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bOtlfeen into at <11"1! mattei- 1nOP.Jaae• led uoa 1mex anc1 

obl~ll content per unt.t ~ 61'QUd a1'00 4Ud.ng the 

gl"Olfth of a pa8tw.'o . 
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Fig . 1. Lea:f Efficiency Index at various stages 

of growth. 

( Brougham, 1956 ). 
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A• :+ll9 BqlatAAMb&RQ ~ kBf Am In4o& Qpd Jato st 
RPMtor IrsF9M9 • 

Dl'Ol1gbam (1956) defoliated Dff811do ~ abort rotation 

ryeg1neo - h1te clove, - Md elovor to throe <11.tfercnt 

level.a and toum that 1n au OOJlOB thO mte of oor.lal ~ 

mttor lnei-eo.oo 1'0QChOd o au1Sn11rn Uhen suttlo1ont leaf ooo 

pt'Oaont to intercept 95% or the noon Ught. The loa.f' u-ea 

lDioa at th1.o po.1.nt wao 5, OM clthOIJ8h the lea£ area 1a1ex 

1ml'03.aed to 9, no rurther cbange 1n the rate of~ mttor 

inCNnso uaa recorded. ez'ho ovemll relnt1onah1P betuoen 

loof area 1nclcx o.m mto of dry mtter tnoraacc t2a0 t huo 

a~tot1o . 

'i'lle qw:mtity o£ ~ cnttw accunilating por unit 0£ 

loaf aren per un1t of ttm (1eat o£f1c1cncJ' 1mm) mw 

1ntluencod ~ tho 1ntcna:1ty or dofollat1on* oa 1a ohGWn 1n 

FSg. 1. 'ltlo lou valuo tollocd.nB 4ot9ollat1.on to 1" hGm 

gl'Ot1Dl l.G9el aploSnocS on aaauq,tton tbat t heoe 

na.alo tfOl1l4 expeld ~ Pl"OPGl"tian ot tb 1r a,ntheotoed 

~ 1n. i-eapiat1CM, ard the nJ4tVlCr.- mDlLIZIJm value 

ma attl'lbUtecS to bulk ~ the lGS bBSDS at; t . 

opt.timm fllll! pbotoQntbea.te. 1n the ia,-. et.egea ot 

ate - 417 mtt.R s.no~ par unit of Jar uea 

8Ul:1:C98ta1thettb.S.a 

ehadlQB. al.t.bGUVll leaf' flSG 

t'aot.ar. 

1111 
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coneideioticmB ouagost that the llSht ab80l"Pt1on propert1oa 

ot , foliage 1181'7' o.cc~ to the ~. <Uaperoion 

and orlontaUcm of the leo.'\feo (tU.tchell onc1 "814or, 195SJ 

Saek1. 1960J arron U1lson, 1960n) • tnt CllOh ezporimentatS.OD 

J.s raqui.Jl9d bof'ore tt..c emct relat1onoh1pa betttOen such 

tactOftl and the ability to J.nteroept light 1o ~ umerstocd. 

Dav1daon am. Phll1t> ( 1958) am -vidoon and J>onalci ( 1958) 

Glttonlod the tbOolD or 1'1onai and Saold. <w cJ.t) aid CUS808tocl 

that t ho mte of d1'7 mttor ~oe flGUld be l"Gducod at 1cm: 

area 1m1oes above a certain opt1J:ua value. They cons1dc1'Gd 

that leavoa ,JOUJ.d aurv1vo ancl bocam oom1-paiiea1t1e, no 

dmwi.ng on lntwnal plant enrb0ll1(1mto untJ.l the 41"8 cattoi­

loao 1D respJ.mt1on ot a whOl.e et,om equalled S.to gross 417 

cotter e,un 1n photoaynthoaio, t which otogo the mte of dry 

tatter loao uould be zero. 

Th1o ~BJ.a ms, h~, cona1deroa 1nvaUd by 

Black (1958) aid Soek1 (1 960 ) . Tho3 botJl po1ntod <Ut that 

thero VtJP8 little ovldcnco to ouggeat that a plant 

ma1nta1n8 tUN leavoe 1n a pooit1on untavouzioblo tor 

pbotooynthem.a . Purther Sl.lPPOrt to. tbo1r 8l'gUClmt 11&8 

~Jdod by m,m~,v (1961) . In a rev!. ~ the tnmupart 

~ ~ 8Ub8taDco8 1n plants ho PQ1ntal mt tlet ---1 

~ bad been unable to br1ns aballt a t1atr or ~te 

to a mtul'G l.aat • nu.11m by Pft>l.crged 8b8ir:IUIR• ~ ~ 

e.a:pca,Smntatson b84 been can1ed out a _,...,._. Ud 

otbff ammaJ plu.to aui the au~ ..... - oonal\ded tbd lD anmal 

planta em 1a ~ Uttle ~ ~- bet cm 



a. 

In an eztons1on or the ~t S&eltt (1960) PQ1.nte4 

ca&t that the NlatLcmaht.p be · . leat U'E 1.a:lox md ate 

ot d1Y matt.er tncnaae would dopctKI GD tbo ate at Which 

leavea doca,oc1 vben tbo1r looe ot ~te 1n 

l"Oapuat1on ea-ceoc1ocl tho11l sa,1ta hom pbotoD711thona . Feu 

studies ot the rate or decoy or plant mtor.tal have been 

reported. but Bl'ougbam (1958b) flowd that vhito c.lovu 

leaveo paoood thJ:IGLlsb their Ute o~le auS deca_yed ~etoly 

j.n~~. 

B. h IP~s&9P®&PI beSiJ?een &?nt AIM Jed& Mi Sl,WPPh1l» 
Q9n$S:Qt RS\lE RD&~ at: Grpml &3¼• 
(a) Ouera.ll Relot10D1lhipa . 

In a otwty of the srot1th ot ooveml pu.ro otams ot ciwop 

am paatum opeo1oo Broughac ( 1960) rmaurod the amount or 
clllm.-ophyll cont.aJ.nod 1.n t he herbage above t he 951 li6ht 

1nte%'0optS.on lovel am oompo.rod t hio 111th t ho c1'1t1cal leaf 

ONO lndez. For poffllll\.1al 17Qgl'B88 :,5 q; . of oblo,iophyll 

per 8QUm'O toot ot leaf' uon aao rocol'ded in Pe~. Whel'\'::aa 

t• i'04 clowor aDl wh1to olcweJ.' th value zian.c:e4 boewc:Jen 42 

and 47 ag. put equue root. ibe80 valuea depenwl cm bOth 

the NlaUOO&b1p betwaen oblOl'OPh711 oontaiaEld 1n J.eo.vea 

ant 1D other ~ ot the plant erd OP the N1atSOD8ltlSI) 

beta•n abJ.ClftlP>al.l OOl'ltent aid 1eat u.e in S.UU.vUual 

1.,,... hi" th1a NUon 1t. la DNea1a17 to comdder tbeee 

NlatSoaahSpa es,uiateJI' • 

(b) ~ betltaen Cbl~ll Cont.a1necl Sn the 

ta.,.. e.ld m oa:.r lu'ta or nant. 
~ (i9P ,,,> repwt*1 t Obla&'19'1'll ~ the 



aooountod ror 1;d ~ the total~ CQtltaS.ned 

1n • otaoS or led cJ.cwer 1d.th a leat uea !ma Of between 

4 a.Di 5 1n Pob'ru3&7. In smaoea the green iear ahmth na.v 
mke up a ~1e ~ of the total aosS.mlJaUng 

aurtace (Blaokl:Bn and BJack• 1959) and at cwtain t:Smea 

aGOSm11aUGll 1n th ear of cewtUa 1a kr'dmn to be appreciable 

< taon am ltml:Bn. 19.59, PCB'ter et II·• 1950• 'lbarne. 

1960) . Chiorophyll tount:l 1n ~ other than laBr ~ thU8 

eontriblltc a cons14el"Oblo amount to tho mctUnUed chlQft)pl)J'll 

content per uns.t of gNUIX1 ........ ""'"'""'• partJ.cularly at certa.1n 

ttm&o of the ~ and staseo of e;rc,uth . 

(o) Re.laUons.111pn bett:een Chlorophyll Content ard Leaf' 

ibe chlorophyll content or 1nd1v1dual leaven or a large 

rn,mbor ot species W1"'1es bettlleOn '6 mY1 76 ~ - per 0qU81'8 

toot of leaf' afl!a (~ am F.gle. 1940, Batd.Da11toh ~ 

1945). Part ot th1a var.laUon 18 cauoed - a chamctoF.l.st1c 

Charlge ~t the llf'e h1Dtal7 - tho loaf. 'i'he 

chl®OPb:¥ll content illc~ until a "IPSaim 1a attaimd 

aboOt the tlm8 that the~ 1'880be8 A11l a1•• 1.t t.hen 

1"818,na fttJa~veJ.7 conat.ant ~ •tuat7 and ftneJ~ 

4ecmla8ea u the 1ear aeneaoea (S..# 19'18J. 
llltl'lt1aa&l aDS gcmeUc taotoN also ~ the 

Ohl~U ooa.tont un1~ of 1.-r PIia• a»a.er ad 

Gale'ton (1952) pointed Otlt ~ 

1a OGDtal.14d by a gnat r, ... ;r ol Uff-.nt sena•• aid 

IIUtatlOD ar 10U Gr _,. f/6 tboN lllU aml~ In planta ~ktb 
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ue,:en~ amount 

C)f .,,...,..T£,..,..r UBGDC4lum 

lll 

945). A Gol,Ulol.,Mllill'" 6 •....--t 

but 

e 

1956). ( 1929) reported 

t'iv -fold .J.--ili~uon Sn t :u1t:em:a. 

unit of ill'f~ ght 

but 1ne t~ t ti 

per un.t.t of ~,era (1960; 196 

fv->&.'l!i....,l.,,i"4ft& GIPSIIIIJD ..-U.t»- Olt OhlGIIQPlw.11 1D 

ant~-

A 



ex1~nuo 

( 19'0) tHJ.l~W::: tt1 

c. 

,,. 

ll (1918 ) IOP~ild tl 

b' COlll8Ul~t • 

•· 



alm11er 1n the 41tteNDt oocnnit-s.ea em thS.e led Olm (19$9) 

to tJUGGOOt that t ~11 eontont ot a oanmttq cculd 

be used as an in4oz er potcmt.1al pnduot1vs.-. 

~ (1960) 1Dve&Upto4 the NlatlCMhlpo betwoon 

c~ll content per unlt of croms G1'8B ana the 

pl'GduotSv1ty o£ soma native Olld amagec1 plant ocummlt1oo 1n 

Central mnneaota. He ~aum that tb aaa a bigl~ 

otgnsn.cont Nlat1QD8h1,l> be een the aaxSnun ve1gl.1t attained 

b3' the aarJ.al po.rt& of am,n,'ll hOrtmecoua otrm.lo md tbo 

cbl~ll content per um.tor ground azrea. «.1'ht8 1a 

oupport84 by a l'OCent Snveatlgatlon tth1ch eotabllohed a 

lligtt~ aignSfieant eOft'Olat10n (r o + 0 . 912) betlJecn the 

mxsmm mte of c1J7 mtter 1nc1'oQse am the amount of 

ohl~ll per un1t or groum &'00. above the m lJ.cht 

intel'Cept1on level. (Broushao, 1960). Pul'o ommo ot 

poromtnl rJ1031"0,GO.- s h ort l'Otat1on r:,egmaa. TJhltc clover and 

oeve:m.l. other poatUl"O a.Di cft)I} planto uere uood 1n the 

1nveat1eat1on OU"r.1.cd out b7 Bft1u{;ham (1,99, clt.). 



,,. 
CBAPl'BB 2 

HAft'.81.ALS Am> tm'fflQDS 

~ cmude of cert1t1.e<l Nou Zonl.aft1 pemDD.181 ~a 

(Lo4&um Rl£9PB8 L.) 1n th01r t11Jm J'8Br hoe ooa1ng fflU!O· 

used. ~ 1eoc aero ~ en an open. lovol toft'Qce 1n 

fert1lo l'l\nouatu eilt lOEII!l OJI pai-t ot t i'ield plot 

~ntal a1'0G o.t the Palmerston Borth station of tbO 

Gmoalardo J>1v101on. ~t of ~ontiflc am lb1ustr.Sal 

P.cooaroh (to.t1 tuao 40° ,o• s.). In 1959 and 1960 t ho suamo 
had boon uoed ror a study of pasture grclfth involving da1q 

cuttblg alX1 1n 1961 the:, bo.d been GJ.'flZOd ~J.y td.th aheep. 

'ate> oxperS.nxmto uore carn.ed out. pl"Opamt1on for the 

flrot ~ in early lbreh • 1961 . 

Gil 4th Ihmh the herbage tm.a out to a ho1t3l'lt or 1 in. 

fl1'0D ~ lovel e.l'Jd the cl1P[)i.llca removod . 'l't1a r:mudo 

ere then allat7ed to 8J'Otl for a aeok ~~ bOJ.ns cut to tbe 

eaDO level QGB1n. Sl.lbaequen~. thog' trote oUotrod to~ 

uncllocl«Jd and dftlaalngs of eu1p te of nrnon2n uere nppllOd 

on 15tb ard 21st r-..c11. Ill totn1 the equS.valent or 100 lba. 

~ r4~ pu 008 VU Wl8d .tn Gl."do to ~ tbat 

O'cnt2.moua e,Nlltb wae Nlot&Sned tbftmQbao..t the fuat 

ea.perlWtal "8ft01 ot 41 4aJ'8 a:rd to ..O.uco aiw u:neve11maa 

When tbe ~ ~ • heJsht cl APPNIWII~ J Sn. 

~cur NPUaetsana. Wh 40 tt.. tr.v .20 n .• .,.. ......s oat 

anS ......S Olt 1dtb 1'0ldetl page. &Uft'GmS8 ,.._ IIOlln 



baok to be uaecs oo aoceaa m-eaa. Piev1ows egperiamta 

conduotod at Omoalaode l>1v1a1on eusseotad ttat f0lll9 

repl1Cot1ana Ot1l4 be outtlo1ent (~ P2Ds 293?. ) . 

Each .apl1cate l1tlB cU.vlded lnto tuo p1ota. eactl 40 rt. _, 
10 rt •• om on the 28th Mazich one ot tbcae '780 cut to a 

ho1gbt of 1 lo. ham g1'GUtd level aD1 the other to 2j 1n. 

hGm ground level. !ho o.uocauon of the do~tun 

trcata:mts tJa8 tB4o at mr.doa. 

Jn cn'dor to eaoo thO ~Una procedul'e 10 wb-ploto 

ot ~toly 10 rt . by 2 tt . 6 1n. uere oolocted 1n oach 

plot at the beSirming of the exper1mont. Al'eQ8 tzh1ch 

included apparent WOBk spoto uc.-c ezcl.udod . A oub-plot at 

the end of ooch plot uaa aelectocl at mmom md tho first 

oomplco aore cut cm this area. On tbo oooon'1 BBlDPlinB 

date the adJaoont oub-r,,lot \1aa uoecl; tlas process uaa 

repeated tl1l'OUBhG1t the courso ofl the expe&"1oont ao that 

each e.ub-t)lot was aamplod onco only. A atn.p ot 61,'QSB at 

loast 6 1n. w1do uaa ilt:Jcardoci betweon tho aub-pl.oto. ib1e 

wao noceoOU7 to ovewoce edge ottecto (Black* 1961). 

On each sub-plot aamplea rw the deteadnot1on or 
cb~U content per Unit ot gNtmS uoe am ch7 ~ter 

J1.eld wue taken. 

f'ollardng dU a 2 rt. b7 7 .. 10 rt. uea .. out to , m. 
fNII ~ J.ovel tar 417 a-tta J1al4 detmldmt£Gn., On 

tbll plota llhloh hid bea out to $ u . ftQII 8l'llUld le981 thl9 

1)l'ONU..., •Poll'*'--, rae dQa UDtU ~ u. noon 

Ugbt - SotawrMpt.ed 1-J tJa bubl8e &btalle ma hall° J.mb him 

6"Qld Jnal.- am tNG tbm an at ~ or • t .-,.. . Iba 

pJote wblob w IMD ~ to 21 1n. •t o or the 



apeftlllllmt _. aot &amplod UDt1l auft'lo:lent nel~~ bad been 

~ to ~t appl'Oltatc>.y or the noon Usbt. 

e01n0J.d.od 111th tho 4av on lfh.S.ch tbo 8Jftl1'da out to 1 in. f'ftlll 

gl'QDJd level e1-o oamplad. In order to eaae the pntsaum ~ 

~ OOCOtd S8JQP1.o tor o~U detead.nat.lao was cut 

oev; ~ la~. Arter t ll1& an ~ or oiGllt dayo 

paaaecl botuoon An eight <la,- lntewal between 

dry ttor ,rlol.4 ~llngD atillcfl3d to ~t BO that 

two -a elapaod botueen ch1Gr0Pb1fll em d17 tter ySelcl 

aacp11Dgo on all but the tlJ.'ot sampUns on the GWlU"ds out to 

2t 1n. 

Scoog;t epe,agt. 
Af'tor CG:JPlot1on ot tho nnt exponment. the Br011G 

were gmooct bU chcOp am t hen r:ntnta!ned b:, noui~ to 1 1n. 

hw3 sroum1 lovel at h'equ.ent 1ntuvnlo. D1'0881fl68 or 
60 lb per &cl'O ot nltl'OCOll in the t'cmn ~ eul.pha.to or OJmlSa 

:ro applied 1n Juno o1¥l Septcm,b,oJf. In co.r~ ?Jovombelt. tl 

amzd.e ~ .. ~ ~ted aid pwpared aa tor tho tizvt expeacient. , 

GIJUlda at th1 t.Sae--_-_- Nasamb:17 unltGl.'m aDS ~ae -
DO evt4eDoe 0, a CU*r'QVU effeot hall the ftrR ~ . 

,.,. ~. IIIQ,l:Jll cUttead .....,El thO f~ ODll' ill 

.... -t,1 

pm- unit. or s,aml .,.... - atutcd cm a.OOIJer ZbS. l'n 

Cllder to ....... li,Utas.n oGl1t1mou allllll~., the llll9.l'4a,... lnlr,at.i 

_ lane ~ the OOl.lllNt ot ez:pff1attlllt. 

Rltsal1111iiMP IC Zl1 ii! 1t1sn, IRfrtWINS knl • 
9Je pU'OaD-- ot Usht that penetatecl .Into tbe ....i . 



- li1El88UNd 11:, nains a small (t . 8 z ,., .) ~~ 

oolenSU.m pbot-ocell oomeote4 to a ommlt1vo saivaswxuter. 

~ appoatuo bao been aeaenbed b7 ~ (1956). A 

check~ una taken wJ.tb the photocell mcpooed to tul1 

llg..'lt. and ane. pufJb1ns the rmol'd1Dg ~ Sato 

tbo Ot70Zd a .oeoon1 l'OGitl'Jg uoo made . At leaot 81z 

deto1'1:d.1&Uono 1n oaoh plot~ U88d to calculate tho 

~ 1Dto1'0ept1an. All ~ta tlJGI~ taken du.r.lQs 

~t aunllght about local OGOn• when t'luctuat1on 1n tho 

1BtenaJ.ey or light =a eolat1vol;v sm.11 (~ 195&). 

'ale ~t,age ,cnabetton maau1"ed at var.t.au.o heiabto 

abovo m¥1 belON t level to wh1 ~ ~ ~ of tbo noon Ught 

penetrated . i'he ~ llsht intcZ'coptitm level ltaO deteft:d.ncd 

by l1ru:er 1..'lten>olation botwcon the two ()01nta enalo31ns the 

~ point. 

PAPfam&naW>P 9' tpe 9+lorgptm 1 CoptqW pgr '84~ or ~mu,; k9A. 
~ (1960) pointed out ttJit ohl.~ll 1n <ietocl od 

horbogo dogrodeo qu.lta rap~ uhen it u o:po to Ugbt 

at norm1 room toq,em.~, but 111 n ,~tor the mte ot 

In v1en 

Of tbla- tt lf8B OOll&i'1e.J~ 

hfll'lfmll!S u a ~tolP ae ¥\!N~Y' 

wt.thin a r• bGuW or bal'Veau.zg. 

~ SJJvuUgatsGDe fib ~t ane prnm cGU14 bau'vtQlt 

eould a1b11aple tbe1l9 and enaot the ClllLOGDttYll ftm mb-

....,i.. ,,._ 818b 9..SN~ Jn be'11&11D 6 md T bot.IN. %n the 
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18. 

i'heae am:iples aoJO obte.1nea blf t h~ m1z1ns the bBl'bDee 

on the dlaoootion t.abl.e am then 41v~, by ham., the 

whole ptlo ot h81"b86e tnto 2. 4 aid so on ~u tl Nfll4B1to 

a1se ot 80tl"le t1a0 o'bt.ainecl. In thia ~ . the aepomt1cn 

or UIQ.11 po.rtlcloo t»aD t he bulk avo1dcd Gild a 

NcPJ."Oa&nta.Uve aamplO of tho hel'baSe obtat.ned .• 'lbe 

r:oaultlng ouboaq)l.oa WON we1g).lod eoumtely on a Hettlol­

~ balance. arrJ tbon placed 1n a mmll alntx\rd.uti 

ocmtaincza. One of the aubnon:oleo atol'Od 1n t he 

retrtcerotor W'ltil ~ tor c hl.orop..vll dot-on:d.mt10D. 

'lbe otb.er two tzero placed 1n on ovon ard clr1Cd tor 24 houra 

at betl20on 160 a.ul 180°F. 1bo l'tJoGe rom1n1ng o placed 

1n a plaotlc baS ao:1 otarcd 1n t he rct~tor until 

dood ontter, porcont&GO ot atoD Old l~ area 1a1o:a: 

<letormil'lationa . Mtor fUrtber oubsarJpllq; t he lletBlrder 

\'JtlO driet am imo total. 417 catter yiold ot the quadrat 

detem1Dad by adding t he - -~t of t ho l'el'BSD'ler to tlO 

417 uet8ht of tbo mlbooq>lea. 

(o) tumtnatioD or t-he obl.O'l'Oah.v 

'lbe ~lea •re e:tmated sn 4t1 (t,y V<olma) 

~ or wtone aa1 ~1 alccbo1 (1'41okS~. 1941, 
Zeohell.e U4 c.a:r. t9'ftJ u.n. ~, Jlll>So.,.. 1961 ) • 

• , • u. - woc...s. 
tile wtme .. leobal IIIS:&turG uuas • paatle aDl W'talt, ad 

the NeQJ.~ aolutS.Gn um11.nted 1oto a too till . ~ 
OJ'Jtmor. 1'ble aa etDN4 s.n dak., A tu.J't.hel' 

extntott.on - acS9 ent tb1a PftlOU8 •• .repeatN t.mW 



\IIUP'ttia1g1XCC:tl'la the mter.tal - ~ atactecl. 

laok ~ ~ gl'!OCD oolG.ar 1a the l"eallrd.ng plant •ter1al 

and the lack ot colom- Sn toe acotona-eloohOl tollculng 

When ut1"0Ctieo cciq>letc t ho SOl.ution 1n the 

rmeurJ.ns eyllmer Sn:oocUatoq .......... ,_ up to 100 cl. 

ffith th0 AOetono-oloCJhol r.d.ztuzo# Olli aftor t!''lnl!ID~l'n Stirr1ns 

an alJ.Quot ot t c&"Ude extmct a oen~ fo,,- about 

five cd.nutoa 1n a Gftff1D ll1¥l ~ utopoiao ~ 

run at npproxlmto~ 2.500 r.p.o. Fivo :af.ntitco 1.n 

au caseo autr101ont to oJ.omt tho auporD1tant . A pipette 

wca thon used to tmnator 1 D1. or tho eb.~11 aolutscm 

tntG Q 10 ml. &ll808Udng qllrdere 'i'h.1& UQO up to 

10 cl. tfJ.th ti~ aootano-oloohol ctxtuft an:! well a.ken. 

A m:oll cuvotto tt.llod nth tho solution and the 

optJ.cal densi~ determ1Ded at unve•lenctba of 645 aid 66:, nu 

1n c Un1eam SP 600 spoot,;q>hotocsto•. 

c.i.be l\rnOWlt of chlQl'Gpl~ll s.n the oztmct tma CQlculatod 

u~ the equaticrna Of &rnon (19"'9):-

~ll a • (0.0127J)66, • o .0026~5) 

( WMJN D U optloal demdt7 et ~ -nli~tb 

GhC:lllfn 1D 8Ub8ciMPt). 

ft1S8bSIS ~ tbe aootane apeotftlphotOaete,a lllltllocl 

baa bND a.mi to ..... l8lllm e1tbe ~u '•' cir 

'b' beOmn ,., ts- ... Mmeatl.'&bl4 than Otha' 

(van _,eo,. 1951) u. au or ehl~ •• ohlcwoPb1ll 

suelJ' lllueuacl alloft - lD pnMnt watsaatt.Gn eid ~hb 

IIU not ooaddend to ~ an ·~~ eoutae o, .,..... 

I 
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oven l"OGm 1n a Jute oac alJd au b8l'Ve&tocl matel"1al 

dried at a teq,omtuft between 180 and 200°F. tor 24 bola&. 

lt vaa then o16hed aZJl tho d&'7 mttes- ~eMI caloulated. 

~lon oquatt.ono and stamal'd ~ of t ho coo.na 

wen calculated aooOl"Cling to thoda doaoPibed b7 

Snedeoor ( 1956). Wh01'0 two SG!ll)lea par plot had been 

n l'el)lloat.1on otte.oto were 1'el90'vec.1 tw cnlculatJ.ng the 

ata.mJa.ftl o~ of the rmn 1n t ho tOllauiDc aannor:-

(n) (n • r) . 

WhCN n 1-0 the nw:Jber or observaUono e.rd r 10 the 

number of ropllcat1ono. 'll1e s~ eft'Or ot the mto of 

dry matter 1norease vao ca.lculAtcd aceardJ.nB to the toll•lna 

t~:-

/ SE12 + ~2 

~ -
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Fig. 2. Dry matter yields at various 

stages ot growth. 
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h'oa ~ 1ovel ino1'88.88d 111th tJrn in both experJJ::Jenta . 

ThJ.8 1o 1lluet.rato4 1n Ftg. 2 . (~tnl ta 

presented 1n Appcmu 1) . fJr.! tter y.leldo meiiUJWl'elil bJ' 

cut.ttnB l)Qlt 8QU£U'O toot QUadmta ~ Gl,'Ol.ll'Jd lovel J.!IO 

app1"CD'Smtoly 1.,000 lba. per aero gl'Oatol' thlm t7hen Ji.Olde 

vore ~ b:, cutting to 1" bGm 8"CUJd lovol. 'l'bo 

data tram the nrct am loot ~li~ 1n both oxporlmonto 

Appen.Ucoa 1 am 2 . 

Tphl.g t . 

Cut to grGIUJd lovol 

1b:1o of gJN.S1tll Mean ~leld 
(lbo/ooro) 

cut to t 0 ham Sl-ourd level 
~o or grout11 , yiold 

(lbs/aero) 

~1. 

Suardo cut to 1" tl'Q'.ll gl'GllDl lovel . 
:, 1.,126 ! .59 4 

40 , . 011 t 149 41 

Slfuda out to 2i" trim gro.mr1 leve.1. 

~ ;:~ I & 4f 
~t2. 

3 FBl!da out to 1«t hall ffNUD'I J.eve1. 
1 1. 527 ! 121 a 

29 4,.660 • 2'1 ,0 

Sllucla -~ to 2r O'OIJbCl leNl. 
i6 ,.m tt 212 1, 
24 ,.m a,1 26 

790 t 10 
2,515 t 12, 

140 f 10 ,.sea -2011 



11&91 II Rn JaSSK lml'IIHI• 
1ille l'&too at ubicb dl!7 m~ 8CCU1111Jatod Ue1"e 

caleulatocl ft'G0 thO ~o or 417 ttor ~eld maao 
by cuttillG to 1• ha:l 6IQmi level. 1boae oalcu2aUana 

Dhou ttiat t he rate~ dr,- ratt.or 1.ac~oo on tlle atlal'do 

out to t" tram ground level Sn tho n.nt c,gperlmont 

~ t1"Ul 19 lbs . par ncl'O por dq an t110 third doB 

ot SJ'OtltJl to 65 lbo . pei- aero P0I' dau on the tJ~-tuvt -

ot gNUth. In the eocond ezporJ.cont t he m.to ot 4z, ttm> 

inC.-0000 on tho OU01'da out to 1" hG:l e,roun4 lovel was 10 lbo. 

pe:r aol'O per 4'V 4ur1Jg t ho r1rat tau dap or grouth aul a 

nnx1v1111 or 170 lba . per aero per~ on tho DCMmteonth diQ' 

~ gNath . i1l1o mtes ot tm1ch dr:, mttor accumul.at.cxl cm 
their atA:lnda.1'd Cl".rOro Ql"8 ahcun 1n ~blo 2 . 

fable 2. Batea ot (iry EBtter 1ncransc Gt vo.riOWI stages of 

819'0Wth . 
~nt 1 

J:oys or~ &ato or d17 
matterlncroaao 
(lbo ./aare/da',) 

~ 2 

DD7oofermt,11 &ltootm,­
catters.ncroaoo 
(lbs./acN/day) 

SlloMa cut to 1tt hull e,roun4 level. 

' t9 ! 1 1 10 t 5 
7 29 t , 5 sot a 

11 ,a .t 6 9 go! 4 
1S 41 t to ,, 95 ! 6 
19 47 t 12 17 170 t 15 
a, 51 ! 11 21 110 t 2 
,, 6S t 11 29 156 t 29 
flo TO t 17 

8wuda out to ar hara gllB1DI lo9el. 
,,. "' t ,, 16 
RI 57 ! 17 
:,o 56 t ta· 
'9 59!20 



t 

• 

1ev 1 . 

' ' t 1 91:, t 8 
7 :,62 ! :,4 5 610 1 

1 '45 tso 9 696 !51 
15 1, 42T t 7 
19 1 ""!~:, ,. 21 
:,1 



:.c pm"OGDtage ot •ten 1D tbe llv1ns -~ vad.ed. "be1:ueern 

4.2 am ,a.,. ID the ftl'Ot azpol'Smnt (April) 1;he nmgo ' 

ha:l 1 .2 to 16. 8 1n •tenol t.al,on trm the Offll,;:rd(l wt to t• '• _ 

t.cm ground iovei. end hGm 4.2 to 13.5 1n tel'Sa1 talmn fl'm 

th OU8l'do out to er h'Gm 81'0U,l'd level. In the GeOOll:d 

8Zl)OftmOnt (DeOCCber) ttK> peJ.'CentaSG ateD uas ~ior md 

V8l."1ed 1Jo.t\10(m 24.o and ,a.,. 'lblo 1a 8W'lUfl S.n ~ " • 

a'Abll !j . Peroent.ogo ot oteo 1n tho Uring r.:atter baWoated 

at V8l"10ua otages ot gzrowth. 

Expor1Dont 1 ExporS.mnt 2 

Dayo of grouth Pozoontogo or 
otGm 1n tb.o 

Uvi.ng mttor 

na,,& ot Sl'G'th PeNentago d 
otcm 1n th 

living mtter 

SW&.rd8 out to 1• t'NlD gl'GUnd lovol . 

} 14.8 t 1 . 1 1 ,a., ! 2 . 1 

1 15.8 ! 2 . 1 5 :,4 .4 t 2., 
11 16.8 i 1 . 1 9 :,0.5 t 1 .9 
15 ,2.1 ! 1 .0 ,, 24., ! 2.7 
19 12.6 t 1 . 1 

2' 12. 1 i 1 
,, 1.a ! 0.7 

17 24.o t 2.9 
21 19.4 ! a .6 
29 :,o.6 t a.1 

40 16.4 t 1.2 

Slluda out to 2f' hom 8'-ami level. 
1 1:,.5 t 0.6 t6 

\4 7.4 t O 
22 4 to. 
,o 5.1 I 0 .9 
,g 1a.s ! 0.9 
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%n tbo tint ~t the lcat' area. 1nSaa ~ 

hiom , . , to6.41n e ~ out to 1• fl'GllgNlllll 1wo1. 

4n1 fl'CiD , . , to 7.7 1n 8ll8l'dG cut 4am to af . In tbo 

oecond ~t hlghe. valueo UOl'e lQlOhed cD1 the 

1nCroooc uao t'l'Ot1 t .6 to 8 .. 9 in the GUU"do cut to 1• t1'0m 

gP0UD1 loV'ol. and Iran 7.8 to 8.6 1n tll9U4G cut to 2t" . 

ard this 2.o llluetmto=l 1n ptg. , . Dnta are proaentod 1n 

Appeulilt J • 

The loat tl1'CB t.rdelt above t ho level at Uh.Sob ~ ot 

the noon Usht tJOO aterooptod. uas {;l'C&tor cSu.r:l.ng tho 

sccoocl exper11:Jont t han dur1ns t.ho ns-at. u u ahcsm 1n 

~blo 5 . 

»}blo 5. Lent A1"0a Index obolto t ho level at ul'd.ch 95% ot 
t he noon light uaa 1ntei.~ at va.r1Cllo atasea 
ot gJ'OUth. 

~nt1 

DQa of f;l'Ollth Lear a1'0G 1mcz 

Sml'da cut to 1• hU:l (3rGlmd level.. 

11 s.• t o.s 
4o 5., i o., 

-Bzper1amt- 2 
~ or gl"Olfth toat a:£L"'l::IL.I. 11.ds 

17 
29 

6.2 to., 
6., t o.4 

a.me cut to 21• ... ,.,_ n:lle'CIUl:d J.evel. 
14 ,.9 t 0 . 1 

4.s t o.s 
,0 ~., l 0.5 
,9 s., lo., 



ea. 

! at !tlstt&lAIII eeamammsM• 
1eat ~ au are dhOIID Sa \'able ·4. 

~ll.i@ t • 1ed ~~·tluea muoa at VU'1Gu8 •taee8 of grGtth. 

~t 1 ~' 2 

Dn7n or SJ."Clfth w wu;wyi~ Daya or gRllltb Lad ~t/oziea 
rat~ auo 

./en. ./cm. 
Sllaroa out to 1• h"ClD ~ lavel . 

' 4 . 11 ;t 0.18 

7 4 . 15 t 0 . 18 
11 :; . 49 i 0.11 

15 , . 16 i 0.12 

19 :;.OS t 0.12 

2' , .i.5 ! 0 . 09 ,1 , . 15 t 0 .. 14 
40 + , .69 • 0 . 10 

&tal'da cut to 2¼" f1-ac grotmS levol. 
1 , .90 ! 0 .20 

14 , .12 ! o.oa 
22 ,.48 ! 0 .09 
:,0 } .4~ t 0 . 1, 
'9 , .64 i 0. 01 

1 

5 

' 1:, 
17 
21 

29 

4 .00 i 0.21 

4.02 t 0. 17 
, .gr t 0.16 
:,.61 t 0 . 17 

2.65 t 0 . 12 
+ 2 . 99 • Ott12 

2,,92 t o. 1, 

2 .55 ! 0 . 14 
:, . 01 ! 0. 16 

In the 8ll1U()s out ~o 1 • f1'0ll ~ level thO 1eo.t 

we1ght./aree muo decl'e8.Ged t.lll'OU(5bou.t the GlQJ1IJ6 &>aft.od, am 
NgN&Uona ro,, JGat lft14lr-'il,t/&Ne au.a co til:D IJ8l'e caJwJaW 
ro, ~ta. rn tl".e Gld acpat.mnt ~01 

- aien'lnoant1$' >•tlGIAr at 1eve1. w~ tb1.D - .- t11e 

OMe Sn tbe nz.n. the ffaNa81an ~ AN -..Na ln 

AWMJ,S&a 4., U1e W&ftASOD- ooetftaSeata ard tbeil" ctnda.1,1 

_... .... -0.017 t 0.011 PD 2 pelt re 
eQRJ.IIIIDt cme ml -0-"51 t 0.015 PIP J ~ dail' r. 
•XIMIIIIIIDt tao. 9>e Ngl'8G81 ... dj4 not d:ittu ldptftoant-
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\Al,l6,llolo,l.a;""' to give onmll ~GD 

(Appemu 4). il'l0 rep'GSUOD coetttolet 

obta1nod uao- o.026 t 0 ,.010 

a1gn.U'loant at th ~ 1eve1. 

ChloJ'PRhzU £mta1i ReE YAJ.t Rf PEWJII AfRA ~ . 
Ohloroplqll CS t ~ unit ~ g2Q.md _._ Smreaoc4 

aieplt!q folloaSng 4otoUat1on to 1• ft"a:1 &l'OJDl lovol in both 

Gi'CR,ud level. t hle la abOml 1n Fig. 4 # the '611,J.,_ bo~ 

nooentcd :1n Appcm.11% 5 . 

ihe e h lot-aop~ll cont.ant ~ un1t of srowa &ft8 abOve 

the levol nt tJh1ot1 ~ or t he noon light a 1ntercopted 1o 

Table 7 . Cr~orophyll Contcm per Unit ot Oroum uea abOvo 
t1 level nt 1t.oh 9!1' of tho noon l.lGbt no 
~ptA)d at vm-.lows stasea or piGIJtb. 

~t1 ~t2 
:oa»'B of gKath Chloropeyll Da¥a ot grafth Cbl~ll 

content per tmlt cantent ~ unit 
ot~H.:rl:lll org:op1_.._ 

~ ./aq.n. / SQ.ft. 
Sllude out to 1° hen P.:NJ~ leV'el.. 

,, 21'2 t ,a 
238 t ao 

8'lud8 'to2l' halgl'Ql.iid l89el. 
1 1,92 t 20 
22 2t5 t 20 
,0 229 t 18 
)9 221 ! 19 

16 
8'J 

agoi 1t 

agat17 

,1, ! t7 

''> t t7 
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Fig. 5. The Relationships between Leaf Area Index 

and Rate of 'Dry Matter Increase. 
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Blttc.lmaall• 
11 ~cm Unea ~Oil ;to of 417 ttar 1DD,~aua 

on 1aat arm 1tdoz 1n the two ~ azio Gbll!IID S.n ng. s. 
i.to Obtalim hoa the Qwc. .. __.e cut to 1° am 21' hall gromld 

lavel mro Wlod 1n the calculati of theao regroooJ.eno., and 

thO l'OGl'GOflion eno1¥Geo -- 'ibo 

Nr;NGoion coofftc.tenta cD1 thc1r ot:an&:Jom Oftl01'0 ~'ll'-

7 .:, t i .o tOJl ~tone and 15.8 t 2.8 for expenmont 

tl7o# 1.0 •• m1 incroGOO ~ 1 eQilBl'O toot ot 1-eat arcn 

oooo:\1QDSoc1 by an lncroaoo 1n tl e ftt:e at 11:Gh dJ7 aratte. 

ecctU:11lt\tod or 1., lba . per acre ow 4a_v 1n ~nt OJXl nm 
15.8 lba. per aero P8l." d(\V 1n oxperir:xmt two. The u.naar 
oquat1ona hlgbly oieDS£ic&ntl.7 <U.trcrent tziora zero. bt.lt 

t.lU> ~t duo to f1tt1nG a. qun.dmtJ.c naa only tJ1e;n1t1cant 

at tho 10,"f, level 1n tho n..rot ar,oJ."1.amt and not igo1t1co.nt 

1n tho e om. 

·---· 1111Etgremas. ... ~ ~u 
conteat po unit ~ sZQlld aaa on leat 

ftHltN.l!Hd.OCIII t 8 aa.1:a aua OCl:lld.lrJIICI • 

.5t1 .4rma 

88CCllm ~ ?). 

; 

eJanSfloant l:lmlll'P ~-1d 

1'5.5 f i .5 Obtatm, (AWm'JIX f). 

a ooett.tolem ot 

918 ~NUS0n 1S.na ~-
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Fig. 7. The Relationships between Chlorophyll Conten..t per 

Unit of Ground Area ami Bate o! Dry Jlatter Incxease. 
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:,1 . 

ItJe Relat1ongh1pa stween Chlorophyll 
1
E9!lt9M per Unit of 

i.r,ound A;ei and Rate of PD' Matter wrease. 
The regression l1nes for rate of dry matter increase 

on chlorophyll content per un1t or ground area are shown :ln 

Fig . 7 . Data from both treatments were used in the 

caleula Uon or the regressions, and t he analyses are shC>lm 

in Appendix 8. The regression coeft1.c1ents and their 

sta:nclaM errors were 0.183 ± 0.067 tor experiment one and 

0 .319 ± o.o6o tor experiment two. The linear equations 

were highly B1gn1.f1cantly different from zero, but the 

improvement due to fitting a quadratio r1as not s1gnj.f1eant 

1n either case (Appemix 8) • 

When t he chlorophyll which was be1ow the 95% light 

interception level was excluded from t he analyses highly 

significant linear regressions with coefficients or 
0.304 ± 0.030 tor t he first experiment and o .471 ± 0.059 

tor t he secot¥i were obtained. The regression analyses are 

shown 1n Appendi.x 8 and the regression lines 1n Fig . 7. 



Bl7 tl\t$u; IPStESfAAA • 

In both eape:r1mento a aign1.f'1cant 11Dear rcgreoo1on or 

rate or dJ.7 mtter ~reaoo on leaf area 1.nde.x a obtained 

(AppotdS.X 6) . Apl)NZ.1.m.teq conatant mx2nam mtea of dry 

matter incroaee were. however. m.1nta1ncd ?lhen suf't1c1ont 

toUnge had been tol'CJCd to 1ntoreept 95."" of tbo noon 11Ght. 

'l'h1s latter t1ncl1ng corroapGDdcd with that or Brougham (1956) 

and suggested that asymptotic relaUonahipa woul.d have been 

obtained 1n tho presont etudy Un greator rnamber of ropllccteo 

had boon used . 'l'h1.s 1s supported by the tact that a quadmtic 

relat1onsh1p. a1gn1t1cant at the 1 } level. a obtained in t he 

ttrst e.xper1mont . 

Influence ot dead mtter build-up am dee~. 

· tson ( 1958) nm v1daon and Donald ( 1958) rec01'd.ecl 

a mxSmm rote of dr:, tter 1ncroaee at one rt1cul.a.r lent' 

area indoz 1n stanio or kale cna aubtormnean clover. In 

the pziescnt 1nveat.tsat1on adlJUl!\ mtea ot 417 t~ 1ncl"8880 

N •1ntalned over a mage ot 1~ us 1nda valueD. It 

"88 obaerved. nmllBVei,1 that 11U1111=m the ate of 41.7 •tter 

lnonaae oonatant tbe quanU'7 of ead matter l)l'Geent in 

the .nard 1nDJ:'eaN4 at a ate cQft19apocdSns "1tb tbe ate d 

Bo lDtClllll&UGD 1a 

al!Omlt ot deed •"- that w.a Pl'l8Nnt Sn 

taon <&oo, alt•> .us Da.ndND am 



» . 

that the mte or decay or whlh c1over leaves 1n unduturbed 

at.anc:ta 1.a vera 1'8.P14. and Pl'ace (1957) haa reported that leaf 

abeddJ.Qg began shortly atter a stand or l2Bft'm stem l<ale 

ccmpletely covered the ground surtace. It aq well be that 

the reduction 1n the ate ot dry matter accWllllat1on l'eeorded 

1n tbe otullleo of tson (629 , ;a,t . ) and Dav1daon am Dcmald 

<w, oJ.t . ) was duo to a N.pld destruction or <lead plant 

mtonal and aaa not duo to a g1"0lftb response 1D the plant 

ltaelf. Further work 1s bor1ever. necessary bef'ore a coq,1ete 

umentandtng of' the 01go1f1eanoe of dead DBtter build up and 

decay 1n postures an4 oi-opo 1o obtained . In view of' tho 

sapropbytle code ot nutrition ot the facial eczema tunguo 

P&;l}omyceo RbK.ta!Wl! (Bl'Ool<. 1961) this 10 of spcc.1al 

a1gn1f'1canco 1n Hew Zealand . 

Importance of the 95,.# light 1ntel'Ceptlon level . 

Studies reported by warren Wilaon (1960a) on the 

relat1onah1p between Ught 1ntensJ.t7 and 41'7 nntter 

acoWJUlat1.on 1n lndlv1dual. leavos support the contention that 

tbo relat1omsblp between leat areo lldex and m~ of d~ 

mtter inoNaae 1• cunll1near. 'l'beae sbolf that the 

1D.Uv14ual leavea ot IIBl\V o,JIOI) plants can build up sutt1o1ent 

417 mtter to ooapenaate tor their 1oaaea ot 4'7' •tta 1n 

reaplaUon 1lhen e,.posec\ ooot.1u1ou~ to a llgbt lntenal-

or 100 toot cauJJ••• At Pal.llaNtGa Borth the l1gbt 

J.ntemdtv on a hOl'lsantal 8IU'faoe at DOGD 1D atd•• 1 s r J.a 

ep'11,'0X2•tei, 0.000 toot oan:llea (Bn:a.asbla# 1958&)., W 

tuaue NOe1-vtng ot the noon Ugbt VOtlld be upoaed to 

SOO toot oandlee tor • ahoPt u.a lD ~ al.ddle or tbe d&J". 
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chlorophJ-11 oon'tont. At o leaf' area lnlaz of om th1a 

, s . 9 ! 11 .5 qpn. ~ 8qllE11'0 toot or lent uea and at a l.oa..t 

area imox of 80VOD 47 ., ~ 0 . 9 pezt tJQIJarO toot • 

'lhG <11.ffe~o bottroen tho tuo ~ can be expla1nod 

1n te1'1:!m at the phym.o1opcnl state ot the •Jcmley or ts.llero. 

lo the n.rst ezpol"1nxmt DO heodo wore t'one<l., Wile~ 1n tt'.o 

oecom ~ tillers l'8 1n t flaral stage ud the DeGn 

pero.ontase ot otom 1n the 11vins mttci- s noch pieater 

( 11 . 6 ! 1 .o 1n tho tls-ot experiment am 29 .4 t 2 .6 1n the 

second) . 'l'he tas.lurc to meaoun any change 1n tho ehl~ll 

eontent per unit of lent Ql'OQ tBN t huo havo been due to 

chlorophyll conta1ned 1n the otem ant ear. 

'lbe chloroptwll content caloulatod tor t he man critical. 

leaf' area 1Jdox mia 46.o t 0.5 ~ . P8Jt oquaro toot 1n th 

tlrnt cxperimont alXl 47.2 t 0 . 9 ~ . por oqua.ro toot 1n tho 

ocoond . 'lbeoo fislU'Oa are h113her thlln the ftgu.l'C ot }5 t } 
~ · per aquaro toot maaured by Brougham ( 1 g60). Yellm 

leav o re included along With tho llvil:IB onoa 1n the 

inv'estisJltl.oD cam.od Ollt by Bre,uglr1&0 (PN1, 9SP9•> and th.18 

HUl4 Nduoe the o~ll content per unit 417 elght. 

ocavuted to ohlOl"O()llJ'll oonterat PQ' 100 aquam 

am aecrcmd ~ta a,es,eot1~. v.eee.,. vu:, ldndlar 

to ft&aN• Obta1Md _. SeJt,o14 aid Fcle (1940) for a 

rambe• ol apeolea. 

c. 11>1 IIIIMlllllhlRI ali!l.9P 2NMPlll7H SkllhD\. RM \ldS s#z 
9'1m1 6rM 11¥\ IIM at PII 11\tv lnem:M • 
·11te NlaUGDlhlpe betllae.o ~U ooritent per wd.t G:r 



gl'CIW'd area am ato or dl'J' cattor Snoreaee GJ.1e atmt~ 1n 

t'om to the J.!Olationahua between loaf uoa .ll:dex. o.n4 mto 

or dry ziatter inal'OUO (AppeDttceo 6 am 8).. Em\m1mt1on 

ot t ho vananoe ot eatlmto .for the two experlDento Oh«1s 

that th01'0 a.ro no o1Gn1f1.cant dlffoJeDOes 1n t he or.r1o1cnc7 

or eottm.ting mto ot dlT mtto.r ine,eaoe t'ra:3 1eat aziea 

1Diex or Chl~ll content per unit or srount aziea . 

In tbo d1eouao1on ol t.he l'Olati.onahtpo between ehloropbyll 

content per unit of grourd 8.l'OQ &Di loat a1'0a Sndex 1t wnsa 

hCltJ~. pointed. out that tl".e ohl.orophyll content per unit 

or gX'OUld area s reduced e1sn1f1eanU~ an t he leaf area 

1ndex 1.DcNaoed rrom one to seven 1n the first egpe~nt. 

Xn thS.s RUlgO ~ leaf Q1'0Q 1rdex valuen the roduct1on 1n 

mto ~ dry mtter 1l'lereo.oe per unit of 1oat 4l'OB (net 

e.soJJJ1lat1on rate) would thua be aignU1cantq 6l"(Bter than 

thO recluctJ.on 1n mte of d17 aatter 1noroa.oe per un1t of 

ohl01'0PhYU . In the soconel expertmnt t hew ~ no 

slgnlt'lc:t.mt 6illm68 1n the ohl.oroptwll content per unit or 
leaf' 6l'G4 t? 1ca1" UUD lrdmt 1Dm'eaaed f°J.'oo 008 to seven. 

-.the N4'uot1on 1D net aesSl!d latloo ate would tbwt not diffe~ 

aSgntttoant17 hall the 1"8411Ctlm In ate ot dry •tter 

wr, ... per um.~ or o~ll. 919 ~ 

NCluotl .. In mt aadlll.lattGn ate am In ate ot a,­
•tter 1Do:r•N par un:lt Cl oblo.f0Pb7U ue ahom in 9lble 

9. 
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1n s1a1J.asa nud8 tn Feb1'ua.17. Jn Decembel' the nsura ma 

,o:, t 16 pei- squue foot . 'fhe b1gbcr tlg1m, at th1o 

tlm of year la eapla1nab1e 1n vtn of the lnCRJO&O 1n the 

o,levat1on ot t,lle aun a.u1 1n tbo noon Ugbt 1ntena1ty betlfeen 

Apr'il nm December. 

In oonolualan it la suggeatecl that cblOJ."OPIWll 

detomt.naUono oan plq a va1uablo putt 1n tunber amqtioa.1 

'lbo wso ot ehloroptwll 

u1ll. obviate tho o.rbiao.r., d1v1a1on or leaf t1.aauo into 

sheath an'1 lamna. or into 11v1n[s. aeneaei?JS aD1 dOBd 

h0ot1ona. and u.Ul. tmr,art a llttlo mDl'O precision 1nt.o 

gi-ol1th etw11o:o . 'l'hia u111 be or pY:At value 1n :3t.lg6eotine 

roaoono tor tho88 moro eltleJ.ve Changeo 1n not a.oa1atlaUon 

mtea az1'11n 100.t ott1c1enoy lndt.ces Whi.ch nor, rem.in 

unaxpla1nocl. 
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11 
15 
19 
2:, 

~ 

14 
22 
:,0 
'9 

F.x.por1mcnt 2 . 

1 
s 
9 1, 

17 
21 
29 
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APPENDIX Ill 

Sta,martl Error 
of mean 
(n s:r 8) 

rds cut to 1" f'l'GC1 Ground level . 

1. 90 2.,, ,.2' 
, .2s 
;:~ 
6 .)6 
6.29 

swards cut to 2½" frol:\ gl'QlO:l level . ,.:,6 
·'2 

5.95 
7 . 10 
7.74 

a out to 1" trcm growxl lovel . 

1.57 
2 . 51 

?·'1 .67 
6 . 15 ,.40 

. go 

SlllalG8 out to 21• he gl'Q.IDS 1eve1. 

,.75 
.57 

o.o, 
0 . 10 
0 . 22 
0 . 2, 
0 . 17 
0 . 2:, 
0 .28 

0 . 14 
0 . 16 
o.:,o o.,, 
0.}9 

o.oa 
0 . 14 
0 .27 
0 . 17 
0 .,1 o.l o. 

o.41 
o.trr 



y 18 

X 1. t 

Ex r1 nt 1 : .illC! IA:U!'l::1s 

Sy • 28.88 

1 . 10,0 

p lX IV 

t to 1 

C 

SSx O 1079.87 

y - i ~ b ( - i) 

s 

n :s 8 

18.60 

b C, • = -0. 0172 

y -o .0172x + 3 . 9'()4 

.s. d .. 
• •• E t 

I 0 . ,1 2 . 5 .. 
.. 

0 ,OS 
' 

T 

• • 



~t2.1 

y o ...0.051::,s + 4 .• 14 

Sc:uroe s.s. a...t.. M. S.. P. neoult 

~001.oll 1.46T/ 1 1.4677 12. 48 • 
El"l'ozt 0. 5882 5 0 . 1176 

'lotal 2.0559 6 

¾ C ! 0 . 0145 

'l'eot tor dU'teronoo betuoen 1"Q6r8S01ona . 

Soul'CO d.J .• SSE SPq ~ SSil d . f . l. 

E:p . 1 1 1079.87 - 18.60 1.. 10)0 0.782:1 6 

Exp. 2 6 557. 71 -28 . 61 2 .0559 o.588, 5 

1. :,710 11 

'lotal. 1, 16:,7.58 -41.21 , .1589 1.7':1'19 1a 

I 

SOUl.'O s_..s_. dd'. .a. P. - -~ 
-

Dlff- .. :_._ 

be o.4269 1 0.4269 2 . fl2 a.a. 
- -a1 
---- OD8 

I , 

BNUual 1.:,710 11 0 .1~ ' 
---· 

I 

'l'otal .7m ta 



- s d . f . .s. P. ~·----'t -·----- ·- .,..... 

=-.... -_ _:::J.on .1274 1 1 . 12?4 .89 • 
Er,ior 2 . 1"4 1, o. 16:,4 

'lotal , .2528 4 



APPEUDIX V 

area moo.~ 

~ chloro~ll 
content Pol- unit 
OfsroµDSUGB 

r:iA/eq . ft. 

ExperiJ:xmt 1 • Sf:lal'dD eut to 1° tram~ level . 

' 92.8 :, .4 
7 116.i 2 . 7 

11 154. 2.5 
15 164. 6 2 .6 
19 212. 1 ,I·o 23 ~ ~ !A 29' 

St':1al'do out to 2/l' f'l"Ol!l erow¥1 levo1. 

14 172. 1 4 . 1 
216 11 

22 270 ,, 
,0 , 12 10 ,9 ,2a 18 

~nt2. ~ cut to 1" t-rom grcm11 level . 

1 ~ .6 , .o 
5 1 .6 2.8 
9 ,~.6 2.7 

1:, 21 .o 6 . 1 
17 289 11 
21 l~ i, 29 

Slluideeut to2i* tl'Clllpaud lfmll. 

16 ~ ii 



APP£11DU Vl 

Anal11JoD ot Npeaal.Olla of l'Gte ot d&7 ttor 
1ncJiaa8e OD 1eat A"8 Index 

ta prooont.ed 111 .,ioa t au1 5 and AppenHx :, 

y S.a mto ot dl7 tter lnoreaeo (lba/ncN/d8¥). 

a lD J.eatuea Inda. 

~t11 

'V - i • b (x • i). 

b O ..... +1.,15 

V • +1 .}1SZ + 11 .667 

SS duo to l'OgrJQoa1oD o£ y on x o b s~ o 2140.59 

Test t• ~e ot lSMar ~on. 

SouPco s.s. a.£. M.-S. F. JteDUl.t 

Boezoao1on 2140.59 1 2140.59 51 . 1 ** 

Er.l."Or 419. 17 10 41 . 92 

'rotal 2559.76 11 

• - 1_.oo:,_. 

1 • 



$&1, 1 + ~ • SPq 

~1.~ • ~ 

b1 II +18. 2172 "2 • -1. 149 

~ • +18.22 x + <-1.1s> .?- - ,o.,; 
b (~) + b (S~) 

SS duo to OUl"V'1llnl30r ~aa1on ~ y on x • 1 2 

0 2274.60 

Scuroo~ s..s. dJ-. .s. P. Beault varitltlon 

Quadmt1o 
~as.on 2274.60 2 

JAnoe~ 
~ooJ.on 214o. 59 t 

Quadatto 
~ 1'4. 01 ' 1:,4. 01 4.2, * 

~ 285. \6 9 }1 . 68 

'lota1 2559.76 11 

• 
! /~>- cmJ>2 

• t s.,98 

' • ! 

• t 0.56 



"JI • +15.8'7 + ;,4. 86 

2. 

~ • - 1.570 

• 4 • .t. • • F. t 

1 16. 1 14916. g )2 •. 7 * ,,ss.s 7 455.5 

u.o 15405.4 :? 

"85.5 1 485.s 1 . ()() • • 
2700.0 4SO.O 

18105.4 8 



s.s . 

10. 

C 

7 • +43.54 + 4.94 

t t OSgnUSJ t • 

s .s. • r . • s • ,. t 

2 92)7.76 1 21'.1Z$7. st,8. 

20 2:}:, .71 

1 223911 .9 21 



• +4o.46 X + ~ r, 

ti' t a1 

s d .. £ . .,.s. t 

69()82 .• ,0 .,0 .9 

845.)2 11 76.85 

69927. 12 

- o. }49 

Y • +48.7'2 X • 9. 81 

1:u,eega 11!1~-Gl~GO 



1 1 

). 

unit 

A .. -

'II . 1a,2 + 6.:;ecn 
t ,,0665 

t.to 11 ..0.:,556 - o. • 7.510, 

¾,1 o.1;;a, 

• + - o.o,22 

0 



Sat.lricc 

LiDOOI* 
rcsrosoion 

BlTOr 

- . 
Uc 

res,eam. 

Quadrot1c 
lncremcnt 

· ~ 

fl'otal 

tsnear y • ..o.:;189 x + '9.6, 

8t, • ! 0 .0595 

Quadmtic '1 • .0.8269 X • 0.0982x2 • 10. l&Q 

s.,
1 

• :t o.ff7, ~ a ! 0 .0527 

s.s. d.t . n.s. 11. Bernllt 

14559 t 145S9 28.7 •• 
}5116 7 507.6 

15859 2 

1:,00 1 1000 J..47 N.~. 

2246 6 ,~., 
t8t~ 8 



EaperJ..mont 1 1 

SOUcc 

BQgNeai.an 

El:'J:Or 

'fot01 

Sol,uace 

- -a.1on -~--
BrN1' 

t.l'otal 

1/ • +0. 3()4:, X • 10. 2518 

s.s. d . t . M.S. P. 

044.» 1 2344-" t04.7 

201 . 49 9 22.:,9 

254S.8a to 

+ ¾ • • 0 . 0291 

y C +0.4.106 X + 14.85 

s .. s . d .. f. M .. S. P. 

14417 1 14417 6,.YT 
1'65 6 2275 

15782 7 

Beeulta .. 

R::~!t:. .. 
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