAER L D AU e A 4 55 AR FRAERL KL SR I AR 4 55 BAras
(fi /10a) (A /10a) (%) (fi /10a) (A /10a) (%)
HE IR X 21,536 12,539 58 26,673 20,916 78
gk IR [X 21,536 14,930 69 26,673 23,952 90
xR X 21,536 13,145 61 26,673 23,420 88

) BUHEX DS A4 R OMAEL, 1779477 A0S F 7+ (FAEIRK)
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DIRETFEN L o 2720, 2006 4F35E Ok 4 3RS
BEOT 2B CHIT, fHAIY &R L 72 okt
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BT TR B S, FRAFE AT 2006 412 N
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W2y IV F & LTHWZ IR OFAICDONT
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IROHEFY LH>TBY, FwE2G, 44 XA 1IR
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L FRD WML THEa CLALHTIEFX bAVatr A TN
(7 /m?) (& /m?) (& /m?) (7 /m?) (%)
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fd IR X 1.5 0.1 7.2 0.2 2.7
xf B X 0.1 1.6 0.4 0.1 30.0
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RIS X9 12 2006 FFEE Tl IHERED 54 X0
FEEFFAEIRK, MHEIX, B IRXONEIZE <,
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XCTHFA ADOEBMIICHEL 25 a7 4 Ean
LZholeDIZL, WIRKED, INHOEMERS T
HEORMO VEAMETIID R, BEAEDe 2 L h Y
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xR X 69.6 + 1.0° 3.5+ 0.20 360.8 + 19.92 193.3 26.7 + 0.4 4.5+0.20
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i) 755 15% oM
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Soybean Cultivation Using a Living Mulch of Winter Crops Used for
Grazing on Abandoned Cultivated Lands.
1. Italian Ryegrass Aftermath

Shigeki TEJIMA, Tetsuya IKEDA', Kazumasa SHINDO and Daigo YAMADA

Grassland Management Research Division,
NARO Institute of Livestock and Grassland Science, Miyota, 389-0201 Japan

' Department of Planning and General Administration,
NARO Institute of Livestock and Grassland Science, Nasushiobara, 329-2793 Japan

Summary

Aftermath of Italian ryegrass (Lolium multiflirum Lam.), used for small-scale move grazing on abandoned
cultivated lands, was utilized as living mulch for soybean (Glycine max Merr.) cultivation. In mid-June of 2006
and 2008, soybeans were planted in plots of two Italian ryegrass varieties (an early variety and a late variety)
immediately after grazing; a non-tillage sowing method was applied without herbicide treatment. As a control,
soybeans were sown in plots of rye (Secale cereale L.) after grazing, using the same non-tillage method with
herbicides. Although more weeds emerged in the Italian ryegrass plots than in the control plots, the existence
of weeds did not negatively affect initial soybean growth. Moreover, compared to the plots of the early variety
Italian ryegrass, markedly fewer weeds emerged in the plots of the late variety Italian ryegrass. No significant
difference was observed in the grain yield of soybeans between the control plots and the plots of both varieties
of Italian ryegrass. These results indicate that soybean cultivation using Italian ryegrass as a living mulch is a
laborsaving and cost effective technology that can reduce the effort required for tilling and herbicide application.
It was also suggested that the late variety of Italian ryegrass is better suited for use as living mulch for soybean

cultivation.

Key words: Italian ryegrass (Lolium multiflivum Lam.), Soybean (Glycine max Merr.), living mulch-cultivation,

non-tillage cultivation, grazing
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fRHLE K & CP @EHX (HH X)), KK & CP
filkHX (LH X) B X KKK CP SR X (LLIX) @
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3XT (Table 1), WFNOXHHMEILIZ6:4 & L7
FMEREL HHX TR A Y )T Y9477 A% A
L= QF= - I &L, LHXBXUOLLIXT
FERKEEOLRVI— A L= (FEAM) & L7
2512, HH X TEREEFABTO TR Y 37 B2 K
TR, AL E by L REE L2, LH
K& LLX TR KILZ RS 7201225 %%
5L, b ICKEEOHKVWEY -V, a—Y 27 LF
VI, REBLIOEREZET Y T 2MAzz. 72,
LL XOfFER I LHX 2 X—=2 L L, & /37 Hil
D=V ik a—V VT I—VO—HEREBIV
BHET VT UICEERZ LI EI2L -5, fiflo CP
KIEZ LT S 872,

RO BT % Table 2 128 L7z, K& ®IX HH
XD 1.75% 126 LT, LH X & LL XT3 Z 211 0.94%
BIU093% &, HHR DR 5 EDKIETH - 72,
CP &&|d HH X & LH X2 18% #2J (Z£424118.1%
£ 176%) OKEZOIZH L, LLIXIZWX X ) b 4%
VLR 135% ThHho7ze 72, a—H AL —TV L
WET VTRV LHIXE LLIX T, HHIX &
NCHHET S — Y = v Miii (aNDFom) & M7 45 —
Yz v M#i#E (ADFom) SEMMKL, Fr 7 EED
Fro 720 Na it HH BKARREH o 726

FRHG 58 L RERBAR 2 e 72 O BB s, Mo
TEATH 72 S22 51 F OB S N2 &R BR ol Ll
RO SR S, HAMFBREE Y Uk IcEow
72 TDN FEEHE AR 100% & %25 £ 9 I G-8 % & E
L, BEXHG L7z SN E R & RE RO

Table 1. Ingredient composition of the experimental diets

(% DM)
Diets '

Ingredient HH LH LL
Italian ryegrass silage 45.0 - -

Corn silage - 50.0 50.0
Alfalfa hay cube 15.1 10.1 10.1
Corn 11.7 4.9 4.9
Barley 12.3 8.9 9.4
Soybean meal 13.5 2.1 2.0
Brewer's grains - 10.1 9.1
Corn gluten meal - 6.1 2.0
Potato starch - 5.0 9.6
Vegetable oil calcium soap 1.5 1.0 1.0
Urea - 0.5 0.5
Vitamin-Mineral mixture 0.9 14 1.4

"HH = high K high CP diet, LH = low K high CP diet, LL
=low K low CP diet
DM : dry matter
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THERAL, 1H2MBNZ5T T ol 830 B LD
1800) #TRICHG L7zA, SBiM 4@ L <, 3
TOFTHRENIBIE SN otz F /2, v —F—h v
THOOMAKITEHBEE L7z

HERBR I SR IRIGE IS £ 0 FER L 720 HANEER I
MiridimH, foks, A&, #E, JREZ AR
WZHlsE L, #EBLOIRIZS Ha% HES LTSRS
Lot 7v e Lize 450 EHFLREOILE DD
UCHORELTOIY > 7V e LS, $UIER;, L&
FE, FLbEB X OGBS 20w TR S0~
TNERGH L, FLmIZ X BMEFEE AT o TN EERT
B BT 5B EE R L 72,

IR T 7 H B OB OIS T L Tl 2 i 5
THERN, H—BROREIN 2N E & OEERINE
WSRO 2 17 5 720 BRILL 7255 — Bl
WEF—ETAHHELHK, —HIELICpHET ¥ E=
TR A WE L, B IGHREERNER (VFA) S
T B RAT L 720 I 1E 3,000rpm, 30 43 0D s
GrEEC & D1 S I B AT A 2 TV & L CaEE R
L7

FRBLOEO T LB L ORFPOKGTEN
EHEY S THIT L, kB X 030 aNDFom
YU ADFom 1378 — Y =¥ ME® 12X o THHT L 720
T T BIEREEME - v a2 F Ty —E
BEV XS THM LD, TOBD 7V a— 2 5H
W7V a—ACIO T AN (7a—#idk) =@ L7,
Fl, ENHH TN EABIORY V TIVIE, HEE -
W TR L 2 AU, ROt TEr (AA-

Table 2. Chemical composition of the experimental diets

(% DM)
Diets

HH LH LL
DM (% FM) 76.2 46.1 46.0
oM 92.0 93.6 93.8
CP 18.1 17.6 13.5
EE 3.8 4.4 4.1
aNDFom 46.8 39.9 38.8
ADFom 26.8 21.5 20.7
Starch 16.0 29.4 33.4
K 1.75 0.94 0.93
Na 0.27 0.19 0.20

'HH = high K high CP diet, LH = low K high CP diet, LL

= low K low CP diet

DM : dry matterr, FM : fresh matter, OM : organic matter,
CP : crude protein, EE : ether extracts, aNDFom : neutral
detergent fiber, ADFom : acid detergent fiber

6400F, BEEIERT) 1L ) K& NagExilleE L7z,
FUIRNG, FLEAE, B X OSBRI S OG0 d R b
MEBOHE (3T AF Y2 133B, RAZL Y N v
7%t), BB VFAEREOWMEICIZT Az 0< 7
574 — (6890 1) — X, a—Lv kSyh— Fib),
M5 FEL O I2I3ZZEILEET (OSMOMAT 030, =
v oth) ENEHW, HEB L ORI
FLE—BET Yy E=TIREITHRY v b JREEHEB
FANTA=BLITVEZTFAMT a— FHGHHE)
EHOWTHz4r->720 72, 14 Na, K, ¥ (C1),
Fva— A, HEEERTEB L OFLEREE kSt = 2
7= () o2 KL, Na, KB LU Cl
FEMEICL Y, SV a—A, EEERTER X ORI
BT & o THISE L 720

AR O ERE2S, K, NBXO Nad 2 TD
LHE BTEICL2BEEYED) 1, B0/
B (Na OBE KDL OBNEL &) 2ok
w (B LORPHEEom LI RITEOAR) T
LBIWTRDIze F72, BT okg e GEREE
&) IXfFEKE, fokEB L ORIKEZERILLRE
KBNS, Fhb X ORI GHEEDm & FLhK
R ATE (FLREEES» b H M) AR L Z2RAKHE
HOomEELIWTRD, HKEIZTTHL CP Bz
EAEALIES 28 BARERE S S EI L7 Y,
FEEHILER I SAS © GLM 71 ¥ ¥ v V12 & o TIF W,
7= IR/ N I L AR S TR L 2. SR
HECHEPEMLIR |2 F B2 s Rt S a2, R
7 U= ZOHEI L) RN E O L E I ERE
AT 720 E72, AEKEIIERER 5% K & L TEP
R L7275, 5% LA E 10% il O & @A 5 b0
ELTARLFICfElmE 2Rl L7z,

# X

Table 3 [ZFZ W EE, HEeoWE, L&, FLESE
HALEB L OREMOME/RRE R LIz EmifG &t
THEED o722 L0, EYENEIZT R TORT
U Thot, #HmiZHH Kb % {, KW TLLIX,
LHXDNEIC A%< %), HHX E LHEXOMICIZAE
LEDPRO LN, RElX HH X O 145 kg/ HIZxF L
T, LHEXTH3E L7297 ke/H, E5ICLLKXT
& HH XD T @ 66 kg/ A& B E Ll 0 B
SNz LLXORREIE LH KI5 L TEAEm T -
72 (P=0070), #ERE&HEHEOWRETIZILHKX &
LL X281 ZIZEEETH ), HHIX LD & 10 kg DL EA
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Table 3. Dry matter intake, excreta, milk performance, digestibility and nutrient values of cows fed the

experimental diets

Diets '
HH LH LL SE

DM intake (kg/day) 15.8 15.8 15.8 0.0
Excreta (kg/day)

Feces 40.2° 33.7° 36.1°" 1.1

Urine 14.5" 9.8° 6.6° 0.7

Feces + Urine 54.7*" 435" 427" 1.3
Milk yield (kg/day) 22.2 23.7 21.7 0.4
Milk composition (%)

Fat 4.26 4.29 4.36 0.14

Protein 3.08 3.08 3.16 0.06

Lactose 4.56 4.58 4.60 0.08
Digestibility (%)

DM 69.8° 65.2°" 64.0°" 0.6

oM 72.1° 67.1° 65.8" 0.6

CP 70.5* 67.2° 59.2° 0.7

EE 72.3 65.0 62.4 3.2

aNDFom 63.4° 51.4°" 48.3°" 2.0

ADFom 61.2° 481" 44.7" 2.7

Starch 97.4° 92.3°" 92.1° 0.9
TDN (%DM) 69.7° 66.4°" 64.9° 0.7
TDN/CP 3.85°" 3.78" 4.82° 0.04
% CP sufficiency rate (%) 132° 121° 99°¢ 1

*>Means in a row with different superscripts differ significantly (P<0.05)

"HH = high K high CP diet, LH = low K high CP diet, LL = low K low CP diet

* CP sufficiency rate = CP intake / CP requirement x 100

DM : dry matter, OM : organic matter, CP : crude protein, EE : ether extracts, aNDFom : neutral
detergent fiber, ADFom : acid detergent fiber, TDN : total digestible nutrients

Lhpolz, Tz, FlmB L OFLG I I FEMLE
BARET B e 2B S o 72,

W), Y, aNDFom B & 087~ 7 v igb=1L
HH XIZHARTLHB X O LLIMX CTHEISET L7,
ADFom {HftZEd HH X124 L T LLIX TH BT
L, LHXT® 10% L LT3 22 #l g S 7z
(P=0052), F7z, MG (EE) ¥ t®E s LHB LV
LLB®ﬁﬁHHE;©$ﬁ#otﬁ,%@Ewu%%

SIZHREZR b DTIZ AR h 572, CPIELRIZIHHE B L
LH M[X128 L CLL X CHBEICIKT L72AY, LHIXY
HH X £ ) 349 3% IR @# iz d - 72 (P=0067), =i
5DOEITOHLEDE G LT, W bR
(TDN) I HHIX LY 3 LH B L U LL X2V #1215 <
%o 72o ¥72, TDN/CP Itid CP K#E DK\ LL X%
MO 2KXE ) LEEICE, -T2, HAMBEEES oFE
KEICHESWTEE L2 CPRAERIZ, HH, LH B X
O'LLXTZENZ 132, 121 BLUT99% T, KULFLR

DEFIAETH -7,

Table 4 12 K, NB LU Na 1o £ xR L7, K
BRI HH X O 277 g/ 2 LT, LHX & LLIXT
FNZFN149 g/ HB XU 147 g/HT, HHIX X ) L4
130 g/ HA % o720 K OFEHRAOHEEO 8| filRHLE

DOBIBR SN Do 72, RPN OHEE D m 1T
EOEWVICKIGLT, LHBXOLLKXTHHIX XY b
100 g/ HUL @A L7ze F72, AF~NO KBITEICD
WM OEN o T2 & s, ERERHL 22
HADKPEomB LU OM LA E S DR K
g omoZ iy, R OROZEABE S 55
Brhotz, 512, BRAUTo KEREE D HH X2k
NRTLHIXE LLEBSEZEICHRA L, 20X
THEETH - 72,

N s 1d HH X 0 457 g/ H1Zxf LT LH X 1% 443
g/ HT 14 g/ BV %o 725%, LL X% 340 g/ H & fhod
2K EDH100 g/ HYL EA o7z LAL, FLd~
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Table 4. K, N and Na balance of cows fed the experimental diets

Diets '
HH LH LL SE
K intake (g/day) 276.8° 149.0° 147.1° 1.0
K excretion (g/day)
Feces 66.4 62.5 62.9 3.8
Urine 149.1° 409" 425" 2.2
Milk 36.3 38.6 35.2 1.8
Feces + urine 215.5*° 103.4 " 105.5 " 3.7
Total > 251.8° 142.0° 140.7° 3.9
K balance® (g/day) 25.1° 7.0° 65" 3.6
N intake (g/day) 457.1° 443.3" 340.1°¢ 1.4
N excretion (g/day)
Feces 135.2° 145.1° 138.6 ™ 2.0
Urine 148.9° 117.3° 70.5°¢ 5.2
Milk 106.2 110.8 103.2 1.6
Feces + urine 284.1°% 262.5"° 209.1°¢ 4.1
Total * 390.3° 373.2° 312.3°¢ 3.1
N balance® (g/day) 66.8"° 70.1° 27.8"° 2.8
Na intake* (g/day) 44.9° 30.8° 32.2° 0.1
Na excretion (g/day)
Feces 25.5 13.7 14.5 3.3
Urine 6.9 5.9 5.4 1.3
Milk 6.0 6.6 5.9 0.2
Feces + urine 32.4° 19.6°" 19.8°" 2.3
Total* 38.3" 26.2"° 25.8"° 2.3
Na balance® (g/day) 6.6 4.7 6.5 2.2

***Means in a row with different superscripts differ significantly (P<0.05)
"HH = high K high CP diet, LH = low K high CP diet, LL = low K low CP diet
?Sum of feces, urine and milk

? Subtracted total excretion from total intake

*From feed and drinking water

D2X LY LHEEIZE L, FOEIIRIET Na JEeo
BB AU 0L —F L Tz,

DN BITEICIZ, ;Y o7 EROFER L FEREC, f
B O BT D SN Do 72. TR NHiEOEIL

LHEDZ®RLE L, PO HHRK E DI 10 ¢ TH
FHICERE CTH o720 LLIKIIMO 2 [XICH LT, NO
e of, BRI O, JLFBITRLGOLE
FEOoEBLUOAPTOEBERBEOVTNOFEIIA L
Morze 72, LHIXIE HH X &L €, N HfEEIC
BOE R o720, R o®, ERFHEEOEB X
PR OEIIFERICA L, Z0EIENREIIBIT 2
EEDLREP o7,

Na #H&#& HH, LH, LLXCTZh-2h45 31, 32
g/ HTHY, NRK &L & KM OIS
MPol2bDD, TOETMAMWIITRTHETH 572,
Na QR pHego®m, FAHBITES LRI OERS
IXETEHMLER I X 2 F R RIEBR S N ol H
i Naffeo®mLMETW A EIHRB SN L o720 D
?, HH XO#RH Na #E808 L# Na fgo i3l

FEL 2 O O K B EUER LG G- F R o K 4 E R
HH XA 7% <, k3o HH XD EZICES h o
7z (Table 5)o HH X TIEMAHKA R D Mo 2 X & 1
RTCHOIPTEDLIPERIIEroT, 2L & AR
L 72K INEIE HH, LHB X LLXTEREN
848, 751 BL U719 kg/ HT, HHIX & o 2 XD
WX EEDSBE SN /225, LH X & LL Ko
MICHBETE adholze —77, BB I URB~DIKI
e om & FLHR A~ OKGBAT R TBIE S 7z & fil R
ORI, EROEYEEDS L OEYRE & fw
TBIE SN R LA TH o720 72720, HHIXIZB
\F B E KPR OEOEEIZIE, LH XIS 50 %
BEITMZ, LLIX & OIS —EDO MR & 7z
(P=0.093) o #ERFRSHEEDE LTS &0 72K HE
Foid, HHXI2x L CLH B X O LL X% 10 kg/
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HUEOKFERBAER LD, BT oK R
AT FTEHMLELIC X 2 BBl S e o 72,
F IR OFEGZ & B EE ST O UG % Table 6 12
— B TiE pH B X U VFA 5 12 f K

T Lo,

ol

e
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ALEH

X ARBIIBS SN Lo 2N,

TR

JEIZHH X CT118 mgN/dl TdH » 725 D75, LHIX T
72 mgN/dl LR T EA 278 L (P=0054), & 512 LL
X Tt 38 mgN/dl £ THEIMT L7z M4 TiEiE

Table 5. Water balance of cows fed the experimental diets

Diets '
HH LH LL SE
Water intake (kg/day)
Feed 5.0° 18.4° 18.6° 0.1
Drinking 747" 51.8°" 485" 1.3
Metabolic? 51" 49" 48" 0.1
Total® 84.8*° 75.1"° 71.9° 1.5
Water excretion (kg/day)
Feces 35.4" 28.3° 30.5 " 1.2
Urine 13.8° 9.3° 6.2° 0.7
Milk 19.4 20.6 18.9 0.4
Feces + urine 49.2° 376" 36.7"° 1.3
Total * 68.5" 58.2°" 55.5" 1.4
Water balance’® (kg/day) 16.2 16.9 16.3 1.2

***Means in a row with different superscripts differ significantly (P<0.05)
"HH = high K high CP diet, LH = low K high CP diet, LL = low K low CP diet

?Calculated from the intake of digestible crude protein and digestible non-protein organic matter "

#Sum of feed, drinking and metabolic
*Sum of feces, urine and milk

®Subtracted total excretion from total intake

Table 6. Ruminal fluid, plasma and milk constituent concentration and urinary constituent excretion of

cows fed the experimental diets

Diets '
HH LH LL SE

Ruminal fluid

pH 7.35 7.33 7.38 0.13

Ammonia (mgN/dl) 11.8° 7.2 3.8" 0.9

Acetic acid (mmol/L) 46.3 42.6 37.0 8.1

Propionic acid (mmol/L) 9.9 8.6 7.7 2.0

Butyric acid (mmol/L) 7.2 7.4 6.4 0.9

Acetic/Propionic 4.7 5.0 4.8 0.2
Plasma

Osmolality (mOsm/kg) 284.8 284.1 282.1 1.4

Na (mEql/L) 137.9 138.5 137.7 0.8

K (mEqg/L) 4.0 3.9 4.2 0.2

Cl (mEq/L) 100.9 103.3 103.1 1.4

Glucose (mg/dl) 69.9 72.3 69.3 4.6

Free fatty acid (nEq/L) 177.7 178.2 202.6 52.4

Lactic acid (mg/dl) 8.4 7.8 9.0 0.9

Urea (mgN/dl) 21.4° 16.8° 9.4" 1.0
Milk

Urea (mgN/dl) 22.0° 17.1° 10.5° 0.5
Urine

Urea (gN/day) 117.3° 87.9"° 429° 4.3

**“Means in a row with different superscripts differ significantly (P<0.05)
"HH = high K high CP diet, LH = low K high CP diet, LL = low K low CP diet
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BER Na, K, Cl, ZI)Va— A, #EHEEIEEL & OA
T2 T B L2 R LB B D i\ 2 o 727, PRI
T HH, LHB LV LLRX2AZNZN 214, 168 B L
94 mgN/dl T, LL X2 2 X & g L CH & 124K
<, F7ZLHIX® HH KXiZx L TH< % 2 EMIZH -
72 (P=0073)c 7, FIEOIRFREDISIEFH T
LB SN, FUPIRE TIX T T OMMEMLE M KR
LR BAEDVRD 5N JRPNDRFERE>E O RGIE,
R N OB CTER SN L 0 LFEET, KR
HEICEREZEMH S, FHC LL RO A 25 T
Ho7

z =

RABRD 2 5O K kX O fi b K &k, HA
fFEtEE - LY CWILFOBERE L LTERENT
W5 08% I VIKIETH 5720 TAIZKEET 1.2%
F CIIR L 72 R 2 LA SRR S LT, AR, JUE
B L OHILRICEREPBE SN o722 L 2k
L7223 RRBRIZZN LD 85 12K K KD fFE %
G L7278, SRR L IEENORBIBE SN 20>
72b oo, FEBGOHELERSE K fEHES O HH X
W L THEBICET L, KPKELIRZETHHELS
HILEEBIME T 52 L EMESNTVELR Y, i
K FEXE DICRATO K EFREIZFOMEA R LT
By, KPRZTHRETR L o72. BEHL, 20
M K XA BT 2 B O T IR, KB RGE
OWLVEHE ER LD TR L, KK %
AL B 72O\ L 7 f R R OIS e B L 72 b
DEEZOLNE, Tbb, KBTI 2 TEDS
GEROKK fiR 2 %5 572012, KEEORVER
R & 2 L 7228, MEHC V23— o A L=,
HH X THW/A )T FA4 7T A% AL =TI~
%L CP RO W LHEIIN T, & 512, WEFKT
EHHET TR A TN T IV DT T
% CP DAL W ERER QA L Tidwns b o
D, ERIZHOTHEILEROEWREM, I—B LUK
AR KBS LT, WBIHLEMRNE - V% %
HALTBY, TNHHALHBLOLL KO LEZKT
S0 BbNb, 2T, LLXTIXERN =D
WA L) NHEERE N ORI L 722 &
b, B2 o CPHLENMRTZREL LARRNEE 2
Y (I

RABRIT K B LN OBEIUK#ELZZLEET, 20D
RENOMELTNL Z L 2B L TSNP, R

ExHHT20) 00T ELREENTH S Nad
FHGE D fRHLEIX ETHEICEZ ), HHIXO Na
WERFLHBLOLLEKXO 14 BEEH 72, L2 L,
HH XIZHFICHEETIE R Wb 00, #Ed~o Na HE
EOEBMO 2K LD L, Bado Na s (35
W - /g om) 25t $5L, HH, LHB XU
LLXTZNZN 194, 171 BLO178 g/HERY, %
FARHX CHMEAQRFEE Ch - 720 HH X THH Na Hi¢o
/OS2I S 2 Cld i was, HIEEICBIT A
Na OULIUE K5 ORI & %P2 BRT 20T, HH
KOFEFKGHEOEIMD 2 X LY S o722 £°
IR L CWa2d Ltk v, WEIIZL T, BIsh
72 Na @A UE X CHRAEE TH UL, Na2JREDOR
Bt RIS L 72 B3 oo LHEETE L DT,
K& NOMEEMF T 5 LT, Na BIEOEWDHIE
27 B 2 3w LT L 720

KA CIZHH X & LH X0 RE 2 5 REIZHT 5
KENEOMEE, /- LHKE LLIXEO]ED SR
AT A NBIEOME L, THCIERNICHEE
T5ZEEAAL HH X2 5 LHXANEAEIZ, LH
X5 LL KA 2 Em e LT, RED
ANz, KENEA 1278 g4 L7 HH K45 LH
KD JREHRA L 47 kg, NEIED 1032 g Wb L7z
LH [X7*5 LL K~OREEAE 32 kg ThH Do 72721
HH X5 LH X123 138 g ® N BERE ORI H D,
LHIX25 LLIX Ty bTHhTIEH 55719 g D K HEH
ORI H>72DT, TNHLDO5EELIWET,
FNENOFERZ BN L IR L OBREEHE
LCADLE, HHIX25 LHXAO KERE 1 g DR
PidIRE% 300 g i &4, LHIX25 LL XA N &
Bom 1 g DFAIEIREE 299 g BASE- b0 L EINE
Nh, $74bb, MREFRBNEIIRE I L TR
DRRZERIZTL T2 LM SN LR TH o 72— A,
HAf#ERE - 4% CRRSWKEBES XN
B E A M ERE T2 REOERFA [RE (kg) =
—8.3575 + 0.0167 x NEHL= (g) + 0.0509 x K L= ()]
A BRI S NS WA R ORI IT TR,
KENZE1gh/7VIRE0I g BLIUNENE1gh7
DIRE 167 ¢ TH Y, NENEORFEILKEIEOX)
RO /3 LHEEND, TRE-BETIUL, KBRO
FERIIREISH T2 KEBNEOR RIS, #HIIN
BERNEORIIKELBNIZEF R %,

Kb NbEFRMEIIBWCRELEA LT RIZT L
W&, KESFRIUCE L UREXELATALEEZDS
Na%, LaL, KP4+ VEELTZOE FHED
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ENDHDITH L, NOFIZBI 572580 EE
FEAE - 7 BRHORKEWDOIREZETH Y, BR
MIECIEFITRF L L CREEMEH % 564 L OKa P
ORIZHEENIZT Y, 20720, NEREOREIC
X9 BRI, M RSRIREE D2 LS BB 1 & R
7ZLTHY, FRERIEICBVWTLRAKEEZ 5N
2 WELA O MR F I OB 1, N EIGEDL
HHMCHER O FREZZER DG L, FE—HNICBT 5
AW N FI ISR 5 2 5 2RI, WL o miE
RFREX RECEAT 50 ARERO LH X205 LL X
ANOIMHERFEE DAL 74 mg/dl ED ) RE L,
A DA BERIRT 2R LTz C OMAEIRFIEE
DR ERZIZ, LLIXT38 mg/dl ¥ TIKF L7-5%—
BT v EZTIREOLEAPRKE CHL L7722 &IME
WiV, FLT, 207 YEDTIEEOKTICIZ—5EN
RIEHTH S NEBEREOWMAIINZ, EEHEA %R
BIDOIBHRET Yy 7o 24 L2 L bEBLzL
HEHSND, DL, BHE—HIZBWTERPIZIDHE -
RN BEHEFT Y 7L, S—FMAeEmcT A
F— 2 MG L CRABEHEEHRA~DT v &= T HH %R
WL, E—HETOT VE=TREZKTSE
%59, GEo T, LL IXOE LTI, NIEREOR
DV ORYFANAE: LR ORRE M 5 2 LT, IR
FREICKRERET 2SR LR NERER
N2 & B IREARIRD RS R & < BIN 7z gtk A3%
oMb, 72721, MHIREDVIREETET 2EFTH
LI LEFFENLTWEZATHELELDD, TOEENRK)
FIZOVTIEFELT LA E 2 > TV A DIF Tk v,
Nennich & # [ HWNZEB O & 2 P REZREOKD Y
2, PRI REL AVERE LTRSS & Sh
HILPRERE Y 2T, REEERZERL T»
B, EBEIZEK A O T — & % ZF O RI#E A LT
AHTH, FLFIRFIRED ST SN L IRE L EREH—
HL VIGO0, M IRFRE & IRE & ORR%
ZERMIZET 5 720121%, Mo REHE IR & oM
HRRRFOAFIREDOEE 2 LI2oWT, S 5ICH%
EREAENRDL ZEPVLETH D,

KIE7T V) AR EHETHIA TNV THY), Kz
S GUBEEEINT 5 OR pH &, @EIET VA
JHETH %o KEBIER O P B 5 IZ SR A 4
Y4 % v 7% (DCAD) DT "' 132 o pH % i
T, BEMCbErE L, RpHBET TS E, B
RGN X 2 KFEA & 2 OFWEITEMT 25, 20D
ZRBTrEZTAF Y ELTHRED SN 20 Y, K
BRSO Y &5\ 1d DCAD™ Ok FIZ & - <,

%13 5 (2013)

UFORG 7 v E= T HEOEDHEMNT 5, X512, K
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Simultaneous Control of Potassium and Nitrogen to Reduce Urine Volume
in Lactating Dairy Cows

Fumihiro OHTANI, Kouji HIGUCHI, Yousuke KOBAYASHI, Itoko NONAKA?,
Kenich YAYOU' and Madoka SUTOH

Animal Physiology and Nutrition Research Division,
NARO Institute of Livestock and Grassland Science, Tsukuba, 305-0901 Japan

! National Institute of Agrobiological Science, Tsukuba, 305-0901 Japan

Summary

An experiment that simultaneously controlled dietary potassium (K) and nitrogen (N) in lactating dairy
cows was carried out to determine the effects of each nutrient on urine volume and whether simultaneous control
of both nutrients could reduce urine volume effectively. Three feed treatments were arranged ; high K high crude
protein (CP) diet (HH diet : 1.75% of K, 18.1% of CP) which combined soybean meal, corn and barley as formula
feed with Italian ryegrass silage as a main roughage, and low K high CP diet (LH diet : 0.94% of K, 17.6% of CP)
which reduced K content by using corn silage as a main roughage and replacing a substantial portion of formula
feed with brewer's grain, corn gluten meal, urea and potato starch, and low K low CP diet (LL diet : 0.93% of K,
135% of CP) which reduced CP content by replacing a part of brewer's grain and corn gluten meal in LH diet
with barley and potato starch. Diets were fed to four dairy cows in late lactation assigned to 3 x 3 Latin square
design and balance trials were conducted. When LH and LL diets were fed, several nutrient digestibilities were
lower than HH diet in consequence of poor digestibilities of ingredients constituted low K diets, although there
were no differences in milk yield and composition rates among treatments, indicating that the control of K and
N in diets did not exert adversely effects on milk production of dairy cows. Urine volume decreased from 14.5
kg/day in HH diet to 9.8 kg/day in LH diet and moreover decreased to 6.6 kg/day in LL diet. It was deduced that
either decrease in K or N intake produced comparable reduction effect on urine volume of cows. Because it was
confirmed that lower N intake could show additive reduction effect on urine volume even under lower K intake
condition, it was thought that simultaneous control of both nutrients would be useful nutritional management to
decrease urine volume in lactating dairy cows efficiently. In addition, it was suggested that the decrease in urine
volume by feeding LH or LL diets might be able to reduce fecal water excretion, presumably in association with

reduction of total water intake of dairy cows.

Key words: lactating dairy cows, potassium, nitrogen, nutritional management, urine volume reduction

2 Present address: NARO Kyushu Okinawa Agricultural Research Center, Koshi, 861-1192 Japan
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Fig. 1. Changes in plasma melatonin concentrations at diurnal (upper panel) and nocturnal
(bottom panel) intravenous infusions in vehicle-infused calves () and tryptophan
solution-infused calves (@ ). Values are the mean %= SE. Asterisks indicate significant
differences: *P < 0.05 compared with the corresponding values for vehicle-infused
calves. Horizontal lines represent the intravenous infusion periods: 12:00 to 14:00 (upper
panel); 19:00 to 21:00 (bottom panel). Tryptophan solution-infused calves were offered
36 milligrams of tryptophan per kg of BW for 120 min.
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Effects of Diurnal and Nocturnal Intravenous Infusions of L-tryptophan on
Melatonin Secretion in Male Holstein Calves™

Hiroyuki SHINGU, Shiro KUSHIBIKI, Fumiaki ITOH®, Masayuki HAYASHI, Naoko MORIYA",
Hisami KOBAYASHI, Kayoko YAMAJI and Koichi HODATE'

Animal Physiology and Nutrition Research Division,
NARO Institute of Livestock and Grassland Science, Tsukuba, 305-0901 Japan

! Kitasato University, Towada, 034-8628 Japan

Summary

The present study was performed to examine the effects of diurnal and nocturnal intravenous infusions
of L-tryptophan (Trp) on secretion of melatonin (N-acetyl-5-methoxytryptamine) in male Holstein calves. Four
3-month-old male calves, weaned at 6 week of age, were intravenously infused for 120 min with either vehicle or
Trp solution at diurnal and nocturnal periods ranging from 12:00 to 14:00 and from 19:00 to 21:00. During these 4
challenge tests, vehicle-infused and Trp solution-infused calves respectively received infusions of physiological
saline in which liquid glucose was added (a vehicle; glucose content: 324 mg/(kg of BW)) and the vehicle in which
powdered Trp was dissolved (Trp content: 36 mg/(kg of BW)) in Latin square crossover design. The solutions
were intravenously infused into left jugular vein of the calves, and a series of blood samples was collected from
right jugular vein at 0 (just before the infusion; basal concentration of hormone), 30, 60, 90, 120 (at the endpoint
of infusion), 150, 180, and 210 min after the infusion. Plasma melatonin concentrations were determined by RIA.
As an indicator of the amount of change in blood hormone after the infusion, net area under the response curve
(net AUC) was calculated. The net AUC was the residual area subtracted by the area under a hypothetical line of
basal concentration, from total AUC of hormone in response to vehicle or Trp solution infused. Basal melatonin
concentrations in plasma at the nocturnal challenge tests were greater than those at the diurnal challenge
tests (P < 0.001). At the diurnal challenge tests, plasma melatonin concentrations after infusion were similar
to basal concentrations in vehicle-infused and Trp solution-infused calves. Moreover, there were no significant
differences in plasma concentrations and net AUC of melatonin between the groups of calves, respectively. In
contrast, at the nocturnal challenge tests, plasma concentrations (P < 0.05) and net AUC of melatonin (P <
0.05) in Trp solution-infused calves increased as compared with those in vehicle-infused calves. These results
suggest that supplement of Trp at diurnal period has almost no effect on the secretion of melatonin, but that at

nocturnal period induces marked increase in the secretion in male Holstein calves.

Key words: diurnal period (light period), L-tryptophan, melatonin, nocturnal period (dark period)
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