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I.
INTRODUGTION,

The world is short of food (1l). The population of
the world 1s unequally distributed in relation to the
productive ablility of the land. Countries, where an
extenslion of the farmed area ils possible, are handicapped
by a lack of avallable labour. In peneral these are the
sountries where production has not, as yet, w@&&&%@ i
maxiounm level, As labour hinders extenslon an endemour
must be made to utilise present farm areas in the most
afficlent manner possible. In this way surpluses of food
may be accumulated in these countries, e.g. Now Zealand, for
despatch to needy areas where the consumptlon of food is ab
8 low level, |

New Zealand produces animal producte In quantity. To
increasge this quantity better use must be made of our chief
stock food - grasg, By more efficient use of our grasge
lands the production of @mr'%mi@%im@ herds and flocks will
be incressed while an increasse in our animal population
will be inevitable,

For efficient use of our gresslands we must "know"
our grasses., It would appear that & grass has an optimum
length of leafl, beyond or within which the yield of nutrients
decreapes, By grazing down to this length the maximum up-
take of nutriente should be poesible, In nature we cannob
conglder grass on 1lts own, In farming systems, as we
underatand them today, there must be a tolerance between
plant and animal. If opbimum leafl length is maintalned
then the grazing animal willsuffer a lack of food, at some
periocd of the year. Or, if an snimal is to be permlitted
full expression of ite potentliallities for production, the
plant, at some perlod, Wiil have to be gramed to less than
this optimum length. | The maltreatment accorded by one
to the other may be such as to prevent subsegquent normal
growth and production. fonsequently & sultable middle

eourage must be balken.
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Yet, for the evalustion of our different grasses, both
species and strains, we must know thelr oplimum leafl lengths
- oy more loosely, helght of grazing - and thelr reactions
to different degrees of leafl removal.

our knowledge of rcob growth and development is piti-
fully insdequate. We mw&ﬁ'@i@@@v%w the nature of the
interralation of tops and roots,. Top growth ls seasonal,
Evidence points to the likelihood of root growth @@im%
gaagonal, For a clear appreclation of grass @ymwﬁh & study
of the sessonal rool behavicur of grasses is essential.

301l meisture influences our grasses, possibly thelr
rootke in particular, Irrigation of our dry land and draine
age of our wet, may not be attended by all possible success
without thies knowledge,

In this experiment an endesvour was made to dlscover
the resctiong of different specles and stralne of grass, to
different severitles of leal removal. An attempt was made
to follow the seasonal gwwwnh of their root systems by
observing the initiation of new roote st Lhe base of the
wlant., . The effect of soll molsture on root inltistion in
grasses was also investigated.

The experiment was lald down on an area at Massey Coll-

age in March 1948,
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II.
REVIEW OF LITERATURE,

Blackman 1905 (2) stated "the way of those whe set out
to evaluate exactly the @ff@&%ﬁ of changes in & single factor
upon & multi-conditioned metabollic process is %&v@.” He
points out that "the analytical treatment of metaboliec
phenomena 1s not made any less certalin in its procedure,
though it iz made more complex by the interaction ef those
metabolic effects which mﬁv@ baen described by their in-
vestigators as stimulatory." The growth of grass is just
guch a multi-conditioned metabolle process, @%mg it
appears odious to consider different phases of growth
without regard for the othey @h&%@ma Hevertheless for
convenience and e¢larity this W%Wi@@ is grouped under various

arbitrary headings,

AL WQWY@% OF GRABOES,

Grase grows in a seagonal manner, Conclusive evidence
for this has been published by Stapledon and Willlams
1922(3) in Pritain, and Hudson, Doak and MoPherson 1934(4)
in Wew Zepaland, This geasconal growth of herbagée can be
madified by oubtting or grazing trestments, Many workers
have contributed to our knowledge of this aspect of grass
mansgement . Frequency .and severity of defolliatlon have

heen bhe factors consldered most ofben.

WwyﬁﬁW§_@% HERBAGE OF DIFVERENT FREQUENCIES AND SEVERITIES

Lindhard 191%(S5), Stapledon snd Beddows 1926(6),
Stapledon and ¥ilton 1930(7), Graber 1”3&{“}$ Robertaon
1933(9), Hoberts and Hunt 1936(10), %@&wm@ 1937(11}),

%&rri&@m and Hodgoon 19%9(12 ) and Sehofielsa 1944(173 and 14)
all subscribe to the view bthat freguent cutting, severe
cutting or a& combination of beth, will lead to decreased
ylelds, wheresas 1light cuttings carried out at long intervals
of time will have little effect on yields of herbage.
Stapledon and Milton state that continued plucking of ine

florescences an they appear favoured root and top development.,’
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Ellett and Carrier 1915(15) support the above group of
writers and, further, claim that the decrease ln herbage
yield due to harsh cutting treatments may be more than
compensated for by the immw&&%@ﬁ protein percentage of the
herbage actually produced, Aldous 1930(16) disagreed
claiming that the higher proteln percentage did not come
pensate for the loss in total yleld caused by cubtting.
Lander 1942 (17) found for both arguments. The 1930=40
cycle of seasons was & @wy one 1in Indla, and under the
conditiens ruling his results agreed with Ellett and
Carriers' findings, The following year 1940-41, was
wetter and his results confirmed Aldous' argument,
Apparently loeal conditions determine the scundness of
either contentlon, It seems that Aldous' argument would
garry more welght in New Zealand.

In Hawall Wileie, Akamine and Takahashl 1940 (18)
found that Napler Cragse responded conventionally to cutbing
treatments, They found an 8 weekly cutting te 3 ineh
helght above ground level gave greatest yleld of palatable
herbage . They c¢lalmed that this degree of defollatlion was
Just sufficlent to maintain food reserves and to permit
good top growth of high palatability. ¥ore lenlent or
lese lenient treatment yielded less total palatable Teodder.
Kennedy and Russell 1948(19) with s EKenbucky blue grass-white
¢ilover pasture found clipping to #" abowve ground level each
8 weeks gave, under thelr conditione, greateat yleld of dry
matter. A8 with the Hawailan workers mcre lenlent or less
lenlent cubtting treatments ylelded less. In view of these
findings in would seem llkely that a particular severity eof
cutting will give maximum yield of palatable herbage and
another particular severity of cutting may glve maximum yleld
of dry matter, Poasibly in practice the optimum treatment
for grasgs would be somewhere between the two.

EFFRGT OF 874

3E OF GROWTH ON NUTRITNTS.

Nutrient content varlies with stage of growth. Lander




Ba

(17} in sccord with other workers found that percentage
protelin was hilghest at pesriods of least growbth. This
geans to be the general case. Bultey and Weaver 1930 (20)
noted a marked decresse in carbohydrate content under
severe cutbting conditions, @ﬁmw&&& 19%0(21) claimed that
cutting of tops reduced rootastocks of Johnson grass.
Plants entering the growing season with well devel oped
rootetooks yielded at least 50% more dry top weight than
those which lacked thiaz initial advantage., MeCarty and
Price &%&&(&w) find that the storage of carbohydrate
regserves by sra.ssges, 18 cyclic In nature, Minimum storage
gcoincides with maximum top growth, maximum storage occurring
in autumn at the completieon of secondary herbage growbh.
They state that early aspring growth is dependent on the
presence of adequate reserves of carbohydrate, 757 of
these reserves proeducing only 10% of the herbage actually
BYOWR . Sfubsequent growth is dependent on currently
sasimilated foods,. The amount of foliage present during
the normal storage perlod determines the amount of carbo-
hydrate reserve accumulated in roots and stem bases.

®
Severity of ocutting trestment 18 sald to be the ma jor
influence on quantity of carbohydrate reserves. Graber
19%1({8) elaimed that the depletion of food reserves conse~
gquent on cutting, inpllied limited root growth and so lower-

ed capaclity to reslst adverse condltions

STIMULATORY WFFECT TO TOP GROWTH OF CUTTING TREATHMENTS.

Immediately following initlal cutbings or well spsced
cuttings a rapld regeneration of top growth may be recognised.
Support bo this statement ls glven by Parker and Sampson 1931

(23%), ﬁ&@%im G, Joneas 1933(24), Hodgson 1942(25), Sullivan

and SBprague 1944(26) and Jacguee 1948(27). With cockafoot
Jones ancribed the phenomenon to the use of stored food
regerves in the white leafl base. Hedgson, with cocksfeot,
found this rapld regeneration decreased follow (g subsaquent
cubttings, Lenlent cuttings d4id not give this regeneration

to any marked -extent. Sulllivan and Sprague claim that the
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vigour of thls regeneration can be correlated with
reserve food astores, particulasrly carbohydrates stored

in the roots and remaining tops. With ryegrass they
indicate that reserves in the leaf base are used first.
Thus,dependent on the presence of reserve food material,
an inltial burst of top growth closely fellows a cubting,
the more severe the cutting the grester the burst,. This
initial rapid regeneration declines in strength following
repeated cuttings snd eoon disappesrs,

EFFECT OF DEFOLIATION ON ROOT GROWTH.

AR L

Weinmann 1948(28) under the title of "Underground
devel opment and reserves of grasses” has reviewedmost of
the literature pertinent to his subject. Nedrow (11)

claimed that little had been done on direoctly restricting

root extent or production. Weinmann conflprme this state-
ment, ¢lalming as the objeot of his review, the stimulation
of further research into root-top relationships. That

thers lg such a relationship, and a c¢lose one, ls made

clear by Parker and S son 1930(29), Jenes (24), Sprague
1933(30), Robertason (9), Roberts and Hunt (10), Jacques

1937 (31), Nedrow (11), Whyte 1944 (32), Schofileld (13)

and Nelson 1945(33%) in thelr variocus works. They agree,

and othersg concur, that frequent ¢lipping of top growth
results in poor root growth. Parker and Sampson and Nelson
fmmm% that severedefoliatlon daused reductions in root
diameters, reot ducts and root length, Jones emphaplaes
that restriction of root growth gives an effect lasting
thyough beyond the pressnt season. Jacques emphasises the
inhibiting effect on root development of defolistion mf'v@wy
young plants, preventing the establishment of adequate root
syatems, He shows that as numbers of ?&m@W% roots" increas-
ag 8o total vroob welght Increases, Roberts and Hunt clalime
ed checks, to root growth following cutting of tops, were

due to removal of stored reserves from root to tops especial-

ly at flowering time, They mention that perennial ryegrass



nag its main storage of reserves in the root system,

offering & possible exvlanstion for the generally saccepted
fact that rysgrass sitsnde gevere defoliation better than do
cockefoct or timothy. Whyte sums up simply - "it is probably
corpvect to sasy that graszing and mowing practices have the
greatest effect upon the root systems of herbage species.
Evidence is great that lenient cutting treatments are bhest

Eal sy g ooy e g
for roota,"™

SEASONAL GROWTH OF ROQTS,.

Lo R

It iz fairly definite that rmmﬁ growth is seasonal.
Weinmann (28) summarises confirmetory materiasl. At Rhode
Island, Stuckey 1941 (34} found root growth was at a minimum
in late sumrer - avtumn, with a maximur in esarly spring falle
ing ewey agein through the summer, 8he classiflied plants
into annual and perennial groupings according to rooting
abllitye Perenniel ryegrass is clacssiflied as "annual® and
cocksfoot as “perennisl®,. Yen 1947 (35) found that root
growth was sessonsal butl ftended to disagree witﬁ Stuckey's
classification of peremnial ryegrasgg, e believes that
the root system of perennial rysgrass persists for longer
than & year, Martin 1934 (36) found roots had special growth
periods snd thaet removal of tops during these periods inhib-
ited subseguent growth. Removal at other pericds had 1ittle
detrimental effect. This special growth period is gaid to

vary locally.

EFFECT OF INHIBITION OF ROOTS OKR TOP GROWTH.

Ag the preceding material indicstes, any pruning or
direct inhibition @f‘rwat growth will be reflected almost
immedistely in top growth. Robertson (9) tells of a decrease
in tiller numbers snd tiller size concurrent with restrietion
of root growth. Jaeques (31) found similer indications.

rericke 1923 (37) found that root pruning
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of wheat deereased tiller numbers in proportion to the
geverity of the pruning. Nedrow with root pruning of
grasses to 5 inch depth found decreases in top yields up

to 504. Hpencer 1941(38) with malze found the sane

result, Rogers 1939(39) with apple trees claimed that root
growth preceded top growth and continued after top growth
pensad, He found that constant exposure of roots to

light hastened suberisation, Jacques 1944(40) says that
from the point of view of increased herbage yields "no

advantage is to be looked for as a result of reot pruning."”

DIFFERENCES

Bpecles react differently te dlfferent Iintensities of
defoliation. Stapledon and Beddows (6), Parker and %%wpmmﬁ
(23), Robertson (9), Harrison and Hodgeon (12), and Lander
{(17) produce evidence in support of this view. Stapledon
and Reddows found strain differences in cockafeoot, Similar
differences due to root inhibition seem probable. Weinmann's
review seems to lmply this,

HEE OF 3071 MOISTURE

ON_ROQT GROVITH.

Varioue Tactors have an influence on root growbth.
S01l moisture is one of the more important ones, While
801l moisture affects plants so too can plante affeot scll
moisture content. Velhmeyer and Conrad 1929(41), Hendrick-
gon and Velbmeyer 1931(42) and Bosman 1936(4%) stress the
fact that actively growing plants cause molsture gradients
in the soll, masking it inmpossible to obltain an even soil
molature content. The first named workers emphasise the
naegaessity lor taking many samples in an endeavour to obbaln
a reliable result, Hendrlckson and Veihmeyer found that
roots would not penetrate a soll of 117 molsture content.
Bosman quotes Velhmeyer as saying that the optimum conditlons
for root growth cover the range from soll field capacity to

soll wilting polint, Hoxman, however, found definite vap-

iation of growth within this range. Hedrow {11) suggests

a figure of 344 moisture content as being sbout the optimum.
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The Wheat Research Institute in New Zealand (44) suggest
20% as being optimum for wheat, with the [ield capacity
of the soll cencerned belug 27%. Thus an opltlilmum solil
moigture content for each Iindividual goll seems llkely.

Webdb 1936(45) aleso with wheat found dilfferences bhetween
species in thelr abllity to produce roots under the same
dry conditions. Probably grass responds in this way.

SONCILUSTONS,

» s

{2

From the literature we see that grass growth, both of
tops and of roots, 18 seasonal in nature, Cutting of
tops produces inhibltions in reoot growth while pruning of
roots restricts top growth - the degree of restrlictiom
depending on the severity or lenlency of the treatment.
Top yields fall as cutting treatments become less lenlient
and rise as they become more lenlent, An Iinitlal stlimulus
of growth resulis from severe cutbting treatments, this stim-
ulng incresaling in strength with increasing severity of
treatment and decreasing in strength with repetitlion of
the treatment. Root growth proceeds in molist solils. For
each soll an optimum soll molisture content may exist, at

which root growth is greatest.
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{(a) THE E

The experiment conslsted of wvarlous top cutting treat-
mentg and reot pruning treatments. Pour grasses were used
- 8 good certified perennisl ryegrass, & pcor certified
perennial ryegrass, a certified iftallsn ryeprass and & good
gockafoot. |

The object was -« the investigation of the effeats of
different cutting treatments on top yield as measured by
dry weight andon root growth, as measured by the number of
new roots preduced at the base of the plant (Merown roots").
Alpo roob pruning effects on top growth were to be inveat-
lpated., It was hoped to show by pericdlc @wil~w@$%hux@ LT
terminations that Initistion of new roots and soll molsture
@@@&@m% are correlated,

| Pry welght was used as & measure of top growbth because
of lts acouracy., Standard methods for drying green material
were avallable and the egulipment for thelr &m@l%m@ﬁ%ﬁ%i&m
eould be found, Greenhill 1936(46) indicates the fallecy
of uging green welght as a measure of top growbth. Dry
weight possepdes the great advantage that one week's welghts

|

wparable with any other week's weights, a situation

reguired in this experiment.

Variation in the number of new roots initiated at the
base of the plant, was to be taken as Indlcating the re-
&@@ﬂ%& of the plant to stimull roused in and transmitted
by the "feeding" rocots to the seat of root initiatlion,
ﬁ&&mg@w in the various soil factors, including soll molsture,
were expected to glve the stimulation. ?ﬁm& when soll
modsture condlitions were sultable for rool growth a
vigorous lnitiation of new roots was expected, with the
contrary case when soll molsture conditions were adverse,
Seasonal capaclty for root Initiation was to be traced by

-

&

the e

e

r initiation of new proobs, The effect of
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cutting tops on numbers of roots indtiated was to be Ffound

by varlation between plants subjected %o diffevrent top
trentments ., It wap Telt that possibly root inltiation
might be a measure of the activity throughout the root
syaten at the tine. Jacgues {31} found root welpht ine-

creased as numbers of "ereown roots" increased -~ through

the addition of newly initlated roote,
Three worksble helghts of cutting were used, They
were in line with cutting treatments carried out at this

Gollege previously asnd possessed the advantage that thelr

=

g

fecbs could be likenad Lo ove

& :%* At

crasing, 8 common condlibieon

on eome New Zealand favrmo,. Overgrazing glves rise to

ooy

limiting factors a

=

5 propounded by Blackman (2). The

vhoteosynthetlc area of grass 1s so restericted by overgrazing

[

ohobosynthesls of plant nutrient is slowed down

appraciably. Blackman's axiom then anplies - "When a

5

process ls conditioned as to its rapldity by a number of
segparate factors, the rate of the process ls limited by
the pace of the 'alowest" factor." This applies equally
wall to root pruning.

Accordingly plants were cut te within " of soll
surfesce, to within 1" of seil surface and to within 2" of
the soll surface, These treatments were to be repeated
for two frequencles of cutting - weekly and fortnightly.
This meant a 3" ocut weekly, & 1" out weekly and a 2" out

weekly as well ag & 3" ocut fortnightly, & 1" cut fortnight-

ly and a 2" cut fortnightly, i.e. six top treatments.

Root treatments consisted of the presence snd sbsence
of a weekly pruning off of new roots, at the base of the
plant Bach root treabtment was applled to a set of top
treatments, in effect this gave 12 tresiments all told.
Thug siz plants were receiving differemt top trentuents

3

wvhile another slx were receiving the gix different

top treatments as well as a weekly pruning off of new roots,

There were four grasses to he Investigated, each with the
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12 trestments giving 48 treatments in all,. Each treatment
was applied to a slingle plant,
{b) LAYOUT .

For any experiment each treatment must be replicated
a sufficlent nmumber of times to permlt a satisfactory
statlistical analysls of results. If each treatment had
been replicated say three times then there would have been
grest likelihood that %&% results obtained were dus to
random variation, Had 100 replicationg beer used an exXe
tremely accurate result would have been feortheoming, but
at the expense of discarding some planned treatmente and

thus limiting the informetion llkely to be geined, ~Fory

plant material was limited as was the worker's capaclty,.

?
Somevwhere between these twe numbers there was & practicable

Tigurs, This figure was such that any decrease in number
of replicatlions would result in too pgreat a logs of informe
ation and any inerease in number would result in teo little
extra information being made awallable, for the work entalled.

Rae 1947(A7) when prog

ny besting rams found that the

v

optimum number of progeny for each ram was 15. This number

was adequate for a sabtlsfactory analysle of varlance, As
no indication could be gained from the literature as Lo the
@ﬁ%imwm/mmm@%w of repllcations needed with plants, Rae
sugpested using his Tigure of 15,

The experiment thus conslsted of 48

treatment belng replicated 15 times,

In practlice 1% blecis were used, each bleck containing
every treaatment once, For convenience each block consist-
ad of two rows of %X&&%ﬁg 24 treatments ineach rew (plants
ware 1'3Y apart and vows were 1'3" apart). The blecks were
lottered A to P (O was @%&@ﬁ%ﬁ o avold confusion with
figures) and separated from each other by 2'6", They were
ayranged es In Appendix I. L.e. two adjoining tlers of seven
with Block B split between the two. (See Appendix I.) it

“wag 8plit to permit the planting of two young frult trees



in the sphring of By using Blocks of

covaer of ths ares Within

this way, an even
gach block the 48 treatments were arranged by randoamisation.
Thus within esah block chance alone dictated the position
of each trestment, An %@w% rpatment ecourred only once
and at random within each &mﬁxﬁ‘v&w$%@&@m,&w& to soll

neterogeneity, soll fertility gradient, eoll molsture gradlient

ahi . he mininised,

of #oil fop m@iW%mw@ determinations were btaken

from the small area boundsd by bloecks A, B and C.

wide was kept olear arocund the plot ares,

{c)

Top growth was olipped. presented little

Aifficulty. To ensure, that as nearly as practicable,

cutting was for all leaves, care

g.aé
st
o
C%
&

in the hand while clipping it off, In this

way a8ll leaves were brought into an upright position per-

;, »

mitting an even cutbtting

presented difficultles, Attempte

ply obJective methods of meam went to reot pruning

treatments have resulted, alwost without exception, in

oy

dastructlion of

&

maberind . In this experiment the

numbar of was te be tallied

while the roots themselves were to be pruned oif, Conte

saguently the plant had to be exposed, A way

the plant in 2 position where its b could be

exposed regularly, without causing the plant's death and

without aresatl had to be

c unduly artiflcisl condlid

Tound . It wes sted that an object which would at the

one time suppert the plant ln space end deflect lnaccegs-

ible down growing roc

b

to the accessible sides, would
golve the problem, Accordingly plaster of paris lmobe,
of & ashape conducive to comparatively normal downward roob

growth, were used. A steep dome shape with a flattened
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tip was the

woe Faveured., Hooh &

placed in & hole

in the and pushed in until it w

Just bel ow ground
level. A plant was then set on each knob with its roots

avs wasg filled in

ped dowm the sldes of the knob.

around the plant, Alter o periocd shment the goll

waa excavated from sround the bagse of the plant untll plant

base, roote and half the depth of the knob were exposed,

3

Fron all the roots so exposed 6 of the Cirmest roots were

o

left, The remainder were pruned off havrd up

wiant base with & palr of solgeors,. T

facilitate subsequent r the exca

with easily removable saphagnum moss.
our to maintaln the moseg in a molst conditlieo, to stay the

plante net wind and to keep birds out, opposed 3" x 4"

cgovers of pine wood were and around

the plant, - Without exception new roote were of a whitish

tranglucent colour. Ae a result they were easlly dlstine

guishable from the six "feeding" roots which lost thelr

translucency rapidly %w& becane bhrown Sation pro-

grensed, ‘



v,
MATERIALS AND METHOD.
(a)

The grass plants used in the experiment were provided

enc}

« R

&

by courteay of the Grasslands Divislon of the D.3. & .
tontrasting gragses In general @%@ were nesded. The nost
common pasture grass on ploughable land in Hew Zealand is
perennial ryegrass, Congequently & superlier perennial
ryegrass plant and an inferior perennial ryvegrass plant
ware obtained. The superioyr plant was & representabive
of the improved atrains entering the Department of Agri-
culture's certification scheme in 1948. It is oalled
certified Perennial ryegrass in the text. The inferior
plant was represgentative of a type which has been out of
certlfication for some yearsa, ¥or the purposes of the

bext 1t 18 called Uncertified Perennial ryesgrass, The

Italian ryegrass plant wag an improved type, being above
AVers e, The cockafoot plant was snother conmtrasting
grass bype in zeneral use in Hew zealand. It was & bushy,
vigorous, narrowlsh-~leaved plant growing well under dry
so0il @wﬁﬁﬁﬁi&&%a It was a superior individual,

For @1@&@ differentiation of resulits, variation due to
other than experimental factors had to e minimised, By
bleck and randomised treatment layout soll influences were
minimised, The wvariation of the plant material could be
&@ﬁhwwiiw@ to a certaln extent. It was thought that clonal
material would be less variable than plants grown from "pure
line" seed. #Within each species all plants would have the
same penetlic constitution thus eliminating vapriation due to
genetic differences, "Pure line" seed has much greater
genetic variablillty than clenal materisl and as such was
discarded. In actual faoct seed would have falled to produce
plante large enough and hardy enough to withstand planting
out that same aubumn. As g result sach of the grass plants

as provided by Grasslends Divielon (4 in all) was used asg
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& source of clonal materlal. The plants were about one
foot in dismeter and when broken down to thelr ultimate
tillers yielded 200 = 400 tillers per plant, After
eliminatlion of undesirably large or small im@&viﬁm%l%$ the
tillers were pricked out (18th Feb. 1948) into propagating

hoxes conbaliniy

£ & free draining horticultural soll

{7 of soil 3 3 of humus : 2 of sand}.. Judiclous watering
and shading in a %&ﬁ&%ﬁ@%&@ alded early establishment,
permitting hardening off from the 2nd of Mareh onward., By
@K&m%im& date sufficlent plants of each type were svailable
to enable y&&m&iﬁg to procesd according to plan, For each
grass 180 plants were regulred, W@W%ﬁ@%%%&%@ 18 replicatios
of &&'%%%&%m&m%&w Exeept with Itallian ryegrass, numbers
permitted a further e¢limination ¢f the larger or smaller

than avera;

tillera, At planting all tillers were nipped
to roughly the same lengith of leaf and length of root,
&,

(b} &

Lol
[ e

As explaived in section III (General Method) plaster of
parig knobs were used. Plaster of paries was chosen as belng
the wmost suitdde material for the manufacture of tha knobs.
Durrant (42) explains the sebting wﬁ‘ykaﬁ%@w of PAPTis The
process 1s falrly rapid, the end product belng gypsum.

Gypsum ececurs naturally in seme solls apparently without any

partloular effect on reoot inktlation, Consequently it was

deemed permlseable to use plaster of pards as the parent

material for the lnobs, The resulting knobe, in reallity
lumps of gypsum, had the added advantage that they would
resgpond in thelr own moisture conbtent te varlations in soil

molsture content; a desirable state of affalrs where root

growbh was soncerned.
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A sharp dome shape with n flattened tip was almed at,
the dome being 13" deep and 13" dlameter by cross seetion
at its base, A wooden mould was turmed out on & lathe
and a few prototype knobs produced in it, Setting was
8low and the knobs could not be extracted from the mould

until setting was near campletion. 720 knobs were needed.
To expedite manufacture modelling clay was used, An
impresglon of a prototype knob was made in a portion of
clay.  The mould so formed was cut into four segments,
by two crosswise downward ocuts with a fine wire. The
four segments could be gently pressed together to form the
mould, and just as easily separated to extract a knob
before iotting was cuﬂcﬁod. This speeded mnufacture
greatly., A fairly stiff mix of phnuv. of paris and
water was poured into the mould, As the mix set a 4"



5

length of 8 geuge wlre was pushed into the flat base. It
ag setting proceaded. In setting ocut the
knobs thie wire was thrust inte the sell and served Lo hold

: the experiment.

A praoct

%‘@
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&=
e
gﬁ
o
3
=
oF
=
5]
1

of the white knobs was that they
provided a good background on which to view the roote.

(a)

48 has besn implied in Seetion III (Tayout) the exper-
imental ares had to be of even fertility, level surface
and easy ACCess, It had te be 1 chain long by & chain wide

(1/opoth of 2n acre in area) while the soil had to be reasone

ably free draining to permit regular working in wet weather.

& sulitable ares was located in san unplanted portion of the

Magaey Colle

nard ares, It woes reasonably level and

o

wag known to be of even fertility. It was accessible being

within half a mile of the drying ovens and w%@yh&%@ TOOM W
Ite soll was known to be suffliciently free dralnlng to
permit repular work throughout the year,

The plot was part of & larger area which had been
evenly manured and cropped with onlons in the previous
season, In the last week of February 1948 a Dolens parden
tractor, fitted with cultivator tines, was used to work
up the ground, Fouy lengthwise and fmaw crosswise strokes
with the tines followed by & discing gave & sultable tilth
to 4 dnches depth. A8 1t was essential that all plante
survive the planting out the ares was watered with a

gyrinkler in the following week, Oniong are an exhaustive

CYOT . Ag a safepuard inet possible impoverdshment

of the soll, a8 an ald to successful establlishment, and to

owing clover in

assoclabtlion with the plants, an even broadcesst drasg-

ing of 25 1bs. Blood 1l lba.

1% ewy, {%ﬁ&}wﬁ&% and 2

aCre ) wase



vpplication wag hoed in on the same day

948 ), Planting began the following

Pogs marking the ends of the rows of plants were set
up along the short ends of the plob, A line knotted at

the correet intervals (1'3" between plants, 2'6" between

and between pegs and bloecks) for planting then

g

gtrung betw

en each palr of pege i.e, from one endto the
other. AL esch knot e shallow nole was dug wilth a trowel,

A kEnob was pushed, anghor o wbo the soll at the
A knob was pushed, chor wire first, Into th il at the

&

e

bottiom of the hole, until the top of the knob was abeut
balow ground level. The knobs were previously sosked in

waber to ensure s molist enviromment for the roots of the

young plants, A 1ittle water was to each hole and

the plant set on btop of the knob with

down aboubt the knob

and after a Turther light watering the plant waa left to

&

rot. row planted was beginning with

ng with plant .24, while the lust row

an Lte axbreuen. Fop

eaasch row, one specles was planted before the next one was
- commenced with, A gulde pvlan ensured correct planting.

As mentioned previc

plants weye

the same lengih of leaf and length of root, prior te planting.

They were planted In the order that they ca from the

No dntentlonal selection was practised

other than the  discarding of the undesirably large or small

plants. The 72C plante wereplanted out in 4 daya.

()  PREAREAT

its root system, A drastic defeolia
anpplied hto such plants may possibly
given 4 proliminary out to about 13" above ground level

on the |6%h &pw&i* At this tlme 1t was found thalt & number

:«@%m{m‘»‘ AGEICULTURAL s
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of Itallan ryegrass plants had falled to establish. As

a result all Italian ryegrass plants were removed and the
trial carried on as originally planned. It was belleved
that, as all treatments had been located In the blocks by
randomisatlon the abandoning of the Itallian plante would
not affect the soundness of the eXxperimental layout. A
further cut was carried out on the 7th May, on which date
all plants were cut back to thelr experimental helghts l.e.
Y, 1" or 2" from ground level., Initially all plante had
to be gilven the same root treatment. By doing this the
difference between plants subjectedtothe experimental
regular root pruning and those not subjected to it, would
be due to treatment only. If the plants not subjectedto
root trestment had been left without the initial treatment
then & true comparison could not have been made with root
pruned plantas. Commencing on the 20th April the soll was
axcavated from the base of all the plants in order, and
all roots pruned off save six of the strongest and firmest
which were left. (Bee section III General Method.) The
8nil was replaced with sphagnum moss, molstened to ApPpProxe-
lmate soll molesture conditimas. The wooden coverg were
put on and the experiment was ready %o commence on the 7Tth
of #ay, 8 daye later,

Half of the tobal number of plants in the trisl were to
be rcoot pruned (6 top treatments carried ocut on 3 grasses,
each replicated 15 times = 270). New roots were pruned off
each week, TFor the continued 1ife of the plants some roots
had to be allowed to grow undisturbed,. These roots absorbed
the mutrlents which kept the plant alive and also probably
were the seat of stimulation for the root inltlation which
was measured. Roots to be left for this purpose héd to be
firm, uninjured and well anchored in the soil. Six was
taken as being a sulitable number,

(f)

EQUIPMENT .

For the pruning off of roets a small pair of curved

golssors was uped. They were sale and completely satis-



factory. Glippling of tops was done using sheep shears

as adapted by Narryatt and Simpson (49). OLipped herbage
was placed Iin small patty pans which were rnumbered and of
knowm welight, The pans had been punched out of thelr

trays, the trays being used as carriers for the pans.

Eaeh tyay held 12 pans, Drying of clippings wae done in
a large electrically heated forced draught oven (at
Gragslands Division) and finally in & 15" x 22" capacity

unventilated Hearson electric oven with aubomatlc tenmpere

ature control fitted,  Dried @&mwi@@ waere stored in a
12" diameter desiceator and two 8% diameter desliecators.
welghing was done on a Christian Becker @h&&m@m@@&m
damped balance, which was fast and accurate. Soll

moleture s

b

ples were taken with a 1" bhore cork borer,
the samples belng carried asnd welighed in patity pane.

Hotebooks, welght sheets and data sheets were used. A

ealoulating machine w

[

3 made use of, from time %o Llme.

Flpure 2, Chaindmptic Balance,
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factory. Clipping of tops was done using sheep shears
as adapted by Marryatt and Simpson (49). Clipped herbage
was placed in small patty pans which were numbered and of
known weight. The pans had been punched out of their
trays, the trays being used as carriers for the pans.
Each tray held 12 pans, Drying of elippings was done in
a large electrically heated forced draught oven (at
Grasslands Division) and finally in a 15" x 22" capaecity
unventilated Hearson electric oven with auteomatic temper-
ature control fitted, Dried éamplea were stored in a
12" dismeter desiccator and two 8" diameter desiccators.
¥Weighing was done on a Christian Becker dhainomatic
damped balance, which was fast and accurate, Seil
moisture samples were taken with a 1" bere cork borer,
the samples belng carried and welighed in patty pans,
Notebooks, welght sheets and data sheets were used. A

ealoulating machine was made use of, from time to tlime.

Figure 2. Chaincietic Balance.
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Figure 3. Equipment as described.

{(g) TOP TREATNMENT.

Before cutting commenced a recording notebook was pre-
pared, for each week, Recorded by blecks were plant
numbers and the treatments to be c¢arried out on each plant,
Cutting was carried out by bleecks in alphabetical order
from A to Po As stated (Section III General Method) care
was taken to ¢lip all leaves to the same level, The height
of cutting was taken from the level of the wooden covers,
The plants were planted shallow at planting out so no
serious error was incurred. The wooden covers were a
very definite level to work from whereas ground level
would have been rather hard to estimate.<

The forced draught oven was available over the week
ends Because of this cutting was carried out every
Friday, the first cut being carried out on the l4th May

1048, A ruler was used to check cutting heights, its
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usge being more infrequent as experience increased. Clippe=
ings were placed in patty pans, the number of each patty
pan beling entered in the recording book alongside the
number of the plant which had been olipped. When full

the traye of pans were taken to the forced draught oven

for pre-drying.

{h) ROOT TRHREATMENT.

The first root pruning was carried out en the 17th-18%h
of May 1948, gw%&@gu&m% pruning was done each Monday. |
It was thought that by %ﬁ%gﬁ@wiﬁg root and top treatments
the severe stress under which some of the plants lived,
might have been prevented from becoming lethal, The root
treatment involved handling the herbage which became solled
a8 a result, The period from Vonday to Friday gave time
for the dirt to be washed or blown off. As with the top
treatments a recording notebook wag used, the number of
roots pruned off each plant being entered alongside that

plant's number, The pruning was done by rows, shtarting

at A.l. going to I.24, from I.48 to A.25, B.l. to By 24 and
so on {(see Appendix I). The operation inveolved removing
the wooden covers, extracting the sphagnum meoss, pruning
off all new roots c¢lose to the base of the plant, tallying
them as they were pruned off, recording the tally in the
recording notebook, replacing the moss and finally, replag-
ing the wooden covers, This was carrled out weekly. For
detalls of the root pruning @@@m@%%am and of the experi-

mental arrangement see Figure A,
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Figure 4, The operation of root pruning,

(1) DRYING AND VWEIGHING THE CLIPPINGS.

The Hearson ovoh used for drying purposes was of limited
capacity. Hence transpiration loss eould ceccur before all
¢lippings could be dried. To prevent this a pre-drying
for 4 hours in an eleetrically heated foreced draught oven
at about 70°C. was employed. The dry samples were then
placed pan by pan in the Hearson oven a2bout 250 a2t a time.

As there were 540 plants in the experimeﬁt two fillings of

the oven dealt with the bulk of the samples, The standards
presceribed by Melville and others (50) for the drying of green
material in an unventilated oven, were conformed with. The
samples were dried at 100 - 105°C, for 12 - 15 hours. They
were then quickly transferred from oven to desiccator.

The 12" dlameter desiccator with fresh concentrated H,S0,

ag drying agent was used as the chief storage vessel for
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the dry samples, Dried grass may be more hygroscopic

than anhydrous GaCly,, but in general, fresh concentrated

HpS0, is more hygroscople than dried grass, fimaller

nh could be

desiccators with anhydrous CaCl, as drying a
shifted from place to place with eane. They were used as
holders from which pans were taken in threes and fours and
welghad, They were gm&&& enough to bo emptied quickly,
minimising the likelihood of wetting of the samples from
atale anhydrous CaClg.  They alsc provided a means of

minimising the number of times the large desiccator had
to be opened to obbalin fresh suppllies of samples for
welghing. Thus exposure Lo alr molisture was minimised.

Welghings were »

ie to three places of decimals (l.e.

to the milligramme level) as earlier workers (10 and 23

had apparently found thls advisable, Acourate differ=
ences rather than preclee absolute values were required

for analyslis purposes. Small welghts were antlcipated.
For differences to be apparent when welghte were small,

welghta had to be accurate.

{3) S0IL MOIBTURESR,

Veihmeyer and Conrad (41) stress the necessity for
taking & large number of so0ll sanples f{rom all parts of the
experimental area in order to get a representative scll
molature percent

BEe . As a large proporbion of the plot

wag to be trampled in the course of the roulline treatments,
randon sampling of the experimental asres was expected to
glve unrelliable and mmw%&ww@@m%&ﬁi§® resulis, No way

gould be eonceived of getting a F@@yQ%%Wﬁ%%iW@ get of
sanples of scll from the plot srea which would give a falr
indication of the soll molsture condltiona as they were
likely to effect the plants. At the outset 1t was realised
that any sell moisture percentages obtalned would bhe able to
be correlated with root initiation, in & loese manner only.
In an efford to get a clearer ploture of changes in soll

; o

moisture a sampling ares bounded by Blocks A, B and C w
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set aside (Fig., 15). Trampling of the ares was avoided,
Samples were taken with the 1" bore cork borer to a

depth of spproximately 2%, Ten samples were teken ab

aach sampling from s8ll parts of the area. The average
molsture content of the ten samples was token as represent-
ing the soll melsture percentage for the area, &ﬁ the avere
age depth of 1%, By sampling t0 2 inches a range of
depth from 0 « 2" ig covered glving an average depth of 1",
It was thought that sampling wuld prove of limited use
until the soll molisture dropped below fleld capacity.
Sampling commenced con the lst Sept. 1948 when the soll
began to dry oud &m@r@mxa%my and continued at convenient
&m@&wv&x@ until the clese of the experiment on the 16th
February .

Boil samples were placed in known welght pans and
dried in the Hearson oven for 8 - 12 hours at 100 - 105°C.
In thls way both wet welghis and dry welights were obtalned,
fo0ll molsbture was expressed as a percentage of oven @wy
goile Dry soemples were returned to the sampling ares snd
gently tamped into the holes left by thelr withdrawal.

Care was taken during the next two or three samplings to
avold the replaced samplen, thus permitting them te regaln
water and hecome akin to the rest of the arsa In thelr

Y

water relationghins .

(k) ¥EIGH AND DATA SHEETS

T MNP

Welght sheets were preopared. Frinted on them were
the mumber of each pan in order from 1 to 540, together
with the known welght of each pan. When each pan of
@&&@@&ﬂg@ was weighed the weight wasg entered alongslde
the approprlilate pan number. All pans were numbered.

Thus by subtraction the dry welght of the contents of
each pesn could be cslculated, By relerring to the record
mw%&@@@k for that week and the weight sheet, the dry
weleght of tops for each plant could be traced and entered

on the date sheets.



Hoobt mumbers could be entered on bthe data sheebs
directly from the record notebooks.

(1)  goupn

Nf&:w‘i& :3;& ;?z iz‘; #®

It is easy to make errors on & caleulabing machine.,
Consequently all mathematical operabtlons were carried out
twice as & check. The totals for the experiment, for
each plant, were checked especially carefully. The
accuraay of the analysis of varlance was dependent on
the sccuracy of those totals,

In the course of the experiment some samples were
inadvertently spllt. In thia way 5% samples, of a total
of 16,200 samples, were lost., An adaptation of Yates'
"missing yleld formula" (51) was supplied by the Blometrics
geection, D.8. & I.R,.

= bR 83 %Wy - 27

* T = 17 18 = 1) (w = 1)

x = wmissing yleld

B = total for the bloek containing the missing yield.

B o= 8 o " @pecles o " o ”

LR " " all treatments for the week containing the
misaing yield.
number of blecka

ot
s
3

g = number of the particular specles on the particular
treabment,

w » nymber of weeks used in the onloulation.

T = grand total dry welght for the weelks usged in the
ealeulation.

It wae thought advisable to take the preceding treatment,
the succeeding treatment and the treatment concerned into
acoount when using the formula i.e. three weeks,. Gon
sequently eeparate calculstlons had to be made for weekly
and fortnightly treatments. A treatment period on elther
gide of any particular treatment in the fortnightly series
would cover five treatment pericds in the weekly series,
Three adjoining treatment perlods in the weekly series
would oover only one fortnightly treatment pericd ab best
(1.8, two Bets of results), For these reasons "s" was

modified fram 36 to 18 and "T" from being the grand total



for the three sets of results for the whole experiment

to being the grand total for the three sets of weekly

results or fortnightly resultsa.
The modified formula used wagie

« w L3B 4 188 4 3§ - of
P A

It took into account the trend of the experiment over three
weeks, the particular effect of the speclies and the effect
of the particular week in whiech the sample was spllt, A
complieation arose that some samples were spllt in the first
fortnightly set of results. Obviously the preceding and
succeeding treatment peried could not be obtalned. A8 &
compromise the week concerned and the two suceeeding trest-
ment periced results were usged. By the use of the formula

statistically expected values were obbalned and entered on

the dats sheets, As 5% gamples in 16,200 represented
only 0.%4% of all samples, it was congldeyed to be jJjustif-
iable to neglect altering the number of degrees of {reedom
in the final analysis. Therefore summations proceeded
in a normal way.

At various stages during the experiment slx plants
died. Any results attributed to them were deleted from
the data sheets, and consequently f{rom eonsideration when

averages were being calculated for esch treatmemt peried.

@&ﬁ@@* missing yield formula was applied and ﬁh& needed
ptatistically expected values caloulated, These Tigures
appeared in the plant totels (ef dry weight) for the whole
experiment period, 8ix deprees of freecdom were deducted
from the total number possible because as they were caloul-
ated values they were conaslidered to he {ized values, They

y

could not have cccurred as the result of natural phenomena
and m%m&@wm@m%&y possessed no "freedom" .
The anslysie of variance wag done according Lo the
method prescribed by Snedecor 1@&@(%@}*
The mean square figures eo obtalined

elucidate the components of varlance a

ain by & method
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As on the Tollowing pages -



{(a) for the top treatments,
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(b) for the root treatments.

¢ 2 .
Species (mean sum of Bguares) = s +308; . égggg
‘ E R &3S

N
Frequencies ( 3 ) - gzé‘%ﬁi’z~$§‘ %%,%Eg’ia
Cuttings { n ) = %,
8x¥ { " ) -

5xG ( i ) = ggéﬁﬁggéia

FxC ( ¥ ) = gg%%ég?*ga

8xFxC { # ) . 353

‘a6g



8® = varlatlion ccourring naturally within the population

Ban Yﬂ & hal

en 1.0, within the experimental plants.
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the obther facteors It representa g vari

the interaction of cubbtings and freguenciss.

&

Graphs were prapared using averages obitalned by dividing

the totsl Yor s btrestment atb

period

by the number of plants, whose comblne went Lo make

up that tobal.

wWere prej rame way save that

the whole &x ware used,



{a) Jugt as the different heights and freguencles of cutting

fleotad in the number of roots pruned

the plants. Simlilarly, the effect of pruning off the roots

each week was veflscted in the dry welght of top cwih

removed, For these reasons, in the nee and

&

abgence of regular root pruning are includ

mente while the varying

a8 root brestuments.

e

tops are included

H “

{b) Whenever the word "specles” appears
geotion the reference 1is to the three grasses used in the
arperinent.

{c) Richens 1945(53) gives a definition of the term clone

"A group o indlviduals derived from

asexual reproduction." Thus in

garried out with three olones

rye s, Uncertified Perennlial Rye

of the fact that within esch épecles all individuals

sdltary mechen!

anch individual rather than o sach

Gonsequently wharever bhe word clone appesrs Lt should be

&

an individual, within e gpecles group, 1

understond

implied and not

{(d) vherever the bhe re

implies e per individe

wal clone" is intended.
(@)

proavallin

the particu

the a sndg bo the

grasses




A TCP TREATHENTS

Fi .
There

were split
legitimate
Table

top growth

View of plot looking from A.l. to P.48

were 540 clones used in the experiment. They
up into groups, in varicus ways, between whiech
compariscons could be made.

1 i 2 table of the mean average yleld of dry

rer ¢lone for the whole experimental period,

recorded in various groupings. (welghts in grammes).
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Table 2. Analysis of variance in top growth yields,

Degrees Sums of Mean Fe Re-«  Signife
Source of of free- 8Bquares Square Varliance lcance
variance dome Ratio Ratio
Total l533 }56,1%.5632 124,11
: - 11.72
Between blocks | 14 645,7121 46,12 1.99 |2.12 8

Between Species 6,101,7107 | 3,050.86 |131.73 |4.66 | s8
6,485.5239 | 6,485,52 |280,03 |6.70 | 53
15,003,052 | 7,546.58 |325.85 |4.66 | 88
13;876.9756 13,876.98 |599.18 |6.70 | S8

743,9607 | 371.98 | 16.06 |4.66 | 85
1,133.0984 283,28 | 12,23 |3.36 | 88

2
" Frequencies| 1
2
1
2
4
» 2| 1,150.7765 575.39 | 24.84 |4.66 | 88
2
1
2
4
2
A

" Cuttings
. Prunings
X F Interaction

%99.2702| 199.64 | 8.62 |4.66 | 88
2,484,6307 | 2,484.63 | 107.28 | 6.70 | 83
5,397.1681 | 2,608,58 | 116,52 | 4,66 | 88

51.1109 12,78 0455 | 3436 | =

38,7540 | 184,38 | 7.96 | 4.66 | 88

312,8531|  78.21| 3.38 | 3.36 | 88
xoxp " 2 600,3613 300,18 ! 12,96 | 4,66 | 88

x FxCx P L8 54,2783 13.57)253@52
rror A h) 11,249,.3266 (232 4) I

c
P
x € "
F 5
?

x Pxp "

x CxP "

S
3
3
F
F
¢
8 x Px0 "
G}
8
¥
8
E

8 = gignificant at the 57 level of probabllity.
SS. = " " " 14 ot i "
standard deviation = s = 4,81
« « Coefficlent of variation + %= 37.84 X = General mean.

variation due to the third order 1ntoraot1.ori failed to ag~fpr:o¢ch
llgnifieknco when compared with random variation (Error).

A8 such it was presumed that there was no third order
interaction and it was bulked in with the error variance,

the resulting figure being taken as errer for all the cale

culations.
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As ¢an be seen from Table 1 there were differences
between blocks, Variation was remarkably small, save when
conaidering Bleck A, Small as it was the variation was
statistically significant, 'The value given as being its
significance 1s not extraordinarily high, proving that
the area was reasconably even in fertility and in other
features affecting plant top growth, As this variation
between blocks was proportionately small, variation due
to the treatments could be satisfactorily evaluated.

Within the blocks the species contributed in regular manner
to yleld i.e. for any block coainfcat yinldad'most and
uncertified perennial ryegrass least, the differences
between cocksfoot and certified perennisl ryegrass, and
between certified peremnnial rygraaaAahd uncertified perennial
ryegrass being of much the same order in all blocks.
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seksfoob elone" yielded 16.674 grammes

of dry tepwelght @mr‘%m& whole experimental period
irrespeetive of the various treatments,

For the same peried, and in the same way, the "average

certified perennial ryegrass clone" yielded 13.0C00 grammes

@ unsertified perennial

of dry topweight, while the “avers

a8 of dry topwelght.

ryegrass clone" ylelded 8.456 gre

The differences, which are apparent, were highly significant
(see Table 2.)

Thus for the whele period cocksfoot ylelded significant-
1y more dry topwaight than dld certifled perennlal ryegrass,
which in 1lts turn was signiflicantly superier te uncertified
perennial ryegrass,

The differences between the specles were consistent

1y or fort-

irregpective of whether clones were cut wesk

miﬁ%%%y {(Fige 6.)

G.foot weekly 3 11.6 gms, Cert. P. weekly = 0,852
Uncert, P, woeekly = 6,242

C.foot fort.ly. = 21.710 gms. Cert.P. fort.ly s 16,148
Uncert., P. fort.ly. = 10,669

ficant « geae

They were not gignificant (ng % pnot s
Appendix X jas there was & highly significant species
and frequency intersction. As the number of degrees of
freedem for both numerator and denominator is small this
result cannot be accepted ag conclusive. The experimend

ned to test the major factors, viz. species,

cutting at different helpghts, cutting at different fre-

Lo

of £ of newly Initlated roots. Gone

Jary effects cannot be sccurately tested.
Further experimentatlion to elucidate this polint in
particulayr would be needed,

The dAiflerences botwoer T gant

E- o g iy s s e o T s o oS e I W p 4 s R
irrespective of whether the e¢lones were cut to the 1" level,

the 1" level or the 2" level .
‘ & Blgnificant . )
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The difference %@%w@@ﬁ frequencies was consistent
for all three specles, ®hen tested statistleally it
just falled to achieve significance (§§§¢% nearly signie
ficant)s The interaction was of large value and
degrees of freedom few in mumber. Consequently it was
thought Justifiable to may that a significant difference
between weekly and fortnightly cuttinge held for the three
apecles,

Weekly %11°639 gms. Cert.P.rys W.= 9+852 Unoert Prye F=6.242
" Fort.ly., ®21.710 oonn pomIETIR8 M " Y pel0e669

The difference beltween frequencies was significant irreaspectw

ive of whether the clones were cut teo 4" level, 1" level or

2" level.

(Appendix IIT and Fig. 6 ) (W%W ® 3),
it

" Weelkly = 4°896 gma., 1" W. = 77405 2" W. 157432
" Fortnightly % 9-573 1" P 8lA.673 2" . =24-201

The difference between freguencles was consislent irrespect-
ive of whether the clones had been subject to pruning off
of roote or not (Fig. 6 ).
Weekly cut, root Pruned = 6:320 gms. W., "Normal" = 12°169
Fortnightly ot " " = 8.961 Fo, " = 23+390
Pue to the large frequenclies and prunings interaction the
difference was not statistiocally sipgnificant under these
eonditions. Although evidence pomts to actual significance,
a conclusive statement cannot be made,

In summary, c¢lones cut weekly, when averaged,
produced significantly less dry top welght than clones &mﬁ
fortnightly. The dlfference between these two groups was
slgnlificant ﬁwrwww@&%iv% of species or cutting considerationg.
In all probability root pruned eclones and "Normal" clones
exhibited a significant difference when grouped into weekly
and fortnightly cubtting groups.
(4) DIFFERENCES BETWEEN CUTTINGS.

Irrespaective of specles or other treatment considerations,



4%,

the average tetal yield per clons cut te within %" of
ground level was T7:234 grammes, to within 1" of ground
level wag 11.0%9 ﬁm&mm@ﬁ’&mﬁaﬁw Wi%&&ﬁ 2" of ground level
was 19-856 grammes. The differences apparent between
these different treatments were found to be highly signi-
fileant.

The differences between the outting treatments were
highly significant for eamch specles in turn, disregarding
other considerations. {§§§r% 83). - Appendix III and
Fige & bvear this out,

Co 3" = 9-473 grms., P.E" s T.464 UE" = b+765

G. 1" = 1h.421 Pl = 11°164 UM B 7.5%2
G, 2" = 26-129 P.2" = 20371  U.2" = 13.070

The differences between the cutting tresatments were
gignificant for clones cut weekly or for clones cut fort-

nightly (?%w = S) See Appendix IV and Fig. 6 .

" weekly = 4896 gma. #" Fortnightly = 9573
H # & 7,405 @“ ” w 14.673
an t s 15 &3;}3 ¥t " 2 24281

The differences between the outtling trestments were
congistent for all clones grouped either ss root pruned or

ag "normal.,

4" pruned = 5.481 - §" "Normal" = 8.988
1 ﬁ = 6+600 1" " = 15169
oft 2 10532 ot " = 20181
They were not statistically significant {J§§ = not &),

due to the large interaction cuttings and prunings.
Accordingly desplte the indiecatlions in favour of signific-
ance a conclusive finding cannot be presented,

Thus, the veriocus cutting treatments permitted significant-~
ly different ylelds, irrvespective of specles and of the
frequency of cutting, The indieatlions are that the cubting
treatments did produce significantly different ylelds in
beth root pruned clones and"norpel' clones, yet it 4is not

pProven 8c.
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{e) DIFFERENCES

By groupling all clones into a roeot pruned group and
a "normal" group an average total yield of dry top welght
was obtalned for root pruned clones ?*ﬁ&& grammes and for

"normal" clones 17.779 grammes. The dlfference was highly
slenificant.

The difference in yield between clones subjeet to the
pruning off of new roots, and clones not sublected to this
treatment was significant lrrespective of species (W§$ = 5},

In another way the obvious drop in production caused by

root pruning is significant in all three species.,

(Appendix IIT and Fig. 6 ).

C.Jfoot Pruned = 9580 gms, Ceart.P.rye P. = 8.597 Urcert.Paye Ped 746
" "Hormal® =23769 oW, =l7.408 0NN w2966

The difference in yleld produced by the pruning off of
new roots was consistent for both freguencles of cutting.

(Appendix IV and Fig. 6 ).

Weekly Pruned = 6°320 gms. Fortnightly Pruned = 8-961
" "yormal" = 12:169 " “Wormal®" =23.390

Yet it also, falled to achleve significance, again ﬁm& to
g large interaction between fw@@wwéwy and. prunings (?§ﬁmmmﬁ 8.
The &&ﬁf@w@mm@& @@@%%@ to warrant signiflicance but 1t cannet
be agsumed that slgnificance would be inevitalle under any
conditlions.

The differences in yield produced by the pruning off of
new roots was comsistent for all the cutting treatments
{Appendix IV and Fig. 6 )

" Pruned = 5481 gme. 1" P. 2= 6508 2" P, 210+532

"Normal"= 8.988 1" Ne =15°169 2" N, =20-181
These differences were not significant also, {U§ﬁ # not 8)
again due to a large interactlon, cuttings and prunings,.
Probably had a more sensitive test been applled, then
significance may have followed,

Clones differ significantly in ylelda when subjected to

the pruning off of new roots and when left without this



treatment. Coeksfoot, certifled perennial ryegrass and
uncertified perennisl ryepgrass each show this in a signi-
ficant manner. The assumptlions that the differences in
yvield resulting from roob pruning hold simificance, if
¢lones are prouped elther by frequeney of cutting or by
different cutting treatments, are open to conjecture,

(f) COMPONENTS OF VARIANCE.,

Using the method prescribed by Snedecor (p.307) and
the formulse ae in Sectir-n IV (complilation of Results)
the components of varisnce were calculated,

TABLE 3. Relatlve porcentages of the various sources of

VAPriance.,
Source of variance Percentage contribution to total

variance

Between Prunings 19

CxP interaction 15
Between Cultings 15
Erroy variance 13 .5

FxP interaction 9

Between Frequencles

¥

9
Species 7
3

FrOxP interaction o 5
Sxp & @
8x0 i o

SAXFxP "

%

SxF i
SxCOxP "

ES A A

Fx0 !

SxFxC " 0

10004
The more impertant contributors to total variance may
be seen. It can be seen that the major factors (species,

frequency of cutting, helight of cutting and pruning of roots)

contribute 504 of all variance leaving %0% of variance due

to error and the 10 interactions. 0f this 504 error
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gontributes 13+5¢ leaving 36.5% of which two interactions
(CxP and FxP) contribute 244,

Thus 1t is obviously necessary to attenpt an inter-
pretatlion of the interactions.

(g)  INTYRACTIONS,

1. Between outtinegs and prunines, It was highly

significant, This implies that the pruning off of new
roots produced different effects in different culbing
treatments, As may be seen 1In Fig. 6 cocksfoot clones
cut to " level weekly when reoot pruned ylelded sbout @fﬁ
the production of the "normal" plants. But cocksfootb
elones cut to 2" fortnightly when root pruned yielded
less than half of the production of the "normal" plants .

1. Petween I'reouencies and prunines. It was highly

significant. This implies that the prunling off of new

roots produces Jdifferent responses In ¢lones oub each week

and in c¢lones cut fortnightly.

reexly Pruned = 6320 gms., Fortnlghtly Pruned = 8-961
" "Normal' = 12:169 B " "Hormal"=23 390

The @ifﬁ@p@m&@& can be observed to be different, in accord

with the result of the analysis.

111, Between specieg and prunings, It was a highly

significant interaction. The lmplication 1s that each
specics reacts differently to the same change in root

pruning treatment i.e. presence or absence of root pruning.

Gfoot, Pruned = 0+580 gma. Cerd.Porye P,# B.8597 Uneeart.P.rye P4 7h6
Y "Normal" =23.769 o =T L0% M T gLS20166

The differences apparent between pruned and "Normal" clones

thus are elignificantly different from one another,

iv. Betwesn epecies and cuttincse, A highly significant

inberaction. This infers that the different speclies

react differently to the different cutting treatments.

C.foot differences, Cert . P.rye Unecert.P.rye
Between " & 1"=H50gm, #" & 1" = 0.8 & 1" = 2-8

i
&
vt

1" & 2"=13.7 1" & 2" =16.1 " og 2"
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These differences thus vary gignificantly from specles to
spacies.

v. Between specleg snd freguency. This interaction

wag highly significant. According to it the various

species react significantly differently to the change in
frequency of top cutting.

¢.foot differences between weekly and Tortnightly =10+071 gme.
CertRrye " "o . " = 6.296
Uneert Prye " " " " " ® Lel27

The anslysls thus affirms & highly probable assumption

that these differences ﬁ@‘W&wy significantly.

vi. Between fregueney and cubttinzs, Algo a highly sig-

nificant interaction. This means that the various eutting
treatments yleld in a significantly different way when the
frequency of outting is altered.

Differences between weekly and fortnightly cuts

for " = A677 gma. 1" » T7.268 2% @ 8.849

(see Appendix IV), These figures indicate the truth of
the analysis finding.

vil, Third order intersctions. These were comsidered

to be too complex Lo warrant an attempt at Interpretation.
Any interpretation made would he one posslibility out of
several, all of which may apply equally W%i&« As a result
they were lgnored.

In passing 1t may be noted that the cuttings x prunings
interaction was hlghly significant, undenisbly so, for all

species, (.2ib. = 83),
' BxCxP

(h)  INITIAL STINULUS,

In the firet weeks of this experiment a ﬁﬁﬁmwxm&, apart
from naturally occurring seasonal growth, appeared to bhe
exerted W@&%i@%ﬁ@ in pecullar ylelds from clones under

different treatments. TFor convenlence this stimulus is
called "initial stimulus", since it has not been observed
later in the experiment. Its prm%éwm@ ig mentioned in

Seation I1. As it wag purely colncidental an analysis of
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variance of those first few weeks was not attempted. Also

the second weekly top treatment was inadvertently delayed

by some two days.

Filgure 10,

INITIAL STIMULUS
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Figure 10 illustrates the actual results cbtained and an
ideallised version of the same, The figure was produced by
averaging the values obtained for the three species. Each

species reacted in a similar way, By averaging the three



it was hoped to get a smoother representatlve curve.,
The followling points seem to he of probable aignificance,
1. At the commencement of the trial all elones were cub
to thelr correct helghte, The first week's welghings showed
that those clones cut to the #" level outyielded those cut
to the 1" level, these latter in turn outyielded those cut
to the 2" level, |

1l. It was observed that clones which had been subjlected
to root pruning outyielded those which had not, for the
first few weeks at least.

iil. After the first week, at the seaond cutting date, the
2" plants were outylelding the 1" clones, which in their turn
were outylelding the 4" clones, This state of affairs held
good for the rest of the experimental poriod.

iv. Root pruned ¢lones which were expected to yleld less
than those not under root pruning, eventuslly d4id yield lesa.
They cheanged from superior yleld to Inferior yleld at times
differing for the three levels of cutbting. After 4% weeks,
from the pretreatment out, the 2" root pruned clones mwh&i@%&
beneath their 2" "Normal" colleagues. This point was
reached in 5% weeks for the 1" clones and in T4 weeks for %
Glones., Thereafter the root pruned clones were inferior

yielders of dry ftop growth.

(1) CENERAL OBSFRVATIONS ON TOP GROWTH.
Growth was geasonsl for all three specles and fop
81l 36 treatments. In the initlisl stages of the experiment
a marked decline in productivity was a%mmmm¢ This may have
been due to waning of the rapid growth of establlishment or
of the "initiel stimulus® w%f%m%w&%%% it seemg very probable
that a natural decline in production mém&w@%@m&mw to the
onsel of winter,
Without exception late June - early July was the peried
of least growth. Production was virtually halted save

in the cases of the most lenlently treated clones., Even so

produetion was low, From mid July to late August growth
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incrensed gradually. Beptember appeared to be the start of
rapld growth, Cocksfool clones showed this rapid incressce
for & brief perlod and then resumed a slower rate of increase,
until November when they too proceeded with a very raplid
increase in growbhe. Peak production was reached at dif fer
ent tlimes for different speclies.

From esprly November to late mmw@mﬁww certifled perennial
ryegrass produced at a very high level with pealk production

ccourring within that period. Uncertifled perennial ryegross

produced at a hlgh level, though lover then certified, for
the same pericd of time as certified but with peak production
cccurring within the perliod but later than for certifled per-
ennial ryegrass. The coockefoot produced well from late
November until the end of the trlal there being indications
of a slight decline in production only.

In each case 1t was notable that the clones which had
bean subjected to root pruning reached thelr peak productlion
at least a fortnight or three weeks earllier than 41ld the non
root pruned ("Normal') cleonss e.g. root pruned certified
perennial ryegrass clones reach their peak about the firat
week in November whereas "Normal" clones reasched their peak
about mid December.

Throughout the experiment differences @@tw%mm treatments
ware obvlous, Just as were the differences belween specles.
Except for a period in August and September cecksfoot @m%é
yvielded certified and uncertified perennlal ryegrasses
m@m@&%%%mﬁ&ya Cockafoot appearsd to reapond to the spring
in a laggardly manner, Apart from a brief increase in
production in September there was no slzable response to
impreving growth conditions untll about the second week in
Noveumher., Thie sppeared to hold for all treatments.

Ryegrass responses were more gradual. Although growth
did not reach as high a peak as that of cockefoot yet

following the June - July periecd it proceeded at a gradually

increasing rate. Thus whereas November was reached before
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cocksfoot responded in sizeable measure the ryegrasses,
gertifled in particulsr, by that time had increased thelir
rate of production by an appreciable amount,. The ability
of the certified perennial ryegrass to preduce in the
transition periocd, winter - spring, was most merked,
Following peak production a decline set in Cooksfoot showed
little of 1t, even in the root pruned %w@&%m@m%m». Certified
and uncertified perennial ryegrass showed 1t to a marked
degree, the root pruned treatments in particular. The
mest lenlently treated uncertified peremnial ryegrass clones
(", 1" and 2" "Wormal" clones cut fortnightly) showed &
brief lincrease in production during January.

The treatments differed one vwith another. In general
root pruned clones w@@m&%ﬁ peak production before the
"Normal" clones undsr the same top treatment. However
in the harshest treatments (tops cut to " or 1" weekly)
there did not asppear to be such a difference. Under these
treatments both root pruned and "Normal' clones secemed to

follow a

very simllar curve with a scarcely discernible
pesk in December,

The least lenlent treatments were bhackward in respond-
ing %o the spring, In general the moat lenient trestments
regponded earliest and gmost rapldly to the spring. It
appearsg that Tortnightly cubttings and the lightest top
@m%%&m@& favour growth, in that response %o changed en-
virenmental condltiong g not greatly hindered.

As can be seen the pruning off of new roots has &
drastic effect on the production of dry top growth., Yields
wore decreased and growth response to spring delayed.

Root pruning, in general, effected an advance In time of
pask production. There were species differences with
respect to time of peak production.

The time of production of {lower é%&lk@ is of interest

here, The first flower stalks appeared on ryegrass plants
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by the 20th of October, By the 5th of November many ryegrass

clones were producing them. Between the 12th and the 19th

of November cocksfoot flower stalks appeared. Stapledon

and Milton (7) record that continued plucking eof inflorescenc-

es8 in cocksfoot stimulated tep growth, Thus the peak
growth may have been extended by the frequent removal of
inflorescences, As no distinetion between seedstalks and
leaves was made, the recorded welghings consist of dry leaf
and dry flower stalk, Flower stalks were few or almost
absent from e¢lones cut to &" and 1" weekly, Consequently
yields ascribed to them contained but few variations due to

flower atalks, By the middle of January flower stalk forme

ation was almost completed.

Be ROOT TREATNENTS

MEAN TOTAL NO OF ROOTS,/CLONE / TREATMENT

>
RIGHT-HAND MEMBER OF EACH PAIR
200 : DERIVED FROM SINGLE TERMINAL
2 ] COUNT , THE LEFT-HAND ONE BY
SUMMING THE WEEKL COUNTS.
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Figure 11, Histogram of mean total numbers
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of the 540 clones under top treatment, 270 were
simultaneocusly under roeot treatment i.e. the pruning off
of roots initliated each week, As all clones had been
randomised when planning the experiment it was possible
to regard the 270 clones under root treatment as constitut-
ing a separate experiment., This separate experiment
conslisted of teating the effects of various cutting treat-
ments on numbers of roots initiated each week, The 270
¢lones were randomised 18 per bleck throughout the 15 blocks.
Thus they could be split up into comparable groups, by top
treatment, between which legitimate Gomparisons could be made,

Table 4 is a table of the mean average number of roots
pruned off per clone for the whole experimental period,

recorded in various groupings (Expressed in numbers),

Table 4.

Method of Grouping Groups
By blocks AJATL.8 F.397+3 K.517-4
B.515+3 G.359+9 L.539-1
Ce494.0 H.350+4 M.A448.4
D.401+6 1.528.8 N,518.0
E360+4 J.51h4:1 P,404.8
By species Cocksfoot clones =355+4
; General
Cert.Perenn.rye ¢lones =585°7 |mean =
461 +4

Uncert ,Perenn.rye clones =442-9

By frequency of top
cutting

Weekly top cutting -

®397 7
Fortnightly top cutting=525.0

By different top #" top treatment 8326+5
cutting

1" i " “06'6

gy ® » #5651 +0

An analysis of variance was carried ocut to test the

significance of the differences as apparent above,
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S5 gy Tonc®d e
Table 5,
memm%w

gource of
Variance

Sums of
squares

¥ Ratio
reg'd.

Total

Hebtwesn Blooks

" gpecles
" Frequendes

" Qubttings
fxF interacion
BxG "

FxC

SxFxCc "

Brror variance| s

8y B R0

[

3, 214,792-2
1,149,374.5

-
2,432,548 .7

L

1,095, 06 668
5, 14%,068.]
By 4110
391,192.1

1,216, 2743
1,095,066-8
2,571,984

20,2055

97,7980

6,06
98. 445
886 644
0% 19
1064

7.92
089 471

25530 8&@%:&?
L

“1
18]

Standard Devistlion =

HeUnefticient of varisbtion &

The sources which falled to reach significance at the

g 111415

8

TN

b4

= 2,

09 X

= gignificant at the 19 level of mw@%@%i1§&@

14 level also falled to reach 1t at the 5% level.

The second order interaction falled to achleve signi-

Ticance

the new error term so derived being used

(a)

BLOCK DIFFER

i

NCES

and was accordingly bulked in with error variasnce,

= General mesn .,

for all caloulstions,

The differences belween blocks sre more pronounced with

root numbers than with dry top welght.

significant statistically.

Yet this

They

are highly

variation bebweern blocks

does not appear Lo be excephionally large, pointing sgain to

the relative evenness of the area in respects

plant growbh.

more, due to soll variations, than topa,.

It is understandable that roots should v&my

pertaining to

goll variation nust pass through the plant to resch the

clanven . Jatetil

#all effects,

indicate a larger variationin roet inltiation

a8 & whele.

reserves may be mobilised thus

%

Pogslibly & small variation in

Any effect due to

buffering these

top growih may

and in root grosh
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The ave: number of roobs per clone for the whole

experimental perlod, irregpesctive of cutting treatment, was

5857

for cocksfool 355.4, for certified perennial rye

and for uncertified perennial ryegrass 4429 (/
The di fferences belween the sypecles were highly gignificant
phtatisticslly. Thus from point of view of nunbers of rogts
inltiated certified perennisl rye initiasted most, then
uneertifled perennial ryegrass and fim&ijy with the lower
nunber, cocksfoot.

The differences between specles, in numbers of rootse
initlated, was slgnificant lrrespective of whether tops were
cut weelkly or fortnightly {%%% 2 8) ses Appendix VI |
Thug wiihin the weekly tresiment group significant differ-
enees occurred and also within the fortnightly treatment
X ORI 4 Prom Appendix VI we get -

&.foot weekly = 500+.0 C.foot fortnightly sH0L -8
Gert. P. rye weskly = S514+.0 (Cert,P. ﬁy@ fortnightlys657 4
Uncert,P,rye "  ® 370.0 Uncert,P.rye " 2515 .9

The differences belween specles were slignificant,

irrespective of the helght of cubting of tops {mmm = 5.

Thus within the ranke of a2ll clones cut to say 1" height,

there were significant speoclss differences. ally thie
applies to the " and 2" helghts equally well. Again from
Appendix VI we gelt =
C.foot & 22743 C.foob 123008 ¢.foot 2'=482 .2
Gert . Porye 5" =404.1 CertrPaye 1"=2517.1 Cert.irye 2"=835:9
Uncert.P.rye &' =301°0 UncorbPoye 1"23502+0 Uneert.Paye 2's634-9
In summary, rcob numbers as measured in this experiment
were effected substantially by varliations in top trestment.
There were significant differences, In number of new roots
4nitisted, between species for the expsriment a8 & whole, for
the two freguencles of cutiing the tops and for the three
different helghtes of coutting the tox Poe

(%} DIFFERENCES N POP CUTTING.

Over the whole exverimental vericd. bthe ol enal aversce
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<w:§>»§ &

number of roote initiated at the base of the plant was
FOTT for clonesa with top tresitments omrried out weekly
end %250 for clones which were top out fortnightly. The
difference between the two was highly significant statistic-
ally.

The difference between c¢lones with weskly top ocutiings
and with fortnightly top ecuttings was significant irpespective

a W -
of species. (wim. = 8},
¥4 ‘

¢.foot weekly =%00.0 Certbuaye ¥, =2514-0 Uncert.P.rye We370.0
" YRertnigdly =401.8 BN F. =6574 " T pe5l5.9
These differences can be cbserved gbove, Within each apecles

a slgnificant differsnce due to different frequencies of top

cutting may be found,
This same difference between weekly and fortnightly
groups, was found to be significant lrrespective of height

of top cutting ( w 8)- Thus for clores cut to sgy the 2V

B
FxC ,
level the difference between weekly culting and fortnightly
cutting was significant, Similarliy for the other heights

of eutting, TFrom Appendix VI we get -

&#" topout weekly =270.5 1" W &330% 2" W = 502.2
2" " fortnightly »382.4 1% § =48%.0 2" P = 7098

Thas the difference in numbers of roots initisted between
elonea bop eul weeokly and those btop cut fortnightly was highly

gignificant for the whole experiment snd significent within

each species ag well as within each cubbing group.

BN THE TOP QUPTINGS

s

&

Over the experimental periocd the averaze number of roots

initisted per cloune, per top culting height, irrespective of
sther considerations was for the ' height %265, for the

1" height 406.6 and for the 2" helght 6510, The differences
between these groups were statistieally significant.

These differences were slpniflicant for all three speciss

(.. = 8},
Suds
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G.foot #" %wwwm%WXw\ *% Gert.P.rye §"s404-1 Uncert.Paye
W 1 i @ m‘};&{‘? %g:% o it it x@% %ii* ,:%j? el 1 § 1 i mﬁ%g . @
i mw B m&&ﬁ ) it L L %?‘l M{‘g ﬁi} w%} B L ;Rw Wﬁ}:ﬁ«g% & Eg

11i. Between freguency of topeut and different top cubs.

It wag not statistically siznifieant. Fige 11 and
Appendix VI glive Indlceations that peosslbly an experiment
deslmed to test thiz interaction might give o significant
result .

i top ocut weekly =270-5 &' topout fortnightly =382+4
1" oo " w5803 " " # w&;{%ﬁfg ()

¢ . oy : Y
ﬁﬂ L] ] it W%&@%Q gjfﬂ W & “?mgg} ‘&

Uging the formulae recorded in Seebion IV "Compilation
of Results" the components of variance were caloulated,

Table 6. m&wwww%ﬁM& gsontribubion of the variocus sources to
fo%al varisnce,

gource of varliance Percentage contribution to total
” variance.

Batween top cubtting groups &0
Error wvariance 27
Retween species | 18

Between frequencles of top
cutting 11

Tue to SxC interacition 73

# k4] 9?*;3@? & ‘ G
H e 5
A O 3o " ‘ o

loo-09

It can be seen that the maln effects, notably the

variation of top cutting, contributed 6

of total variance,

while the interactions centributed only !/ This would

sugpest that posasibly the interacticns which failed to
aschieve signiflicance in this experiment ac ﬁ%kzlj might
fail to achleve slgnificance in an experiment designed

to test them.
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(g) GENERAL-OBSERVATIONS OW-RO ”W TIATION.

At the commencement of the trial all plants were
pruned back to six roots. A count taken at the con-
clusion of the trial showed an average of seven roote for
each clone which had been sublected teo weekly root pruning
thrughout the trial. In two cases where the plaster
knob had been placed unreasonably deep over 100 roots were
found Tor eadh clone,. By sveraging out any error
regulting from these two indlscretions was minimlsed.

All plants not sublectedto regular rgot pruning were
1ifted at the coneclusion of the trial and a count nade
of the roots groving from the base of @&a& plant, Many
of these roots were fine and difficult to dlstinguish.

As a result the count made was not an acarate one, in-
sufficliently accurate to warrant analysing the results
gtatistically. Appendlx VII or VIII give the appropriate
figures for the P%Q@%ﬁ%&.%&@%ly and for the one f&w&l aount
of root numbers. Fipures 12, 13 and 14 record the period-
ical @@&m%@é in numbers of roots initlated by the clones
under the varlious treatments,

Provided conditions were sultable growth geemed to he
seasonal, In all eases root Initlation started off at a
high level possibly due to an "initial stimulus", such as
sppeared to influence top productlion. It was felt %h&% in
all probabllity rcoot Initiation had been &ﬁ a high level during
the esbtablishment peried, The onset of the ¢old wetl
aonditlona in June ammﬁ%& a diminution In root initlation,
thus. contributing ﬁa this decline in root inltiation. ALY
treatments showed a low level of initiatlon during June,
the ryegrasses more so than the cocksfoot, In July root
initiation increased to a high level which was maintalned
until mid October, Without exceptlon peak level of
initiatlon was reached within & wesk of the 6th September
1948 (17th week of trial). From mid October B marked de~

erense in initisdtion was nobed untll in nld December roob
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initiation virtually cessed. Immediately following this
%%@g% appeasred to be a response to stimuli in that, from
about the 3ra week in Desember to the end of January, a
small incresse and decline in initiation occourved.

There woere spe¢lies differences in behaviour throughout
the tyianl, For the greater part of the trisl uncertiflied
perennial ryegrass initisted fewer roots than certifled
peremlal ryograss, I% responded to changlng conditions 4L n
an almost exactly aimilar way to certified perennlal ryesgrass,
but %o a lessger extent. VYariations were large in both
the yyegrasses and smaller in the cockefoob, AL about the
I2nd week & sharp peak of Initiation ccourred. A
peculiarity may be seen, in that cockafoot ¢lenes top cut
fortnightly 414 not respond to any large extent at thisz time.
Gocksfoot appeared to be able to %%&ﬁ& closer cutbing than
the ryegrasses without serlious prejudice to roet initlation .
Only the harshest top cutting treatment showed a sericus

halting of initlation in cookafoot, At the same time, in

June, the three harshest top treatments for the ryegrasses
showed halting of initiation to a comparable degree,

There were differences in the groups under different
top outting treatments. The more lenient top cutting treat-
%%m%mﬂ in all cases, permitted a wmm%&%ﬁ%w&&y higher level
of reet Inlbtiation. Imder those treatments winter slumping
wae less marked than under the least lenient treatments,

The lsast lenient treatments showed s more dJdefiflte pealk of
imi&&&%i&% in late winter and showed srmaller respongses to
variations in condlitlong than 414 the more lenlent treat-

&

menhe. At aboult the 20th week (20 ~27th Sept. 1948) a
pronounced alump in Initliation oo mmm@w This colncelded
W&%&;@ drop in soll molsture.

As gtated, those elones which had been left undismturbed
for the duration of %%@ trisl were 1lifted and a tally nade

of the roota growing off the base of the ¢lones., Thess

figures are ¢ollated In Appendlx VIII and abestracted for
d4x 111 under the heading

comparison purpeses in Appe
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"Normal". The various heights and frequencies of cutting
tops showed thelir effeet in chenges in root initistion just
as they 4id4 for the clones whoee new roots were tallied and
pruned off each week. The effects were very similar,

A notable fact was, that in only one case did the numbers
of roots, an found vt the single terminal eount, approach

c¢lomely to the numbers of roobs gobt by weokly tally of the

strietly ecomparable group i.e. comparing 2" weekly cockafoot
without root pruning and " weekly cocksfool with root
pruning. (Pigure 11), By summing the wsekly ccunts it
was found that cookefoot had preofueed the fewest rools pey

¢lone and eertified perennial the most, but hore it was

found that cockefoot had the most and certified perennial
the least. In both cases uncertified perennial ryegrass
£illed a medisn position,.

it appears to be possible to

postulate & ratlo whieh
could be used to prediet naturslly oocourving initiastion
uging as 2 base the mumbers of rools inltisted under the

experimental pruning off aystem, For the cockefoot clone

uged the ratie glving the approximate number sppesrs to bW
ebout 1 gwd;?f (1 root under experimwental weskly prunings s
O.??“wm@%@ under natural undisturbed initiation) far the
gertified perennisl ryegrass plant used 1 : .38 and for tle
uncertified peremnial ryegrass plant used 1 : 0.54, Thie
ratieo varied W&%@&w ench gspecies in the 4ifferent trestments,

ennial

Gockafoot had & range of 1 t 0,72 - 0, 86s certified pe:
ryeprass had a range of 1 t 0.37 ~ 0,38 and uncertified

perennial ryegrase & range of 1 : 0,50 - 0,57+
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S0il sampling

Figure 15
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Graph of soll molsture.




Sampling commenceed on the 1st September 1948 and
eomtinued at three day intervals (approx.) until the end
of the trial, There were depressions in the ecil molsture
curve on the 19th week, 22nd week (minor only) 26 - 27th
weels, 20th week, 3lst week, 33 « Bh4th weelk, 364h week mnd
a final fall in the last two weeks, The effeet of all of
these drops in soll molsture may be observed in most of the
root inltistion graphs, partiocularly In those representling
the most lenlient treatments, It would peen that solil
moiature was the main determinant of reot initiastion for
the greater part of the trial. Soil temperature (from
Grasslands Divigion records) was relatively constant between
10 and 15°C. until mid December., A peaulisr peak of
inftiation ccourred at that time whem & scll molstwe of

about 20% was agsociated with & sell temperature of asboub

E

22°C. A pronounced slump in root initlation cceurred in

the 19th week of the experiment (20 -27th September 1948)

Soil moloture fell st thet time from 529

Root initiastion asppesred teo fall altem
melsture of about 10 - 124, (Appendix X and Flge. 16, 12, 13

and 14)
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From the review of literature one knew that in all
probability root growth i,e, initiation, and herbage growth
414 not coineide. Figure 17 illustrates that such was the
¢ase In this experiment. Root initiation was at a low ebb

in June, as was top growth,
to increase in rate earlier thsm dld tep growih.

However, root initiation began
When top
growth began to increase at a rapld rate root initiation

began to decrsase at a rapid rate., Thus in October the

emphasis of growth chmged from root initiation to top growth,

Then in January as top production declined a minor peak of
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Ee |

root Initiastion was obsepved. In Flgure 1T the praph for

the uncertifled peremmial ryegrass clones wt to 29
fortnightly and root pruned 1s supplemented by the graph

4

or unacertlfied peremnial ryegrass clones out to 2" forte

nlightly and not regularliy pruned. This further emphasises

the differentlial growth of rocts and herbage. T™his pheno~

menon appllied to all three species and to all troatments.

4

The graph for certified perennisl ryegrass cut to 3" weekly
is that at the top of the figure and was taken as illustrate
ing the fact that all treatments responded eimilarly.

E.

Rusy

It hag been the common beliefl that more nasbture plants
1.8, those with morve leaf, are more susceptlble to rust.

It hag been suggested that & possible method of minimising

rust would be the ¢lose grazing of susceptible aress during
the spore forming period (December - January). In this
expariment rust was f@@m@ in early ﬁ&ﬁm%@yﬁ In the secord
weel in January all plants in the trial were checked for

evidence of rust and clageified arbitrarily, as In Appendix

Xi, into four groups of dif fering degrees of rusting -

rugt found after Investigation, ruat clesrly discernible,
rust extensive and rust very severe. |

There were species and strain differences, nly one
plant was found rusted in the cockefoot series and it was

rusted only slightly. The certified perennisl ryepgrase

showed less evidencs of rusting (2% clomes) than 4id the
uneertified perennial ryegprass (44 clones).
There were btreatment differences. The treatments were

arranged in order of production i.e0. from most lenlent to

leant lenient, K% was found that the most lenlent tresabe
ments had the greatest number of olones rusted. Furthermore
the more lenlent the treatment the more severely were the
clones rusted, The most lenlent treatment of certiflied
peraennial ryecrasss showed less rust and lese severe rusting

than 414 the most lenlent trestment of uncertified perennial
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YVOEPRBE In general the certified peremnisl ryegrass

produetion.

treatnente which showed rust were on & hig

lavel thom those of uncertified perennial ryegrass.

the newer perennial ryeprasses ;which

resiastant than older types.
Puscinls noronats was bthe el engourd ered,

Nin

He matter how well pl

snned an exporiment msy be, or

how many replications there are of each treat

ert, there will
glways be the Ei%@?%%ma& that the results cbtalimed nay be
due to fortultous variation. Obwicusly the greater the
number of replications the less chance there is of chance

variation belng responsibvle for the result obbtained.

However, in an experiment too many replioat]

| =

18 may lead
to a prohibitive volume of routine coperations. By taking
too few replicatlione the ehance that the results are due
to fortulbous v%w ation is great. &wmww&%@% between e se
gxtromes is & nunber of replications Wﬁww@ the galn in
aocuracy ocoasioned by taklng an extra w@w%&@&%%wm is small

and where bthe numbers are suth as Lo be werkable undey

exporimertal conditionse, Sush a mmbayr of plications

gives results with an adeguate degree of accuragy and ensures

o

that work can proceed at s decent pace, By taking

more
replications pace is slowed down by over &@%&@&%yg and by
baking lese repllostions pace la slowed downm my inacouracy.

%%%@%w and Prier 19% (54) quote a formula for Y4V,

ST Jp———. . where ¢ = ”%%wﬁwwﬁm“ t for n-l degress of

;) he wmeans of

e

1
Fegh
=
s

]

ny = number of indivi in one group

n.& mumber of individuals in other group
Here comparable groups were of equal numbers l.e,. ny = oy

Thue the fersuls as amended wag

oo
o ol T B
T o 2t 8

RO
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.
o
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Thua by substituting different wvalues for "d" the following

curves were 4rawms.
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Figure 18,8, Graphs for numbers required,
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From thede it wou

elones undey ¢onditions akin to those

experiment, and for a slmilar period of

1% » 18 replications would prove sdequate where the

differences under investigation are not teo Ting, For
roolb pruning, as carried out here, possibly 20 - 23 repllie~
ationg would prove sdequala. However as most experimanls

are multifactorisl 1% replications of each plant treatment

may give in effect, as in thies experiment, 180 replications

of 4" top ocutting, 20 replications of " top cutting carried

kly and 80 ofie If a single factor experinent was

out wes
plenned with olones, then greater mumbers would be practle-

able and so the problem would be vesolved on 148 own,.

de There was significant variation hetween blocks
{as measured by dry weight of tops).

2. There were significant differences between ¢ockafoot
sertifisd peromnial ryegzrase and uncertified peremnnlsl ryegrasc.

These Jdi fferences weére slgnificant lrvespective of whether

the slones were cut Lo the 3", 1" or 2" level.
The 4ifferences were comsistent, though not significant

X@Wy nE

well as for olones whieh had been root pruned and those

=2

for olones cut weekly and for clones out Tortn

whieh had nobt.
3. There was a significant difference between weeily
gut ¢lones and fortnightly out ¢lones,

This differeonce was slgnificant irrespeotive of whethor

the elones were cut %o the #", 1" or 2" level.

It was conslstent, though not

nificant, for all three
grasses and irrespective of whether or not elones had been
root pruned, |

4, There were gignificant differences between the

levels of cubting (3%, 1" ana 2").



Tnese differences waere signiflcant

grasses

and for &ll elones under weekly outting snd those under

fortnlghtly cutbing.

The differences were conslstent bthough net signiflcant
for all olones subjloctedtoreot pruning and for all clones
not subjested to it.

%¢ There wes a signifleant difference between clones

bleated to roct pruning sl ¢lenes not subjected Lo rost

This difference was aignificant for ecokafoot, certifled
parennial ryegrass and uncertified perenniel ryegrass.

It wag conplstent though not glgnlficant for weekly and

1y outtings as well as for each of the

.
e

iovels of
cutting (", 1% and 2%).

6. The pruning off of new roobs produced aignlificant-
ly different effects in the three culting treatmenbe
(4%, 1" and 2"), in clonss cut weeikly and in clones cut
fortnightly, as well se in each of the three grasses.

Eaeh of the three grasses rescted in a significantly

different way to 4ifferent levels of aitting (4", 1" and 2%)
and %0 @ change in frequency of oubting (weekly « fortnightly)
The three levels of cubtling produced ylields which

varied significantly when carried out ench week and each

fortnight i.e. the difference between #" ocut weekly and

&

eut forbnightly was sipnificant as wes the same difference
for the 1" and 2" levels of cubting.

i 4

T« The moin factore (specles, {requency of cutting,

level of cutting ond pruning of roois) contributed 50% of

all varisnce with error variance 13.%4., oOf the 508, 19¢

was due to roobt pruning and 1 o eublting differences.

¥

8. In the eavly stages of the experiment an "initial
atimalus® could be observed, in the wedkly ocuts, Initiaslly
& cut clones ylelded better than did 1" eut oleones which
Xﬁ turn yielded better than 2" out clenes. This stimulus

lapsed within twe weeks of the preliminery cub. Root
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e Thiore a aimificant A4 ference, in nmumbe of

.ad, between oclones under weekly top cutting
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mee was signiflcant irvespective of
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This experiment was carvied out uwn

were not natural. They 4id not spprosch the sondltiona

obbaining in the average pasture, abition

between adjacent plante (or if there was, it mus
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fix bacteria); the:

" N

i conseguant |

raturn of enlmal exorets as found on

o
ij
&
@
& "
5
é!«z
=

A4

il was removed entlirely).

%Wn

ow experiments ¢an be ¢arried out under

ié%
@:ﬁ
'«s
i‘;w
o
=
G
g}

natural or near natural pasture condltl

Yot pro gress

sracianle rate with

ETE
Wil

in this

fong b those

B felt

when ur

- o T
prachiaad

that thelr re be sudh ap L0

Mioment W hold
ulls ac

derived under those

o

natural

The re here phould be

vg% «“x \

bion of

7

L new roobs indueed

sa relationship betwe

noe unsertalin o

for |

Nt

>

ftallan rys

it was

Lnbarest Lo

suasessfully .

swah Lom

e would




q
]
7

measure, due to raln, dew, frost, ete, Likewlse the pre=

drying of the olippings was of Inestimable value. Exoess

water was removed quieckly and transpiration rapldly termine
atad. The layout of the experiment proved sdulrable for

working. A8 4t was deslgned to test the maln ef “““@wm

at various levels, cubbling www iy or ﬁ*wmmwmmﬁ
root pruning, speoles} it was thought that the lesser
affects (e.g. offect of varying the Crequenoy of cutting

on each specles rather than on the whole experiment “without
regard for specles”) would not be under adequate Lest.

This thought was borne oubt in mractioe. Further specifiec
experinents arve needed Lo test these lesser effects. Rae's

15 replicationg for sach treatmd

proved to

b

@ & conservative estinate,. For testing of the

ma jor

effects posaibly 7 or 8 replications would

ve proved

adeqguata, Poogibly 10 « 12 replieatlc

ng night have gl ven

the came information ag was geined from the 15,

Glipping Involved errors.
heights was done, of mecesalty, largely by eye

iy in the early stages a ruler was used

neral the 3" eut was

hal? an ineh, while the 1" and 2" cute were

patisfaotory.

@ Yor Lhe

happy one. neraly the end of the trisl found ¢lones

earrying roote or less, Aft the exporiment progressed
guberisation of the roots incressed and the roots became

breittla, % be bho

cht that some of the roote which appear-
od %o be living may sctually have been deady, even though ane

ehored in the

Of note was one plant which ended

E

the tydial with one root. This plant had four €illers

deriving support from the one roob.
Continued removel ard replacemnt of the ephagnum moss

led to lts disperslon, (See asppendix XIII for a recon=

atruction photograph of the experimerntal method ). From
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mid Sepltember 1ittle moss was found around the plants,
The addition of moist moss was avolded. It vas felb
that a false level of inltatien may have been induced by
faulty waber relationshlps in the moss, It is resnlised

mogs been kept in a shallow trench in the =il

1L moleture ds

268, repulsr

savities f RN WO 8Overse

proved toe be sultable.

ue Lo divers genetlc makeup was
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gver, the lllers broken out of the parent
plants ware not even. By trimming top grovth snd roob
growth & mensure of control was galned, The width of leaf

and sbsorptive capacity of Mw Tama @%}% rogh s could nob

be standardised,. A8 & result photosynthetic ares and

absorptive roet ares varled glving ¢ sre an indtlal

Also some Hillers *mwg cantre of

aicl may heave been furbher advanged in

thelir devel cpment than the lmmaturewuter tillers, B

these froure lire" seed and

¢lippings was influenoed

on the botitom of the Hesra«

fnvolved

plllantion of carbohydrates unioubiedly occurred

of dry welight, They were

ware 1

ways and sube

srn lysos

werey without

PO e, B g g
Thersfore
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ut even when error veriance or varisnces due Lo uncontrolled
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e dn Inibtistion is

caneral incresse in

root growbthe The writer belleves this 1le so, but further
axporimentation is required to ¢larifly the polint.

A8 expeated the three grasaes varled allg

htly in thelr
seasonal top growbh., They varled in their ability to

withetand ¢lose freguent eubtting. The poor certified

parannial rasg wes poorest in all reapescte. The pood
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VIX.
G ON

The objeets of the experiment were to diseover the
reactions of different speeies and stralns of grasses to

various geverities of leafl removali to attempt to follow

seasonal root growth by observing root Inltlationy and te-
find the effect, 17 any, of soll moiaturs on root initlation.

-All three were achisved in greater or lesser degree.

It is eoncluded that the pruning off of roote is the
ma jor inhiblibor- of herbasge growth, while the severity

of the cutting treatment hag a greater effect than the
frequency with which it ls repeated. Each speclies differs

but to such an extent that until a careful msnmement policy

is adduced the same relative production maybe obtalned by

o

uging any ome of the three grasnes,

The severity of the cutting treatment lz the ma jor
determinant of root initation, Species Alffer in thelr
eapacity for initlatlion but the severity of defellation cute-
wolighs this consideration. The frequency with which the

cuttings are repeated prove important bt not cutatandingly

so, the saverity of the out belmp

inhibitor of initintlion than the

repeated.
Tep growbth is definltely seasonal while root growth
as measured by root inltistion appears to be seasonal.
Seil moisture does play an important part ss a
determinant of root initistion but is not all inolusive in

ite action.

Rust attecks the more leanlently treated plants and the

morae susceptible plentse.
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Dry weight of tops.

- BYHOPS

0. P. e Gensral
Averages
pruned | 9580 82597 T-6h1

Hormal

;23’ ?%%

17403

17779

i cut| 9475 | 7.6k | be765| 7-234
1% cut [1h.u21 | 11164 | 7-532| 14039
2% gut |26.129 | 20.374 | 13.070| 19.856
weekly [11-639| 9.852 | 6-2u2] 9-2uh
CFor - st # g f B .
nightiy21e 710 | 16-148 | 10-669| 16-176
General ‘
oversll|16-674] 13-000 | 8-486] 12.710
Ve
ages

I8 OF AVERAGES

Ho. of rools pruned off

averages

Pruned Hormal general

Averages
C. 355.4 278 31504
B, BBE=7 D20=0 HOZ-9
u. 1442.9 2380 0.5
%ﬁ cut 326+ 5 1757 25044
1% gut LoE-6 2277 247-2
2% gut 654+0 2314 491-2
e 397-7 198.1 2971
B ara . o1 108
:g%{ out - §“ gﬁ%’ ] O "§

General

overall 1161+ 44 2hl1.3 352-8

Tdav

%

b agitli

fod
1
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ALL CLONES USED IN THE EXPERTHMENT.

bry weight of tops - grand totals.

Tresatmant
Averages

183-427] L.076

freatments . . Totale

8L T77-182

e
#H
=
&
)
Ll
il
M
o
LY
sl

: Averages,
iy 858860 T 2212 LG.a908) 2 # 28 % 8 A
toti, | 85.8641 101-495|  49.908| 237-267( 5-273 C. = 16.670

2.%., | 191-720] 150-908| 89-891| 432-519] 9-612 Feo= 12009
§.7F. | 128.801] 117-473 T 63-567| 309-6h1| 6-885 Ue = G50
1.%F. | 148361 1uL-759|  91-432) 384-552] B8.546
2.7F. | 233.602| 181.868] 99-877 515.367| 11-u53

3" = 7.234
1% = 11-039
2

2" = 19.856

Weskly = De.2u4k

Fo™w. | 110-121| 82.038]  65°028| 257:187| 5°715 Fortaightly = 16176

1%, | 177-745| 137°935| 113-532| 429-212] 9-538
2."a 408.23ul 337-122] 211-0418] 956.37h| 21-253
3.7%. | 255-642| 171-175| 124-876] 551-693| 12.260

53.262) 285.663| 197-07h| 936-019| 20-800
2.%F. | 734-177] 552.358] 383.391] 1669-926| 37-109

TXIONHAAY

3

Pruned = 7-6i1
?gi%”:f?%i = %?% ?‘?g%

o

£

{

18 P,

<
%

)

3001-363| 2339-996| 1522.025|6863.36L] 12-710




COCESFOOT CLONES
Dry welght of tops - totals for experiment.

%ﬁ%ﬁ ' ' - ' ' ‘ , k TyestaeTn
) 3 7 2 § 2 S }f; Y E’f % ?f ;; 2 - T
mente A B {}e B ] @ i ® i N L E«i; e % P &ﬁgﬁlgé?% o8

$UW. | 30658 | 5-230| 4a327 | 4oL93| 3438 | 6-105 Leh32| 3-879 4o0B6| 737k L-8OL| 6+1k2| L-859 | 5-208| 5°779| 73'31k] 4921
|49, | 3+643] 6+606| 6-635| 3-503| 5-231 | 6.629| 3°9BL| 5°87u| 7°135| 67169| 7-683| 7332 320 | 5-729| 5-382) 85-86L| 5°717
2%%, é%‘?%é =16l T7-209L (16°730 ?igg?ﬁ 11-431]20-940 | 5°78L116-688115.-984 17-347 9+93Y4] L-561 [18°66L| 6+909 %ﬁ’?ﬁ@ 12° 761
L9F. | 6-420]40-130] 127109 | 7°492| 1k L3l | B-521| 684D | 9-781| Le761| 7636 B-71k| B-782] 9-30 | 9646 | Le531| 128-801| 8587
107, §°§§§ 19-626] 5-529 10408 ?i;%?9 §§'§§? é‘i&%y 5963 10-905 (11904 13-192 (11°128] 11-7h42 | 7°L09| 6-166] L& 361 9-691

SYF. | 9-36l| L-950| 23+882 13611 20-796 [15-431 13.352| 9°005] 29424 [14-977, 8-071 [13-778] 13.730 11-883|39-318) 223-602(15-573

itW. | 2372 7+155 12-394 |11°458] 8.Lh5| 7-713 Le289| 9+305| 8-92L| L96L| 6247 [12-087, 7-374| L-560| 2.837 110-121| 7-341
199, | 12°901] 14615 13°683/13-697 14-039|18+389| 9-284 |10-828 11-543|12-803 11-445| 9440l 107208 | 9-057| 5837 177- 745 |11 -850
290, 115615 26-165 21650 18-529 3L-=46 225§§§ 3188129306 27-377136-006] 30°822 23.018] 32-707 (32,216 23751 10523 (27-216
4P, 1132537 15328 9-4iy] 23-236 15-489|12-923 19-088 2%*%%% 15°94023-950 15+130 |26-082 14-887 115-L70] 5-288 25-6L217.043
27643 34609 3595%@ 2?°§2Q7&§*§2§ 25449 36.926 32.805 2?*%3' h0=409129+923% L1-80L %é'%§§ 23- 70k L5% 282 30219

s
&3
et
¢

il
%

N

o
&

21F. | 60-340| 55°903 36.758| 20+ 774 59-162| 35-530 71-422[L9-528 42220 35924 64566 | 584642 5591k [40-291| 50-209 731177 | 48-945
t Hean

0T %5 16-6 70

pruned = 9.580 3" = 9473 Heekly = 114639 - i

Normal = 23-769 1" = 14421 Fortnightly = 21.710 < g

2" = 26-129 %

2 g

]




CERTIFIND PERENNIAL BEYRGRASDS

CLOWES .

‘ Dry weight of tops - totels for experiment,

“éﬁzfz A. | B. ¢c. | ». | E.| ® | e | H.| I .| k| L) m N. ?,'ﬁsggzé%zizzzg
$UW, | 1+938 | 7-386| 5°906 | 3-712 | 5+809| 4°607 | 7°609 | 5-459| 6°130 | 5°302| 6°627] L4-386] 3-142| 5-50L| 3:665|77-182| 5145
190, | 5-479 | 6-563| BeLhb | 5°237 | 9+Lk9| 3°3L0 | 7745 |6+747| 77757 8-760| 7-704| 5-643 B-217, 8-026] 5°LAL|01.495] 6-753

Jotw, [ 87588 | 6311 [1330L | 5.130 | 6-001]10+915 {11536 | 8-187|17-738 | 9+495| 6-319 11,169, 10-153 | 9-336| 11+1:26 |150- 908 10064

[3uF. | 1-60L | 9-432] 6779 | 8+147 | 6-079 L4+053 | 3°062 | 7°567| 8-79L | 9-325| 6-960) 9-392| 114731 [10-155 6393 M7-LT3| 7831

(19F. | 6-630 | 6-846 |10-141 | 5°623 Nh-11k|12°455 [12-934 | 7-194[12°205 | 7-558| 8-830| 9-276) 11-7h4 | 9-5hls| 9-666 [l 759 | 9651

E 2UF, [15-462 | 8+875 10491 | 8-559 10-612] 9-150 | 9-900 | 7°299 |17-052 1§‘§8@ 181466 197092 3-721 10-858| 12-350 |181-888 |12-125

Jgmw. | 3-h72 | beb72] 70753 | 5-627 | 5.276| 8-588 | 4899 | 5+021| 5-592| 6811 5e07l| 2-60 6385 37722 6°542|02-036| 5-469

(12w, | 4983 ] 7-810]12-330 | 9-739 [10-216] 9-378 11475 1553 87706 | 7°830| 8-68L |10-425| 12-634 | 6-080] 6-092|137-935| 9-196

i 20N, |16+806 [26+622|26°902 17541 HB- 79l 22701 |25-142 R9-205|19-365 |28-00k |19-467 | 20+688| 26-288 19-452| 17-155 |57-122 | 22- 473

E IR, 175.110 [12-611] 9-05k N6.289 | 9-255|13-922 32260 {11369 13722 [15+955 |1l 734 |12-606 11952 | 9-325 7-01h 471-175 |41~

{1147, [14-085 [15-607] 23572 [15-650 15-935| 6827 [23+805 620031255 20595 |15 755 | 22-035| 15-166 |22-116| 16+ 1462 285663 | 19-0Ls
DUF. 130-465 [21-021s| 25+ 769 30+ L0k [23-083| 39-859 [u3-951 [55+305 |- 559 |36+493| 34628 | 10+298) 33-240 |40-907] 50-263 552 355 36623

23P5%
pruned = B8-597 1% = 7-L6h Weekly = 9.852
Hovmal = 17.4L03 1" = 11-164 Forinightly = 16-14L48
2" = 20~ 371 )



gl

gg ;ﬁi %’39 §3§ é%a %, %; E’%&s §§ s 54’ g’:% Zi?g %%ae ggs %?%ﬁ% %

"W | 42772 | 40165 2.231] 2.324 | 4-588] 2479 2-048] 1-800] 3-2950| 2-801| 1°962] 1-218| 2732| 2-836| 2.486 32431 | 2-162

2-764 | 40921 3:403| 5125 2:L54| 3.349| 2:375| 4:005| 4=529| 2-007| 4-30L| 1°967| 3°707| 2-468| 3°290 49908 3327
Z ,

o 5 o, T g P O,
. BT
i Qgﬂé el

7-728| 8+489| 3°952| 5eLol| 1°807| 6:760| 2-258| LesOh| B-86L| 5-258| 3+40L| 7°358| 5°0L0 | B+166 |10-898 89-891 5993
L-631] 5-260 14=065| 316l 4228 %éﬁﬁﬁy 3.840| 6v421] 3-995| L-735| 2123 L+263| 34338 8:97h] 379k 63-567| L.238
6+000| 6-9h9| 5-428| 1-670| 7-670| 4-577] 5-9k| L-009| 8¢79l| 7+14k|10-517| 6-338| 6019 | 6176 | Le3u7| 94+L32| 6-09%
8-217| 27603 8169 5-379| h4-203 %f%}% 5.942| 9-270{10-407] 3-533| 5-u462 6-825| 8-L2y | 5-087] 6-822| 99.877| 6-658

T e

1-062] 4-320] 4:920| k.230| L-650| 5.087| 7-247| 5-928] 1-623| 4403 | 5:095| 3°919| L-333| 3883 | 4=328| 65-028 | L° 33

6-%380 7-60U 6°561] 6-466| 7-5676! 8-653| 8-718] 6-830] 7-403| 8608 6°706 110016 8068 | 6°572 | 7313 13532 | 7-56¢

8877 9+635 167965| 10+ 3u5|13+236| 15505 13-485| 14°919) 19+12l{17-325 [19-073 20888 |10-955 | 9-887 10-796| 2H-048 |14-06¢

| 6°uB5 5079 13+827| 7-875| L-2uB) 852413989 3+3u7| 6°366(15+232| 9-940 | 8:700| 7+342| 5:439 | 8483 VU876 | 8- 320

8°81f 10°541 16-50k4 8+038|18-047/19.505] 8780 17-1920] 7155|11°466 [43-025 1213621 9-860 [15+165 441692 D707k [13°13¢

Flamte® i e L

02
19°437 12:863 22-048] 41+533| 29:915| 50+971 22209 15-516| 25°689 26608 (26756 |26°197 |15-422 [28° 240 [27+985 §%?3§@ 25+ 55¢

4 @ﬁg
Pruned = 1= 7h6 / %ﬁ” = ie ?‘é@g ’ Veskly = beZ2L2
Hormal = 12166 ¥ = T fgﬁé Portnightly = w%’f?

2% = 1307




Pe

N

¥o. of roots pruned off - grand totals (of cumulative and terminal gounts).

ALL CLONES U

e g
o

SO

eRr RIS LY ITT
I¥ THE EXVED

RIMIT o

Top c g mataig | Treatment
Treatments =° ge He Fotals Averages
EARNE 3328 | 5321 | 35e5| 1247 | 270°5

1* 0.

L6168

14861

330°3

2%.W.

8505

26651

552-2

3. F.

5505

17209

3824

1%.%,

7169

21735

483+0

10542

31959

70948

2" . F.

§2L,57

1714

1997

1336

2454

3012

1817k

T

L1206

274°9

2775 |

3166

2138

3578

- 3683

2741

P P, P G s PN S W I

5916

53h0

17L60

58840

5956

190,525

Averages

Co = 3554
Po = 585-7

g@ iﬁ%g’§

LM.= 3265
06+6
6510

]

"3
I

Yeekly =
Forbe

7
nightly= 525-0

f:;# = 2?&%”%
P. = 2%@’@
U = g:ﬁ%‘g
J= 17307
in 2 227.7
28 o FRfely

reekly = 1f

Tyt

nightly= 291-9

Pruned (cumulative aversge) =
Hormal (terminal average) = !

R T L N W .

13, »
G

55 g7 B S 0 g1 D s St i s

G = H15+1
P. = LO2°9
ga = 353533;%

= 2501
: 31772
£ - 5@{3%*2

IOV I -
#

weekly

Portnightly

I

&

K:N o

B

#
L7 e

LR
By
gvxi’ﬁﬁ {’@

ATANEAIY

e

TA



198, 311 326 409 430 227 345 275 186 Lo 266 36k (207 182 336 4618 308+0
“
NUMBERS OF ROQTS AT THE BASE OF CLONES.
Glones root pruned throughout experiment.,
gﬁﬁ? 40 |8 {o. |p B R Jo. |H | I |9 |E | L. M) m | b ‘“mwéggigig@
Lo, 188 | 231 |295 165 |176 |24 23h 10 153 | 338 212 | 235 |21 | 196 223.0

1M, |265 [354 |272 235 (233 | 149 212|358 |291 | 272 264 | 272 | 102] 3974 | 265+0
ovw. L3 443 | 304 |01 [ 384 | 377 (253 [329 |515 |409 | 713 [ 585 |356 | 463 | 674 6607 | 4kO+5
4o8 | 338 | 297 |280 [326 [281 198 (127 |327 |2u jeoz | 555 fous | 361 | 312] ugo1| 327-0

331

L5z

604

251

waliv § Bfs
L
it
£ 4

w2
e
£

173

B
&5
e
s

891

w3
&

v 3 e

L9k

il
o
o
&

569

Th3

286

203

2?5 113

abhy 3525

809

130

266

201 a8k

NN
336 bo1

continueds . -

Averages
0=355-4
U=hili26

$"=326-5
11406 -6
gﬁﬁégégg

Weekly =

3977

Fopbe

nightly=
525-0

*ITA MIANELLY



Trantuend

Treste A | B. | . | .| B | F.| 6| M.l I.| .| K| Lo| H.| .| P, Totals|,exttol
2%, 680 | 756 | 722 | 475 | 187 | L28 | 281 ) L2t | 760 | 587 L6t | 798 | 3ug | B371 758 8505 |567-0
T9F. | 2ok | 562 | 319 | 138 | 206 | 350 | 356 | 270 | 389 | 19| 340 | Lok | 460 | 624 | 334 5505 |367°0
19F. | 548 | 54k | 612 | 321 | 248 | 457 | L3h| 277 | 580 | 531 | 539 | 596 | 643 | 63h| 268 7169 |478+0
2tF, | 821 | 559 | 816 | 782 | uBS | 661 | 459| L2k | 856 | 795 893 | 686 | 698 | 658 94g 10552 |703.0
8493 (9276 {8892 7229 6649 | 71 §~§ 6L78 | 6307 |9516 | 9255 9314 %‘?{é,% 8071 | 9323 | 8906 19,567 |Mean

L6136




BUMBERS OF ROOTS .

THE BASE OF

ed during experiment.

Clones not root prun

Ac | B. | Co | Do | Bu| Fa| Go| He | Io ! Je | Ke | Lo | Mo | N. | P.|Totals izigﬁ?

177 | 213 | 209 [ 217 | 210 | 129 | 62 | 242 | 216 [105 | 81 |189 |100 [138 | L5 2303 | 1535

213 | 190 | 238 | 492 | 190 | 350 | 123 | 248 | 249 1175 215 | 161 14132 1468 | 741 2955 |197+0 i{”‘zﬁ&

227 [ b2 | 347 [ 261 | 370 224 | 349 | 316 | 321 (284 (311 | 145 | 286 | 303 | 356| hb542 | 303.0 P=22040

245 | 352 | 170 | 235 | 310 | 147 | 263 | 343 | 198 |275 |267 | 278 | 268 |232 | 74| 3657 |2hh0 0=238:0

275 | 515 | 301 | 337 | 31h | 380 | 377 | 307 | 340|416 |332 | 307 | 377 | 246 | 251] 5075 |3B-0 | jemsai:

525 | 529 | 497 | k93 | 555 | 209 | 298 | 390 | 330 |2hz |502 | 369 | L3k |63 | 388] 6204 [mis 5 |2 =23t
| | Weekly=

127 | - | 226 |152| 98] 138 | 108 | 1LO | 181 57 72 | 83 153 [ 137 | h2f 174k [422°5 ?Q?zfg

189 |26 | 113 [ 475 | 45| 225 | 454 | 215 | 85 | 9k [132 | 198 | 90 [400 [ 57| 219k | 1460 nigitly:

336 | 526 | 336 | 334 | 255 237 | 254 | 224 | 157 |218 (202 | 232 | 153 | 132 | 225 3621 | 2h1-5

160 | 173 | 226 | 281 | 207 | 265 | 1Lz | 289 | 205 |167 1177 | 127 | 162 | 101 | 93 2775 | 185.0

220 | 182 | 352 | 30L | 290 | 115 | 202 | 286 | 380 250 159 | 231 | 235 1176 | 196 3578 | 238-5

575 | k95 | 382 | 97 | 3351 BA7 | Li5 | Lok | Wik 1250 302 | 273 | 23h | 555 | 509 5916 | 39k 5 >

89 | 221 | 182 | 199 459! 108 | 130 | 122 | 74 {465 {404 | 98 |16 (422 | 111] 1997 | 433-0 g

307 | 194 | 190 | 236 | 271| 278 | 180 | 80 | 233 |132 |162 |233 | 154 |162 | 200{ 3012 |201°0 <

26l | 265 | LO7 | 358 | 297 | 288 | 187 | 336 | 206 {194 |256 |Lui1 | 240 | 236 | 261 4206 | 280°5 H

239 | 155 | 616 | 257 438| 4uh | 202 | 96 | 241 |278 |237 |10k |123 |177 | 179] 3186 | 212.5

continueds



P R

Treat-y 4. : B 3. 3 1 x oy . . N PP [Treatmen
ments, | ** B. c. b. Lo Faol  Ge. H. I.. ds ;1 Ko Le. M. | H. P.j Totals Averages
%P, 256 2z2h { 552 | 216 | 261 2131 216 216 196 196 2u8 261 191 24l 193 3683 | 245-

1, =
2¢F. | 10| L56 | 382 | 6uB | 473 | hah | 272 294 335 | k0| 353| 257 | 286 53k0 | 3815

m«
sl
L
§

uo

Potale|L732 | 5178 | 5726 5392 (L4858 L4289 | 391k | 4568 [hh31 | 3507 | 4ook | 4160 3801 | 3769 | 3537 65956 | Mean

2l 3
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Sigmificance of Winoy

G20 N8, w - 1744 ~ Hoarly
gxy slpnlficant.

2
&
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-3
e
%
f |

280 8.

e . 7
5430 NS, e ®  2.61 NS,

83
&
Ed
&R
-
.
@
By
&

oW Bhel?2 G,

Y o ik o gt
%780 S, e w 550 NS,

L. ®  5.14 NS,

5.0l 59,

2217

Intermpotation not attempted.

i
o
0
&
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teats proved to he none-significant.
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Soil Molsture Determinations,

So1l Molsture percentage = (WOt Welght of soll - oven dry)
i e & welght of s0il)y 100

e

oven dry weight of 8011

Date Fercentape Date

1. 2,48 273 16,11.42

8y 9.48 317 2011 .48
12, 9.48 20+0 26,11, 48
17 9.48 237 B0.1L 48 262
19. 9.58 224 bel2 483 241
22, 9.48 24 V Tel2.48 26°9
29, 9.48 27°9 10.12,.48 11+6

Bl AR are2 14 .12 .48 2%k

610,40 Q68 17 «12.48 157
10,1048 25«8 2041240 220
13,1048 217 2%,12 .48 166
16.10.48 206 28.1 2,48 100
3&@@%«&%'9%%%: o ‘ ﬂg‘.%%@;@ﬁ% 4 11 @“@:{*
21.,10,48 2040 h, 1,48 " 1545
o8, 10,48 27
2T10.48 26T 1le .48 1%+1

141348 267 14, 1.40 150

Bekl o 48 172 10, 148 2 12

Fell. AR 175 26, 1.48 16-0
10,11,48 206 B0e 1.48 158

13,11,48 1948 Os 2448 9+6

i2 semples of the experiment~
al ares on 9.2.48 gave a

soll molsture percentage 124,
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APPENDIX XII,

Humber of observations requlred to give signifleance to
various differences.
- with reference to clonal materisl of the same variation and

to experiments carried out under very similar condltions.

Tops. Roota .
Nol.o0f observations » No«of obpervations
reguired ragulred

Differences | for signi= | for signi= || Differences |  for figni~ | for i~

in greammes | flcance at | flosnce ab ’ in numbers flcanee at | fleancead
« 14 level | 5% level : 1% level | 5% level

e R t =2 tow % tow 2

100 41649 1853 20 8354 ITLe3
125 2668 118+6 30 .. 713 165+0
1:50 . 1852 82.3 do o 208-9 928
463 13347 59 <4
250 667 29+6 n 60 928 B1.3

LB

i

&

200 1

o
-
e

5
o

3-00 463 2046 80 520 2% .2
400 2641 11+6 “ 100 334 14+9
5+00 167 T+h 120 23.2 1043
6+00 116 5e1 140 17-0 76
7400 8°5 348 160 130 5.8
8-00 6-5 2.9 180 10°3 56

Q=00 Be@ 2% ” 200 Bl BT
i

1000 beg 1.9

8

220 ~ 6.9 Bl

12«00 29 - 240 & a8 -

a2 3 23416 82 = 18564

There were 14 degrees of freedom (15 replieations) giving

t {at 1% level) ® 2977 .,nd t (at 5% level) = 2145

for convenienge ¢ (1%) = 3 ¢ (S5%4) = 2



APPENDIX XIII.

I1lustration of a reconstruction of the plant in ita

relationships with experimental material.



APPENDIX XIV.

Individual clones representative of each treatment.

Cogkafoot clone, cut to 3" weekly, not root pruned./C.t.l.p.

c.%.l.-_./ascksrm ¢lone, cut %o 3" weekly, root pruned,

001.1.-. CQltlopQ

Conlo-o Coaolopc




G.&.E.-. C-#Ja.p.

Cole2e= 001020p0



CeRe2aws

G¢2¢2.p‘



tert, Perenn.rye c¢lone, cut teo

5" weekly, not root pruned. PefreleDe
Pebalewe Cert. Porenn.g{e clone, out to
3" weekly, root pruned,

Pslelew, Pelideme

Pe2slews PeRelaDe



Peli2ee Pole2ePe




[+

&

&

g
e d - » E)
- 5 ®
4 w.o ~t i
- e - o
s £3 F x

£ |

Pa B

£%

$

g,

ol
Q »
o
oy
8E
®w
Bg
- »
£ B
ﬂ -
£ = 4
Q = o
> >
.m "
M'
ban

\,u._A \ T; Wf

FEADA




.

Uoloao‘c

Ue2e24%y

Udlgaipi

0.2.2 QPQ



As stated in the Result section, top treatmente sre
included as root treatments and root treatments as top
treatmenta.

¥henever the word "average" appeares in the appendlices
one" is implied. |

Certified Perennial ryegrass ¢lones
Uneertified Perennial ryegrass ¢lones
tope were out to within #" of board level,

o L " L " 1 " " L "

ﬁ.ll
1“
aﬂ L " gy " " aﬂ. L L "

W *  each week

® % . ovinign

Pruned eclones 1.0, clones subjected to regular root
pruning

Normal elones 1,2, clenes not subjected to regular
root pruning

Thus in APPRENDIX II:
teleps denotes a clone cut to 3" level, each week,
gubjected to regular roct pruning.
2.2,+, denotes & slone eut to 2" level, each fortnight,
noy subjeeted to regular oot pruning.
APPERDIX IV:
"W, denotes a elene eut to }" level, each week irre-
spective. of other considerations. '
1" F. denotes s clione cut to 1" level, each fortnight
frrespective of cther considerations,.
APPENDIX IX:
In this \f.ammxnx ¢ & cuttings (L.0, ", 1" or 2" level)
? » pruninge (1.0, presence or absence)

F 8 freguencies of cutting (i.,e. weeily
or fortnightly)

8 = gpecles (i.e. cockafoot, cert. perenn,
rye and uncert. peremm, ye).
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APPENDIX XV {Cont.)

&

THDIX XIV:

Thess phobograpns, which ars all on the sane scale,

i

$1luptrate Whe curulstive effect of the aifforent trent-

L

mente by the end of the oxeriment. The nlants 1llustrated

¥i

are all averace oy near averare {for thely particulsyr trenbe

manhs
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