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SECTICH I.

INTROGDUCTION

Any reader of the Amerdcan news magazine, "Time", will know
that the editors occasionally publiish a "grass roots report"” decling
with some current question of public interest, It takes the form
of a survey of the fundamental issues involved, and attempts to assess
their significance, in=so=far as those issues are know, It is a
tacit recognition by a nonegcientific body of opinion of the importance
of the wnderground organs to the well~being of a plant, and that these
oergang are more essential, despite thelir hidden and inaceessible
hebitat, than is commonly recognized,

In ay study of the growth of pasture plants, a realistic picture
will only be obtained if the plant 1s treated ss an entity. The
comaon pubdivision of plant tissues into either the aerial leaf and
stem portion, or the underground root gystem, is artificial, for cach
part of the plant both depends upon and services other parts in many
wayss In a discuasion of the relative lack of knowledge of leaf
chemical constituents, Melville (1954) has stated: "Of the dry tissue
of o plant only about 10% comes in through the roots; the remoining
90% is derived from the air through the leaves which, quantitatively,
are of very much greater importance as nutrdtional organs than are
rootss" A statement such as thls does not indicate that the root
system has 1ittle importance to the plant as a whole, Plont require-
menta for minerels and nitrogen are ab high lewvels in productive
pasturcs, and the uptake of these nutrients is effected solely through
the root aystems To a great oxtent, the 107 of the dry tissue taken
in by the roots serves as a pace=moker for the level of activity
producing the other 90%, For vigorcus leaf produstion, not only munt

Te



atrong root aystem copable of fully meeting the plent's nutritional
needs for minorals and niircgen.

Too offen, pasture plant studies completely ignore the underground
tissucs, despite the common knowledge that treatments applicd to the
lcaves can have spectacular effects also upon the root syoteme  The
concept of physlological balance between the merinl part and the root
system of tha plant is based on this interwdependence of the various
plant tissuess In rezatlon to the amount of literature published
about top growth in pasture plants, therc is a paucity of material
dealing with root behaviour. Probably the besteknovm work has been
that of J,E, Vieaver and his associates with range grassland in the U, S Ae
Yieinmann (1948) has written a comprehensive review of the underground
development and reserves of grasses, and a tobal of 125 references
exhausts the literature in this field, In New Zealand, Jacques and
a group of honours students at Massey College have published results
on gome aspects of root development in owr major grass species. The
experiment which is the subJect of this thesis, was designed to con~
tribute to this knowledge,

The seasonal nature of the growth of grass root systems is lorgely
wnknovn, yet from the facts that leaf growth follows a seasonal pattern,
and the whole plant 1s an entire unit with complete intcerdependence
between 1ts parts, it Lo safe to deduce that the root systems pass
through o seasonal growth oyelee The evidence for this, from other
studics, which is presented in the review of literature, iz based on
ceveral different techniquese Some workers have used wwelght of roota
in a {ixed volume of soil as thoir sole criterdon, but it is felt that
little uscful information ocan be gained in this wny, Although o mixed
pesture under normal grazing can be examined, it 1s not possible to
measure acocurately the contributions to the total weight made by the
roota of the component specles, while many environmental factors will

remadn unrecopmized in their effects, The logleal approach is tho
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study of single entire plants, and this is adopted in the present
experimente

The alm of this work can be stated very briefly. It is to
trace out the behaviour of the root gystems of certain important
grass specles over a period of one year, and to determine whether
or not this scascnal root behaviour can be related to persistency of
individual plants, 1% is thought that in some species and at cere=
tain times of the year, the root system may not be copoble of supply-
ing the nccessary nuirdients in adequate amounts, with a consequent
weakening of growth and a possibility of deaths It is realized that
an experiment of this nature, which is designed to survey a general
field rather than to cxamine some particular character isolated from
its complex in the plant, will pose more questicns than it answers,
and will open up new avenues for further study., Some of these avenues

will become evident, or will be indicated, in the texte



SECTION IX

REVIEW OF LITERATURE

This review will be presented in three sectiona, as follows:

(a) Literature relevant to the top cutting treatments
employed,

(b) Miterature descxribing the seasonal nature of growth
of grass rool gyatems, and

(o) literature dealing with the use of tetrazolium come
pounds for studying viability of plant tissues, other
than the sced,



A. TOP Gmh .

The scasonal nature of top growth in grasses, ond the control
which con be imposced by various envirommental factors, has been well
established by numerocus workerse It is correct to say that the
seasonal nature of pasture growth ds tﬁe baslia of pasture manngement
techniques, where the aim ia to provide and to utilize herbage in
the amounts and at the times when 1% is required by livestock,with a
mininum of wastage.

In New Zealand, the seasonal production ¢f pasture growth under
various experimentel conditions at Marton and at Ruakura was reported
by Hudson et al (1933)e  Department of Agriculture trials into grase-
land production levels, and the rate of growth and yield capacity of
some of the major pasture species, have been reported by Ellieott and
Ignch (1942) and more recently by ILynch (1949)s  In perennial rye-
grass at Morton, ILynch found that grewth usually commences in early
Sepiembery is at a maxdmum in October and November, falls away during
December, January and February, and recovers durdng Merch or Aprll to
levels largely conirolled by reinfalls Perennial rycgrass showed
great vardoability bebween yoars in its summer and autum production,
Coxldll (1950) has @iscusscd the charmcteristiecs of the improved strains
of grasses and clovers which have been released for commerclal use under
certification, He say8: Messses it will be reolized that the prime
objective in the plant improvement programme has been to obtain increase
in production and in the seasonal spread of that production.”

A study of the effects that cutting of top growbh has on root and
leaf growth in perennilal ryegrass and timothy wos made by Roberts and
Hunt (1936), who claimed that checks to root growth fellowing top cutting
wore due to removol of stored rescrves from roots to tops, cspecially
at flowering, and that premnial ryograss has its madn storage reservss
in the root system, Thoy suggested that this mny oxplain why perennial
rycgrass stands more defollation than timothy, where roporves are largely




stored in tho bases of stemse  Jaoques and Edmond (4952) studied

the effcot of vardoun treatments upon top growth ylelds of perenninl
ryograns and oocakafoot, and found that the yicld was greater from

(a) fortnightly cutting than weckly ocutting, (b) 2-inch height of
cutting than 1einch or d=inch heights, and (o) non-root-pruning than
root-pruning. The effoot upon yleld from root pruning was greater
than from height of ocubting, which in turn was greater than the offect
from frequency of cuttings These workers also found that, ia general,
the more lenient top treatments were assoclated with carlier spring
growth and with better growth on into the sumer, From a study of
the effects of clipping upon plants of cocksfoot, bromegrass, ladino
clover and alfelfa, Wagner (1952) concluded that damage to top and
root growth, and to {tiller, rhizome, stolon and leaf dewvelopment, from
grazing or clipping, could be more severe in older plants tha.ﬁ in
sccdlingse The top:iroot ratio is a direct expression of the amount
of top growbth that a given root quantity must supply with water and
nutrdents, so that plants with a lower ratio would be better eble to

withstand a.clwfse conditions than those with a higher ratilc,

e i i s e




B, Seasonnl Root Growth

An attenmpt to relate the scasonal root development of S5-year-
0ld stonds of Poa pratensis and Aprostis vulgards to acil conditions

in New Jeracy, was reported by Sprogue (1933)e He found that the
modmmm root weight in both specles vas about twice as great as the
quantity present at the start of the season, and concluded that at
leant one=half of the root pystem is newly gencerated cach spring.
Following the pardod of maximum root welights, a decrease occurred in
both specdes at tho timo of heavy top growth; while in Poa pratensis,

there was a gradual recovery in root welight as top growth become less
atundant,  Stoddart (1935) used a root banding technique to atudy
longevily in individual roocts of 5 range grass speales, subjected to
a wide range of soil teoperatures and molsture levels,  In each case,
banded roots lived for at least one yecar, and many were still clive
when observations cecased after two years.  Sowe new rools were pro-
duced cach seascne

Using both perennial ryegrass and timothy, Roberts and Humt (1936)
showed that root weight increased in spring and sumer, and that mox-~
imm root length wms attained some time before maximum root weight was
reached, During flowering in perenniel ryegrass, shoot formation
apparcntly took place at the expensc of the rcots, since root weight
docreased durdng this period, Stuckey (1941) used mitosis as the
criterion of root growth, and found that root tip cells wore dividing
actively at temperatures close to 32°F, vhile cessation of root growth
during the summer months coincided with periods of high soil temperatures,
Over 2 years, shs observed that in unclipped timothy, meadow fescue,

Poa trivielis, porennial ryegress, Agrosbis vulgeris, and redtop, the

vhole root system wes regencrated annunlly, new growth commeneing in
auturmm and inorcasing rapidly in spring,  Most of tho old rootn dip~
intogratod ohwrtly rftor the now onos devolopeds With Poo pratonnin,
cackafoot, Poa compronsa and Agropyron aristatun, only a fow new rootn
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were formed after the first gpring, and only a smll percentage

of roota disintegrateds Stuckey's conclucions about Poa pratensis

and Agrostis vulgaris, based on evidence of cell division, are not

in agreement with those of Sprogue in the sane species, based on root
welghts

In a study of the effect of fertilizer placement on the yield
of roots and herboge, Jacques (1943) found two periods during his
sarpling times when root weights decrcased in perennial ryegrass.

The first during June and July voa of small dimensions and the cause
was not determined, The seccond period fellowed a ropld increase in
root weight lasting until the end of November, and continued to the
ond of Februnrys. This loss in welght was due to the death of some

of the carliecst-formed roois, and to the loss of cortical tissue (rom
the older part of the roots, Weaver and Zink (4946) used a root
banding technique on 3,424 roota on 184 plants of 10 range grass specics,
over a 3=year periods  Root condition was determined by visual exnme-
inntion, livirg roots having a yellowiah-white or bromish colour with
good tensile strengthe In all species, there wms a high rate of root
survival over at least the first 12 months, vhile even at the end of
3 years, many of the banded roots were still in good condition.

The effects of defoliation and root~pruning in cocksfoot and
perennial ryegrass wos studied by Edmond (1949), who found that tha
maximm production of herbeage and new roots did not coincide, Following
planting in March, root initiation was at its lowest inearly June as
herboge production wes felling, but root numbers increased from June
as herbege continued to decline, Maximum root inltiation was reached
in October at a time when a decided increase in herbage growth was
becoming apporent, Root mumbers then foll avay shwrply until the
lovest point was reached in Deoembexs Thore vas a slight recovery
of root nmubors in January, as horbage growth doclined, Scasonal
flustuntions wore greater in perermial ryograss than in cocknfoot,

Evidenco on tho physiologionl behaviowr of the blenninl nodiim




- red clover and the short-lived perennial mammoth red clover, vos
sought by Smith (1950)s Coxbohydrate root reserves were diminished
during winter dermency, and both carbohydrate and nitrogen root
reserves were reduced by early spring growth as well as by new top
growth after cach cutting, Resioration of root reserves ocowrred
vhenever the photoegynthetic area wos sufficlent to allow storage,
The posscssion of a toproot by legumes should make the sioinge and
movement of rcserve meteabolites a more prominent feature of plant
growth than it is in the monocotyledonous grasses. Troughton (1954)
cxamined the seasanal root development in permanent pastures containing
perennial rycgrass, Poa trivialls and Agrostis spp., with smller

amounts of timothy, Yorkshire fog and white clover, in three heavy
clay fields at Aberystwith, The amount of root material was lowest
in Novenber with a consistent incrcase, witil May or June, followed by
o grodanl decrease, partly due to root death amd decay, from July to
Hovember, This genersl trend was modified in one field where there
was a decrease from Decexber to Februsxy while the pasture was under
heavy grazingy while in a second field, a decrcase in root weight
from Moy to June was thought to be due to heavy calls on root reserves

as the pasture was closed for hay and came inte flower.
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Ce Tetrazolium Staining
of Plant Tissucso,

There is & stoaldily growing literature on the use of tetrozolium
salts as Indientors of reduction~oxidation potentinls in biological
mterial, Its mjor use has 8o far been as a rapid indicator of
ceed germination capaclity, and nearly a1l the papers examined dealt
cither with the application of the compound to sced germination problens,
or vith the chemistry of the reactions involved, Very little inform=
atim is available yot from studics made on other plant tissucs,

The redustlon of 2, 3, 5 =~ triphenyl tetrazoliun chloride at the
sites of plant meristematic tissue was exnmined by Roberts (1951),
with the conalusion that the lack of specificity for this reaction
ankes 1t probable that a9 ane reductase gysten is responsible for the
reductian of the salt by plant tissucse She says: "It scems more
1ilely that a gereral redox potontinl level, mintained by the oper—
atlon of ocveral physiologleally active gystenms, brings about the
reduction of tetrazoliume™ In an earlicr poper, Roberts (1950} pointed
it tnat totracolium differed from the majority of redox indicators
since it forms an insoluble formazan in its reduced state, and the
reaction is therefore irreversible; it is visible in minute quantities
s0 that the reaction is very sensitive; it rcadily penetratcs plant
tissues and is not adsorbed; nor does it diffuse from the site of its
precipitation, Hicroscopic sections of fresh material were used for
staining, while weak or slugglsh reactions were improved by putting the
sections into a dessicator atiached to a vacuum purp to ald penetration
of the tissuen by the test esolution. The freezing microtome was une
suitable, since ths charecierlstic reductlion was elther greatly changed
or completoly ebsont after freezing.

Actively growing root tips in o1l the plant speooies (Alldum copa,

Capnioum anmm, Cuourbita maxima, Phascolus vulgoxdn, Raphanmus sativus,
Rlelms oorrzmin, and Vieda £ativa) cxaminod Ly Roborts (1950) showred
somn degree of meducing activity, Tho strongest reduction wasn in tho
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zone of cell dlvislon, with continuing reduction of progressively
less intensity from the spex back, in the cutermost and innermost
reglons of the ocortex, Reductlion by the perlcyole at the sites
of sccondary root origin, but before there was any histological
evidence of secondary root initlation, wmas alsoc observed in the
nonocetyledon, Zea mayss Such reductlon pattems offer a means of
determining physiologicael differentintion which may exist within
tisoucs, by detecting reglonas of high metabolic activitye

The influcnce of tetrazolium salts upon the growth and cytology
of onion root tips was studied by Sonncnblick et al (1950)e Reduckion
of 2, 3, 5 = triphenyl tetrazolium chloride occaurred in excised root
tips, but the effect vms not 80 opecdfic as from the nower tetrozdium
salts that were also examined, With the chloride, the entire roct
is colowred pink {to red with the meristenm staining deeply, and forme
azan began to diffuse out of the cells sooe one to two hours after
the start of a teste Ordinary dehydraticn and clearing procedures
with mloroscopio sections resulted in the loss of most of the pre=-
cipitated granules,

As a result of a study of tetrazolium staining patterns in pea
secedlings, Stafford (1951) suggested that selective adsorption by
certain tissues may be involved in the spparent localization of red-
uced tetrazolium salts, A major source of error in enzymatic
cybochemistry is due to diffusion of the coloured indicator compounds
after their formation to other sites with a high selective affinity
for theme Dyar (1953), using rapidiy-acting, light-steble "blue
tetrazolium®™ in a study of the Hill photo-chemlcal reaction in green
plant tissues; clalmed that it is improbable that an eppreciable amount
of such an insoluble compound as reduced "blue tetrazolium® could diffuse

from the site of 1its formation to localized reglons within the matter
of mimutos involved in the reastlon. This arpuscnt wouldd not opply
to tho oarlicr~lmom tvoftruzoliun salts, such an 2, 3, 5 = triphonyl

tetrmzoliun chlorido, bocause tho mpoed of tho roaction £s 8o mich clowxy
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SECTION IIX

MATERTALS AND HETTIODG

This sectlon will be presented in thrce parts:

(o) a description of the plarming; the layout,
and the establishment of the experimental

arca.,

(v) o description of the measurcoent methods
coployed with the top growth, and

{c) o description of the methods used in the
examination of the plants'! root gystems,

i2.



Ae Loyout and Egtablislment

Four species were used in thls experiment,

Perennial ryegrass (Lolium perenne) and Italian ryegrass

(Lo mitiflorum) were selected as being long- and short-lived

menibers of an economically importent grass genus in this country.
Information on the relative leaf ylelds of these two species,
based on trials carried out at Palmerston North, has been published
by Corkill (1950), who ghowed that in the first 18 months after
auturm sowing, peremnlal ryegrass produces the higher leaf yield
during sumper and autumn, but that Italian ryegrass is growlng more
leaf doring winter and springs o data has been reported on the
scagonal behaviour of the root systems in these, or other, specles
in Now Zealand, The only explanation, based on experimental evidence
Lor the differcnce in longevity betvreen these two rycpgrass species
han been advanced by Cooper and Saced (1949), who sugmested that the
behaviour of annual and’ peronnial strains can be explained as a balmnce
between rapid differentiation and elongation of the flovering shoot
with inhibition of axillary buds in the annuals, and profuse develop-
ment of axillary buds as vegetative tillers with slow differentiation
of the inflorescence in the perennials, Perennisl and Italian rye-
grasses therefore seemed to offer good material for a study of root
growth over the year, to show its relationship to leal growth over
the samz period, and to examine any possibility that longevity may be
influenced by the plant's root system,

Tall fescue (Festuca arundinacea) was also selected for inclusion

iﬁ this exporiment, since individual tall fescue plants eppeor To be
very perolstent in the fields Amnual meadow gross, (Poa amnua), s
also chosen, since this specles has an cphemeral life cycles It was
hoped that tall foscue and Poa onnua might reprosent the more extromo
charastors involvod i3 langovity, and so sorve to highlight tho diff-
orenoes in root behaviow which wore expected betwven perenninl and
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Ttalion ryegrasscse

Since the plants would need to be examined in their entirety
s0 that the ncceasary data on root behaviocur could be colloeted,
som¢ form of contoiner was required, For this purpose, 134 glazed
pipes, each twelve inches in dlameter and twelve inches in depth,
were availables These plpes had been used succesafully in carliep
root studles at this College, when it was found that the glazed sur-
foce markedly reduced the tendenay for roots to agpregate at the sides
(Jacques, 1941)e  With this limited number of pipes, it became cascn—
tinl to have some measure of the variation likely to be found in the
mterial used, so that a loyout could be planncd which allowed suff-
lciently frequent 1iftings over the desired peoriod, yet provided enagh
wlants at cach lifting for statistical examinntion of the results to
be carried out with a good chance of establishing significant differences,

The only satisfactory figures which could be found for this purpose
had been presented by Edmend (1949)e From his figures for numbers of
roots per certified perennial ryegrass plant, non-root-pruned and with
top growth cut to 2 inches in length every fortnipght, it was calculnted
that the coefficient of variation over 15 plants was 25,70%  On the
assumption that all the species to be used in the mresent experiment
would show differences of the same order of magnitude, eight plants
of each species should allow a detection power in the statistical
analyais of approximately 25% of the mean of the mcasurements for all
plants of all speciecs, taken at any lifting, Edmond®a data had been
colleoted from clonal plants whereas the present experiment employed
seedlings, but the possibility of greater veriation due to this cause
was ignored,

Eight replications is oconsiderably below the number of 15 emaloyed
by Edmond (1949) or the 32 cmployed by Yates (1950), in comparadlo
root atudlos at this Collogees DBoth thene workers, however, grow
Plants in an open plot, so that tho limit to the numbor of replicationo
ms pet by the amount of saterial that oould bo handled convenlently




Ly one persone Ia the present experiment, whexre the munmber of
pipes was limlted, any increase in the number of replicetions, i.c.
in the nuber of plants of each specles at each lifting, entailed a
reduction in the mumber of liftingss This, in turn, imposed either
a shorter time over vhich liftings could be made, or a longer reriod
between sicoesaive liftingae Nedither Edmond nor Yates found that
the efficiency of thelr statistical analysis was impeired by the lack
of sufficient replications, and Edmond concluded that 7 or 8 replic=
ations would have been adequate for testing the major effects in his
oxperiments Since it wus antlclpated that the differences in root
behaviour under study in this trial were quite substantial, it appeared
that the numbor of replications could safely be reduceds For thece
reasons, 8 replicatlons of cach speoics at each 1lifting was accepted
as a sudtable number,

It wvas thought that the soil wvolume in each pipe should be suff-
iclent to mupport four plants, without competition effects becoming
scvers enough to Iinterfore with growthe Two pipes would thus be re-
quired for each specles at each lifting, giving a total of 8 pipes in
each M {ting block, and allowlng 17 blocks to be laid dowme The
shortage of two pipes in the total number nceded for such a layout was
adjusted by the omission of Poa annua from the final 1ifting blocke

The area chosen for the experiment wes & small fenced~-off plot of
50 feet by 30 feet, in paddock 4 on the lMassey College dairy farm.
This plot hod been used previcusly for other studies of root develop-
ment and had the advantoges of being level, open to the sun, and yet
sheltored to a considerable extent from wind by nearby hedges and
trees, while the sandy noture of the poll ellowed freo drainnge and
proved cxcollont for thoe cany and clean soparation of root gystems,

A mechanical analyels of tho solil wamp corrled out in the laboratory,

and tho results aro showh in Tablo 1,
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TABLE e Mechanical analysis of soil on plot area.

The percentages recorded are the average of triplicate determin-~
aticns made on an aire-drled composite sample from 0 = 412 inches depth,

Mol sture 1o llich
Loss on ignition 3¢53
Clay 10,10
Silt 11e25
Fine sand 34456
Coarse sand 2001
916195

During late July ond early August, 1952, the ground was cleared,
oand the pipes smunk into the soll so that thc alden wexe vertical and
the top rin half an inch sbove ground level, The soil removed from
cach hole was carrded to one end of the plot, and then mixed together
by twming the heap three times with a spade, as a preparation for
its use in £1Uing the pipess On August 7th and 8th, all pipes were
£illed with this soil, and heavy rain immediately afterwords {O,34"
was recorded at the Grasslands Division metcorological staiion apmrox—
imately 300 yards away) helped to consolidate this £illing, On Asmust
12th, all pipes were uniformly topped up with soil %o within half-an-~
inch of the top, labelled, and mmureds The fertilizer used was a
mixbure of 2 mrts superphosphate: 4 part bonedust: 4 pert driled
blood, applied at the rate of 12 grems per pipe, vhich is equivalent
to & dressing of 13 owte per acres This fertilizer mixture wan
sprinkled evenly over the swrface and then mixed into the top layer
of soll, No further fertillzer applications were made at any stage
of the oxperimoent,

Tho £inal layout is shomn in figure 1 Blocolk nuzbers were
allotted from the tabls of randem mubers givun by Bnodeacr (1946),
hile the spcaios woxe allotted to pipes within each block fron the
takle of srandoa pormutations ef 9 meders given by Coolumn and Cox



FIGURE 1.

Experimental Layout.

Fach square represents one pipe; the species grovm in each

pipe are glven by the following key 1=

Ba
Bb
Bn
Bz

perenrdal rycgrass
Italian ryegrass
tall fescue

Poa annua

The pipes were arranged in blocks of eight. The lifting

sequence for each block is given by the numeral (4 to 17) on the

top of each block,

The number in brackets is the lifting sequence

for the twe Foa annua pipes in the sub~trial with this species.
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(1950)s Pipes within a block were soparated by a distancoe of two
foet between their contres, vidle the dlatonce between the centres of
pipes in adjelnlng blocks wos three feete These spacings allowed
casy recognition of the blocks, and facilitated both movement around
the area, and control of weeds between the pipess The strip below
block 6 was not used, as a small pit had beecn dug here earlier and
there appeared to be some risk of subsidence of the swrface soil, which
would have affected the setting of the pipes,

The plant materdal used came from various sowces, Tucleus
Stock seed of both perennisl (Ba 40, 1950/51) and Itelian ryegrass
(85408, 1951/52) was supplied by Grasslands Division, and vhile not
genetically undform, should have been capable of growing into vigorous
plants without any morled heterogencity of type. Whilce the use of
clonal materinl from one plant provides tillers of uniform genetic
constitution, the Individual tillers will vary to some extent in vigour
and gize, and it mey be difficult to sceparate sulflcient comparable
tillers from the one parent plant for the complete experimental platding.
Seedlings are casier to prepare end nandle, and sclection of similar
seedlings for planting cut by discarding unduly strong or wsak ones,
can help in the atteinment of reascnable uniformitye Yates (1950)
successfully used Nucleus Stock seed of perennial ryegrass in a come
parable experiment,

The Poa annua seed used was taken from seed samples of vardous
species received at the Seed Teatlng Station, Palmerston North, for
analysis, in some of which it was a common impurlty. The tell fescue
seed wns collected by hand from an isolated group of plants growing in
a droin enclosure behind Wharerata, Massey College. In the oase of
both theso speooies, the seod oould include much variation in plant
typo, but here again this was reduced to some oxtent by the use of
enly cosparably aized soedlings at planting oute

feod boms for cach of the four mpecles wore prepersd ardl comn
on 16th July, 1952, Tho daxen wore kept in & wam glanshoum until
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the young secedlings were about halfwan-inch in height, when the boxes
were tronsferred to a cold frame outside for hardening,

Planting out was done oa the 13th, 14th and 15th August, 1952
The leaves of each selected seedling as it was planted were ocut back
to a length of one inch, to impos_e unifamity and to reduce moisture loss
by iranspirations A hole four inches deep wos mode with a dibble for
each plant, and the rools were placed so that they recached to thia
full depthe The hole was then filled with soll which had been passed
through a finc sleves The holes were spaced so that cach one was
approximately equidiastant from its neighbours ani from the sides of
the pipes As each plpe wns planted with its four seedlings, it was
watered until the suarface layer was saturateds This techrique was
mccesaful as all plants struck, amd no replacenent planting ws
necessary within any spocles,

Purther watering by hand was done on four occasions during the
six weeka after planting = on 26th August, and {11th, 23rd and 30th
September respectively. The weather vas fairly dry over this period,
and the watering became necessary, ¢ prevent checks to the growth of
the establishing seedlings, From Octcber omwards, further watering
was not required, and the plants at no time showed evidence of lack
of moistures Rainfall and dew provided adeguate moisture supplies,

An analysis of rainfall, evoporation from a free water surface,
minimim grass temperature, soll temperatures measured at l=inch and
13-4nch depths, and the mumber of smahine hours, for weekly intervals
over the experdimental period, as prepared from the records of the
Grasslands Division meteorological station, is presented in Appendix
3¢ The total rainfall, the mmber of days on which rain fell, and
the muber of smshine hours over the expcrimental perdoed, togethor
with tho average figures for the equivalont peried talon from Gronoe
lands Division's rocoxds sincs obzorvations beogan in 1928, are set

out in Tabls 2, .

*
L



TADIE 2  Rodnfall and sunshine fimures for exporimental perdod,
and the 25«vear average,

Actunl figure Average figure,1928-5)
for perdods for reriod 17 Sept. to
17/9/52 = 16/11/53 16 Nov. of following
YEaX's
Radnfall 55¢38 inches 45442 inches
Number of roin days 227 2016
Sunshine howrs  1792,6 2147

The actual period of the experiment thus received nearly 10 indxes,
or apreroxdmetely 2% more rain on 26 more days, than the average for the
comparchble period culeulnted over 25 years, while the numiber ¢f howrs
of sunsdhine was reduced by 32, or approximately 15

At a1l stages of the experiment, the pilpes were maintained free
of weeds, while the paths and areas between the plpes were periodically
hoed to remove weed and grass growthe

.!.
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B. Top Gxrovth Measurements,

It appeared tnat some measure of the leaf growth of the plant
materiel used in this experlment would be nccessary in any asecos=
ment of the differences in root behaviour between the specles, While
the genecral leaf growth patiern of the two ryegrass specles was known
from Grasslands Division's published results, these provided no anser
to the leaf ylelds that wadd be obtained under the conditions of this
experiment, an the sandy soll type, and in this partlicular season
which proved to be wetter and duller than usual, Purther, no leaf
growth data were avalloble for either tall fescue or Poa anmua. Actuald
measencnts would therefore have to be taken on all four specics,

Since this informtion was only incidentel to the main study of
the root systiems, it was decided that the time and labour invelved
in cutting, drying and weighing each plant, ¢r even each block, sep-
arately, so that a complete statistical analysis could be mede of leaf
growth, was not Jjustified, The method adopted wvas to take the yields
in duplicate samples, eight blocks (mumbers 3, 15, 8, 12, 16, 9, 5, &)
giving sangale A and nine blocks (numbers 17, 2, 1, 11, 6, 10, 7, 13,14)
giving sample B, The bleocka in each somple remained there during the
whole experiment, so that as each block was lifted and the plents
removed, the number of plants of each species included in the appropriate
sample was reduced by eight, Tt is likely, therefore, that as the
number of plants cut became small towords the end of the trial, errors
would inoreasces The use of the duplicate samples A and B should give
some idea of this, and also served the purpose of checkdng the yields
against gross errors,

The outting techniquo adopted vms %o cut with socissars at a length
of two inchos, all leaves being lifted vortically in tho hand bofare
tho cut wos mado, That 18, all leavos were out to a longth of two
inchea, rathor than tho plant balng out to a hedght aof two inches with
strngpling leavoa romnining much longer o cvan not belng cut al ald.
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The length of two inches was conatantly checked with a ruler over
the first three cuttings, after whioh eye appraisal of the length
was mades Occasional check measurements of the length were made
during the experimental period, but no marked deviation from the two
inch length was ever noted,

The frequency of cutting was voried over the trfal period, The
first ocut was taken on 17th Seplember, 1952, at which_ stage all planty
had established and were making obvious growth, IFrom then on until
the 16th Aprdil, 1953, plants were cut at fortnightly intervels, although
it was not possible to adhere ‘striotly to a fourtcen day schedule,
Rain wasg the main cause of the variations of one oar two days which
were sometines nccessarye By mide-April, leaf yields had decreased
mrkedly as toepcoratures were falling durdng late autumn, and to avoid
the posaibility of undue interference with root bchaviour at a time
viien top growth was relatively alow, the periods belween culs were
increased to threeo weekss Agaln, variations of wp to four days were
sonctimes nccsssary with this plamned cutiing interval of twenty-one
doyse This interval was thereafter mointained until the completion
of the experiment, which appeared to coincide with the spring growth
flush as judged from generel pastwre grovwth.

The two-inch length of cutting,end the fortnightly frequency of
cutting, represented the most lenient treatment employed by Edmond
(1959), and was satisfactory in that there was no evidence of checks
to either top growth or root growih and initiation imposed by the
treatment being over-severe, The use in this experdment of the same
cutting {reatment employed by Edmond had the further advantags that
direct use of the results could be mde to confirm, or otherwise, oartein
obocrvntions made by this warkere, It is conaldercd that the chonge
“0 the throowwookly .cutting poriod during the slower leaf growth of

wintor 45 not likoly ¢to have had effecte an the plant great encuch
to inwmlidate ths top growth romults in this exporipent, and thore is
P cvidenos in the remilte that ouxch treatnent had any measimble
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effect on root bohaviour,

It was found at the cut on 13th November, that soms of the peren-
niel ryegrass plants had emerging flower-heads, and these also appeared
in some tall fescue planta for the first time on 11th December, and in
some Itallan ryegrass planta on 22nd December. From these dates on~
wards, at cach cutting date, a record of the individual plants showing
emerging flower-heads wes kept for each gpecdes until the last appearance
of heads on 20th May, 1953, in tall fescus, An analysis and discussion
of these observations 1s presented in Appendix 4+  The importonce of
these flower-heads for the present purpose is that they are ster tiscue
included with the leaf ftissue In the welghts of top growth, for the
perdods during which they ocourreds No attempt was made to separate
then from the leavess The cutting length of two Inches was long encupgh
to avoid the Inclusion of basnl stem tissue with the leaves, so that top
growth welghts for the perioads when flower-heeds were not being formed,
are pure leaf tissuese, The duwration of flowerdng in the three specles,
and hence the periods durdng vhich flowering stem tissue is included
with leaf tissue in the top growth ylelds, are as follows!

Perennisl ryegrass: 413th Noverber,1952 to 18th February, 1953
Italion ryegrass ¢ 22nd December, 1552 to 18th February, 1953

Tell fescue 11th Decerber, 1952 to 20th lMay, 1953.

It should be noted that at the commencement and partlieularly ncar
the end of these periods, few plants were recormded with flowerheads.
In the three species, the periods during which at least 25% of the
plonts were flowering, and hence durdng which an appreciable amount of
flowering tissue 1s included with the true leaf tissue, are:

Porennial ryegrnssy 28th Novembor, 1952 to 218t Jamiary, 1953

Italinn rycgrass 3 6th Januaxy, 1953 to 2ist January, 1953.

Tall fooouo 8 411th Decembor, 1952 to 4th Februnry, 1953

In nddition, paro than 104 of tho tall fosous plants woro reocxiod
as flowering from the cut an 10th Fodyuary thiough until oth My, 195).
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The leaves, immediately after cutting, were placed in preserving
jors with airtight seals, and taken to the laboratory, The total
green welght of herbage for both samples in ench species was measured,
and then from cach sample, 2 lots each of apmroximately 100 grams woere
taken at random and weighed in metal trays. These traye were drded
in a Hearson oven at 100°C for 2l hours, before removal to a dessicatar
for coollng and reeweighings In a few cases, checks were mado to
determine whether any further losa of molsturs cccuwrred on re-drying,
but In no case vas any further loss in welight recarded, The dry metter
percentage of the herbage in each tray was calculated from these figwres,
tho duplicate doterminations for each sarple agnin sorving as a check
agninst grosa «xrors. By sumndng the green wedghta and the dry weights
of thoe herbage in the four trays of each gspecies, the dry mttiexr per=
centoge foar the top growth of each species at each lifting was calcule
ated, Finally, tho dry weight yleld of the herbage was detormined by
cabining the total green woight and this dry mtier percentage.

The yicld figures used in the section on resulis, is derived froo
this dry wedght yileld, Since the number of plants decreased durliyg
the ecxperimental mriod as blocks were lifted, it became necessary to
divide this dry weight yleld by the murber of planta cut, to give a
measure of the dry weight of herbage per plant, Further, it has alresdy
been explained that the cutting frequency was altered during the

experiment, and the actual cutting intervals were not sirictly either

14 or 21 dayse A mare useful measure of yleld is therefore obtained
by dividing the dxy welght of herbage per plant by the muber of days
in the cutting interval, This gives the dry wedght yleld of herbage
per plant per dey for each cutting intervals This index of top growlth
is the bost that can be derdved from the date ocollected In this experd-
mont, and while certain errors will be present, these are wunlikely to
serlounly affect the comparisons of herbage ylold made within and
betwoen spocion,

Dry welghts of hosboge wore used in preforence to groen welghts
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in the compilation of results, Creenhill {1936,(a) and (b)) has
shown that conclusions based on green weight compardisons can be mise
leoding, but that the use of dry welghts and dry matter percentages

of herbage (and roots) allows legitimate comparisons to be made within
and between speoies at aifferent dates, Such comperisons are, of
course, an essentinl feature of an experiment of this natwure,

The method of drying employed is one of three recaormended by the
NeZe Institute of Chemistry's Commitice for Standardization of Plant
Analytical Methods (Melville, 1947) for tissues such as leaves which
are relatively low in soluble carbohydrates, The particular method
used here was chosen in preference to the altermtives because a sudi-
able oven was readily available, All weighings were made on an E.TeA.
Triple Boam Dalance, vhilch was satisfactory for the heavy wolights
involved (sometires over 1000 grams), and which could be read to an
accuracy of O grome .

Poa ammm plants did not long survive the cutiing treatment, By
the f£ifth cut a 43th November, 1952, only 36 plants out of the original
128 were showing any signs of growth, and most of the reminder were
capletely dead with no vestige of green tissues, Flowering had been
profuse in all plants from the second cut omvmrds, + was therefore
decided to discard Pea anma from the main trial, and all pipes allotted
to this species were cleared of plants, It was further decided Yo rum
a sub=trial with Poa ammua duwrlng 1953, and a fresh supply of seed was
obtained from the Sced Testing Station and sown into a seedbox on jxd
June, 1953 Flants were put out into the plpes on 26th June, a fresh
allocation of numbers for the lifting sequence being mades The first
top cut vms taken on the {4th August, The first lifting for root
obgorvations was made on the 3rd August as scon as the plants were well
estoblicheds The next two 1iftings were mude at fortnightly intervals,
but from thon on, liftings vwsre mde woekly until complotion of the trial
on 16th Noverber, 1953, Dotalls of tho layout and tho results of this

zbetrial are procented in Appendix 5.
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Ce Root Measwrements.

This expexrimend was planned for observations to be made over a
full years With 17 blocks, this sllowed liftings to be made at
three-weekly intervals, periods short enough to allow the detection
and following of trends in root behaviour as they occwrreds That is,
liftings of plants at three-weekly intervals should parmit a fadrly
preodse delimitation of any significant pexiods vhen the root aystems
of the variocus specics were ahorrim; di f'{erences,

_ The first block was taken wp on 4th December, 1952, amd the second
block ¢n 29th Decembexs These two blocks were used primrily to
develop techniques, both 4n actual 1ifting and washing of the plants,
and in laboretory ocasuement procedure, The third block was lifted
on 26th Jonuary, 1953 and thoreafter, blocks were taken up at twenty-
ono day intervals during that yoar, the experiment bedng finalized
with the 1ifting of dloak 17 an 16th Noveuber, 1953

At cach 1ifting, a hole was dug alongmide ecach pipe in the gprop-
riate block, ﬂwpipasmmrcfuuy-pullodomso that they lay
hordzontally, and the soll adhering to the base of each pipe was
trimned off level with the botiom rim, This meant that only 11% inches
depth of s0il, with iis contalned rod s, were examined, It was not
practicable to get any measure of the asmount of xrool tdssue which had
penetrated below this depth, bul there was never any evidence that
the smownt was appreciable,

Reported studlies on root development confizm that most of the root
tizsue is confined to the top few inches of s0il, Troughton (1951)
sampling Brook Field at Aberysiwith, found that 79.7%% by weight of the
root tissue ocowrred in the top 3 inches of s0il, 89433 in the top 6
inches, and 9547% in the top 12 inchess This field was caxxyling a
very mixed 10=yoorwold pasture, under lenient grozing and occaslonal
hay oropne Gist and 8mith (1948) on a shallow 0ilt loam soil in West
Virginia, exodnod the root developmnt of ooveral farage gransess
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Their results for two "English" grassea (they did not include ryee
grass in their experiment), were as follows:-

TABIE 3 Wei.ﬁgt of root tissue in pounds per acre at verious depths

in & shallow silt Joam soil (after Gist and Smith (41948)).

Specales O =3 inches 3 = 12 inches 42 = 18 inches
Cockuafoot 12,7 252 29
Timothy 690 73 6

Jaoques (1941) meamired in March, 1939, the air=dry wedights of
root tisoue dom to a depth of six feet in a perennial ryecgrass =
white clover smard under grazing, following sowings in the preceding
autwm and springs IHe found that from the autuwrm sowing, 1171 oillie
gramn of root tissuw ccouwrred In the first 42 inches of so0il, out of
158, milligrams for the full depth of 6 feet, Fronm the spring sowing,
1210 milligrana woro recovered in the top 12 indws, and 4578 milligrams
in the full 6 feet sampling depthe In the face of cvidence of this
natioe, it is unlikely that any errars which would affect the results
and conclusions from the presont experiment were introduced through
discaxrding root tissue below 113 inches in depth,

After trimdng of the base, the pipes were carried to one end of
the plot from which there was a fall awmy down~hill, which proved ideal
for the disposal of washing waters A stream of water from a hose was
carefully played on to the base af the pipe, and the s0il was easily
removed by this gentle flows It took about tweniy minutes to wash
out each pipe so that a minimm of damage was done to the rootse At
tho later liftings when the cortex hed laxgely disintegrated from meny
of the older rocts, and they were therefore rather tain and brittle,
thore was some 2038 of roots in thia mrocess, but examinatiun of tho
wachings shomd that the mudbor so effected vms very mmalls In viow
of the diffioulty of chtaining an accurnte count of theso rootn, thoy
wero dgnoreds All oneclos appeared to bo affcoted by this faotor to
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about the same degrece

At certain of the liftings, me ar more of the Italian ryegrass
plants had dieds The remedning plants of this species were treated
as described in this section, and allowance was made for the missing
plonts in the statistical examination of the results, as will be seen
laters In no case was any plant of either pereanial ryegrass or tell
feocue missing, o that the full mmber of eight s recorded at each
Lifting for these two speocles,

The plants, aftcr removal from the plpes, were imediately vaopped
in paturated tomelling and taken to the labaratory, Hexe, each set
of four plants was mibjected to prolonged and gentle vashing, during
vhich the root systens were untangled and cleaned from 8oil as far oo
practicable, The plants were finnlly suspended on wires and placed
in battery Jars full with vmtoer so that the vhols root systen vams
imerseds They wore held hoare untll cbservations were mde, these
taking some thxrce ar four days to complete,

Up to0, and including the 4twelfth lifting on 3xd August, reprcesent-
ative planis of each specica were used for tetrazolium staining, The
compourd used was 2, 3, 5 = triphenyl tefrzzcelium bromide, prepared
by the Moy and Baker Fharmaceutical Coye, and sold as "Grodex” germ-
inntion indicatar, The selected plants were suspended in narrow
200-mi11ilitre beakers, and a freshly mde 1% solution of the tetrazdliim
salt in distilled water poured in to completoly cover the rooise. The
beakers were placed in an incubator at 30°C for eight hours, On
removal from incubation, all plants were immedistely examined, and a

‘description made of the gross sbaining patterns observed in the roota,

On several ccoesions, attempts to cub sections for mlcroscopic study
of the staining mttern wore unsuogessful and no satisfactory pilctuxe
of this was obtained. The action of tetrazolium salt is not to staln
tho actual tissuos, but 1s a procipitation of the red=colowred red-
ustion solt, formaran, ot the aitos of its formations Tho normnl
tedindquos for clearing and mounting sootions wore not multable, and
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it was not possible to obiain a clear view of the microscopic asltes
of the formozan deposdilon, General Indications werc, however,

that the roots halrs and the stele or vascular cylinder, consistently
shared a greater deposition of salt, as judged by the deeper colour,
than did the cartical tissue,

This tetrazolium staining technique wos discontimaed after the
Ufting on 3nd August, since by that time s0 much of the root aystem
vas discoloured as ths older roots became dark brovm, that it was no
longex posaible to recognize the precipitated formoazan melt,

Each plant was carefully cut through at the croom with a rocor
bladas A count was made for each plant of the mrber of live tillers
present, any tiller showing green tinsue being counted as alive,

T lcrs ohoved much vardation &n size within ecach plant and over the
cowrse of the cxperirent, but it was not possibhle to place tillers
consistently in any sizo groups.

The soverod root gystom from cach plant nowr recalved a further
washing to remove s0il carricd bebtween the roots in the region of the
ocrame A count was made of the total muidber of roots, this operation
bedng greatly aided by coreful teasing apart of the individunl roots
held about an inch below the swface of the wmter in a large white
basine Durdng the first four liftings, the entire root systems werce
light in colowr, though there was a noticeable tendency to darkening
with successive liftings, At the £ifth 1ifting on the 9th March,
"white" roots became notlceable because of their colowr ani these roots
could be distingulshed in each species at all subsequent 1iftings. A
count was talen of thelr muwber for ecach plant, and they were seporavel
from the remainder of the root gystems This seporation was easily
mode an none of tho white roots at any stage of the experiment extilited
lateral branchings

During tho root counting procoss, observations werw mde on coxrtain
othor root oharactorc, principally colowr and the condition of tho
oartox,



As soon as the count was completed, both "white roots" and
"roots other than white" were dried separately on towelling to remove
moisture carried on their surfaces, and were then welghed to the
nearest milligram on an airwdamped Sartorious balance, This gave
their fresh weight, equivalent to the "green-weight" of the top
groathe

Drying of the root systems was carried out at 100°C for 24 hours
in the Hearscnm oven, Oven~drying was considered necessary, since
the resultant weights by virtus of the constant drying oconditions,
should be camparable both betwoen and within the specles far a1l lift-
ingss This would not have been the case vdth alr-drying of the rootn
since controlled constant=fuddity fncdlitics were not available, A
further advantage of oven=drying was that the time and temperuture
used for the roots was the same as those used with the top growth,

80 that these two sets of data should be directly comparchile, The
Coxdtteo on Standardization (Melville, 1947) made no recommendations
for the drying of starage tipmues ar for tiszsues with a high soluble
caxbohydrate cantent (such as carrots), but it was thought that grass
roots were not llkely t0 have a chemical composition which would be
unduly affected by the ovenw=lrying technique employed, This assumption
would appear to have been borme out by the resultse

A check was made of the efficiency of the root washing technique
in the removnal of ecil adherding to the root systems, by the ignitien
and determination of the insoiuble ash content in representative xoot
systems from plants of fte seventh, tenth and seventeenth liftings.
After all measurements were completed, these roots were placed in
crucdbles and ignited in an electric muffle furnace at 800°C for two
howrss On cooling, the residue was taken up with excess normal
hydrochloric acdd and evoporated to drynoose Distilled water was
addod in oxcess, to diesolvo tho soluble camponents present, and this
salution wos carefully filtered through Whatman Noe 40 papors. Aftor
drying, thooo filter papors wore plaoced in arucibles and ignited at



LTy

80000 for two hours in the electric m’fle furnaces The crucibles
were cooled in a dessicator, and then welghed on the Sartorius

balonces Resulls are glvem in Tavle Le

TABIE li Determination of insoluble ash residue after immition
of oot systems,

Rerrenial ryegrass Italian ryegrass Tall fescus

Clasa Iry wEight Ash Dy Wcht Ash Doy Wdght Adh

of Lifthg of roots, Wigt % o roots,ddt &  of rootsWedgs &

xoots _no. mgme  memensh, Dom, = meon ash wmpple  — fyme ash

Roots 7 1931 2,11 192 145 0,78 3222 93 2,89

other 10 1409 28 1499 829 11 1,33 3000 93 3.10

than 47 708 16 2,26 981 21 2,14 1996 63 346

white

whito 7 3% 0S5 1447 45 0.5 1411 181 2 1.10
10 223 3 135 190 2 1,05 311 k129
17 39 Q5 1288 7 1 1635 176 5 2,84

In addition, duplicate determinations were made on the ash content
of wmised Whatman Hoe 40 pspers, with negligible resulis,

Hlost of the insoluble ash residue weighed above will have been
derived from soil adherdng to the roots after washing has been cop-
pleted, The fraction derived from iron, aluminium and similar com-
pounds in the roois themselves, will be negligible, The rcsults show

that more ash is derived from the roots other than white, and in the

later 1iftings at least, it is probable that some of this soil may

have lodged between the stele and the cortex, as the corhex became
loose and commenced sloughing offs The larger root systems also had

a grenter amount of residusl ash then dld the asmsller root systems
(compare the tall fescue roots othex than white with the remaining
samples)e  Further, there is a oonslistent trend for ash contents to
inorease in the later 1iftdings over the contonts for the carlier lift-
inp, with the wnexplained excoption of poronnial rycgrass white roota,

It con bo oontendod that since tho greatest paroentage of residual

ach rooorded horo 1in only 30459, tho amount of soil loft attached to
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the root systems 1s so small that 1t would not invalidate conclusions
formed about root behaviour on the basis of root dry weightzs, Equal
care was taken with each plant in this experiment to get as complete
vmshing as possible,

Root systems from representative plants at the eleventh, twelfth
and sixteenth 1iftings, were also retained after all measurements had
been campleteds These roots were later amnlysed for their arude
fibtre canteht by the Biochemdisixry Dopartment, Uaszey College. Results
of these analyses will be presented in the appropriate section,

-
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SECTION IV

RESULTS,

The results of this experiment will be presented in four sections:

A+ An analysis of top growth, based an tho dry matter yields and
percentages of leaf tissue (plus flowering stem tissue far the approp-
riate perioeds) fyom the cutting treatment, and on the mmber of live
tillers,

Be A description of the anture of the changes which ocourred in
the root Hlssues, inoofar as changes ware observed and measured in the
coaxrse of this expcriment,

Ce An analysia of the mumbers and the dry weights of white roots
and of roots other than vhite, per plant and per tillery together with
an analysis of the percantage of the total root gystem classlfied as
wvhite roots, on both a mmber and a dry weight baais,.

De An analysis within each species of the relationships between
the ary weight yield of leafage, and the mmber and the dry weight of
white roots and of roots other than vhite.

For the sake of convenience in the mresentation of the results,
certain convential abbreviations will be useds These abbreviations
and their full meaning are as followst

Ba, = Perennial ryegrass
Bb = Italian ryegross
Bn = Tall fescue

NeSy = result not astatisticelly significant.

» = result statistically significant at the 05
(o 5%) level.

. = rogult etatistically osignificant at tho (01
(o 45%) levol,

P s the wariance rtlo, for specified conditions,

4.05 a  differonoo required betreon two meonn for
that difference to be aipgnificont at tin

Tk e g j—————

e rappp——

e L L e e glepip———



Mean

SeEe

405 levels B

difference requirsd between two means for that
difference to be significant at the 01 level,

the mean value for specified characters, over
elight plants at each 1ifting in perennial rye-
grass and tall fescue, ar over the appropriate
nuber of planta in Italisn ryegrass.

the standard error, a the standard deviation of
the mean as defined above,

the correlation coefficdent between two specificed
sots of data,



A+ Leaf Yields and B
Tiller Numbers

Information on the top growth made by the experimental plants
become available from two sources = the leaf (plus flowering stem)
yields and dry matber percantages resulting from the top ocutting
treatment, and the number of live tillers per plant counted at each
1ifting date, This section of the remulis can therefore be divided
into four subesections, as follows:

a, a description of the dry matler yields and percentages for
the lecaves (and flowering stems) of each species, (Note; all future
references to dry mattexr ylelds and percentages will be for "leaves”,
it being understood that flowering stems are included in this for
the respective periods during which they were foumed)e

be an analysis of the mmber of live tillers per plant for
each specdcs,

Cce 4 combination of the dry matier ylelds of leaf, and the
muber of tillera, to give some measure of the leaf yleld per tiller
within each species over the experimental period,

de an analysis of the relationship within each species, between
the dry matter yileld of leaf and the mumber of live tillers,
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ae Leaf ylolda amd dry matter percentages.

The leaf ylelds and dry matter percentages obtained for each
species at each ¢f the top outting dates are set out in tabular
form in Appendix 1, and in graphical form in figuwres 2, 3 and 4 for
perennial ryegrass, Itelian ryegrass and tall fescue respectively,

In the case of perennial ryegrass, there was a steady increase
in leaf yileld from Scpiember when the cutting treatments commenced,
to the middle of Novenber, when the yield reached 90 milligrems of
dry tissue per plant per daye The deoline in yield to 70 milligroms
shorm for the top cut on 28th November, is an snomely which appeoors
in both tho other species as well, though in tall fescus, the growth
is o vigorous that the check which was cperating at this stage did
not mroduce an actuel decrease in yleld, Reference to the weather
data in Appendix 3, shows that for the week ending on 25th Novesbor,
grass minimm temperatures were reduced by 42°F, and the 4 inch soil
tempernture by 2.3°F from the preceding week, It is likely that at
lcast part of this depresasion in leaf yleld was due to this temperature
differcnoce During mm, growth recovered, and the pesk of 97
mdliipgrams of dry leaf tissue per plant pexr day was reached at the
end of December, The leaf yield remnined abeve 90 milligrams until
the end of January and above 80 milligrems during February, but in
March there was a rapid decline in growth so that the yield fell to
50 milligrams per plant per doye From April through to the second
half of July, the leaf yleld @eclined steadily to 17 milligrams, with
the exoeption of on inorease in yield at the top cut on 4th May, which
also appeared in the other two speciess This increase in leaf yleld
can also be at least partly explalned by reference to the temperature
data in Appendix 3, where it 1a chom that the grass minimm tompers
ature for the wock ending 28th April was 3,0°P, and the 4einch soil
tomporature wmao 2e0°F abovo thoso tamporaturoa for tho recoding weck,
and that this torporature rise waa also apparent, though to a losscr



FIGURES 2, 3, ke

The dry woighta of horbage per plant per dayp the dry
mttor pexrooentages of the herbage; and the mmber of live
%tillers par plant, in percanial ryegrass, Italian ryegroass,
and tall fescue respectively.
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extent, in the week ending 5th May, Leaf yleld remained at this

" level of 17 milligrams of dry tissue per plant per day until early
in September, when an increase in leaf yleld became evident %o 27
milligrams per plant per day. The reduction in leaf yleld found

at the final cut on 19th October can be explained on the grounds that
only 16 plants were involved in this out, and reference to the tiller
and oot mumbers for the plants in the final two root liftings show
that these plants were smaller then averages

The dry mtiter percentage in the top growth of perennial ryegrass
shown a fairly inverse relationship to the dry matter yleld of leaf,
During Cotober while the plants were establishing and groviing vig~
orously, the dry matter percentage is below 207, and from early
Hoveoper through until early March, durdng the period vhen leal yleld
reachod and maintained its moximum level, the dry matter percentoge
vas between 2035 and 22% The one exception to this was the cut on
the 21st January, when in all throe species, there was an unexplained
increase in the dry matter percentages Durdng March, the dry matter
percentage inareased to over 23%, and remained at this level until
late in June, At the cut on 2nd July, the dry matier percentage had
increased still further to 25,64, and during the next perdiod while
leaf yleld was at its lowest level, the dry matter percentage fluc-
tuated on either side of the 2% marke Durding September, when leaf
yield increased, the dry metter percentage dropped suddenly to 204,73
and atill further to 1947% at the finnl cut on 19th October, indicating
that the plants in the final lifting blocks, though small, were growing
vigorously at this stage, .

Italian ryegrass plants were meldng more growth durding the cstabe
lishmont period up until tho middle of October than were the other
speoios, but roached a peak valuo at 92 milligrams of dry loaf tiosuoe
por plant por day on the cut of 13th lovezbor, at the same timo as
pevonnial ryogmnen,  Aftor tho dealino during late Hovedber dlzousecd
carlier, yield reesvored to the sexinmm walds of 24 allllsreae on U
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22nd December, but this leaf yleld vma not maintained, It had dropped
by the 6th January to 67 milligrams, and then declined stendily, with
one unexplained anomalous low yleld on Ith February, and a second low
yield on 16th April which has already been dlscussed, to 29 milligrams
by early June, Trom June wuntil the middle of August, the leaf yield
remained between 20 and 30 milligrams per plant per day, and then
increased from the second part of Auguste The final cutting teken on
19th Ootober also showed a marked decline 1n yield, but herxre again the
planta which remained in the final two root lifting blocks were much
snller than average.

The dry matter percemntage of the Itallan ryegrass herbage was
approximately 174 during the initial vigorous growth period, and then
fluctuated, with the exception of the unexplained increase on 24st
January, between 17% and 195 until the middle of March, With this
spcecdes, there was no clearly marked increase in the dry matter pcr-
cmtageduxingthe perdod when leaf growth was receding from Its maximmm
value after the 22nd December, During larch, there was a sudden
inorease in the dry matber percentage of the herbage o 19.2%, and
the figure then remained between 19% and 207 until early in September,
with the exception of a 20,97 result on 2nd July. The dry mtter
percentage dropped back to 17% by late September, which shows that in
this species also, the plants which remained in the final two root
1ifting blocks were actively growlng although they were small in slze.

Tall fescue was the last of the three specles to commence apprec=-
iable growth, but from the middle of October, the leaf yield increased
steadily and spectacularly to reach a maximm level of 208 mllligrams
of dry leaf tissuo per plant per day at the cutting on 218t January,
This peak wan not maintained, but declined feirly steadily to 48 mllli-
gans by 20th Moye From that date, loaf yloild pasoed through a pro-
nouncod and regular trough, the minimm voluss of 28 mlliigroms being
reached on the two outting dates &n July, Thercafter, tall feocuo
beonas the earliest ef the tUiwes mpeales 10 amime groelh In bw guing,
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and the leaf yield increased repldly from the middle of August, to
reach a mlue of 148 milligrams of dry leaf tissue per plant per day
at the last cut on 19th October,

In tall fescue; the dry matter rercentage of ths herbage was at
first 177, but fluctuated about 18% from early November through wuntil
the middle of March (the value of 20,8% on 218t Janunry was an unexw
plained enomaly in common with the other species at this date), which
covered the period while growth was Inoreasing to its peak and the
initial part of the decline, After the middle of March, the dry matter
percentage increased fairly regularly to a maximum of 24,,8% by the 2nd
July, when the leaf yield was at its minimm, The dry matier per-
centoge remained at spproximately 2i% until the middle of August, after
which there was a steady decrease to a value of 17.4% by the 19th
October, This decline corresponded to the rapld increase in yield
of lcafage over the same periods

A comparison of the leaf yleld data {fur the three species brings
out two major points for consideration at this stages TFirstly is
the spectaculsr yileld given by tall fescue under the conditions of
this experiments The establishment period of this species appeared
to be longer than for the ryegrasses, and iis growth run in the first
gpring did not commence until the latter half of Octobers In the
second spring, its growth comenced a month earlier than the ryegrasses,
after the middle of August, While tall fescue can have gertain harm-
ful effeots on livestock grasing it, and frequently becomes a weed in
paddocks where 1ts control is neglected, the growth performence it has
given in this exporiment, together with tho fact that 1t showed &
shorter winter growth trough than the ryegrassos, is lmpressive. It
oouwld be a satisfactory spocies for the study of growth patterns under
oontrolled environmontal oonditions, Scoondly the ylelda given by
tho two ryograss cpecies under tho conditions of this oxporiment follow
the roperted growth daa pdliched by Coridll (1950)e  Italian ryee
Zreen ma the Sired epeciea o gake apyrealable growth afler eotaldiahe
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ment, but reached its peak yleld during late November and Dececmber
et the same period as perennlal ryegrass, The £all in yield from
~this peak was much more repid in Itallen ryegrass than in perennial
ryegrass; sc that over the perled of late summer and autum from the
beginning of the year until late April, perennial ryegrass outyleldad
the Italian ryegrasse At the beglmning of May, the yield cf Italian
z;yegcaﬂa becames Igreater than the yield of ﬂ\perennial xyegrass, and
this held at a level of between 6 and 10 mllligrams of dry leaf tissue
per plant per day through the winter period and into the spring wntil
the outting treatwment wes campleteds These results are therefore in
accordance with the recognized growth cycles of these two ryegrassess
A coparison of the dry matter percentages of the leaves in all
three species also brings out two points for notice, TFirstly, there
is a general inverse relationship between yield and dry matter per—
centage, in that the percentage is lowest when the plant is actively
growing end rapddly fqming new leaf tissue and hence when the yleld
of leaf is high; and the percventage is highest when growth is at a
low ebb and the leaf tissues present are at a falrly mature stage.
Secondly, the dry matter percentoege of the Itelian ryegrass leaves
is consistently some 2% to 1% lower than for perennial ryegrasse In
the ase of tall fescue, the dry matier percentage corresponds closely
$o that for Itelien ryegrass up to the middle of April, when the in=-
crease in its walue provides a similer figure to that for perennial
ryegrass' fron early June until the mlddle of Avguste The subsequent
decline in the dry matter peroentage from that period until completion
of the experiment again brings the values for tall fescue to approach
those for Italian ryegrasse The greater range in dry matter percont-
agos thus shown by ¢all fesous is a roflection of the much groater
yiolds obtainod from this specios in comparison with those given by

the ryogransoss



be Number of live tillers per plant

The muber of live tillers recorded for each individual plant
‘at each block lifting is presenied in tabuwlar form in Appendix 2, while
the mean number of live tillers per plant caloulated from the 8 plants
of each species at each 1lifting, is shown in graphical form in figures
2, 3 amd L, for perennlal ryegrass, Itallian ryegrass and tall fescue
respectively,

Inspection of this data reveals that there are cbviocus differences
in t11ler numbexra per plant between the three species over the experi-
mental perieds To elucidate this, an analysis of variance was carrded
out en this data, and is presented in Table 5.

TABIE B, Analysia of voriance for Number of live tillers per plant
over all 1ifting dates.

Item Suna of Degrees o Mean Square F walue F reoulred Result

Saqunres  freedom, «+05 01
Dates 153,807 16 9,613 2.98 1.97 362 Ll
Specles 202,213 2 101,107 - 53-14-1_ 3¢30 B34 o
Dates X 96,832 2 3,026 2,45 150 1.75 b
specles

Total 870,990 388

In the calculation of this and subsequent twoeway analyses of
variance where all cells must be cccupied, the missing valuss for densd
Italian rycgrass plants were reflaoed by the mean figure for the. parte
Soular charsober caloulated from the remeining Italian ryegrass plants
at that 1iftings While not mathematically correot as uslng the rec-
ognized formmla for missing plots (Snedecar, 4946}, this procedure
wo simplor, and any loss in accuracy would be unimportant in view of
the furthor analyoos carried out,

The rogult of this enalyals of variance ahows that there sxe highly
eignificant differonoes in tillor nudors por plant, both dotwcen puaales
ard between Qates, vhils there 48 aloo & hizhly edpgnificant dates X
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speclos intorastions The interpretation of this interaction 1s that
the differences between the specles do not remain consistent over the
whole experimentel perled; but vaxry so that the relationshipa between
the specles change in statistical significance, The most satisfoct-
oxry method of elucldating these changes, which are of course importent
for the purposes of thias experimont, 1s to cslculate separate snelysés
of variance for each lifting date, and thus to determine the relation-
ships between the specles for each dates In such one-way analyses as
these, 4t 1s not nocessary to have each cell £1lled, so that only plants
actually examined are included in the analysis, and no "miassing plot”
calculations are involved, The divisor for the sums of squares, and
the degrees of freedom, are adjusied as appropriate, The relevant
details of these analyses of varience of the number of tillers per plant
at each separate lifting date are set out in Table 6,

TARIE 6. Results of anslyses of varisnce for number of tillers per
plant at each separate lifting dnte.

Means Std, Errors F values 4 requiral
Date Ba Bb B&,Bn Bb Actual 1 005 Feaadt OF 005

Bn
LDecy, 78 25 50 + heD = he9 29:91 5478 3e47 ** 19 13
29 Dece 67 40 46 F 47 I he7 8452 5i78 Zek7 % 19 1k
26 Jan, 8 60 43 7,0 27,0 8,61 5,78 347 28 2
16 Pebe 106 38 5L 1148 2166  7.37 6411 3.59 =% L8 35
9 Mar, 144 40 53 128 12,8 19,55 5,78 3,47 51 37
30 Mare 148 32 & 12,7 L7 20402 5,93 3.52 = 51 38

20 Apre 102 36 59 =10sk =104k 10438 5.78 3e47 % M 30
M May 146 55 67 16,6 X6,6 88k 5.78 347 % 67 19
1 June 125 63 72 I35 1546 kel 5.93 352 * o« 4O
22 Jue 109 68 89 =13,0 :13.0 204 578 347 MNaSe = 38
13 Jaly 139 117 404 §16.o =20,2 146 6,01 3455 WS, = 47
3Auge 146 103 79 SMheB BT 516 6,01 3455 * = 4k
2 Auge 136 103 93 :18.0 '_'_'19‘3 1453 5485 3l NeSe = 53
U St 73 66 75 1340 15,0 0443 5.93 352 NSy = 39
500ty 128 58 91 36 a5 629 593 352 ¢t 55 U0
2700ty Th T B3 F13e9 F139 0.2 5,78 347 TSy = 4
16 Nove &, 28 B1 = Golp = 648 22,50 5493 352 ** 26 19

Theoe rocults show that at ths fired lifting on the Ath Decesder,
Da has a Ky significantly greater meder of tilleve por plant then
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does B, end Bn has a highly aignificantly greater number than B't;.
By the 29th Deoember, Ba 1s nighly significantly greater than Bb or
' Bn, between which there is no aignificent difference, On the 26th
Jamuaxy, the only difference significant at the 1% level is between
Ba and Buny Bb having a value intermedlate between these twos Howw
ever, Bb at this date is significantly less than Ba at the 5% level,
Then follows a period through until the 11th May, during which Ba
.comsistently has a greater number of tillers per plant at the 1% level
of signiﬁcanoé. whilg there is no'differemce between Bb and Bn at
elther the 1% o 5% levels, On the 18t June, the same relationship
holds, but is only significant at the 5% level. From the lifting on
22rd June up to and including that on 44th September, the tiller
numbers per plent in both Bb and Bn have increased, and while still
less than the tiller numbers recorded foxr Ba, are high enough to prevent
statistically significant differences being found, The only exception
to this in this pericd is an the 3rd August, when a amall increase in
the tiller numbers for Ba and a small decrease in those for Bn, resulis
in a significant difference being discovered at the 57 level between
these species, On the 5th Oclober, a small decrease in the tiller
muber for Bb and a larger increase in both Ba and Bn, results ina
highly significant (1% level) difference between Bb and Ba. There
are no significent differences at the liffing on 27th October, but at
the final 1ifting on 16th November, a marked decrease in the tiller
nurbers recorded in Bb results in this species being highly signific-
antly smaller than both Ba and Bn, but thore is no dlfference between
these lost two specles,

A oou;pariabn of the ourves for mcan mumber of tillers per plant
for cach spocies, inoluded in figures 2, 3 and 4, shows that cach
spealos had a difforent shape of owrves, Ba inoroased rapldly Lron
appraximtoly 70 tillers at tho doglmuing of Jamry, to over 130
by carly Yarch, ‘Thereafter, with tiweo wmoxplainad anconlons dectines,
the mrder of tilleve remined of this aprder wntil eardy Ootoder, af™r



Y3

! which thoy decldned repidly o about 80 at the completicn of the
i oxperiments It is posaible that the seven month period during
which tillexr numbers were continuelly high, may represent saturation
point for the pipesy in other words, a totel of some 560-580 tillers

per pipe is the meximum muber which the sodl contained in the pipe is
capoble of supporting with water and nutrients, This contention

may be borne out in figure 5, where the average growth rate per tiller
for Ba is consistently mich below that for Bbs This could be due

! partly to semi-starvation, In Bb, tiller numbers rose to a minor
peak of about 60 at the end of January, and then declined to about 30
at the end of Marche This may indicate that in Bb, there is a cone

siderable mortality among the tillers during the sutum period when

§ growth 1is slow, and 1t is conceivable that under conditions of com—
! potition with other species in a pasture, such mortality among Bb
§ tillers may be a cause of failure of many plants of this species to

survive into the winter, An explanation of this nature could under-—
iie the careful management of both Italian ryegrass and short rotation
zyegrass‘(of which Italian ryegrass is one parent) necessary durdng
the autumn if these specdes are to produce leaf freely over the follow-
Ing winter, From the end of Aprdl until the middle of July, tiller
numbers per plant increased steadily to the peak value for Bb of nearly
120 This was not maintained, and the number fell off steadily %o
approximately 60 at the end of the trial, the actual value of 28 at
the final lifting on 19th Novenber belng due to the very small plants
of this species in the last blocke In Bn, the number of tillers pex
plant inarcased ateadily from about 40 during January to 100 by the
middle of July, and although this number fluctuated after this date,
tho trend was for o decxease to about 80 tillers por plant at the end

of tho exporimont,



-
ces Leaf yleld of tillers.

From the combination of leaf yleld data and the mmbers of ldive
tillers, already disoussed, it was posaible to obtain some measure
of the leaf yield from individual tdllers over the course of this
experimente Since the dates of top cuts and of root liftings did
not coinclde, some adjustment of the data became necessaxy, It was
decdded {0 use the tiller numbers as counbed for each 1lifting date,
and to interpolate the leaf yleld for these same dates from the curve
of dry welght of leaf tissue per plant per day, which has already
been explained, It was further decided to use these values as they
stood without any attempt at smoothing ocut irregularities, since
these valiues represent the best estimte avellsable of both tiller
mumbeiss and leaf yield at any given date, On the other hand, the
resultant leaf yleld per $iller curve is derdved from this data and
i3 not iiself directly measured, so that a amoothed curve can be
draym to show this derived charaocter,

The caloculationa involved are presented in Table 7, and the
ourves are shown in Figure Se



b

Gnlmﬂaﬁmscfleafﬂeldg&_rtillerfwe&ch species, using actusl mean tiller mumbers, and interpolated

ZAIE 7
Qry wedght yvields of leaf $issue per plant per day for the same dates.
Perennial ryegrass Ttalian ryegrass Tall fescue |
No. of Drywwh, Dryewt. of No, of  Drywt., Dry-wt. of  No. of  Dry-wte Dry-wt, of
Duts tiles of leaf. leaf per tillers  of leaf, Ileaf per t1llers of leaf. leal per
mEMe tillexr, Mg tiller. Dgite tillexr,

& Doocsder 78,0 79 101 2540 T4 2,96 5063 115 227
2 Doomider 6646 96 s PEAN 10,3 80 1499 4640 170 3466
6 Jexexy 8440 88 1,05 5946 58 0,97 4341 193 LB
16 FPodronxy 105.8 83 0,78 378 58 1e53 Direly 177 325

9 Eaych 15349 70 Ou43 0.4 54 1.09 52,5 136 2459
30 Xurch 147.8 48 0,32 32,5 L0 1e23 64,0 116 1481
2 Azl 101.5 39 0,38 3548 33 0e52 5940 4 1625
111 By 14643 37 Ce2D S5l 38 0469 673 63 02l

1 Je 125.4 26 0v21 6246 31 0450 7243 2 0,58
2 Jxo 108,6 22 0420 68a3 239 Oeli2 831 33 0.37
13 Xy 438.5 19 Os 14 11646 27 0.23 101.0 28 0.28

3 Axgust 14548 17 0e12 10342 2 0s23 791 31 0039
24, Augast 13641 16 Ca12 10346 25 0e 2Ly 9343 51 0u55
44 Septesber 73e3 21 0s29 6545 29 Oulils 5ok 95 1.26

% Ostober 428,0 26 0. 20 577 28 0,5 90,9 137 1.51

“n



FIGURE 5,

Ieaf yleld per tiller, derived from mean tiller numbers
and interpolated dry welght ylelds of leaf tissue per plant
per day for the same dates, in perennial ryegrass, Itslian

ryegrass, and tall fescue,
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In Ba, the peak rate of leaf yleld per tiller {le.f egm. or &

leaf tissue per tiller per day) is reached at the end of December,

after which the yleld falls off rapidly at f£irst and then more
slowly uniil the beglmning of June, when the minimm values of some
015 to 0,20 mgme leaf tissue per tillexr per day are reashed, This
level holds widl the end of August, and dwring September there is
an inorease in the leaf yleld pex tiller, All plotted points for

i Ba are within réascnsble dlstance of the curve, The fact that the
| whole ourve for Ba has enly sme 50-60% of the values for the corres~
ponding curve for Bb may be evidence that prowth of the Ba plants in
ﬂwﬂpeamabeingaﬁeotedbywamwdingoft}mtmﬂm. The
| yield peak in b was reached either at or before the first 1ifting

on Lth Deceumber, and from a value at that date of 3 mgme of leaf tisax

_ pex tiller per day, there 1s a steady fall, rapid at first and then
rather slower, to the minimm value of about 0.25 mgas, by the middle

of Julye This held until the end of August, and the growth rate

increased again during September, The dispersal of some of the plotted
| points for Bb before April is due to the variations already noted in

tiller mmbers in this specles, The evidence here is that the rehxced
Jield of Bb in autum in comparison with Ba, can be at least partly
explained on the grounds of tiller moxtality in Bb, rather than upon

a reduced rate of leaf growth from the 4illers In this species. In
Bn, the distribution of points shows that the yield peak is reached
near the end of Janusxy, when there is an average of some k.5 mgme of
dry leaf tissue being formed daily by each tillers This peak corres-
ponds $o the maximm leaf yleld found in Bn, and is not meintalned, It
deoreasos repidly and steadlly to a mintmm value of 0428 milligrams
at the mlddle of July, and thereafter immediately rises agein during
August, In camparison with the two ryegrasses, this leaf yleld per
t11ler curve for En chows tho same two fcatures as appoared in the lesf

yiold aurves thas is, the spectaoular ylelding ebility, and the chort
wintor poriod during vhich growth 4o at a rolatively low obbe It my be
noted that the leaf yloids per $iller for Ba and Ib ore fairly simdlar
fren the miadle of Jne $0 miAuly, and the rate for buth theso epecies
{8 highep than that for Da,



]
;

]

Ty

de Tho relationship dbetween leaf yield and
tiller mwbers in each mpecies

An inspection of figures 2, 3 and I ahows that there 1s an

apparent inverse relaticnahip between the leaf yield expressed as

* ary=wolght of leaf tissue per plant per day, and the mmber of tillers
per plant, in each of the three specles studied, To determine wother
" or not there was a significant relationship between these two chare

a
:

‘adters, correlation coefficients were calculated for each specles,

and the results are given in Table 8, while scatter diagrams for the
seme data are showm in Pigure 6  Sinoce the dates on which the top
cuts and the root block liftings were taken did not coincide, the
Interpolated dry weight yields of leafage for the same dates on which
tiller counts were made, were used in the calculation of these cor-
relation coefficients,

TABILE 8, Correlation coeffialents between nunbers of tillera per
plant, and the interpolated dry weishts of leafage per
plant per day fors the same dates,

Yalues of X
Result of
Required at Re at
. AoWal e evel 4% level test,
Peremnial ryegrass = 0,577 Qe 514 Ou 6l »
| Ttallan rysgrass - 0,647 0e 514 Oe 641 ox
| Tall fescus - 04728 Oe 51 0 641 e

These results show that in the case of both Italian ryegrass and
tall fesous, there is a negative correlation, significant at the 1%
Jevel, betwoen leaf yleld and mfber of tillers per plante With
peromnial ryegrass, there is also a negative correlation,ibut significe
ant aaly at about the 3% level, This reducod level of signifiocanco
can be cxplained on the behaviour of the tillers in permmnioel xycgross,
whioch ingreased ropidly to a maximm in ecarly March and maintained
this high level wntil the mlddle of August, while tho leaf ylold ourve



FIGURR 6.

Scatter dlagrama for mean tillexr numbers per plant,
and intcrpolated dry welght ylelds of leaf tissue per plant
per day for the same dates, in peremnisl ryegruss, Italian

ryegrass, and tall fescue,
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¢ declined from late January to early June and reached its minimm
during July and Augusts  In Ttelian ryograss, the reductien in

§ tiller nunbers found during Pebruary end March while leaf yield

| vas also ‘aeo:in-;v_.ng. will have reduced the correlation ccefficlent,

mubers decline again in spring as leaf growth commences for tho
¥ now seasone A discussion and explanation of this relationship
is given in a later section (see Disoussions 5. Relationships in
the top growth meammements),



e

‘Bs General Description of the
Root Systems,

This section of the results will be presented in three paris,
as followsie

ae & description of the condition of the root tissuecs as obesyved
&6 each lifting, - |

be & description of the root staining patterns obtained from the
use of tetrezolium salt,

O an analysis of the dry matter percentages for both white roota
and xroots other than white in all three species, together with a statew
ment of the crude £ibre percentages in both classes of roots in the
three specles,

In this seciion of the results, and in the succeeding seotionas on
root mubers and welghts, and on the relationships between roots and
leaf ylelds, two olasses of roots will be oonxldereds These classes
axe ™vhite roots”, end "roots other than white xoots"s Ths white

”rootsm those which became noticeable from the 9th March 1ifting
onvards, because of their ocolour and other characters and which were
separated from, counted and weighed as e separate group, for each plant
over the reminder of the experimental periods Roots other than wilte
roots composed the remainder of the root system of each plant. This
classification is somewhat artificial, and no attempt was made to sort
thn roots other t}mn wh.ite mota into any component typese Neverwithew
lesa, it can be contended that the classification adopted hexe is

a_@eqw_ate fp:g' the purposes of thin eq:perimant. These were essentially
to 4n muber; firstly, to study the behaviour over & twolve=nonth
périod.o'f 'bha 'botal z;odt mtem of the plants of the three specles
oonoemed, nnd. "roots other than white roata“ allowed this to be dones
aeoondly, to s'l:udy new oot formaticn over tho pame period, and the
"wh:l.ta roota" provim & HOASUXO of rogg initintioni The question of
classitication cd.' roots dnto ocoponent clmaoa 1s dzalt with in a later
soction (m Discussions 2 Boot olasoes and staining pattorns with

totrezoliva salt)s



8o Oondition of the xoot tissues.

In perennial ryegress, xoots at the liftings during December were
pale areamin'boloim, but on 26th Jamary & definite darkening had
omwdan&themotwstmmuglﬂbmu On thia same date,
itmnoﬂwdthatﬂnmtminmmmeshadaoﬁenedinthe
prmlmlmgim_mmntthom,anﬁmtemﬁartopreamoftha
fingerse A firm pressure was encugh to rupture the cortex, whlch then
appeared ¢o esparate freely from the underlying stelar tissues, This
same tenderness was found on 46th February, and at the fifth 1lifting
on 9th Merch, some Toots were showing matural tearing amd loss of
cortex over an inch or inch and a holf of root near the oown, By
30th March, loss of oortox exiendsd over soe 3 or 4 inches of root
in the yroximal region, and over the remnining liftings the length of
root from which the cortex layer had aloughed off was in exvess of
alx inchess In any plant, however, thore was considernble variation
between rootnin the degree of cortex sloughing present, and at any
Usfding, it was not posaible to form any clear classification of cortex
sloughing becauss of the contimwus nature of this vartation, 1In
roots which had lost thelr ccxrtlecal tissue, the stels romdined intact,
Jodning the distal pext of the root carrying root hairs and laterals
and an intact cortex over seversl inches of length behind the root
tiptotheo:dmaftheplant. By the 20th April, both stele and
cortez,whenpmse.ﬁt,wmfaiﬂydaﬁ:bmincolmazﬁmdwda
very deep brown colow &wing Julys
In Italien ryegrass, the pattern is essentlally the same as in
porennial rywegms#,‘ 'nith cme fisportant exception, The proximal
oortaxmbfmmﬁfoﬁefende:‘mﬁteamﬁletoﬁngerpreamonam
mctsattheﬂﬁhgm@thbeo@er,mhmkabefmthom
feature was no‘l;ed in pmial ryograsss This suggests that the
Dldsrmtsinﬂbmmdaminsdotwimﬁmatmmuwm
than 4n Ba, and may be part of the explonation for the decreaso in



| Suaibers of xoota other thon vhite Toots recarded n b during March
ana. 4prid (seo seotion,’:ocrthoRﬂmlts). Bb plants were showing
mtmltenﬂns@ﬁmemrﬁmltismamm,thiabem
notioeableatﬁ.rstintheprodmlhmhorao,butmpiﬂysmading
ovérammhmterpmortimoftherootlength. The colour chenges
toia.ﬁcbrownpmlhledthoufmmdinﬁu.
| Attlwhthnftingmﬁﬂl‘@abnmry,mmplantahwingm
platedeathofallt@tiammcarefuﬂyqleamdandmﬂned.
{The root aysten was very tenler and many $oots had cbviously broken
mmm@.memmmmtmmmmmamsm
 sloughed fres of tho stele, whils the stelo itself wos brittle and
readlily brobs if any tension was applied to it,
In tall fescus, the cortex was first noticed as being tendsr to
| fingor pressure at the lifting on 26th Jamnry, and there was natural
 1oss of cortex on 30th March and at subsequent liftings, Discolourw
atimoftherootamnotiooddmﬁng&hmmry,mﬂbmprogmasively
 greater, Theso dates carrespand with those 4n Be, except that the
achnl_lossofoortaxinmmsmekahm. Individual Bn roota
 wore much thicker than in the ryegrasses, and this root size may have
had soms bearing on the apperently greater resistance of the In
 cortical tissus,
Inlall'&meaquﬁas,whihmtsmﬁrstdetectedasa
separate class at the fifth 1ifting on 9th March, The white roots
were stout and shiny, unbionched and straight, and were rarely more
than eight indleallong, being frequently mich chorber then this. They
were prese:nt a.t all nfthlga follw:l.ng their first recognitim. the
ddscolouration or the oldar roots allowing eany 1dmtiﬁca’cim because
offheirmanwwﬂﬂtooohtn'- leirlankofbramhingmomdfree
mﬁmmmom&mmm
molonortho”ﬂﬂte“omditionmobmmdinwmlmen.
butmnatbotypimlofﬂwdmsmﬂginnﬂﬂtemtm
Itmnml;maiﬁwmtmmmmﬂmtmmotthoﬁm



S
itheuodmgestookooumm&tained,alﬁwu@ninoemﬂythmeor

" | four xoots por plan were affected b any 147ting date, the duration

- ds pro'bably fairly ahca.'t. 'Bromhi,g of these white roots commonced
 at i'ooi apa.aedat approad.mtaly ens inch intervals along the roots,
'?anamaatoemwnmaoethmroai. This led 4o & banded
 appearance, white altemating with brome  Finally, the entire root
;mbmm,apdpremb]ymtemdaphasewhidxmﬂdaﬂwithtmﬂm
-nesaandlbaa'ofthcmte:.'




‘b Blaining mﬂm with tetrazolium salt

Bermtheriratroot liﬁ:lngammﬂ.e, mall-aaaletriala
wire os.rriad. out to detecmine a sultable conoentration of the
tetmzolitm aalt and. alm a aatiafactory tempemtm-e and duration
farthestainin.greaoﬂmh Thﬂplantmterialusedhemmmizﬂy
mxgningleplantaofgga. andpmialryemssgrmingm
thnmxtaldrtaottheplcta.rea. These were dug out and carefuily
washod before treatmemt,

The results of this preliminary work indicated that a 1,03
concantration of the tetrazolium bromids in distilled water (actually
1 gran of salt to 100 millilitres of water) was sufficlent to stain
root tissucas This 4s the same conoeniration as is recammended faor
use as an indicator of seed germination, and has proved satisfactory
with chaffy grass seedas It wan further found that adequate ataining
resulted from root immrsion at 30°C for 8 hours, This tempexature
was chosen largely because an incubator set at the controlled temperudure
of 30°C was available, and this also provided darkness, Since the
tetragzolium salt ia not lightestable, the reaction must take place in
darimess, The time of 8 hours for the reastion was sufficlent, a
camparison with staining patterns obtained over longer periods showing
that further immersion d&d not give any clearer indications,

In this preliminary work, it was also necessary to prove that
dead root tissues did not stain, Fnrthiapmpoe_e,ym;ngplmrbaof
pererninl ryegrass and Poa anmua were ussd, the root tissues being
ﬁlledbye:qgomoftham@mtayatmofeaohplanttoboil-
g water for four minmtes, These plania were then placed In tetraze
oliun golution for 8 hours, together with untreated similar plants,
moaaemthmanyni@ofrootsbomgatainedaﬂerthaﬁsma
M.Wnomlaﬁinhgtookphmmthomtmtedomtml

mmﬁmwmummmwmmm
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~plants wea quite conslatent over the matordal used in 4his experiment,
Tho mtﬂpmﬁapp:oadmtely1 mn, of root immediately behind the

{1} tap statned a dense red colouwry Youg emorging lateral xoots up to

1] eomvoxtamtely § nch 4n Length showed & sintlar dense rod colouration,

9 indicative of inteénse biclogloal activity, Older laterel roots showed

this da.rk ata.hﬂng on:l.y in the region nea.r the tips The stele or

|} wsoular qylinder stained consistently over its entire length, although

the depth of colowr developed was never so intense as at the root tip,

'ﬂm oortexfailedto stain, or at the most presented a very pole pinidsh

colouration, and in these entire roots, the stele could be seen with

the naked eye underlying the oortex,

At the later liftings, when the cortex had separated from the stele
over the préociml part of the root, the stels still stained over its
full length, indicating that losas of cortical tissue dld not mean the
death of the entire root, or that it ccased to function as an integral
part of the plant. Unfmately,utlwmotﬁssmsdarkenedwith
age, it became inareasingly aiffioult to recognize the red colowation
from the reduced tetrazolium salt, or formazan, and at the liftings on
15t and 220d June and 13th July, no staining pattem oould be detected
by the naked eye, and examination under a lowspower (X 10) binoculax
mloroscope was essentlals After 13th July, tetrazolium stalning was
disoontimied,; since root tissues were of such a dark brownish colour
that satisfactory descﬁptiom of the staining results could no longer
be made, By that time, however, it had been demonstrated that individual
roots remained functional after the loss of much of the cortex tissue,
the gtele contimuing to serve s conducting tissue comnecting the distal
region of latersl roots and root hairs to the arown of the plant, It
13 11kely that thess roots remain fmctional wntil the stele itself is
The staining pattern in white roots took a rather different forme
There was an intonse doop red staln dsvoloped at the root tip and forr
ahout 4 zm, Yehind this, indicating intenss activity in this rogioms




é s
The cortical tissues were opaque, and took up a pink staln over their

vmole :Lengﬂx; aithw,q,h frequently the intensity of the staining
-shmd. graﬁ.ual Variatlons cnm' a diatame of 2 4o 3 inches, The

0pa.que m.t:m of ‘bhe oortex ‘prevented any nakedreye inspection of
t}wmaerlying stelar tismg. ~ The genersl etaining pattern in
vhite roots was suggestive of oonaidereble biologlcel activity taking
 plage in these young tissues,

3 The staining patterns desoribed above were cbserved in all three
 spocles under trial, although the greater thickmess of Bn roots made

'obsermtims more Alffiocult in this species than in the ryegrasses,



Ce ROOt dry matter percentages.

Differences botween the two root olasses considered 4n this
experdment « "white roots™ and "roots other than white roots" =
i have been described on the bases of colour, condition of the cortex
tissues, and staining patterns developed from reaction with tetmz;
g olium aal*;:. 8ince fresh weighta ond dry weights were available for
the two oot classes of each individual plant from the 20th April
lifting until completion of the experiment, it was decided to cale
culate the dry matter pexrcentages of the root tissues, These pere
centage figures could then be subjected to statistlcal analysis, to
determine any real differecnces between the root classes in thelr
dry matter contents,

The dry matter percventages for each plant are set out in Appendix
24 vhile the mean values foxr each specles at each lifting are shown
in figure 7, For each specles, it cen de seen that the roots other
Muhite roots had a &y matter content higher by some 107 than
that of the white rootss It can also be seen that within each class
of root, the values for each species change their relationships to
the others over the experimental periods Thus, in white roois, Bn
has a higher dry matter percentsge than either Ba or Bb until 24th
August, and after this date, Bb has a rather higher percentage and
Ba becomes similar to Bne

Two periods of distinst trends can be seen in figure 7. Up to,
and inoluding, the lifting on 3rd August, the dry matter percentoges
in each case remain either steady, spproxdmating their original
value, (white roots in 3 species, and roots other than white roots
;lan), or else show a sm:l.l inorease (roots other than white roots

2 Ba and Bn),  From the 1ifting on the 24th August wntil the end of

ho experiment in mideNovember, thers is in every case, with the
exooption of roots other than white roots in In, a groater
te ar:lnm'aa.no in the &ry matter poroentage of the root tissuoo,



FIGURE 7.

The dry matter percentages for white roots and for
roots other than white xoots, in perennlal ryegrass,
Italian ryegrass, and tall fesoue,
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Since with each spoocles, the dry matter percantoges of the white
roots were conaistently less than those of the roots other than white
roots, the tvends just described could be ignored for the purposes of

'l the statistical analyside This avolded the nooessity of recalculating
ta.n amJa’sis‘ for each lifting date, . The mean dry matter pencentages
for both root classes for each Bpec:i.as, together with the standerd
exrors of those mpans, were caloulateds and the differences between
 the dry matter percentages of the two root classes in each species
were then tested for significence by the use of the "4" test (Snedecor,
1946)s  The relevant figures, and the result of this test, are set
out in Table 9,

TARIE 9, Meann, standard errors, and tests of signifiocance of

the differcnoes betmeen means, for the dry matter
percentoges of white xoots, and rocts othexr than white

roats, in the three experimental speales,

=

Iy

Roots other than whitd rocta  White roots "t" Teat

Degress of 5
Spocles Mean 8.Bs Moan SeEe Preedon t.actusl ¢£,01 Resdlt

The results show in Tobie.q dndlcate that in each species, the

white roots have a highly aigzifican’cly lesser dry matter percentage
than the roots other than white rootss This is conmistent with the

vwhite roots being composed of younger tissue than the roots which
have lost théir "white" characterisilos,

Mather evidence becams available from annlyses for oride fibre
permtagoq of each root alass In each species, carried cut in the
Blochemistry Department, Massey Collsge, The somples analyced were
dry samplos from the 1iftings on 13th July, 3rd August, and
27th Octobers Rosults are set out in Tablo 10,

Ba 30,708 = 0020 17029% 20388 147 300203 2,610 o

Eb 30693 2 0,30 18,79 20.35 122 204,979 2617 **

Bn 30650 =+ 0015 20,31 20,3 147 26,816 2610 ®*
e 0




TARLE 10, Poroentagres of cruds fibre in white roots and roots
other than white in bulked samples for each experi=

fiental Specles;
Class 'Ba Bo Bn
 White roots | 353 M3 32464
Roots other than
white xrocts. 424 Bk 431

Whilethea.ecnﬂoﬁbﬂpmseainmhh 40 were made as
single determinations, and are therefore likely to contain oconcealed
exTors, they show that for each species, the arude fibre percentage
of the white roots is at least 4% less than that of the roots other
than whito rootae, This 18 connistent with white roots bedng come
posed of younger tissue, and suggests that the white rocts may be
mmmmmumummmmmmw

| anchorege of the plant,




Cs Root Numbers and Weights

This sectlion of the results will presend analyses of the
data assembled frem the various measmumremonts madsa om certain root
charaoterss At the 1lifting of each block, records were made of
the mumber of roots fram each plant, togethar with the mumber of
white roots from the £1fth 14fting on the 9%h March until the come
pletdoan of the experinent, Full oven~dry welghts of both classes

1ifting on 20th April, tut were determined from then until the end
of the trial,

as followas

(a) the mmber of roots other than white roots per plant,

(b) the dry weight of roots other than white roots per plant,
{c) the mmber of roots other than white roots per tiller,
(a) tho &ry wedght of roots other than white roots per tiller,
(o) the muber of white roots pex plant,

(£) the mmber of white roots per plant as a percentage of the
munber of total roots per plant,

(g) the dry wedght of white roots per plant,

{r) the dry weight of white roots per plant as a percentage
of the dry weight of total rools per plante

(1) the mumber of white roots per tiller,
(4) the dry weight of white roots per tiller,

of roota for every individual plant were not taken until the seventh

The analyses made of thia data will be set cut in ten sub-sectims,

)
.r




[

(a) Nunber of roota other than white
roota per plant,

The mbaém*emta for individmal plants are set out in Appendix
2 for eanh lif’cing, and the mean values for each 1ifting are graphed
in figures 8, 9','5:1&16%0:-35, Bb, and En respectively,

Anormlmlyaiaofmdanoemmlwlatedforthisdata,
theremﬂ.tiapresentedinﬂfable 11 Asinallcaaeswiththese
general annlysta of vaxianoe. mzaing values for Bb plants were supplied
byumm'&mammmuthaabpmtammatmmm
14f4ing, and the nedeasary edjustments were made in the mumber of
degress of freodom, It should be noted that sinoe white roots were
not recognizable as a separate class until the £ifth lifting on 9th
: March, the mmber of roots cther than white roots is simply the total
l count of roots during the first four 1iftings, From the Lifting an
4 the 9th March until the completion of the experiment, the mmber of
§ roots other than white roots for cach indiviaual plant is the difference
between the {otal muber of roots and the mumber of white roots present

in that plant,

TABIE 11, Analysis of wvardance for muber of rovots other than

white roots per plant over 21l lifting dates.

Iten  Sums of Speves 2508 €y Squre Fm‘g{Mﬁ Result
Dates m.‘|59 16 | 26,885 1482 1.97 2462 Ne Se
Species 1,274,119 2 637,060 14316 3,30 5u34%  *°
Corenins  Mmh 32 759 261 1250 1476 ¢
Residunl 1,910,151 338 5,651

otal 1,086,713 388

The yresults of this analysis of variance showed that the differences
this root charcotor beitween dates approodhed but aid not quite reach
gifioance at the 9% lovel, but that tho differences betwoen tho

o8 wore more than significant at the 9% level, Thoro wns alao

TR e A=Y - P
,,.uaf,.:m i
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FIGURES 8, 9, 10,

The nmumber and dry welght of roots other than white
roots, and the mumber and dry welght of white roots per
plant in peronnial ryegrass, Italian ryegrass and tall
fesoue respectively.
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o highly significant interaction between dates and species, indicating
that the differences in this yoot charncter between the specles was
not constant, but varled over the experimental perdods To examine

the nature of this variation, anniyses of varlance of the mumber of

: roots other than white rools per plant were caloulated for each 1ifting
date, and the relevant results are set out in Table 12,

TABIE 12,  Results of analyses of wvariance for muber of roots
other than white roots pex plant, at each separate
liﬁ:ing a&t@.
Means Std, Errors P valuss d required
Date Ba, BB Bn Ba,Bn  Bb Actual JOI 205 Resilt o01 405

LDeos 183 77 146 < 9,8 = 9,8 30,0 5,78 347 T 40
29 Decs 332 210 173 fzo.s “0e9 1507 5078 3k7 ** 8
26 Jane 254 471 212 21946 21926 L4460 5,78 347 ® -

I8 83

. - -] | B ¥ = 2
' - : - : : - LT e e e T e e T T
T e S F RS AL R b S e e e A e A TR 2 S oy e e o e BT e T 4 e K STl e ! .

32504 2254 10418 5.78 347 ** 101 Tk
13 Jdy 265 177 3270 37 2008 6,01 355 NS, = 82
3 Auge 311 188 239,8 15044 1495 6401 3455 NS, = 418
2 Auge 283 199 477 22,3 23,8 6429 5485 349 ** 90 66
U Beot 172 117 218 22443 2844 3472 5.93 3,52 ® - 72
5 0cts 317 475 219 L3045 32,6 545 5.85 349 * - 90
27 Oots 275 243 237,3 23743 0,97 5.78  Zek7 NS. = 110
16 Yov, 257 82 20a7 507 140e23 5.85 349 ** 59 43

22 Juns 222 99

16 Febe 345 175 22  I35ah 25041 ka7 611 359 ¢~ 106
9 Mars 384 130 211 =2349 «2349 662 578 3647 ** 9% 7o
30 Maxre 325 112 226 230,0 «3hef 10,07 5,93 3,52 ** 121 &9
20 Apre 339 424 265 529.# -}as.a 13,76 5478 347 ** 417 86
11 Moy 287 140 237 =275 =2e5 7435 578 347 ** 110 81
4 0me 201 105 264 22145 I2UeT 16,96 5.93 352 v & 6

29

2.8

240

W
s
E3

In ell three species, the pattern followed by this roct charaster
is rather variabley 'bﬁt as would be expected, it is easentiaily gimdlay
to the pattexn of tiller mubers per plants With Ba, the nmuuber of § -
mots. othor than white roots reached a peak valus by eaxly March of ;
the oxdor of 350 roots pex plant, maintained this peak wntil late in
April, ond doclined ¢o & valus botwoon 250 and 300 until the ond of the
trinl, although oortain liftings gave root mubors a littls cutolde
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these J.ind.ts. With Bb. the muber of roota other than white por
plantmimdatavam of about 170 dwdng Jemuary and early
remm,mmmmnmmmmmmms

_.:mmummmnme um. This eudden decrease in March
_,unot&atoﬁwrmaniﬁmormh roots as a separate class
' mmmm, dnwmnvaluasotmiterootsofomly&

peerplantmcmtodm%m, 12,1 om 30th March, and 26,0

on 20th Aprdly  The sudden decrease was associated with the deoline

in tillexr mumbers over this period, so that the figures found for Bb
shox that losa of both photogymthetic and root tissue was considerable
wdsr these experimontal conditiens, There is evidence in these
mtsmdefwmséodea&aaaﬁnitopmodmmmmas
of oldexr roots is comsidernble but the formation of new white xroots
1s still at & lov cbbe This perfod is a aritical ane in the muvival
dﬁbphntaintothouin:tm From early in July, there is an incrense
mmmtomhmmm,mwtommor
whiterootsﬁurhmbgdngfmdinomﬁﬁzmhlergmbmaﬁerthe
eniot&ﬁl. mswmmmesttthmatlm,wmtemﬂ
mmﬁ{eirdmractuimumamstosmmmmm
befmageingwtmleadtotheirexolusimfrmthsmtemot
class, Withm,mmbmofmtaotherthanmitemtainmaed
Wtoabout%perplmbbythemhdleofhmmyandthismhm
mwintainedmtﬁthemﬂotllaroh. There was & smll further
hmtomammtsprpmmm,duetothefom
28,8 pez_'_-,;ant-m m_m being recarded), and this remained rel=-
atively ommstant until early in August, The mudber of roots then
doolined t¢ around 200 per plant during August and Septecber, but had
Tho analyes of varienos in Table 12 show that an 4th Deceber,
b has signifioantly 1688 xoots othor than white roots than have Do
a,mummm.mmmmtwmmmnm

R R T
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%M"ﬁmm.bbtthMManleaaﬂmBaat
tha‘l%lcwlufai@iﬂoameg On 26th Jamuaxy, the only signlficant
d:!rrme (at ﬁw % level) 4s that Bb haa fewer roots per plant
thanna,ﬁdhmﬁth!‘om,bothmandBnhawai@iﬁcanﬂy
ﬁnermtsthanﬁaatﬁwﬁ%lml. On 9th Narch, both Bb and
mmaignﬂicanthlessfhmﬁaatt}wi%lewl,whﬂeﬁbiasign-
iﬁoanﬂ,ylessthan&:attha%lewl. On 30th March, the only
d@ﬁﬁoan‘b differenoe at the 1% level 4s that Bt 4s less than Ba,
yhﬂeattho%mmwda’oe,ﬁbialeaathanﬂnﬁﬁchin
tan is less than Bas  On 20th April, Bb is significantly less than
both Ba and Bn at both levels, On 1th May, this saxe relationship
holds at the 5% level, but at the 1% level, Bb is only less then Ba,
On both 48t and 22nd June, Bb s less than Ba and Ba at both levels
of significance, No significant differences eppeared in the lifting
o 43th July and 3rd August, duwe to the increase at this time of the
root mumbérs in Bos, On 24th August, Bn has lesz roots than Ba at
the 1% level of significance, and both Bn and Bb have significantly
fower at the 5% level, On 14th September, Bb has fewer roots than
Bn at the 57 level, and both Bb and Bn have significontly fewer roots
than Bn at the 5% level on 5th October, No significant differences
existed in the 1ifting on 27th October, but at the final 1ifting on
{16th Novenber, the small size of the Bb plants led to this species
having fewer roots than Ba or Bn at both levels of significance.
¥hile the relationships tend to be varisble during the course of
thee:perimnt,thaimporban‘ﬁfeﬁtmiathatthemmberofroots
other than white yoots per plant in Bb is signifioantly less than
inBa.tzwthoatartorﬁmtr:lalmh.thnember,m:tilthelifting
on 13th Nwly, With only 5 exceptions (29th Deoember, 22nd June,
%thmt.1mwm27th00toher),Bapmmsmdmof
thoso poots than B which in turn had highor mubers than aid Db,
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(b} Dry woights of roots other than
white roots per plant.

The dry weighta of roots other than white roots ore given for
plants of each species at each 1ifting in Appendix 2, and the meen
values for this root charaster at ench 1ifting are showm in Figures
8, 9 and 10 for Ba, Bb and Bn respectively,

The analyses mode of differences in dry weights between the
three specdes for vardous root classes are subject to one factor
which dees not enter into the analyses based on mmbers, This factor
1s the differences which exlst between Individual root weights from
the three species, To show this more clearly, the total dry weight
of roota for each speacies at each lifting was divided by the total
number of roots for that speales at the same 1ifting, and the resultont

mean dry welights pes individual root are shown in Figure 11.

An examination of this figure shows that in the oase of roots
other than vhite roots, the mean dry weight of the individual Bn
root renges between 10 and 12 milligrams, of the B root between 5
and 7 milligrams, and of the Be root between 4 and 6 milligronms.
Over the period, the individual Ba root other thon white root, has
a dry weight approximately 4 milligram less than Bb, which in furn
i5 about half the welght of the individual Bn roote In the case of
white roots, the variation in dry weight of the individucl root in
Bn is from 7 to 10 milligroms, while in both Bb and Ba, the individual
vhite root has a dry welght between 2 and 4 milligrams,  Over the
perdod, the individual dry white roct weights in Ba and Bb are approx-
imntely one-third of those in Bn, Two other points should be notie~d
in this flgure 14, Firstly, in each species, with the possible
exooption of Bn vhite roots, there is an apparent tendency for
individual root dry woights to incroase from April until early Ootober,
followed by o sharp decline. This lattor dooline corresponds in Ba
and Bb with tho spwing poried when leaf gresth rnto in inarensing

rapidly, but thia tendency is not so woll marked in Bn whero the
]



FIGURE 14.

The average dry weighf of individual roots other than
white roots, and of indivlidual white roots, in perennial

ryegrass, Itallan rye;rass and tell fescue.
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leaf grovwih rate increased from August, The decline in Bn vhite
root welght was 3 weeks later than in the other species. Secondly,
in each species, the mean individuel dry root weight of roots other
than white roots is conalstently higher than the mean individual
dry root welght of white roota, Overanll the three species and the
whole experimentel peried, the average difference between these to
oot clanses is of the order of 2 miliigrams,

While realizing that these differences in individual root weiphts
would be cperating to favour Bn and penalize Bb, an analysis of
variance on the dry weights of roots other than vhite roots per plant
was caleulated, and the resulte are rreseated L. Table 13,

TABIE 13 Analyvsis of wmrdiance of dry weights of roots other
than white roots per plant over ell lifting dates,

F required

m@wad‘ o

Item Sums of Xqueres Preadon Mean Squore F value 05 .4 Result
Dates 6,103 100 10 6Ll 4340 1409 2,35 3.37 .S,
Species 140,095,900 2 70,047,950 118,12 3,49 5.85 o
Dates X
Sp:zi;es 11,860,538 20 593,027 1429 1,62 1,97 NS,
Resddual 100,132,639 217 L6 yhlid
Total 258,532,477 2.9

Moan dry welght & gtd, error for Ba = 1384.8 = 0821

n " n " " " Bh = 931.8 p 8241

n n " " L] " Bp = 2655¢0 : 8241

do s = 330
do 05 = 2h2
The result of this analysis of variance shows that there is o

difforence babwoon the cpocies which is cignificent at the 15 level,
but that the dlfforonce bebwoen dbes, and the dates X specles intor-
aotien, is nomosignificants From the differcnocn required for signif-

aneo, 1% can be gson that the dry weight of roots othor than white

rootn per plant in Bn ip pdnificantly greater than in Da, while Ha
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is significantly greater than Bbe It thus appears that the
differences betwsen individual root weights in the threz species
are sufficlently great to mank differences in total dry root
weipghts pex plant, under these experimental conditions where

only 8 plants of each spcoles were lifted on each date,
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(o) NMumbor of reots other than white
roots per tiller

These figures ars derived from the numbers of tillers per plant,
and the nurbera of roots other than white roots per plant, and the
calculated valuca for each plant of the three species over all liftinge
are presented in Appendix 2, while the mean wvalue for cach specles
at cach Mifting is chom in Figuree 12, 13 and 14 for Ba, Bb and Bn
respectivelys (n the view that it is the tiller and not the entire
plant which is the essential unit in a pasture population (lMitchell,
1951,.), these derived figures should provide evidence as to the mumber
of roots other than vhite roots which arc available to suatain each
tiller, and to differvneces which exdst in this character betwwen the
three specles under study, The value of such evidence ip limited
becausze the derdved figure is only an average, ond actusd nurbers of
roots per tillexr were, of course, not counted. There is likely to
be some connlderable variation between the amount of roct tissue
associated with an older and vigorously growing tiller than with a
newly=forzmed tiller,

An analynis of varlance for this data was caleaulated, and is sct

out in Toble 1hs

TABLE b, Annlysis of variance for musber of roots other than
white roots per tiller over all lifting dotes.

P >
Items  Smsof Sqares 220 ¥ pean Square Fvolue 5{% Result

freedom
Dates 23102536 16 1406408 5.2l 1.97 262 **
Speales 36,8391 2 18,0196 6059 3430 5e3h 7
Dates X . 1049 1o7h o
spoclen  OPobhhd 32 2,7951 I 93
Reoddual 1505191 336 0,5670
Total 55100563 386

The pesult of this analysis of varionco shown thnt there arc highly

tn other
odgnifdonnt (1,7 lovol} aifferences petween the nusber of roo



FIGURES 42, 43, 1k

The nunber and dry reight of roots other than hite
roots, and the number and dry weight of shite roois, peor

tiller in perennial ryegress, Italian roo

g
=

fescue, respectively.
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wiite roots per tiller between the various lifting dates and be-
iweon tha threo ocpeclese Further, the highly sipnificant dates
X epecies intexnchion indicetes the differences bebween the species
alterad over the courae of the cxperiment. To examine these
changes, an enalysis of vardiance was calcoulated for each lifting

date, and the relevent information is given in Table 15.
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TABLE 15, Resulis of analvses of varinnce for nunbor of roots other than white roots per tiller, at each scparate
LiPting dote,
Heans S$d, Erroxs F values _ d required

Date Ba Bb Bn Ba,Bn Bb Actunl .01 -05 Result +01 005
5%h Dectmber 248  3eh3  2.97 A 031 2031 230 5.78  3.47 NS, - 0-93
Z5th Decevder 5,02 5023 3482 " 0a21 " 0p21 12,82 5478 30ks7 b 0.85 0,63
25%h Joanuary 3,05 2.95 5400 " Q.12 " 0,12 90,03 5.78 3047 o (%) 0.36
16th Felrunry 3032 5633 4o 29 " 0,30 " Oel2 7281 6,11 359 i 1.23 0,89
th Mazxch 2,82 3e 54 La22 " Ou3l " 0,36 4430 5.85 3649 - - 1,00
30th Mnrch 2226 3a71 3462 " 0,29 " 0.33 Teb3 5.93 3.52 b 1.16 0.85
2th owil 3¢50 3«30 La72 " C.39 " Okl 3,80 5.85 3e43 . - 1.4
14th Moy 2,06 2.60 3470 " 0,28 " 0,28 e 0 5.78 k7 i 1.10 081
15t June 2,53 205 3478 " 0,28 " 0. 30 970 585 3e49 w 1e13 0,83
22nd Juns 2,06 170 2,92 " 0,23 " 0,23 Tek5 5478 Zok? e 092 0,68
13th July 2,03 1a45 2452 " 0u13 " 0g16 3oLk 6.01 3455 2 0,52 0.38
3rd August 2,10 1.86 3412 " 0s17 " 0,22 13,14 6401 3455 n 0e71 0.51
2Lth August 2429 2415 2,19 " 0e26 " 028 0,08 5485 3049 N.S. - 0s75
14th Scptember 2,49 2,04 2,89 " Oe2l " (.28 2,73 593 3452 N. S. - 0,70
5th October 2.59 3400 2,47 " 0,21 " 0,22 1,59 5,85 3049 N, S. - 0062
Zrh Octobex 3072 3e6k 428 " 0.36 " 0,38 0,90 5,85 3049 N, S, - 1006
16th Uoverber 3512 3.07 313 " 0e2y " 0,26 0,02 5.85 3,49 M. S, - 0.72

(N0)]
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From Siguros 12, 13 and 14, 1t oan be scon that thore ic cone
sdderable wvariation in the values of this derlved root charncter in
each spsales, Dosplte thin, some genernl trends are apparent, In
Ba, tho number of roots other than white rcots per tiller is greater
than 3 until the 1lifting on 9th March, at which date and until the
1st June, the mmbexr fluctuates rather widely about an approxdmate
mean value of 2,5, For the next three liftings from the 22nd June
until the Jrd August, the nunber of roots is a 1ittle more than 2
per tiller, and for the remaining 1iftings until the completion of
the experimont, the mumboer increases to a value of about 3.5 The
peried when the number is lowest coincides with the $ime vhen leaf
growth 1s at its minimm during the winter, and tiller numbers arc
highs Many of the smaller tillers would probably be dependent on
older tissues for at Lcest part of thedr mutrdition at this stage.

The increase in the number of roota per tiller from the end of Augusi
coingides with the decline in tiller murhers as leaf pgrowth storts
to recover, and also with the ageing, and hence the re~classificatim
of whilte roots formed dwing the winters In Bb, the number of
roots other than white roots per tiller remains well above 3 until
the 20th April, and this covers the period during sthich there is a
marked decline in tiller numbers, The associated decline in root
nurbers is of a lesser magnitude, The number of roots has drowuped
to abous 2 per tiller by 18t June, and to approximtely 1.5 by i3th
July, a figure which is below the minimum recoxded in Ba and is due
%o the low mumbers of tnese roots per plant at this date, ond to the
faot that tillex murbere in this specles are at their peok. There
15 a reoovery to about 2 roots per tiller during Aygust and carly
September, and the mumber inereases to rather more than 3 from early
Ootober until completion of observations. This recovory from the
lattor part of July can bo explained partly by tho decrease in tiller
whars ovor this period, but minly by the ageing of early-formed

thits roots, vhich bocoms evident in larpo numbers from oarky Maye



This is also general evidence that the period in autumm and carly
wintor during which white roots retain their "white" characteristics,
at least in Db, is some 6-9 weeks, In Bn, the number of roots other
thon vhito roots per tller remains at a high level above 3,5 until
after the Liféing on the 18t June, then falls to about 2.5 roots per
+1ller until the end of August, which in this species also is the perded

vhen tiller nurmbers are at thelr peak, The number of roots per tiller

inaoreases agaln from early September until the end of the trial,
Since in Bn, the white root mubers are very steady from March on-
wards, and thers is no great reduction of tiller numbers in the apring,
it is not possible to assess the greater importance of either of thesec
facters in this final inorease of root mumbers per tiller,
The resulis given in Table 15, show that on the 29th December,

Bn has fewmr reots other than white roots per tiller than either Ba
or Bb at the 1% level of significance, but this is completely reversed
on 26th Jenuary when Bn has significantly (1% level) more reots than
Ba or Bb, On 16th Pebrunry, Ba has less roots than Bb at the 1
lovel of significence, but at the 5 level, Ba has less than Bn which

4wmm has less than Bb,  Om 9th March, the only difference appears
at the 5% lowsl, vhere Ba hos less roots than Bns  On 30th March,

Ba has signifiecantly feower roots at the 1% level than either Db or

Bn, On 20th April, both Ba and Bb have fewer rocts than in at the
5% level of significance, and this relation holds for both levels

of significance at the liftings on 11th May and 1st June, and at the
5% level on 22nd June, On 22nd June, there is a difference betvreen
Bb and Bn at the 15 level, but not between Ba and Dn, On 13th July,
Bb has significantly fewer roots then both Ba and Dn at the 155 level
of pignificance, and at the 5 lovel, Ba has fewer roots than Bn.
On 3zd August, both Ba and Db have fower roots per tiller than Bn
at the 4% lovel, but frem this date over the finol fivo 1iftings of

the experimontal blooks, no statistically signifionnt differcnces

are prosont between iy of the ppecios,




In summary, three main periods can be reoopnized vith numbers
of roots other than vhite roots per tiller; (a) Up to the middic
of March, results are teo variable to show any regular trend, (b)
From late March until the middle of August, Bn consistently has
more roots per tiller than either ryegrass. (c) From late Auguat,
there are no differencos between the species detectable on the data
availnable. Two periodscan be recognized where therc is sorme
difference between the ryegrasses: (a) Over the three liftings
from 16th February to 30th March, when Bb has more roots per tillcr
than Ba, This can be explained by the decline in tiller nurdbers in
Bb over this period, and the resultant inflation of root numbers vhen
they are cxpressed on a per tiller basis, (b) From the lifting on
15t June until after that on 14th September, Bb consistently has
fevier roots other than white roots per tiller than does Ba, altnough

gignificance is not attained on some dates,
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{(a) Dry weight of roota other than
vhite roots rer tiller.

Those figures are presented for individual plants at cach
1ifting in Appendix 2, and the mean values for cach species at
cachh 1ifting date are showm in Flgures 12, 13 and 14 for Ba, I
and Bn respeotively, These figures have been derived from o
combination of nunbers of tillers rer plant and dry weight of roots
other than white roots per plant, and may therefore show congiderahle
variation ainece errors can be introduced with both sets of primary
dotes This mriticular root character niso suffers from the already-
discussed fact that the mean dry weights of individual roots are
not the some in each specles, but that individual Bn roots other
than white roots are approximtely double the dry wveicht of their
Ba counterparts, and Bk roots in twrn are rather heavier than those
in B,

Despite these two factors cperating to reduce the usefulness
of the result, an analysis of wvariance was colculated for this data,

and is presented in Table 16,

TABIE 16, Analysis of variance for dry weight of roots other

than white roois per tiller over all lifting dates

F required

Ttens Swns-of Squares fo'%;mmi L Mean Scquare ¥ value 05 1 Result
Dates 2,071.,08 10 207,108 Tl 2035 3,37 Hei

Species  28,035.70 2 1401785 90:82 3643 5685 e

Datesg X 20 15ke 354 2.70 1,62 1,97 =

species 9087408

Residunl 42,537.32 249 576248

Total 15,731.,18 251

In view of the highly significant dates X spoclen intcraction,
furthor analyres of variance woro oarried out for caoch of the lifting

datoa, and tho rolevant results of theoo annlynsen are sot out in
»

“wbla 17,
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TABLE 17. Besults of analyses of variance for dry welght of roots other than white roots per tiller, al each
separate 1ifting dats,
Means {mgn. ) Std, Errors F values. d requlired
Date Ba Bb Bn Ba,Bn Bb Actual 01 05 Result »01 +05
2th april 12,8 133 hhe3 22,27 22,27 63,28 5,78 3.7 = 9e1 6e7
1181 May Se5 1241 40.8 " 2,72 " 2.72 40,72 5.78 3ek7 b 10,9 8.0
18t June 1243 el 4005 " 3400 " 3621 29,63 5.85 3449 »a 1201 849
22nd June 1.0 e 3201 " 1.76 " 1,76 53469 5.78 3e&7 o ot 562
13th July 11,8 8.5 28,7 " 146 " 1,84 49,02 6,01 3455 e 5.9 43
3rd August o1 1042 371 " 3.55 " ha4y9 18.75 6.01 3.55 e 1hady 10.5
24th August 1440 13.8 25.0 " 2,26 " 241 7093 5.85 3449 e 9e1 6.7
14th September  13.8 ol 3545 " 2420 " 2.55 24,81 5.93 3,52 o 8.9 645
5th October 158 22,8 29,0 " 3,05 " 3,26 Se i1 5.85 349 = - 9,0
27th Cctober 1524 18,5 38,0 " 2,72 " 2,72 20,75 7 5.78 3e47 R 10,9 8,0
16th NHowveober 16,2 21a3 38.5 " 3,59 T 2,83 10.55 5.85 3,49 W 1ol 10.6

N



In Ba, the dry wolpht of roatn ot b0 - 0 o

et L
fluctuntes about an avernge of nome 11 allil rsn antil - pl-
:\uglmt, after vhich this might increanen . Ieos 1ittle o -I'J

milligramps on the completion of the cxperiment, In Bb, the drvy
wolght of roots other than white roots per tiller decrenses from fome
13 milligrams in Aprdl to a minimum of 8,5 :iliigrams on 13th July,
when tiller numbera have reached their penk. Thercafter, the weight
increases, partly through a decrease in tiller numbers cnd partly
because of ageing of white roots, and has rosched a value of over 20
milligrams when the experiment ended in mid~licvember, In n, the
weight of these roots per tiller decrcises r'rom more than 40 mdlli-
grams in April to some 25 milligrems dwring iugusl, and then increnscs
ecadn to nearly LO milligrama by the middle of iiovomber.

The regulis of the analyses of variance show that at all dates
except the 5th October, Bn has a highly significant (1,5 level) greater
dry weipght of moots other than white roots nr tiller, while at no
date is thewr any significant differcnce ait citheor level between Ba
and Bb.  On 5th Ootober, a rather high weight for Bb and a low weight
for Bn has caused loms of significance between these two species, and
the only significant difference at this cate is one at the 55 level
between Ba and Bn, which has the greater welght. Thus in the case
of dry weights of roots other than whitc roots per tiller, ws ona
per plant basis, the cnalysis of variu o jo rot rofined enough to
determine differcnces between the two ryegrasses where only 8 plants

of cach spceies are involved at each Lifting-



(e) NHurber of white rootn e plant

White roote were firnt rocorded as n separate clans in ench
aspeoies at tho Sth 1lifting on 9th March,

The number of white roots per individusl plant of each of the
three species 1a given in Appendix 2, while the mean walues for cach
spocies at cach lifting date are showm in Figures 8, 9 and 10 for Ba,
Bb and Bn respectively, The analysis of variance coleulated for
this deta im set out in Table 18,

TABLE 18. Analyeis of variance for numbers of white roots per
plant over a1l lifting datesn,

Items Sums of Squares & af Mean Sguare I volue £ required Resuls

frecdom »05 o O]
Dates 124,325.7 12 10360.5 3,89 2,18 3,03 o
Specics 2916343 2 10581.7 5097 3eh0 5061 e
Dates X L . 66
species 6395002 2y 2606446 5038  1.56 1
Residual 128876.5 260 L9547
Total 33831547 298

This analysis of variance shows that there is a highly significant
difference at the 155 level between the lifting dates, and a highly
significant interaction between dates and spesicr.  Therc is z sign-
ifiennt differcnce st the 5o level betvcen the speeiese  In view of
the highly significant internction between dates and species, analysecs
of varlence were caleulated for cach Lifting date, and relevant

results are aset ocut in Table 19.
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TABRIE 19. Resulits of analyses of vardance for number of whitc rooto per plant nt cach soparate 1ifting date.
Meansa 3td, Errors F values d required
Date Ba Bb Bn Ba, Bn Bb Actunl > 01 +05 Result No| +05
9th Uarch 21.8 646 2141 I3,9 2 3.9 487 5.78 3e47 * - 11a4
30th March 13.6 12,1 28.8 " 3.8 " L0 Se7k 5,85 3649 * - 1.2
20th April 2he 2640 2741 " 5.7 " 547 0e07 5,78 3ol7 T, S. - 16.9
11th May 48,1 3543 2645 " 71 " 71 1.08 5.78 3e47 N.S. - 23,3
ist June 42,3 513 rolt RN " 6.7 1.09 535 3a49 N, S. - 18.6
22xd June 43,0 521 L33 R " 3.5 2,02 LTt 5u07 My S0 - 249
i53th July 6h.6  127.4 Gee "10,6 "3k 10415 it 355 h3.1 3tak
3rd August 534k 97.6 R 12,9 "16.3 54 5005 . - 38,4
24th August 0.1 95.4 25,3 " 9.6 "0, 2 1375 Detid 3e19 3 3844 28,2
14th September 2645 68.5 3945 AREON M54 .62 5e93 3.52 M, S, - 52,7
5th October 313 3364 3501 5 1947 0.7 PSS 5ol 1, S, - 5Le5
Z7th October 1244 945 27 " W0 " 340 Ja /9 Ha t8 Sebf ke 12s1 8.9
16th ifovember Lol Behy Lo ly " 1.5 " 1.6 2o 10 Delihh 508D NS - L3
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In Ba, the mumber of white roots per plant ‘“arted with their
first recognition on 9th March at 21.8, and vas 13,6 on 30th larch.
During April and into May, there wus an increasc in vhite root
numbers to between 40 and 50 per plont, and this level was maintoined
during the Juns 1liftings, before rising to » peak of G4 at the 1ifting
en 13th Julye From then on, there was a steady decrease in white
root numbers pex plant, with the exception of 5th October, which 1Lif$—
ing showed a slight inercase of 5 vhite roots over the preceding
1ifting., White rocta were present in omall numbers during the
secord half of October, and only 4 per plant were recorded at the
final ldf¢ing in mid-Hovenber. In b, the number of widte roots per
plant wvas only 6.6 on 9th March, but incresced steadily fronm thnt
date, and reached a penk value aof 127.L widte moots per plont on the
13th Julys  The value remained betoeen 22 ~nd 100 vhidle roatc during
both the liftings in August, but thercoafter declined steadily ot cach
successive lifting and there were only 8.4 vhite roots per nlant
recorded on 16th November, In Bn, the nusber of white rootc mer
plant was 21,1 at their first recognition on 9th March, but tie
nuzbers subsequently recorded in this species do not show stei.”
increaces and later decreases as found in the ryegranses. Over o
of the liftings, a mean value of bedween 20 and 30 white roots rar
plant was counted, and only 5 liftings gave valucs outsice this ransc,
These occurred on 1st June with 53.4; on 43th July vath 52.5; on
14th September with 39,5 and the subsequent lifting on 5th October
with 35,03 and on the final lifting on 16%th llovember, when in cammon
vith the ryognsses, the number of white rcots had declined Lo very
low levels (ko per plant for Bn.)

The results of the analyses of variance for each lifting date
show that on 9th March, the number o vhite roots per Bb plant is

oignificantly less at the Ho level than for ecither Ba or Bn. On

30th Morch, both Ba and Bb havo slgmiticantly (5 level) fover white

ith, for Ll

roots than Bn, Thip evidence ia jmportant In tha chane of



—
formation of new white roots at this stage lags be' ind Ba and n,

It has already been shown that under these experimental conditiom,
there 1s loss of both photosynthetic leaf tissuc and of root tisnue
in Bb during February and March, vwhich was not found in Ba or Bn,
This latest evidence now shows that this same reriod is one when

new root formtion in Bb is later than in Ba or Bn in reaching
appreciable levels, so that the autum months are very critiecal in
this spociess Over the next four liftings from 20th April to 22nd
June, there are no significant differences between the white root
numbers per plant in the three species, On the 13th July, when
white root numbers per plant are at their peak wnlues in each species,
Bb has a highly significant (4% level) greater number of white roots
than Ba or Bn, and this relationship holds over the next two liftings
on 3rd and 24th August, except that on 3rd August, significance is
attained only at the 5% levels On 14th September and 5th October,
there are no significant differences between the species, but on 27th
Ogtober, Bn has a highly significant greater number of white roots
per plant than Ba or Bb, due to rate of formation of white roots
remaining at an appreciable level longer in Bn than in Ba or Bb.

At the final liftdng on 16th November, no significant differences in
this character appeared,

Summarizing, there are three important trends shovm by these
enslyses, Firstly, white root formation in Bb is slower to start
than in Ba and Bn, and does not reach the higher levels until May.
Secondly, white root formation in Bb is approximtely double that
in Ba, and 3 to 4 tines that in Bn, during July and August, A%
this stage, therefore, there is more replacement of the rood system
cocurring in Bb then in the other spocies, Thirdly, white xoot
formation in En 4s at a fadrly steady lovel from Merch until Ootober,
with a small inarease in white root mumbers during Septembor, and with
wite root mubers remaining fairly high during Octobers This pattan
oantrasts with thovo in the syograsses, whoro inorcases to a poak in
My was followod by decronses to low yaluss by tho end of Octobers



() Nabor of white xoots per plant

expressed as a parcentage of the
total number of roots per plant

Evidence given in the mreceding section on numbers of white
roots per plant strongly suggested that white roots were more
prominent in the Bb root system than in those of Ba or Bn, It
was thought that a satisfactory measure of this could be obtained
by a comparison of each speales, if the muber of vhite roots re-
corded in each individusl plent wms expressed as a percentage of
the total (white rocts plus roots other than white roots) number
of roots for that plant, The caloulated percentages for each
Plant are given in Appendix 2, and the mean value for each species
at ench lifting 1a shom in Mlgure 15, An ananlysis of variance of
this data was carried out, and is presented in Table 20, In the
onlolation of the analysis of wvariance, and in the discussion of
these results, tranaformed data are used, The transformation is
normal precedure where data 18 propared as perocntages, and is made
by converting paroentages into angles, where angle = arc sin yper—
centages  The appropriate table for use in the conversions is given

by Snedecar (1946, page 449-450).

TARIF 20, Annlysis of variance for numbers of white roots per plant
expressed as a perventage of the mumber of total roots per
plant {trensformed data) over all lifting dates,

F re
Items Sxma of Sueres Immee:mcf Mean Square F wlue ﬁ Result

freed
Dates 11025, 26 12 918477 5468 2418 3,03  **
spedeﬂ 5239.&'. 2 261 9.82 1644 9 340 5 &1 A
Dates X 61,82 6.0 1056 1487  ®*
species 3883,78 2 161
Residual 63998, 51 261 26481

Total 27147419 239

The analysis of variance shows that there is a highly significant

difference (1% lovel) between both the dates end the specles, whils
thore 1s also a highly significant internction botwoon dates and opocicss




FIGURE 15.

The nunber of white roots per plant expressed as a
percentage of the total number of roots per plant in

rerennial ryegrass, Itallan ryegrass and tall fescuc.
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7o dotorming the changes 4n the relationdhips ! fween the speaioes
ovor the expardmontal perdod, which is implied by the internction,
analyses of variance were caloulated far each scparate lifting

dates Results are sot out in Table 21,



TRELE 21.

Resulls of analyses of varisnce for mmbers of white roots per plant expressed as a percentage of total
mmber of roots per plant, {(transformed data) for each separnte lifting date,

Means Std. Errors F values d required

Date Ba Bb Bn Ba, En Bb Actual g «05 Result 01 «05
9th Mexrch 12,7 11 167 2.6 2 1.6 2,82 5,78 347 Ne So - %8
30th Narch 117 15,7 19,1 " 2.6 " 2,8 1,89 585 3849 N S. - 8,0
20th Jpril 13.9 2541 17.2 " 1.7 " 1.7 11.52 5.78 3eh7 *» 6e7 50
11th Moy 215 27,3 6.5 " 2.3 " 2.3 5676 5478 3e47 . - 6.6
15t Juoo 21,2 351 194 " 1.3 " Yok 38471 5485 3eh3 > 5e3 33
220d June 23.8 3546 18,0 " 1.9 " 1,9 2ehh 578 Je47 o Tok Selp
13th July 25.9 519 24.6 " 1e3 " 1e7 38s16 6,01 3455 b Sek 39
3rd August 2347 3ol 1646 " 2,3 " 249 11,06 6,01 3055 - Jols 6.8
2,%h August 0,0 3hels 20.4 " 1.6 " 1.7 25426 5.85 3.49 - 643 46
14th September 22,0 32,3 22.8 " 1.8 " 1.8 %16 5.78 Sek7 - 746 5¢6.
5th October 17.0 2%a2 21,7 " 2,0 " 2.2 3611 5485 3443 N, S, - 6.0
Z7th October 12,0 9.9 1641 " 1.5 " 1.5 3,67 5478 3eh7 * - 443
16th Novenber 6.9 16els 6.8 " 1.8 " 1.9 9002 5.85 3,49 o 702 5.3




X 3

In Ba, the number of white rocts as a perontage of the total
roots, is about 13° up to the mladls of April, and inareases thero=-
after to 21° on 11th May end 1st June, and to tho peak walue of nearly
26° on 13th Julys The angle then decrcases, with the exoeption of
the lifting on the 14th October whon there is a smll but unexplained
fnerease, wntil the angle is at a minimum value of 6.9° when the
expariment ends in mld-November, 1In Bb, the rercentage of white
roots in the total root system incresses steadily from an angle of
11,4° on 9th March, to a peak wnlue of 41,9° on 13th July, There=
after, the angle declines until the end of the experiment, the increase
in the angle on the 16th November being the result of the emll root
systems at that 14ftinge It should be noted here that for the 1iftings
from 18t June wntil the i4ih September Inclusive, the walue of the
angle in Bb is more than 30°, which is not even approached at any
single date by either Ba or Bne In Bn, the rercentage of the total
root aystem made up of the white roots has sn angular value between
15° and 20° until the 13th July, After this date, there is an increase
to a little over 20° until the 5th October, and the angle them becomes
smaller to a value of 6,8° by mid=November.

The rem."i.ta of the analyses of variance, as given in Table 21,
show that for the two 1iftings in March, there arc no significant
differences between the species. On 20th April, Bb has o highly
significant (1% level) greater percentage of white roois in the root
system than does either Ba or Bne On the 11th May, the angle for

Ba has increased 5o that significance is lost in the differences be=

twoen Ba and the other species, but there 1s a significent (57% level)
difference between Bb (ihe greater) and Bn (the lesser)e This
difforonce just fails to achieve significance at the 155 level.

the 1ot June to the 14th September inclusive, i.c. over 6 Mftings,

Bb has a highly signiicant (1% lovol) groater peroentage of whito
s within this poried, 22nd

From

roots than cithor Da or Bne On tmo dato

mwmw,awumwwﬂmmtmmﬂ



significantly leaser percontage of white roots in tk  total root
aystom than has Ba at the 5% levels All significant differonces have
disappeared on 5th October. On 27th October, the slower decline in
white root murbers in Bn has led to a significant difference at the

% level, where Bb has a lower percentage of white roots than Bn.

On the final Lif¥ing date of 16th November, the greater percentage

of white roots in the very mmall root aystems of Bb plants has again

glven highly eignificant differences in favour of Bb over Ba and Bn,

Summarizing, there are two important periods sorted out by the
analyses in Table 21 Mirstly are the two liftings during March,
when the white root pexrcentage in Eb is not significantly less than
in Ba or Bn, Although 4t was found earlier that the actual number
of white roots per plant in Bb over these dates was less than in Ba
or Bn, the suall size of the Bb root system during March has glven
comparable percentsges in all species, Secondly, from the middle
of April through until the middle of September, the percentage of

vhite roots is significantly greater than in the other species.




(8) Dry weight of white roota per plant.

The dry woighis of white roois in each individusl plant are
presented in Appendix 2, and the mean weights for each mpecies at
.eadllifthvsamahmminl"igm‘oaﬁ,9and 10 for Ba, Bb and Bn
respectivelye An adelysls of varience for this data iz given in
Table 22,

TADLE 224 Analysis of variance for dry welght of white roots ner
plant over all 1ifting dates,

Itema Sums of Squaxes mrmmaaaat‘ ¥ean Square Fwalue £ required Result

«05 «01
Dates 1566486 9 174054, Le7h 2,46 3,60 **
Specles 968310 2 484155 13418 3.55 6,01 **
Dates X
teg 661407 18 36745 149 1466 2,03 *
Residual 3772899 199 18959
Total 6969102 228

This analysls of variance shows that there are highly significant
(1% level) aifferences in the dry weight of white roots per plant
between both the lifting dates and the species. There is also a
significant (5% level) interanction between dates and species. Be-
cause of this internction, analyses of wvariance were calculated far
each lifting date, to elucidate the changes in the relationships be=
tween the species which tock place over the experimental periods The
relevant details of these analyses of variance are set out in Table

23




Results of anslyses of variance for dry weights of white roots per plant for each separate 1ifting date,

Means (Mgm, ) Std, Errars F values d required

Dato Ba Bb Bn Ba, Bn Bb Actusl Ot <05 Result <01 05
20th April 50 53 169 229,0 2290 5050 578 347 . - 85
11th May 115 98 208 "3940 "39.0 2,28 5.78 347 N.S. - 115
" 15t June 121 165 258 "35.8 "3843 3481 5485 3e49 » - 106
22nd June 150 148 202 "39.5 "39.5 060 5.78 3el7 N, S, - 116
13th July 196 401 514 "72.8 "92,0 .86 6.01 3.55 * - 216
3xd Angust 176 391 279 "7 "99.8 1645 6401 3455 N, S, - 23y
24th Angust 120 328 256 "45.8 RN 5405 5¢85 Se43 * - 135
15th September 103 249 299 "6043 6947 2.83 5493 3652 NS, - 179
5th October 150 134 320 "40.0 "42,7 6.50 5,85 3,49 s 161 118
27th October 19 15 251 2540 "2540 28,96 5.78 3eli7 " 100 7

2Z-
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In Ba, the &y weight of white roots per plart increases from
50 mlligrams on 20th Aprdl, when full dry weight records for every
plant were first recorded, to nearly 200 milligrams at the peak
weight on 13th Julys Thereafter, the dry weight decreases, and
with an wnexplained inaxease in weight on 5th October, has fallen to
about 20 milligrems of dry white root tissue per plant by the end of
Ootobers No analysis of variance could be carrled out for the 16th
Noverber, ainoce the numbers of white rocks per plant on that date
were g0 fow that they were bulked for weighing in each species and
only total weights beoame available, In Bb, the dry weight of white
roots per plant inareased from spproxdmately 50 milliigrams on 20th
April, to a maximm of about 400 milligrams on the 13th july, although
the dry weight recorded for Bb on the 22nd Juns was lower than expected.
The dry weight remnins at nearly LOO milligrams on 3rd August, and
then deoreases, but 4% is not until the 1ifting on 5th October that
the dry weight of white roots in both Ba and Bb is again similar. In
Bn, the dry weight of white roots per plant increased from about 170
mi1ligrams on 20th April to over 200 milligrams from 11th May to 22nd
June, On 13th July, there is a large sudden increase to over 500
m1ligrams per plant, and it is at this date that the number of white
roots in Bn was spproximately doubled., The dry weight then declines,
and from the 31d August over 5 liftings to the 27th October, the weight
remains between 250 and 320 milligrems,

The results of the analyses of variance, as given in Table 23,
show veriebls resultss On 20th April there is a significent differ-
ence at the 5% level between Bn and Ba, Bb, with Bn having the greater
dry weight of white roots per plant, No dignificant differences
cppoared on the 11th May, and this was repeated ot midsoquent alternate
2iftings on 220d June, 3rd August, and 14th Soptombere
the only significont difference is batwoon Da (losser) and In (greator)
at the 5¢ lovel, and this relationship holds a
Jdy, O 2uth Augusty Ja has a signirtoant (¥ leved) stier &

(n 1st June,

t the same lovol on 13th



weight of white roots per plant than both Bb and Dn, At the two
October liftings, both Ba and Bb have a losser woight than In, and
this difference is highly significant at the 1% level,

In smmary, two main pointas have emerged in this section,
Pirstly, the wariations in the dry weights of white roots of ine
dividual plants are too grent to allow a precision test with the
amalysis of variance on only 8 plants per species, This is similer
to the position in dry welghts of roots other than white roots per
planty It is the variations which account for the frequent loss of
significance, even though the man differences appear to be substantial,
Secondly, although the dry wedights of individunl white roots in Bb
are eprroximately only 4 of those in Bn, the greater number of white
roots counted in Bb has meant that the dry welphts of white roots per
plant is of the same order in both these species from the 13th July

until the 1L4th September,
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(h) Dry welght of white roots por plar-
expressed as a percentage of the
total &ry wedght of roots per plant,

In view of the evidence cn the relatively greater proportion
of white roots in the root aystem in Bb vhich became avoilable from
the analysis carried out on numbers of white roots and ail roots,

a similar analysis is warranted from the dry weights of widte roots
and the whole root aysteme Despite the veriation in the dry weights
of roots, the reduction af the weights of white roots 4o a percentage
figure of the weights of all roots may allow a rather better standard
of preclsion in the analysis, Further, since all weights are on a
percentage basis, the faoct that the weights of individusl roots in

Bn are so much heavier than in Ba and Bb becomes of no importance in
this analysis,

The peroentage dry weights of vhite roots er plant of the total
root system are given for each species in Appendix 2, and mean values
for each species at each 1iffdng are shown in Figure 16, In the
analysis of variance for this data, (Table 2), the percentages have
again been tranaformed into angles, and these angular values are re=
tained in the analyses of variance at each lifting date, and in the
discusgion of these results,

IABIE 24, Analysis of vardance for dry weights of vhite roots per
plant expressed as a percentage of the dry weight of
total roots per plant (transformed data) over aoll lifting

dates,

F roquired
Items Sums of Squares Degrecs of Yean Square Fﬁmﬁ- Result

froedom
Dates 3902,18 9 133,58  3e17 246 3460 **
Spocies 2445411 2 1222,55 8495 3455 6401 *
Dates X Ge66 Bolid 1465 2,03 **
spocies 2459492 18 13
Rooddual 5002454 198 25427

Tota 1280975 227




FIGURE 16,

The dry welght of white roois per plant expressed as
a percentage of the total dry weight of roots per plant

in perennial ryegrass, Italian ryegrass, and tall feacue,
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This analysis of variance shows thot there is a significant
differsnos at the 5% level betwoen the percentage dry weights of
white roots in the dry weights of the total root system at diffe
evant 1ifting dates, and a highly slgnificant difference at the
1% level botween tho tiwee species, There is also a highly sig-
nificant datesespecies interaction, so that analyses of variance
were caloulated for each 1ifting date, and the relevant results
are given in Table 25,




Besults of analyses of variance for dry woights of whito yoots per plant expressed as a percentage

of the dry weights of the entire yoot systems per plant (transformed data) for each separate

1ifting date.
NMeans Std, Exrors P valuns d required
Date Ba Bb Bn Ba, Bn Bb Actual «01 05 Result  O1 «05
20th April 1., 18,8 13,6 249 Z 1.9 4e75 5078 3e47 » - 5¢7
11th May 15.8 20,3 1347 " 2,2 " 2,2 20145 5«78 Sek7 RS - 6oy
18t June 1646 26,0 1647 " 1¢5 " 1.7 11,08 593 3452 . 59 b3
J2nd June 1949 26.6 14.5 " 1.9 " 1.9 10,07 5.78 3e47 A 7.6 56
13th July T 19,2 32.5 22,5 " 1l " 1.7 1913 6401 3455 e 545 LeO
3rd Angast 20.5 28,9 147 " 2.4 " 3.4 6,70 6,01 3455 »o 9.9 72
25,th August 1he1 2645 1940 " 146 " 1.7 14,68 5485 3e49 o 6o 3 4.6
14th Sepienber 1841 28.7 179 " 17 " 2.0 10,71 5,93 3e52 *» 649 5.0
sth October 15.5 1692} 19.5 = 108 " 109 1.39 5.85 5.I¥9 N.S. - 5.2
ZTth October ?07 505 16.2 bl P | " 1ot 21*,1;8 5.?8 5.1'_7 [ 3] }.;..6 3.3

D



In Ba, the angular volue corresponling to the wuite roots dry
weight percentags of the dry welght of all roots inarcases from
1044 on 20th April, to nearly 20° on 22nd June and 13th July, and
to tho poak value of 20,5° en 3nd August. The angle decreases
after this date to about 15° by the 5th October, end at the last
1ifting when white .mot weights were recorded for individual plants
on the 27th October, the angle had declined to just under 8°, In
Bb, the angle is nearly 19° on 20tn April, inercases over the next
fow 1iftinga to reach its peak value of 32,5° on 13th July, and
declines from then an, wntil the final value recorded 1s 5,5° on 27th
Octobers The angular value in Bb is greater than 25° for the lifte
ings from 1st June wntil 14th September respectively, and this value
of25°ianotmapproanhedatam'datain3amﬁm. This period
from beginning of June to the middle of September 1s the same as that
in vhich Bb showed a greater pexrcentage of white roots in the total
root gystem as calculated on mumberse In Bn, the angle is a 1ittle
under 14° on 20th Aprdl and 11th May, end then increases to the maxw
imm velue of 22,5° an 43th July, although there is an unexpectedly
low figure for 220d Junes The angle on 3rd Augst is also unduly
low, and for the 1iftings en 24th August until the 27th October, the
angle remains between 20° and 16°

The resulis of the analyses of varlance given in Table 25 ghow
thot on the 29th April, Ba has a lower percentage than Bb, significant
at the 5% level, On 11th May, there are no significant diffexrencess
n 1st June, Bb has a highly significant (1% level) greater percent=
sge than Ba or Bne On 22nd June, Bb has a highly significant (1%
level) greater perventage than Bn, and a significantly (5% level)
groater pevoentage than Ba or Bna  On 13th July, Bb has a highly
significant (1% level) greater peroentage than Ba or Bue On Jrd
August, Bo has a highly sigificant (1% lovel) greater percentage
than Bn, ond a significantly (36 lovel) groater peroontago than B
and Iny  On Zth August, Bb has a highly signtfioant (1% level)




groater porcentago than Ba and Bn, vhile an this same dato at the
5% lovel, Bn also hns a significantly groeter pexrcentage than Ba,
on 148h Septomber, Bb retains a highly aignificont (1% level)
greator peroontage than Be or Bne Thore are no significant
differences on Sth October, and om 27th October, the retention

of a higher level of white root formation in Bn compared to the
ryegrasses has given a highly significant (1% level) greater per-
centage in Bn than 4n Ba or Bb,

Summardzing, the main point in this analysis is that the pattern
of percentages based on dry welghts of vhiite roots and all roots is
essentially the same ag the pattern obtalned when percentages were
baged oo mumber, Fron the 1st June until the 14th September ine-
clusive, the percentage dry weight of white roots in the dry weights
of the whole root system per plant, is sigificantly greater than
in either Ba or Bn, However, the precision of these significant
differences is not as great on a dry weight basis as on a number
basis, This im scen in the failure of the differences to be highly
significant at the 4% level on certain dates, and can also be deduced
from o camparison of figuwes 15 and 16,  The failure of the percent=
ages based on dry weights to reach the same high levels as those
baged on numbers can be explained by the lower dry weights of in-
dividual vhite roots in compariscn with the dry weights of individual
roots other than white roots, in all 3 species. This is clearly
ghown in figure 11e The result is to depress the percentages based
on dry weight below those based on number, and to inarease the
chanoos that peroentages based an dry weights moy fadl to show
cignificant differences between the specles.
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(1) Rumber of white roots per tiller.

It has already been established that the 3 apecies under study
exhdbit different patterns in the mmber of tillers per plant, and
in the number of white rocts per plant, over the experimental pexiocd.
A combination of these two ocounts to give the muber of white roots
per tiller, my therefore show the importance of newly formed roots
to the essential components in a pasture population, which are the
individual tillers, It is realized that newly formed tillers will
poseess more white roots than older tillers, but the experiment was
designed only %o study plants as a whole, and not tillers by them-
selvess, It was observed, howover, that wvhite roots tended to be
more mumerous around the periphery of the root gystem, and that new
tillers were more numerous around the periphery of the plant, In
view of the faot that white root numbers per plant (figures 8, 9 and
10) aid not coincide directly with the increases in numbers of tillers
per plant (figues 2, 3 and 4), it appears that new root formation was
taking place on scme of the oldexr tillers. Although these factors
are present and cannot be fully assessed, it is likely that an analysis
of the mubher of whits xoots per tiller within each individual plant
will indioate the impaortance or otherwise of new root formation,

The mumbers of white roots per tiller for individual plants are
given in Appendix 2, and the mean mumber of white roots per tiller
for each species at each 1ifting are shown in Figures 12, 13 and 1
for Ba, Bb and Bn respectively, An analysis of varieance for this
data is given in Tabls 26,




95

Items m&aqumca“ Yom Square F velus mrequired oo ¢

05 «
Dates 8.0186 12 0,6882 3420 2,18 3,03 e
Speaies 948445 2 1e9223 23,60 340 5.61  %*
D‘:;‘;:iﬁa 5,0057 2l 0e2086 478 1.56 1,87  ©#
Residual 11,2603 258 0. 0436
Total 1292 296

Theamlysilorvnﬂamcahmmtthemmhighlysigniﬁmt
(1% lsvel) differences between both dates and species, and that there
is a highly significant interection between dates and species, To

eluaidate this interection, separate analyses of variance for each

1lifting date were caloulated and rolevant resuiis are presented in

Table 27.




AL BResults of analyses of wvardsnce for muber of white roots per tiller, for each separate lifting date,

Yeann Std. Errors P values d required

Dats Ba Bb Bn Ba, En Bb Actual <01 +05 Result «01 05
9th March 0e15  0e21  Ould 20,06 = 0,06 1483 5,78 3447 * - 0.18
XOth ¥arch 0.10 Q.50 Cel7 " 0,40 " 011 5415 5693 3,52 - 0.28
20th April 022 0.73 Oul? " 0,14 " 0,11 6489 5478 b had Oukls 032
11t May Q.32 0.65 0437 " 0,07 " 0,07 6481 5e78 3647 »* 0e27 0s20
45t Juwn 0.39 097 O. 46 " 0,07 " 0,08 1721 5093 3652 * 0,28 0.2
220d June Okl 0,82 0,30 " 0,06 " 0,06 20,22 5,78 347 *» G2, 0,18
13th July Ou48 1011 0,53 " 0.0l " 0,05 56412 6601 3655 - 0.16 C.12
3rd Angust G 10 0.88 0.30 * 0.08 " 0,10 10.86 6.01 3455 - 0.32 O 2k
Ath Agust 0o 32 1,00 0432 " 0410 " 0,10 15,52 5485 3ek9 v Ca39 0.28
1Ath Scptedber  0.36 1,02 0.51 " Ca07 " 0,08 1942 5¢93 3,52 = 0e29 24
S5th Octobexr 0. 27 0463 0o 39 " 0,08 " 0,09 418 5085 3ek9 . - 0.2,
Z7th Oztober 019 0e13 0436 " 0,05 " 0.05 6479 578 Sel7 hid C.18 .13
16th Noverber 0.05 0.30 0.06 T 0,0l o e’ 1477 5.85 3,49 = Oul1l 0. 40
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In Ba, the mmber of white roots per tiller increases from
som8 0,10 during March o a maximm value of 0.48 on 13th July,
and decreages fairly regularly to 0,05 on 16th November, Within
this overall mttern, there were more than 0,30 white roots per
tiller in Ba from the lifting on 11th May until the lifting om 5th
Octobers In Db, the value of 0.21 on 9th March inareased repidly
to epproximtely 0,75 during late April and early May, and then
inoreased still further to the muxdimum value of 1.11 by 13th July.
The number remained of the oxder of 1 white root per tiller until
after the Uifting on 14th September, when a rapid decrease of nearly
0,5 white roots occurred at each of the next two liftings, The
increase in the value 10 0430 at the final lifting on 16th November
was due to the small sizs of the BEb plants in that mrticular block,
In Bb, the nuber of white roots per tillexr is greatexr than 0,5 from
30th March to 5th October inclusive, and is greater than 0.8 from
15t June to 14th Septenber inclusive, In Bn, the pattern does not
show the typical rise and fall in values as is the case in the rye-
grasses, In Bn, the number of white roots per tiller is between
Ou4 and 0.5 from the 9%h March to the 1st June inclusive (with the
exoeption of 0,37 on 11th May), and is between O3 and O.4 fram 22nd
June until 27th October inclusive (with the exceptions of 0.53 on
13th July and 0,51 on 14th Septenmber).

The results of the ansiyses of variance given in Table 27 show
that on the 9th Maxch, Bn has a aignificantly (5% level) greater
muber of white roots per tiller than Ba or Bb. On 30th March,
the inarease in white root mmbers per tiller in Bb has led to loss
oradm:mmammmmtmnﬂbuﬁm,butbothmaeapeoiea
have a significantly (5% level) highor figuwre than Bas  On 20%h
w.nbm.mupiﬂmt(ﬁw)w“rwm
h,iﬂhatmﬁmaﬁm“mmmmmmm'
chmlwmrmﬁﬂawto&macpmmmuw.
gm.mw(ﬁm)wwMMdﬂhmﬂu



per tillor than Ba or Bn, On 5th October, this same relationship
holds, tut is signifiocant at only the 5% lovel, On 27th Ootober,
mntmtim#mﬂdhmﬂnhhmmdﬁthﬂnmmma
has led to Bn having highly significant (1% level) more white roots
per Hller than Bb, and significantly more (¢ level) than Ba ox Eb,
At the final 1ifting on 16th November, the inarease in white roots
per tiller in Db, due to the small root systems in this specdes, has
given Bb highly significant (1% lavel) more roots than Ba or Bn,
although ths actual munber of white roots per plant shows a decrease
at this date in all three species,

Swamarizing, two medn points in this data have emerged, Firstly
ia the fact that the number of white roots per tiller in Bb is at a
oonsistently higher level than in Ba or Bn from ecarly April until
the middle of Octobers This i3 evidence that although many of the
wiite roots will be associated with newly=-formed tillers, there is
a replacement of older roots in Bb ocowrTing at a greater level of
activity than in Ba or Bn, This conclusion ia supported by the means
given 4n Table 15, which show that the mmber of roots other than
white roots per tillsr is lower in Bb than in the other species from
15t June wntil the 14th September inclusive, Secondly, the pattern
in Bn, where the mmber of white roots per tiller is comparatively
oonstant, parallels the pattern for this species in muber of white
roots per plant, The small decrease in values which occurred in
En after 1st June can be explained by the increase in tiller mumbers
in Bn from May onwards.




(J) Dry weight of white roots per tiliur

This data wus exnmined to determine whether or not similar
canclusions to those dramn from the muber of white roots per tiller
oould be obtained when the dry weight of white roots per tiller wus
considereds Valuss for individual plants are given in Appendix 2,
and the moan welghta for each spsoles at each lifting are shown in
Pigures 12, 13 and 1} for Ba, Bb and Bn xespectively. An analysis
ofva.rianoeorﬁ:il&taispmmtedini'able 28,

TARIE 28,  Analysis of variance for dry weights of white roots
pex tiller over all 1ifting dates,

Degrees of F requi
Items Sums of Squares freedom Y¥eent S8quare F wlue 05 6 Result
Dates 83038 9 9426 2:90 2,36 3460 ®
Spadea 217.26 2 1%.63 e 0D 3455 6601 i
Dates X . 65 1465 2,05 *

speodes 5738 18 349 1465 5 2,03

Reaidual 385.45 199 1493
Total h3eled 228

This analysis of variance shows that there is a significant (5%
lovel) difforence between dates, and a highly significant (1% level)
difference between the speciess There is also an interaction be-
twoen dates and species which Jjust attains sdgnificance at the 5%
levol, To eluoddate this interaction, enalyses of variance were

caloulated for the separate lifting dates, and the mlevent results

are presented in Tabls 29



DBZE 2.

Results of analyses of variance for dry weights of white roots per tiller for each seperate lifting date,

Moans (mgms,) Std, Errors F valunes 4 required
Dates Ba Bb Bn Ba, Bn Bb Actual 01 «05 Result <01 «05
20th April 0.5 1.7 2.9 20,50 2050 6,43 5.78 347 o 2,0 1.5
11th My 0.7 1.7 2,8 " Oeli5 " Q45 555 5.78 Sek7 . - 1.3
15t Jue 1.4 3.0 3.6 " 0uhi " 06 10,47 5.93 3652 o 1.6 1.2
22nd June 1.h 2.3 2,1 " 0,32 " 0,32 3416 5478 3ok NSe - 0.9
43th July 1.4 342 5at " Ouli7 " 0,60 14,88 6,01 3455 *e 1.9 1.4
3rd Angust 1oh 345 3.0 " 0.67 " 0.8, 2.1 6401 3455 N.S. - 2,0
23th Aungust 0.9 ek 31 " Oul7 " 0.50 7.58 5485 349 A 1.9 1o
14%th September 1.4 3.6 349 " 0u71 " 0,74 3485 5478 347 * - 2.9
5th Ootobexr 1.3 2.1 3e7 " 0.50 " 0.54 5.68 5.85 3ek9 * - 1.5
Z7th October 0s3 0.2 342 " 0,28 " 0,30 3523 5485 3e49 . 1.1 0.8

—h o)
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In Ba, the &y welght of white roots per tiller inoreased from
O.Sndnimmonmthﬁprlltohhmiuigramby%ndmme,mﬂ
remained at this value until after the 14th September, the only
excoption during these 5 1iftings being an unexplained decline to
0.9 milligrems on 2hth Augusts Thers was a very slight drop to
1¢3 xdlligrans on 5th October, and a marked drop to 0.3 milligrams
on 27th Octobers In Bb, the dry weight of white roots per tiller
increased from 1.7 milligrams on both 20th Aprdl and 14ih May to
3¢5 mdliigrems on 3rd Angust after en unexplained deoline to 2.3
mlligrams on 22nd Junee This value of approximately 3% milligrams
we maintained until after the 14th September, and the weight de=
aeased maxrkedly during Octobers In Bn, the dry weight of white
moots per tiller was nearly 3 milligrams until the middle of May,
and from then on with the sols exception of the 1ifting en 22nd June,
the values remained above 3 milligrems, The peak value of 5.1
m11igrams an 13th July was a reflection of the sudden substantial
but not sustained inarease found on that date in both mumbers and
dry weights of white roots per plant in this species, There 1s a
secondary pesk in Bn on the 14th Septesber and 5th October, when
the wights approach 4 milligrams per tiller.

The analyses of variance given in Tabls 29 show that on 20%h
April, Bn has a highly significant (1% level) greater dry weight
of white roots per tillsr than Ba. This same difference holds on
11%h May, but is significant at only the 5% levels On ist June,
both Bt and Bn have a highly significant (1% level) greater value than
Ba, mmm’ﬂlmmmgi@iﬁoantdifremces. on 13th
July, Bn (dus to the sudden increase to 5.1 milligrams white root
per tiller) is highly significantly (1% level) greater then fa or
%.MmmmhtoMatthoﬁlmlofdgﬂﬁomo,Bb
has a greatopr weight than Be, There are no significant differonoes

o1 3xd Augusts m%&mﬁ,mmwmmﬂamm
ndfioant (1% Jovel) greater walus than Das on 14th Beptomber, Bb
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and Bn have a significant (5% level) greater value whan Bas  The
only difference on the 5%h October is at the 5% level of significonce
botween Bn (greater) and Ba (lesser)s On 27th October, Ba has a
highly significant (1% level) greater weight than Ba or Bb,

In pummery, wo pednts should be noted, Firstly, the small
woights of dry white root tissus per tilier have led to loss of
precislon in the analysis, and this is indicated by the high standaxd
exvers given in Table 29, and by the loss of significance, or
significanoce bedng found only at the 5% level for these analyses of
varianoe at separite lifting datess In this case, as has already
been noted in earlier examples, analyses based on dry weights are
not 80 pensirating as those dbased on mumber, because of the greater
voariation which ocowrred in the dry weight data compared to the
nupbers data, Seocondly, slthough the dry weight of the individual
white root in Bn is about three times that of the individual Bb
white root, the greater nunber of white roots in Bb has led to dry
wolghts of white root tissue of simllar wvalues in Bb and IEn from
early June until the middle of Septembers At no time did the dry
wedght of white roots pexr tiller in Ba reach half the values re-
carded in Bb and Bn,
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Ds Relationships Between Root
and Loaf Yields, 8

An examination of the deaf ylelds shown in figures 2, 3 and /4,
and of the mxders of whits roots per plant shom in figures 8, 9
and 10, for Ba, Bb and Bn xespectively, indicates that there my be
a negative correlation between these two characters, To teat this
assuption, oorrelation coeffiatents were calculated for each species
for ths dry waight otlearperplantpérdbys and the muwber of white
ro0ta pexr plant, The dates of the leaf cuts did not coincide with
the dates on which blocks wore 1ifted for root measurements, so that
for the prposes of the caloulation, one or other of the characters
under oonsideration had to be interpolated. It was decided to use
the lifting dates, and henoe the mumber of white roots per plant ag
these wore actually oounted, while the interpolations for these Bame
datesmmdafrmﬂwd:vleafyieldperphntperdaymain
figures 2, 3 and 4y It was further declded to use fhe interpolated
leaf yleld figures aml the rumbers of white roots per plant without
any smoothing of irregularities, since these values represent the
best estimates available for these characters at any given date.

Results of the caloulations of the correlation coefficients are
reparted in Table 30, and the scatter disgrams for this data are showm
in figure 17, The period covered by the caloulation is from Sth

March to 5th Octcher inclusive,

w Correlation coefflolents between nunbers of white roobs
per plant, end the interpolated dry weights of leafage

pexr plant pexr day for the same dates,

- Values of r. Rosult
Re Roquired
Aotual o 52 level at 1% lewd test
Poronnial ryograss « 0,653 0,602 0.735 ¢
Italian Iyogxacs = 0,805 0,602 0735 e

Tall fescue




FIGURE 17.

Scatter diagrams for mean numbers of white roots per
plant, and the interpolated dry weight of leafage per plent
per day for the same dates, in perennial ryegrass, Italien

ryegress and tall fespcue.
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The oorrelation ocefficdents show that 4in Ba, thore is a
nogative oorrelation, significant at the 5% level, betweon dry
wolght of leafage pox plant per day, and the number of white roots
per plant, The conolusion ia that duxdng the period from early
March until early October, white root mubers are increasing as
herbage yield is dealindng, and white rvot mumbers are later
falling away as herbage yleld is increasing townrds the end of this
periode In other words, the time of maximum leaf growith does not
ooinclde with the time of maximum root initiation in this species,
In Bb, the negative correlation between dry welght of leafoge per
plant per day and the muber of white roots per plant is highly
signiticent at the 1% lavel, In %this species, therefore, the same
oonolusion can be drawn as in tho case of Ba, The higher correle
ation coefficiant in Bb can be explained on the overall greater
mmber of white roots per plant, and the pronounced reak in white
root mmbers per plant from the middle of July umtil the end of
August, corresponding to the txough of leaf production, In Bn,
the failure of the correlation coefficient to attain significance
is dus to the fict that white root mmbers were at a steady level
during the entire perdod covexed by the caloulation, while leaf
yield was declining until July and increased repidly again during
Angust and September,

In order to determine whether or not the same conclusions could
be dramn when dry welghts of white roots per plant were ccnsidered
instead of white root mumbers, a further series of correlation
cefficients were caloulated, Results are set out in Table 31,
and the mttordiagmmsforemhspeoiesaregiveninﬁ@n‘efac



FIGUIRE 18

Bcattor diagrams for mean dry welight of white roota
per plant, and the Intarpolatod dry woights of loafoge
per plant por day for the same dates, in percrminl ryegruss,
Italian ryegrass and tall fescue,
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TABIE 3o Corxelation coefficients between dry -ights of vhite
Xoots pexr plant, end the interpolated dry weights of
loafage per plant per day for the same dates,

Values of r Result
Re ~ Required of
Species Actunl e 5% level at 1% level test
Perennial ryegruss = 04701 0.666 0798
Italian ryegraas - 0779 Oa 666 0.798 *
rﬁll fosoue - 0.094 00666 0.798 e Se

The caloulations leading to Table 31 cover the period 20th .
April to 5th Ootober inclusive. This redustion in the number of
pairs of data, ssts higher walues of r which mist be attained for
significance at the 5% and 1% levels, In Ba, the calculated value
of r has increased, and significance remaina at about the same level
{approximately 3%), but in Bb, the caloulated value of r has de=
areased a little, and significance now falls to reach the 1% level,
The calculated vajue of r in Bn is very low.

The pame conclusions that were drmwm from the correlation
coefficlents based on white root numbers, can be dravn from these
oorrelation coefficlents based on the dry weight of white roots per
plant, In both the ryegrass mpecdes the significant negative
correlation implies that the periods of maximm leaf yield and
mexdmm white root. weights do not colncides In tall fescue there
is no correlation between leaf yleld and white root welghts.

Corpelation ocefficlents were also calculated between both
mumbers end dry welghts of roots other then white roots per plani,
and dry weight of lesfage por plant per day. Results are given
in Table 32 and figure 49 for the calculatlons based on root mumbers,
and in Table 33 and figure 20 for those based on root dry weights.



FIGURES 19, and 20,

Scatter diagrems for mean mumbers of roots other
than white roots per plant, and for mean dry weight of
roots other than white roots per plant, respectively,
and the interpolated dry weights of leafage per plant

per day for the same dates in perennial ryegrass,

Italian ryegrass and toll fescue,
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TABLE 324 Correlation coeffiolents between num-~rs of roots
Sthey than white roots per plant, and the intere
polated dry welghts of leafage per plant per day
for the samn dates,
Yelues of r Result
Re Re of
Specles Actusl ot 6% level st 1% lovel tost
Porennial ryegrass Os 442 Oe 514 Q. 641 No Sy
Italian ryegrass 0,035 Ce 514 0644 N. S,
Tall fescus = 0,470 0514 Q. 654 LS

LEE 53,  Coxyelation ooefficlents betweon dry welghts of roots
Other than white ruots per plant and the interpolated

2ry welghta of leafage per plant per day for the same

dnten,
Yalues of x Result
Reqdrea OF
Bpeales Al Lol et Rlewa test
Perormial ryegruss = 0155 0,666 0,798 NoSe
Italian ryegruss 0136 0666 0.798 ", S
Tall fescus ~ Oe 141 0. 666 0,798 H. 3.

'ﬂnperiodmuadbythaoalmﬂaﬁmsinhble 32 1s from 4th
Decenber to 5th Ootober inclusive, and in the case of Table 33, is
from 20th April to 5th October inclusive, In no case, whether the
correlation coefficlients are calculated on root mumbers or dry weights,
is a significant correlation (positive or negative) attained, or even
approached, botween leaf yleld and roots other than white roots, The
enly conclizsion that can be dramn is that in these three species and

wnder the conditions of this experiment, the mubers and dry weights
of older roots per plant are independent of the leaf yield per plant.



SRCTIMN V
DISCUSSICH,

The discussion of the results obtained in this experiment
will be presented in 5 sections as followsi~

(1) the experiment as a whole

(2) the root classes, and the stalning patterns cbserved
with tetrazolium salt,

(3) the mmbers and dry weights of the root classes
(4) the relationship between top growth and root growth

(5) the relationships within the verious measures of
top growth,

107,
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(1) The experiment as a whole,

The results obtained in this experiment con only be strictly
applied ¢o the oonditions which held during the experiment, These
conditions differed oonsldernbly from normal resture, The trial
plants were spaced several inches apart, and this greatly reduced
the effeots from intraspecific competition, the only evidence of
this compstition showing in the perennial ryegrass tiller counts,
There wes no competition with other speaies, since the pipes at all
times were maintained free of plants cther than those in the experie
monts This exoluslon of clovers prevented the grass plants receiving
the benefit of nitrogen fixed by the clovers! symbiotic rvet nodule
bagterda, as obtained in any mixed grass-clover sward,

Popaibly the major difference between the conditions in a normal
pasture and in this experiment was the absence of the grazing animal,
The techmiqus of top outting at fixed intervals with compleis re-
noval of herbage fram the plots ia a different proposition from the
effects which a grazing animal imposes upon pasture plants. There
were no additions of animal excrement to the plants as would have
obtained under grazing, end apart from the massive fertilizer applic-
ation during the establishment of the trial, there was no addition
of any fertilizing agengys There was mo stock trampling on the
plants themaelvaé, nor on the surrounding soil to cause consolidation
vhile the top out was cleanly made with scissors through all tissus,
80 that the plants were not subjected to the fearing and pulling
aotion of the grazing animal,

Tha mmlrootgrou‘bho}mmo‘bmobsormdinthia trial would
Frobably be modified by grazing effects or by plant competition, al=
though the major features showm experimentally here would be iikely
to yomain, The elucidation of the degreo to which these recsults
would be modified under differont conditions calls for furthor studye

’!hophnnrthoapcﬂmrtmmdtobomumctory,mtm




viewpoints of ease of handling the material, and of .xamination of

the resultss It was realized that the use of micleus stock seed

in the ryegress species, and of unsslected seed samples in tall fescue
and Poa ammua, would introduce considersble genetic variation, althamh
a oonsclous effort to reduce this was made by selecting wniform
seedlings for planting out in the pipes, Both Yen (1947) and

Eamond (1949) used olonal material, tut although this overcame
genetical diversity, theyrboth introduced conaiderable variation into
thelr experiments becauss of the difficulty of preparing tillers
uniform in aize and vigour.

The mumber of replications was sufficient to allow mjor differ—
ences between the specles to be established as statistically signif-
icanty The fact that the standard errors calculsted for the various
characters oonsidered, were mostly rather high, indicated that theze
was considereble variation in the plant msterial, but this was over-
comd in the gtatiatical analyses by the large differences which were
found between perenninl ryegress and tall fescue on the one hand, and
Itallan ryegruss on the other, This epplied particularly in the
case of whito.mota. Eight x-ep]icat;ona of each species at each
1ifting, is however likely to represent the minimm number which should
have been employeds At certain 1iftings, one or more Italian rye-
grass plants were dead, and this sometimes led to less of statistical
aignificance because of the increased residual effeot in the analysis
of variance, The successful use of only eight replications in this
experiment bears out Bdwond's (1949) contention that eight or ten
replications showld bs sufficient to allow the eatablishment of at
least major differences between species in root studies of this nature,
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2¢ Root olaspos and staining patter
with tetrazolium salte. .

The two yoot olasses recognized in this experimsnt = white roots,
and roots other than white xoots = represent an over-simplificetion
of the problem of root classification, In perennial ryegreas and
orested dogstail, Jaoques (1935) desaribed thres types of roots

(a) white roots, easlly distinguished {n the early stages by
their greater diametor, gldasirass, a.nd straight, unbranched habit
of growth, with abundant root hairs slong the length of the root,

(b) txuly fibrous roots, having at the cutset a smaller diameter
and a w\avy growth habit,

(c) thin white yoots, intermedlate between the types above.

In the present experiment, white roots were easily distinguished
and were used as an indigation of new root initiation over the trial
periods The remainder of the root system was treated as a complete
unit, the total muber and weight of these roots being used to give
a ploture of the size of the root system availadle for the support
of the plant over thes year, Nothing is known of the separate
functions of the root types which make up the older part of the root
eysteme The amount of work which would have been involved in this
experiment in attempting to dissect out and measure root classes was
far beyond, the capacity of one person, but a detailed root classific=
&ﬁmomﬂdwallbeundertalﬁeninthemhmo

In his discussion of white roois, Jacques (1935) pointed out
that they possess a better cunducting system than the fibrous roots,
but are more 1iable to damege because thay lack strengthening tissue,
Thetr primry function is mutritional, and they are being actively
formed during the winter following autumn sowing of the soeds  The
perosntages determined in the present experiment for both the dry
mttor content, and the arude fibre content of these white roois,

bear out the above cbeorvations, The low poroentage valuon in both

charagters in rolation to the older and more fibrous roots, indicato
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that the white roots are oomposed of yourg tissue, +hich prosumably
1s at a high level of activity supplying the parent plant with both
water and mxtrients,

At a later stage, white 1oots lose their charsoteriatics, and
lateral branching developss In Itallan ryegrass at least, this
change was deduced from the mimbers of both white roots and roota
other than white roots, to take place some 6 to 9 weeks after forme
ation of the individuml white root, This is only an assumption,
and could not be moasured becausecihe eoperdment was not designed
to allow any plant from belng cbserved before it wap lifted with
its appropriate block, The anly evidence of duration of "whiteness™
in these roots is presented bty Jacques (1935), who found that white
roota comenged to branch out lateral roots after about the seventh
week of growthe These two assesmments are in general agreement.

The treatment of white roots as new roots in this experiment
receives further indirect suppart from Eamond (1949) and Yen (1947).
In the desaription of his weekly root pruning technique, Edmond
writes of "removal of the light colourcd new roots eesseversss™s
Yen writess "Hew roots were easily recognized from sloughed roots
bty thedr thickness, and from old wnaloughed roots by their comparative
softnscs and colow, which was white, and shiny in the early stages
of dsvelopment,”

1088 of ocortical tissue was first noticed in this present
experiment early in March, This is nearly a menth later than the
first cbsorvations mads of the same phenomenon by Yen (1947} He
reported oortex sloughing over the proximel 3 to 4 inches of root
by early Pebsuary in Italian ryegrass, and towands the end of February
in perernial ryegresse Jacques (1941) has written: "The faoct that
thare 1s deterioretion in the aartex and tha absorbing swface of the
2ore superficial or older portions of rovts before the dry woather
sots 4n sti1) furthor enhanoos the importanoe of the mewor portion

of root nony the $ip%
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It would sppoar that the time whon destructic. and loss of the
oortax coours in the part of the root neor to the crowm, will vary to

somo extent with the scesens While the cortox on the older roots
brooks down during the late summer, it would be expected that this
process is aocelernted under dry soil oconditions, Tn the mresent
experiment, reference to Table 2 and to the reinfell information in
Appendix 3, shovm that the 1952-53 season in the Manawatu while the
expexriment was in progress, wes appreciably wetter than the avernge.
More than § inches of rain fell duwing January 1953, and this would
effectively prevent drought conditions in the soil for the following two
or three months, even if rain had not fallen over that period, In
addition, the plants in the present study were younger than those
observed by elther Jacques or Yen, and this factor, too, may have
opereled to delay the losa of cortex,

The fact that root stelar tissue stained throughout its entbire
length with tetrazolium salt, even after loss of cortex led {o
exposure of the sltele, indicates contimied activity in such roots,
The feeding areas would bs restricted to the distal portions of the
root, and the lateral roots developed in this regions The stele
would serve. merely for oconduction of water and sclutes to the aerial
portions of the plant, end the staining which ocourred in the stele
1z sufficient evidence of this processs It can be concluded that
although loss of cortex in the upper part of the older roots during
summer and aubtum impairs the wptake by the roots of nutrients and
water from the superficial soll layers, these roots are still fime—
tional at lower soil depthisy At times when the swface soil layers
approach physiological dryness, so the’ secondary root hairs and any
amall roots feeding in this zone become inoperative, the deep activity
of the older roots will be the mijor or scle source of wuier and solutes
in the plante In winter and early spring, the new vhite roots will be
actively taking up mutrients in the re-wetted uppor soil layers, to build
the rescrves in the plant that will bo utilized by tho spring flush of

topsrowth.
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Tho dense toirazolium staining patterns that wm : observed in
all root tips, including those of lateral roota, indicates intonsoo
biological activity in these zones of ocell differentiation eng

maturation. In timothy (Phloum pratense), Goodwin and Stepla (1945)
distinguished four regions in the growing root tip over a distance

of 1 millimetre; (a) the root oap, (b) the meristemtic zone {0300
m), {c) & zons of active oell diviaion and elongation (300-400 mi},
and (d) a zone with no cell division and slow cell elongation (400=
1000 m1)s They further demonstrated that cell differentistion
according to cell type occurred at different levels within the roots
séive tubes matured within 230 ma of the root cap base, while the
first xylary elements to show cell wall thickening were sbout 750 mu
from the root cap, The intense staining observed in the present
experiment was over a distance corresponding approximately to that
ccoupied by the 4 zones in timothy. However, no zonations of the
stain could be detected under the binocular microscope, so that
Goodwin's and Stepka's cbservations in timothy could nol be confirmed
or disproved in the ryegrasses and tall fescue by this method of
tetrazolium uses ' The sole conclusion here is that the root tip region
in all yroots was at & higher level of biological activity than was the
remainder of the xool system.

Attempts to cut sections of stained roots for the microscopie
obgervation of specific tlssues were unsuccessful, as there appeared
4o be some diffusion of the reduced formazan salt, The staining
action of tetrezolium salts differs from that of normal vital stains
which are absorbed by certain tissues, since the formazan sall is
precipitated in minute crystals at the aite of its reduction.
Stafford (1951) suggested that selective adsorption by certain tissucs
iay bo involved in the apparent localization of reduced tetrazolium
salts, Sonnenblidk ot al (1950) in soctioned onion roots found that

formazan from the rodustion of 2,3,5 triphonyl totrnzolium ohloride

bﬂmtommtorﬂnoellsnbout1to2hom'nnrtart.mntnrt
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of a test,

The oonolusion which oan be drawn from the current experiment,
and from the findinga of other workers, is that tetrazolium salt is
a promising method for the determination of viability in roots, but
that further study is neoessary before it can be satisfaotorily used
with microscopic techniques. It is likely that some of the newer
tetrazolium compounds may be useful for this purposes Thus 2 =
(p = 4odophenyl) = 3 = {p = nitrophenyl) = 5 = phenyl = tetragolium
chloride is reported as being less photosensitive than the 2, 3, 5 -
triphenyl=tetrazolium chloride or bromide, and gives a very raopid

staining reaction with very 1little diffusion of the mrecipitate.
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3¢ Root numbers and wolghts,

The results which have been presented for the various combinations
of these charecters = it wlll be ncocessary to include the number of
tillers pexr plant in this discussion = show that Italian ryegrass
possesses several features which effectively separate it from peremnial
ryegrans and tall fescuss This discussion aims primorily to show
that the differences could be concerned in the longevity of the res-
pective grasa speoles.

In the analysis of these results, it was found that more consistent
and more discerming conclusiona could be drawn when root nunbers were
taken as the base instead of root weighta., The wedght of individual
roots In the three spocies were not the same, tall fescue having values
more than double those of the ryegrasses, with perennial ryegrass
rather more (some 454) than Italian ryegrass, Another reason for
the relative lack of precision in the results based on welghts is the
wvider variation which existed between plants of the same species in
this character, and the swaller variation which existed between the
numbers of roots.

The first feature of importance was the decrease in both tiller
nusbers per plant and roots other than white root numbers per plant
in Italien ryegrass dwring February. Associated with this is the
cortex tenderness first noticed in Italian ryegrass at the end of
Deoenber, éome I, weeks earlier than in the other two species, From
these results 1t can be concluded that the older Itallan ryegrass
roots are losing some of their effectiveness, orat least are being

restricted in their feeding zones, at the end of the yearj and this

coincides with the decline in leaf production vhdch was found after
the cut on 22nd Docembore In the other species, where the cortex
softness did not appear until late January, horbago yield wvams either

mintained until the end of Fobruary (porenninl ryograns) or the peak
foncm).

of herbage growth was not rvached until late in January {(tall
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The lowered leaf production in Italion ryogre  after tho end of
December was partly assoolatod with the deoline in tiller and oldor
root numborse  Although it is realized that the leafeyicldwper-tiller
curves in figure 5 are based on insufficient data to be conclusive,
there 1z no evidenoe that the rate of tiller growth in Italien rye-
grass 1s much depressed below that of perennial ryegrass during the
sumer and autume The lowexred production obtained in this trial is
a reflection on the death of tillers, and the consequent loss of
photosynthetic activity at this pericd.

The evidence therefore shows that the late summer and early
autwm perlied may be critical for the survival of Italian ryegrass,
Under competition effects in a pasture, such loss of tissue as was
found in this experiment could lead to smothering of the weakened
plants by the more vigorous species, Thie experiment did not eluc—
idate the causes of the tiller and root losses in Italian ryegrass,
and this should be the subjeot of further study.

The second feature of importance is that white root formation
in Italian ryegrass was slower to reach asppreciable levels than in
perenninl ryegrass a tall fescue. In all three species, white
roots were first recorded on 9th March, but it was not until late
April that the numbers per plant in Italian ryegrass became of the
game order as in the other two species. This evidence accentuates
the view glready expressed that late summer and antumn is a critical
period for Italian ryegrass, Not only is there a loss of photo=
synthetio and root tissues ocourring in this species, but the formation
of now roots does not reach appreciable levels until late autumm,
Neither of these factors will favour longevity.

Soil moisture has boon ignored in the present experiment, as
a factor in now root dnitiation, Jaoques and Edmond (1952) believe
that the rate of roct initiation is partly indepondent of soil medsture
providod that the axisting leval is obove tho minimm noeded for
initiation, Thoy found that root initiation almost coanod at the
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10«12 por cont #oil molstwre level, In viow of "o wot peason in
vhich the owrrent experiment was oarried out, and the fuct timt
oonciusions on root initiation are concerned with the winter period
when s0ll molsture is normally at high lovels, it is unlikely that
soll moisture had any influence on root initiation,

The third feature to be discussed is the greater numbers of
vhite roots that wmere recorded in Italian ryegrass, compared with
the other speciess This was shown on a per tiller basis, vhere for
the pexrdod from 20th April to 5th October inclusive, Itallan ryegrasa
had a significantly greater number of white roots pexr tiller than
elther perennial ryegrass or tell fescue, The actual numbers of
new white roots per tiller in Italian ryegrass from 1st June until
14th September inclusive, was of the order of 1,0, vhile in the other
species for the same time it was approximately O.lk, cor 2 white roots
per 5 tillers.

This same feature was shown when the nunber of white rocots per
plant was expressed as a percentage of the total number of roois per
plant, In Italian ryegrass, this value ws greater than 307 from
18t June until 24th August, reaching a maximim value of over k¥ In
both perennial ryegrass and tall fescue, the values approached but
never reached 20%. Thus during the period after the middle of April
until the middle of September, the xroot system of Italian ryegrass
was oomposed to a large extent of new roots. It is possible that
the greater nutritional activity of these new roots could underlie
at least paxt of the higher leaf growth level found in Itaiisn rye-
grass during winter in comparison with peremnial rycgrasss

This experiment was not designed to allow the examination of
{ndividual roots more than onoe = at the lifting of the appropriate

vlock, Thorefore no evidence wes obtained about the length of

time that now roots rotained their "whitonoss”, AN assesemont vaa

jode in the onse of Itallan ryograse of somo 6 to 9 wocks, from the

{ncreaso in numbor of rocta othor than white roots at the middlo of
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July after inorcases in white root numbers during ¥ and early
Juee This assessment agrees with that made by Jacques (1935),
mmthatlhitemtshmialmmhter_l
branching some 7 weeks after formaticn, and honce logt their "white"
charaoterdstics,

If two assumptions are accepted as reasonable, then it becomes
possible to prepare figures giving the hypothetical amount of root
replacement which occurred in the root systems of each species,
These assumptions are firatly, that the length of time a root pe-
tains its white characters is the same in all 3 species studied
here, and secondly, that the length of time a root retains its white
characters remains the same over the relevant period of the experi-
ment (mld autumn to early spring). Table 34 scts out the relevant
figuress The allowance of LO% calculated in colum 3 is an empirical
figure, adopted here to correot the total whiie root nusbers for the
fact that white root characters last longer than 6 weeks, and hence
would have extended over two or more lifting dates,

TABIE 2., Hypothetical root replacement rate in 3 grass species

o

Total number Adjusted Average %

of white roots number {(4G%) number of replace-

per plant re-= of vhite totnd roclsper ment of
corded, roots perpiadt platt midSiowder roots,

Perennial ryegraes 52543 170 250 68
Italian ryegrass 623,6 250 250 * 100
Tall fescue 376s1 150 250 60

% Phig value of 250 in Italian ryegrass is rather high, as earlier

evidence suggests that root numbers in this species in mid-November
are below those in the other speales. If this had dbeen allowed for
in computing the table, the effect would have been to roduce the perw
aontage root replacomont in poerennial ryegrass and tall fosous.

"hile 4t is fully roalizod that the figures given in Table 34
are based on unproved ascupiions, and that the resultant root replace=
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ment peroontages oon only be hypothotioal, thoy .. support evidencn
discusaocd oarlier deoling with the prominence of white roots in
Italian ryegrasss The greator degroe of root doath and renewal
vhich appears to be operating in this species could also be en
agent in the relatively short life of this specles, The effect
would show in adverse scasons, when the environmental conditions
depressing root initiation would also certainly be facilitating
mortality in the older roots.

The evidence found that, from the beginning of June through
until the latter half of Sepiember, there were consistently fewer
reots other than whitoe roots per Italian ryegrass tiller than per
perennial ryegrass tiller, supports the vicw that the Italian rye-
grass plant is more dependent upon new rooct formation for its
mineral nuirition,

This section of the discusaion has indicated four ways in which
the root system of Italian ryegrass differs from those of the other
experimental specdes, to the probeble detriment of its longevity.
In sumnacy, they erer (a) a less of root and photosynthetic tissue
in late summer end autumn, plus early deterioration of the older
roots, (b) fewer older roots per tiller during winter, (e) a
relatively late start in the initiation of new white roots in late
sutumn end esrly winter, anmd (d) a lerger proportion of the root
system replaced during the winter, which will allow of vigorous
root ectivity but which will also be susceptible to adverse soil

conditions for xoot initlation,
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l“ Rﬂhﬁmn botwoen t-Op gro.
and root growth,

The significant nogative ocorrelation which wus found between
both mmbers and dry weights of white roots per plant, and the
leaf ylelda per plant, in both the ryegrass species, can be inter-
preted as showing the differential seasonsl growth betwcen leaf
tissues and the root asysteme During the winter, herbage growth
is at low levels, while new root initiation, and the formation of
an active root system, is prooceeding vigorously. The emphasis in
the plent at this period, is towards building-up a root system, and
presunably food reserves in the storage tissues, that will be capadble
of supplying the great dewands for nutrienis made by the leaf growth
flush in spring, This activity in winter can be modified by the
environmental conditions; a comnon observation is that the spring
leaf growth following the management method commonly knowm as "aubumn-
saved pasture® 1s both earlier and more vigorous than the spring leaf
growth from a pasture which has been hard grazed in winter.

The relationship could not be showmn to be statistically sig-
niffcant in tall fescue., The reason for this lay in the steady
rate of root initlation in this species from March until late October,
which could be represented very nearly by a straight line, while leaf
growth followed a pronounced U-curve from late May until mid August,
with the minimm values during July,

The relationship, which has been established statistically in
the ryegrasses, confirms the observation in peremnial ryegrass and
cocksfoot by Edmond, and which is stated by Jacques and Edmond (1952)
in those wordst ™The perlods of maximum production of roots end tops
d1d not 00incido eseeseses AB root and shoot behaviowr was comparable

for all trcatments, it would appear that the altcrnation between root

Mtopmwﬂlmmtinmsponnotomstimlmdcwlopodinthia

experiment, but rather, was a rosponso to stimuli affooting normnl

physlologioal dovolopaants”



S8imilar relationships betweon top growth and oot growth are
rooognized in Amerloan range grassess, This is clearly shown by
MoCarty and Price (1942), vho found that carbohydrate storage by
grasses 1s ayelic in mature, Minimum storage coincides with
modimm top growth, while maximum stornge occurs in the autumn at
the completion of secondary herbage growth, in Bromis cardinatus
and Agropyron trachycsulum, Early spring growth is dependent on
the presenos of adsquate carbohydrate rescrves, and the amount of
folinge present during the noarmnl starage period determines the

asnount of carbohydrute resorve acouwmilated in roots and stem banes,
These workers recommend that graging should be plackened durding the
aritical pariods in the life gyelen of mrge grosaesy (a) during
tho active reproductive period froom heading to sced ripeness, when
plant rescrves are at a minimm, and (b) during the early part of
the normnl stornge period, vhen undue interfercnoe may leave ine

gufficient tioo for complete regrowth and builldeup af reserves.



5+ Relationships in the top growth measurx..cnta,

The major features of the leaf dry metter yields, the dry
matter percentages of the leaf tissues, and the nuber of tillers
por plant have been presented in the first section of the Tesults
and need not be repeated here, There is one feature of the top
growth, however, which does require further discussion,

Significant negative correlations were calculated in each
speales botweon loaf yields per pPlant and number of tillers pexr
plant, despite the rother dlssimilar eurves for each specles in
both these factors. Theso negative correlations, which cover the
period from early Doocmber wuntil late in the folloriig October,
accamt far sooe 40 $0 50 per cent of the variance. Luch of the
miningmmouinbedxmtothohrgclytmc:phimd "peaks
and troughs® in the values determined for each charncter, and which
are evident in figures 2, 3 and e This is particularly the case
in the nuxber of tillers per plant in peremnial ryegruss, where the
large deareancs vhich wore found on 20th April, 22nd June amd 14th
September, mere the min reason for the negntive correlation in
this specles reaching significance at only the 59 level,

The trends in each camponent of this carrelation behaved in
the expected manner, Bssentlally, leaf yield per plant declined
from the New Year, and followed the acocpted growth patterns of
low yield levels in winter, while the experiment ended Jjust as the
spring growth was ocmmencing in the ryegrasses, The muber of
tillers per plant was increasing dQuring the first few months of the

experiment, as would be expected in young plants becoming establiched

fram August plantings. An exception to this is shown by Italian

ryegrass, in which a decline in nuber of tillers per plant was

recordsd from the end of January until the end of Marche In tall

fosoua. the inorease in tiller numbers per plant vas much more gradunl
’

r¢ reachod during
than in poremnial ryogroas, where the peak valueo wo



Marche It 18 likely that most of the mignificance 'n the negative
correlations, at least in peremnial ryegrass and tall feacus, was
derived from the behaviour of the two component characters over the
earlicr part of the experiment,

It would appear to be possible to explain the high tiller
numbers per plant in both ryegrasses during the winter period vhen
leaf ylelds were at low levels, and the decline which occurred in
tiller numbers per plant in early spring as leaf yields increased,
as an example of the phenomenon of apical dominonce, Apical dome
inance, which has long been recognized by plant physioclogists , although
there 1s as yet no genersl sgreement on the mode of the hormonol actions
involved, is the limitatlon or complete inhibition of the development
of lateral merlstems by a vigorous terminal meristem, On removal of
thia terminal mexdstem, one or more of the lateral meristems close
t0 the growth apex usually commence to grow more vigorcusly, and will
in tum limit the growth of lateral nmeristems below them,

Yhen leaf growth is active, there is a strong demand for meta-
bolites by the existing main tillers, with a resultant stervation
and suppreasion of potential lateral tillers, VWhen leaf growth ig
at a low ebb, the demand for metabolites by the central tillers is
not so strong, and a proportion becomes available to support lateral
tillers which will now be initiated, In the present experiment, all
tillers were bearing some green photosynthetic tissue, but many of
them mre-vezy small, and contributing negligibly to leaf production.
There is evidence from other sources that the shorter daylength
assoclated with autwm and winter induces a tendency for shortening

of leaf lengths, This has been reported by Peterson et al {1949)

in Poa pratensis, and hos been observed in perennial ryegrass by

Mitchel) (porsonal commmication)s This factor moy have been oper-

ative in the omall sizo of the winter tillorn,

A atudy of young vogetativo ryograns plants, ropoxrted by Mitcholl
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(4953), demonstratod that such treatmonts as shad*+y, roduction of
the period of illumination, exposure to high temperuturcs, ang
partial defollation, reduced lateral tiller formation, Since such
treatments also control elther the potentinl rate of formation or
rate of utilization of energy aubstrate for growth or respiration,
Mitchell conoluded that in Iolium, the development of the lateral
tillers can be regulated by the general level of encergy substrate
in thg plants The winter period has lower tcmperatures, shorter
daylengtha, and lower light intensities than smimmer. Under the
spaced plent conditions which gpplied in the current experiment,
the foll in light intensity due to the time of year is unlikely to
reduce apprecisbly the rate of photosynthesis, while the lover
winter temperastures will more than offset the shorter daylengths in
their effects upon the energy substrate levels in the plant (lHtchell,
personal commmication)s Durdng the winter, therefore, lateral Hiller
formation can proceed apace, although the size of the individual tillers
will be restricted by such factors as the general low levels of growth
activity at that season, and the influence of daylength upon leaf lengtn

At the end of December, the leaf yields per tiller (figure 5) thow
considerable differences between the species, and $iller nmubers per
plant also show differcnces at this time, Tall fescue has the highest
leaf yleld per tiller of approximtely 4 milligroms of dry tissue per
day, and each plant averages some 50 tillers, In Italian ryegress, e
leaf yleld per tiller is about 2.5 milligrams per day, with approx-
imately 60 tillers, while perennial ryograss is producing nearly 1e5
of dry lenf tlssue per day, with some 80 tillers per plant, It would

Ithuﬂ appear that lsaf yleld at this period is a reflection o
size, simp there is an inverse relationship between these hwo darechers,

f tiller

A similar position also applied during winter, when a higher leaf

yie14 per plant in Itallan ryograss, in comparison with perennial ryc-
graos, vas dus to a highar leaf yleld per tillor (figure 5), and hence
largep tillors, while the nwbor of tillers por plant was leos, This

rolationchip is Acther ovidenco eupporting tho sxplanation advanood

hero for the negative ooxTelations botwoen Joaf yleld and tillor ngbors

P r plant,
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SECTION VI,

SUMARY OF CONGLUSIONS

This seotion sets out a brief swmary of the conclusions
which bave been drawn from the resulis, and discussed, in the
preceding sections,

1e The plamning and layout of the experiment was efficient,
since the results allowed satisfactory statistical analyses to be
calaulated, and Interpretations to be dram,

2s There is breakdown of the root cortical #lssues in the
middle of summer, the actual timing wverying with different species,
and probaebly with secasonal conditions, The stelar tissue remains
intact even after complete exposwre in the upper part of the root,
and funotions as conducting tissue between the distal feeding parts
of the roots, and the aerial part of the plant.

3, New yoots are initlated from early autumm at an increasing
rate up untll late in winter, The rate of initiation then declines,
Plants are -building-up & vigorous root system capable of supplying
wmter and solutes at the high levels required by the spring fAush
of leaf growthe .

4e Theuse of 2, 3 5 = triphenyl =~ tefrazolium bromlde as

en indioator of visble tissue vas successful. Purther study is

roquired befare its full potentinlities are realized, and a micro=

scopio technique worked ocute
aiffered from perennial ryegrass and tall

8ince each of those charnotors ocould

5, Italian rycgress
foocus in four charactors.
against the povival of Italian ryogrnsos planta,
ghort life of thin spoaiocs in corparison

they may be
cporate

oancornod 4n the rolatively

125
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with peronnial ryogrusa,

(a) There was carlier oss of root cortex in Italinn rye=
gross and there was death of both tillers and roota
after the peak leaf growth had been reached, and as leaf
growth fell sharply awny,

(b} There were fewer older roots per tiller in Italian rye=
grass than in the other species, during the winter
perdod,

(e) There was delayed initiation of new roots at an appreciable
level for some 4 t0 & wecks later than in perennial ryc=-
grass,

(d) There was a greater proportion of the root system replaced
by new roota durdng the winter in Italian ryegrass,

6s There were significantly negative correlations between
leaf yield, and new root numbers, per plant during the autuwm winter
and early spring in both ryegrasses, This is the normal physiclogical

growth ¢yole in these species,

7 There were significantly negative correlations betwecn leaf

yield and tiller numbers, per plant, during the experimental period.

An explanation is advanced on the basis of apical dominance by vig-

omusiy growing central tillers.
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AFPTEHDIX 1.

Besults of Top Cutting Treatment

Perennial Ryeprass

Sample "AM Sample "B" All Flants
Dats of Ha of Green= Dry Ro.of Green~ Ixy No.of Green= Dry Dry- Dry wicght
artting plans welight, matter plants welght, matter Plants weight, matter weight pexr plt
gns, % s, g£ma, gmtle pex day,
17th Sept. 1952 64 35.8 28,9 72 40,8 2648 136 76.6 27.8 21432 -
18t October & 107.6 20,0 | 72 13146 19.8 136 239.2 19,9 47,60 25
15th October el 23448 19,1 72 2797 1841 136 50Le5 18,6 93,82, 49
30th Octobexr &, 36247 19,9 72 L3kt 19.8 136 75648 19,8 157.76 77
43th November &, 3812 2142 72 423,3 21,5 136 80485 21,3 171.36 90
20th Novecber & 32141 20,7 72 3719 21k 136 693,0 21,0 145452 71
41th December &, 36643 2043 & 3751 20,2 128 74144 20,2 159,76 90
22nd Deceubexr Ql- 32&1 09 20.11- 61-!- 32905 m05 128 671 oli- 20011- 136096 97
6th Jan, 1953 6 L08,6 22,2 56 37607 2141 120 785.3 21.7 170 L0 95
218t Jamuary 6 278,0 22,9 56 3507 22,2 120 732.7 22.6 165460 92
hh February 56 31141 21,2 56 30747 21,2 112 612.8 2142 129.92 83
18th Pebruary L8 269.6 21.L 56 299,5 2161 10, 569.1 21.2 120,63, 83
Ath llarch L8 263.5 21,2 56 296,5 2040 108 560,0 20,8 116,48 80
204 April L0 11644 2he3 48 14742 2302 & 263,6 23.7 62,48 w7
16th April 50 88,2 2347 48 11141 23,2 88 19943 2304 46465 8
hth lay 0 13341 23,5 50 1255 23,0 80 258,56 23,2 60,00 32
20th ley 32 67.6 23ek 4O 609 2343 72 1545 23,3 36,00 31
8th June 2n. 55.9 23,0 L0 748 22, <N 12r.7 25.8 27052 23
2nd July 2L 6.2 25.2 %2 69.3 25.8 56 115,5 25.6 28,56 1
23rd July 2, 3640 22,8 2 38.5 2347 18 7he5 23.2 17.28 17
14th Angast - - - - -~ - 40 5542 2540 14,80 17
8th Septenber - - - - - - 32 Shed 23,9 13412 16
23xad September - - - - = - 2% 7.5 20,7 9.8% 27
19th October - - - - - - 16 5142 19,7 10,08 21,

VS



APPEXDIX 1, (Continued) Results of Top Cutting Treatment.

Itallian Ryegranss

A B 411 Plants _
Dato of lio, of Saglv:r Dry  Ho. of Ereen— xy No. of Green— Ty Dry Ty wight
aiting plents  weight, matter plants  Vedght, matter plants Relght, matter weight  perphnt
gmB. % grse % gus, % gnse pex day
i e
17th Sept. 1952 63 7163 18.7 72 83.7 2043 135 155.0 19.7 30,54 -
45t Ootober 63 229,8 173 70 26740 174 133 4,96.8 174 86445 L6
15th Ooctobex 63 37640 1643 69 39440 172 132 770,0 16.8 129,36 e
J0th Ootober 60 36041 177 67 LOL7 18,5 127 76448 1841 138.43 »
13th Noveober 60 398e; 18.6 67 46841, 1941 127 866,8 18,9 163.83 92
28th Noveubexr 59 31844 1747 66 363e4 17.5 125 631.8 17.6 420,00 6,
11th Deoeriber 59 383.6 17kt 58 3739 172 17 7575 173 131.04. 86
22nd Decetber 59 35047 17.0 58 345.0 18,2 147 €847 17.6 120,59 o,
6th Jamnxy, 1955 59 3213 178 50 2770 19.1 409 59843 1844, 410,09 67
21s% Jamary 53 288,8 2041 50 240,2 204 109 529,0 20,4 107.91 66
Ath Petruary 51 190.5 170 49 18646 17.9 400 3771 17.5 66,00 &7
46th Fobrunxy &7 228,2 1645 L9 2352 18,3 96 L6531 174 80,61, 60
4th larch L5 17062 1646 %9 1884 1842 o 258.6 17.3 62,04 L7
48th March 37 105.0 18.8 L8 13845 19.7 85 24,3,5 19.2 46,75 39
2nd fpril 36 10347 196k 41 12946 20,2 77 233,3 19,8 46,20 10
16th Aprid 36 8146 1945 3 92.1 19e% 77 1737 19,5 33.88 39
Lt ny 36 131aly 195 33 12941 19,8 69 260.5 19.6 51,06 !
20th Nay 28 80,9 19,6 33 9641 1941 61 177.0 19.3 e16 35
dth June 20 58,5 18,9 33 9747 1940 53 156.2 19,0 29,68 29
2nd July 20 68,2 20,8 25 8he7 20,9 L5 152,9 20.9 31,95 P
22xd J‘Lﬂg 20 5500 18.7 20 5042 20,2 L0 105.2 19:.4 20.14-0 2y
1m m - - - et - - 35 87.5 20,0 17.50 23 —_—
Bt Septesber - ~ - - - - 28 %67 19.4 18.76 27 "
23xd Seplenber - - - - - - 22 €2,3 17,2 10,78 33 -
19th Qotsbexr - - - - - - 15 50,6 16.9 8.55 2>




APFERIOX 1,  (Contimed)

Reaultsn of Top Cutbing T_xvaa;mt

Tall fonous

___Semple A Sarple B A1l Plants
Date of No, of Greeme  Ixy No,of = Greem-  Imy No, of  Greem~wci Lilry Dry  Deywight
eatting plants  weight, mtter plants wedght matter plants woight matter weight pex plat
gra, E0iSe % Snde gse  per dny
e
178 Septs 1952 G, 18,3 19,1 72 21,0 197 136 393 19.3 7153 -
18t October 6l 6945 18,8 72 771 179 136 148.6 18,3 2720 %
15th October N 96,6 1645 72 105,8 170 136 202,4 16.8 Sie OO 18
30th Ostobexr &, 27he2 17.4 72 3366 170 136 608.8 172 108,72 5
28th Novenbexr & L4553 18.6 72 5391 18.6 136 99444 18,6 184,96 94
11th Docember & 558,2 1742 &l 657 ¢ 1940 128 1315.6 18.0 236,80 142
22rd December 64 600.9 17.9 6l 623.7 19.2 128 1224,,6 18,5 226,56 161
6th Jan,, 1953 6l 882,8 18,9 56 7811 20,0 120 166349 1944 322,80 179
21at Jammry 6y 91,5 20,9 56 85845 20,7" 120 1800,0 20,8 37400 208
hth February 56 71440 1843 56 73803 1841 112 145243 18,2 26432 169
18ta Feb:mazy I;B 65006 18u2 56 780.1 179 104 11i-.3'007 1801 258-96 178
4th March 48 56546 1749 56 67543 174 10, 12,0.9 17.6 218,40 150
18th Maxch L0 3157 19+6 56 4533 19,7 96 769.0 19.6 150472 442
2nd, April 50 35343 19,6 18 13649 19,7 88 79002 19,6 154,88 117
16th Aprid 0 20449 2041 18 239k 20,6 88 Wike3 20,1, 90, 64, 7
hth May L0 25442 21,2 50 2,5,8 22,0 80 ENC.0 2146 108,00 75
20th Eay 32 11846 2046 L0 14843 Nl 72 26649 2045 She72 L8
8th June 2 791 22,1 40 1333 22,5 &, 21244 22,3 47,36 39
2nd July 2 6144 2542 32 TTe6 2Le6 56 149.0 2h.8 364,96 o8
23rd July 2, 5646 2542 2% 60,9 2540 48 1175 201 28,32 28
14%h Angust - - - = - - 4o 124.9 23.7 29.60 3,
Bth Septembexr - - - - - - 32 288.9 20,6 59.52 75
23xd Scptember - - - - - - 2 277 18.6 46,08 128
19th October - =~ - - - - 16 35449 171 61.76 11,8




AFPEIDIX 2,

(A1 woights are exprossed in m1ligrams)
Individual plant root results: 41st lifddng 4/12/52,

_ggodea Porenndal. ryegrass
Plant No, 1 2 3 4 5 6 7 8
No. tillers 8 75 8 82 36 87 73 96

I, roots other
then white 157 18 167 20 148 207 17 215

Froch whe 008 2335 207 2677 232 1792 365 363 2906

No. roda other
:mitepertiﬂnﬁhm 245 1492 2,93 hetl 2,38 2,01 2420,

Speciesn Italian ryegross
Plagt No. 1 2 3 4 5 6 7 8
. Foy t11lers 55 1% 18 3% 2 35 13 21

HO.I‘OOtBOther
oroots Sther 4o, 6 8 % 5 12 G 6

mm“hm; 2513 657 908 2481 2653 1601 599 906

o, roots otter 4men
vhite per tiller 231 4e50 4472 1465 2475 3652  h91 3610

Specles Tall Fescue
Plant Noe 1 2 3 5 5 6 7 8
No. $#illers 62 42 37 55 56 . L9 A 60
o, roots other 167 180 103 135 146 143 w2 15k

Proot yocte 7 3101
th wtts 2 2857 3021 330

it zm’gm obher than 72 & o L6 2457
Os 2,61 2,92 3 *
white per tiller 2659 4e23 2079 243 ¢




APFRNDIX 2 (Contimod)

Individual plant roots results: 2nd lifting: 29/12/52

VRY

vhite per ¢illex

Specdes Perermmial ryegmss

No, tillexra 66 ’
No, roota other 5 % W% MM » 9 T

than whits 320 288 370 38, 353 169 37h 395
‘Frosh wt, roots 42

Oy Yoois obhex then ,

white per tiller Y85 Sebh 6038 5,06 458 he3k  hefl 5

Species Italian ryegrass

Flant No, 1 2 3 L 5 6 7 8
Ho, t41lcrs 21
N:;]m ﬁﬁ“m 57 k3 2 55 Z 32 L7

te 29, 402 232 5272

Progh wt, roots 3 245 7 154 171 219
n“h{;’,& then white 3474 857 1281 2332 2801 809 1237 2825

Oe other

white per u;}j.m;; 5e16 4eB6 5466 5484 1e35 5433  Se3h  he66

Specles Tall Fesous

Flant Noe 1 2 3 L 5 6 7 8
No, tillers 5 4 M 65 32 5l 18
Freash wt, rocts 22 2636

N o hato 5579 2518 2970 3817 5070 206 37 g
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APEENDIX 2, (Continuod)

Individual plant root results; 3rd Lifting: 26/4/53,

Speoles Perennial Rycgrass

Flant No, % 2 3 0 5 6 7 8
Ko, tillers 448 82 86

Now roots other A
than 355 250 273 202 198 27 246 294
Fresh wt, oot

Fre ﬂn;zﬁ; M2 1656 2849 2099 2448 1475 2585 2976
No. 200ks other then

whitepertil]erz"m 3405 3417 3402 2,96 3,50 2,65 3,03

Species Itallan Ryegrass
Flant No, 1 2 3 L 5 6 7 8
Nos tillexn 113 4o Lh 25 72 75 48 54
No, roots other
than vhite 289 128 122 82 220 238 148 137

Fresh Wt. !‘OOtS

e e g 1636 996 758 695 1976 1376 1220 993
No, rocts other than . 55
white per tillep 2090 278 277 3,28 3,06 3418 3410

Specolesa Tall Fesowe

Plant No, 1 2 3 I 5 6 7 8
No, tillers 50 3 25 54 36 kb 48 52
Mo ooueAotOT o, 4B, 436 233 20, 233 22t 260
Fresh Wt, reots 349 2627 2910 4086 3380 3965  h34k 3073

N v tm 66 5407 hebl
04 TO0t8 other ik Le32 De .
;“ $411 l}ow 5ol 5

5400
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APFRIDIX 2, (Continued)

Individed plant root results: 4th lifting: 16/2/53,

VS

2

Speciea Peromnial Ryegrass
Flant Noe 9 2 3 4 5 6 7 8
Ho, tillers 95 83 6 161 419 52 18y, 88
oo FOBBLOBNT 529 243 201 436 390 208 622 332
B Mo roob8,, 3519 2268 4147 3980 2226 922 L0 470
Fos roots other
frn vhise per Sillar S48 2,93 3e1k 2,71 3.28 3.9 3,38 3,77
Species Italian Ryegrass
Plant Ko, 1 2 3 4 5 6 7 8
Xos tillers Dend Dead 12 Dead L5 72 22 Dead
Nos roots other - - - 2 1 -
F::m e tte 77 19 284 47
sh wt. roots - - - 61 605 -
other than white 201 1687 13
No, rooks othar than e 62 = Le26 3,95 6.09 -
white per tiller
Species Tall Fesoue
Flant No, 1 2 3 & 5 6 ’ °
"
No, tillers 65 46 65 82 0 M 20 192
o, roots other o5 478 263 275 221 191 219
Prosh wt, roots 3995 4569 3681 611k 3763 1848 3765
other than white 138 6420

Noyroots other O 5 g5 3,87  4.05 3035 hebh2 held
ui';itoportﬂhrj'g >
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AFFPERDIX 2, {Continued)

Individuel plant root results:  5th lifting:  9/3/53.

Specles Perennial Rycgrass

FPlant No, 1 2 3 4 5 6 7 8
No. tillers 93 462 22 59 114 183 209 418

No, Toots OWHeT 36 1O 513 197 3B 436 458 358

§°- white roog; 23 19 3 0115 19 46 4
::;aitepertiller 3050 253 254 3e3h 3411 231 2,19 3.0
Noe white roots
per tillex

Noe vhite roots as
% Mo, total rools

0.23 0-12 0.18 0.19 0.13 0.11 0&22 0.03
602 !I-’J- 607 5-3 2{-1 l|..2 9.1 1.1

Specdes Italian Ryegrass
Plant No, 1 2 3 4 5 6 7 8
Nos til]t.er:t 97 &0 3 43 M 32 30 7
Nos yoots other
then white 263 153 105 109 115 139 114 42
o, white rocota 11 L 2 - 7 13 1% 2
Noe roota other then . 6400
0o white roots : . - 0,17 Oudd  Ouh7 029
Nper wlﬁg"” Cel1t Q.07 Qo115 7 A
g Tools as = 547 846 109 la5
% Noo wtlrocts 0 23 149 2!
épedea Tall Fesoue
Plant No,e 1 2 3 4 5 é 7 8
é
Ros tillers 1N L3 53 32 73 L6 52 7
No, roota other 256 49 23, 182 201 225 191 210
than white 8 18 4 6 24
No, white roots 3 15 2
Noexoots other ten Le7h Leb1 helt 5.69 2,75 L85 3,67 etk
white per tiller s 03t
NO. 'Ehito mtﬂ 0.57 0.35 0.55 0.25 0.25 0089 Q1 *
por_tiller 9414

Ho, white roctaoes 2 410 Le2 8e2 O 340
% Nos total roote 100 T
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Individual plant root results;

6th Uftingt  30/3/53,

Peremnial Ryograss

5 b 5 6 7 8

Speciesn

Flant Noa 1 2
NO: tinﬂrzth 82 190
Noe roota e

then vhites 2357 476
No, white roota 8 8

N:ﬁite per tiﬁlgr 2,89 2,51
Noe white roota
+{1ller
0, wWiite roots as
% noe ol vocts %0 1¢7

0410 0,04

140 166 137 196 209 62
21 300 299 453 387 153
15 22 7 2 17 12
2,08 1481 2,18 2,31 1485 2,47

011 0e13 0405 0.10 0,08 0,19
e 648 23 k2 ka2 743

Speales Italian Ryegrass
Plant No, 1 2 3 N 5 6 7 8
Hoe tilloxrs Dead 8 20 3 16 82 35 13
Noe rocta other . @1 71 - 53 A9 166 T
No, white roots - 17 14 i 13 7 27 -
Hoe rookd other than  _ . - 3e3% 303 he7h  Dakd
yhite per 111 2,18 3455 33
N&¢ white roota w 0,61 070 2433 0.81 0,09 0477 -
pexr tiller
No, white roots as - . 1 27 4.0 =
%.No.l il roots 21.8 16e5 000 1&7
Spocies Tall Fescue
Plant Noe % 2 3 4 5 6 7 8
) 6
No, tillers 63 49 59 71 66 83 L3 7

ot
No. white roo?m 33 60
No, rocts other .
u!;ite per tillor holi2 3430
“;;;‘3,*;; JFoote  o,52 1,22
Ko, viiito roots as

%.Ib.tohl roots 106 259

15, 232 207 248 227 268
42 3 16 25 18 32
2,62 3,27 3elh 2099 5605 3433

0e20 Ooh8 0s2i 0630 Oek0  Oslh2

Te2 128 742 202 7.3 167




APPRIDIX 24 (Contimued )

|~

Individual plant root results 7th 1ifting; 20/4/53,
Species Porennial Ryegrass
Plant No 1 2 3 4 5 6 2 8
Noe tillers 14 423 56 86 155 462 53 63
Nos, roots ctheor 1
than white MA R 227 307 40 463 o pyp
Fresh wie rovots .
other than white 498 5993 2289 3753 739, 9519 om0 319
wte rOOts
Lo then white 1930 1521 608 1001 1941 2536 596  go3
Ko, white roots 2l 10 10 &1 3 9 11
Frosh wtoWiiorpots 436 522. 451 100 s 3,7 108 104
??wt. mitero;: 56 73 34 13 133 60 17 16
,,,}f,,.emw”mtmer 3086 2277 406 3,56 3,09 2,86 14419 3,61
e T B 124 109 .6 125 156 13 6
n;rths oial- 0028 0018 0.12 0.[;.0 0.19 0017 0.1?
Dm. p:‘ri:emﬁr Os5  0s6 046 02 0.9 Oui 0s3 0,3
i TR 58 9 M2 32 N3 63 39 b
Dry whesitie roots '
as % ary wt, 3¢5  4e6 543 143 Guh 2,3 2,8 1.7
total roots,
DM, & roots 206 X 266 267 263 266 BL 289
other than vhite
Dl Fvhiteroots 12,8 140 225 129 447 A3 157 154
Species Italian Ryegrass
Plant o, 1 2 3 » 5 6 7 8
No, tillers 18 48 9 57 53 28 37 36
Hos roots other 402 4166 73 205 252 28 8 &
than te 869
F.geah mwiﬁ’h 1666 2600 272 3200 4587 654 Shl 18
wis roots 192 745 92 8% 1255 199 313 573
r than white 6 39 16 21 12
No. whife roots 8 39 17 5 a 22, 177
ek R B R B e
Noy roots othertmp gy 3,46 811 3057 heT6 1600 2u11 225
IS, ey s 02 B BT TS
Hos whits Igo'b‘ Osldy 084 1483 0498 0a74 0e57  0e57  0e33
Ouh 15 500 22 1e7 1o 08 07
- oot 7.5 10 ]9 2144 Coh 33# B 129
HEin Focn 00 4O 8,8 328 126 66 BS 9.0 ’»‘;
TN ps zg B X8 @A X DR X
DY, £ white roots fhe 40




AFPEIDIX 2, (Contimwd)

[ JAN

Individund plant root resultar 7th Uifting: 20/,/53.
Specles Tall Fosoue
Nos t4llers 79 v L2 55 80 86 35 48
No, Toots other
than Liﬁte . 278 2% 196 263 320 357 237 22
Ff."%ﬁ'é.- o enite 10498 12677 6517 9856 13088 137 5727 TM5
m'than Shite 2783 3102 1753 2428 3222 3143 1609 2127
No, vhite roots 53 23 25 5 3 3 25 21
Froah wee wite o108 1106 900 102 718 1107 567 728
Dy wte widte o 267 438 18 108 81 106 98
No, reots other then
white per tiller 3e52 D5e2t Le66 Le78 he00 held 678 le63
Irye wte roota
other than 2he2 66.1 a7 Jhe2 40,2 36.6 21-6.0 L O
white pertiller
No, white roots 0.
per w:u;ﬁ;‘i, 0.67 Qo9 0.69 0,09 0o39 0440 071 I
DW te [ ] & .0 2.0
room;)er $41ler 5e6  Se7 3.3 0.3  lelr 241 3
Ro, white roots ¢
a3 % Ho. total 16.0 8.6 11e3 149 808 8.7 9.6 8e
roota,.
Dry wte white
mtﬁ.&ﬂ % dry 1346 79 7e3 Oe7 3e2  5ek 6e2 hel
wte ;Ot&l roota o
DY, % Toots . 4 6 23,5 28,1 287
o 4 " 26e5 2hel 2649 b s 3
DoMs % white 2049 2l  15e3 1767 15.0 16ek 18,7 1345

roots
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AFTLHUIX 2, (@t&od)
Individund plant rook:resiltn:  8th Usftdngs  11/5/53,
SpeGius Porenndal ryegross
Plant No, 1 2 3 4 5 6 7 8
Noe tillers 58 108 M7 13 140 16 321 131

roota othep
Hos | 127 258 255 279 302 285 5a3 246
sh wt, roots 0 &
Fre rd 4 2 w51 5959 Mﬁj 5950 3?3 ?11.21;. 251

wm%e 617 1063 1550 1430 172, 1078 2015 844

No, white yoots 15 27 45 32 50 &9 109 8
Freshvhvidioroots 202 333 502 283 1036 899 1816 722
Dry whovhiteroots 30 49 81 4B 159 118 286 119

N&mmﬁignw 2019 239 2,35 2,08 2,16 1,77 1.63 1,88

rooks
Di;’;fﬁ; permw'? 909 13¢2 10a6 1244 6,7 643 6.5

Yo, white goots 0e26 0425 0,38 0424 0,36 Ok 034 0,29

pex
Pry Wb 'p‘;ffl""m 05 05 0.7 Ouki 4e  0s7 009 144

T o35 1006 905 That 10,3 1he2 19,5 17.2  13.4
Iry wt, white
roots a8 % Ary  Lef heh 5.0 343 B 9.9 1244 1540
wt, total wots
Delts % ot e ek 26:2 26,0 3240 29,0 28,9 2741 28,9
DM Svhitoroots  14e9  1he3 1641 17,0 15,5 13,1  15.8 19,6

Spccies Italian Rycgrass
Plant Mo, 4 2 3 L 5 4 7 8
No, tillers 56 46 78 38 92 k2 62 29
Reo, roots other p
thon white 252 12 42 8 257 99 76 95

Frogh wt, roots 1 2086 1067
ny#l?tm hite 4598 1898 3177 1010 4201 1942 6 -
s roota 15
Nos white roots 2 29 69 31 B k2 .9 5
Prech vk whiterosts 460 430 1833 529 48y 62 710 9
Dry whewhitoroots 78 67 280 82 74 110 80 15
No, roots other vn . 2,26 2490 2,36 1622 3027

rocis °&t“m «5 B 1245 12 . .

HO. White matB . 0.8 0.82 0“;19 1.00 0’21_'7 0.)4_5
per tiller Ok 0a62 ? o
Dry wts vhite 1ol 145 346 2.2 0aB 2,6 1e3 o5
nmm” 8 2645 dhels 29¢8 2766 120
aa . * . ¢
D?;h'“t“;lu gﬂ s 87 1940 35 9
. !
::otu.u % ary 60 1106 255 200k 6o 17e1 1165 e
roots
D.l(: roots 20645 2649 2548 o7 203 25 29:5 a2
Othez ton witte 15,5 15,3 17a7  11e3 167

D.n.%mm 170 1846 15eJ




APFENDIX 2, (Contimed)

Individual plant root resultss 8th Lifting:  14/5/53.
Specles Tall Fescue
Flant No, 1 2 3 5 5 6 7 8

go. tillers 63 5 & 72 8 93 3B 63
ot)'m white 25 229 222 4 252 251 211 268

m“w ,;ite 13129 7998 676 9536 926, 3], 6780 15207
Dry Whe TOOS e V9T ZT9 728 2T 243 362 178 4057
Hoe whito roots 3B - 19 51 7 50 9 18
Fresh wt, whito rots 1815 - 93, 2360 1428 293, 240 725
Dry wte whito roots 283 - 163 &D7 266 385 32 125
o, 00ta OAT o™ 357 3B 37 335 W96 WT0 52 b3S
Doy wte roots othor

than vhite e 50.8 57.0 270 37.3 28,8 351 8547 &Hh—
Hoe white yoot

Oe a - 2 .

W‘L’]‘h‘n :,“ 0460 0e30 Oe7d  0e32 0:5h 0623  0e23
ry roots - . o8 0

mm“n LKe5 25 57 3t Bed 0 2
1ioe to roots as - . . 1 6o

% Tioe total . 155 749 175 947 1606 ke 3

wie white rocto

II?'B % dry wte total 8.2 - 8,5 13,0 9.8 105 1.8 390

reots

DX, %m othor 2hels 2702 25,6 2B.6 204 26.4 2663 2647
L % White rocts 1507 = 7.2 47,3 18,6 131 133 11e




AFPERDIX 2, (Continuod)

e

Individual plant root results; 9th 1iftin 1/6/53,
SPOOiGB Pem']ia_l I{chna
;{To. tillera 126 66 70 185 211 98 8  1s,
o TOcts othep 375 200 o~
il SN P2 3R 36 206 29 ax
roota
oﬂﬁg than white  OWh2 2456 3362 8380 7aogy, 4230 358, 808,
S ue oOt8 (s 2099 632 N5 249 2010 1119 1023 2002
No, vhite roota 51 37 2o 50
Frosh wte vhilte roots 810 735 813 722 4288 6% 6‘!+0 &
55 780
Dry wts white roots 139 116 115 89 18, 104 k| ,
Noe rootscother nn ' 3 10
whito per tiller 298 3,04 3432 2,11 183 2,10 3,21 1,68
wte
”g;;‘h“"c;:?m 0ok 0456 0,60 0,22 0,2, 0,35 Oukb 0,28
m. mr’m@ Te1 18 46 05 0.9 141 13 0,7
‘}S'm,""éo;l‘m ;“,” 12,0 154€ 153 945 1.5 12 12,5  ALe2
Dry wt, white roots
as % dry whe total 662 15,5 1142 3,5 8,4 85 10,0 4.9
D;m?zwf,gm Othor 21,9 25,7 2742 27a2 25,5 26,5 28,5 2.8
Do % vhite roots 47,2 45,8 1he2 1243  1he3  15.4  17¢3 1343
Specdesn Italinn Ryegrass
Plant No, 1 2 3 I 5 6 7 8
Hos "tillera dead 56 8 18 82 57 89
Hoe roota other oy - 83 31 106 136 87 102
than white 114
Fresh wie roots - 2033 12 3817 2214
other than white 2268 2680 135 33 3123
wie roots 654, = 632 48 592 820 1049 588
than vhite 82 87 59
Nos white roots L2 - 36 - >3 1152
Progh wh, whitercots 843 = 505 = 753 2679 4931 1 5
Dry wte white roots 118 = 8 - 120 %07
Ho, rootaotherthan ;3 & 4,49 3,88 2,21 1466 1.53 1415
vhite per .tiller
Dry wte roota other 13,9 = 12,2 6,0 124 10,0 18ek Ge6
than white pr tiller 7° »
No, white roots 0689 = 06k = 110 1,00 1653 O
Igr“. w*‘ef*n 2.5 - 1.5 - 2,5 540 L9 ‘1-?6
*No ?‘;r tmuc'gn 26,9 = 30s2 = 33eh 376 500 564
I'; uh.tto rootn 11.0 - 16,8 33,2 2141 2041
ag % d.:y wte total 15¢3 = . iy
Doty % roots othor 28,8 = 283 36 Dt I EeD
m‘\-’u“ 16 6 - 18,9 1542 1hae b 15
Doty £ whito soots 1he0 = .
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APPENDIX 2, (Continued)
Individual plant root xesultst 9th Ufting:  1/6/53,
Spocies Tall Fesous
Plant Nose 1 2 3 4 5 6 7 8
Noe tillers KR 5 & 85 83 86 56 85
No. roots other 1
than white 231 232 256 328 20 307 202 317
Froch why Yoot w3 5673 1311 57 820 876 8839 1A7ML
Dy wh, TOOtS o 2007 1753 3298 AOBL 202 2095 2657 321
No, white roots 18 24 X3 34 42 30 25 51
Froah wte white 838 65k 1422 1145 243 907 1193 2010
Iy wte vhite roots 189 132 315 227 451 1% 216 578
ji{e roota othex
than white per 5e50 4a07 3405 3e86 2,89 3,57 3e61 3473
tier
Dry whe roots other
than white pexr 66,9 3048 3942 4Bs1 200 ek  LTeh 380
white root
lioe e 8 . 0,60
per £411 Dok Oel2 051 00 031 0'_35 0.5
Dgrwt. white roots Y5 2.3 3.8 247 Sk 1.8 349 helt
Yo, white roots as R 110 1349
% Mo, total roots (02 ek ek el hed 83 ’
Dry wte white roots
a3 B dry why total 6a3 70 Be7 5o 1548 609 Te5  10.5
. ‘. a
D'T%wgggﬁ Other 9.7 29,9 8942 28,5 27.2 25s6 3041 Z7ed
DM, % white oots 22,6 20,2 222 198 187 17.0 15 18.8
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APFENDIX 2. (Contimwpd)
Individual plant root rosultss 10th Lifting: 22/6/53,

Spocdes Peremnial Ryegrass

Flant No 1 2 3 L 5 6 7 8
gg. tin?gther 15 111 X 115 78 169 126 75
e, v 7 B om0
other than white 2929 2057 866 5399 2977 54k 654, 2096
e then aite 172 &4 20 1682 901 1409 1800 62
No, white roots 30 X 27 48 28 82 89 28
Frogh whe Rilteroots 568 334, 405 1088 352 19u, 1965 435
DIry wte white rovots 85 37 77 223 L8 307 310 112
lloe roots other than
wite por tiller 1965 1eh2 1478 3.66 2,37 1,67 2,17 1.73
mg;“:ﬁmmwmm“um Me7 548 5.0 147 11,6 8,3 143 8,3
B eI 0420 0u18 056 042 0.36 09 0uBh 0,57
T e e ter 06 0e3 146 1.9 06 1.8 2.5 1.5
Hcongd_ﬂi roots 38 el 113 251 10,2 13,2 225 22,9 1.7

« white rocte
an dl? ‘H't. totnl "i.? 505 21!-05 110? 501 179 11&-0? 1542
B¢
Dofo % roots other 2904 31,2 27 a2 0.3 2k 20,5 29,8
Dy % whito yoots 15,0 4141 19,0 20,5 13,6 15,8 15.8 17.6

Spccdiesn Italinn Ryegross.

Flant lio, 1 2 3 A 5 6 7 8
liog tillers 2 33 131 412 56 18 39 gg
Hos 1o0ta other 2 118 1
p,; ots o 2T 76 432 95 7 A

sh wt, roots 2804 1 1532 192

wt : twhih o il 56862 15;5 554 947

¢ YOOLB 8

hor than white 29 319 84 8% a7
Ro, whito roota 28 3% 107 52 27 by ff)" 1259
Fresh wt, vhitezoots 447 465 1522 097 307 4077 M3 R0
Dry whe white xoots 93 100 246 190 e 190
No, roots otherfion 4,75 1,98 0,58 1418 1,70 150 303 1485
white per tiller
Dxy wie roots other 45 3 8,4 0s6  Tak 1000 ek M2 9G¥
than whiite per tllar 0.7 0490
Hoe wihiite roots per 1e17 0,92 0,82 O.l{.ﬁ Q48 0,92 . hd

tilier
Dry wte, white roots 3,0 2,6 19 o7  1e2 kO 2.0 243
per tillex . 8 20,1 379 2244 3246
Yo, white roota 88 10,0 31s9 585 283 .
n?r% whi'l:gorogta 6 12.5 18.8
aa;gézym. POOLS 02 23,9 221 187 10,8 296 125 18
3140
DM, % roots other 2749 50.6 3068 3e? 3342 2946 28,8 3
thon whito _ 16,2 2142 22,2 1845 1943 17k
DM, % white roots 20.8 2%5 .




APPENDIX 2, (Continuod)

Individual plant root results: 10th Lifting: 22/6/53.
Speclos Tall Fescue
Plant No. 1 2 3 4 5 6 7 8
Noe tillers 65 81 95 86 67 65 153 104
N:;m:oomﬁte * 219 253 309 268 176 219 296 255
Freals wte roota
T, e T ite G20 1MLk 9486 8875 8096 G061 8297 1038
Doy whe roots
othor than white 1201 3361 3000 2763 2404, 272 2503 3055
o, white xvotsa 18 17 37 2k 19 14 58 19
Fresh whe vadde roots 486 317 1035 10L4 638 343 2481 1470
Dry, whe whiteroots 125 6 226 24 108 69 174 311
lice roots cther
than white per 3,37 313 3625 3012 2,63 3437 1493 2.52
+iller
Pry whe roots other
than wiite per 30a7 41e5 a6 3242 2549 38,0  16ekh 303
tiller '
Noe shilte roots . 28 0422 0633 0039
m Vto white I'OOtS . 1.6 1.1 .1 ".1
Pel'till 1.9 0.8 2—011- 2,8 3 2
Hoe white roots as . .8 60 164 1363
% no, total roots 706 63 10,7 842 9
Dry wte whlte roota
a8 % dzy whe total 569 169 740 8e1 ke 2,7 15,8 9.2
B
Db %m"g"tg“ OthoT 530 30,2 31e6 et 2947 307 302 2D
23,k 169 22,0 1940 2142
DM % white roots 2547 20a2 217 23

s




APTEIDIX 2, (Gontggod)

Individual plant root results:

11th Lifting

13/1/53.

BpOdOﬂ Pomnninl ryogronso
Plant Nos 1 2 . 6 - 8
Nos tu%mthe 207 63 8 157 7 161 192 14,
104 B O r
“than white 3 168 211 280 176 27 m3 o
Toiher ihen white 1978 3632 3008 1105 403 5880 10302 4970
Dt oatonite 2305 1062 952 1225 1036 1778 285, 1463
No, white roots 75 42 30 & 41 85 90 9
Fresh whs whiterodks 1329 757 449 1413 639 1529 1827 1859
Dry wt, white roots 283 413 63 196 16 225 278 297
No. roots other than
mﬁ: por gm%,w 1080 2443 2,51 1478 2,38 1,78 1,79 1.7
Dry rocota other
Nﬂmmﬁ? perttiller el Bek M3 78 140 1141 149 8,9
[+] ¢ IO0Lis
p;r +111ep 0s36 0ab1 0436 0438 0,55 0,53 0,47 0.57
DI T Tate X008 4L 106 08 1.3 16 Ak fuh 1.8
Nos white roots as
;gm totel rmtat 1647 20,0 12,4 17,7 18,9 22,8 20,8 21,8
D:y d:;;hé"tt? igga; 10.9 9.6 6.2 13.8 10.1 11.2 8.9 16.9
D:cﬁ;ﬁmﬂ OHhEr 28,9 29,2 3.7 2048 300k 30.2 2.7 29
DMy % white roots 2143 154+9 140 13,2 16,8 147 15 1640
Bpea'_i_.’e'a Ttalian Rverrass
Flant HNo, 1 2 3 4 5 6 7 8
o, tillers Dead Deed 118 162 40 10 159 Dead
Hos roota other - - 89 281 L9 177 291 -
than white
Fresh wt, roots ~ 3689 5593  bhh k9L 6027 -
other than white ] _ o8 _
htgb. root:hi te - 876 1251 b3 1350 17
other than 126 140 =
No, white roots - - 3%1 52)?2 5?5 2153 2272 -
Dy w “m mo:: - - 500 703 82 315 407 -
Dry whe hen o o 1,25 1,70 1,83 =
No roota ogiwﬁ thah | & i.w" . 0a75 1e74 14
-} ?
Dyy wt.peroota othor - - 7e5  Te8 3.8 12,8 10.7 -
then vhite per tiller -
Hg whita rootsper - w1420 1414 te12  1e21 088
Dry wt. whito 100t . = 1,2 o3 241 30 26 -
ng'orwhite roots as - - 6%e3 39e7 L4749 Lie5 3245 -
no, total roots -
Dry wt, white roots a 35,3 36,0 39 1942 13¢5
DMy % roots other o = 23,8 224 284 2. .9 -
vhito - 413¢3 §3,9 15e1 1446 176
DoMy % whito roots =




AFPENDIX 2, (Continued)

Inddvidual plant roots results:

9

11th Lifsing:s  13/7/53.

Spcolea Tall Fescue

Plant No,. 1 2 3 N 5 6 7 8
Xoe tillers 98 8y 120 109 1 60
Now roots other R > 135 G
than white 243 220 300 280 2N 152 38 200
Froh wto roots g0 6339 10755 150 10961 TMB 12158 602
mﬂ’:ﬁmw 2632 1684 3059 Lo 3137 2100 3820 2042
Ho. whita roots 62 s, W 72 66 3 62 3T
Prodh wt, white 230 1861 G0 w762 3238 1099 3BT 45K
Dry wt, white roota 395 416 343 1032 5% 256 758 337
Noe. roota other
than rvhite pexr 2,48 2,62 2,50 2,57 196 254 2036 3e12
Hller
Dry wt, roots other
than white por 27,0 225 255 36e3 227  35.0 B3 3169
tiller
";-;"-"“”n TOOtB (.53 0.6 0.33 0.66 Ouh8 0,58 0Oul6 058
W""H p:‘_}‘“l"m 30 5e0 209 965 he3 369 5eb o3
";-f“lm]gog: 17.6 19.7 11,8 20uk  19.6 18,7 163 156

wte ghite roota o
Dg%dﬂwt.total 43,0 1841 10,4 204 15,9 101 16,6 1he?
Pootn
DM, uhr:i)ot:s other 57,9 29,7 2Bek 27e7 28,6 29,k 29,9 317
D, % vhite Toots 18.5 22k 209 217 1543 21s5 23,0 2T




APFEIDIX 2, (Contingo_d )

Individual plant roots results;

12th lifting;

3/8/53.

e

mcioa Pommli&l Ryom}lﬂ
Nos tiilors 19 110 183 209 86 133 4
ts othe 77 113
N han white : W03 301 385 487 17 197 388 446
- wt _
hfu% than &%ttge 3769 3536 621 722 023 2063 5195 230
+ roota
thon whit TOA073 1033 1825 2087 1258 659 476, 766
Noe white roots L3 L3 67 L5 55 58 50 66
Froshwh white roots 635 780 1196 769 2148 876 1253 4777
Dry wte, white rootsa 87 108 194 93 296 125 2LG 2,8
Nx?zﬁiigo;:r tﬂlgg-m 2e75 2673 2410 2433 2,02 148 2,20 1,23
m&ggmr 702 Sek 100 10,0 147 35,0 10.0 6ok
H;ar“hé{.ie? ote 0e29 Qo0  0s37 0422 0464  Ouhl 0428 0,55
T&“ﬁiﬁte TOOLE 0,7 140 1.0 Ok 3k 09 Tuh 2.1
“';'n;"j“;ta‘ﬁ"fg;: Fe5 125  1he8 8,5 240 22,7 Atk 31
Dry wte vwhite roots
as % dry whbe total 8e3 945 96 L3 190 1549 12,2 244k
D t 3
;‘h‘;nﬁ,ﬁges Oher 28,5 2942 29,2 28,8 3143 319  3he0 33,0
DyMe% white 100t8  15e3 1349 1662 1241 13,8  1he3 19,6 11440
Species Italian Ryegrass
Plant MNo. 1 2 3 b 5 6 7 8
Noe tillera 109 37 125 88 157  Dead Dead Dead
e I'COTB o 83 - - -
Df;}m y ite 2095 9uh 7285 672 5838
Wte roots 11 o2 -~ ~ ~
other than whito 820 &k W9 M0 ,; ] - - -
o, white rooto 35 23 2 97 9 - - -
Fresh wte whitersots 405 536 41k 283k b - -
Dry wte white roots 87 77 621 436 75
Nos roots othor than .39 1,62 1493 2418 118 - - -
white per tiller _
Dry wte roots other 7e5  6ob  1heB 13ak 842 - -
tha Wilte per $1ller )
No, white roots 0e32 0,62 1413 1,10 1,22 - -
por tillex _ . -
Dry w:hfﬁte roo¥s 5.8 2,4 5¢0 540 he7
w L
O vhito roots as . 37¢1 3365 5047 - -
%om. tot;% root: 1149 2747
wi, white yootn - - -
Dg % aﬂ wte totol 946 2440 2501 7740 3l
roota - -
DeX, %mrz::n Othor 30,9 25,9 2Beh 2562 20 -
than 17,2 = - -
Dol % whito roots 2fe5 dhel 1560 153 17 -




APPEIDIX 2. {Continued)

Individual plant root results: 412th lifting:  3/8/53,
Specles Tall Fescue
Plant No, 1 2 3 I 5 6 7 8
Yice tillexrs 101 62 25 90 66 101 151 37
oo Hillers cther 303 203 96 257 160 38 k2 12
m‘"‘ﬂ‘;ﬂ?ﬁ;n 8423 9130 5803 12k Shhb 8705 13702 4937
Dy whe ToOks AhOT 99 2820 739 5798 1637 2550 376 M8
flo, white roots 33 25 6 39 6 42 63 3
Fregh wt, witte roots 122, 1092 413 368, 121 2593 3221 12
Dry wte white roots 226 209 3 & 15 545 557 5
T'o, rocts othar
other
wt, roota
méﬂ.n white por 21}.8 L5e5 6945 54242 25,8 2542 2547 384
tH11lor
HO. ﬁhito mta 0.35 o'u 0.211. 001053 0.09 0.11.2 O.L.Z OQOB
Izy wt, white . . Oe2 i 367 Do
roots per tilicr 22 3ok 1e5 7ot 2
No, whita roots as W2 .6 10,6 130 2e4
£'no, total roots 9,8 1443 5.9 13 3
wt, whito rocts
D:i % dry wt, total 8.3 609 21 1k GeF 17,6 12,6 Ok
roota
Dolle % Toots GHhEr 29,7 30,7 300 0.9 2 2o 2803 207
3¢6 17l 12,5 21,0 7.3 Li7
D, % white yroots 18.5 191  33e ol




APPRIDIX 24 (Contirued)

Inlividual plant root results:

13th lifting,

24/8/53,

1"

Spocios Percnninl Rycgmass
llos tillexs 182 126 498 207 56 13 72 11
i0s Yoots other L
Egl.mn gltlgtg 51 286 383 405 195 21, 208 3y
resh » Ioots
othor then mhite A9t 6161 887, 5501 4596 6925 3996 5147
whe a8
other than white  179% 1873 2543 1680 130 1&n 1213 1362
roots 50 M43 303 1020 365 4617
Dry wte white rocts 28 45 158 154 Y7 167 69 266
Nt?z’f.xite pg‘.r- tiller 1938 2027 1,93 4,96 3.8 1.59 2,89 2.8
m&,ﬁg"g;tﬁﬁhﬁ.u 1459 12,9 8.1 20,0 13,8 16,8 12.0
Tty Doote 0:08 0417 0429 0,31 036 0,31 035 0,68
T T Ate 08 5,2 O 08 0.9 08 1.2 1.0 2.3
Ko oadto TOOUS 82 506 648 13,0 13,8 9.5 1641 10,7 19,2
Dy wt, white roota
%of dry wte total 16 23 5.9 9.7 3k 8.3 Buk 16.
r a8
Dl % TOOts OhOr 3 7 30, 28,7 30,5 8.5 266 30uh 266
DeMa % thits roots 1845 1he6 1347 1548 15,5 16eh 18,9 1645
Speades Italinn Ryegrass
Nos tillers 135 Dead 83 141 105 161 35 65
Ho, rnots other - 86 18 82 222
th'ehaanh ‘;hti“ . 266 . 251 214 A 3
other tﬁai"’&ite 7379 = 5552 5709 5542 3837 955 LOGO
Sihor thon white 2081 - 530 1656 1622 o2 b 423
No. vhite roots 131 - 147 82 75 13 2" g .
Fresh wh, vaiteroots 2837 = 2849 M7 1741 1764 523 19?9
Dry wt, white poots 539 - 471 285 386 316 12
No. roots othep than 1,97 - 2,90 1,50 177 leth 23k 3ekZ
white per tiller .
Dry wte woots other g, . 48,5 11,8 155 68 940 19e3
than white pxtiller ¢ 0.88
Ho, white roots 0497 - 1.77 0,58 0,72 0.82 1429 ’
per tiller
Il:‘y wts white roots 4O - Se7 2,0 3e7 2,0 b 248
per tillor ar 20,4
lios white roots 88 53 0 . 37,9 28,0 287 4le7 Z5ek .
i to : 22,3 28,0 1245
Vt Whi 1'00 ’ - ‘1 .2 . [ ] .
FEANE- R R
root 2 o7
De¥y ; roots other 2842 - 27«7 290 23 2067 32,9 30 .
t}m ﬂhito ‘6.5 m'1 22.2 17.9 21.&. 190
Do}, % whito roots 19,0 =




APPENDIX 2, {Contlmod)

Indvidual plant root rosults:  13th Ufting:  24,/3/53.

Speaies Tall Fescue

Flont lNoe 1 2 3 N 5 [ 7 8
No. tillers 12t 75 97 32 5 102 6
Noe rogta other o001 %7 * 196
than wiite 75 227 91 179 183 151 190
Fresh wte oot
i uwiozhite 6169 6242 44443 3345 5146 5972 K420 8366

whe \

Dry why Toots other 4gs2 213 3519 MMh2 1701 1979 1355 2B
No. white roots 38 46 36 25 19 20 9 39

Presh wts whi
Toots te g0 688 4743 1001 923 9L BA7 22

Dry wt, white roocts 293 125 3% 226 17 185 143 535

No, roots othex than
O tte o tidler | 1982 203k 203h 2.8 30k 1T 2,36 0,97

Dry wte x00ts other

+han white per 1642 28k 3663 35e7 2843  19¢h  21ed 1hed
tiller

o, whitse roota ) 20
p&. I’]] 0031 0.21 0057 0.78 0.32 Oom 001*-:- Ca

by wh Ate TootS 2 M7 et Tt 29 NS 1.8 2.7

lou ito Tote 8 g7 g 57 26 %6 99 BE 1T
wie white roots

Dgf;gmwt.tm 1301 505 101 16,5 el 86 7T 163
roots

DMy % roots othor 34 6 3,2 30,8 3het 33,1 3301 306 32:9

than white
DM, % white roots 182 18,2 22,7 22,6 18,5 0.2 20s7 2241




APFENDIX 2, (Continucd)

Individual plant root results;

14th Uifting:

14./9/53,

VS -

Species Perennial Ryegrass
Plant Nos 1 2 3 4 5 6 7 8
Noe tillers 7B 55 8 & 4 110
No, roots other 58 77
than white 2 138 185 260 131 431 495 7
Fresh wte roots
m:t;mn vhite 2'0% 2991 3195 €33, 158, 3069 4170 It
a
Penanite ® OHT 1697 990 991 1976 585 1031 438 31
o, white roots 52 20 2 32 16 3. 16 21
Fresh wit, white roots13i6 K14 536 9,2 275 610 370 394
Pry whe vhi.ttge;oota 211 & 119 167 36 86 65 56
Tonile por titler o0 3013 283 2,31 3.1 3,05 1.49 3,53 0,92
D o taT 2148 18,0 12k 23,5 13,6 9k 746t
“;;,"‘éiﬁu s 0e66 0436 0,26 0,38 0,37 0u31 0,28 0,27
Pry i Pato ro0ts 26 145 1.5 20 0.8 08 141 0.7
% mhite roots as% 47,6 11,2 10,2 10,9 10.9 20,6 7.7 22,8
Dry wts white roota
as % dry wte total 1141 7.8 10,7 7.8 548 Te7 12,2 15,2
R orres” T 3207 3301 3,0 a2 369 356 3% 33
Dolly & whito roots 1640 20,3 22,2 1747 13e1  ihet 1746 1he3
Opccics Italian Rycgrass
Plant No, 1 2 3 4 5 6 7 8
I;'O. tillcrs 55 Dead Dead 17 20 192 63
& roots other - - 2 1
Fresh ﬁgtgoot other r7 . . Sz 38:6
B - -
than Zilto 2346 1465 1021 72 7
roots other - - 60 21 2228 1032
it | % P
o roots - -
h*;shwt. white roots 1432 73? - - 17 41 2895 1222
Dry wt, white roots 331 16 -~ - w59
No. roota other thm 4,81 1,76 - - 277 215 150 225
white per tiller
Dry wky roots other . o g, W o 2142 10,7 1146 1643
then vhite par tdler * .
No, white roots - 1459 0s69 - ~ 0,82 0,95 1,06 1,03
per tiller ¢ -8
Dxy wt, white roots < .o 3,4 - - 2.7 5t % 3s
per tiller 2
No, white Toots 88 ¢ 8 28,2 = = 230 30.6 0.5 Sl
% no, total roois * ]
wte white roots 211 184
T Fary wie fotal 30,6 26,8 = = 113 3
rooto 28eh 2840
D, M, % roots other 32,0 31,5 = - 3563 2946 ol .
than white o 269 20¢3 2066 23e3
DM, % white roots 2Je1 2146 -




V=S

APPENDIX 2, (Continued)

Individual plant root results:  14th lifting: | 14/9/530

Species Tall Fescus

Plant 1o 1 2 3 I 5 6 7 8
Noe tillora B /O . 8, 78
No. yoots other 5 55 & o
than white 251 216 233 200 18 11k 263 282
h:t&h;rmt;an Oiire 7172 9620 7577 6000 5468 4016 7971 12671
”“J{;f-'él;':" wite 21 3235 251 1924 1975 1uB0 2005 LOT7
Yioe thite roots 20 b9 53 &y 20 2, 13 53

Fresh v, vhilto rooto 332 3095 4406 2116 1105 932 95,2 2116
Dry wte white roots 53 729 20 399 232 143 151 INXS

3439 2,87 2,77 257 3e37 207 3425 2.8
than white per 33,0 4302 299 Zhel 3549  26ek 36 L0k

ot 0uZ] 0s79 0.63 0.56 0,36 Oulh  0s53 0452
Dry wt, white TOOT8 (o 9.7 2,9 51 he2 26 149 heb
Yo, vhite roots as o, 29, 18,5 18.0 9.8 174 14.0  15.8

te
4 dry wte totod 21 18k 8a7 1742 1045 9.0 5. 9a9

D, % roots other 5 .0 33,6 33,2 321 36e1  36e1 3542 322
DY, % vhite roots 1640 23,6 171 18,9 2140 15.3 16,0 2141




AFFRIDIX 24 (Continucd)
Individual plant root remilts: 15th Lifting, 5/10/53.

Bpeciea Perennial Rycgrasa
gg: %rgther € 159 188 161 12, 70 g 165
than vhite 225 396 317 31 361 225 169 398

Fresh wte root
other than vhite 2996 8878 4628 6839 8670 3525 1830 9778
Dry wte roocts other
hite 983 2738 1491 2169 2776 1117 608 3280
Nioe ¥ite roots N 2 32 22 37 L6 10 60
Fresh wte whiteroots 218 756 534 525 771 361 156 1238
Dry wte whits roots 49 133 114 420 178 230 36 318

loe roota other
tl.mnwh!:te +Hlay Jelid 2,50 2,01 2eli3 2491 3018 1484 2,041

wt;}ﬁg;egt}nr 15e1 1742 749 1345 22,4 16,0 6.6 19,7

Noe. white roots
per tillep 0,22 0418 Oul17 0l 0430 0e66 Culi Qe 36

whe
Dgr m“m]"" TOOY8 0,8 041 046 0,7 ek 3¢5 Ouh 1.9
1 » -
e B TOER B3 5,9 68 7B 503 943 1741 5.6 1341
Dry wie white roots
&8% dry wte total he7 He3 7ot 52 6e0 1741 540 849
roots
DY, % wh:z%:n OWMCT 3308 3048 322 3147 3240 a7 3342 3342
DeMe % whito roota 22,5 2062 21k 22,9 23,1 2647 2341 25.7

8peclea Italinn Ryegrass
Flant Mo, | 2 3 L 5 é 7 8
Hoe tillers 8, 22 Dead 67 83 35 33 105
Ho. roots other - - o
than white 157 40 156 293 113 16y 3
Frogh wie root - 3 35 6
nf-;ih;'%‘ mtmgm 58,2 847 5962 6539 1202 1353 9:3
Toots - 5 557 2481
other than white 2199 306 1955 2282 486 557 .
No. white roots 2 27 - 47 67 10 1 30
Fresh wt, vhite roots 964 421 - 508 1049 66 145 335

Dry wte white roots 239 85 - 2 286 i ;? , gg
N ts other than - 2, 3423 1 .
O %gopg:‘ tiﬁer 2,90 1482 33 3eb3 e

Dry wte r00ts other . - 20,2 27, 13,9  1he1 2048
then I'" por tiller 400 1369 Te Te5 ro

N;;rmite ioota 0.78 1.23 - O.?O 0.81 0e 29 0s29 Da29
By vy white rooto oz - 30 k03 07 0
HO. vhite roocts as 2141 40.3 - 25.2 '18.6 Be2 603 91

% no, total roota
wt, vhite rootses
Ary whe total 10,0 2148 = 943

rootso
D't”‘hm% roots OHHOX 500 37,5 = 3248 kD B0k 397 N6
R& %ﬁ;"igﬂ I‘OO‘tﬂ 2’]48 2042 - e 273 160? 235 2541




AFFENRDIX 2, (Continued)

Individusl plant root resultss 15th lifting: 5/10/53,
Species Tall Fescue
Plant o, 1 2 .3 4 5 s 7 8

1&: ti.llzm Hn H 81 118 L7 74 79 163
than white 169 194 205 308 128 175 29 30
Proch wt, roots

mﬁit&: 8 O 4699 2936 1960 K410 1166 1505 3852 3628
{';; m m G 2 A3 13 36 28 AN
roots 1095 2079 883 1708 M7 1793 1830 1456
gry wt, chite rootas 259 K60 159 H18 104 423 414 32
e ier 229 213 253 261 472 236 346 1.7
Iry wt, roota other

than white par 2147 3242 2he2 3Toh  ZheB 204 58.8 22
HHllor

Too Wte FOS 03 Ok O30 036 02 OI 0u3 OF
Ty wh WhIto roots 55 St 20 k5 22 57 %2 20
“g'nﬁigh’:"“ 85 0,5 202 10,5 1203 92 171 108 1241
Dzy wt, thite roots

a5 % dry wt. total 13,9 135 7.5 &7 82 2143 o7  B8e2
roats

Dl % roots other 557 36,6 36 a9 I2 Sk 5304 320
DL % white roots 23,7 221 180 25 Zed 2366 22,6 2245




IS %

APTEIDIX 2, (Contimmd)
Individual plant root resultsy 46th liftings  27/10/53.
Specles Perennial Ryegrasns
Plant No, 1 2 3 4 5 6 7 8
lioe tillers I 78 89 93 3 8
los roots othe 2 o o
?:han white T 168 214 360 39 170 275 359 260

Fresh wte o0t
othor than milte  147% 3208 5386 1438 1y 3737 3857 299L

ts other
"t'wm“ 561 1203 1904 154, 506 4129 1319 1026

Nlo, vhite roots 19
Fresh wt, wvhite roots 92 56 90 104 170

Dry wt, white roota 25 10 17 22 —;8 gg 12
o, roota other than

white per tiller 3682 2474 beOlh 24020 4,15 3.2 3482 3,72

wt
Dy whe Toots OWET 1508 15,4  21uh 1606 1203  13.3 1540 1ha?

\D&CD

Ten white por

! root

;.ur“htiiﬁar 8 Oeh3 0e10 0,03 010 0,27 0,26 0419  Co06
Pry vt, vhito roots o

per tiller Cel Ol 0e2  0u5  Oupy 003  Out
ng-nﬁi*olmmg 1002 346 202 242 Gad T he8 1,5
Iy vty white roots

as S d17 wt. tm 5-01 0.7 0.5 1.1 }q..2 5.} 1.9 0.6
D‘&}ﬁdmﬁ,‘“ OHhOX 3801 3705 35eh a8 359 302 el  3he3

DY, % whito roots 26,1 13,9 17.9 18s9 21,8 22,4 26,0 40,0

Species Italisn Rycgross

Flant Ko, 1 2 304 5 6 7 8
o, tillers M 457 2 113 16 103 37 &
fios roots other 151 431 100 32 129 %7 122 265
Trooh wt, Tools . 1921 6302 689 4260 1010 5794 1807 5606
Y e IoOts other 77 2135 265 1605 31 2075 665 1836
o, white roots 8 18 3 47 - 5 o2
Frosh wt, vhiteroots 58 97 21 & = 1B 27 Zg
Dxy wte white roots 12 28 y, 28 - 12 5
"&mﬁhﬁeﬁh‘m 4e87 3e13  4e76 3405 8,06 3e37 3430 3405
D{{afmgegtml ST 23u4 1346 1206 1ha2  Zk 2041 18,0 207
N;&T%limtee;:o{)tﬁ Ce 26 011 Qel1h G415 - 0.05 0,11 G2l
%m?rm. White rOO‘!;B 0'1'- 0.2 0.2 0‘2 - O¢1 0.1 093

tiller
N??.mwhi;e roo:‘go g 5,0 305 209 7 ~ teh 342 Ta3
] 0!;&1

vwte white xoots
Dg% dry wte total 1e6 163 145 o7 -~ 0.6 06 145
roots ’
Dol % roots othor 37.8 3349 3845 57.6 3867 35,8 3648 330
than white 3242 . 25,0 18,5 et

Do % whito roots 20e7 28¢9  1De1




APPEIDIX 2, (Continued)

Indlvitunl plant root rosilts: 16th Miftings  27/10/53
Speolesn Tall Fescus

_ Plant Noe 1 2 3 5 ¢ . g

o e ot 66 & 109 42 A3 12 61 156

s Zhite 232 277 39 28 A 334 373 453

ihar thon white 5005 106B 1005k 158, 7782 9061 10756 13258

Mt}nn :hi‘bo 1612 3495 3200 1682 2358 3038 3428 A5G

o N A N
768 1449 732 825 289 1000 103, 161k

?‘x:rrt. shite roots 224 385 179 218 Q, 232 25,3 LLO

;.ﬂhp(:rtluor 3052 3418 3429 Be29 5eb1 3428 6412 2,91

Dry wt, roots othor

thon white por Diely 10e2 29¢h AhDe?1  5hed 29,8 5662 201

H;;,.“éﬁ;”“ 0o52 0o37 0ni5 0452 0419 0e3t 0e56  0u25

xg,.“thﬁ“m 3.4 heh b 502 15 23 kO 30

’;":m 12,8 10e3 hed 77 302 BT ek TeD

Dry wt, white roots

o8 % dry wte total 12,2 9,9 5.3 115 26 Ted 66 942

roots

"'ﬁ’f'j;:’;“m 52,2 3209 a7 Shal 303 335 1.9 e

D, % white voots 2962 26e6 2l 264l 2242 23e2 235 D43




Inlividual plant root resultsy

.

APPEIDIX 2, (Continucd)

17th Ueting

16/11/53,

Spoaies Porennlal Ryegross
Plant Noe 1 2 3 4 5 p - -
Nou zoote othar A8 om0 e 92
o )
than white 293 310 303 249 219 266 227 190
Fresh wt, roots
other then white 5919 4619 4349 3658 2992 5358 19535 3178
wt, roots
D?;hcr.than white 1216 1730 1588 4323 1086 1768 708 1179
Noe ;ﬂ;io:e ztogzg 11 3 3 3 4 5 3 L
Ho 8 gissa)
widte per tiller 096 3052 L33 226 246 357 2.7 2,61
wh ots othe
Di,’;an,;xé"pe:. Ulrew 1665 1907 2207 11,9 12,2 22 7.7 16,2
H;;rm ° 016 0e03 0sO4 0,03 0,01 0,06 0,05 0,05
i ta root
l;.n:t:itotal I:O:: 3.6 1.0 1.0 12 0.5 1.8 13 244
D'tg.an%mr;otza T 360 6 3745 3645 3662 3643 23,0 36435 3781
Specion Italinn Rycgrass
Flant No, 4 2 3 4 5 6 7 8
Noe tillcrs 27 24 Dead 18 7 32 18 Ll
lice ro0ts other - 22 56 129 113
than white 10, 70 69
Frezh wt, roots - 1617 1 893 1964 3982
other than white Ziz1 1152 1017 e
Dry wte roots other gg )00 - 628 50 282 668 1238
than whitoe 6 - - L 8 16 16
Nos, white roots 9
Yive rocta other
than white per 3486 3433 - 3,84 3014 2,06 2,69 2457
tiller
Dry wte rootas other 08,2
han wite par | 3643 2000 = k8 T B8 139
#H1ilex
No, white roots 0u33 0e29 - - 0,57 0425 0,33 0.36
per tiller
No, white roots as 8,0 749 - - 15elt 1068 110 12ekh
% no, Lotel roots 7.6 B0 Sl
DaMy % rootas other 36.1 56'5 - 38.8 373 .

than white
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AFPEIDIX 2, (Cmtinucdl
Individual plant root resultas  17th lftings  16/11/53.
Specles Tall Fescue
Flant Noe 1 2 3 L 5 6 7 8

Nos tillexrs 76 108 53 57 108 108 81 60
Tios TOOLS Lo 19, 278 213 226 321 277 &2 203
Frodh W T et €829 9666 9756 10205 10640 10856 1103k 6084
m'm :mm 224 38, 3110 3109 3328 3268 3348 1996
Ho. white roots & 3 6 8 - 8 6 -
Roe roota other

than white per 2055 2057 L4a02 3,96 2,97 2,57 2,99 338

tiler

Dry wt, roots other :

than white peT 290&- 295 58*7 BB }O-B 3063 el 33e3

tiller '

Ho. white roots - . O -

tiller 006 0s03 011 Oolk 0407 o7

Tioe white rocts

as % no, total 2,0 1ot 27 3ok - 2.8 24 -

roots




AFPRIDIX 3,
Veather dats, Grusalands Division Motoorologionl Station

o]
Termernil._as "R Sun
Wook T e Sot1 Sodl o
Ending ) min, 4" 12
- . . 8 »5 6349
A A e OB s B 90
nd Sept Oe 3 0632 38, . 2o 2!
16th Septexmber 0.13 OuliOh  LLe7 gz.g 54:9 2
23rd September 0.28 0e 587 L-go? o}+ g e
30th September 0415 0683 36,9 gg.? 238 e
7th October G 0-5'6'8 f:éc} 55.6 5?:‘!{. 8o,
14th October 0425 0320 1;5.11- 57‘.8 s 2
21e% Qatober ols ok 6.0 FBi6 629
28th October 0,13 C.872 lggog 20:1 62:3 by
bih Tovonber 1222 3‘??,3 8.2 58,7 0.8 31.L
JSeiibddroed I I R 616 33,8
18%h Nowe 0,70 .Ié58 1+5.1 570 goul, 22.9
25th November Te0 0.87 2- 28 1o e
2nd Deceuber 1.68 0.752 5243 61.9 6507 oy
9th Decenber 1456 0,846 5149 e e s
16th Deocber 137 SR SR 1 G vob B <
23rd Deocember 1.28 ;I g; é 22:5 g2l et 2 g
30th December i 0i987  53.3 6229 654 3 15.0
6th Jan. 1953 . 9.6 6541 66,8 55
13th Jamary 159 1,383 L, -? 6 Gt 168
20th January Oelk 1,028 45, e g 253
27th Jenuary 667 0788 19e7 £3e] 6he5 38,1
3rd February 0,22 s 301 6643 6745 3842
10th February OQ1? 00738 5 .I'_ 63.? 66.1{. 26.3
17th February 2,02 0583 55.? oo Ene o0l
24 th February 051 0,719 52- dons Gl 2901
3rd March 0.10 0,598 5 I}» P Pt 50.2
101'11 H&I‘d‘l OQOG 0.911-7 j’:-'g._? 60.8 63.5 }—!‘0'9
24th March 0. 50 Qe Ok 1*9'2 601 62,9 3040
31s% March 0. 70 0,610 ﬁ'a 5643 59.2 1%2
7ih April 1435 OuliSb 3-1-1:7 53,2 56.6 13203
litn april 1953 Qubk O3 e B K2 22
2% Apﬂ;% 0.31 0,292 i‘ig 5501 5.6 27
2th 0.80 0°27§ 35.5 48503 5244 55,0
15th Yo el Q22 2?7 Bow 22,0
070 0173 23 el 503 223
26th May On 66 0472 6.2 195 50,6 22
2nd June O3 0.192 .35'9 50.2 5103 1{_:9
h Jme 1.2 0.100 23-2802 4?.3 50.0 21 .l(h
15 Juns Q3 SW X 3 ap2 2l
23rd June o 0e211 2e2 o8 167 2l
T Ty 118 ey s s 47.2 264
17311 Jg 1+19 0';313 29.4 4249 "+5°g 257
5t 02 ase a8 Ak L5 28.0
218t July 07 Qw96 3.8 el > &0
it Anguat QN 186 Wus bz 8.6 1843
1%: August ?‘%é’ 0s208 3747 gg 57,6 398
18th August : o319 2847 187 22
0107 2 37.2 1{-7:3‘ 1 6 1 .g
Bopme 12 owp g Ai Bn A
15th Bop o:czugr % }; i .0 212 22:? 1847
0 . L ’ 19-?
TmEpee fn oG v N0 G0 o
§3th Ootober 242 0893 3643 5606 23 25,5
Ootober 1,19 O A1 599 o9 2
R e 056 GBI M Bied 7
10‘: Morvenber 0e3) 047
1




APYENDIX &

Flowering behaviour in the three
gress specien,

Emerging flowsr-hesds wore first seen in perenniai ryegrass at
the out an 13th November, in tall feacue on 11th December, and in
Itallan ryegrass on 22nd December, A record was kept at each outting
date of all individual plants showing flowerwheads, until the final
appearancs in tall fescus on 20th May,

The first table sets out the nunber of plants cut, the number
of plants showing flowerheads, and the percentage of plants cut which
were flowerdnge This last figure s the correct basis for comparisons
between the species, since blocks were being lifted for root examinations
over this period, and the number of plants cut, was decreasing at
intexrvals,



Percentage of Plants Flowering at Pach Cutting Dete,

No. plants No,plants & plants No, plants No.planis % plants No, plants No, plants % plants
Catting date. ocut flowerding flowering ort flowering flowering cuat flowering flowering
43th Novembexr , 1952, 136 5 3.7 - - - - - -
28th November 136 32 2345 - - - - - -
11th Deceunber 128 40 3143 - - - 128 58 453
22nd Decembex 128 L0 31e3 17 9 77 128 45 352
6th Jarmary, 1953, 120 52 433 109 52 477 120 50 he7
218t Jamuary 120 36 30.0 109 42 38,5 120 13 27.5
hth Pebruary 112 3 2,7 100 2 2,0 12 28 25.0
18th Pebauary 104 2 1.9 96 3 3ot 10 19 18,3
Ath March - - - - - -~ 104 15 1hedy
48th Merch - - - - - - 96 9 ek
16th April - - - - - - 88 Ly 12,5
Lth Hay - - - - - - 80 8 10.0
20th Mey - = - = - - 72 3 5442

Aoy



In both rycgrass speales, thero 4s one cutting date at the
oomwmoenent of flowering where less than 10% of the mmber of plants
out had aoctuslly emergent flowerhsads, The percentage of plants
flowering rose sharply at the second out, egspecdelly in Itolian ryee
grass whexe nearly half of the plants possessed flower~hoads; retalned
a fairly high floworing rete wntil late in Jamuary; and then tailed
off %0 low flowering peroentnges during the two cutting dates in
Pebruarye The percentage muber of plants flowering was about 25%
or more over 5 cutting dates (28th November to 2{st January inclusive)
in peremnial ryegrass, and over 2 outting dates (6th January to 21st
Jamuaxy inclusive) in Italian ryegrass,

In %all fescus, there is a sudden appearance of flower-heads in
45% of the plants at the top cut on 11th December, so that this species
differs from the ryegresses, The percentage muber of plants flowering
thereafter cantinues at more than 25% for the next 4 cuttings, up to
and inaluding that on Ath February, From the cut on 18th February wp
t0 and inaluding that on 4th May, flowering in tall fescue vas still
substantial, the perventsge mmber of plants with flowerheads at each
of these & outting dates being between 1G% and 2075 (with the exceptions
of 9.4% on 48th March, and an unexplained recovery to 23.9% on 2nd
April,) The final appearence of flowerheads in tall fescue was at
the low level of 4e2% on the 20th May, The interesting featwre of
the table is that flowerhead emergence in tall fescue continued for
six cutting dates subsequent to cessation of flowering in both ryegras

The sscond table is designed to give some idea of the earliness or

latencss of flowering in cach species, This 1s attempted by making

a division as nearly as possible at the centre of the flowering range

for cech species, and to count the nuber of plants with emergent

B€5.

soedhsads on sach side of this aivision.



%

——lBTLY Llowering late flowering

Speaies Peardod No,of Period Nos of
plants Dlants
Perennial ryegracs 43th Nov = 2204 Deoy 117 6th Jan - 18ty Febe 93
Italian ryegrass 22rd Deo « 6th Jan, 64 2igtEn - 18th Peb, 47

Tall tam 11th Deo « 215t Jan, 184 kth Feb - 20th May 114

Ineanhnpedea,mﬂmﬁngocctmdint}meaﬂym,than
in the late greup, This ia particularly maxked in tall fescue, where
large mmbers of plants possessed emergent flowerwhesds at the artting
dates immediately following the first eppearance of flowering,

Amdetaﬂodamlysiaotﬂoweringbdmﬂmmmdeman
indiﬂ&mlplmtbaus,fmthemmdswhiohmheptformxy
plant at each ocutting date, Pl&ntaintheﬁrstandsecmﬂlifting
blocks are omitted from this analysis, since these plants were removed
ﬁmthee@eﬁmttooeaﬂytogainanyhmwledgeofﬂoweﬁngﬁﬁm
theme The inclusion of the third and fourth 1ifting blocks may have
mmmnmmﬁlemlyaia,parﬁmﬂar}yintﬂlfem,
singe plants may have been removed before their flowering pattern was

oampleted,
The results of this analysls are presented in the thirxd table.
s of tterns in individual
plants,
Rumber of plants

Group description B £ Bbp Bh
Hever flowered 39 L5 14
Flowerheads once, early 12 2} 123
Flowerheads twioe, ecarly ! 12
Flowerheads, Jcr:ﬁat-: times, early e I 9

Flowerheads onoe e
Flowerheads twlos, late 2 - 2
Floworheads, J o core tlues, late 3 8
Plowerheads, cnoo early and onge late 1 3 3
Flowerteads, 3 times, cerly and late 7 210
Flowsrhopds, 4 times, early and late 9 - 5
Ploworheads, § tines, early and late ] - 5
» 6 tines, early and late ! - A

m,m than 6 times early amd lode




W=

This table, together with the Rreceding table, olearly shows the
mmmwﬂmMommmmmm'mm
leseper amount in Italian ryegracs, in comparison with the intermedinto
flowering behaviour of pevennisl rysgrass, This s in keeping with
the &uration of flowering in each speales, Thus the second table
xrovsals that flomerheads were recorded an 300 occasions in tall fescue,
m 210 oocasions in peremniel ryegress, and in 108 cases with Italian
ryegrasse  The third table reveals that only 14 plants of $all fesoue
never flowered, whereas 39 parennial ryegrass and 45 Italian ryegrass
plants nsver possessed emergent flowerheads. There were 45 tall
fosoue plants which flowered at 3 or more cutting dates, while 35
perennial ryegrasa and only 5 Italian ryegrass plants flowered en 3
or pore ocasions,

The behavien of the two ryegrass strains in this experiment -
both strains being of New Zealand selected origin - does not accord
with a conclusien reached by Cooper and Seced (1949) in a study of the
relationship between the anmual habdt and heed production undsr various
cutting systems, Four strains of peremnial ryegrass (S.23, S.2%,
8,101 and Irish commercial} were employed in their study, together with
comparoial Italian ryegrass from Northern Ireland, They stated: "In
the anmwl and biennial, (the young apices of the side-tillers) be~
come Yripe to flower! vexy repidly, and will have developed heads
befare the next cute Head production may thus continue throughout
the seagon, A forinightly outting intexrval is just on the threshold
for head production 4n Itallen ryegrass.eeress In the peremmial sirains,
the young shoots take longer to becoms 'ripe to flower? and conseqently
few heads are produced even with a monthly cutting intervals"

Tha information in flowsrhead emsrgence gained in the present
oxperdnant s not capable of frther satisfasciory enalysis, However,
&he behaviowr of the New Zealand ryograss struins, and espocially that
of the Italian ryegrass, when oonsidered in conjunstion with the con=
olusians roached above with Dzdtish material under, of course, very
differont cxperimntal oonditians, indicatos that stuly of floworing
bohaviour in the local streins is ualikely to ropont rosults ebtainad

i, e B



APPENIIX 8,
M&mm_m_w

The original Poa sy plants falled to murvive the outting
treatnent dmpomed, and this species was therefore discarded from

the main expeximent, Tluplantscontainedintheﬁrsttwolifting

with totrazolium selt, whila the roots were very tender to the touch,
Pipeastillmmimdinﬂnmmdinthecriglnaljrdto%thlift-
mbhd:ainnlnuw,anﬂitmdeoidadtoreplanttheaewithgg_g_
;amn__z_a;,anatouwthoirmtbehavimcmamnerperiod.

Mahmdmputintomdbmaintheglasahmmjmm,
1953, and seedling plants, selected for wmifarmity of size and gperent
vigour, were transplanted to the pipes on 26th June, 1953, 4 frosh
allmﬂmofmmmgmmbeermda,andiagimbythe
ﬂminbrnabtlommmmpipesmthelwm
(Pigure 1), Egtablishment of these plants waa succesaful, and anly
one plant ia the 13th bloock died,

!hnﬁrsttcpmtmtahanonihthhzgunt,autiasmbcing
Matalmgﬁzofmaindzﬁmﬂwmoftheplm,and
fuxther top cuts were mads on 3 subsequent dates, Flowering was
Fafuse at the cut on 8th September, and all plamts carried flower—
hoads over the finel two cutting dates, The herbage yields (leaf
Plua flowering tissus) are set out in the first table,

Results of top cut treatment in Pos anmua sub-trial.
Ho, of Greenwmeight Ipvy-wetber Drynevelight Drpwwedgd of
plant o’ herbage of herbage habepe
= @ (s per day Cngan)
o 2 -
14%h Angust 104 Ure9 3041 28,5
* ] ]
23514 Septembexr 64 9349 e




S

I% oan bo sesn from this table that hexbage production weas
proceeding at sppreciable levels during the spring, and that by
the final cutting date, thore was no evidence of a decline in
the rate of hexdege growth,

The £irst root block 1ifting was mde on 3rd August, by which
time all plants were meking obvious growthy the second and thind
Urtngs were made at fortnighly inmtarvals; and mbsequent lifte
ings wore made at weekly intervals until completion of the trial

o 16th November, 1953 The remilta of the observations made on
the yoot systems are presented in the second table.




Dats of lifting

3 Aug. 17 &g 31Ag 79gk 14 Syt 2 Spt. 28 Sxt. 5 Oct, 12 &t, 190ct. 27 Octs 2 Fov, 9Nove 16 Nov,

¥o, of plants lifted

No, of tillex=per plant

Bo, of rocts per plant

Prosh wt, roots pex plant,mgn
Ixy wt. roots per plant, mgm.
Bo. of yoots pexr tiller

Dry wt. roota per tiller,mgnm
Dry wke rox T005, Mile -
Iy matter % of roots

8 8 8 8 8
WD 49.8 55.6 63.1 4B
88,1 109.1 102,1 111,99 101,8
1611 2368 2052 2505 2178
29, K72 502 603 596
196 2,19 1,84 177 2,10
65 95 9.0 9.7 423
303 be3 ka3 5ub 5a9
1802 19,9 25  2ak  Zleb

8
60,5
149.0
1835
527
256
8e7

3¢5
28,8

8
771

183.8 116,0

2329

706 66

2,38
9.1
3.8
303

8

371

24N

3a12
17,9
De7

277

>N
2.27
133
he9
28.9

764
217.8

1031
2.88
136
he7

30e3

1973
2123
3
2,29
8e3
346
3346

3.82
143
o7

338

¥
k5.7
1574
1397

3«MN
10,9
3e6

35e7

8
7.1
1935
4360

2,80
6e5
2.3
33.8

=LA
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The results given in the table are average values, caloulated
mmmwpmt.mammngm&. The
astunl figures were rather variabie » 808 1ittle information could

Yo dordived from a statiatical oxapination of this data, which covers

such o short time interval, The main use, and hence the reason fop

the inclusion of this information as an appendix, is to record values
foud, under the conditieons of the trial, for several plant characters
in thds spocles,  Such information 1s not availsble from any other
source,

Gnly one class of roots was recognized, The period Gurdng
ubid:obmﬁmmmdamthemtmtmma;mﬂytm
short for a,gei.‘ng affocts to show in the early-formed roots, Xo
svidance of cortex detaricration wes peen,

Two points are worthy of mention, Firstly, a comparisan of the
dry wedghts ef the root systems (per plant, per tiller and per root)
of these vigorously growing, young Poa anmua plants with the equivalent
&y weldghts for the speaies studied in the mein experiment, shows
that Poe anmia hasa wdl-developed root system, This root growth
occurs at an early stage, and the proportion of reot to top growth
4n Poa amua is of the same order as that in the longer-lived rye-
grasges and $all fescues This factor suggests that if the root
gystem is involved in the ephemeral life—gyocle of Poa ammua, it is
gome quality of the roots themselves, rather than the amount of root
tissue, which should be locked for in any explanation. Secondly,
in hoth top growth and yoots, the dry matler peroentage in Foa anmia
19 higher than in the other experimental specles.






