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nysIn INKY P qawn awRd (1) -1 ,0RUD?IAN 01N 1°013A7yay TRR 1101 11pna
,AT 1nT2 17X, (Sharman, 1974: Cook et al., 1958; Langer ,1954) n211®7n
NAUDIIAN 1OV LIXPA 900 9P INY7TA NN AN YN ,NRuD?anl yas? N7 1778x
LAN17798 W12 AN 12D ATAN NTI77IW0a7RD
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nIwren 077 1A nyY , (indeterminate) "D77nbn 7n72"7 1777AN DI NN AN
YPYn 110110 °8% Y111 Y07Unpn'a n777an p1owy . (determinate) "nn?7npn' N70
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072270UA1 O?¥?7NN0 1N VI¥PA 79¥2An 7¢ 1D?Dan QIYWTN 02¥770 N77°7TAR TJhn

=11 071A0 V7% L1IANA FIPIAN 0UIING 1CAR 1723 VINEI A7y 172 oonovy
NI121AN2 N¥DAN? NINADAN ¥ NI31R NIATTA O721¥00 07¥?70 7Y 91an npnY neiar
ONNA IN L, 73PY CTAN 17¥P 172 121yn 1ATY7 onnna ,1278% L (Hyder ,1972) niiw
7179 PN 7P N2 N1P33187P NI23AD 72P7 077wy 1703 9130 %P1 11 M1aY
.(Hyder and Sneva, 1963 Cook and Stoddart ,1953) 13n7 N ,17017nY

WK 07RY1AN 717202 7190 17¥ER 7NN DIRTINNAD 1D 7D ,02DY7 1n°)

N137700A7 TYIN L,077YA 7Y A7ITARN 1YY ,NNPN NIDOPT OIN MYRw 7y 1y7onw?
07270UA1 07¥770 173 738DAR DNTAT (71¥2an N12INNR) CTPTER ninninnm
Branson, 1953: Cooper, 1951) 7VIKR 71¥aix ?RYIIT 2300 I 02217207317T11977

. (Peterson, 1962 :Scott, 1957 ;Neiland and Curtis, 1956}
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NINYNND P 791¥Y ApaDAd WA 172 nr7anin DWW ndayn 7Y nayn niveyn
191N gopriwin N2IYA AKX 7nann 911n non , (Brouwer, 1966) D2y?nunn n29ynn
n1Y yn 7w n29973 777171 NDANRYT XIDN 7Py NINTHANDN AP5DA N1PAR PRINDD
DANX1YY ,07353X8 7R3 NDAANY A?71Py 07PIER N21YR N17°y8a 0071317W0 1T NDynn
(1957) Troughton »772-9%y D?7DDI¥NN 073% 070N .37¥70 11970021 NA1A2 12170
¢(1955) Crider .2N1? 71031% 93120 NIA ?2¥PAY 722 0WWIEN 7p7pnl anong oI7Nan
(1965 ,1966) Davidson and M{ithorpe; (1964) Jameson; (1960) Uenc et al.
AT2771 L0 NY7TA 17XV 70 9130 0¥ niapya 23 anyn (1973) Evans -1
DN O7PIIER n77TA2 APPIAN PR ¥ 7271°Rn yn L0773 n e apehpn awaoa
07YIUn n72Ta AR Yy (Dactyiis) n1iax 7v 1°n2 17y . (1955) Crider 7717-%y

L0717 45-% 25 1721 2312yi 7Pn1 07aply 0717¥P NTD 17781 ,017 18-6 wnY




07P1T¥ 135-p0 0719DN2 ANPND N¥NY ,DT17 APy 2nnya oy nan (1964) Jameson
(1966) Davidson and Milthorpe .913nn 90% 17DN WNI DY 32 TY1 ,17¥7 N7Y
,07U1¥R Y9 NI1D7DAN NIA?RNGA N71202 An2ng 7ypa Ry ixxn (1972) Evans -1
n10?PNA Ninvnn9a 737710 73 napony yran (1972) Evans  .ONNRPPI DRNpA AT
712% 1Y ATAOAT RPN L0TUNIEA N77TAL PINTA 210Y7 RANNA NN 7870 INNY
,O7U1I0 N17112Y 170 N TRIN ;0OPNIER N77TA 293¥7 N111YR nIncnnan 1n 17N
(1957} Troughton .77¥pn N7 WIN1IN 2D7INPN D79Y0 NUPA N1TRIIDAR AN IN

98 07Y1IPAR NIDIDR NINTAND 7Y AT anvep 23 ixan (1968) Ono et al. -3
pITIn 23 1x¥n (1965) Davidson and Miithorpe17¥PR 230X NPTINONA A7 1Ay
AN 077y NUY Y ININABAT ANNT A77000 P¥FR0 ?PINN GIENIPN N0IYR 7Y n1voysn
N7XPI7D3W TYA 7D YyAnRR Q7N 730 .0°ynpiIng paiwn mweaT ak pap? avn 737
~DIY AYP LI7FN TINN QepniEn 7¥ N77T7AN UnR Tya naYiy ninTans 7y nTn?
PINANN 9130 Y 1737¥ AN 7907 NTYITD 0OwMIR2 N1711XA DINTANDR 7Y R71Y Xy
I37Y1 0727 O2nn 777970 NINPANG TR 2XPR 7NN 07211PRO70 07021 21¥00
oA A8 77221 ,17¥pn TINN NPTNAAN 1?7002 DIRTANDA NIA?7PA AN 1117 Aavna

1T AT1aY

nMYINNAN 17700 79 (nTH nATAN LI

NTA 79 YNNI 717¥P-270 ApyR 7¥ nIPTNANA n83pnY nipnIon niay niTiay
N1N32 KUANR NIPTANAN A2YRYT 17?7 7y yXInn TIRAY1 ,072p1y D7V¥F 73R 171 1210
77810 TND n735713 N7RIT WA LT ABIpn 79 n270n1 n1avynn paca o anann
TTAA LOAN A21Y2Y YA D7119 DPRATIAR YOPIN 17XPA TI0N DIwTRANn 17700
Th7%7 7712 12 17N1 ,7TaY%2 NYPN O 7OIN NPII 1T PTA 7P NY¥1? Y13 X1aw nawTnnny
.71°7000 a8 n1273Inn n17172yan ninn vy
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AT 775921 07317y D178 D79n13n 720720 029yn 272991 97wn 109 ,°7°9Y ninonno
737¥7 147 ?7A03IX NPEA7 Y¥NI 10 L,DINTANSA 7P N23173¥n0 X1Yn nN popy ar
,¥7N0N 077y NUY 7¥ 10INNNA KT DRTINDR 1T ASIpA .03an ?RIn 79 ATTnap
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R ENGh|

1787 ,nIpINAAn 17700 78 N1 D790 NIDNTAAY DDA AIwnwn AYN D1ty
;VIAPAN 7IRIN 714742 VPP NIIYNAT ;D0APIY 0717¥P 172 NIDIPN 7APQ 17nA)
ONT NYAPYY  AUIARAN ARPR 7Y N77°TAR 11YCP 7Y 0YY?3PRR 070711A2 07390
NITUNIN A9IPNA NRZIADA 12¥Pn 23NN N7 and (1) <nIXan ni7aen niaiynn
7y ¥78YAY7 072Eyn 070R%1A0 Oan (2)  ,ONT YIapYy o 1n7ia 1¥73% L,nviva v nnni
237%0n 7y 07y79PN NIIPNIN N9IPN2 07Y171°N ONA (3) =1 NIIWNIN ADIPAN 7Y A9IN

SJ1IN TIIINY INAYT D13 T NTIAYA LATIVR N9Ipna A77TAR

AIND ININ NNIY7 IPIN TNIND MIPTNNAN IWId N0ayn 1.5

MIYINNAN 177001 NIN?0NSA 7Y 023030 DYVIAPAA 73010 79 N3a7enn n1on oy
I NYTAY OVY IPIN TNING DONDY 717724 79 AvUpn 71232 19Na ,17¥70 70N
P11P1 MIINPAN 2010 IPRAP? ATIRIDIPIT YIYAA CI Nala {17Y30 TIpTa L niwTnann
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217 NITAPIYA NIIYDA KD L,NIYIIA NIEIIN 3T NwrA 171D
ATI3Y NIADNA O?7RTPA 0271073 ANCAYA 70X 7y mTy apn qwann »Nan (1)
271273 029w Y73 A8 0ININD UTANNA 9330% ,Y1°nY (YD 73 INan K7 T
NIPTANT PNINT ANTIYAL IPINA 7RIND N3P 0 inwnn 2nan 9y oreviavnn (2)
n?111 MTY71 ApYwaa 171¥71% wEna wmon 172 (Ehara and Maeno, 1966) 11xa
LOIWTA A7Y DIRE
nPBNYT 07NN D7y¥N 78 0971731 NIRRT mIpnoan 72 ginag 1?ip7aa (N (3)
.(Davidson and Mi{ithorpe, 1965) nin’nno ¥ 110NN 7NINI N7A73IN
f7EpN1 ATINADIVILN Y N7IPOND ARIINA AN JIAPNI anvan 1T awra o8 (&)
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(Sosebee and Wiebe, 1971 mniwTnAmn Ni1°yi 93730 IPNYT TYYNRI N1717DPRITTY NIP71301
sAustin and Edrich, 1975 ;Lush and Evans, 1974; Ryle and Powell ;1974)
379 N, TANDA AT?T3 NN AVPYY Inv7ya ,0ank L (Ciffford and Langer, 1975
NIN7NNSYT7 ARTIYAL 17¥PN 002 1730¥A WK NINTANSA T7EDn 7Y neynpn-1n nanan
S177TY 197an RY 1IN TR nITnaipnn
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7w in1aven A1 nn (1923) Engledow and Wadham 9¥ 2¥17n0 0ignn Tan
N12Y NYTIAY IADNIE TN L TIATA NAXA 7Y 73270 nyrapa Ypen 2% 011a0 vivnn
SPATT ININA 73271 O7X7700 800 171 ONDR 07NN O7NIND ANK 7D ,N1A7¥NN
yopin N¥NIT NIG OGN NI 0°3IY 070RY 7P 0¥ OVI¥TY 0NNV 07712780
PN ,N7I0I800T 0% 1IN NAAYT 0Y7NAYAD O7NINR LNAXA 7¢ NINNDANN NATTR
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w21 (1937) Gregory .(Leopoid, 1949 ;Gregory, 1937 sWatson, 1936) nias
AN3Y 1y?ay ,O0IANT ,IN127PN3 Y3IUNT 07343 D798 700 A3TA0 Y¥ AN1ATen N
nicwn nn 1rren v aniyy (1949) Leopold  L7NZPNR 11703 TT?-9Y VIWINY
7Y NAIYRA AYLYAN AN 977007 (N7 YD IR LYITOA AP TTETEa 1107vn
S7IIXYN VIPNN TFOPIN NPOIDA NIYINNA D7IVN DTETON NINADAN 7Y TPTEn

A73I8700 6N 2787 117032 NITIAIEA INNIG 0PACDD-YT OONNY OY ATiava
sVan Overbeek, 1938) n2%33n%yian A NIRIAN Oy *Tp1gn 1I0980 99 n20itnn
TPDPINA NIDTIN AR N17IINTNY Oxnna . (Gregory and Veale, 1957 jWent, 1939
02TT¥A 03¥83ya 072743 (07NN 073007 03¥983370) YOP0INZIDII%0 n1AYD00 N
LONTIATH ANYIND no7wa
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M2T 7Y 181DAY ,07731°0311TN 07RVWAIITAN] TONN9N 0773¥RN 0°¥7 700 (2)

.(Aspinall 1961 ONA 2X¥77M OY 27173701 WPl 0771¥0 ON1?A 417 022190 7% 023910

naxn ¢ nInnannn nianT o LA

(1964) Ryle 1IN0 0?YYR ?@?0N OIANBAN T2X?2700 231¥73¥ AT1IY0 YINY

YN LYIPN0 NIV OP7Yn N1rT¥e 1y 173 vy orep 2) (1970) Jones -1
yanwn NN 12T GATR WP7 NVINN N1701R3 N3I2IYA 1YAIA N121e0 niTiayay
JNIN7ANE NP9PnY ANIWE 07PTN 02¥770 D10A9nAA 72 ,171an

ININNBAN 17007 ONAND AINENR Y1700 1IY7P 72 IR OIWN NITIAY 1¥79In 72apna
meadow fescue -1 (Phleum pratense) timothy -2 (1961) Lambert .nn¥a 7w
170n2 73 I8 Themeda triandra -2 (1964) Tainton -1 (Festuca pratensis)
JONM Y270 79 10N?79Y% Ty 02797700 073¥730 7¢ DRINnann 02231y L,8Ih 771 71174
N7YNIY 7277070 O7¥7707 19D0 77a 077997 02awya 73 (1971) Boonman NN ANITA
. (Mansat, 1965) 71Ta DA 1270 7231 ,NINADAN N¥YD

ONNNY OA 0723P0 07X%770 79 ODDNINNSNN 923221 07713707 0197 v 73 200N
7V ONINNBAN 213y 7D IR 0711W 0700YA NITIAY .AMOnn 7Y QInnenan naaty
;Cooper and Saeed, 1949) 217°UpP17T11977 2A7¢n ¢ ININNDARY 31PP 0277270 0?73X7)
;Dale, 1959; Langer, 1958; Teel, 19563 Mitcheil and Coles, 1955
;Sax, 19623 Lokhart and Gottschall, 1961 ;Leopoid et al., 1959
783 niN¥Inn 98 oeonvan orapnnan pn L (Wiliiams, 1970 ;Bridgens, 1968
ANT Oy N7 . NINTAND Ap9pAY ONT 02°DN7h 07a0NN1 L, ?2TPTPn 1I07en 01797 nity
DITNIND T?70DA7 2I0Y 222071711070 N2IYAN 7717-7y awIna ¥17nn 213y 73 XYM
sAnsiow, 1965; Eastin et al., 1964 :Langer, 1956: Lamp, 1952) 171X X
(1972) Jewiss .17X{ i 17002 NINIBAN 1I0A niy¥nNa 18 (Humphreys, 1966
NINNBNA 7Y 1TR A79TA Y1700 7Y AAPA2 71¥2A0 NIDINRAA YV AniaTen 7 Inan
=177 °DN?Y 02YAUIN 7V n7¥p17DAW0 0y MNP 3T ANpa 7D 0IODIN IWRD ,AN1LNn
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Troughton .TRR NI11AR X700 Y1700 7Y 17¥PN NyDWAR OPDiyva n11oon
N13Pya NR¥A ?¥?70 18D AT77? 0INIAG 0227 O07apnn Yw nanyan ar¥n (1957)
1?PDAN VX NI1agya ?3 170n (1953) Cook and Stoddart  .Ta71 0297y 997120 1%y
Y170 ATTIYR CTRIEA DApn .n7yn% 1ININY 198D N12100 NINYIN n17apnn 0Ty
781 11778 A7700R DRT NIAPYAY L 10PN YB 2apya Mpnn 17 217-%y
(1953) Mitchell .(Leopold, 1949) nnann% O7°won 077°P?7nNn 071¥2371 Y1700
Y170 1233 1T°370 2ADR O0¥Y7 AIN7TANSY 17DPINRA 171 NCYPNIVIINA AN Y?¥n
10T 0723371P 0°¥?770 7¢ N12FN DINNONAY n1n¥Y w2 Inaypy .07y 7% 7NN
7V 17172 DIND AT A¥NA APIIT 1IY ,NIAPANA YY N727DIDITX ATINAD NRCIR 1)
TAT PR NINTRANDA OPBDA IWID 72AI0 17XPA AN LY1°070 0N 13¥Y 2TI 170N

SYT1PNA DN 22y7 17D7IN ¢ NAUP nind 0A A9y 790 ARXINDY ,0n

278NN ON 139987 VA3 7¥ 028PR3IN 077y0 2?3 Snow RN 1929-1 T1Y
(1974) Laidlaw and Barrie .1nYY TPTPR 871 02277207 023¥230 D777Ta 112YY
TIV7YN nyswAn 02°P77N0 071X°370 N NPT [N?73 73 ONINANA 1171 DNT 19BN
73 DIDIN .ANBAAYT Y700 WN INITA 0?17Y¥0 0°7Y0 71¥ DDA NIYYAND 2TRTRn
ANTIPAL AN2387 ?71Y22 NI2INAN AR 0712YN N71700A% AN7 9¢ 0783100 07277%7
PN OAWN ARNEA 7D 738X 12787 017 0731IX AT NN 0707VAR 0217¥pY
ON7TRTPY 02¥?70 IR 072°00A3 07X7°0 ¢ 012 2174 TINXA N3ad7In 2?40 Ninzana
-N1872302 R7¥ NI¥PIN ARTY ARIIBAA ,1INAN DD 071Y2a I8 13177000

P17 ININA NIMA0XAT NIWTNAAN 7Y DyI0n Ayapn ayTil a?¥gn nigeany
sMcKee et al., 1967; Langer et al., 196k4; Ueno, 1960 ;Vose, 1960)
17X7 0171873021 N 717721 TNN 7D ,INA A7% 073pin . (Dovrat et al., 1971
0777¥P7 ANIIPN2 020100 0777°¥P A1A7YA 9017 71TA N0 02¥77A70 18D 22 ,N1T0N

07Y7ATNN 0717 02apnn 79 niNyIn a2¥n (1973) Beard ,12 7y an2  .07312n nang
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.¥Y1700 w121 n1yTan
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NYII N2 IPDY WK NITIAVA 17aR L07TRTE 07370 AN TaYa 0797 17DnY 1nva
(1971) Horrocks and Washko , (1964) Jameson ¢ 19N AN 7177¥31 AT
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01747 X7 2722 n297070918 RATH AR 7Y 1pY7 w2 23 Aniy o (nca Yvao
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ININN N2AY NN 07YAIPn A777A0 7379009 IN171 21NN N3TAA TID? NI IPANn
19DN1 PATA ININA 7127 171 72170 ONAR 077R1 97N .UA92 viTAnl Y932 wath
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1730 971Ya AYVINA ANCA ANCRYA 721 L,07707001IX JATPN DR NINOI32 Yitn TTivn
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(Total Nonstructural Carbohydrates) Nn17771107170D 7nYan ninennan 773 1.7
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T IEPA APYR YR 17237¥ 719717 PITA NTANTY A7A0IN 7Y 231UKIN T80
AN 9Y 0 .0771700A10 177283 n1712¥0 (TNC) n177710717w0D 2n7aa nin?anan
:077121D-2301 TI0701 TI123D ©23310-11a ,TI0P118Y T1P174 :07721D0-TNA ,I7°ya 071m
ONY¥INY7 ONANQ NIXIAPY 072py npiyn 99 D23177080R TN . IT10P1181 1770y
n1720¥A 1778x8Y 11wRIA n7a (1931) De Cugnac  .077121D-137 1377 Dn?7nn
,ATINNN I1TNAN ONYIAY 072Py3 17107130 N1120¥AT ,70970 NXIAD 072pyd 1770y
; (1946) Weinman and Reinhoid 7¥ ON7N1T1ay1 17 ANIND AIPIN WX 72020
.(1968) Smith -1 (1968) 0jima and isawa
WWPNL N117PN NYTII NINTANSH AXIAPR NIAPAA TN 71¥2371 n11avxay
INY OANNT APAADA 1T AY?T L 17INN IMPTIANNT ,17¥pY7 nn¥n 7Y 1naiany
.AIMYAR N0 191202 ATIan ayn 007y napya 73 {(1927) Graber et al.
0770N1DIVISN TA7IAN NN O2TANAR O7NRAY 272 ,077710 1270 277-9Y 171¥ IN1?7 NN
27902 N171¥00 N1A7TIA Ap7n IR 71710 n7170 oniwTnnn Ly 1IN 17¥P N1YXNNa
¢ Weinmann, 1961 :Alberda, 1957 ,1960) 911a nIDA N7 020117 NNYR
. (Pozo 1banez, 1963
7%PY 17¥FN N1apya 1071501 0v2117pat L, TNC 79 ninavynn 1iyry ny ap
Y N17°PDA LNIPTANNA 1?7002 NIN7ANDN 7Y {N1a7en ndaynY? 231170 YT1°n popy
, 07707998 07°01A 7y y17n X2in (1967) Mcilroy -1 (1960) May ;(1957) Troughton
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137031 N L,AT?NIDIUIDA 1?7007 NRINAD MIDIIADA 12 NN "apyaY 1w
7T7-7Y WIN DIANT LD ON 218¥ 120 9130 YP n7a%n aY°TAY aviaTa o 1Th nypna
N7 NINIAA 170 DTIY AVY TPWA TNC m171on 73 (1970) Dovrat and Cohen
18¥1 TNY?7N2 002 UDIAINT 2717 77yal ,y?pn ?pTing AN1IPnd 17npal 173N
TP NN MIYINNAN AN IT ATIAYA 1aPTa AT YTUR IR L MIPTNNNL niyasn
2710 n2p2gn noipna oinm

WP N97 0A NAXA 7Y ININNgnn 17002 0°07°F NINTANDA NY1001 077117
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,17¥7 73 230K NTY17 02¥?70R 207Daa TNC n715n 73 ,027TNN 023710 ?T7-9Y 1DN)
sAldous, 1930) O?¥3ITi N17¥?1 AN?I8A 12y X8 AN2AXA MIRTERA oy a7
;Lindahlil et al., 1949; Weinman, 1948 :Suilivan and Sprague, 1943
n21pnn . (Sonneveld, 1962 ;Weinman, 1961 sSprague and Sullivan, 1950
7v D713PRI 072%p2 anva TNC 7¥ In172 121031 771900 73 XA timothy-a
;Teel, 1956) 02y1TA N7pan 172D An’A IN122 721240 1792071 ,71Y2A7 D12INARA
1964; Jameson, 196L; Eastin et al., 1964 :Reyfolds and Smith 1962
awya Nx¥n (1940) Weinmann . (Paulsen and Smith, 1968 ;Okajima and Smith
JO7y3TH N17¥? 7¢ NBIgNA pna aY%iy ninennon a712n 73 b1

npTn n71308 annonn (1958) Donald and Biack v unTiay 0iv1s oy
nWAIPIVILTA 1IN177Y91 7N2INYA D7YN NOYY N7 n1a0wn nIwTnoann 1231yl nTnenn
nn31n 178 72 (1960) May Na1wN1Y7 1yD OAPA1AFYY .N1711¥0 012171717 AN
2700 OP7 APINTA NINdA 7yn XAnY gT1ya Ln12777 A17a0¥an 7°8nY 1n2av nyyiny
AUND T?PYPIP-NNN D?P700 7Y OORTPIQ NOI¥AN 1TRY 91318 9¥ n731PNAn niwTnnn
I NGARLRR D

17170 12 1nTa qwn%? pn an% 1Ynn 17¥pn ANk TNC n21302 AT7770 11apya

Davidson and ;Sulliivan and Sprague, 1953) n1inpAn 23In10 NY312302 NIYTANNN
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1ININ D?7¥?7707 2D7DAT D?PIWA [dDIYAR nin2nnsa nin7yaw n1anY . (Milthorpe , 1966
07y?78Pna 0?R11ANT NAXP ,NIRZYAN 7¢ NMYIY A TY 1IPNa X7 L,N131 niTiava
.77y

7Y 9TyIn 9130 7 NIPINNNN NPI12 0°pD1YA 02ginn 73 ?T17-%y 0apin
1913 TI1TA AY7TA AP 709 ,NINZANDA 71¥717 ¥A93n 722 02708 nnyY 7y7n 7319
TININ 7Y NITANA NIWONY D 9130 ?T?-7Y DUYRDiA 79 In17 21 on? 71¥71a
U?71ATH 79 DA% ON11yAN ANYIND  .ONDAQ N3U§P 07X7700 2070211 B7IPA n1inen
P11¥2 TNC n71302 AN?ND An2?p 723 0737 D700 KYNI 23pan 19Ty 077277¥p-191
sJones et al., 1961 ;Alberda, 1960) 17an2 1aain 7IP?T N1apya 97w13
sJones et al., 1965 Blaser, 1964 ;Nowakowski, 1962 :Jones, 1962
.(Paulsen and Smith, 1968 :McKee et al., 1967 ;Reid, 1966

ax w27nnY 07717y ny honn n117yn 07270 a8 027170R7 073101 071747
PINN J20¥AY7 N7A7IRY7 WOND XY WX 1T N1D7IN1 1YY12? DA OX NAYA 79 1n17311°n
,N1ATY 7Y N20737 A DR27{ 7D NABRRN AnYy INOR Lninen anan e anixa
177¥n (1966) Ailberda .M7D7N NIPTNAANY 1?2IW7N1 X220 NIAR A2I03 A710n0 70w
LU ININAN 6% X7R PRIV A7 1172 NIRCANOA 7P nrUapn anan v

IMINAN 26% 7TI Ty 17°0Y 7Y N1120¥R Y O17¥ BYIER 7apa N nvhacn vyny
73110X NXIAD 072apy7 AR1IPA2 07731700 0228ya TNC 07120 an1? ndnd ,warqn
;Griffith, 1963 ;Dent and Aldrich, 1963 ;Waite and Boyd, 1953)
;Humphreys and Robinson, 1966 ;Adegbola and McKeil, 1968 ;Waite, 1965
nIn nnsa n710n L (Wiison and Ford 1973 ;Wilson 1973 ;Hojjatti et al., 1968
U170 ININAN 0,.8-3.4%) DT AWY 7¥ 07X?70R ?D7PAAT D7PAPA NI1ANIN NID?IDAN
207737100 072PyYN 1720 0171 Q21030 A2 Ty Y177¥ 792 X2a (Dovrat et al., 1972
TINN NIPTANAA 17002 1012780 NDIYNAY L, INTIAN NN AFYRA TN1Cn 173y B 078y
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7ann 7w nreY1avnny awryyn 1.8

0?7877y D7NRY 2717-9Y D710 17ann 7¢ 2173y0 11703 72170 ORI In
TINRA QN T?787TyN 07717y¥ O2NAY 72 IXIAY n1T1iay 1np11n . (Viets, 1965)
,(Spratt and Gasser, 1970; Beriier and Gimand, 1967; Fried et al., 1965)
IIPRD 1ITANA NIXDINT D?I0FIN NN Oa 7¥17 17 90132 0772100 DIN?100 0731701
D178 WX L,TAINA 7023 OA AN 7900 ooN¥1? . (Ghosh and Burris, 1950) 1yan
.(Bonner, 1946) ~pNIW~1n Tpann AR 7¥17 ©297x110n

71738 OY 9170p »72-9y IN NN 11707 NIND1aa g1 uhen7 7127 ukwran
A71713¥ 17T UNIW?IN MAyIn 0273472 . (Alberda, 1968) nnxa 2T2-%y 1annwnn
LINDPITY UNID?] D?TIND DNIYYAND 1711087 21770 121y 0P 9110 I8 nYyn
(Lyckiama, 1963; Clark and Shive, 1934) mznny 277-%y mi1Yypa vIP1 1I0KRA
.(Street and Sheat, 1958) n1737nx Ni¥niINY A17i0 71197171728 1211

1137y 7y T oankt {1970) Susuki and MacLeod: (1968) Stoin
LTUNADY YyXN 7y 077TAR DINDY7 ANTIYAL T1IAN] §71TI00 X190 7nny 7w onY777a2
LA77UN?IINAND NATAN 79 0731¥ 0702772 1790 §pann 072712002 NPDiyvn n1iopa
, (Widdowson et al., 1967) N1?70N?TIX NI3IYN1 Ay2a8 7y 10R1 A7X 172
, (Barker ,1963) NTINADIVIDAYT ANIWIN 1YV AT
nw27pn aR¥Ind (Barker et al., 19663 Tuil, 1965) n%71an y¥n 7 pH-n n1721?
APNIN 7YBIN JIAR 7P N7PENR NII20XAT 07NN 02317077 AN1IPAL 1IN 7P naan
NN¥a 072970 1TNRL 02?1378% DIDN?AAN N1T12Y 190R 1D119 {2 .A77y1 n21270)
11y°Pa AnCns avena N¥n (1962) Tromp .08 TAYYRY pana 172 bnvvy L7902
N1BDR 7NNXA 077390n . JITRA ND?ANI A739AX NINJ112 TAYUNA nU297p2 50%-23 v
TWT 7¢ NIN12A NINA wInow Mapya ATwa O07nnxm N?7D173181 71177 9y 07201171R
N1 . (McKee et al., 19673 Griffith and Tee!, 1965; Dueli, 1965) 2apan
n7972 0A N7X8 ,NID?DRAN NIN?ANBA N7120 7¥ AAngna 71 K7 n3inp 127 navon 7)

(1964) Griffith et al. .O7P7IPR 2T7-97y 0709730 1A7URAY TPann 172 117780




18

N1710ANSA NI1ATIA AAND 79 1n17p7 Ty (AN 7D 073y (1965) Macleod -1
AYITA N2027 TAYUXR DDA ARPIA NR?TR 70T ,73Pan TIWTT 7Y DINTAA NIk
DTN APY 7N R ANTRYA 212y 7D INTAN O L IPana 7w 177D 0T77120n 017y
,07112700 79 AT RIDAT IPana 772 171 DN?Y7 ANNID MIwp 1ATPNY IRann 171 117NN
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Summary

The purpose of this study was to examine morphological and physiological
aspects of regrowth in Rhodes grass, giving particular attention to the
effect of nitrogen nutrition and cutting practice.

Changes in total nonstructural carbohydrate (TNC) content following
cutting were observed. A high supply of either ammonium or nitrate nitrogen
was found to reduce TNC content in the roots and in tiller bases. The rate
of dry matter production and number of tillers regrowing after cutting were
both affected by nitrogen nutrition and by height and frequency of cutting.
The effect of nitrogen and cutting treatments were found to outweigh the effect
of TNC content of the roots and stubble on the day of cutting both in the
regrowth process and in dry matter production. It is suggested that in
contrast to C3 grasses, the regrowth potential of this photosynthetically
efficient Ch grass, which does not store polysaccharides, is not limited
by low TNC content.

Immediately after cutting, TNC content of both roots and stubble in
all treatments decreased down to a minimum level of approximately 1%
of the dry weight. The time required to reach this minimum level was shorter,
and, reaccumulation of TNC started earlier in plants previously cut every two
weeks compared with plants cut every four weeks. Furthermore, the increase
in dry weight, as well as the number of tillers which regrew during the
14 days following cutting were greater in frequently cut plants, than in
the non-frequently cut ones.

We postulated that a mechanism regulating the energy requiring processes

is set into action during the first few days after cutting when carbohydrate
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balance is negative. Such a mechanism probably enables non‘photosynthetic
organs to overcome the critical period, by reducing their energy requiring
activity. A considerable decrease in the rate of respiration of the roots

was found immediately after cutting. In contrast to TNC content, which

was much lower when nitrogen level was high, the decrease in respiration

rate was not affected by the nitrogen supply. It is suggested that the low
respiration rate of the roots found a few days after cutting is not a

result of the reduced amount of carbohydrate substrate available, but is the
effect of the above mentioned mechanism. This reduces the exploitation of TNC
by the roots, and thus facilitates its movement to the regrowing tissue sinks.

The respiration quotient of roots which absorbed high concentrations of
nitrogen, was below 1. This finding supports the assumption that, under
conditions of carbohydrate deficiency, structural compounds such as proteins
are converted to forms which may be utilized for respiration.

In our opinion, this mechanism ensures normal metabolism, by allowing
carbohydrates to be transported into the sites of regrowth during the period
of sub optimalcarbon balance caused by defoliation.

Two phases were observed during the course of regrowth after cutting. During
the first phase which lasts approximately L days, growth, which is dominated
by leaf blade elongation as opposed to tillering, was not affected by either
the level or source of nitrogen supplied, nor was it affected by extreme N/K
ratios. The second phase of growth after cutting which is characterised by
the appearance of new tillers, was affected by nitrogen source only in
relation to the K concentration of the nutrient solution. In contrast to

nutrition with N03-N, NHM-N nutrition under conditions of K deficiency,
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greatly reduced dry matter production. Under these conditions in which
tillering was impaired, free ammonia and asparagine levels increased in
shoots.

Tillers were classified according to their stage of development, and the
effect of nitrogen on tiller ontogeny was examined. Indices of transition
were calculated for tillers which belonged to one category before cutting
and were defined as belonging to another type after cutting. In spite of
the fact that under conditions of nitrogen deficiency the total number of
tillers per unit area was smallest, it was found that the tillering
potential, was highest. This however could not come to expression because
of the slow growth rate so that during a given period, secondary tillers
developed on only very few of the mother tillers. This indicates that the
role of nitrogen is far greater in the growth of the tiller than its
significance in activation of the tillering sites (axillary buds).

The rate of elongation of the leaf blades during the first phase of
regrowth was found to affect the tillering capacity during phase two.
Conditions which produce a large resiéual leaf area, or enhance elongation
rate during phase one, such as high cutting, did not favor tillering.

Severe defoliation (low cut) resulted in a steep decrease of respiration
rates of the root system. This was accompanied by a reduction in the rate
of leaf-blade elongation but did not affect tillering potential. The
latter was related to the respiration rate of the tiller base during phase
two of regrowth. Therefore, after a low cut, tillering potential was higher
than that of high-cut tillers. Axillary tillers are probably initiated by
a stimulus arising from canopy defoliation. We suggest that the effect

of the stimulus is a function of the distance between the site at which it
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is produced (the plane of the cut) and its site of action (the base of the
tillers).

Tillering potential was found to be higher at the stem base than on
vegetative tillers and was dependent on cutting height and stem age. Tillering
potential of a young stem decreased as the cut was higher, reaching almost
sero when the stem was left uncut. Inhibition of tillering from the stem base
which is apparently controlled by apical dominance, decreased as the stem
matured and eventually disappeared. The high tillering potential from the
base of a mature stem is therefore not dependent on cutting of the stem.

It is suggested that tillering after cutting is affected by the severing
of the tillering site from a direct source of assimilates as well as by the
strong sink located in the regrowing leaf blades. Removal of either only
the blades cr only the stems at a low level resulted in the development of
more tillers than if the cut was made at a higher level. Removal of blades
on a mature stem resulted in the greatest reduction of tillering.

An explanation for the effect of cutting height on regrowth potential is
suggested. It concerns the effect of the distance between the plane of
cutting and the sites for regrowth, as well as, the significance of the
leaves remaining after cutting which concurrently act as source and sink.

In agricultural practice, regrowth bf Rhodes grass is known to be impaired
during the months of August énd September, and thus, maximal dry matter
production is limited. The present study examined regrowth during this
period of the year and the results explain the deterioration in regrowth
to be the result of uncontrolled nitrogen fertilization or of extension
of the interval between cuttings. As a result of this study, changes in
management which facilitate rapid regrowth and produce high yields of dry

matter were suggested.
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