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I 

A 

W O.OOCTIO ,. 

N Zealand 1s e ae t1ally a l d of' paatut-e • Ope t » 

relitmoe 1 placed on p · tu~e for the .sus ena .. oe ot etoc 'I 

t e f l'mer 1n ll ze~·1an- tho.n probably anJ'W}le f;)l 1 th 

World. Th etudy o-r paotu.re ie thorotore of pax,amount 

orta o to tb n tton l wel.ta~e of Ne Zealnnd and tloir 

unprov 111 be ~eflected 1n rats ltvWg tand rd.a 

at the time ill provide more food fov he hungry orld 

of today. 

T re 1 no doubt ·r t ew Zealand tavolll'od by an 

equabl cltm to and ell 1 trtbut d rsinfnll hich enubl s 

her to deriv con ider ble portion of her •ealth from 

gra land• N v rthelea e bsve had to adopt t ming etbo 

to ult the nv1ronment o th t th Sl"' ate t benetlts may b 

derived tro the n tur 1 o.dvant gee with rhtah New ~~ alnnd t 

endow d 

N ze land has proceeded o long . ay i oe th<, arlv def 

t her ~ ing when little wa known of the env tronment 1 

r quit- ents of tndtv1du.al atu e apecte.s in o.rd r that t 1 , 

ny produce to t 1 tr x1.rnurn. It 10 \Ulgu at 1on bl. tba. oh 

o~ the p o e ~lready made 1n , a eland hu.sban y in this 

oountl'J 1 du to the 1de r n of trtal oond· cted by t· 

Depa~t ent of Aglticulture snd Oraael D1v1 ion, n.s. and 

I.a.,, p t1cula.rly oter tho last quarter of century, 1cb 

hn n learnt . the pa t nd tnv st 1g; t tone be 1.ng purau. . 

at th p~esent tun •ill no dou t be refl cted by improved 

ethod& of gr esland htisb ndry 1th con equ nt incre& d 

paetur production 1n the fu.t'Ut'e. 

The o~igt.nal technique of pa tu~e eotablisbment ae to 

o a 1d range of specie tn the hop that at least on 

pee t ould p re 1st and fo o. a.:rd. Th 1s id a eh n ,d. a 

the tal'l.1.n coll1ffl.in1tJ cam to ltllo the onv1 •onm nt l conditions 



eae arr for tho perst tenoe and p1•oduetion of tbe tndivldu.al 

In th 'I ed m1xtures bcoam sim:,lor oontain ng 

tho p ci entt d to the pa.l'ticul r enviro nt of the l nd 

bein l 1d down o p tu.re. Ho ev r 1 d.espit th sow1n of 

the cor ... eet speci o ther a • nu rou othor f'e.ctors al'l'ant 1ng 

con 1d r t1on ber re h P· ti.re pi:oduot1.on c n b obta.tne 

'.fhus d of pa tt r ta.bl hm nt and pa tul' mana ent 

I ,e b en 1nv stigat d entl tmprov m nt have en ttect 

th ugh. th application of th 1' oult bt tned.. Br ed1.n • 

o k o the rno:r 1tnpott ant p tu... apeci ha en pel'f'Ol'tll d 

and. eau.lta t bnpl'O d tr in ha b n m av ilable to tb 

fa »- p r 1.um t h s · c rt1.f'1eat1on ohe. 

Appltoattona o~ rtttiotal 111zo~ ha also pl yed a 

jor p~t in h \mprovern :t t N z · lan • p at r o. 

I't t.e v tdent. fttom th ab t f t ot re · reh in Now 

Z aland, dtvec· ed t ,.i:rdo !mum Yields of htgt gualt.ty 

hel'b ge, hae con 1dei-ed only tho bovegro n par o~ th 

p tur pl nt • ll ev r~ it mu 1 be ~emember d that th 

abo gr und p rt of plants are dependent on t e undet-gl'Ou 

the stor.ge 

of r etve ell as acting s a aechan1oal support for the 

plant. ore r. 1 ha bend nstratod that there xtst 

s1go.tf1cant int ~r l ttonshtpe betwe n lea~ pzsodnot1on and 

unde~ground dev lopm nt. When o e eonatd r that tle in 

1m f gra ltmd bu.sbanurv 1s to P-04u a maintai. 

xtmutn produ.o to" o~ hi. gu.- 11tJ hel.'b, 8$ th1 i. terr 1 t1on-

allip thus lndt . t th at import no o:r th erg110u.nd 

part • Th •efore an und r ,tr:: dtng o't the funet.ion of roota, 

t 11' _.el ti nship t th o'V gro org n and the Hl pon 

or lants to the ~a ion enviro ental sotor a ectin· th 

~oot ls ~r cttc lly 1.ndinpen ble. 

e 11 ~eollze that child hna to be nu sad tf it 1 

o Em.J:ivtve and ~it into pace in this worl. The nme i 

tl'Ue al o ot past a. In the stabl1el ent period of a 

pa ture it ha to b DUJ.15 a. O that 1t will ulttmat lY 







t 1n el' of th p er. 

J eqtt · a ( 1) diecuaee th typ o:r r tcf of th.e 110 1 

(1) 

(2) 

(3) 

Pul'clJ b ~P 1vc rot. 

Stora a ell absorpttv oot • 

A type interoedtate b tween the o v • 

He &tats, 

the typ 

fU.11 1nye 

1 t111 n :t.' ot e nject !-lnd regu 1? eo to b 

H of he Gr 

1 tinct roo yaten's nd 

ypo of' root• When the a . 
~Unary .t'Oot ar tc develo 

1n l'OO't lld tb ,. br · 11 • 

dev lo ~ ot and in aome caa 

f. . ily posses t o 

·Oh e dtatinc 

... 1nal or 

t eever l 

r ry a tnal ~oot 

tni l root 

:tt 1 lso 

ln tho rn j rt. If of e a a. ho 

after t ., app aranc o~ the 

r p.1 ary root. 

·n l root d ~elo 

1tnal."IU a inal root-. 

e lateitnl roota. Unfo:etu el:, t e u · of th1 te 

y led to .confusion 1ri th t branc of the nodal roo nr 

ref. rr d to lntor-1 roo e Thu fi 1' t 0 of 

Olfllll J the ter 1 toot 0 th s inal root syst 1ll b 

t"efe red to tho lateral inal root • i@.tr 1 illus ).'ates 

th ae v tou typea of .roots. 

Lat r o tn d velo -ent, ore e peciall en t planta 

g1n to ttll r, root 1 t begins 

at or nenr h 011 'tll'f aco • Th l'OO 

t 1e conda111J oot ey.stcm• O b r te1'i1 

:re o~o roota~ d nt1t1oua roots 

1. det' of th iS papel' I hall 

o dev 1op fr 

y t 

l 

known a 

•O t .ae ot 

t. Thrugh 

l" o th es nodal 

art e h n a lt t ts gt.ven b lo of tha- t rm Gd 

an tho rnon~ met with 1n th lit atu.i-e on l'Oot avo -em• 

• 
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Cr 

-~ ~PllF.JW ,Oi; 'JM 8 

a 11n-= l o~ 

Prtm y Root 

Sy t , 

tipon ge 1na ton rt ibi-yon1o plan p 1ou ly do n 1.u 

t oeed d. Plant of he g'l.'·8 tamtly po GOG 0 

dtstf.nct 

s inal roo vat de~ l.opn _ dtately upon 

·o • The 

tn tion and 

usu.ally co ista of' oe er::11 !'oots, th numb '# of whteh dcpe1: 

n the a of plant. 

A.coo inl$ to :P lych llko ( 2) 11U1:nne11 of a 1.nal :r-o te 

v i 1n n 1,0 l 1tn it and 1 apparently rneQ. by 

d fi ite n i f c or . T toll.Owing_ ext~acted ftom ~e- lt 

o tat v b htm. sup ~t hie st t anti-

Av na. flaw.a ( 11 o t&) 

A've t1 Q. (Oultiva.t d o t ) 

Tr 1 t tcum et i tu (Wheat) 

s c l c l'e le {Rye) 

Hord 1. ttchon ( 

5 15 ,30 5 15 

Rao per pl nt 

,.1 -3 5 

,.6 • 5.0 
4.5 • ,., 

G.5 - s.s 

5 15 30 



• 

the, it . 111 be observed th.- t the numb r of o nin l 

ll 11 1n the pe nn tal gi,asa tttd 1 th.an 1.n th 

~""'.nl . l w t · crop • How \fe , 1t mu.st b r 11 od that the 

abov 1.gurea op ly only to the co dttiona unde~ tch th 

cx-pc~im nta 11 r conduote Envtronme l ctot- t oh 

cl 1m te and soil oond it 1ono modify th ver nut be of 

iwto.tton · 1th1n pee tee 1 limit d Ullder 

th 

OaU (3) w1th 'J!l spect to heat t te that b th 

lls. At appxaoprtnte tc pe~aturea th embryo e 1 to pusb 

oul both th. colcoi-hiz nnd tb.e col opt1L , th former oce hat 

more r pidl.J thnn 111 -latt 1'• The a d coat 1e ruptured• the 

ooleop111 tum& upwnrd and h l}rimerJ ( o . i: l) root ptcro 

t e col&ot- t~a lld turns dowmiard. Shortly after ll pi- ·ff 

( inal) root ha pi&Pe d the colool'lhi~a th lo r pa of 

lat ral ( s in 1} root r through he ax1 oorte , ~011011 d 

noo aft ~ bJ the ocond pa~ · 'C l tel' l ( . t.nal} root ;Ju&t 

:hov the fitt t p tr•'' 

The young oeed.ltn ie entirely d pe.d.e ton tb.1 oem1.no.l 

root 1 t untU 1 to~, during the p tllor1ng• th 

eoond root oyst , the nodal ioot u t , lop f~o th 

l we?' nodoa of the) m in a'tlem and of the t1lle a ow the 

nodal ,-oot ay t ts tabl1sh cl tl. etninal r ot :,ot ts no 

l nee~ n abaolute nee sstty, 1t finally ieo nd tt pl.ace is 

tak n o~or by th nodal l'OQt yst • 

'fo -pprectet :t'ullJ th 1.gni.£1eanea f n tnal t-oots for th 

U11V1vnl of a plant ooo must recognte th t during dc~vlo~m. nt 

prior to rgenc th size of th pl.an't ·inore-aeeo ab u to~ 

tsmes. Thi. t.s uppoia ed by .. eu.lt Qb a1n d tn a study by 

Pavlren nko (4), 1rhe scm1n l 11oote of vaition.e crop plant t 

emettgenc ere of th tolluwing lengtl,u ... 



Sp eie 

rle7 

nn 1' o t 

ln Oreenhoue 

12.62 11;'3 • 

14.75 " 

G.G " 
6.95 " 

Wit re ot to l t r de-ve ... o nt. 

In Field 

13 " 

ave an Zink ( 5 

obta1.ned tbe follo tng ft e or 1ng wit 

At 21 d ys nf'te21 pl nttn ihen ·the pl nta 

high th so ina.l root er- 6 to 10 1.Mhe 

a tt~.lero e.a: only just ..,ginnin to 

bout 8 'to 10 inc ll 

Vtu-1oua gr os a. 

1½ to 5 1.nohe 

~l"'·d l roots 

t 41 day 

el.1 tiller-e 

At tbi ta s m 1 roots r a~he--a th of 7½ o 27 
tnche o.nd tn odal oots ere often eguall~· deep. At 90· to 

123 days· hen the waaso r 9 to 19 ohe tall. th a tn·l 

o s . despite o:r nod.al r ot , xtended d cplf 

nd frequently t 24 inche in~ pth. tor suopie x.amin t1on 

showed bout he :t:r to wo-t trds of th e c- nal root sy te to 

e 1nt t. (Ba ,don th condition o~ the cert x). 

h n e~ve to ndic-te t e tr m.n ue These igu e 

de elo , ent o . he .. to l roo and ow tnportunt hey r - to 

de• 1opin plant~ o en un 11th,~ uch ar- g of thvoe onth 

t hich t1Jn t nodal r~o eyst ta xtenstv and ful.lJ 

nctton 1. I will also b realis d that nnr 

tote 1n l ~oot y t p io~ to the d •elopm nt ~ the nodal 
r' 

roote ill ea.UD 

ea ed to b 

the de.t of the plant. ~ 

1n 1 root yo\j 

begnn to de elol) may have ee~ 10 

of th plant dep nding, ever, 

nodal root 10: e v lop a.. 
• IrEl!G 

Stac 

onee be nod l Poot ha ~ 

etteot on th .10 ent 

n the t e;e to •• toh th 

uch T!lO!\ dt.tficult ehn1mt 

wl 

rot, 

The aem.in l root 

· l roots, main~ a d1 pu ~d guc t ion. 

ar of e de 1-goot .d a · t porarv in 

ner t xt book,$ and even in spec tal booka on grc ee :} of 



10. 

rece t pub 1 t !on illg that 

on ... .u .: n to Robbin 

{6) 

t . n root r 

bl + 1p r " c plants • o r cently 1t 

"Tl. nctton o th amtn l root 10 t 1 o ry 

tnt.,, ! 

1. t 

p ov 1 ... r t e u.pply o:r t o 11. L t r on 

it die •" v1m v root · c a only o. 

t v ge tnatt 

roo ( l roots) produc 

Ho e l', obeorv tto 

t 1t 

fro .. 

· l e being t n by ,vu,M-1~'1/ 

h young cu • t, 

x P1mental tal have ho 

th t 8 in l l"OO Y t 1 b ~ y 1n .. ll 

MQffll'""'n8 of the Gz»•unlneao f, 11y n ob - '/!Ve n 

re eh1ng 

Loe 

in on only th e 1nal ~oo yo+ • 

Clar.. ( 9) ob ~ d th t 1 two J:iY nt 

nst Dees ti- ely dry sur:t' ce co111 paelting or cruot in 

of th otl p vented no e elo nt of h 

th nal oot ntoh 1d :fie 1. n o lstur to m· i'ntain 

t e pe nen 

( 10) tound 

l nt o atul't.ty or u t11 rau occu 

oot develo~ed no ally. nd 

nd 

11 s 

ro ch put tion tu ee tat e h t plan ay 

p ocluce upon th . in l 

roots. s onds (11) ate t t d t t thee 1na1 

root r 1n !'Unott D l t rou 11.fe of th pl nt. 

ra sovstcy ( 12) working on th pby tolog1o l cttvity of 

a 1n 1 root demon t- tcd t at the eemblal roots of heat, 

b llley nd ry e active up to h tllne ot h rve t. sult 

obtained by P 1yehonk (4} tn stt1.di ove~ a period of ntn 

years gtvea oonclu 1 e videnoc, that, 1n anmial ~ s 1n 

arid elttn te , a 11.nnl I'oot 

gro tng e 0111 nd hat 1 

frequently the only roots su 

to o 1ty. 

1\1 etion throu .. bout tl 

or po~tant. thy r~ 

rtt _ the p ant 

enttr 

Th bov d al 1th ann o.l p .cie • -.<.Studt s on tl o 

1n 1 root of pe~ nn1 l ·r o~cs ar ry me • 



Sto rt { 13) 1n 'i93!> found that the e i.ool roots of ~~J(.,Y.I.~ 

fureatns till l tv/:!,d to an n o 18 month nd ao e v; r 

fnnct1.ontng Qt th end of two yeOl.'a. '.rI indicates t th t 

th er.it.na r--oot mar live in e:xo a of ,o ye ro. Rapport 

( 14) roporte that the tap root ( rm. ry 1,3 1nnl l.'oot) of 

Lolll!m nn was di oe1ltl ble flft r thx- month and 8).--0wth 

till ·proceeding. W av !' and Zink ( 5) o sex- d -that th 

s• tnal roots of' fourteen p rennlal grass s e~e Uewllly deep 

nd p:1.1ead w 1 ly wh 11st tl1&y r a 1nea. al i and act 1 v ae 
SO,xtb tng Ol'gaDS ~'I! 3½ to 4 n10nthe 

th a.bo~e ev1deoo th n, ono can eonclude th t here 

the el1ntat an otl eondttt ns a;p n.vo\W ble for n dnl 1'00 

development th a f.nnl xaoote die• onoe th f'omcr ar cap 'ble 

0~ &Upl)Ort g h pl nt. '!'ht llfl8 appUX'ently led to th 

con JJ,.eion ha the o tnal roota S1'e temporary. Howe1' r, 

h re 011.mat 11 o nd1t ons unfavo bl , or whe~e 

xatif1oi llf induced oonditto ho.v r.,tom o -l root 

development tl n th 1 ngth of l of th a 1n l :root t 

1nareae d• 

T sum up h n one m y eay t 10.t th a • inal i-oot y tem 1e 

no ~ lly ahort-11\t d but ttnder · Vel"ae oondittons 1.t r 

por lot foJ.l lon x> r1od and , y v n ollo he lant. to 

r acb matur1tJ. 

D llLLBm ,, A1t~ l!RJ!'l ~Fl •' •, 

!h& 1nte~r lation hi.s between th 

tille1'ing hav not been thoroughly 

o Not svste ~ and 

Reau.lta 

obt i ed. on this a.s c by~ :x-iou o~ era x-e uau.aUy -entio d 

moro OX' le incident lly to 

Olm ted ( 15) obaerved that plut t with no nodal roots 

ere etfU'ded t.n S'J'.'O th aa compt\J.l d 1 plans e ~1.ng 

f\loottonal no l roots. Gl ndt.nning ( ·16) found. that tillel'1ng 

aa eloa ly ascoc toted w 1. th the esta ll iGl~ t of the nodal 

root eyetc u 1l'l ]{gt , ·OJ29Bei\a McCall ( 3) ent ions that hc~e 

the no l roots 1:a1l to d v·elop t he • pl.a t do~a not t 111ett 

to 8.nY, extent ~ n t ouell the seminal r ot rste 1e c P ole of 



o J1t1 th nt to · turtty. 1,cco "1.ng to ieav i- ( 17) t 

rodnet to of t 111 r... ts euce s fill onl : en th~ nodal oot 

ay t _ en trat into th mo 1s so 11 and t t tnc ed 

dcwand for t • 

nssov y ( 12) det 1n$d th · t the 1.nal roots au y 

prinotpallJ he ma1n t and th$ no l root th tillers. 

The r 110 al of the 1nnl root &ut1ng the p tttod of' st ng 

de reseed the develo nt o'f t ma 1D t and engthe ed. th 

orloctof Y etatton mer aa t ere ov l of tb nod.a roots 

ch ck d ttllertng and haotened m turtty. one ean. n the bao1 

of as o kJ•s ~e ult, d.r t e oo luo ion t t e oem. t al 

~oo erve th whilst th ot o lY the 

tiller• 

I 1 v 1 e t t en f.t'O the bov$ tl t t e l'emo o.l '£ . 

n l roo'ts or t e fa lux- of no l root o e elop• hna a 

d 1 it ottect t1llertng, .1n t w.t tiller p duo ie 

snppr, d .. 

• m. W9~ \titt qP TA§ YMJous .c pOTs,, 
I t of pa .. tUllCe l er o cons dei- t 

to y o~ the Gr. tneee f Ur 1n 11elat 1o ~ tho inrportano 

o ' 1ou root • It a.a en to.te th the 

.. rinl!. y setntn&l l'oot ts h ftx-et root to ppeor followed by 

th :f'tro and e ond pa ua of l eral aem 1n 1 root • t n 

1 er d te h ., nodal roots mak an np1,ear noe nd finally t nd 

to ~ v r t e t tona of the elll 1nal root a 

oC 11 { 3) at : n A t f'ood pplJ oa t endospe 

1 oonvey.d e ng t seutellura tr OQ• r ct l'Oute 

le s to the trst node nd. into he coleop l • '.r e ti0rt1on 

of the rao • p s 1 on t e :ri .:, t ode is eh lorgel' 

t 1an the ra h s lendtn.g to th coleopt ·1 • mhuc 1t appe rs 

th t th eou o t ion of th 1 c-.· ls.P.g trace o the n ,de tnsures th t 

h p~tm ~, 11 au 1 h .rte11nle for 

f!J! th." Tl v t \:, · t that ,10 t rwrker bo.vo 

o s r ed th d o t~1 of' c. e p!'1m y ae · tnal oot to e moot 

r p1d.• Oall (3) howea this to b ·due o moat tt1cient 

oonduc t mg aJstem wb ich connect the first node to e.ll the 

• 



bundlos of the root is. Th ooleopttle. in hat. lo 

some b t alo 1: f.n erowt ev n though tt ta aonneote dil'eotly 

to the food Stlpply nnd ia probably due to the f et that the 

col o~t1le nae only o bundles auppl~ing tt and d,pe on 

diffusion to a lcx.- xtent. 

Th ft~st pa1r of later l e 1nal roots 6%" lo direct 

oonneeted io the rust nodal plate and ae u reeult they ar 1n 

a posttion to draw di otly on the lnb,.le tood nnppl.y. 

Co oquently they _ .r a) t tmrnedtately ter tle prilnary 

a tnal ~oot a · _ J gr t11 o t . i a.lmo t s ral)i.d thr1t 

of the prtnary s innl root. 

Tbe second p tr of l to~ 1 1na1 roo a fro< tly do not 

develop or 1f they do o they art, rauch Glo~ r tn growth do 

not bcoome a exten tve os th primary and fir~t p tr ot later 1 

eemintll roo a. In too c.i e o · h a '"cCall ( J) aya tha .s 

1e tb result or the le s '7ourable pl cement o'!: th 1n 

. r lnt1on o the food torod t.n tl'.e endoepe • 'l!o t' • oh them 

the food must pa e 1th.er from the t:l'at nod O- th.t-ough the 

relati ly allcr conncc ion from the coloopttle bundles. 

In the toX'lnor oaee th 1 hnve to compete with tho pl"im f!Y ncl 

tu t pnlr o~ ll\teral a tnal r oto and in tlle latt r o e ·1 1. 

&uch struottirea ae to coleoptile nd the plumul~. hat the 

ount ot food mate ial v 1.lnbl. 'through thos channels 1a 

not nl.wsye adequate ts aho b the ~act that in Q la.i- IlUiilber 

(:)f eaaee thia tr do wt d velop or if it does d.$"'elop 

their slo\'f r gl"owth shows th r-esul t of thet.t, lee tevo able 

poettton. 

From t e above, aom basis ts thu give for th r la 1V 

dev lopm nt and extent of th vav1ous n inal roo o. A a 

l'eault. the v luo o~ the vat4ioua scmtnal rout to th l _nt 

varies ~cording to tl'l! 11' ub1.11.ty to d v lop ;Jt110kly and 

Sallana ( 18) found that th va.r-ious root of tb he t 

plnn contrtbut tndepe den ly qf e oh otha~ to the iater and 

m1nornl sup ly of the plant a indt.cnt y the 1.nal ut l 

of gl"atn. H1o data given low tllust1iat ti, t, of th 



seminal xaoot&~ th -prtmnFy seminal root oontrtbute most to t 

ftnal vteld. The firat pair of late~al 1n~l root Pc of 

npp:eox A tely equal impo1:tance whtl t the second pair of lat o.l 

tnal root ore oi-· much l so tmportance. 

J\mputot1on Treatments 

Non 

I'l'i.mal-V eemtnal root 

1 t pail' ~- tc,~al a .inal roots 

2nd. paw lntei-al n tna.l roota 

All w1 roota 

.3.555 

3.602 

,. 2 

1.535 

2,.075 

1.605 
1.855 

1.860 

1.220 

1n 

111.tt e eeo that t -value ot the s tnal i-oote 1a clo ely 

linked wtth th tr d V lopment. 

'.rhe oontrtbut 1t:>n of the nodal :ttoota to th whoat plan a' 

yteld of g1'-ain t much mor v tabl than 1 the case wtth the 

1nd1v1dn l min 1 voote. 6allat)S ( 16) tate , itAt Sa katoon 

1n i939 the nodal rooto tnd.1v1du lly w re eas v luable thnn 

the othel' olaese ta.ken etngl.7. ln the agg1-cgat, ho ·,verJt 

they cont~ibuted 61% of th tot 1 yield• At Indtcm Head in 

1938 they contxai.buted 63.6% o~ th total yield.• With 

r peot to ,artabtltty in 1929 at Indian Head the nodal rota 

produced 6,5.,5% of the check yteld whilet tn 1930 they produced 

only 3G% a much gra 1n. 

!he ttnoovtano of tho e.. 1nal 1-oots in the sarl1 at~ o 

of develop nt w~s supported by further w ta o:r a t.mmondo nd 

8 lla ( 10). In their o~k, amputations of a 1n,-,1 i-oota 

on 21st July r s lted. in no zied.uotion ot yl ld h vea 

aniputat lo on June 9th oauscd a lose of 64% in yt ld s shown 

1.n the controls. At th latter a.at tb nod.al X' ota were 

ju t velop1.n ~ · nd o~ not 1n a posit ion to t ·e ov ·,l' the 

upply:tng of at r and mtuerala to the plant. a:enco the eQrli ii 

in the d... elo-pn nt l eto of the nodal ,:aoots tho t the a 1nal 

roo are amp-ttntad tb mor mar-ked 1a th loss or these roots. 

KraesovokJ ( 12) found thnt 1n beat, barley nnd rre w.t 

the innl roote we~e more ettectt•e 1n ater absot'Ptton. 
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t10 or in al.mo t double the ount of t r 1" un of y 

eigb in c mpa i on to the nodal roots. '1:111 tu.zwther 

th 1J, l't e o-£ he se tn l r.oo ,a e in onnu l 

gr in oro • 

1th spect to pex-enntt l er e.s ve'JJy l1ttle 1. kno n 

about 1m o tanoe oft e v •ioua voot • b co t~nd1cto~y 

vid noa beon pu fo~ a.rd cone 1•ni g th perotot noy of 

the e 1n0.l roots d t ht has no doubt l d to tbe b l f tbn 

they o~ no gre t tmporta.noc to a plant onoe tt has 

ea bl1she4. Work ployi'ng amput tton stud1 o 1ld no dou1>t 

help to clarify the ltion. 

P • OOlTCLU§lO ~ • 

We have oeen th t the seminal roots 

to· nu.al grain orope ott n nablin them to ~euob m t1r1tr in 

the abs nee 01' dal t-oots due to unfavour ble .conditione. 

no e1 .. , 1:-eduotton tn rt 1d cind ttlloittng r oulta , th the 

no , v lop ent of th nodal. oo • Vol'k by S ond.s a1 d 

Salla ha illu tiiated the relative 1! po1ita c of the ~ r1ous 

root to the ,hut plant 

o_,k o p .. ennt l gro. c., 1 

be -n sh wn thut tl y al' itlp.o 't 

J!oot . :v dG-velop..., .. 

011! ht oca;:wo bu.t tt ha 

t at lea t unt1 th 1 d-1 



• 'IPTIOff III, 

Pp!, ll1ARY .PD'ESTI~A'fIO s. 

A• ~ ·RAL DESCRifTlOJ!t 

A prc11m1nary experiment to enable oboenationa on th 

ge rnl dev lopnent of the root sratems of vartous speaie and 

var1ettea to be de, vae lald down on th 31st a»ch, 1949. 
Obsen tt.one on th 

mad ,-

Perennial ryegrtte 

!ta11rm ryegr o 

'foo oomba grao 

Creeping b nt 

Dryland bv .wn-top 

Brown-top 

ot rsteins of'" the t'ol lo tng ette 

: J&;\ iym P9£6tu;\~ 

a Ito l ly. I mu 1 t ·u:12mm 
Ph9laris ts~~rgs€ 

l !6!2&118 pSolopim~ VPPa co ,pn2l~ 

: As:qeti§ tsPS\~ 

AsEgat &a '\2nl1i1§ 

Th a1n obaervatton or concerned l tth th xtent and 

number of a in 1 roots, their dt£.Ut1ete~ nnd t root hail" 

ov lo_ ent on both the 1nsl nodal 1100+. Drain 

ot the root systems »e mad! ~o~ all plant lttt d. t1f'ting 

~ ca t-1.cd u.t a., pproxbnat ly four &tJ in ervais. 

B. m d n~AL '.1fl9I?t 
The area o hie the ex:periment ao laid. d n wa 1u 

paddo :folll', Mas er .Agrteultu~al College Datrr Parm. Tb 

area was 50 feet by 30 c t · in size., reasonoblt aheltetted and 

le'fel. 'l'he oil 1 desorf.bed as o. atu sandy loam• being 

of htgh fertility but aho in a paatu~& responee ·to eu.perp o ph~te 

aDd lime (19). The rea hod pr vtouel.J been veset hle 

garden. '.tb.ts na >loughed in .axch, 1949 atl4 o~kcd do n o 

n rubbly condition. R lf the G~e s fu.~th r ~ked down by 

boetng and ttak1ng so that th seed t'Or the n tto.l. root 

o>eerv ttone could be own on the 31 t M ~eh, 1949. The 

remaining half" or the urea was left in fallow, b mg oultiv ted 

t 1nt rvals to keep gormtnattilg ede tn eb 01. 

R fcrtllizel' w ~ pplied to plnnts 0£ th1a pr li.minary 

inve 't1gatton. 



When aced of' the Oramtnea f~..rnilf ts planted shnllow or 

-v1hen it gevmtnatc 1n the light• bot :r ot yst ·m l'e oloa 11 . 
connected, the nodal root 1rrounding the seminal roots s 

hat the lattel!' can score ly be Mtic d. hen th oeod 1 

planted deep. the nodal roots are obvtouely a pr tod .fro th 

sem1na1 »ooto bJ an elongated wiry tnternode, ln t ia nd 

the root nmputatton experiment, the seed aa sown tad pth of 

¾ inch _o that the two :root sv te e could be dtattpgu.i h a. 
Tho $Ced of the dtf-:rerent spec ic . or vai-totie wno obt med. 

f~o ~he Gro&s1anda Dt 1aion of th n.s. and I.R. T~ee s da 

per plant po itton ere eovrn, ther being twelv· pl bt position 

p J: spec le or Va.tti ty. AU plant a ttiona r ftfieon inobes 

np-rt enoh oy. Tn plants iePe not sown according to any 

Jtp :vim ntal d eign bich ould enable s t18t1e 1 analyai of 

the ~e ult b cause tt w ro~lt»ed that 1nau..ffictent numbc_ 

of plant ould b obeerved. ooh pee1o or vaPt. ty as 

0:onftned to . in le row and lifting o~ the pl· to beg n t one 

en of each Po an euba quent l 1.fttng prooe ded along the rent 

1n ordev. 

Pl ntn re lifted t int Mala atld obsenat101 s on root 

de elopment were made,. p i-ttcular enrph s18 being plo.c d on th 

develo~en · o~ the seminal i-oot svstern. fhc fU' t lifting 

os oarr t.ed o .. 'i on t e 12th At>J? tl" 1949 and cont tnued tho~ a:rter 

at appro~tmately fow- dat 1nte1've.la until the 30i;h o.y, 1949. 

De tectmtgu.o of lttttng t e plan1t& a.nd th p 'I!- ti.on of 

the roots itl as f'ollowe. Tlle ooil was exoavat d fro around 

eecl:t plant oattiou so that a bloak o soil contnintng the 

required plant o~ plants os fomed. The dt.Ule ions of the 

block we t1nally nf.ne tnehe g,:1 re and 1n1tt llV ntne incl1eo 

in d.epttl, but tbla us ioorea ed. for th lo.at t e ob e 'V t ton 

to o. depth of t elv lnchee_. Th se wer th dUnenstona 

ob e»ved tor t le rregra. a ap~cieo; 1n he ca le of th 'I! matn1.D8 

ee te e. depth of u tnohoe . aa au:£>~ 1c tent for all l t.i't !Ilgs. 

From obs .rvat1one tn the l boratory he appropriate depth 

ere on the af side, the !'Oots pGneti-ating only toad ptl 

ome l'lnt a ove the pot.nt of aevernno ot th eoil pr1sme. 
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n bloc o~ GOll h&d b en expos d tlleJ e~e alto~ off at 

ll 1r bao 1th · large knife and tbcn aref\llly placed. f.n a tin 

tray. 

Th root ere t_i,.,n n rt lly epnl'ated. out in the f1 14 by 

" htng 1th a 8 ntl~ spray o'£ atcr T 1 a paration wa r.ot 

thorough at ht.s age, e to t u of lmp:ro11 ed cgui .. ent 

nd. tmlC eoU o gnntc mo.tt l' lef.'t 911.n~ ing to t 1e roots. 

On completto of this partial op r t1on t 1 n a r pl ced 

on p pyropriat, ly lab llcd llt ~ paper and t1"1lll ~ rr to 

tl laboi-atory • 

It th Ulboratory ro ef)al' tion was oompl ted by fulithe~ 

o r f'u.l wa htng. it i1nic t ~ etng- Il oved 1th the td ot 

for epa, n the pl ts lie!' t 1 n placed in tta'l)ly labelled 

bottl u tu ot develo en oul b m • 

T· t me hod of root . epor t ion p ve -o b sat l t~ to 17, 

mot root ystet?..G ing obt tne ent11'e• The etbod em loyed, 

ow \fe , id ·not 1" 1.nto .. ion on the d tvtbuttcn of th 

~oota in th otl. eater d tG11 tua., dUr!nQ eepa~at1on 

~ro th ootl woul ha e 11 lde 1n:f'omatio on thts point but, 

:u ot th numb r or pl nt to l tfl d and the t ttne 

requ.u-e to mako motie de at.led invc ttgatton, t eXpel'tm _t 

a lbntt d to m relv arat1 out th o s an maktn th 

laboi,, to y ob erv t ton • 

or th laborato y obs M l n th 

tn glu 4ishe contatning ~ ter. 

t • l'O t en placed over gr ph 

lante 1er lnc 

gla 8 d1shes cont 1.ning 

er and dr 1.ng to 

actual scnle wer wlde on turth~ graph pape~. The ro ta were 

'l!'l' n,ge 1n th gl ss tohe tn G'UC a m nncr at . drR tng 

a tuo1ltt3ted d not to give an india tton of thelJ.1 

d1 trib tton tn tho otl. 

When th drawings er oo pl ted nts on the 

f llo 1ng ~c d :• 

( 1) L n h of the pr rv . tnal root. 

( 1) 'ea e t depth of da ix,ot ,hen ytn natwnlllV 

tn w r. 

( 1.11) Height of the leav he lying n- t'tll:o.lly t.n \lf ter. 



( 1V) N b r o;f l 8.l'e • 

( ) Numb r of s in l root • 

( 1) Ntmibe o~ n d l root .. 

Th I'rJots ett then tudi d in 1 t r u: eia bi.no ulcu­

miol'oooo e to , iv 1nforrn t ton of th fol lo mg:- . 

C 

{ i) Di oter of th v l."iou s ~in l root on ~1111m te ... 

tr¢ t 1,r, • 
( t 1) N ber of l tel'al root on ch ern inal roo . 

( 111) ~ er ge d e of th l t ral l'oot of tl o ion 

1 o.l ot • 

( 1 ) Th egr ot bran 1ng. 

(v) Th cond1 t n of the cort x on nodal ~ooto, 

s:emtn l roota nd the lateral r ot o th Q tnal 

l-00 • 

( 1) Root 1ai1' do elo nt on the o l r oto, e tn~l . 
root the 1 tero.l r otn of h. · minal ro s. 

t.rh numb r of l nt lifted nt a h di te v ted. cc _di 

to number pziae e t in ... aoh pl: n o tton. b.r e etl had 

b en on in ach plant position b t 11 did not inate , 

hen lift , th"i-e ·re f'rO on to t "e plant ol' eaeb. paei.e 

o vari t o.1.lable for study. atn in tie ta le then 

aver gos of th lant oba · ... ve t · th respeot 1vo 

Thi g v ore c mpo 1 v e o t dev lopm-n 11d con tton 

of.' th :roo GJllt ..• 

Not that 1n th table and text, s inal root A not 

tnal root tmd 1nal roOt8 .B, 

la ~al o innl roo s. 

Th tndi tdu.al pee te n v 1.et 1e ill b 

urn follow by gener s mary. 

( 1) s ; I,ol;u !'JD~ 

D va io 

o.l 1 h in 

Th pl nt 

11 tn too 

!hereaft rt 

ergod ten days • :rt r ow1.llg end th first 

1 ce three y later on th 12t 1 pr11• i9!~9. 

pl nts er li ed err Ott :~rs ( · pt 

th eoond li~ttng wllt h s1x dr1e af'tel? th :rtrat liftin ) 

untll th 16t Mar, 1949, htlet the l st wo 11.fttn~ r t 



I RE8UL'l'S 0~' 0 ERV ATion~ I EREl IIAL RYE G' . cs ROOT SYST lN mE Y STAG O PLJ 1 

LU'ttng te 
.--

J2 .. 4.-49 18.4.49 22.4.49 26.4.49 30.4.49 4.5.49 8~5.49 "' .5.49 16.5.49 23.5.49 30 • .5.49 
-· -

Da,s N r Sowt g - .. - 1, 19 2.3 27 31 35 39 4~ 147 54 61 -

-

' DQJ . Ner t-gence - - ·- -
3 9' 1.3 17 21 25 29 33 -- - 37 ~ 51 

-

~utnber of i,,1.ants Studied -- J> 2 · 2 1 2 3 - 3 :5 2 ,, 2 
. - - ·. 

iutnner or Lea'les ... - - 'f 2 2 · .. 2 · '4 -4 · 4.} ti«} 7.5 5.3 1~.5 
. .. 

!lumber or ·Nodal Hoois . 1•b 2.5 ,.'5 .5 7 o., . -,.:, 7+b 9 
. 

0 ·_9 
-· . .. - .. --

lumber ors in l Roots .3.,3 J 2 3 3.5 2.3 2.6 -2.3 2.5 2.6 3 
. 

- .. - .. . . 

~e1.gb1 tn inches 1.73 2.47 2.52 2.37 2.55 .. ··2.93 2.43 3.29 1.a7 2.34 3.04 
. - . .. .. .. - .. 

Lentth of longest s tnal Root in 1rebee 1.34 2.43 2.51 2.52 3.02 4 ,.01 3.05 -- 3.98 ·4.88 · 4.20 1.37 

llreateet Depth - r Root 1n Oh 
... 

1.9G 2.97 3.11 
. 

3.21 3.42 .4.47 3.36 4.32 5.29 4.96 1.1s 
., 

Diameter or a 1.nttl Root 1n • .037 .029 .029 .031 0,0 .029 .024 .028 .027 
-

.02t, .030 
- . -

ft " .. " B It 1.u. 1 .018 it 5 - -- . 011 -
.015 -~014 • 15 - - .019 .016 .019 

.. ... -- -· ... " 

u u- n C 
. " ·. 

.014 - .018 0 .ot.5 .016 .018 
, . 

.016 .015 • -
" 

... 
1t ti .. ff . 

D ff :u.11. Ml ml· .020 .016 
. 

.018 .014 - - - - -- . ... 

l:>rder of' ~anch ing of S in l Root Srs1em 1at .1st 2nd 2nd 2 2n<l 2n 2 d 2nd }rd 
-• .,_ . 

!lumber ot Latet-al ots 6 • . A. 8 ~-s 36.5 21 26 56.6 34 
- 51.3 52 34 26.5 

" It tt It ft tt B. 0 0 7.5 2 15 fO 4.3 . 
13 54 16 20.5 

lf ff ' tt tt fl tt c. 0 0 - 0 8 17 1.5 J 3 2.5 13 
-

" tt " " ti ft D. ,_ 0 0 - 7 19 - - 21 - 2 --

.. . 

109 - 54.5 (,() 
r•tal Number of' Laterala on the sem. R.s. 8 29.5 '-t4 30 68 83.6 39.a 88.3 .... 

·-
.015 .. -016 .014 • 14 .014 .015 .015 ·-· -- .013 • 014 

>1ametei' ~ l tr 1 root of s • A t - ~012 .012 
... JJLll _ 

.013 .014 .010 .013 
" ·tt .. ... tf ft - 1'J B , .. ntl 51.l 1~11 .014 .010 . 0 11 .011 

•'-. .. 

till 
.. 

1111 D .012 .010 .011 .0135 .011 .011 
11 n .. ef 0 ff 11 -- .. - .. 

.010 J 1.1 11 .011~ - - . 01 - -" .. 0 rt • D - . ., . .. 

toot hatit e1tel.o~ent nodal i,oot 11'1.l A A A A A A A A A A 

1n l root A A A. A .. t\ Q 0 G p 
ff " • i· .. ..... 

... . -
G A A --

1 t rel r ot A -A A G ,, u ft 
... .. -

]: 
.. 

j. I I I I 
cono.1t ton or COl''IOX nodal l!'OO I I :r I l. 

C •• 

.. 
.. .. 

I' y I J; I I I I I I Sb 
it tf • t; al .roo'l ,__ -

0 • 1 I I I 'I I l I I I I 
ft • -u 1 ter ,1 .. -



.. 

eeklv tntei-..,-nls , ln t being o the J th Uny, 1949. 

Th ea.eu.r ent and Peaults of obscr,at ions a.r ehown 

1n !tnbl I. 

Ovei- the ob orvat ion ertod ther · as a steady tno~e a 

' in the nwnbe• of leavea t ere bug an nvez-a of jJ.5 leaves 

at the final lifting. 61 day a:ttor eo mg. The h te;ht of the 

leav did not 1nc. nae u.ntf'ormly with ther, be tn a 

vart. tion otn 1.73-3,.29 1nehe ovox- the hole r1o4. Thna 

develop e of 1ea.f'a . a reflected 1n increased n be!' r ther 
' 

than in illorea ed heigh t at.nod 'by th., p.lnnte. 

, The semtnnl root &yat tnc~eaaed tn length tauly 

unifoX'm1J .reaobtng en ve~ utnnun length t the i'in l . 
obs F.fatton of 7.37 incnea. At no sta - 1tid the nodo.1 root 

penetr11ted. as deeplJ as th¢ &cm!nal: ?toot ayetetn • , e 
r 

ncy oetween tho len h o~ longest ec.t 1tial oot ud th 

g11eat std ptb of rootG ia dti.e to the 1~1 intoruode be n 
1 • • 

th b ee of t e plat;J t and e bl."YO of the e ed • . 
• 

·-r e numbel' of tnal oots als ~llowod a nri tton 

~ang}ng- tr , one · o rtv in numb(,v.. ~e nunibor of plant 

1th t v r1ous o~ semtn~l root 1, au-Own in Table l!. 

Number of 
Rt>oto 

1 

2 ,. 
4 

' 

The numb , ~ ~ })et'enn ta.l Ryegra lanta 1th 

~ x-rt tultnb 1"$ o~ ominu root t 

u.ntber ot Plan e 
I 

10 

7 

6 

1 

fot 1 umber o~ 
~eotnal Roots 

2 

20 

2 

24 

Pitom this table ce thut t .o r.r~innl roots was th 

guent number; tt being pr au ed that here only two oerntnal 

i-oote e de elQped that th p:vU!laztf o inal l'Oot and on roo 

ot the f1rat 'Pfl!r of laterals .1n l roots hnve dev lo ed. 



~ u ean nUJDbe1 of emU1 l roota de · loped, how er, a~ 2. 77 

!ht 1 due to th ffaet that n lmoet eqtt:al. n· er of pl nt 

Vl.10&1.ced three and fou~ s in~l roots. r ~ Tab e I t 1 l 

be Si;; n that tho e 1aa no tendeney toit the number o-P ae,1nal 

root$ de elopod to tno~ a ~ deo~eaae over the p&~tou. of th 

obee~tro.tiona. It nr v ar.e then, t 1a.t the regui.Otte ~ b ,r, o:r 

sem1tlul o t &l;\e developed a:t!tly 1n t c plant• a life a.nd does 

not iMreaseJ or deer a.se, until th uodal roo~a he'1e developed. 

1.th re peot to tbe di 'Ct '1! of the Q1i.nal x-oots thei-e 

was v ~Y little ohan.ge ovo~ tho er1od of oboo~vati • The 

4 etev of t 10 pr1ct..arv aemir.1e.l ttoot ,,,. xi ativ lY con t nt., 

bet.ng about 0~030 t,. • ( e em. A in 'lable l), ut tt 1 to 

b -noted that 1t a gl' ate» in diameter than the l t ral 

seminal roots. !he late?-al eemill 1 :roo1e ,la.d a d1mneto:i-

pprox1tnattna 0.016 .u. ntld t eQch obeel'\tat1on date th 

Y iou later l emtnal roote weY!e t e~ ila~ diameter. 

'.fllet'e w a gx-adtt l change in th extent of branching of 

the a 

30th 

tnnl root oyot • h v 1.ng attntned the .3rd ol'dor by t 

r, 1949. Ho ov x-. with tht& chang th i s not n 

con 1stent increase in the nutnbo>! of lateral l'oot { 1 ot ord i­

bra~ehes) · 11th tncv aatng age of tho pl nt$• The otal number 
did inerea Ylith .. , bu.t 'V8l'1ed gp$atly fY>o one lift mg date 

to the next - Ale , the nUtnb r of l teral r•()Ot on th v ious 

e 111ul 1:ooto ar1ed so that it ,aae not po nible t(, cov to 

ant acourato coneluston. lits to be rem .mb rd that oil 
• 

eonditto hav . a-n i~flu m on :root d velop ,,ent, nd,ainoe 

ther e~e 1neutfto1ent nu.tnbar of ulanta o erved,the n:.anb va 

varted from one lifting do.te to t ~e oox However, it ill 

b eeen from Table I th$t the priOOFY aemtnal Poot t ndod to 

develop rno~ lateral roots tho.n dtd tll lateral eeniiual roota~ 

Tb dt netezt 01' these la.tel' l roots ,,e e f U'lJ -eonstan~ 

from one ob er1a.tton date to the otl..or • It ill be noticed 

that thG l tePttl root of the prtmarv eemtnal l'Oot t l'G 

greater tn diamet r ( Pi11'0"'1.YD telV 0.014 -.M.) than the 

1 toi- l wot of the la eral seminal xioota, th lattez- .; in 

fairly constant fol" each l t 1"' l eminal root at abt:nt 0.011 1 .M. 



tn 

li<,ot 111 r abundant on th ~emtna x-oo until th 

4 b. ay, 1949 t er bi.oh 1e:ri ccurr-d a n l line until 

tha t' inal ob er t ion. The l'Oot ha. w re ro t a :mndant noa 

th root 1pe of th th c inlll POO - l t~ l xaoots. 

Sot r th lateFal ~ te are cone rn _oot hn ~a er 

bundant ot '1! nlmoat th w lDl p :t-1.od of o r rd ion, .. ,:e b ing 

a l.1.ght docl t rdo th end of ... h p x-io • Soot 1a1ro 

e e b ant o b no 1 roots t 11 ob erv tton . opt ~h 

firs ro t - e ... onJ.u u t mo!: n t tr ppcarano • 

Th 011tex wa intact n the nodl.ll c.nd 1.FJ.ter, 1 l'Qots ~t 

al ob ervation • Th o te of th p:r,1... 1 tnal xac,;ot r-nd 

l tc:.ral s in.al roots w a oba r ed b 1ng ntaet . t 11 t 

23r May, 194 • A the final 11.ft n the 001:tex. o t e 

root as b tng to slough.. t th a3ti t uno root w tr 

d .. :ve o nt ne de c.r\bod s be1.ng onlf fa'lx- ( ee ~ le .I)• 

I te 4 h 1 t h nod.al root w • e aki g ove t .. e 

supplyill.g of nutrtcnte and ater o the plont at .tht last 

ob r atton. 

'l'o 

rot ey t 

1en., ~1th pe:re m1 ye , en the , tn l 

ematned ctivc up to 61 a.~,s tep eo~tu but at 

the end of t e period the nod l roots er, xt rmt e a1 

tnal ot wer elonghi g th 1~ ool'te • o the ~iot 

tnal roots th prtmai-y in'"'l root ao t e st .... t · nsiv 

th lat ,..al a tn:il root being i,;lomewh,. t . ll r and l.esE 

d vol p dt b , 1th pl .. Dta hiving two ox- .. or lnt ~r l oemUlal 

root , t 1 re aa little differ no tn oiz and 

bet 1een the 1 ter l em t.n l roo s. 

(11) .... tt .... ,a ...... ,fJ.,.;;,iii,iiil.....,...~ .......... 
Tl e pl-. nt r l U't on he same dat a.., pe_· .11 ial 

r•yegra - e ,ept thnt on er 1 ifted on th 192.9. 

The pl 1' d n t.ne d y aft r so 1ng and fwa 11ft d. 

fouxi 'I em ~reonoe. h .eao~ernonte and res 11 t of 

ob.ervattone at th v riou date 4rc shown tn T· le III. 



.-1fli'ng D te 12.4.49 18.4.lt.9 22 9 26.4.49 30 4.49 4.5 49 B.5.li9 12.5.49 tEi.5.49 rso.5.ti.! . 
)a7s aner sow1.ng ~ 13 1~ :e!., 27 31 35 3~ 43 47 bi . 

)ay a:f"t .,.ge 4 10 1l 18 22 26 .;o 34 38 52 

hnnb I' or Pl t Stu 3 2 ., 3 2 1 1 3 2 3 
. 

!umber of Lav s i 2 2 2.6 4 5 7 5.6 1.s 8 

iumbe-r of Nodal Boot 1 ,.; 3.6 4.6 45 6 8 6.6 9 1.:; 

iurnb Pot Seminal Booe 2 2 2.-3 2-.6 2.5. 2 2 2.3 3 3 

!Io1ght 1n inch 1.41 2.01 2.,,0 2.06 2.37 2.1,3 1.5 1.82 3.68 ,.26 

t.en~ o~ lon ts 1nal Root 1n inohe 1.54 2♦, 16 2. 2 4.15 s.1a 2.9 1.16 2.11 s.21 4.s, 
Jreates• Depth of' Root in ohe 2.21 3 .. 11 3.41 J, _l'(h 5.74 4.2.3 a.46 ,.55 5.96 s.26 ' - ~ 

Dt.amet r of s tnal Root A tn ••• • 036 
.. 

.029 .o3Q • I~_ .021 .026 .029 .031 .028 .029 .022 

" " " ff tf It • .021 .01, .. 012 .016 .016 .015 .017 .014 
. 

tt u ff C tf • .018 .012 • 16 - - .016 .020 .011 

" • J tt D • 1 •• -- - - .012 - - -- .018 .014 -
:>•d r of Branching of Setn1 ,J.'. Root Syet 1st 1et 2nd 2rld 2nd 2tld 2nd 

,. 
2nd 

ttum:i,er of L ter l Ro ts s • A. 13.b6 24 5.66 29.33 49.5 26 69 12 44 27 

.. " ff 1t " 0 0 5.5 7 1 4 1.3 12.5 49 

" It ~ n c. 0 0 4.5 0 0 - - 0 46 1 
,, ft lt ti tf n. - - - 0 -- - - 0 1 -- .---- - - -~ -· - --- .-~ -·· 

rotal Humber o~ Latftala 011 ~ s-. • 13.66 24 35-66 "3.J 5Cl.5 itl4, .,, 1.3..3 109.S 77 
i_• .. ,,.. 

Dl eter- -r 1 tel'al roots of • Root A 1 0:015 .01 014- -· 
• 01 1 .0-12 .0·14 • 14 • 13 .013 011 

,~....,_.,,....- ----n n w " " ft u n " 11 n11 ,.011 .009 T .. s. 010 .011 • 10 .010 .01~ - . 

tf " " ff ft ft 0 Il i.l . 11 .011 1'111 N1l - - 1!11 .012 .011 
tf Q t, tt tt tf l) ... tf - - - :«11 - - - lifil .011 ..-

Root hail' evelo e nodal l"OOUJ il A A A A A A. . 
at u tf tnal roots A A G G p u 

. 
it ff ft l t l'al l'O t A A A A G G G p 

' 
condttton o~ con al root I I ·1 I I I I I I I 

u tt & tn l ,roota I I I · l I I l Sb Sb 

" tt ... lat ral :,nots I I I r · I I I I I Sb 
.. .. 

ABBREVI.ATIOBS :-

I= Intact 



-

!Ielgb.t in 1nch e 1., 1 2.01 2.,10 

r..engt o~ longest s. tnal.Roo · in tnoheo 1.54 2.16 2.82 

Jreatest Dep of Root 1n Ulohee 2.21 3.11 3.41 
. 

Diameter or s tnal Root A in ll•fl• - .036 .029 .030 
' 'f --

-. .. 

ff " w ff ... • . .021 
.,_, .. 1, ff C ' • .018 

. , .. 

" tt u tt D • • • - - --

Drd r o~ Branching of S ltnal Root Syst 1st fat 2nd 
- - .. 

~umber of Lateral Ro ts on ·<'; • A • . 
- - -· ·-·· 13.t56 24 ?5.66 

- -· .. .. tt tt t n 0 0 5.5 

" tt " l'f n c. 0 0 4.!> 

" ft lt ft tf n. - - -------
rotal Humbel' o~ Lateitala •• 1J1e s • 13.6' 24 35-66 

eter-o~ lateral roots 
·- •. 

Dl of • Root A in • • 015 0.01 1 

" ft It " " tt tt J " 11 11 ,.011 

ff tt " ff tt ff n 0 " Ilil 11 .011 

tt ff ' ff fl N D u lt - - -• .. ' 
Root hair evelo ent: nodal roote il A 

• ! " .. tt ff tnal roots A A 
, .. .. . 

" " tt l teral r t A A 
r . -

Condttton o!' eor ex nodal r ot I. I ·r 
- • ·-n tt fl e l~t I I I 

" f ... 

u ft .,. lat l'$1 JID01e I I I . . . 
-- - - . 

ABBREVIATIOES:-
,, 

·= Bot easu.red 1 = Intact 

A= Abuoo · Sb= Begtnntn to lougb, 

G = Good 

X, = tr ll for "' m i,,em nt 

0 11 

p Poo 

te. Q 30.- 5.49, 0 t~ in l ot yat 

ther two pl te bad lou.gh ott end aay .. 

~ 

2.06 2.37 2.13 1.,5 1.82 3.68 3.26 

4.15 s.1a 2.9 1.16 2.11 s.21 4.85 
h~~h 5.74 4.23 a.46 3-.55 5.96 ,5.26 

~ . 
-

- _!.Qs];. .026 .029 .031 .028 .029 .022 
. 

.01.3, .012 .01t, .016 .015 .011 .014 
--

.012 • 16 - - .016 .02 .011 
-

.012 - - - .018 .014 -
2nd 2nd 2nd 2ni 2nd 2nd 2nd 

-

29.33 49.5 26 69 12 44 27 

1 1 4 1 • .3 12.5 9 

0 0 - - 0 46 1 

0 -- - - 0 7 --- ,,,_ - - - - - ,_ ,. - .. - .- .,- . -· - -----

3' 3.J so., 44 73 1.3..3 . j09 • .5 77 
-

011 .0'.12 .014 • 14 13 .01, .011 

.009 T.s. 010 .011 .010 .010 .01~ 
-

1 Nil - - ... 11 .012 .01" 
~ 

lf11 - - - 1 .011 ..... 
A A A A A A 

.. . . 

0 Cl F G u 
G A A G G G :p 

I I I I I I I 

I I I l Sb 
-

r · I r I I I Sb 
·- -

--· -- ... 

to 01. plant onlf• of th 



Thos result abo th t the»e • aa a. t ady tnc~eas in th 

number ot l veu, re· ch tng an n.v ra · of" i.gbt l vo a the final 

there as not 1nU'o.mi tncr 

e~ noe. A 1th per 1a1 ryer,;,aso 

1n h ight, but 1t did tend to 

increase 1th n .. i-eaohing an aver 

30th ay, 1949. 

of 3.26 tncbe on th 

The s tnnl ttoot reaohf)d an er 1 h of 4.85 inch 

on th 30th v. 1949 b t th tnoreas in length 1th ge a not 

unt.t"orm. For ,x;- ple on 8 h a.y, 1949 one plant a lif't d and 

its lon eat e i 1 root a 7.76 inch hereae three plant 

ltrtcd on t 12 h a.11 1949 nnd. an vero length of 2.71 itlC 1eQ. 

·Th number of: 

e'.bown 1n T bl IV. 

1nal roots vax-1ed fro one to fotW aa 

Th numb r of Italian RJ gJ:tns plnnte 1th e~ylng 

n, bett o~ oemtnal roots. 

N bel' or f'ot l Nm:bcP ot 
Secti.n Semtnul Root 

1 3 3 

2 9 18 , 7 21 

4 2 8 

Total 21 50 

Mean Number ot S inal Root 2. 

From th t tabl v ae that app xtrn tely egual num 1 of 

pl nt & veloped t o or t ~ erntnnl roots tndic~ting that tlle 

primary m:tnal root a etther one ol' both of ·th fir t pa~ 

of lateral tnal roote do'f loped tn th majortty of th pl nta. 

~her wa M tendency for ,ho number or oe tnal root to 

1ncF e over the pe~tod of o ervatton. ~a~ytng at di.ff .rent 

a.at a ~ two to thre • The me n mnnbex- ot a tnal roots ,as 

2.38 b 1.ng lo el' than as t e case 

The di .eter of tl prtmarv 

1th p ronninl i-yegl'tmo. 

tnnl roo ~_ind £a1~ly 

oon tant over tll per tod of atudy approx ima ing 0.0.30 l • • 

b.lch t.e t.mllat' to t at of perennt l I'~egttaae (0.030 .M.). 

Tho lat :~ l emtnal roots, w1 h per n111al 'J!f a, w r 



ll '1! 1n d1amet i- than th pr ry •ir., l 1.1oot, pp ox1.rnnttng 

0.016 •"• Tl o v toua 1 t x•nl aem1~m1 o t ot th one p n• 

ere ~f approx t 11 the a.tne d te'1! 

1th t ts peo1 be laa b vat1on th plant h d 

br- ohe of the s eo d o~d rt unlike that of p ~ennial rJegl'a s 

h ch t th te h d tt 1ncd tbe thi d o r of branching. 

re not cons1 te t incre tn tbe numb of l te 

~oot af'te~ th ,Ot April• 1949 although ther to b 

endency tow d inc need numb r • In n rnl tb r1 arr 
in l root hru1 morel tc~al l'Oot than th em1nal 

ot •· commonly develop! ver half th t l , b l" ot: lat ral 

l'QOt • . 
The dtamet ~ of th e lateral roote r amed f t ly oon t nt 

to. out 0.014 • • on th prtmary 

oot er ll~htlr g1: at r tn di 

l'OOt of the l~ter-l s tn1 l root. 

1 t h s r abu . nt o 

tll'"'l oot n th se la ral 

,, t· n er th lat l'Sl 

· 'l root until 23 day 

fW ing f't '11 htch b r a a s-en ral deol1ne until th 

c,ort x oloughed ott. 0~ th lanta lined on th 30th 

ay# 1949 on plan ad lough~d off it cortex h1l t 1th h 

two r a.tn1ng plants th e mtnnl root ,ate h, d d. Th 

lat x-al l'OOt of the 

dov lo ent until e fifth eek ~er o 

as ad cltne o the tin lobar tto n 

Root l1' re a und:mt on th od l 1-oot 

oo h 

- ai' e o i.r:tg. 

at ll -e~vattons 

xe pt the tu t, vhen th dnl oots r ju.at eg1 1ug to 

develon. 

~ho co~tex rm ind tntnet on t dol r oto at all 

obs >1vat1on Tb cortex aa aloug e off th ,tnal oo 

ofter the 8 h ey, 1949 but r_ ~ in int ct on the 1 ral 

roots un tl tll l et ob r,a ton en sorn cugh{ 

OJ::lt~ cUl t d• 

I on th n th nod l 1ooto ar, mi d t ha t n 

o~. th tu o tone of the s inul rooto by tho 1m lot 

ob n ti.on on th 30t· fl 1, 1949, 61 d rs a:tter sow1n • lso, 

·1th pel' nnt 1 r-v graa , the primal'f e tnal root a th moat 



• loped e. -n tn • l root. 

( 111) 

!he plr.-tnts re l H'ted t to\U'.' a...~y 1 1tot1va1 tw en 

tt1 22nd Ap~1l, 1949 a d the . 16th ay,. 1949. Th G-peo1 

wa much slower than the s,yegxaa t,Jea in eatleblinhtng etaeil tng 

in teen th v• , _ er owtng., ~hem. nsu · ent• <.:1nd result _ ot 
vhe ob ervatl ne or eboffll tn f hle V. 



I 

TABLE V. 
I 

Lu-tmg .oate 

D 1 after so 1ng 

DJS tter gene 

N b o..r Pl t .S 1e« 
. 

N ber 't Lea1'e 

Numb r t Bod.al ~ots 

Nwnber of 1 $l root& 

Height tn t.nohe 

L ngth o~ longest 1na1 root ill 1nch 

Gr te t d pth of :ioote i Ulehe 

Dt texa of s inlRotAtn . ,. 
--n u \1 B ft • • 

" " ft n C ' . . • • 
Order of' B!lanch1Dg of Seminal Hoot "I/ t 

Nu b r ot Lat. ral .Roots on a 1nal • • 
tt ff ff ,. It fl ff • 

' 
,. tt tt tt ti c. 

-- -

Total ji' 
.. -= of terals o t s~ .. -R.t'!• 

Dlamete• of Lateral.II o-r s A in K • -
" " .. .. 1t B ,. Jl.u:. 
.. " It .. " C tt u. • 

Root Ha.tr D lop nt d 1 ote 
.. ft semi 1 roots 

.. ' " latel' l root 

Condition of Cort x no al roots 

• " 1t 

" " " 
-- -· 

S· inal roots 

l tee~ l ota 

A - Anunaant 

G = Good 

y = 11' 

I I . • ·-- -
22.4.49 

2.3 

4 
2 

1.5 

3 
--

1 . ; . 

.es 

.n 
1.09 

• 16 

.-.. 

-... 
1..,t 

--

-
-

- . !,. 

.012 
- -

" -
p 

A 

I 

I 

'I 

• I II '"""' 

2e,.4.4-9 30.4.49 4.,5.49 lj.5-.49 112.,.4~ I 10.5.q;~ 

27 31 35 39 43 47 
8 12 16 20 24 2a 
2 1 1 1 1 2 

-1.5 2 2 2 1 3 

3 2 4 3 4 4 
1 2 :; 1 2 1 ' --

1.11 2.47 2.22 1.92 t.86 2.06 

1.02 1.1a .5 45 1.16 2 ·5 3.13 

1.44 5.05 1.78 ,.1 3.88 

. .; .033 .029 .025 .029 .031 

--- .,ou; .. 016 - .022 .02~ 

- - 18 - - -- -

1 t 1a 1 t 
' 

1 t 1 t 2nd 

a.s 8 2 6 5 12 
-- 0 0 - 0 2 

- - 0 - - -
.5 a 20 6 5 1h. - ,_ .. -. "-...· 

.012 .o 7 .020 .018 .024 .021 

- Nil 1111 - - --' 
11 - - - - - - --. -

A A A A A A 

A F A A A 

A F A 

I I I I I I 

I I I l 'I I 

I I I I I I 



'nle llUl'lber or lettv"o 1d not tncr aoe gr: tly o,e,-. th 

pett1o onlr aching un aver of tbreo 47 day after sowing. 

It re ohec\ n a.iverage h 1 t of 2.06 1.ne e by b f'1n l 

obaex-vatton (47 re aftex, win :.) Tbla hen illuetx- tes th 

el eattibli hing natu.re or thie ep ete_. 

The somtnal ro t 41d no 11 a great 1 h, r ao!ttng 

nn 'V&l'& o~ J.13 tndhes t th laB"t obl.!eJ-'f& ·ton. 'l'h 1ncrene 

as si-aa.ual,exc p ror one plrmt '1htch ao lUted on 

long :55 4ays d'te so 1.ng. 

!h UW1110er ot emtnn1 root v te between on a three 

as own 1n Table n. 
Th · :numbexr of Pl alaru .=:.K&.lwa.= i>lt\nt with a~ytng 

nurnbe~ of l roote. 

Number o'f' 
Seminal. Root 

Total numb r ot I 
oote 

1 6 

2 ., 
3 1 

Total& 10 15 

Mean ?iu:ciber of 8 

The me.an nwnbe~ o'I' !1etn1na1 i-ooto de,eloped "·n 1.5. ~te- 1 

a 1m1ob lo er ~an nw.abe~ th~n ts th oase 1th tthcr perennial 

or Italinn Ryegras e • Dne to th m ll nuxn'ber o'f 1>l®te 

oboerv~d lt 1 . 41:tf'icult to tate ~bet e~ there ts n 1nc~eaae 

or not, with tnoreasiug a , in the number of e 1na1 t'oot • 

It petU'G th t th~e 1 no 1.l'lOll ee. 

Wh d eter ot th pr!Jaarr seminal t'.Oot increas d up 

to th th1.l'd lU't 1n n h 30tb A rtl, 1949 nd. there ft l' 

The l.atera1 

ere all r tn dtcun ter. than t pa-tmary s 

Perennl 1 nnd lt 11 n Ir gr,a ea.) 

b.en pres nt 

1n l J'OOt(O.F,. 

1nl1 pect had branch.es or t tust ol'd r until the 

:tinfll 11.tt 111g en eoond ol'Cl r r r obocr"f d to be 

e cloplng. Th tot 1 numbers of J. teral l'Oot were t 

h1gli ~ any 11.fting but 1t 1a to ~c DOted tho. the pr~J 



s-em1nal root had developed lore lateral roote th.im the l teral 

aem1nal root • !rhe d1w:netex- o'f these b.r nch e tne11eased up 

to the fourth 11tt1ng and rematned f 11'ly con tant therea.tter 

at abou 0.02 '.u. No lateral roots o-£ the lateral sern 1nal 

roots were ea.eured 1hen Pl'esent, o., ·ae to ~het r they S1Te 

sm ller, 01" not, than those of the pr1mnrJ 

unknown,. 

' 
tnal i-oots rematne 

Root hat.r de,elo ent was •ariable possibly dtie to the feet . 
th t the plant& were et1ll e tabl tshtng. Row vcr, at th lat . 
9been tton root hairs •er bu,ndant Qn all ~oote. 

Th cortex a. tntact on ll plant llf'ted ant etud1ed 

To eu.mmartee• 1t ts vid nt that PJl lqr&a t»:!z £2§8 1D 

slow to establtsh when compal'ed wtth tho two ryegl'aaoes and thte 

1• r-e:tlected. tn 1 s w 11-doveloped lat' ond root systems t 

compar le d te er owin ,. H e1ei-, as with the two 

rJeg:t'a es th 1.8 a-pee is develops l t pr tma17 hta ttoot to a 

great i.- degl'ee than its liite:r. 1 a 1.Ml root • 

( iv) l!£91R:$9P : t\sm!:l\! ,iewte. 
Th 1e apec ie 1d not eat b lish r p idlJ m i-gtn ute n 

days a:f'ter so ti,g. lt did not s:ro to ny tent us ts 

indloated by the r;.ber ot lea~es, height d extent of th 

root eyatem. gro the fir t observatton,eeven days at'ter 

ecnersc,n.oe, to the ~tn l ol>set'l'atton thll'tp-one clay after 

eme~genoe ther w s ~erJ litt le inore~s in th lz of the 

plants. TM reaulte o~ measurements and obeervation al'e 

hown tn Tabl VII. 



Lt:fting Dat 

Days tt So tn . 

Daye ft r EmeJlge "" e 

JQ'umber of Pl nt Stud1e4 

l'f hero~ Le ves 

Humber of' No 1 Root 

mimoeP of S 1 1 Boot -

-

H igh' 1n inc 

Length or longe ts tnel. Root 1D inche - -

Grete t Dept o~ Rot 1n tneh 
. 

Di eter of s 1 l. Root A 1n ... 
" " " " B " • 

Order of anoh tng of ~ inal - ot ,s 
~umber of L ter l Root 0 Seminal Boot A. 

-

• " " ff 1f " " 
Total 11\111be• o~ Lateral Boots on the sera. ,, 

Dlameter of-Lateral Roots of Sem. Root 

n tt " " n " It 

Root Hail' Development of Nodal Roots 

1t ft " tt Seminal Roots 

tt tr u " Lateral Root 

Condition of Cortex Nodal Roots 

" " If 

" " tt 

ABBREVIATIONS:-

Seminal Roots 

Lateral Roots 
·- - -

A= Abundant 
G = Good 

P = Poor 

F = Fail' 

I= Intact 

-

-- , 

A 

B 

-

R.s. 
in M~JI. 

u M.M. 

. . 
I 

-

-

-

-

.. -

- -

-

. 
·,. 

-- . -~ --

-

22.4.49 26.4.49 4.5.L!9 e.5.49 12 5.49 16.5 ... ~ 

23 27 3!5 39 4.3 47 

7 11 19 23 27 .31 
1 2 1 1 3 -t 

2 1.5 2 3 1.6 3 

4 3.5 2 6 4 3 
1 - 1 1 2 1.3"' ' o.9 1.0 o. 5 0.75 0 76 0.35 

1.84 o.58 0.1a o.94 o.G7 0.78 

1.96 1.06 1.40 1.50 1.14 1.oa 
.022 • 17 .01 .018 .016 .01E 

- - - 11 .011 -. .. .. 

1st 1 t 18 1at i -

15 6 11 9 6 • .3 0 
-~- -- - --

-- " - - - 0 0 ---

15 ' 11 9 ,.3 0 

-;011 .010=- -~~010 .009 .010 N11 
•;; 

' . 

-- -- -- ~i11 11 -
A G p G F G 

A G p G F G 

A G p G F 

I I I I I I 

I I I I I I 

I I I I I 



In abl VIII he numbe:r or plant tt 1 V"' ;ving 

number . ot o tnal ~oo s., 

i;Aml!,llil~ bei- of B:oown-top pl nt 1th vai,yi 

1 

2 

7 

2 

It a to b noted that e ni h r o 

To 
s 

:bei, of 
• Roote 

7 

4 

11 

1 22 

1n l root develop a 

l'fl:lS e1the r :two a at them nn numb r wae 1.22 pei-

plant. Thi 

l'Jegr :;i npec1 s 

of the two 

wlth the otheit epect s e e t nt th pl'ini tty 

f bl II as 

1n l root 

as dev loped to gre tor ex.tent :than b l ter l · 1nal 

.i-oot, ~hen ~~e ent, in both dtarnet ~ nd n er ot l tar 1 

Boot h u, d · lo ient vai-1 d. trom n li:t'tiM d9.te to 

xt bu 1.n ne al r.)e l'lot S9Qd on any ~ the \ta? 1ous 

root • T.. cortex e int t at all ob r•at1ot'.s on the 

( v) PJ:Mn\ns .bl Jn : AEPZ9!!\9 etolon1£'!1'8 !ll.la egrnpa;t 1, 

As wa the cas not gtaw o 

anr gs,e t ext t o•er the o el'vatton p tt1od. It a ae lo 

s b~wn-top eet bltab.ing, emerging e~enteen a.av nfter 

eo tng. Result obtain d a.t the \ttU-1oue ltrt1~ ar ., 

tn Table xx. 



'!'ABLE X.._ 

Ltning Dato 2~.4~~ 20.4 .• 1.~9 
. 

DJS aft F ..;i 1llg 23 27 
. 

DJS att --,:-- .... - -- - (3' 6 10 

~Ulnber o~ Pl nts Studied 
... 

1 1 

N b l' of Lea: e-e 2 1 

Dumber ot -ttAAnl Boot 4 :, 
-•-

Numb P- of" al Boots 1 -
3 

Hetstit 1n tnche 1., 0.75 
. . 

' Length o-r lon t s 1 ot 1n inc 1_ 5 0.,62 

Great st Depth o~ Root tn inohe 
.. 

1,.45 1.13 
. 

Di et of s 1.nnl ot A 1n .». .016 .014 . 
-- --

0 " ff lt B '" .u_. .012 --
tt ff d' C fl .010 -• • 

Order f Br-a ht S of , 1n 1 Root yet 1 t 1 t 
• 

Number ot: Lat ·r 1 Roots a in l .Root A. 11 5 
.. ff fl " • 0 --
ff tt " .. ff tt It c. 0 -

Tot l Num er of Lat r l Root on the sem. R.s. 11 5 
--• - -- - -" - --• ---- - ~ . 

Dtameteza o~ Latezaal POots o~ ~~ Root A ?n II • .010 .017 
~ -

. . 

" 
,, "' tt tf " " B 11 u.u. ?Iil --

tt 
.. ,-c - n ·· -- ~·· ~ ll ' -- ~ U - r · . -~ 

C • - ----
Nil 

--- ------ ,-_ 

• • -
Root H l1' De-velo t of' Nod&l Roots p 

tl " # ft s inal. B.oot 
. 

F 0 I - ----
--

" tt tt tt toral Root G-. .. 

Con4it1on orCOl'tex odal Root I I 
- --

ff \1 s_..~cil Roots 
. 

I I 
.. . 

" u te 1 Roots I I 
.. • c, 

. -- -- . 

P Pooz.t I::: Int t 

P z::tFau Sb= Beg'tlmtng to slottgb. 

G = Good 

A= A.bttn4 t 

30.4.49 4.!).Z.~9 u.5.49 12 • .,.49' 110.5.,q.~ c!3 '5 )0~!).q.~ 

31 35 39 43 47 5l 61 . 
i 1 (' 22 26 30 37 qi+ 

2 2 2 1 1 1 1 

1.s . <'l r.. 2., 2 4 3 s 
1.5 ;, g 5 3 10 5 

--
1 1.5 1 2 1 1 1 

.. 

0.63 0.76 o.✓3 0.73 0.28 0,63 o.47 
.68 .90 o.98 0.50 ·t .. 16 o.84 1 • 71 

1.12 1.~.1 1.48 • .;o 1.30 1.9 1.96 
. 

. 015 16 • 6 .011 .014 .011 .018 

- .009 - .. 009 -- - --- - - - - -
1 1st 1 t 1.;; 1s 1st 

3.5 8.5 6.5 1 0 6 1 

- 0 - 0 - - -- - - - - - --3.5 a.5 6.5 1 0 ' 6 1 ,... - -- - -- . - -

.ooa .011 -.007 .010 1'11 .007 .o11 

- u - :Nil - - -I' . . 
•-- -~-- - · -- -- -- . -- --- --- - - -- -- . . -- - - - - - -
p A A A A A A 

p 0- p :p b' F A 

G A p p A 

I I I I l I I 
. 

I I Sb I Sb Sb I 

.1 I I I I 



Of the va~tona roota th prtin ~ 

to a ~enter 4cgree th n lther tb 

deVelopad 

•11na1 
' ' 

roots at aU ob o~ ttoua. It a twent l' tor th n the 

latoi-0.1 s 

lateral i-oote 

l ~ ot atld u the only e'mlnil o dev lo 
' 

r nge ot: one to h • !'blo X) . 

;tABa L !t1l number o'C Ore pin - nt pl ta tt Y ring 

nwnbe?'e o~ n tnal ttoot • 

wnbo:t- -ot 
se1111n B.oote 

1 9 
2 2 

' 1 

fI'otale 12 

h 
• 

t10dal and la root bU ahowe evtdol'.lOe ot aloughtng ott 
' ' 

the emtnal root ove1' th oot ha 

devolo ent wae v ~lnble t hoed 

1th aSt½ on the i..nal roota. 

( v1) REr,am l)GIP:$OP 1 M£P .!1Ji $ 

As wlth the othel' ~=-= pectos ~)'lend bro n-top 

est bl tohed lo 1, nd gro•th wa raat 100.111 'nil llftor 

· l"genoe. Result _. ot o sen t to am eaSUl' ents ~e 

g1ven tn 'table X!. 

., 



.. 

Lifting t 

Days ~er So t g 

Daya atter ~ nc 
-

1't!! ber of Plants s1ua.t . ' 

.. 

N ber o~ Lev 
. 

... - ___ · __ r ot . l Ro t 
. 

B bw o~s inal 0 t 

H lgbt 1n i h s 

Length of lon ts 1.Ml Root tn iDChe 

Great et Depth ot" Root 1n 'h~~n,"l 

Dt ter of S lnal R o A tn M•■• 

" If tt ff tt • 
Order of Branchtng o~ s in 1 ot syst 

N bar ot L t 1 Roots o ~ 1.nal Root A• 

1f " st 1f rt tf .. a. 
a 

tital Baber o~ Lateral Boote on the sem. a.a. 
. . 

Diameter of Lateral Roots of" Sem Root A 

It " ff u tt " lt 

Root Hair Development of Nodal Roots 

n " ft tt Seminal Roots 

tt tt " ff Lateral Roots 

Condition of Cortex Nodal Roots 

n I n u 

tf tt It 

ABBREVIATI ON3 ;-

Seminal Roots 

Lateral Root s 

A= Abundant 

G = Good 

F = Fair 

P = Poor 

B 

in M.M. 

u M.M. 

I = Intae't 

S = 8 lough ing 

Sd = Sloughed. 

~2.4._4: 

23 

6 

1 

2 
. 

5 

1 

1.1'5 
.-

o,86 

1.20 

.018 

-
1 t 

5 

---
5 

. . . 

.010 

-
A 

A 

A 

I 

I 

I 

~6 _1!.49 l:30.4.49 e.s.1+~ 12.5 9 t6.5.ii9 ~,.5.49 ;o.s.49 

27 31 39 43 47 54 61 . . 
.. 

10 1 22 26 ,0 37 1,4 

1 2 1 1 1 1 1 

2 2 2 ~ 4 4 ~ 3 

4 ,.5 s 4 4 10 

2 1.5 2 i 1 1 i 

0.7 0.67 o,.85 o. :5 o .• 0.87 o.60 
O.,Tf o.6 o.98 0.83 0.,95 1.36 1.01 

1.07 1,.33 1.68 1.05 1.15 1.54 1.32 

.oia • 14 .018 .027 .01 ·i .016 .016 

.010 .011 -- - · - -
1ot 1at 1 t ""st 1 t 

9 2 11 7 0 17 0 
... - -· 

0 0 0 -- --- --- ---
-

9 2 11 7 0 ~7 0 

.012 .009 .009 0.13 Nil .008 Nil ~ ~ 

Mil Nil Nil -- - - -
A G A F A A A 

A G G G A p Nil 

A G A 0 G 

I I I I I I I 

I I I I I s Sd 

I I I I I 



Her again the prilna 1 a in l ro II s cwvelo ed. more 

than the l ter 1 s iin l roots h~v1ng a g1:eatc d1ameto and 

ore latei-al roots. The . n nurnbei- of aemintil roots was 1.33, 

there bein .. either ono or t• o seminal root developed ( eo Table 

XII). 

~ill, '!'he nu.mbe~ of Dryland brown-top plant tth 

varyln numbo:-e ot ee inal roota. 

NUJnb 1' of Number or Plants ~ot l tiumbel? of 
aemin l Roots Semi.Ml lloote 

1 6 6 

2 ., 6 . 
'rot ls 9 12 

Moan nuriber of Seminal Rootr;;. 1.3, 

Root hu111 devalopme t alao Vnl'ied eu1g poor, st on th 

aemi al roote at the :rtnal ob e~'tJ tt n. The cortex remntno 

tact ovo» tb observation por1od on the nodel' and l~teral 

root but ae sloughed off he seminal roots ut tbe f'ina.l 

observa.t to • 

D. SUdti gx. 
tho o ryegx-as op.oioa t blt hed r ptdly and d.evoloped 

the ost extensive ~oot sy tem hilst the Agt'oot1o poctes were 

slow to cstob teh , d dtd not rnakc vex-v much growth after 

emor encc. ____ ;;;;..,.;_........,;;;,;:::;,,;;;;;:;;..;;..;:.. elo ei- 1n o'"'tabl ieh'lng t n 

th ryegra se but fter <3tDe gene gvo th of tuts spec1e was 

steady. 

o:t: the larious eemtn l .voots tho prtma:ru aeminal root 

made the . <.n~t extena tvo growth 1th ( · l s , o i. a It Iw a 

sroate ("t.ismetexa and. deve oped a. larger tram er of' lateral ro~t 

then the later-1 oemtnnl roots. The a erage di ter of th 

latel' 1 root of tllo lateral o tn. 1 root a.a l. aa than tha 

of the lrteral roots of th prilnarJ a tnal ~oot. The nodal 

root ot ,od1ly W! and i ctn oed 1n rn rn l' with tnc?ieaatng n 

nd, 1t 1 the ryegraeo epoc-1en at the ftnul oboer1at i na, ia t'" 1.ng 

otel' the tru.pi, lytng ot n ttri.entt.1J and ater to the plQnto. 

The number ot cemtnal root 



w1._h tho Asro,siis s:p0c1ea and rJ1g;tn~1q jlsbeme4 but va:i:ated mo e 

with the l'yegtto.ss speoten. · The tnean number 0£ scr.-1ins.l i-aoots 

was highest with the ryegraas sveeies,doeveas1ng to about 1.33 

w1th the A.groetis apeetea, whilst ?f!al§:Pts, tl!J.lg qsn att 1ntormod1ate. 

fhe mean number ot aa tnal roots appea~u to be oloselv eonneoted 

with the ~ate or eetabliahrnent. Nothing de~tntt on this 

aapoot ean be stntcd and further work Qn thta -point 1 regutxied 

to enable a cor~ect tntc):iprctnt1on to be made• 

Rcot hatr de1elopmant wae obsei4ved to b clo$elu eonnectod 

~tth the condition of tile eorte • l?oot1 root hair d.evelopmont 

wne associ tcd vtth n poott oondition ot the cortelt• Wit 

lneroaatng age the co~tex of the ae tnal rooto began to lough 

ott.and. ~oot bat.rs become less :abundant., Th nodn1 taoots and 

latcJ1al l'oote sho\"led,. in the mo.in, no eloughing of the oovtox 
' . 

and. _good ?toot haw de:~veloprnent o\fffl' tho hole obaet-vatton period. 

In App~ndix Vll photo apha ot a»awin~ of' the root svsteme 

of t'ep~entati.ve plants o't perienntol r-yes,.c ea, 1ta11 n ~ gttaas 

and ~la,~ts t\l~oEQe at tb.e var-1ou.n 11ft 1ng d,.].te a.re pi1en nted. 
' ' 





• 
r 

·• 

Th xpex-tment covered n obs r tton and roe atu'emcnt 

p rio of ftve ontbs. It oo tat d f vuvtou roo 

39 

omput tlon t~oatment and fevt1l1z r pplto ~ion on p venniO.l 

~, g'1! 8 t ). 

'lh ti llowtll ~ e root amvutat1on tJJeatrn n •-

Cont ol or no PO ta omput-tc. 

Pr J a tnal ~o t amputated. 

L ter l 1n l l'OOt illt ted .. 

Pl.' attN and la tel'nl a 1nB root , ampu a a. 
l?r1.11uu~r aeminal and. nodD.l 1--oots pnts.t a.. 
Nod 1 ota ,='lllptttatea.. 

iodal nd latevnl s lnal rots amp t ted. 

con toting ot 

ctthel' th pre nee o~ o sonc of auperpho ph t. Euch 

fertlllz ~ treQt ent applied to th et of root amputatto 

trca ent • ~hts ga, fol.U' een tr a . nt - t 11. hu 

ven pl nt ~ oo 1,1ng dit~ i-ent root t~ea ento htle 

o ther, seven pl.ante e-r » oetvtns the e'f n d 1.f:revent 

root tre enta a.a ell as the f< r tlizer appl!catton. 

Dry lellt y1-~ of hel'b· · e and t1ll ,i: numbetta r to b 

t t n s ind teat tn the reaponee of pl nts to the Vtll'iou.8 

-trea ente. 

1lJi.EJfpilp:}!EN1AL MJ!A AJm n'S PB§Ph).\ATlOfft 

The same area that a ed tor the pr 1 t.no.ri inveattg... 

• 4' ton ( "'e Page 16) as aloo use fo th ts exp er tm nt. L 1ft 1n 

of the v r1oua l!tnta in he preltnt1nary tnvcs 1 ion 

completed by thee of •ay, 1949 • 

1?he whole t) a we.a tlle:n ke f'IJ e of edG y peitto to 

cultt at1on untU tt wae dug by h nd. nrtng the third eek of 

~eptmber, 1949, approxtrnatel1 thl:tee o ko b fore o ng t1e 

eed. Atte~ digging it as ediat ly oed d r ·ed in orde~ 



to give tnhtly ft.no wface and. prornot eonool1datton. .I 

.rc.-ee1ved. a. furtbe:, hoetn o k be e so i: J• Ju t ~tor 

to th pplto t ton ot he te.., t il b:er th le:nd · as aga 1n ho d. 

and »ake • ~ u ad..ue bm.'1: by no.;: o»k 

o -nditton ana, t b.e same time, 2m1tnatt.ng 

eufCe~ed a chec.k. 

a. 

down to a '£ _ i 

se0da. lad 

·· In hie xve ~tment e a -iettoal analy i f result w 

4 aoco~dtnga., tho :xp r1mentol 1a10 t wa eeigned eo 

a to p flm\t otttctont t ti tical. a.naly ie • 

.Aa me tt.o:ned undw the oub-:Seotton 1Geneiwal. Deeo~t.ptton' 

(Pa 39) t ere e~o to be so en root tr attaent and two 

t'trttliael' treatment nppll 4 to all the ~oot t~eatmanta making 

rotWt on treo.tment tn a.11. 

With a y populntlon, meaau~emento on va~tou fe t'tUres uoh 

llei.(;h , f eld,. gr h tc., "'18."l!J ab011t a maan. fh SfiI8llt,V 

the eample t.'Jrom th te l)Opulat ion th tnol'e oh · there ta o:t 

tting a Gmpla moan vax-ving wtdely bom the po ulatio?l me n" 

B inc e . tn th s . le t~ the tte n st .. mr.:l'!l'!O e get of 

tho po ul 1rt.on ~on• 

It, f'ov <:'-.Xllttnple, two r.eetment weJte cpplied to o 8'0U1>S 

o:t plunt~,. ther b"t.ng onlJ a to pl nts tn ea.oh gvou.p, th 

a. e~or..ce be een th · moans ot th #OUps ts very 11 h ore 

11kelJ to b o.tstoa:itad )V ralldom environmental taotot-G or bf 

tndlVldual peoultnrltieo ttf 'the plants thtlll tt ~· y 100 plants 

had beon uaed in eaeh group. Oone qu.entlf the eattmat~ 

obtatned bl an e,cport.ment ot, th 4tff renee in effect of the 

t trentme ta ,men ppllod to the whole opulat1on ould b 

11.kely to be much le a aceuratc 1th the smaUe 11\lt!l :tov ot 

plo.nts. 

no e'\1ett, 100 roplic · t ions of each treatment would me· n 

1norease4 wovk with poa ibly l1ttl ga.tn L informatto o er 

that obtained with a Gm ller rn1mb r of plant • If 100 

repl1cat1ona 'Jere made o. the above .entto ed 1"oot a.n ferttltz r 

treatments 1,400 pl nts 011ld hove to b , treat d, o1Ja iaVod an 

me surea. T 11.s 1 ould. be berond the eX{)ermente2.1 ' o c ps.c· ty. 



ond ( 20) found that som re 1n t rogt.on of 500 plants 

could bo handled, but tllie fi.~e deponda on the compl xtty of 

tho treatments and intormatton i-eguuod. tth th fou11teen 

ti-eo.'tments of th.t exp rilnent a,ppl'Oxtmately 36 i-cplic t1one 

ould be pcss 1bl on th boa 1 of '!.."'&non 'o OJI • 

·o 1ntom tmn on varintt.on 'betttoen plant gxaown ho eo d• 

ut tre tod al.Ute, ott or the d1:t't1'e1'enoes 'batv en nioans l ik ly to 

JJesttlt f'ro t , atrnents, was avnil blo o tb.e twe of the 

formula ( 21 ) 
2 2 2 

n=2t /% here , • • tudentd t tor N-1 degreee f 
t'reodom. 

s =Stan . rd deviation 
i. = Dttterence between the ?ltenn o!' 

the to groups 

could not be rtaed to e tim te the n lbor ot plants requtved.. 

Edmond working wtt c o al plant mateislal used fifteen 

r pltoations. It wa believed th t hie plant mntoriJll w s mor 

un tfoiu than ts t?i.e c e w1. th . plant gi-own tFO eed,. ~ in tht.a 

ox-pe,..1ment. oreover b. i oitk s oonduGte over yearly 

po:r-1.od wherea.9 thte exPeriment wa 11 it d to t"iv tr1onths duration 

and it was thu to be elJl)ectccl that d1tte ·encea bett1 n me ns 

would be ao ewhot lle~ tban oecutt~ d ill dmotld'"' experiment, 

but thts aa by no m~ana dettntte. 1 ail bl 

11.rn itcd the numbel' of plE.mts. It as dee 1d t n. 1.n vie ot 

the above ltmit ttona, to adopt a flgo.re: of ,3:2 :repllea.tton • 

.onuao of the u.noven n b r of i-oot t?' a .ents neoeaattnttng 

long narrow block&• b.nd bcea,ise the blocks would a tnd1v1dWllly 

ema11. 1t was eugg t d by P. otrovg (B . 
• 

and :r • .R.) that a $pl1t-block dOaignoo expei-1ment • 1th doubl 

replteat1 n 1'1th.1n blocks be u d. ther., th ~ltt-blook 

de 1gn would leseen the ·chnnce of non-~e~til zed plats deriving 

nef1t ~ a po s1ble lateral ~ertilizer vement tn the 

aotl or thl'ough the roots of non-fertilized plants growtng into 

fcrtUt~ so11 zone. 

In thts way the fe~t111ze plant wer to e confined to one 

half of tho \fhole-block and the non-fertilized plnnta o the 

other halt. B .cause of the simple nut re o:f' th t'ertili.zer 

treatment& ( presence or abaene of' euperpho""p !l e}, t.t wu 

I 



oons14eved estrable to pplu the t~ea. i.mdotn to the 

su~loc?uJ rather toon adopt a balanced sri- n , ent of the 

.tortil1ze~ tre tments. !Mt both the ~erttlue treatro nt 

ocurrod 1n the one • 1 .;.block was tho only provteo. In \18 

ay it a hoed to a11o ~or vartation due to eotl t ~tiltty 

~~~"6te il heter 'goneitJ etc. 

iJ! -. I?e tmen eve nllo ted at · rtmdoo.c~• !he 
• aub-blooka ach of' seven pltmto. NO\Y 

l1 root tP ntrnent weve to 00\11' at iio.ndom in each ~ow.. He»ce 

th i :voo t1'ea ent d 1 not ocOl.tt' or :tl e tn the 
. 

· J.'fow. ' Thor w }} tOUl'- lt-OW ln ~h llole block, eaoh l'CJOt 

tree ent oeour-ring Ul each V ~t1l1ze 

t ea.tine ta up 1tl'1Qee · . ;Jotnin ro e gt,t.pg a 

~l 1. t--bloo 1gned oxpex- iment • 

oxpet'iroent 1 a o'\ffl 1n :»ti.guff 2 and lndtcotee th t:s,ea ent of 

oacb pl nt. 
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SCA _£• _ _ 

/T REATMENTS -
A l'ERrl/_q£R , NO RO OTS AMPVT,ffED 

B 

C 

0 

F. 

F 

G 

, PRi'MRY ROOT AMPUTATED 

,LATER,U ROOTS AMPUTATED 

• NODAL RO OTS AMPtlTATED . . •PRl',f,ARII' ROOTS AMPUTA TED 

• L ATERAL 

0 

ROOT. • AMPU TA Tlil) 

• NOOAL ROOTS AMIVTATED 

n l 

ti 0 

N. NO F£RTII.. IZER • NO ROOTS AMPIJTA T::D 

I . • PRIIIMRY ROOT AAIPU T ,Q"£D 

J . • LATERAL ROOTS A~ TA ::J 

I(. •NODAL ROOTS AIJPUT~TED 

L ' 
. • . • Ni/MARIi' ROOTS MIPC,TATED 

M . • LATERAL ROOTS MtlP(ITATED 

N . • . •NODA ROOTS AM TA"'ED 

• 

ill O vr, t g t "" 

loe 

t 0 
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the plants weiw plae 15 t Ile apft1't !thin ~ n an 15 

h s be c-n l'OW 1t •in t.m.b-bl.ooks. Tb plants el' numbered 

1-7 long the first Nl'I and 4 along the eoon4 row. T 

su.b-blboke eJ/1 numbered 1 •32 and w JJ por tod 'ho ea.ch th r 

bJ two ~ et. (Sub-bloc 1 and 2 gu ltJ or~ whole block, 3 and 

4 egual th& next bole bloek -tc.) Block ero leo · para e 

'ho each other by two fe t • The m:-ound atto nd 

kept cult 1v t d tlnd cleat' ot we d8 to pr ,vent CQlDP tt'tlon a 

ord~r etteot. 

D. fflR'l'JklZJm ~EWRAT!,q ' t 
In thi ~oot amput tlon ~ertm nt~ aa al.readr ent1on d• 

halt of th plant o bl ck ere t r c 1\f r J:1tt.11~01'. 

Th ro:rt tl tzeia as ppl ted. to one halt of' each blo~k 1.e. aoh 

wb-bloek wa el a~ t'ert llued or non-~ .ttt il tz • 

These £cl'tiltze4 trob-bloc oe1 · an application o~ 

eupeJtpho p e at th ra.t ot 5 01'1t. per ®r • 224 lot weighing 

1.16 gvalTUlle or supo11phoapbate, ea equiv lent to Sot. per 

ere ovoir the .a.re of a. c trcle s 1x 1.Mhce in d er 

otghed out 1n the labo~atory• put 1nto pa e~ en~elopes and th n 

taken to the e,cper1Jnentnl: area. 

Th& rea wae nt~ke out by tn a.ns ot pe and twtll8. P g 

marked the cnd.S o-r the ro a an oolultUl.8. 'rwbie wa atretched 

bet een those pego o s to tv the co»reot t.ntervul etw en 

pl nte, blocks and .onb•bloo (11" 3'• b tween pl011ta. 2• bet oen 

blocks tl4 sub-blocks) Plan poeltto.n w r i teated where 

the twine oroaae The u.ee ot win and p go m th1s ma r to 

1nt11eat plant postttona not on~J t e1ltt ted. the pp11oat1on of 

the f'ertiltzer and eowUl ot tht, a ed \Jut also the obae1-v tions 

el'e ear1.1ted out rtng tb early ag o of gro th. 

Kor o~ r, tt ensured th t 'he corr ct spa 1ng of th plants. 

sub-bloo a bloc cr-e obtained. These ub-blocka whtoll 

ere to l\eceiv fert1ltzeJJ ·ere m vke b;v labelled pegs b fore 

the t'ertllig Pflied. 

The top tnch f so l vemoted from the plant pos 1 t ions 

that ere to reeetvo thi& ~e ti ·iv.er dl'eaetng. A plt1.g of 011 

sb: inch e in dt etex- nd three nchee in doptll a the 



renov:ctt. '!ht · ,Ptus as pln~~d m tin tz-a.t e.na. tho ougbJ.J . ' 

tttaed with ~ 1 it1& 1t,11 . ·e of- :fw;t,illtze». Attel' a tho!'ot,gh 
.. 

1ttl1t.ng _ht} ectl p\tu:1 te)."ltlttet;' wtU:¥ replnee nnd. covotted 91th 
. ~ . , ' 

an 1.rlQh cf f;tO 1 to- 'Wbtch t» f.el'til boJ'I b:&4 been llpt>1 !od,. 
i 

(e P~ 3 >• 
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• P1l ru n 
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file late~al e tn l root ere more lender, p netrated at an 

angle to tho ve:vi<t 1 plane tnto the 'il and ppo taed 

beheen th alea and le a ot- the ace(}. ~be various sooi in l 

l'Oots put ted itb tn t the s .e 

In th t:tieatm. nt 11here 

the otl not exe ted to e.xpose the 

su!'t'"lotently to en hle tho il'Y 

aevcred. 

i "1 iou.& ae 1.nal root 

ther do DQt i-o nel'ata tbb e:, tvee. 

root the so 1.1 a veplaaed and the plant 

b t ouly 

to be identttied 

f • 

ob -orv tione on the otteo ot these Vtlll1.ou root t at enta. 

t 1th x-e ax- · to the n'bove techniqtie, c,aJ.'eful exo vtltton and 
• 

handling_ of tl e plants wn _rf)qu1red. lH.ttieult1, 

exper1onced nd.• ne to hiu- h tro tm.ent dutttng cxca a.t\on, ao 

plant Yere d aned and did not su.rvive~ lt as unto~tu~ate 

that the sul'plua plmlts t tho plaD1i pootti.o ere diepo ed of 

after the ppl1c tton or th rubb 1! clls.c lld bef'ore the 

atnputntton o~ root8. In the su.l then, cnlcul t ne to 

oV'ercorne ,the iQ&lng plant · t h to de. 

H. 
' At rtou& tnt rvalo s we1-e counted 

for eacb 

tllo~ eoun tng a relatively ea y to do n the plant ~ 

were tn th e;arl1 ge Q:f" develo nt but become tncr asingly l 
4tttioult . ttli 1nore~sing Qf th vianta. Acco tnglJ too 

lat tiller ttount o a e tou~ d 1 nttcr• the final outttn of 

the plant fo~ horbage ytol d.ata. UlX!n cutting, ycun et 

loaf of each 11.llett grew Jr ptdly and allo ed ~or e 

1dentif'1cntton %ld. cou.ntw of tbe tUlel's• :tlevertheles • a 

:cmecl w® ad to onanre th t oh t' pldl.1 growm lo uro e 

fio a t tllel'• 

a recorded. on aat aheet in t fiold 

,'b, ttb-blook nombcr and ~lont numbor tthtn tllo n't>-blocko. 

!hose tlllctt nul-lbers ere la.tar tr n.terred to t'ui-tb i-a d t 

sheet u.tide~ thetr a propr1 te tre tment e ding• (s e 

"f 



I. 

na 1ces n-v) • 
Ttll()~ coun 

·· te y1el 

tf. C 

At O Ul' Y ylel 1.n 

· e puta.tion 

(Wain 

e sul'ed 

the t'ert U.ize tr. ed 1 e lly . on-e1gn,1ticEmt 

1.f'ferencee tn ttllovt l 

Janua 

i1" t cu t .ng 

e 1.neu.r 1c le t ·owth 

e oo 
b1 :a·~~-.. t 

toge hev in' one ·_ 

i-

0 1 i 

ted ,..lat 

At th 

· two 

T tn approprtatoly 1~ ellc 

ottectod by me ns ot 
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57. 

e total deg11oes o~ fr edom for each nalve 1 of v 1ano 

co.rl't.ed out a reduc.H3d aocordin to the num er of 1e 1ng 
' alu c lculated, one degree of flweedom being d~ noted r 

oh c lcul t d mt t value 
1.t:h ano.ly s of va.111 nee ere oalcul tad accoFd1ng to th 

mctbo r so!'ibed by anedecor ( 21). 

The •t• teat wG~ al o peFfQrm d accord1ng to them ho 

pre ort ed y sncdeoor ( 21) • That is to a y 

Th 

-t = 

e· t 

• 
- • i: St ndard dev ia t ion of me .... n differ no 
X 

h o'C tllleit ~s r p red by d1Vidtng 

the total num ~ o_ tillers for- ooa root rat nt,fo~ tb 

p rt1cul r a.at ,by th n :>eti o pl_n a 1 gav that tot l 

T ht to or eroage yie'lde wa pit par 4 by i:v d th 

tot l or any cmt 1cular re tme t by- the · ber of plants 

hoan oo bind tot~ ve that yield. 



' 
+:he ~ollow 1ng int ehouid be kept tn ind when' ha 

results e be~ pel'1.1Sed:• 

( 1) Treatment bbrevto.t tone 

ontro l treatment. 

denotes tto 1 

~ p~ 

l, 

em 11'1 1 arnpµ.tated. 

pu1e.ted. 

(2) ,he . 11 . r agt", rte ot herba~ 

(3) t el ot @U-toa:ncc tint.1 tlieir bb:tt iation 

i - ; Non ltsntfice.n • ~ 

5% evel , tgnlf'tonn r 

1% · t ~ly· f_gnU:S,cQ?.lt t 

(4) The .res plr o ly o ~erenntal •J~gttass w~) 
der the p 't f.oul women al ooiid f.t tone rwevci ll in';; dtlt-ing 

the pertod t the~ rtrn nt. 

( B) l?ov- e l!fe o~ &ntai ton and o nvq 1d 

unt tou 1m.b- e tional ·headmgg:­

"lhe ette t o:t th 

lanta. 

' !he · tteet o~ th tre 

pl. nte. 

O Th effeo~ ot the 

o !l nte. 

b ~WinuaiU,J of ·~ au.lts. 
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Mean s~erage tiller nmnbers per plant at 

4th January, ·19.50. 

Glioupe 

I By Blocks • I .417 VlI 49,000 XIII 59 .• 917 

II 38.167 VIII 48.458 XIV 67.292 

I 
I 

\nx 52.000 IX 3L~.083 xv .58 • .542 
I IY 44.083 X 36 • .542 XVI 53.333 

V )3.042 XI 4&.-417 

VI )6.417 Xll 46.833 

»1 Pel't 11 izer 44.917 

til.tzed li8t.3.5¼-

By DW'erent ~e.~. 
RQot Treatmenta 9.953 

55e1Cl9 
,,.109 
24,094 

57.203 

Jlean a\'erage tillex• numbers pet.' plant at 

15th M.attoh• 19.50,. 

Groupe 

I BJ Blocke l 62 •. 313 VII 76.125 XIII 88.313 

Il 62.875 VIII 72.875 t..IV 101.188 

II 83.62$ IX 51.063 rt 89.750 

IV 74.813· X 59 .• 813 XVI so.ooo 
V .53-.'25 XI 72.7!1) 

VI 59.813 XII 71.313 

BJ Pel't 1.ltzei- 69.961 

tilized. 75.320 

By Dttterent 79.219 

:aoot Treatments 66.063 

&&.0,1 
77.250 







All :tour tiller counts showed that the fertilizer treatment 

was not significantly different f'l'om the non-fert1J.izer treatment 

at the various stages of plant development. There was, however, 

a trend for the fertilized plants to have 1nereaaed tiller numbers 

and, if' more plants had been treated and observed, 1 t mai have been 

possible to get a significant fertilizer effect on tillering of 

plants through reducing variation due to random environmental 

f'aotore and individual plant pecul1.ar1t1es. However, the 

results obtained showed that the plants did not tiller signif'­

ioantly more in response to 5 cwt. of auperphosphate over tillering 

of plants to which no superphosphate was applied. It must be 

kept in mind however, that a measurement by number does not 

indicate the relative s1ze of tillers. For example were the 

tillers larger on those plants to whioh superphosphate was 

applied or not? This point was not investigated by eye 

observation but the herbage yields show that superphosphate must 

have resulted in larger tillers. ( See Page 9-1). 

As a result of no fertilizer effeot with respeot to 

tillering, when oompar1ng the e~feot of the various root 

treatments on tillering, all p;J.s,nts undergoing the same root 

amputation treatment were combined irrespective of the fertilizer 

treatment. In this way the mean average tiller numbers, as 

shown in Tables XVII-XX, for the various root treatments were 

obtained. These mean average tiller numbers at the va:rious 

dates of counting are plotted on a graph shown in ~igure 5. 
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Figu.re·5 hos th .. t1ller development e n v t-age of th 

s1xty-'fou1• plants hich und0:rw nt · ch >:oo amp ta to treatm nt. 

It w1ll b noticed both 

th llClnoval of nodal roots markedly educe t1.ll x num er-, 

parttoul rl;t at th· lat er bso v t1ona, n conpsred 1th th 

o ntrol treatmont. The iiemo'fal t l p.- ary s tn l root ll!l 

m.ore o~ les tnterm diate ottect b tw e tbe two a.for ntioned 

eat nts iere lntor l emin l root amput t1on ha l1t l 

epreo mg ef'feot on t1lle~1ng when co pared tth the c ntrol 

a r lt f the ob er ed ep e atng f f ct the .tOOt 

:.at on till ring lle ecnrp rtn · tre trnent men• and 

signtt1oant tree. ment differ nae tn h nalJ is of vart.ano 

Te.bl { ee T ble xn-xnv), th toll tng analv o:r vart noo 

coinpSJ.'tng ot putatio,.."18 

o l la 

hol it cont o ere 

of ~ iance omp 1~ g cont l wit root 

tat ions fo the 1ouB data o tiller oun tng. 

2n 5 262.a 

ontro l V Root 
tat1 no 1 130.7 130.7 5.78 5'~ 

1% 
s 

ltl ln Root Tl' a • 
G 51 m ts !~ 132. 33.02 ss 

1 

11 (Se 't ble 
32 1683.7 5.07 

en1 total s 6221.1 

ontrol v Root 
.Ampu.t t 1one 1 2088.7 20 a.1 s.a 5% 

1% 
s 

itht.n Root Tr -t-
5% as rnont 4 4132.4 1033~1 2.1 
1% 

11 (Be Tobl 
331 15416.9 45 75 





= atan&ird aevtatton. 
'b = Numbci- oC :i.ant · oo4ergotng e oh :tFe tment. 

= St !lrt1 devtatt .n f the eon dtf eronoe. 

x ;i:i l'>tttei-onee be$ween m&an • 

'the ul. t.c or the ' t' tee1 e ehOtm 1.n t o t'o llowttig Table:-



?ADLE XXVI ,. ous 

• 
• • 5 . . 

• 
4.55 9.,97 ,J)lao-A-

.. 5.73 4. 36 2. 28 s 
ft 1.41 - 1. 45 - - 0 .40 -
tt ed 5. 22 ss 1.36 ~,1 .35 
tt . 2. 75 SC!' 3.34 2. 86 

Wo . 1 1. 18 - 5.61 
N ~~d 

iioois 3. 14 ss a. 52 rv "D.tc-cl 
root 0.67 - 2. 6·1 8 3. 63 

11 1. 81 - 6 6:, s 12. 12 

4 32 $$ 2 92 (~ u 2.57 -
0 . 51 - 2. 99 s 7. 9c 

I J-.- /4()J. 

2. 8 ss 1. 02 - o. - 0.42 --
3. 81 0 52 ,'11-J~i 

1. 35 2. 0 2 

em. X"Oota 2 . 02 88 
at ed 

I..., 

73. 







nuuiller o!: t 11 r ~P plant and ditto noea 

b _ tw on mo for tt-eatmen c L. 

Doc. :t eo. 
949. 1949. 

7.6 75 20 .• 719 79.219 

1;.12so 19.000 77.250 
o • .5425 1,.719 ~.2.35 I 1.969 I 

........,.. 

At l tei-al 

tve ten tttc ntly dU'.C r nt 

of t con l t eo.to t. 1' 

seen that th1 t,:-e tmant re 1 

tUlertns ◊~ the ditt reno 

~ 

t 1 tt:eatment • oont~ol fat.le to r -h stgntttc 

pu tat ion of t l el'! l. 

-.., 

me 

per~o ed tt a d hat they e ttbo~ Qped 

ol', ao wae h o e on, ot th 1 1 

l'()Ota had d.eV lop • 1fo ver, this s o ~ el'V"' 

eoon a:tter 

eta~ give no roa1 tndtc ion ot 
emUltll ot •ill di.We1ov with 1 

In t e prel 1 t t.ny· 1 t1on 1t 

verenniJll Je(JV ao p1®ta -n ot o o th 

etn ( Bee Pa 23). 

ln t h abov , t 1 eooolud.ed thtl 

« 1 :root tll' omew t 1 1t 

t c pab•l.Q of up lytng only 

t& hen the P"Ut 

ae Ann,:on by, th . 

()f t. 

ln itlon to 

under vl tbe -1ys a o v !"lone 

DX be Q :t 1b.e eonte:nt 1o tha. the 

all (JU·1. tity t>f 

th hi 1 no 

h 

&th th OQ 

Qf;.l~"'~· a no tttcnnt effect on , 11 

l 

-







( 







o !thi11 to 

be so. : -,~•·="""t t ion ot the nodal roots l~ocbJ.ee 

uauallv er 

p ldlJ g"1f and 

supplying nut~tents 

a. 

H 

Th on e 

the 1Btex,a1 

he f et no 



treatment m. on ®th l>ec ib r, 

N on 2~rid Deoembe11
, 1949. It t . dtttteult to ae o th.1 could 

h "e a beaxai s o1'l t r 

e1 ttioall on the 16th 

ill th t -

1 obtatne atnc · 

ttori 

the in .at tion 

i-tt l' t J ot t e o 

1 1' ots oecurr a. 
o l:'1 d out to 

io th t the 
.J.'esUlt obt tned in :tht e ertsnent 1ltJ dJi to eba oe,ptU!tic 1n1111 

1 · •t or the f t thtli t e ,uta1~ion Q~ l tel' · l tn l roots, 

compnre with no­

non- l 1tlb nee 

nd Page 75•77). 

9. 

Nod.al Roots 

tton of :the )Jlternl .xtoot ,ga, · 
at1L ttcal y. 'fable XXX 

ean l.'ltmlbei- ot ·· tl.Jl rs pei- p n nd · t.ttezaences 

fo~ tr a nt d P,L,. 

P~trn. & L " Roo 6.59.38 
tate 

Dtttereno 't\teen ana 0.7188 

a~tt1cance -

47 2~ 

ss 

no 1 l'QOt ea t tll.ertns o:t the plants 

where l tb a tnal root& 

!be 6ompru,tson tween the t..c 

i-e$peot to lgr)tt'leance o the n dit.te~enc e, to 

bt'ltlt.een noa.al root ion JPl' arJ tnal ~o t o.mputatto 

t~e-a1anenta.-. Th mean d1tterence a not a1gnt~tc :nt a th 

fb 'i .tt.11 • count, ~U'f.oant at t and 

th . ll~r ~ounts. to 1vo 

b 1.g?\lf s tgn tflc nv 1tteveoo on h t no plants 

una.erSotns the wdal J.'COt Slnpu.tatt n ti, a ut eurvt d 'Ul'ltU 

th fou11th tiller oount1 a.ate. 



o tgnttt.c ly dittorent flto no later l emltlSJ. roo 

ut t ton ( e ~ b e XXX} ther should e llO 1.ff ~enc 1n h 

in et'Pre t1on ot th ireoulte btai ed with thl eomp ison, 

th oo,nrni..t'D"I eo be roo -e u.t t lon n4 prim• rr 13.,,._ • ...,_l 

xaoo ent. In ri t then, the nodnl 11oot,. 

· · ooming zte exte 1-,,e nd supplying r nu.tr ttb.. 

v 1ng o'B' h pl.ants, n ate a SI' t 

Pt' a ion ot ttll _ in , tMn ·e tna.1 

puta ed. 

pl s.tld dttte:re e eons :to~ t abo\t 

ti- tment& , he EUtious dates o till~ counts.ng. 

WlJI._ ean · ibev of: t 1llel'& per plant and ditterenoea 

,T.W,~n means tor- tl'e tme t P @d. L. 

Pvtm. s, · • Root 

Lat.Sm. loot pUtated 1.12:50 19.000. 65.109 

Dttte enee b tween ~ns 1.,7197 3.46! . i 0.000 

S1gntf'te.nee 88 8S s - · 
!he dU'.f'eir nco b tw en means t,f the abo\7 ntto o 

t ea ents s htghly atgnlf"icnnt at th fix-st o ill ii counts11 

lgnifteant to be ff$ l l o~ lli-o'bnbtlt 'f · t tlle the third -

ill~ count nd non-atgn1£10 t at tb f l tiller count♦ Th 

put ton of ih p~ ry etnln 1 l:OOt depr · a ed 111 ..ww:~rs 

to g;t'e-atei-- deg e than did the amputa ton o the- later l aernlnal 

oot • •tb_el'• beeauoe of th chang 1.n the le l of 1.gntftell.tJe 

o-r tbe ditt reno .s bew en mea.nn 1. t ts deduood that th ditt rence 

tn etteet on tilleit prodttotton or th s two t~atments 1a mo:t'G 

pl'o:nouneed 1n the early l 1:fo of th planto. In the o rly sta , 

th primary eemtnal root cotnt>~ l ee the ma3or PQttt ton of th plant• s 

r,oot v t. wllerea th int :ral s ln l roots are not vei-7 

.exten 1,e. Consequently • he amputn ton Q'.C the to r · pr anea. 

t1llett1ng ore than doe.a th ampu.t tton of tb lntte~. A the 
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m .J lgure 6 and h l XLil t 1U b ob ~v tha 

the putation o'J: the p1tinary e mtnal root l!e ulted til d pren .. d 

£ heiib 111 t the u ation o-.r t e l teral tnal 

ton tn wiold. A a co ec,.uence o:r thea 

betw en tro tme t nvt nee tn 

in Table ltLIV; th 1n 

:i'JilICI. &LU, f 

tatto • 

Cont u.t ions 

tthtn oot 

e 0-l'tanee iv n 

pt ed. 

l'i.ane e mpartng control 1th r ot 

F 

3 2G42.s, aao. s 

~ gut.red 
Rn to 

1 429.67 429.G7 1.38 f1'..£ i J.89 -

2 110 :,.;s 5% : ,. s 

11:rror 11 eee ~abl 03 6.32!)(i. 311.61 
1% t 4.71 

the omv r!aon b een cont~ol 

does not ~e· oh $ tghU'le fJ• A n.ggo t aeon to'IJ the non-

s tgnttica. . . e of :the co ai-tson b tw<x;in contl:"ol nd r ot tl'e tm n 

1.t> the h 1gb. expel' · en l et-ro1' v tune and t e h 1gb. co tttc 1~~, 

of: vatt1at1on o-C 60.68% (8 e 'abL JO:.J:1). Con oqu~ :tl7 th 

and 1 

an 1ndto-atton t :the plnnt ~tel\1fll u d .1n thto e:xp rtznent 

•~led greatly. . It 18 1.\u.tthei usgeeted at the 8'WJ18 of' quaite 

tor the coutrol ve o · pu.t:at1Q · ol.L aus 'th 

in l l'OOt amv tat 10 trea.tmen , wh idi bae been gr upe 

1n wtth the JtO t ti-eatinents,. hna outytelded. th on ol tr atment. 

rn ~ bl.B ·xi:; I lt 111 :ee n that the VGPt ion t. in root 

t.re :tment as ~1f1ean ly gxa te:tt th n th uent l er~or 

,mi;.1mJOe te , tn tha tha arioue ttoot tre- · h ve 

tpU't.ea.ntlJ dU'f x-ent etteeta. ln or . •:r to 

cot weatment -ittex-e stgnttiea :tlv further 

~lane 'lllfA'!~ pott'fo 

hat 

lU s of 

'fhe result ot the a l.Jale of' ,ariame co par,tng l at ral 

e 1nal ot amputat1on wtth no l ·teral e toa1 ~oot amputa ion 

are given 1n ~a le XLVIX. ., 

• 



TABLE XLVII, Analysis of variance comp ring iateral seminal 

roots amputation with no lateral seminal roots 

amputation. 

Source of variation 

Treatment to ale 

Laterals V No lateral 

Within Root Treatments 

Error 11 ( See Table XLIV) 

1 

2 

203 

2 • .55 

6.15 6.15 

2636.40 1318.20 

63256.90 311.61 

F 

0.02 5% 

4.23 5% • . 
1% • • 

From the above Table it will be observed that lateral 

seminal roots amputated did not have a significantly different 

ef:f'eot from the non-amputation of lateral seminal roots. . It 

will be recalled that the same non-signitio nt ef':f'eot o:f' the 

amputation of the lateral seminal roots on the tillering of 

perennial ryegrass waa obtained. ( See Page 75). From the 

comparison 1n Table XLVII it 1s concluded that latel'al seminal 

roots amputat~qp treatment is not sign1fic .ntly different from 

control. nor 1s primary and lateral seminal roots amputation 

treatment significantly different frpm primary seminal root 

amputation treatment, 1th respect to herbage yields. 

-
s 

A f'u~theP analysis of variance was performed comparing 

primary seminal root amputation w·1th no primary seminal root 

amputation the results of hioh are given .in the following Table. 

TABLE XL'Vlllt .Analysis of variance comparing pritnary seminal 

root amputation ith no pr1mary seminal root 

· amputation. 

Source ot 'Variation 

Primary V No Pr 1.mary 

Within Root Treatments 

Error 11 (See Table XLIV) 

df F 

1 2500.40 2500.40 8.02 5%: 
1%: 

2 142.15 71.08 0.23 5%: 

203 63256.90 311.61 

The results obtained show that· the effect of the amputation 

of the primary seminal root 1s significantly different from that 

obtained where the pr tmary seminal roots are not amputated. 

• 
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I bas alre dy boen menttonod ( Seo ag 90) that the three 

tre tment, nodal roote runputated, nodnl and lat rol aem·nal 1.'oot 

ampntutod1 n4 no l and prtmru.,y seminal root pu t d• did not 

eurvt.ve unt 11 the date of herbage yi ld meaaur ent. Nodal and 

pr1rnal'J s 1.nal roo e ampu.tatton t1·e t ent dted a oat 1mmed1 tel1 

fter th amp1tation of the spproprt.ate roots. hi.let t1 othc 

. two tz;e tm nta. and NL, diod gita nall:V ( See Fazes 59-62). ~ en 

tbOush nodal root nnd nodal and lateral e tnnl l'Oot,t'l amputation 

treatments ltvo4 a Shol't lltlo, nd procblced .0 a a l nmou.nt of 

ra us.nttty oduced a 

em ll oo pa od to those trea ento whteh survived and tt>r wh ch 

he;ttba3e yields e e obta.med. R no 1t t felt t at 11: 1. 

;Just1:f'1able to av that nodal r ot OL1pu ti.on and. nodo.l r 

l terol tnal roots amputation tre tment ere &lSfl~ioantly 

dl:fr~on fltO control, pr r tnal ot am-put tion, pr ry 

nd later 1 e tna.l .oo e amput tlon 1 toitol sau1Dal 1'0 ts 

nt tion tre tment (a., ')• PL & L}. The swne 1 also t n 

aa applyi eon nodal an pr 1.mw;-y e 1naJ. root e uta.tion 

t~eatment and the -fo'IU' tre • ent o. P, :PL L. 

Ho ev r. as o tti..e ignu»ieance of" dlffe~enoee bet. n th 

three t~e tmenta, nodal :t'OOtS amputated. n~d la later l . 
eemblal roots amput te, and 0 l n prtmarv lnal POO 0 

amputa d, no et~t· t ill b~ a.d.e bee e of' t le of 

el'bage yield cr-ic.el'ta. 
. 

,he c n~ltteion then ts that the nqru.t tion o ... the 1odol 

roots, comnOJ:1ed wt.th those pl ta ho nodal r o re tn 

intact, results \n a Bi8'flli'1cant reduction i her ug yteld. 



s 
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The results obtatned a-pply only to the particular condition 

undei- hteh th e.xpertm nt aa c.ond.Uctecl. 

~here wae lack of' a oo~~tton and ~ompe1ttton 1th othe~ 

speotee, pa.rt1cul rlv clov-0ra; the aoil did not became markedly 

coneol1dated because or interaultt ·tton; the~e a ·no t~atnplt g 

by stock; n~ yields ere -~easured by c 1pp1ng. V 1th ~ peot 

to tlo l tt r point mark dill rencea undou te 1V occur bet en 

grazed and elippod a arde but,, to whether oJt not dtr:f'et-enee 

do ocoutt 1th atngle apaeed pla ta, no in thta exp rtment, t 

qu.e tionablo. i'he olipp1ng of lea.:t pr ductton wa eff ctod only 

twie¢, appr .xtmate1y tbr e and f1vo montha after sow1llg, th1 

t const:!cPablJ dt.tt :t'CA..nt fl.to. good ~ z1n management of 

e tabli ht11g a.otl.U' s. A fut-ther co d1t1on t the experttlont 

ls that it n condu.eted over n period of five months und~ 

althou~ so e re t 1ents did not eu.rvtve1 otheia t~eail!lent er 

ettll ourv1vin, with the consequence thet no 1nd1oat1on ot the 

long t m effects of oel't in of the trea:tmente on vei-ennt 1 

ryegiansa plants could b~ obtained. uoreove , it mu t l o be 

re lisod that the oxperUnent wn 1 1d down in the p:rtng htch, 

1n the Man 'ill tu. ts not th normal t ilne of so in o-r pa uree. 

Even tho f#.1 tho oond1t1ona we e not s1tllilar to· those that 

appertotn unde~ natural pa tlll"e cond1 tons it ta, neve~th l os, 

fi lt th t sitnilait reoulte oul be obtain d undeJJ normal 

pa tural nvtJ.tonm nt. 

iD OEl:.rip!SM 0~ .I 1 .EXPgl!· 

1th dos lgo of' th~ e pev ent proved 

the obtatnlng of st ti tioally ev luat d info tion on th ettcot 

ct the variou tr.eatm.enta on eu..,..,ival1 till r ng and herbage 

yields of perennial ~vcgraea planta. Ho evei-, tth t use o-r 

split...:Oloo.k design. th tertlluer treatroento c.ould not be 

comp ed as acO"tlr telJ aa the root tre tments s1no lesa ~eplio tion 

of tb fom.or was prov1de , but thta w of' le ser ilnportance 

bee use the oxper1.tlent as pr1mar11Y concerne ~1th t.e root 
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tr atm no;• The ex.per ontal deign aloo llo ed fore e or 
the variation du to aoll terogone1ty. 

The co ~1 lent of var tat ton for t 1lloia e "°r ted 

be ween .3~ d 47% and 111 the oas o:t h-orbage vteld 1t ~ncb d 

lmoat 61%. !he h1gh coetttotento of vai-1at1on. loh ooow.-red. 

in thta perment, 81'0 Oll t dioo.tion that the nlont rn terlal 

v ted. gre tly na.. 1n ol'deii to h vo improved the e:f't"1o1.e oy of 

the expe~itnent, t i var1atton woul have ha to huv been 

reduced. It 1e uggeuted th the t'ollo 1ng potnto ny ho.ve been 

obaerve in an ettort to doore se this Vfl.l'1atton wtthb1 th plant 

a erial• It ha already een oont1oned ( 4'" that tb 

soc uee ae the oat unifomn av 1la le, having be n harvested. 

fl'Om a tngle plant, but the pate~n l paren of th oe d wa 

unknown. Corkill ( 26) ent 1 ne tha v uld be iteduced 

by the use f seed prodnced by u kno n o~osa. A fttrtt1e» td 

towo.vda tbe reduct ion of vtwiation y b.av been to select planta, 

for all th~ vo~1oue treatment• whtoh had emerged t the s 

t 1me., It 01114 ave been poaa ibl to proe d alon thta l tne 

if mo plunte el' pl.ant position had beon own, and if ti tmple 

mea of tdent1fytng those seedlin , hi.ch emerged o.t the e o 

tt e, had been vatlable. koothex- means, th t ma:, au.ggcated, 

i to select plant fo the trea ents on the b els of' ev nne s 

of Jsl'OW-th up till the t e of th eommenoement o:t the ttteatments., 

ln t 1 OJCPOP ent. ho ever, the rubbe di.sc we?'O ap lied eoon 

atteie the ergenee of tile plants d 12 to 14 day b fore the 

root treat ents com onced. a e oeleet1on ns e feete4 tn that 

plants wel\e aeleote :ror vonnes o~ growth p ttll the t1me of 

nppltcation ot the rubber discs, t onlr omall numbel' of 

oeedllnG ore b.V 1lable ver lant position. Oonaeguently the 

dogree o~ acleotion posntble no eom hat lirait d. I eeleetton 

of lanta coord1ng to et ge of o th w to be ~e o~ted one must 

not overlook th.e poosibtltty of -h an f cto~ bringing about 

a b taeed elect ion., 

P 111.ng election on the baais of evenn es of gi-owth t tb 

oo enccmcnt of the tro tments. d.nta re tiller number or the 

individual pl ta t that ti.me would e eful in that analy es 

ot eovar1.anoe ould bo oo ible. In this Y ewly vo.rta t.on 
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· tn . lant ,wo b mar b llowed for. rtunately 1t a n t 

realized at tho comtnencement of thl exp riJnont t at d. t ll 

I'elnt1ve gr th t th t . t e tre nta c~e b lil i10uld hav 

been 1.nroluab e. 

~he met d of ferttl1ze-r app11oatioD proved to be o,n,t1sto.otor1. 

oau.aing no dele -e~ioue etf'oote on se . inat ion. Moi-eover, the 

fe tUtze:v ltua ed ln zone Ulto htch both th no l nd 

inal root &'I tetna ere oapable of xaa:>1d. penet~att.on. 

The Q'nput tioti of: tbe vartons root& pi-esent d no ere t 

a1t·:r1oultt e. provided 1t o. c~1ed out with eaiic. The use of 

· bbe~ di.ace undoubtedly aided not only l'aptd 1d ntifloation of the 

o dU'f Pellt root ystern I but o the nmputatton of the nodal 

r>ot • The eo11 -bove the ~ubb v d1sc as malntatned 1n · dl'ter 

eond1t1on trum th BW'.'round\ng soil aa a co a quenoe, hen the 

nodal roots ho.4 to e ·expoee for.t put ti.on, t ex-cm v ot the 

sotl ound the b e of th.e plt1nt as fac1li.ts. d• mtnor 

dU"ftcu.ltJ 'that did occur e hat the cent11 1 hol 1 the iaubberi 

disc. etng ot eueh a atse as to enable the dt.oo· to be applied., 

allowed some nodal roote to sro• ttu.-o hit. As a result, those 

nodnl x-oota that d1d eo, had to be di t'tn 1obed fro the inter ode 

~ in l r o ~yet and to bane of the plant. some 

niethod of oeal~ng th gttp ould overcome this df.:ttlcultJ nnd 

taotlitate the of omr,ut t1on or the nodal roots 

l>t.:rficultJ .... lao exportenc-<1 when oounting the tiller 1Il 

so far dtotin l htns one 11le.ll 1'roUl th ext. The an 

ta.ctor ogatn applt but tt 1.a telt th t, bee use the same 

d1tttculty of ide ·,u-1oatton of tillers applied to evert plant. 

n9 on tre ent es f vo\11' 4 o~c tha:l an, ot the remaining 

tre tmente. oreover,. the roo tre tmente wei-e distributed 

~ando ly ln e c lock ond it a not poe&tble to t'OOogntz 

aeo.1,llint lJ how tho plant re tl!'e&ted,. exe pt by ref' vence to 

the expertmental plan. This d.1tt\eult1 1ft o oe evtdont at the 

lnst two tiller counta hen the tlllov l1Ulnbera · .ro highoet. 

The tccbntquo ot measu~cm nt of herbage y\elds allowed for 

little error to oeour. The 01n difficulty waa th tendonev for 

the ampl a to ab orb mo1ature horn th atr dut-ing wei.gh.tng. 

It a felt, ho ever, th~t this did not influence the result 
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beoaua · ll wetghtnga were ootnpl tod p1.dly on th chat attc 

balance and that e h eomple as stm1lt. l;v att ct a. r~111oe the 

pl ta, on tb ~erase, ere q tte n app"'ooia lo U:e, so e 

df.ff'tcu.lt s xpeiatenced 1n · ottl'ing th.at nll p a t w 1'e ou 

to the sm:n.e height. A ll di:fte:r• nee in eutt tn hoi.ght uld 

hav t'eoul te bi la:t'ge dtfteitenceo 1 hel'bage . etgbta an o 

cone tde~ab'l care had to be exero teed . hen the plants we1,.e '.betne 
clttJlxr,d. 

01s9uss;ow oF 'fflE Jffl§UL%?..i 

When nalvue oz var tance of Ul'ViV l of plant , t 111e 

numbers and b rbage fields were carried o t tho stattottcal 

s1.gn1.ftcance ot the d1ffettenoes tn ttocts o~ the ~el'ttlteev and. 

ot tre -tments varl d. The iacsults eo obt tned en l>lcd 

conclue1on to e ma.de. 

F. • II,I~~ ,'l&;~ • • 

The appltcntion of supe:,pb.oephate t ·he rate at ~tve :undl'ed 

etght p r tietto dld n t aign 1.ttoan ly incJ.'eaee the length of' lite 

ot thoeo pl.ants h1ch un enent hose iioot tl'ont. nts that 

en bl d&t on sUl'Vivnl of plnnto to obt 1 ed. Tb& l'oot 

tl'eo.tments o ooncern d re no l 1'00t ted nd nodal and 

lat rnl "' l roots 6llltputa.te (R :NL). Of th rematnin 

f'1ve l!oot t ttlcnts. tr atnient o, P, L an PL o still livtng 

at the end of the · xp r n · l -period t.rr ape ttve of tho f< rtilizo!i 

treatment. T~eatment NP died $OOn otter the rooto e e putntod 

e.nd n dat e taken of the de th :rate of the pl.ants eo treated. 

A re ult, nothmg definite can otated e neerning tbe cttect 

o-.r i'erttltz 'ti In prolonging th lit"¢ ot plants teh underwent 

these five l!OO't t .)';I atmenta. Further expettim nt t1on designed 

to ~ lunte the portance of euperphosphate in pi-olongtn ., oit 

otherwtee, the lit· ot perennial rvesraas pl nto unde t 

ov-cmentioned f tv root treatm ntn 1 thu i-equ i.l'ea.. 

Th applic tton or superphoaphat et the .above rate 1d not 

tgn1fioantly tncronso the nt tber of t111 rs, il"ves eettv of the 

root t~c tments. ae co 1pared to those pants to htch no au~ar- . 

~hoop te b d been applied. It did, how ~1 eoul 1n highly 

1 1:f'icont tncroa. e tn herb ge y 1 ld, uareapec t ive of tbe l'OOt 

t~en · nt • s tneo the f m l ~ ller count a.a n.ke fol.11' .y 
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fter the · ttnal easu nt of' herbage yield on ould aonelude 

that he ferttl1 ~ appl1cnt1on ha b~ought a out a1 1nc~ease in 

t e iae ot t1ll r, rnth~ than inorea e in tillo~ numbe~ • 

It would thu a pear l'b ge ylold, e sured 1n terms o dzt:, 

atta~, give a bette~ tndiootton of tho pl ntts resp nae to the 

appllcatlon of nperphospbate than doe e number of ill rs. 

~he tre ttnent by fer lliz I' int rootion ... non• 1gntf1cQ.llt 

1.n the analyeis of: art nee of t her g ytel&. Thus the 

uperpho phute ppltcatton to one root ent pr duoed ytel 

t ae<,ordance 1th thar ot t11 tm nt • That 

ts to say, the ppltc tton of ou puo pbate results in an 

1 Cl"'ense y1el telr Pl'OfJ Xit1on· l to t e non-f'el'ltilued 

root treatment rtold.1 ttatheit than inoro etna the yt.eld of. a '11• on 

root ,re tme t and not th other root treatm nta. 

f superphosph t ., ta t d.epen nt of the Qt t,re 

hu the ettect 

ant to ich 

it ta applied and doe not tteet-nny deleterto effects ~f on 

oot roatment ny more th n 1t ee 1th the o her ot 

il'eatmonte. 

As conoeqneno of tho obse:eve f rt111zer e:f'fect in 

conjunotton with th r ot t eat en • lt lL al:''"' that the various 

root ve all concerned with the u ta.k of pboephn rat er than 

that on tvve of Foot 19 peclftcallV concern d in the absorption 

of phosphate. It ttll r ain.e to b inve t1g:;itcd, in ao far 

a the wrttev ts aw re, a o h bl' or n t this leo appl1e o 

t other ssenttal el nt • 

'!'he v ioua t-oot trea 

o-:t plants, t Ulor n mbers and her rteld. • · Tb be een r ot 

reatment vartance was ignlfioa.nt in all an lf' e of val-tance 

pevformed •1th the thre crt eria f tr. sure ent. hen 

1nd1v 1du.al pair of' trea e te w re te 1ted :ror - lgnitio · nee of the 

d tfferenee bet•cen ean t . tll J.t num s J by the 1 t t t t. vorJ ing 

levels of' tgniftcnnce ere obt i , depen4~ on the root 

tre tl?lent so eo p re • oreoveit, the lev l ot otgniftcanoo of 

the d1f'terencc t en meana of the S' two 

oases alte~ed ~r on tiller counting date the 

e ae of herb ge yteldS 1ff'eret1eea tn s1gn11"1cance 

t. In the 

:ee obtained 



wh n the dE t s· bjeoted o rtl~eit n lf~ of , r.t.r:u.AJc n 

ll of th 't' tos • 

t ton of th tb:ree 1.tte en · rv 
s ten lf toentlr if"f\ e t .,ffect on he lant ,. 

t rttlizcr T 

oont1ned. t th ettec o the tatio of b. 

_ root h d 

of the . 
s1on 'to 

·bl.. dltt. reu 

typea of root 

nn MP), he 

n,ea of root.., 

a ion of the e 

The put· 1on-Jof th latettal m l ot 

have r. 1 lf1c t e e, o t e l n h ef 1 

s plan • :r:oven by th~ :rac t that L t!'ea 

L d.1 
• • th -i: 

o ep rea .c n_ , . re till l ng t 

axpez:t ent. 

that pc e 

Tht , c ~1uston lo al o s st 

11 rt gr ore bl 

la tex-nl emir. l root o 

t l 

t e dU"tc enc 13 in t 1llol'1ng an h ~ .. 

re no tgntf'ic t. ' 10 . in i• co. 

a o on <Jnt {L) 

d crencc 1n t 11.1 ~ rr l . b, ge e 

... 
l.U. 

t 

:tact 

iv on tll 

ther 

a ho 

een th two 

ros:::mcnt 

DO l: oto are O , > .ta ed. { COil 1.t'O en , ) f a.1 r• 10n-

e 1gD 1f j.o t d~ex.-ence bet .en t ea ent PL o.nd P. ...he .cou.lts 

of t ' ' te te r- • tllering c o aub · t n te o 

cone u o • l ,.., om 

i and N could no ·~c ... · llc i.Dg n 

t n · ,,vtns si 1t1cane • e ttterence 

w s no etgntftcnn t he £tr.., t ille~ co nting -te. ut wu 

o 1:f'tca."'lt at the oond tl d thtl.d tiller co1nting te by tbe 

• t • t ,st No oause fo:ti the dlftevenc s n t1.11 ring b coming 

ignit1c nt wi 't tnare ing n dent, t 1n vie ot tl 

oompari o" or lateral tnal roots mJput tion 1t no l teral 

semt.'l l root ta ton etn non- ten to"' , th it r o d. 



prof r :t'ul'theza 1nveetigat1on on the oompnrnttvo 0tt et o~ 

tl' atment N 

To artae. th lateral nmal root l yo no 1m ortnn 

ttole tn ttllortn and herbage pl'Oduotton nnd ts 1 a do ot 

appear to o.f'tect the length of life ot p 'It nnitll r,y gl'aae plants. 

Tb results o tatned 1n the put tion ~ 111.men ould ,pear 

to cloe lJ eo etcd ltll •he extent to hich the l t 

inal roots dev lop. Al.thou no o ·s:-:. n oot d volopment 

C C n t ::-.c • li:m tc i L tutton 81' t J c l 1narv 
tnve tto d , 1n co parlaon to th dev lopm n, of tb 

developed. A. o, he ti G t he v 1c 

a l ro 

h d ot c-te sively. 

i:J.W,!~Y I ,PiAM ROQ:t, 

In o a tb.o eu.rv1val o~ planto are oonoeimcd1 the 

amputat 1 n of Pl' 1.U'J emt 1 root only, 41.d not bZ-lng a at 

the death of thE, p ts. Untortlmate lV tho e ritl d 

st t o ot t 1 

ofo ... e "'h )1 ts C t he c ntr l 

en ot 1 n 1.a re > ired 1. o~del' 

t 11e ,o1n • H wave,,, tt 1 to be noted th t, when he o 

tl'e t enta N and NP • re co pared, thb l tteia reatment iresul.te 1.n 

st itOO!edi t de 0£ the plants, her a he fomo11 tr atment 

llow the plant to eontlntte lUttn for abort hUe. Thue 

th a. nt twn of tll p,:tlrr r semtn l 2.1001. tn sdd1t1on to t 

amput tton of the no l root, ha maxaked tteot on tbe le th 

of life of pcrennt l l'Jegtta s plants. 

b awput t 1on of the primary seminal t-oot deprea ed t 1ller 

number aignittcantlt from the contvol treatment . There wo.s also 

stgnifioant eprea ion tn t1ller numbers o~ plants ot tre" tmont 

PL a compared with those ot t·reatmellt L. ·T 1u t l c am t utiou 

of t _ pr · ..... y al oot r- · fJLJ a out o ~ c -- ··•c :uct1on 

tn til_cr !l .. bm:: • T -O nm utation of the pvtrnal'J se .• 1n 1 root 

did , how ver, d@reas t1llering oe ich o t ae tre tm nt 

hore the nodal. roo te ei:: put ted, xcept t th firs t 1lleit 

count at hioh ime be nodal ~oots had not loped to v 

, 



grc text nt. 

s ng n th ,. y ~ 1 o~ v ta e. c P21'1'n prtm.ary s tnal 

root .putat ton 1'11 h no ttitnm.'f sem l root ·mtput tion,. th 

dittel'ence ln herb ge 1 d wa. s . n to "e etgnU'ioon • -'!'h 

tl \ .d cod Yi l of 1.1.e pl. n e ,,Io o pr n1~y 1 1.: t ,.. 

am te m o gn1.ftc • t y d1ff'e1~ent f'l:Jom t. .. ld o e p!ante 

wh ic 1 d no oot ar:1~ n.t~.t ( contr l tt'€h.tment) • Th aam 1a 

ala t e o~ th eornp r1aon bet e n t o tJ:te t,.cnt PL nd L, 

the :f'or,next troa nt havtn a otgniftcuntly lo. er- an rt ld tban 

·· the lattoxi ti- atment. 

There 1.o 1rapotttant .. o int with reapee - t the etteot of the 

amputatt-on of the rtm J emUml roo on su.rvtval.,, tiller :umbers 

herb e rteldu of the pl· nts ich not i.nv st1gnted in t 1 

experiment. Th.1 c .no :;;:n the stage of growth atta.1.ned by the 

plant when tb p U'I semtnal root i amput ted. It t bel 1eved. 

that the auput tion of tb px- ey emin l root. ei'u!-e nodal. 

root begin to develop, ould kill th plant almost odiate1y, 

p i-ttcul rlJ in v1 o:P th 0t that 1n tht ut tton e:a:p r nt 

t e lan e f re· ellt w re nable to 1v o· tho lat l'0.1 

a tnal roots only• I 1 _ fu!t er ltev d tho. ~ t mor 

ext en 1'\te t. nodal s e he th pr a.ry c. hi 1 root 1 

amputated. th le-se~ will 'be tle ett ct f the'li' lo~~ on the 

plants. Int 1e tation xr,erirEent th prt Ql'lf seratnal roo 

t ted. abv-ut o eel.ts ~el" th nod- 1~ oto bud 1'11' t 

e 1.c rr no. in l 11 0 1a 

e o 100 :i at v,,... · oue n.fti:.? . ·-agcnce o th plant. u.ld 

help to ,-:,luc 1dc .. c .1 -: bl • 

semin l roo 

ro 

eve o 

plan• 

nod l l'Oots, but. 

. oot b""OOm s f 1.., 

eminal root in· t 

t t :!::i o th prtrnnrr 

111 tng and .wrbago pro uot 1 • TI~ 

, , ly he o bse e l'.' la iv 

.ina.l ~ 

i ations. 

e enni l ryeg;f! ea 

I . the eaJ.,lY .. age or the 

is mo important th th 

s t. nlnnt become old.el!• he Pl' , :ll'f a i.1t1al 

importance h · lo o o~ the pr a11y 

o ly stages o plant growth h tgni tea t 

ot'.f\,ot o ttller produet1on nd this effect 1s et·ill a ur 
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even fteF some conEide~able time .has elap ed. It is believed 

that, becau e there was a reduction in root absorbing surface at 

a critical sage in the plant ' s development, the growth of the 

plant was retarded.. 

ODAL ROOTS 1 

The most marked efrects on perennial ~yegrass planis were 

observed ith those treatments where the nodal roots ere 

continually amputated ( treatments 11, NL and NP)• Th rnputat ion 

o~ the odal roots had e:f":f'eets on both survival of plants and 

tiller numbeI' hich ,i ere xamined stati tically. 

ith tr at enta N and NL ~he conttnual putat1on of the 

nodal roots ultimately resulted the death of the plants, whilst 

wi th treatment NP the plants quickly died. Thu.a, where a plant 

~etained all it s inal ~oots (tre tent N) or only the pr arv 

seminal root ( tl'ea n L) it survived up to 3½ months after sowing, 

but it w s incapable of living on only its lateral seminal roots 

(treatment NP). loreover, treatments Na d NL we~e non-a gni:f'ioantlJ 

different• emph sining the small, if any, e:f'f'ect o the length 

of 11.fe of perennial ryegraas plants by the later l s !ID inal roots. 

Tie 't' test res 1ts with respect to til cring sho that t e 

nodal ~oots amputation treatment s1gnif1cantly reduces tiller 

numbers, co~ared to the no roots amputation treatment, am that 

the reduction in t~llering effected by the nodal and lateral 

seminal roote amputation treatment 1s significantly d1ffe~ent f~om 

lateral seminal roots amputation treatment. It is evident '.hen 

that the nodal roots do .play an important role in tiller development 

An important point eonoerning the results is that the nodal 

roots amputation treatment was not significantly different from 

the J;>rimary e 1nal root amputation treatment at the f1ret tille11 

counting date but, at subsequent tiller counting de.tes, the former 

treatment had effected a a1gn1f'icant reduction in tillering from 

the latter treatment. _ It is believed thatt in the early period 

of the experiment the nodal roots had not developed to any extent 

with the result that both the nodal and primary seminal roots 

were of approximately equal importance and caused approximately· 

equivalent reductions in tiller numbers, upon amputation 

With increa ing age the nodal roots became ore extensive and 



'l 

ortm:tt, and t loso e lte L~ 

tiler umbor than a th eaeo uere th pr\"" v" .inal root 

were ompu"t · tr-id. 

o ea u..r nt of field a obtained fro. tr~at nta 

hett the n dol roots el'e gmputatcd and ao. 1 t i concluded. th· 

tho e pl ho odal root at'e r..ot omputa ed a.re oapabl of 

pro nc tng tgn1f'1c~ ntly mo1"C herb th those p_ant ho e 

nodal roots re amputated. 

It h d been observed tn the pr l 1 urv tnve ti t ions t t 

t · nod.ol ~otra ego, to d.ev lop oon after amergenc o:f th 

plant an boeam 1noreaatn ly exten vc the pl nt a d. n 

th ba 18 of the root haorbing reo. of the d1ttcr nt tn,e · of 

roots, the r ults o a1n din t~e puta ton eJtJ:)e~f.m nt 1 upon 

t lo of th o , l ro t • are i•eadil de:i:'stoo • 
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Af>PENDIX IV, Number of tillers per plant on the 4th January, 1950. 

p; 

~ - m ~ ~ cm- TILIZER ~ _ ILI ER E,i ~ $ ~ 
ffi 

0 ~ 
TREJ\ f-<f BEJ\'1·1'.i!J:'.il~£ 

;.,. H ~ 
~ ... 

~ i ~ 
~ ~ ~ 

§ ~ ~ z 
C B p L BL --L ~ C N p L ,I,; PL 

I 56 19 43 21 10 27 392 64 . 0 92 110 2.5 43 569 961 

35 15 72 53 23 18 5.5 3 41 38 3- 67 

II 79 13 4 6t 34 52 415 74 1.5 34 72 18 45 501 916 

26 10 65 11 0 Go 42 15 89 60 2 35 

III 97 8 94 .54 26 91 674 114 9 62 73 2.-S 54 574 1248 

85 8 50 76 22 63 46 0 54 73 0 66 

IV 61 14 67 102 8 45 519 88 0 70 57 0 61 539 1058 

62 18 51 51 0 40 70 0 71 4 21 37 

V 13 0 64 17 21 32 361 . 26 11 40 89 0 19 432 793 

40 0 43 64 24 43 70 0 69 48 5 25 
. 

VI 42 22 7 55 3.5 71 463 42 19 14 59 16 95 411 874 

6o 16 41 62 0 52 44 8 21 18 13 62 

VII 74 0 47 72 14 45 508 106 7 23 43 0 99 688 1176 

66 11 59 75 0 4-5 69 0 86 87 63 85 

Co,_..t. 



' f1lII 53 0 48 117 35 55 612 54 11 94 6 28 49 551 1163 
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0r of tille s r pl nt n tho 15th aro • 19.50. 
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Af PENDIX VI,. Dr¥ matter, Jield of her ge per plant fO'J.f the · hole e.xperi:mentul .. P1od. 
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~v.111 2u.1u 2o.b1 10.44 39.54 213.22 39.5 39.64 27.tR> 0.92 195.58 408.60 

26.49 10.43 55.35 18.18 17.14 2'·.45 5.,77 ~.24 
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10.52 6.62 4.!)9 38.03 3.84 22.84 9.51 5.37 

X 30.61 15.63 8.42 33.66 1J 8.81 41.01 17.56 51.32 5~ 79 2 .39 387.20 

3.77 9.05 20.20 17 •. 47 4.53 30.02 3 .29 .87 
XI 27.88 39.79 . 35.23 41.55 247.22 32.79 32.98 13.13 92.l 283.79 531.01 

25.77 41.11 20.71 15.10 33.77 10 .10 - 7.31 50.33 
XII 41.03 18.57 42 70 1.3.3 231.,89 37.38 25.24 21.~o 85.88 317.75 549.64 

31.96 27.71 30.55 38.04 68.32 34.55 19. 1 .42 

~n .36.49 35.84, 35.41 3().88 23.3.33 34.46 30.34 28.98 4.,5 231.42 64.75 

30.32 4.98 23.80 35.61 
L 

4G.95 35.33 23.17 21. 
llV ,a.a1 42.59 75.88 t.o 12 394.38 73.90 26.42 '- .27 60. 310.50 704.88 

15.63 57.28 59. 64.57 62.24 1 81 21.94 3.5.48 

~ 30.77 39.10 40.50 80.13 31 .ao 35.66 4·1 .as 15.65 39.58 311.66 6..,o.46 
20.92 24.15 11.22 6'6.03 9.73 49.33 74.63 5.23 

DI 56.67 16.80 30.57 45.94 269.22 · 3.47 45.91 5 .. 92 11.9.3 265.18 534-40 

42.86 10.83 20.,39 45.15 4o.84 1i3.97 12.16 1'D.97 
, 

889.46 7~&, 798.94 969.6 3402.68 1115.06 952.85 8_ ~3 1147.71 ~ 40.95 7443.6.3 
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In all photographs, A denotes the primary seminal root, 

B, C and D the lateral seminal roots. Distance between 

the horizontal lines represents a scale or ·one inch. 
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