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A, INTRODUCTION:

"The roots of plants are the least known,
least understood and least appreciated
part of the plant,™

Weaver and Bruner,

The fundamental importance of an extensive, well
developed and healthy root system cannot be over emphasised,

It must hold the plant firmly in the ground, provide a large
effective absorptive area through which ample nutrients will
become available for growth, and, by penetrating deeply, or
by building up reserves, it must protect the plant against
the exigencies of a dry season,

The study of the roots then, important as they are,
would appear to have been unduly neglected when one considers
the amount of research carried out using as a basis some ahove
ground feature of the plant, In this connection W,F., Loehwing
(1) may be gquoted - "As one surveys the monumental literature
dealing with crop production, the small fraction thereof devoted
to roots and the absorption processes seems entirely out of
proportion to their importance",

This state of affairs may emanate from the failure to
admit the possibiiities of investigations of the roots or may be
due to the difficulty of studying them, but whatever the cause
it is very noticeable in the case of many of our pasture plants.,

These have been the objects of intensive breeding and selection



based on their ability to produce foliage and this work has
affected a marked and creditable impfovement in the last few
yvears,

An examination of the present accepted methods of root
study reveals thaﬁ they are usually slow, tedious and empensive.
Weaver (2) used a method wherein a large hole is excavated ad ja-
cent to the plant to be studied and each root is laboriously
traced out by picking the soil away. Pavlychenko (3) has used

a method which involves the removal of large blocks of soil

which have to be hoisted from the ground. These methods, whilé
' being suitable for giving a picture of the nature of the root
system of a particular species would be gquite inadequate to show
the effects of various treatments on that species., In the main
such studies involve the use of single plants and/or the use of
boxes of soll which immedistely set up artificial conditions.
Spraggen (L) has used a system essentially similar to that
described here wherein he digs out a small prism of soil and
then trims it to a given size,

However, the method adopted here is very much simplified
but is as yet untried and must be critically examined step by
step and its value as a means of studying root behaviour under
different experimental conditions ascertained, In view of this
the investigatioﬁ of several genersl points would appear to
present wider scope for such preliminary exploration, Results
which could be satisfactorily subjected to statistical analysis

would naturally come later when a suitable technique has been
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. evolved and proven andvthe prerequisites of a statistically
accurate experiment known. |

Many prodems would immediately present themselves for
investigation following the evolution of a suitable ﬁechnique.
The efifect on rooﬁ development of placement of fertilizers, of
the time of sowing down the pastures, of the various cultivation
practices, are all points that could well be studied with a view
to ascertaining the adequacy of existing systems of husbandry.
Work done by Bertram (5) shows the depressingAeffect on the root
system of allowing the water table to approach the s urface of
the soil, work by Jacques in N,%Z. (6) demonstrates the detri-
mental results of too freguent grazing, while Bates (7) has
ampiy illustrated the inhibiting effect of an acid soil.
Similarly more work may bring to light new, or provide additional
confirmation of known effects of mis-manageﬁent.

The accumulation of a detailed knowledge of the roots
themselves and the factors influencing their development might
lead to much more important work being done, Some practical
application may be found in the matter of soll erosion which is
a very serious problem both from the individusl farmer's point
of view and perhaps more so from the national aspect,

Further, it is not impossible that a strain of grass may
be evolved which is suited to dry or sandy areas by virtue of a
root system which penetrates deeply or which is cepable of storing

considereble reserves or which in other ways allows the plant to

continue growth or maintain itself under such adverse conditions,



While realising the value of root studies one must not lose
sight of the fact that the ultimate test of a strain of grass
is the amount of food material produced, Actuslly a high total
production may not be so important as a lesser production with
much of it at a périod of nomeally low production or during a
period of adverse conditions for growth, The peoint is, however,
that only insofar as they increase the value of the species have

root studies any practical application in this direction.



B. OBJECT OF THE WORK:

The primary object of this work was to study the root
systems of Perennial Ryegrass and White Clover in pure and in
mixed plots with different spacings of the plants,

- At the outset it was hoped to replicate the plots in
order to get results which could be statistically analysed,
However, it was not known if sufficient samples could be dealt
with in the time allotted, and furthermore it early became
evident that the original number of plots could not be laid down
without an undesirable lapse of time between completing the first
and last plots. It was decided, therefore, to keep the invest-
igation along more general lines and to defer any detailed
statistical analysis until any weakness in the methods used had
been determined and any faults in the technique found.,

Thus the object of the work may be stated to be a
preliminary study of the root systems of Perennial Ryegrass and
White Clover using a prescribed sampling method for the stday.

It is preliminary since statistical accuracy is not aimed at and
in addition the method investigation adopted may be found to have
weaknesses of sufficiént magnitude to invalidate any conclusions

drawn from the results obtained..
The aims and objects of the experiment can be

enumerated as follows :

(1) A comparison of the root development of Perennial
Ryegrass and White Clover when growing in pure

plots and in combination.

)



(2)
(3)
(1)
(5)
(6)

(7)

Determination of the effect on roots of defoliating

at weekly and two-weekly intervals.

Consideration of the effect on rooﬁs of different

spacing of the plants, i,e., 1" and 3",

Consideration of the value of the technique used as

a method of root study,

Correlation of root development with production of

leaf,

Some observations on the occurence and influence of

the nodules on White Clover,

General observations,



0. METHOD OF THE EXPERIMENT:

I, General Description.

Two series of plots were 1aid'down there being one
series in which the plants were one inch apart and one in which
they were three inches apart. Bach series consisted of pure
plots of Perennial Ryegrass, a Certified No.1 White Clover, and
a certified permanent pasture White Clover, together with the
combination of Perennial Ryegrass with each of the clovers,
Cutting of these plots followed a regular sequence and was done
at weekly and two-weekly intervals. (See Figs. 1 and 2),

Approximately once per month a sample was taken with a
sampler devised by Jacques (8) from each plot, and transferred
to the laboratory where the roots were washed free of soil,
examined, and the weight of roots per sample determined., By means
of these samples the condition of the root system in each plot
was ascertained,

As a check to the plot results,-pots were also used and
these consisted of 12" glazed drain pipes sunk into the ground and
filled with a sandy loam, Two series were planted with the various
species and combinations -as in the plots, and, similarly one pot
of each was cut at weekly and one at two-weekly intervals. The
two series of pots were duplicated and one lot lifted after four
months and one lot after nine months, The pots were excavated

and the roots washed free of soil, the root systems of certain

plants examined intact and their weights determined., Comparison
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- could thus be made with the root behaviour as found in the plots.

II. The Plots:

a) Plan of the Plots:

: The plan of the plots as originally intended is shown
in FPig, %, while the final plan as modified, for the reasons
desecribed, is shown in Fig, 2.

b) Laying Down the Plots:

Sowing the plots: The area on which the plots were sown

had previously been in single plants of Cynosurus Cristatus

and as these plants were regularly inter-cultivated/the ground
was in good order and clean. The area was dug over in the
autumn and prepared for planting in the s pring.

An area slightly larger than that intended for each
plot was sown down with the appropriate seed with the intention
of thinning the plants out to the required distance apart and to
the correct number for the particular plot,

In the plots in which the plants were one inch apart
the total areé of each plot was LO" x 4O" which, after allowing
two rows for the edge effect gave a sampling area of 36" x 36",

In the case of the plots in which the plants were 3"
apart 17 rows of 17 plants gave an area of 51" x 51" which,
allowing two rows for edge effect, gave a sampling area of 36" x
36", In the mixed plots 18 rows were sown to give an equal
number of rows of clover and ryegrass.

The seed used was as follows :

(i) A No.1 White Clover. (Abbreviation No.1 Clover),



Abbrev.

P.Rye P.P,Cl.. |No.1l.€1..
_ [ |
No.t.C. |P.Rye, P.P.CY,
-
P.P.Cl No.t.Cl P.Rye
P.Rye P.P.CL. |No.t.C
|
No.. 1. €L P.Rye P,P,Cl
P.P.Cl No.l.?l P.Rye
]
[ P.Rye P.Rye
P.,Rye & &
| P,P,Cl No.1;91
P,Rye P.gye P.Eye
§0.1.C1 P, P,Cl
FIG,

No.1.Cl..

PoR Gliss

P.Rvyeuoov

P.Wec P.P.Cl. D!O.1.Cl
L
No.,1.Cl P.Rye P.P.ClL
P.P.Cl No.1.jl P.Rye
P.Rye P,P,Cl No.1.Cl
]
|
No.1.Cl. | P.Rye P,P.Cl
P,P,ClL No.1,Cl P.Rye
e
P.Ryel P.Ry€
P.Rye C’:«f‘ &
P.P.Ql NO.1.Q}
P.Rye P,Rye
P.Ry§ & &
No.1.C1 |P,P.Cl
T

1 Original plan of the plots.
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Nnlive CLover

Perennial Ryegrass

White Clover
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. This seed Z%l/4117 was described as a very good Mother seed

White clover as described by Levy and Gorman (10). The Seed
Tesiing Stétion report shows that it has a very good‘HGN test,
germination 82%, and purity 98, 9%.

(ii) A Permeanent Pasture White Clover (Abbreviation
P.P. Clover), This seed ZP/2 as described by Levy and Gorman (10)
is a No.2 White Clover or certified permanent pasture type.
The Seed Teating report shows it to have a poor HCHN testf germin-—
ation 95%, and purity 9. 7%.

(iii) A Perennial Ryegrass. (Abbreviation P. Rye).
This seed HB/3L3/AE was described as a certified permanent
pasture ryegrass having a germination 97%, purity 99.7%.

All seed was sown on Sept. 24th., 1937. Before sowing
a mixture of equal amounts of Sulphate of Ammonia and Super-—
phosphate was broadcast and raked into the surface soil at the
rate of 3 cwt. pér acre.

Thinning the plants was commenced on Oct, 25th, 1937.
It was soon found that thinning the plants owt to one inch apart
was not altogether satisfactory as few plants were in the correct
place since the plants came up less evenly than was anticipated.
The method adopted was to utilise such plants as were in place

and to transplant to the spaces plants from the thicker patches,

N.B. Work done by Doak (11) indicates that the No.1 type used,
since it has a very good HCN test, would be a particularly
high production type while the P,.B, Clover though a high

production type as compared with one such as Kentish Wild
White would be much inferior to the No.1 strain.
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A square frame 60" x 60" made of 3 x 1" timber with holes drilled
one inch apart on opposite sides Waé used for the thinning and
transplanting. See Fig. 3. A cord knotted at 1" intervals was
attached at each end to a peg, and, by insertihg these pegs in
the appropriate hbles in the frame the position of each plant in
the row was indicated by the knots on the cord., By shifting the
pegs to the next hole on each side of the frame the position of
each plant in the next row was indicated. This frame served a
particularly useful purpose.

Effect of Transplanting: No effect on the Pereﬁnial

Ryegrass was observed although it possibly induced branching and
lateral root formation, No doubt after a time only a small
proportion of the roots present wouldbhave been affected since
new roots are continually developing. In the Clover, however,
the main tap root was frequently observed to be bent into a U
‘shape, This must have influenced root development but it can

" be assumed to have affected all the plots similarly and fbr
purposes of comparison can be considered satisfactory. In a
more eritical trial it would be desirable to obviate trans-
planting.

With regard to the mixed plots it may have had some
bearing on'relatively poor establishment of the clover though it
is likely that other more important factors were operating. In
the 1" apart mixed plots the Clover, for all practical purposes
failed to develop, and, while this may be a true indication of
the state of affairs that would normally occur where the species

are close together it may be attributed to the method adopted
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.'in this instance. In the first place thefryes were transplanted
L-5 days before the clover and appeared to establish rapidly.
On the other hand the clover plants, suffering perhaps to a
greater extent from the actual transplanting, also had to contend
with considerable»competition from the P, Rye. Further, in an
effort to reach the light the petioles of the clover became
elongated and in consequence cutting almost completely deprived
the clover of its leaf surface.

Transplanting extended from Oct, 25th, to Nov. 15th.
This 1s an undesirably long lapse of time between planting plots
to be used for compartive purposes due to the possibility of
variations in soil and climatic conditions which might different-
ially influence the establishmént and subsequent development of
the various plots. Unfortunately the work entailed made it

impossible to eliminate this source of error,
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(e¢) Routine care of the Plots:

1. Weeding: This involved keeping the plots as free

as possible from other species of plants, Many weeds were found
coming in, Staggerweed (StacHs arvensis) and Spurrey (8pergula
arvensis) being the most frequent., Clover was seen to come into
the P. Rye plots, especially in January and sbout the middle of
February some grass appeared in the Clover plots. It appeared
likely at this stage that volunteer grass was appearing in the
grass plots but could not be readily detected (except in the 3"
plots)., A careful examination of the plots on February 28th.

1938 revealed that very little volunteer grass had come into them.
Poa trivialis, Pea annua, and Italian Rye were the grasses appear-
ing.

2, Watering: From time to time when the plots were in

danger of receiving a severe check due to the dry weather
(several spells of which occurred between November 1937 and March
1938) they were watered, The advisability or otherwise of this
procedure caused the writer some concern, Though it may have been
preferable to allow the seasonal influences to have their full
effect and so study the root development under natural conditions
so doing would probably have brought about a very serious change
in this particular season in the 1" apart plots. It was decided
that in view of the abnormal season watering the plots was
justified., Nevertheless the possible effect on the roots such as
induced surface roots, must be remembered,

2. Cutting: This was done every Monday, half the plots

being cut each Konday and all on alternate Mondays (See Fig.2.).



15.

The edges of the plots were trimmed at each cutting to ensure
the maintenance of the correct dimensions.

The method of cutting was as follows =~

Since the plots were too small to allow of the use of a
lawnmower and grass catcher and it was necessary to clip the
grass and remove it from the plots for weighing the shears
adopted as in Fig. 4 were used and found very satisfactory. They
were ordinary type hedge shears with a 1%" metal rim welded to
the upper side of the nén—cutting edges of the blades, This
adapﬁion enabled all the leafage to be saved and removed from
the plbt. The plots from which the leafage was not welghed were
cut with a mower,

The cutting aimed at removing the foliage to a level
about one inch from the ground, However, it was found that
certain other factors had to be considered in cutting.

(1) 1In the mixed plots (3" apart) it was noticed that
after a time the crown of the Rye plants came to bé about "
above the ground level in spite of an attempt to overcome it by
tramping. For this reason in order to cut the Clover which was
between the rows of Rye to a level comparable with that of the
Rye it was found necessary to go along the rows and cut the Rye
slightly higher as measured from ground level, This contingency
did not arise in the case of the 1" apart plots.,

(ii) During a dry spell the ryegrass in the 1" apart plots
suffered a severe check and many plants were found to be dying

out, At this time cuttingwas made more lenient,
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= welded on to it was placed over the top of the sampler (as shown

in FPig. 5) to protect the rim when driving the sampler into the
ground.,

In taking a sample the two pieces of the sampler were
bolted firmly together and the cap placed on top (see Fig.5).
It was then placed in position to take the required sample and
driven in with a maul until the top of the sampler was level
with the surface of the soil (see Fig., 6). _Thé sampler was
normally (as described by Jacques (8)) removed by hauling it
out.by means of the chain or extractor shown in Fig. 6, but this
method occasionally gave an inéomplete and consequently useless

sample due to the fact that, especially in dry weather, the

- bottom of the sample tended to break away irregularly and some-—

times the lower 1 - 1% inches of the sample were not extracted.
As the plots provided only a few more samples than those actually
required in the course of the experiment an extra precaution was
taken to ensure each sample being complete, The soil on the

side of the sampler remote from the unsampled area of the plot
was dug away (see Fig, 7). The top of the sampler was tapped

“inwards i.e, against the remaining wall to make sure that the

et

bottom of the sample broke away cleanly and level with the lower

end of the sampler.

After the sampler was removed the nuts were unscrewed

‘and the half (without the bolts) was removed. (See Fig,8) and

“the sample box inverted over the sample (see Fig.9). The whole

was then inverted (see Fig,10) the remaining half of the sampler
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dealt with and it was considered that 12 samples from one plot
were of more value than 6 from each of two plots, since 6
samples would be quite inadequate to give any indication whatso-

ever of the variations of the root systems during the year,

IV.. Treatment of the Sample in the Laboratory:

(a) Washing:

The sample in the box was cut into 1" layers to a
depth of 12", As the sampler was 13" long this could be done
accurately in spite ofAthe bottom of the sample breaking away
slightly irregularly as was usually the case, If the sample was
too dry it was moistened by covering it with a damp cloth for
some time before cutting., It was necessary to have the soil
slightly moist to facilitate the cutting of the 1" layers, as if
they were too dry they would crumble and be difficult to separate
cleanly, The cutting was done with a sharp, pointed table knife,

Bach inch layer was washed separately on a fine mesh
horse hair sieve (Fig. 17) until the roots were free from soil
and in this connection a fine spray froms rose (Fig., 16) Wés
found very useful, The roots were then washed from the sieve
into a glazed earthenware bowl from which they were removed with
forceps:and subjected to the necessary examination in Waﬁer in a
Petrie dish, The few fine roots remaining in the bowllwere
obtained by pouring the water and roots on to a 'filter'. This
'filter' was in the form of a rubber brush (see Fig.18). The

roots that were separated out were cleared from the 'filter' by
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tapping it sharply on a clean piece of plate glass; they were
gathered from the glass with a knife,

Washing was done in a horse hair sieve as described
and the sieve approximated to a 16 I,M.M, sieve, i,e. it re-
tained a similar fraction to an 16 I,M.M. sieve though it would
not have 16 holes to the linear inch as the I,M,M, would,

It was found later that this sieve was the source of
considerable error which would be difficult to eliminate since
a finer sieve, while retaining the finer roots, would also re-
tain the fine soil particles and partially decayed organic
matter, which material it was found almost impossible to separate
from the roots, Therefore, falling anything more convenient this.
sieve had to be used, The horse hair sieve had one advantage iﬁ
that the roughness of the horse hair tended to hold the roots
while allowing the soll particles to pass through.

After the necessary examination had been carried out
the roots were wrapped in blotting paper, adequately labelled,

and put into a labelled envelope to be dried and weighed,

(b) Examination;

1::Roots of P, Rye:

(i) The top inch was examined for the following points,
First the number of plants was ascertained if this were possible,
Sometimes the plants had been mutilated in sampling Pendering
counting them difficult and inaccurate., Next the roots were cut
close up to the tillers with a scalpel and the number of tillers

and the number of roots counted and recorded, The main roots

. PR ot XN ,_'!,.L;‘vJ ‘
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were then stripped of thelr laterals and the mains and laterals

wrapped separately,

(ii) In the subsequent layers the mains and laterals
were separated for as many layers as possible., However, at
3 = 4" the mains Were so fine that it was impossible to distinguis
them macroscopically and later it was decided to separate them
only in the top inch. '

(iii) General observations such as condition of the
tillers and roots, and presence of stones in the soll were
recorded,

2. Roots of White Clovers:

(i) The top inch was dealt with first. The tap roots
were separated from the runners and the number of tap roots
recorded, In the 3" plots there would be only one tap root., The
laterals were then separated and wrapped in the same way as the
P. Rye roots. |

(ii) In subsequent layers the lateral and main roots
were not kept separate, In all layers the number of nodules was
counted and classified, visually, into four arbitary divisions

which approximated to the following sizes :

Division. gize (Length of Nodule).
1. Very Small . Less than 0,8 .m,m.
2. Small | 0.8 ‘to, 1,k e
3, HMedium 1.4 te 2,4 mjm.
L, Large Larger then 2.1.
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The classification would naturally vary with different
workers,'but with practice the method was found to give a rapid
indication of the relative sizes of the nodules in the various
samples,

(iii) General observations of the condition of the

roots and nodules were noted.,

%. Roots in Sample from Mixed Plots.

The samples from the mixed 1" apart plots contained
rye and clover roots which it was hoped to separate. However,
though it was possible to distinguish visually a large percentage
of the roots this method was not satisfactory. Several methods
were tried such as dyeing the root but proved unsuccessful,

Therefore the roots were separated only in the first
ineh, The number of rye roots and tillers were counted as were
the number of nodules on the clover roots.

In the case of the 3" plots a rye and clover sample
was taken at each sampling, As the roots spread the samples
came to contain rye and clover roots and the separation could

not be regarded as satisfactory.

“.{e) Weighing the Roots.

It was found that the dried roots varied considerably

in weight with varying temperature and humidity, differences of
up to 5% being obtained, It was, therefore, desirable‘to

standardise the method of weighing, ¢¥r—rese .,
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The technique adopted was to dry the roots for
several days at room temperafure and then to transfer to a
room where the temperature was maintained at 68°9F, and the
relative humidity at 60 to 65%.

The temperature was kept at 680 very accurately by
a thermostat and the Relative Humidity was cbntrolled by a fan

c[directed on to large shallow dishes of brine solution.

A hygrograph recofd indicated that violent fluctuations
in the outside atmosphere were reflected to a lesser extent in
the room due to the inadequacy of the brine solution as a means
of controlling humidity. To obviate this error weighing was
done when the humidity had remained constant for some time,
usually 24 hours, though this was probably considerably longer
than actually necessary, |

For speed and convenience a Bunge balance was used
and taken as weighing correct to 0,3 milligram, Root weights

were recorded in milligrams,

V. Method with the Pots.,

(a) Purpose:
These were intended to supplement the data framthe

plots and to proyide a means of studying the root system as a
whole under the various treatments,
(b) Laying Down;
The pots were 12" diameter glazed drain pipes 12"

long sunk vertically into the ground their tops being level

r\, AZis bl b b S o ok e e et e e S —— k“""‘L""" -



FIG, 20, Method of plenting the 1" spaced pots.,

N.B. In the mixed pots alternate rows
were plented as shown in the lower
part of the diagram.

FIG., 21. Method of planting the 3" spaced pots.

N.B, In the mixed pots alternate
rows were planted,
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with the surface of the soil., They were filled with a mixture
of 6 parts of loam to 1 part of sand, This was found to be a
goil with a suitable texture to allow of its being readily
washed away from the roots while still providing a suitable
medium for root growth,

For a plan of the pots see Figure 19,

Plants from the plots were used and were transplanted
on November 22nd, and 23rd., 1937. In the pots in which the
plants were to be 1" apart planting was commenced 4" from the
edge of the pot and proceeded in 1" rows. See Fig, 20, The
string knotted at inch intervals was found convenient for the
purpose, In the mixed pots alternate rows of Rye and Clover
were planted, 4

‘The position of the plants in the 3" apart series is
indicated in Fig. 21. The centre 4 plants only were used for
examination, In the mixed 3" pots 2 clover and 2 rye-were
examined,

From the centre of the 1" apart pots 8 plants were
chosen at~random, while in the mixed pots L clover and lL rye
plants were taken.

Routine Care: As for the plots,

(c) Method of Studying the Roots:
The first lot of pots was lifted on March 2L th, and

25th, and the second on August 28th., 1938.

Each pot was excavated and the lower end trimmed

level with the botfom of the pipe. The plants required, for
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study were then marked by tying a piece of coloured string
round the crown,

Washing was commenced at the lower end of the pot,

a fine spray of water with low pressure being used. The soil
washed away readily.

The mass of plants from each pot was then taken to
the laboratory where it was placed in water and the selected
plants separated from the others, This involved a considerable
amount of care to avoid loss as the roots were very tangled,
especially with the rye, due to the intermingling of the roots
in the natural state,

Treatment of the Plants:

(a) Rye: The roots were cut from the tillers and the
number of tillers and roots counted and recorded, All the roots
of each plant were wrapped in blotting paper and labelled, and,
when dry these were weighed as for the samples from the plots,

(b) Clover: The roots were cut from the plant and
those of each plant wrapped separately and labelled, The
nodules were counted as for the samples from the plots. The

roots were later weighed.,

VI. Method of Measuring Production of Leaf,

(a) Cutting:
In order to determine the yield of the various plots

the production of leaf from an area of each was weilghed.,
The area taken in the 1" apart was LO" x 20" or

half a plot.

NS AESTRI R ST VLSSt



27.

In the 3" apart pure plots an area of 51" x 24" was
taken and in the mixed 3" plots 54" x 24",

It should be mentioned that all the mixed plots were
being sampled and the production from half of each of them was
weighed, As the sampling eneroached on the area which was
being used to give production weights the weighing of the green
matter had to be discontinued, There were duplicates of all the
pure plots and the production from these duplicates and not the
actual plots used for sampling was weighed, See Fig. 2,

The grass was weighed immediately it was cut and the
weight recorded. The leafage from the mixed plots was kept and
as soon as possible the clover was separated from the P, rye and
each weighed separately., Some loss in weight had occurred and
the weight of clover and rye was converted to proportions of the
original weight, This assumes a similar proportional loss of
weight from both clover and P, rye, Taking the green weight only
‘has serious limitations and this aspect is dealt with later,

The necessary cutting was done on each Monday and did not commence
until after the grass had dried, i,e, after the dew had gone., The
choice of Monday proved particularly fortunate since rain occurred
on but few occasions, When it did cutting was postponed till the
next day.

' ' The production from the pots was similarly weighed and
in the case of the mixed pots the clover and P, rye were

separated.
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Value of Dry Matter Weights.

Relative to this Hudson (12) can be quoted in full:
"Green versus dry matter weights of herbage :
Generally speaking, the-determination of yields in
terms of dry matter is desirable for the following reasons :-—

(i) differences in height or density of growth influence the

amount of external moisture which it is not always possible to
eliminate; (ii) rapid growth induced by a fertilizer treatment
frequently results in a lowering of the dry matter content;
(iii) I think it is equally saffe to state that in most cases
rapidly growing species or rapidly growing strains have lower
dry matter contents than less rapidly growing ones.

"It is not always possible to make the herbage as dry
as is desired for cutting and weighing, and the determination of
dry matter eliminates much doubt, Where a comparison is being
made between treatments or strains which do not differ markedly
a reasonably accurate measure of the relative merits of the
regpective treatments may be obtained from green weights, Where
differences in yield or habit of growth are considerable, that
treatment yielding the greatest bulk of green herbage is likely
to be unduly favoured by the comparison of green weights, by
virtue of the fact that not only is it certain to hold more
extenﬁal moisture, but it will probably have a higher moisture
content in itself,"

It can be seen from this that the determinations of

dry matter contents would have been desirable, but that, since



the growth and habit of the plots to be compared was not
markedly different, the green matter weights obtained give
a satisfactory indication of the relative yields.

29,



D, RESULTS AND DISCUSSIONS,

I. Effect of Different Rates of Defoliation:

Perennial Ryegrass in Pure Plots.

(a) Plants one inch apart in plots.
1. Effect on tiller and root numbers and tiller
root ratio..
The more frequent cutting has reduced the number

of tillers per sample by 17%. (See Teble I and Graph 1).

TABLE I,
Root_ Numbers and Tille; Numbers
in Plots with Plants 1" Apart.
' Ratio No., Tillers.
No, of Tiller Root Tillers to (2 weekly = 100)
Samples. No. No. _roots,
Cut at weekly 16 677 3617 1% 53 83,2
intgrvals. '
Cut at two _
weekly inter- 16 814  L263 1 ¢ 5.2 100,0
vals.,

Similarly cutting at weekly intervals has reduced
the number of roots but the number of roots per tiller (tillexr/
root ratio) is slightly less under the two weekly cutting.

The reduction in tiller number is in agreement with
Jacques (6) and other workers,but they also found a reduction
in tiller root ratio which does not occur here,

2, Effect of defoliation on root weights,

Under the system of more frequent defoliation the

weight of roots has been reduced, While the difference is not
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GRAPH, 2. The lower section of the graph shdws

the daily production of herbage (block)
and the weight of roots per sample
under weekly and 2Z2-weekly cutting

in the plot in which the plants were
one inch apart,

The section ebove this shows the
same for the plots in which the plants
were 3" apart,

In each case the broken line
indicates the production from the plot
cut at 2 weekly intervals,
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significant it can be taken as indicative of the trend of root
behaviour,

Fran the bottom section of Greph 2 it will be seen
that within the limits of the sampling error the weights of
the roots obtained from the weekly and two-weekly cut plots
were very similar from December to April and it was only after
this till October, i.e. during the dormant season and the
commencement of spring growth, that the marked superiority of
the plot cut at two-weekly intervals became apparent.

The increase in weight over this period can be
attributed in a large measure to the increased weight of the
main roots, This may indicate an increased food storage, though
this is doubtful, Thes increase is shown in Graph 3,

The weight of laterals does not show this consistent

increase under the more lenient cutting.

3. Corroborative evidence from the pots.

(1) Tiller and Root numbers:

Evidence from plants grown in 12" glazed
drain pipes (i.e. the pots) and otherwise given similar treatment
does not confim the results obtained in the plots. From Table II
it can be seen that the number of tillers per plant is very
similar under both treatments, while the tiller/root ratio is less
under the more lenient cutting. As shown in Table III, hoﬁever,
the root weights indicate a more vigorous development under the

two-weekly cutting.
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TABLE _II,

Per, Ryegrasa Plants 1" Apart in Pots,

Tiller No.,, Root No,, and Tiller -.root Ratio.

No.of Pots lifted March No., of Pots Lifted August
Plants Tillers Roots Ratio. Plants Tillers Roots Ratio

at weekly 8 129 557 133 8 90 L32 1:4.8
intervals,
at two-weekly 8 126 516 1:4.1 8 88 354  4:4.0
intervals,

(ii) Root Weights:
As was the case in the plots the root weight has

been reduced by frequent cutting. The results are shown in

Table FIT,

TABLE TIII,
Root Welghts of P, Rye., Plants 1" Apart in Pots,

No. Plants. Pots Lifted Pots Lifted

March, August,
Cut at weekly intervals 8 355,0 mgms, 390,0 mgms
Cut at 2-weekly " 8 b15.:0 % ki3:0 ™

(b) Plants three inches apart in plots.

1. Tiller and root numbers and tiller/root ratio.
With the wider spacing of the plants in the plots a

lesser tiller number by 17.5% was found on the less frequently
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defoliated plot. Both Table IV showing the total number of
tillers firom 16 samples from the plots cut at weekly and the
plot cut at two-weekly intervals and Graph L showing the seasonal
trend of tiller numbers from the two plots, amply demonstrate
this point. A fairly consistent increase throughout the season
is shown in Graph l4.

Since one plant was taken per sample the number of

tillers per sample is the same as number of tillers per plant,

TABLE IV,
Pure Ryegrass Plots with Plants 3" épart.
Showing Tiller No., Root No, and Ratio Tillers : Roots.
No,of Ratio of No, Tillers.,
Samples Tillers Roots Tillers to (Weekly = 100)
Roots

weekly intervals 16 829 3537 1 : 4.3 100,0
2=-weekly " 16 601 3122 1 2 5.2 72.5

These results are not in agreement with Jacques (6)
who found frequent defoliation reduced tiller numbers of
uncertified P, Rye. Roberts and Huntes (9 ) using an English
Perennial Ryegrass found a reduction in tiller number under
more frequent cutting.

In this case the weekly cutting has materially reduced
the number of roots per tiller which is in agreement with the

above workers.
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2. Root Weights.

With the exception of the first four months of the
experiment (November, December, January, February) the weights
of roots from the weekly and two-weekly cut plots were very
similér. The period December to February shows a root weight
in favour of the less frequent cutting. (See Graph 2 opposite
page Vs Thé total root weight from 16 samples from the
plot cut at two-weekly intervals is greater than that from the
weekly cut plot (See Teble V), The difference, however, is not
statistically significant,

TABLE V,

Root Weights from Pure Ryegrass Plots with plants 3" Apart,

No. of Weight in

S les. Milligrams.
Cut at weekly intervals 16 0™ 0uos Y-
Cut at two-weekly intervals 16 12068.3

3. Corroborative Evidence fram the Pots,

(i) Tiller and root number and tiller=-root ratio.

As mentioned, two series of pots were given similar
treatment, the only difference being that one series were allowed
to grow to a later stage than the other, one series being
lifted in March and one in August. The results from the two
series of pots containing pure P. Rye. spaced 3" apart are
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éonflicting and it is evident that the more frequent cutting had
no marked effect (see Table VI.)

It can be seen that the tiller - root ratio is less
under the ﬁrequent cutting and this is in agreement with results
from the plots.

TABLE VI,

Pure P, Rye. Pots with Plants 3" Apart.

Tiller No., Root No,, and Tiller—Root Ratio from 2 Sets Pots.

No, of Pots 1lifted March Pots lifted Aug.
Plants. Tillers Roots Ratio Tillers Roots Ratio

't Weekly intervals L 152 L69 1:3.1 121 352 2.9
't two-weekly intervals L 142 618 11 128 612 8.8
PR

(ii) Root Weights:
Both series of pots of pure P, rye. 3" apart show
a decrease of root weight under the more frequent cutting system
as compared with the two-weekly (see Table VII) and is in agree-
ment with the findings in the plots.

TABLE VII.

Root Weights (in milligrams) of
P, Rye in Pots with Plants 3" Apart.

No, of Pots lifted Pots lifted
Plents. March, August.
Cut at weekly intervals L 3830.0 1468,0

Cut at 2=weekly intervals L L674.0 1580,0
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Effect of Different Rates of Defoliation on White Clover:

(a) Plants One Inch Avart in the Plots,

1. Ho,_ 1 White Clover.

The freqguency of cutting the clover plots avnears to

have had 1little effect on the root weights obtained. From Graph 5.
;fh .“‘gh_::.'-"\-.’-hla

it can be seen that the welght of roots from the weekly cut plots

and that cut at two-weelkly intervals are very similar, The total

root weights from 12 samples show a slightly heavier weight under
the more frequent defoliation (see Table VIII),

The difference
is not statistically significant.

TABLE VIII,

Welght Roots No.1 White Clover Plants 1" Avart in Plots,

4

Weight of Roots.
12 7600, L. mgns,
12 7231.7 M

Wo, of Sammnles.

Cut at weekly intervals

Cut at two-~weekly intervais

2. P.P. Clover,

Prequent cutbing in this case again has increased root
afp s n
weight. A4 slight increase throughout is seen in Graph 5b, while

the total of 12 samples shows the slightiy greater welght from
the plots cut weekly (see Table IX.)

TABLE TX,

Root Weights from 1" P,P. Clover Flois,

Neo, of Samples. Root VWeight.
&7
Cut at weekly intervals 12 o556 3 Q58,2 mgms.,

{
Cut at two-weekly intervals 12 tev s 6g87.5 ©
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{b) Three Inch Apart Flots:

1. To. 1 Clover.

There is very little difference in root weight as a
result of more freguent cutting. The slight (1.5%) difference
shows bthe weekly cut plot to have a heavier root weight. (See

Table X and Graph 5c. Jn upp e )

TABLE X,

Root Weights from No,1 White Clover Plots Plants 3" Avart,

o, of Root Root Weight

Semples. Weight, (Weekly = 100)
Cut at weekly intervals 12 6491,6 mems. 100,0
Cut at 2-weekly intervals 12 6395,2 ¢ 88.5

2., PP, Clover,

The more frequent cuitting in this case has inecreased
root weight, A consistent ilncrease throughout the season can be
seen Trom Graph 5d., The Tigures were subjected to statlisbical
analysis and were found toc he bordering on significance, This

is shown in ZeBIE=XE, isppendax D.

i Pages J8 and J§ have veen omitied,
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3. Corroborative evidence from the pots:
Results from the pots do not agree with those from
the plots and in all cases show a decrease in root weight
under the more frequent system of defoliation, The results

are given in Table XII.

TABLE _XII,

Showing Weight (in m—gms) of Roots of Clover Plants from the Pots.

n

Plants 1" Plants 3
apart., apart.

Species, Frequency No, of Pots lifted No, of Pots lifted
of Cutting, Plants March Aug., Plants March Aug,

No, 1 Clover Weekly 8 355.0 390,0 L 1503,0 1679.0
P.P. Clover Weekly 8 585.0 461.0 L 1749.5 1033.0

2-Wleekly 8 737.0 651.0 4 2193.0 1669.7
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Bfffect of Different HRates of Defolisticon;:

On the HMixed Plots.

(a) Plants 1" Avart in Plots.

1, Mixed P. Ryegrass and Ho,1 White Clover.
(i) The effect on tiller and rooi numbers of the
P, Rye. in the plot.

In this instance the more frequently defoliated
plot shows the greater number of tillers per sample hut has a

smaller tiller-root ratico than the plot cut at two-weekly in-

tervals, The position is shown in Table XIII.

TABLE XITI,

P. Rye. and No.1 White Clover Plots with Plants 1" Apart,

Tiller and Root Numbers and Tiller~Root Ratio.

WMo, of Ratio of o, Tillers
Samples, Tillers Roots Tillers— (Wkly.=100)
Rootis,
Cut at weekly
intervals, 12 601 2086 1 : 3.5 100,0
Cut at 2-weekly
intervals. 12 501 2025 s L1 3.4

(ii) Effect on Root weight of the No,1 White Clover
and . Rye.

T+t was T ound impossible 1o satisfectorily separate

the grass from the clover roots so thatfor the purpose of this
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Table they are necessarily grouved together,

The total root welght was greater under the lenient

cutting system. See Table XIV,

TABLIE  XTV,

Rootv  Vielghts,

Mixed Plot Containing P, Rye, and No, 1 White Clover,

Plants 1" Apart,

o, of Welght of Welght of Roots

Samples, Roots =Weekly = 100
3 7 1 = T .
Cut at weekly intervals 12 12545 . 75,8
Cut at 2-weekly intervals 12 15464 .9 10C,0

2. Hlixed Pepyennigl Ryegrass and P,P. Clover,
(i) The effect of defoliation on tillers and roots
of the Perennial Ryegrass,
A slight decrease of tiller numbers under the more
severe system of cutting is observed, The fewer tlllers have,

however, developed more roots per tiller. See Table XV,

TABLE XV,

Wo. Tillers Ho. Roots and Tiller-Root Ratio in the P. Ryegrass

In P. Rye and P.P, Clover Plots with Plants 1V Apart.

Wo. of Tillers %o
Samples., Tillers Roots Ratio Roots,
Cut at weekly intervals 12 L3h 2024 i s b6

Cut at 2~weeklyintervels 12 L52 1910 1y 4,2
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(ii) The effect on root weight P.P. Clover and P. Rye.
The total weights of roots from the plot cut at

weekly and the plot cut at two-weekly intervals are very similar
a very slight advantage of-s% being with the weekly cut plot.

See Table XVI.

TABLE XVI,
Root Weights.

Mixed Plot Containing P, Rye, and P,P, White Clover.

Plants 1" Apart.

No, of Weight of Weight of Roots
Samples, Roots I-weekly = 100,
Cut at weekly intervals 12 13568, 3 f;;.;
Cut at 2-weekly intervals 12 13492,9 199'5

3., Corroborative evidence from the pots,

The results fram the pots again do not agree with those
observed in the plots as regards tiller number and Root/Tiller
ratio, In the pot containing ryegrass and No.,1 Clover a marked
reduction of tiller number is noted under the more severe system
of cutting while in the pot containing ryegrass and P,P, Clover
there appears to be no difference. Table XVII a.

As regards root weights, it will be seen from Table
XVII b, that the total weight of roots is smaller in the weekly
cut pot but in each case there is little difference in the
weight of clover roots, the difference in the ryegrass roots

contributing in the main to the total difference,
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CABLE  XVIT a,

Showing Tiller ¥e. Root No, & Tiller—~Roct Ratio from the lidxed

Pots, Plants 1" Apari.

Pots Lifted larch. Pots Lifted Aug,
Species in Frequency No, of Till~ Roots Ratio Mo, of Till- Roots Ratio
Pot. Cutting, Plants. ers Tiller Plants ers Tilla

to to
Roots, Roots
Ryegrass and HWeekly 8 38 277 7.3 & 53 194 3. 6
No,1 Clover, 2-Yleekly 8 63 142 2,3 8 63 176 2,8

Ryegrass and

P.P. Clover Weekly 3 67 267 L.0 8 77 192 2.2
2-Weekly 8 65 370 5.7 8 73 219 3.C
TABLE XVII b,
Showing Welight Roots from the illixed Pots,.
Plants 1" Apart.
Pots Lifted kiarch Pots Lifted Aug,
Species. Freguency Ho, of Clover Ryegr. Total Clover Ryegr. Total.
Qutting. Plants e
of each A
. 256,2 360,00 616.2
Ryegrass and Weekly L 160,0 705,00 885,0
ﬂo? 1 Clover 2-{leekly U 256,0 830,0 1086,0 221.0 632.5 853.5
Ryegrass and Weelly L. aL47.5  L32.0 579.5 15L.8 L403.0 557,90

P, P, Clover. o-WWeekly i 145.0 829,0 97L.0 160,0 381.0 541.0
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(b) Plants Three Inches Apart in Plotsé.
1. Mixed P, Rye and No, 1 White Clover.

(1) The effect of defoliation on tiller number, root
number and tiller-root ratio of the P, Rye.

The effect of the frequent cutting on these plots
has been to reduce the tiller number and also the ratio of roots

-to tillers., See Table XVIII.

TABLE XVIII,

Tiller No., Root No., Tiller-Root Ratio.

In Mixed Plots Containing P, Rye and No. 1 White Clover.

Plants 3'" Apart.

No, of No, of No, of Ratio of Tiller No.
Samples, Tillers, Roots., Tillers to 2-Wkly.=100

Roots.
Cut at weekly intervals 12 688 2700 1 % 5.9 93.0
cut at 2-weekly " 12 728 3213 1 : L4 100,

(ii) The effect of defoliation on root weights of

the P. Rye and the No, 1 White Clover.

In the mixed plots in which the plants were 3"
apart at each sampling one sample was teken over a P. Rye plant
and one over a clover plant, During the first few months each
sample appeared to contain only P. Rye or only Clover roots, but
as the clover spread by virtue of its runners and the P, rye
roots extended laterally the samples were found to contain both

clover and rye roots and they could not be satisfactorily

separated,
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Therefore the figures for root weights obtained are of
doubtful value, but it is interesting to note that they show a
greater root weight for both clover and rye and a greater total

root weilght under the more lenient cutting. See Table XIX,

TABLE X1X,

Mixed Plots Containing P, Rye and NHo.1 White (Qlover,

Plants 3" Avari,

Root Weilght,

Welght of Roots.

Ho, of gut at cut at

Samples Weekly e=weekly

Intervals Intervals
P. Rye 12 1008045 11250, 3
Ho.1 White Clover 412 71851.5 950461
Total 179.86.0 20760,0

2. Mixed P, Rye end P.P. White Clover Plot.
(i) Effect of defoliation on root number, tiller
number and tiller-root ratio.
The tiller number is slightly less under the more
lenient cutting, while the tiller-root ratio is similar in both

plots., See Table XX,

TABLE XX,

Tiller No., Root Ifo., and Tiller-Root Ratio,

In Mixed FPlots Containing P, Rye and P.P., Clover.
Plants 3" Apart,
T of Mo, of o, of Ratio of Till-

L]

Samples, Tillers, Roots. ers to Hoots.
Cut at weekly intervals. 1% zé? 2602 i Qoz
1 LI T

Mind b D_mrasl-lar dntorval o DR16 4
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(ii) Effect of defoliation on root weights of the

P, P, Clover and P, Rye.

As mentioned rfor ITo, 1 Clover and *, Rye, page &35
the root welghts are of doubifui.value, but it is interesting to
note that there is a consistently greater welphi of both P. rye
and clover roots un@er the more lenient system of cutting. GSee

Table ZXI.

TABLE XXI.

Mixed Plots Containing P, Rye and MQP P White Clover,

Plants 3% Apart.

Root Welight,

Vieight of Roots (m-ems.

Ko, of cut at gut at
Samples. Weekly 2-Weekly
Intervals Intervals
P, Rye | 12 94435.,8 11457, 3
’_'L._ \,\ E:)Q. o
Nof P Clover 12 1747 Pry
Total 2l 17190.8 23,C3,0

3, Corroborative evidence from the pots.

The iarch and August samples from the nots do not agree
in many cases and freqguently are in conflict with the results from
the plots. The two results from the mixed P, rye end Mol Vhite
Olover pots agree regarding tiller number and filler-root ratio
but are in the ovposite direction to the trend in the plois, The
Lareh and August resulits fran the mixed ¥, Rye and ¥,P. ¥White

BT

Clover nots regarding tiller number disagree, Bee Table XKLL,
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The March and August samples agree concerning root
weizht in the P, Rye and P,P, White Clover plot and agree with
the vesults from the plots.

The HMarch and August samples from the P, Rye and Mo.1
White Clover pots do not show agreement, See Table XXIII,

TABLE ZXXTI.

Tiller 1Ho., Root No,, and Tiller-Root Ratio from the Mixed Pots.

Plants 3" Aparit.

a) P. Rye and To,1 ¥White Clover,
Pots Lifted March Pots Lirted August,

No, of Wo., of Uo, of Tiller- ¥o, of ifo, of Ratio
Plants Tillers Roobts. Root Tillers. Roots, of Til

Ratio, lers 1

Roots.,

gut at weekly intervals 2 L9 326 1:6,7 63 266 1:4..2

oo oaweekly " 2 19 126 1:16.6 33 106 1:3.2
b) P. Rye and P, P, Clover.

Cut at weekly intervels 2 L9 251 1:5.7 L8 2y 1:5.1

Cut at 2-Weekly ik 2 56 257  1:4.6 30 145 118
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TABLE XITT,

Root Welght in Mixed Pols =~ FPlants 3" Apart.

Pots Lifted Lisrch Pots Lifted Aug,

No, of F.
Cut, Plants Clover Rye Total Clover Rye Total
of =ach
P. Rye and Weekly 2 1250,0 502,00 41752.0 528,3 969.5 1598,
No.41 White Clover 2-Weekly 2 1296,5 1983,0 3279.5 24,0 861.8110RL
P, Rye and
P, P, White Clover ¥eekly 2 5L0,0 T775.0 131 5 3.5 619.8& 93k,
2-Weekly 2 787.0 1204,0 1991, LO5.5 942, 01347k

e e s i
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Discussion of the Effect of Different Rates of Defoliation.

Tiller Number,

Tiller number is so closely related to root development
that some consideration is justified here.

As can be seen from the results obtained the effect
of cutting is very variable, there being some instances where
tiller number is apparently increased while other cases exist
where a definite decrease is observed. Discrepancies occur be-
tween the results from the plots and those from the corresponding
pots, Such discrepancies are to be expected but become the more
confounding in this experiment due to the lack of adequate replica
tion and for this reason no definite conclusions can be drawn.

In some plots and pots the more frequent cutting has
reduced tiller number which would be expected from a consideration
of the results of other workers. Jacques (6) using an uncertified
P, rye found a reduction of tiller number under frequent cutting
while Roberts and Hunt ( 9 ) using an English ryegrass confirm$
Jacques' results with the uncertified strain,

However, in this experiment in some instancesmore
tillers have developed under the more severe cutting and in the
main it has been found that under the 3" spacing tillering has
been increased by cutting while under the 1" gpart it has been
decreased. In the pure P. Rye plots and the mixed P.P, White
Clover and P. Rye plots with the plants 3" apart and in the No.1
White Clover and P. Rye plots with the plants 1" apart the more
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- frequently cut plot has the greatér number of tillers, Taking the
weekly cut plot as 100,0 in each case the numbersof tillers in
the plots cut at 2-weekly intervals are 72.5, 93.3 and 83.L
respectively, Thus half the plots show this reduction.

Three of the twelve pots show it to a marked extent,
while five show a slight difference in the same direction,

Since this state of affairs does not agree with the

above workers it calls for some comment.

Though there are several factors influencing the issue
it is likely that with the vigorous certified strain of P, rye
used frequent cutting may tend to increase tillering, a condition

analagous with that occurring in certain cereals.

A factor, the importance of which cannot be definitely
stated but which may have affected the results, is the effect
of the use of the lawn mower. The frequent cutting of the 3"
P, Rye plots tended to produce a prostrate habit, i.e., some of
the tillers tended to be on the ground, Consequently the mower
set 1" above the ground level did not completely defoliate the
plants and this residual leaf surface would be of particular
importance to the more frequently cut plants., This did not
occur in the plots with 1" spacing where competition forced the
plants into an erect habit and occurred to a lessﬁfwgftent in the
mixed plots with 3" spacing where the clover Woufa“some compe t-
ition. The éhears were used to cut the plants in the pots and
any tillers lying on the ground would be cut. Thus the plants

in these plots and the pots were deprived of a means of maintain-

ing vitality available to the 3" pure P. Rye plots.
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Tar

while mowing msy have encouraged tiller development in
some plots competition would be a much more important facthop.

It is Teasible to suppose that the frequent cutting provides s
stimulus 0 increase tillers, and where conditions are favourable
the lncreased mumber of tillers can maintsin themselves, Unfavour-
able conditions such as competition together with freguent cutting
render the tillers so wealk that further increase is impossible.
Thus in the 1" spaced plots and the mixed plots with 3" spacing
(where there is competiition from the clover) 1t would be feasible
to sunpoese that cubbing would reduce the tiller number vhile in
the 3" pure plots where competition is less severs a greater
tiller nusber under the more freguent cultingivould Jewedat

A potential source of error in interpreting results from
the pots has been briefly menitioned, and is worthy of elaboration.
In the 1" svaced pots the tiller number and root weight per plant
have been quoted, whereas with the covresnonding plots the tillev

{or volurn
number or root weight per sample, i.e. per unit area, has been
gilven,

This difference becomes lmportant where, duve to com-
petition and the effect of culiting, more planits have died out
under the more gevere cutting, The remaining plants will not be
subject to the same competition as the plants in the less severely
cubt plot, assuming these arve all al¥e to survive., In this case the
Tfewey plants under the more severe culting might be expected to

thrive better than the greater nurber wnder the less severe

cutting and would then have a heavier root weight and a greater
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tillier number.per plant. This is likely to be misleading in
interpreting results from two pots subjected to different rates
¢f defoliation,

Again, though the weekly cut plot had a greater tiller
nunber and root welght per plant it would not necessarily be
greater per unit ar;;j;;dmgg;éequently the results are not
strictly comparable with the plots where tiller npnumber and root

Gy La mnis

welght per unit area are being consldered,

Root/Tiller Ratio.,

¥rom a consideration of the results it would appear
that the ratioc of the number of roots to the number of tillers iz
not determined sinply by the frequency of cutting. Various
workers using single plants and/or pots have indicated that the
tiller/root ratio is direcily proportional to the frequency of
eutting but under the more notural growing conditions in the
plots it would seem that other factors must be considered. In
the main i% appears that where the itwoweekly cut plots have a
greater t+iller number than the corresponding plots cut weekly
they have s smaller tillerdroot ratio.

Joecques {6) has mentioned that the new roots are pro-
duced on the new tillers and further that there are two meresbems
in the plent competing for the plant's nutrients, Thus two
factors appear to be involved - number of tillers and supply of

nutrients —. Due %o the continual depletion and the smaller

leaf surface available Tor photosynthesis the weekly cut plants

have a smgller supply of nutrients to provide for growth than ha's
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the plﬁﬁscut at tweweekly intervals. ‘Where then there are fewer
tillers in the weekly cuil plcet the plant is sble to suppori them
as well as the plot ecut at two-weekly periods can support a
greater nunber, i.e. the factors cancel out,

Where, however, the weekly cut plant has the greater
nunber of tillers it definitely cannot continue to support them
and the tiller/root ratio is decreased. C(onversely few tillers
under tThe two-weekly cutting can be relatively well supplied with
nutrients giving tillers which can produce many roots and there-
fore a high tiller/root vatio. Thus the roots are produced

according to the ability of the plant to supply nuitrients to the

roolt meristen and this is provided not simply by the freguency
of cutting but by competition for nutrients from the shoot meri-
stems which in turn is determined by the number of tillers

developed and how frequently they are cut.

Root Welghts,

P. Ryve. Consistent with the results of other workers
it has been found that root weight has been decreased by frequent
cutting, As mentioned, the differences are not statistically
significant but the trends are definite., While the dilfferences
are not great it is of lmportance to note that for the most part
the difference is due L0 the greater weight of main roots in OV
to 1" layer., This may indicate an increased storage of reserves

in the two-weekly cut plot, but this is doubtful,
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In the clofer plots the root weights show consistently
higher figures under the more frequent cutting approaching
statistical significance in one instance, while in the pois
freguent cutting has reduced the root welght in all cases, Though

the results from the plots may be fortultous thelr consistency

demands comment. Observations of the plots indicated that the
freguent defeoliation was inducing a creeping habit, many long
runners being observed in the weekly cut plots which were not
present in the two-weelly, and the weekly cut plots tend to show
better covering than the two-weekly. This mmay, In part, explain
the heavier root weight in the plots., In the pots the runners
were mainly cult and would not alliow of the extent of creeping
that would occcur in the larger plot.

Further, in the pots the root weight of complete
plants is being compared so it 1s conceivable that though the
welpht of roois Der plant may be greater with the more freguent
custing the weight per volume of ground may not be greeater,

This would go far to explain the Alsparity which
exists between sample welghts and the weighis of complete plants,

Though this may not be the entire explanation it is
evident that some facihor is influencing the plots and not the
pots which tends to indicate the inadequacy of root siudies
under the artificial condiiions in the pots,

In the mixed plots and vots evidence definitely

points 0 the depressing effect of frequent cuiting on total
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root weights, In most cases the weights of both ryegrass and
clover have been decreased but it is noticeable that in the main
much greater reduction is evident in the P, rye than in the
clover, This is particularly obvious in the pots where little
difference occurs in the clovers, In point of fact little
importance can be placed on the clover weights in the 3" mixed
plots as these may have contained appreciable amounts of P,rye

which it was impossible to separate from the clover,

=



1T, BEEFECT OF ONE THCII AIND THR&EE INCH SPACING OF THE PLANTS,

The technique adovted did not nrove sasisfactory for
this investigation due to the inadequacy of the sampling of the
3" plots. As previously outlined, samples from the 3" vlots were
teken so as to include the whole of one plant and when time per-
mitted a sample was taken on the bare ground between the plants,
WWhether an average of a sample taken over a plant and one taken
between the plants would give a satisfactory indication of the
average root intensity over the plot is a moot point and could
only be ascertained by further investigation so that the resultsF
in the section are of doubtful value and have not been inciadgziAL
tnouzh a few general points will be menitioned,

The root weights indicate that there is s considerable
inerease in weilght per unit volume of solil under the planits with
a 1" sgpacing and aglso indlcate that they produced much more
herbage per plot than was obtained from the 3" spacing, However,
the ratio of roots to herbage and the relative efficilency as
regards producing herbage of a given weight of roots from 1% and
for 3" spaced plots could not be ascertained.l

| In P, rye especially there was a much greater welght
of root in the 6" %o 12V layer from the 1" spacing indicating a
better penetration up te 12" though not necessarily ol greater
depth of penetration.

Assuming that each sample from the plots with plants
1% gpart contained the minimum of four plants, the number of
tillers per plant in the 3" and inch-spaced plots is Lh.7 and 11.7
respectively, the number of roots per plant, 200 and 61.6, and the

tiller/root ratio 5.3 and L.7.



IIX. EFIECT OF COLBINATION OF P, RYE AND WHITE CLOVER.

The sampling technique adopited here also did not
prove satisfactory for this study due to the difficult of
separating the P. rye and White Clover roots and the re-
sults obtained, therefore, will not he discussed Lor the

purpose of this thesis,

— ot ——
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TILLER
IV. SEASONAL VARIATION IN ®#8 NUMBER AND WEIGHT OF ROOTS.

1. P, Rye-grass.

Though there is some discrepancy between the 1" and 3"
spaced plots it appears in general that where the plants are
spring sown the root weights attain a maximum in January or Feb-
ruary, after which the weight falls off (in most cases) to April
after which a slight increase is noted until July when the in-

crease is very marked, This rapid increase was evident until
November when this trial terminated, There appears some evidence
to show that in November the roots tend to decrease in weight
These points are shown in Graph 2, s

The seasonal trends in the weight of different types
of root show much variation, In the 3" plots the laterals in the
top inch show an increase from February-March when they remain
steady and again increase in July, The main roots show a maxinmum
in FPebruary and March and then show a decrease until May which is
followed by a marked increase until about July. The roots througl
out the top foot follow a similar course to that shown by those
in the top inch. See Graphs 8 and 9.

In the 1" plots these trends are not so clear cut and
the issue is clouded by considerable variation as can be seen

from Graphs 6 and 7.

2. White Clover.
The seasonal variation of root weight in the White

Clover strains used is not so marked as in P, rye and tends in
some instances to be marked by variation between individual

samples, In general (as can be seen from Graphs 5a, b, ¢ and a)
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the root weight of spring sown clovers increased 1o & maxinum
in ¥February, and teen fell off 111 April., after vhich a
sradual dncrease took mlace until Avgust vwhen the increase in
root welpght became more rapid in most »lois. Root activily as
indicated by an increuse of roou welight avvears to increase
gradually during the season vhen production of leal is
neglisgible, There is a more marked activity Just prior to

active production of herbage.
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Discussion of Seasonael Variation in Root VWeight,

—— ]

Perennlial Uyecrass,

Yhile the lack of adequate replication gives somewhat
ondue variations in the weights obtailned it is clear that where
nlants are spring sown root welght is gt itls greatest in February
and falls away until liay and the subseguent increase colncldes
with the ocommencenment of active gprowith in July.

In view of the fact that the white roots are assuned
to be canable of storing food 1t might reasonably be expected
Cthat the building up of reserves corresponds to am increase in
the weight of the main root system but this seems doubtful in
this instence, Remy (43 ) in Germany has shown that roct re-
serves in P, rye are bullt up in Autum and carly winter, a
period when, in these trials it is seen the weight of the maln
root system is low, During this veriod young white roots wers
observed, but if they were acting as storage organs the increase
in weight due to the reserves is masked by the decrease of weight
duc to the death of a certain nuwnber of roots which ocecurs at
this stage, This indicates the inadequaecy of root welphts as a

basgis for root studies,

Wwhite Clover,

The root weights of clover in the main follow the
periods of active growth of foliage, Deing low durving the period
of negliginle production oi leaf, The resumption of root

activity as measured by rocot welght secems 10 precede the active
growth of foliage in early Septenber but this ds inconclusive.



3. Beasonal Production of Tillers,

As shovm in Graphs 10 a and 10 b, tiller production
does not proceed uwndformly throughout the season but, under
spring sowing, reaches a maxluium in February - liarch, after
vhich nuwdbers £all to 2 minimuwn in April, Activiiy in $iller
productlion contiences agzain in July-August.

This is in agreenent wvith the findings of Robert and
Hunt (9 ) who note a meximum tiller production but do not men-—
tion the vesuwmtion of growth activity. They postulate that the
tillers dey up and sloughh away or becone moist and decay. The
nresence of molst tillers in an apparent stvate of decay va
roted in these trials on laech 10%th, and subseguently until

June.,
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V. GENERAL OBSERVATIONS O WHI OCCURRIICE QF WHITE CLOVER HODULES.
Regults:
Tahle XHIV sunmarises the results of the nodule data
obtained, while Grgphs1f::£ows the seasonal variation,
The nodule value shown was obbtained by taking the very
small nodule as wnity, a small one as two uniits, & medium as
three, and a large as four, Thls assumes that :

4 very small noduies 1 large neodule,

3 " L H = 1 medium "
2 1! it it = 1 small i
The +otal number of nodules in 12 samples is taken in each case.

This is a purely arbitary means of giving some emphasis
to the larger nodules, An involved consideration of the relative
volume of the nodules, the relative volume of bacteriodal tissue,
and the relative value of the tlissue might have given a more
accurate factor of *‘nodule value' but this still would have been
arbitary and Tor the purpose of this investigation was not
considered,

The small number of cases avallable tends to mske aany
conclusions somewhat conjectural, but the following points seem
evident within the 1imits mentioned.

1. While in the 1" spaced plots there seems to be a reasonw-
able correlation between root weight and 'nodule value'! (see
Grap%), in the 3" plots this is less evident,

There anpears to be no connection beitween the nodule

value obtained and the production of lear.
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GRAPH, 12,
Plants 3" apart in plots. | |
Reference,
P, P,Clover,
N _ ' +— Cut weekly,
- M=gms., i v — Cut 2-wkly.
e M| EN | | 1ntervals.
[ 190 M I 081 2 0 O P | |
9 ‘ i T ot A N ' No.1 Clover,
& ) / \ R e - — — Cut weekly.
oy 200 3¢ y T | : === Cut at 2-wkly
o CEERT ' EEEE | | intervels.
St : !
+ 300 ; ! o EETTTE Robts— average
o ‘ - ‘ v ~of all above
== 100 ‘ ‘ ‘ = ;plots.
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400
309

Nodule value,
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2, The No.1 Clover maitained a consistently higher
nodule value than the corresponding P.P. Clover plot.

3. The nodule value attained a maximum in January, a
minimum in Winter and increased in September,

Discussion.

Two points stand out in the above results: firstly the
fact that the No,1 White Clover has a higher nodule value than
P,P, Clover, and secondly the marked seasonal variation of the
nodule value,

Lohnis and Fred (16) say that 'the bacteria attack only
the new roots', It can be seen in these trials that the periods
of the year when the nodule value is high are the same as those
showing rapid new root development and extension, The seasonal
variation of nodule formation thus follows closely to the season-
al variation in root weight. See Graph 12,«+ n

With regard to the greater number of nodules found in
the No.1 White Clover, it is shown by Lohnis and Fred (16) that
the bacteria present in the wicinity of a root encourage it to
proliferate and incorporate them, It seems likely, thérefore,

that the roots of the stronger growing No.1 Clover are eomewhat
more sctive than the P.P. type and so have acquired more nodules,
That the No., 1 Clover is stronger growing is born out by the

consistently highef root weight of the No.1 Clover,
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TABLE XXIV,

Production (Green Weight) From Each Plot and the
Total Root Weight and Nodule Value from 12 Samples.

Plants 1" Apart,

No. 1 Clover (pure). P.P. Clover (pure).
Interval Nodule Weight Production Nodule Weight Production,
of Value. Roots gms, Value. Roots,

Cutting, m-gms,

Weekly 3120  7600.4 2928 2584  7058.2 2402
2-Weekly 2901 7231.7 L9L9 2298 6267.5 2776

No,1 Clover with P, Rye. P,P, Clover with P, Rye,

Weekly Ll - 869 613 - 298
2-Weekly U472 - 1021 459 - 845

Plants 3" Apart,

No. 1 Clover (pure). P.P, Clover. (pure).
Weekly 1247 61491.6 2536 1166  6319.8 1673
o-Weekly 2505  6395.2 2533 2373  5330.3 1759
No.1 Clover with P. Rye. P,P. Clover with P, Rye,
Weekly 21119 7252, 8% 62l 1579 6881,.7%* Snn
o-Wleekly 2086  8722.7% 1174 1732 8331.7% 792

*0f doubtful value due to contamination with P, Rye roots.
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K, CRIVICISNM OF TECHIIGQUEH,

T. GEWHRAL:

The technigue used here may be described as an endeavour
to study the behaviour of the roots when subjected to various
treatments under conditions approximating to natural conditions
as opposed To study under the purely artificial conditions set up
when pots and/or single plants are used,

The Tirst point that arises is the value of root weight
as en indication of root activiity, It would apvear at first
sight that the whele technigue is dependent on the wvalidity of
root weilghts as & means of measuring voot setivity, but in
point of faect this is not so,

The writer considers that root welghts alone are quite

insdequate as a means of studying the root sysiem since a given
welght of root may represent an extensive root system or 8 smaller
one in vhich sre stored considerable roos reserves, Concerning
seasonal trend, evidence obitained in this trial bpoints to the
fact that at some periods certain roots may be dying vhile
others are stoving reserves. These two factors would act in
_opposite directions and tend to give no effect on the root
weights, and were this being used as a basis for study, two
important functions occurring in the roois might noi be
observed,

It iz evident then that other factors will have to he

censidered in conjunction with the root weights. In this
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connection we find various features being used., Parlychenko (3)
uses an elaborate method of dbtainihg root length while Wahlen
(14) has used the Specific Gravity of the roots assuning that
this gives an indicabion of the root reserves, Chemical analysis
will be of utmost value in certain investigations, while the
future may bring to light other methods of measuring root

activity.

The point I wish to stress is that whatever the
method of study it seems feasible that a suitable source of
material and an adequate means of getting representative
samples will be a necessary adjunct., Thus the validity or
otherwise of root weights does not limit the value of this
technique.

TABLE XXV,

Root Weights (in m-gms.,) of L Samples
Taken at the Same Time Fram Each of Certain Plots.

Plants 3" Apart.

P, Rye. No, 1 Clover P.,P. Clover.
Weekly 2-\eekly Weekly 2=-Weekly Weekly 2=-Weekly
579.0 633.0 648.0 688.0 686.5 35240
985.8 1181.0 662.0 732.0 56L,5 255.0
661,0 657.0 800,0 h2h 595.0 360.5
671.5 722,0 686.3 739.0 L35.3 375.0

Plants 1" Apart.

P S, No., 1 Clover, P,P, Clover.
Weekly 2-Weekly Weekly 24Weekl Wee 2=-Weekly.
86.0 go.o g 1480,0
ERRE O jog::
19101535 50,0 A
894 . §{ 1179 725.0 68 0 798 5 331.0
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A. THE PLOTS.

Number:

As can be seen fram Table XXV the weight of roots in
four samples takexxat the same time from each of 12 plots varied
considergbly., Thus in a comparison of say 2 treatments in an
experiment of this kind one can expect considerable variation
and furthermore, as can be seen from the results, differences
between treatments are likely to be small so that to establish
a significant difference replication of plots will need to be
extensive, It is important to note in this connection that,
for comparative purposes the plots should be laid down as neaily
as possible under s imilar conditions (i;e. at the same time),
Therefore in view of the fact that one plot LO" x 4O" with plants
1" apart took approximately 16 man hours to transplant it is
likely that only one point could be under investigation in any
one series of plots in which the treatments were adequately
replicated, Thus anything in the nature of a factorial design
(Yates (15)) would not be feasible unless you had plenty of man ;
hours available,

size:

This to a large extent must be influenced by the
number of samples to be taken. In point of factfor an ex-
periment lasting over a period of 12 months many more samples
per plot would be needed than were taken in this experiment so
that LO" x LO" would be too small,

Apart from this another factor which is worthy of

consideration is the importance of border effect. From figures
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and observations given later (q.v. page y¥) it is obvious that

a 'border' of at least 5" must be allowed. This would represent
LL% of & plot LO" x LOM" a poor utilisation of the plants indeed.
In view of this the possibility of joining 2 oe 4 plots into one
and giving the halves or quarters respectively the appropriate
treatment should be investigated. 1In L4 plots LO" x LO" with
plants 1" apart 2800 plants would be 'wasted' whereas in a plot.
80" x 80" only 1500 would not be used.

This assumes no interference at the line dividing the
treatments but even allowing some margin the scheme seems worthy
of mention, This system should not be incompatable with
duplication and s tatistical design. |

B. TRANSPLANTING.,

As mentioned on page 10, though transplanting had no
visible effect on the rye grass roots it obviously affected the
Clover and no doubt influenced raot development in both cases.
Also it may have had some bearing on the poor establishment of
Clover in the mixed 1" spaced plots. In addition transplanting
involves much time snd labour and some method which satisfactor-
ily obviates it would be a distinct advantage, since more plots
could be laid down in a given time,

It might be possible to eliminate transplanting -

(i) through a heavy and even rate of seeding, (ii) by
carefully sowing the seed in rows. This method could be used
for the mixed plots. Thinning to the correct distance apart

would of course, be necessary.
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C. SAMPLING.
Frequency of Sampling:

It is evident fram this work and that of others men-
tioned in the text that the root system of grasses is merely
transitory., Reserves are, under certain conditions, being built
up while at other stages these are being broken down and utilised.
The roots themselves are subjected to changes being extended at
some periods and replaced at others,

While the extension and replacement may occur at
definite periods it is likely that the amount of reserves material
will vary considerably over short spaces of time, dependent on
treatment given, In view of this I suggest that samples should
be taken at weekly or fortnightly intervals and that samples
from various plots which are to be compared should be taken as
nearly as possible at the same time,

Number of Samples:

Whatever the method of studying the root system it
will probably involve the use of several plants subjected to the

same treatment which will be examihed at successive stages of

growth, Since the various plants will vary (note variation of
3% gpaced rye grass and clovers in Table xxv ) a considerable
degree of variation must be expected in this method.

As can be seen from figures for sets of 4 samples taken
at the same time fram certain of the 1" apart plots (See Table
XXV) considerable variation occurs in root development over the
plots even thomgh these were apparently uniform as judged by
the growth of the tops.
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This being so it is evident that one sample per plot
at each sampling is inadegaube and that 3 and possibly L samples
would be necessary to give an average figure which would be a
reliable indication of the condition of the roots at a giwven
tinie,

Spragﬁe (L4) has used a method whereby he tokes a sanmle
7% x 3" and 12" deep and from this cuts duplicate samples 3" x 1"
x 9" deep. From the experience of the above I should think that
this method is hardly satisfactory, since the zamples are small
though the idea of duplicaies has much to conmend it,

Brrors in Sampling:

Under this heading some sources of error will be
mentioned which occur even assuming the plots are uniform as
regards thelr root systems.,

In the 1" apart plots any number of plants Ffrom L to §
can be ohtained in a sample, (See Pig.15). PFurther, due to the
fact that the plants tend to lose their original lines it is not
vossible to include any definite number of plants in any partic-
wlar sample., Also it is difficult to count the number of plants
per sample afher washing due to the sectioning and mutiletion of
some of the plants during sampling, and even assuming the nmunbew
of plents coudd be counted it is doubtful il a satisfactory
factor could be introduced to allow for the varying nuwber of
plents per sample since slight variations in the position of
the sampler would result in dfferent proportions of the roots

of certain of the plantits being obtalined.
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In order to mitigate this source of error it is
likely that several samples would ha#e to be eken, Just how
many would be necessary is a matter that would need to be as-
certained. In an effort to overcome this tiller number was
taken as a basis.

Another point worthy of mention is that the main
difference due to the varying number of plants is likely to
occur in the top inch and in some investigations this region
might be discarded in which case the lower layers may not vary so
much. Spragie (4) has found a correlation between the layers
1 — 9" and the total weight of roots, i.e. inecluding the 0 - 1"
layer., This, however, would need verification, and is merely
mentioned as a possibility as a basis for future investigation.

Another difficulty that has arisen in this éXperiment
with the 3" spaced plants mmd would occur also with 2" spacing,
is to get an idea of the condition of the roots over the whole
of the plot., A sample can be taken over a plant or on bare
ground between the plants and the obvious method would appear to
be to take a sample in each position and average the figures,
This, however, would seem to have serious limitations and the
value of such an average for comparison with a sample fram an
inch apart plot would seem very doubtful,

Assuming it was satisfactory other errors are involved,
A slight difference in the position of the sampler over the plant
and on the bare ground would give a different root weight. Also a
slight deviation from the perpendicular of the sampler would pro-
duce a similar effect., In addition replication say 3 times would



involve taking €& samples in the pure nlots with vlants spaced at
3" while in the mixed plots on the above plan 12 samples would
be necessary possibly without piving sufficient accuracy for

most comparisons.
Another error that occurs 18 sampling in dry as

onposed to wet ground., It takes considerable effort to get Tthe
sampler into the ground so that the wed soll is conpressed which
gives in effect 12" + x" in the sample, It has been noted while
sempling wet soil that the level of the soil in the sampler was
1" Llower than the normal soil level which means that 13" have beer
compressed into the 12",

This could probably be overcome to a large extent by
an alteration in the construction of the sampler. It would be
feasible to reduce the thickness of the material by using a
better steel and the lugs could be reduced in size.

This would reduce the resistance of tliwe sampler vhen
driving it inte the ground and would assist in reducing the
error mentioned above,

D, DABCIATORY CRIEATEWITE,

5

Cuting into 4" layers, Whis is probably the source

of some error, 2speciglly near the surface where Tthere is a con-
siderahle development of roots., It is often difficult to be

sure just vhere the surface of the soil definitely is due to dis-
tortion when the sampler is belng driven in, and any error in the
first inch is carried through the depth of the sample, If the
samples were replicated a Talrly vellable average Digure could

be obtained, This would also apply whare a stone of say =
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diameter or larger has been found in any particular layer as
was sometimes the case in this experiment.

Washing the Roots:

To get the roots reasonably free of solil involves
washing so intensély that much loss of the finer root and root
hairs must occur. Rose, in unpublished work,. found that in wash-
ing a one foot ryegrass sample through the sieve 20 times approx-
‘imately 20% of the total weight of roots passed through the sieve
and was collected in a muslin 'baffle'., A closer examination

revealed a large amount of organic matter and soil particles

which could not satisfactorily be separated from the roots., Thus
it would seem that 10 -15% might represent the loss from an
ordinary sample washed by one inch layers through the sieve. Whil
losses fram all samples would tend to be similar those with the
greater amount of fine root material would be unduly affected.

Losses from Clover samples would probably be consider-—
ably less than those from the ryegrass since Clover does not

have such a large proportion of fine roots.

However, the method of washing would appear to need
revision and an imppovement could probably be affected by using
a finer sieve and soaking the sample till the soil and roots
formed a thin layer on the bottom of the sieve when the roots
could be separated with the aid of forceps.

Organic matter such as decaying leaves, needles from
adjacent pine trees and the like present a difficult in the
first inch layer, as it is extremely difficult to separate the
finer roots from this foreign material, Could the first inch
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oul wnder the wore natural PLol conditions s oguosed o siudics
it pobs woalen inteoduce artifical condiftions and tend to pive resul

whlen aie of wwupitful practical apgplication.

cills

-

One difficuit; encountered in thw use ol pois ji
sxperiment con be mentioned here. ‘ne error was inoroduced vhen
comparing the rool welghts of plunts unccr weekly cutting and
cutbing at two-weekly intervals. The plunts were 1” apart and
under weelklly cuivbing some died oub, whersas wnder thse two-veckly

cubling ther were abvle to survive. Conssguently tnsre wWas re-

guced roolt compelbtition in tue pOls cut weskly ond the ploanos
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witle: did survive were chis, in splte of the nmoro frecusnt
cutiing, bo develop a hsavier rootl syofenm thai the plunis in

Lirg pots cut at two-weekly intervals. However, the root weight
per uniy volums of soil (il.e. as talen in the sanpler from ths
plcts) vas 1ot 80 great unGer the more Irequent cubiing. Renlic-

ation ol povs is necesgary as with the samples.

V. COLCLUSIOLS.

Fpom the resulis it is apparent thut the ALl rences
due to treatpents arve lilsiy to De small while the variation
netween bhe gamples ls lilksly Lo Le considerable. This will
nacessitulte replication of plots and samples aud the larpe
nuamuerr 07 samples likely to be involved in an experiment will
tesd o mdte the tecunlgue somewhal unweildy in practice. In
gdaision trre wstuod is not rewdlly wicnable Lo tas gpiudy of
deep rooting plunss, or to btiwe sbudy of plunts spaced videdly
GPRLYUa

levertireless, the syolbtem provides & reapld mesns of
guantitavive sbtudy and secws Lo hove dedinlie value 10 bracilly
the seusonal growing cyele and as o wewns of ovtalning maiterial
Por chemical stldies of rool reserves.

Indicabions are that furtner investigation using
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IT,. BORDER FPFFECT.

S3ince this factor is obviously of iuwmortance in a
technigue using small plots some investigation is warranted,

In the 3" plots the two outer rows of plants were
allowed for horder effect and were found e he gulite sufficicent
since inside of these no border effect was visible and root
samnies taken revealed no differences which could be aliribubted
to this between the root weights of plants. Mo doubt in the
clover nlots as the clover came to cover the ground by virtue

of its muners edge effect mipht assume lcportance bhult that

g

possihility did not arise in tlvs experiment since the ground
had not becowme covered,

The positlon in the 1% plots was quite different,
however, The plants were obviously clogser than the optimun
distance for satisfactory growth and competiitlon was an im~
portant factor, and in the F. rye plobs it soon became evident
that the 2" allowed was totelly inadequate to obviate the elffect
of the *horder', (See Fig. 22), In the 1" Clover plots no
‘border' was vieible in the tops though it was suspected it might
ke affecting the roots,

For thig resson all samples in the 1" spaced plots
vere taken at least 6" from the edge,

To asceriain the influence on the roots of this 'horder!
Tour samples were taken in the positions shown in Blg, 23, One
was taken just outside the plot, one near the edpe, one 24" to 5B
Tron the edge and one 5" to 7" from the edge, Tour sets of

samples were taken from ecach of a clover and a P, Rye plot at 3"
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and 1" spacing. As mentioned, no effect was observed in the 3"

plot but the results from the 1" plot are given in Table XXVI.

TABLE XXVI.

WEIGHT ROOTS PER SAMPLE ( in m - gms.)

(Position Samples shown in Fig. 23.).

Plants 1" Apart.

P. RYEGRASS. NO.1 CLOVER.

Position S8et 1 Set 2 8et 3 8et 4 Position 8et 1 8et 2 8Set 3 8et L.

A 182.0 180.8 178.0 18L4.3 A 145 14.0 13.4 143
B 2035.0 1435.3 1818.0 2483.0 B 810.3 bH24.5 662.5 702.8
C 893.0 1015.0 1470.5 1768.8 C 640.3 605.1 577.0 725.0
D 1895.0 1249.0 1640.0 2157.0 D 688.5 567.8 601.8 668.0
Average for plot Average for plot
1830.0 613.0 m-gms.
at date sampling at time sampling

From Table XXVI it can be seen that in the P. ryegrass
plot the samples near the edge showed a greater root weight than
in the main part of the plot while further in 23" to 5" there was
a falling off in root weight, at 53" to 7" the samples proved
similar to those in the main part of the plot within the limits
of sampling error; and one might conclude the border was having
no effect further in than 5" - 6".

The position appears to be as follows. In the ryegrass

plot competition was a very important factor, the plants being



only 1" upuwre, wnd tids eirvect of competition would be intensified

=

by the natural tendency of the ryegrass ool system to spread
luterally. Thus tae outside 2% to 3" grew viorously as competb-
ition was confined 1o one side only and consequently the root
systen becunme well developed. The lateral spread is obvious
from the relatively high welght of rools in the samples taken
just ountgide tne plove Then at 5 - 5" the plants, and their
root systems, were wnbtnrifty due to the more extencive competibion
from the vigorous 'border'. Furtoer ia than tug Plot was
noral.

he clovers gave no vioible border effect, the roliuge
appearing guive even from the edge inwards., idevertaeless |
Fisures in Yuble XX Vi woulu indicaivs the advisability of allow-—
That tus bordasr erl

ing at leest O for Luraur ellsels

ncwnead thw: In tue pye-—rrass can bhe eXplained €0

&
Q
!....]
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st the clover roots tend to go straight

o

some exbens
down and have a vory slight loteral spreegad. This Teavure is
obvious IUrom profile studies and wlsgo from tue fact that there

was o vaery Low welsht of roots in the samples tolen oulslide the
plot. #or t.uis reason bhoe absence of compotivlion oubside ithe

plot would tend to have lesg sipnilficance in clover tian in The

case ol the P. rpys-prass plovs.



8'0 1]

o SUNEARY AWD CONCLUSIONS:

1. Some 1limitations of the technique have been pointed
out and the necessity for rewlication of plots and samples
stressed, The main disadvanteges of the technique are that it
ig not amenable to the study of root systems of plants spaced
at distances greater than 1% or o the study of deepn rooting
plants. It is valuable in the study of the seasonal growing
cycle and as a means of obtaining representative material for
chemical anslysis.

Some criticisms of pots studies have Leen mentioned.

p While the effect of more frequent defoliation is Ho
reduce tliller nunber the possibility of increasing the manbers
of a vigorous certified strain of P. rye is postulated, The
root weight of P, ryegrass was decreased under the nore fre-
quent defoliation,

The root weights in the pure clover plots under fre-
guent defoliation were greater than under less frequent de—

foliation., This was not confirmed by pot studies.

3 The greater root welght and betiter peneltration in the
1" spaced plots was noted, <3 cermprrcs wrtin 30 ipaaeen
b, The seasonal variations in root welights have been

traced and in genersl increases in root weight amppear likely
to indicate aa incresse in root length rather than an increase

in the raserves stored.

The seagonal varvistion of tillers was slso traeed,



5 Correlation between root weights and nodule nunbers
was not definitely esteblished. The scasonal variation appears
likely to correspond with root activity as measured by increase
in root weight.

The more vigorous certified No,1 White Clover (which
produced more herbage than the certified P.P, type) showed a

consistently greater number of nodules than the F.P. type.
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APPENDIX A (Conta,)

No. 1 %White Clover in pure plotse, Plants 1" apart.

Boot weilghts in m - gms per semple and dates of sampling.

Dates of Sampling. Cut &t weekly intervals. Cut at 2 weekly intervals,
Nov., 26, 1937 142,73 187.1
Dec, 21. 550.7 488.5
Jan, 7, 1938 785.9 661.6

28 571.3 625,0

Feb, 18 618.3 595.7
ilar. 18 76%.0 736.6
Apr, 12 514.0 604,0
Mey 4 645.1 673.5
July 12 505,73 499.7%
Aug. 10 918.4 752.5
Sept.21l 752.5 695.6
Nov,20 792.6 712,72
Total 7600, 4 72%L,7




APPENDIX A  {Contd.)

Wo., 1 White Clover in pure plots. Plants 3" apart.

Root weilghts in m -~ gms per sample and dates of samnling.

Date of Bampling. Cut at weekly intervals, Cut &t 2 weekly intervals,

Dec., 7, 1937 1337 185.4

20 2h4.9 31L.8
Jen., 19, 1938 270.4 544.%
Feb, & 904.6 864.3
¥ar., 4 827.6 846.7

21 blG.7 211.5
Apr, 20 483.3 429,.3
Hay 12 247.0 503.5
July 26 487.1 500.9
Aug, 22 599.,5 786.5
Oct, 3 757.5 608.1
Hov. 24 B06.3 602,73

RV}

Total 6491.6 6295,




APPENDIX A, (Contd, )

P.P. ¥White Clover in pure plots. Flants 1% apart,

Root weights in m - gms Dper sample and date of sampling.

Date of sampling Cut at weekly intervals Cut at 2 weekly intervals
Hov., 27, 1937 2374 206,7
Dec. 17 661.6 408.9
Jan., 7, 1338 654.6 642.2

28 691.8 711.9
Feb. 18 611.6 641.2
Mar, 18 634.1 94,4
Apr, 12 395,1 385, 2
Hay 3 A50.5 328.0
July 12 581.8 622,6
Auz. G BT7.5 B32.3
Sept.20 684.1 455, 4
Nov. 16 576.1 858.7

Total  6758.2 6187.5

k.




APPENDIX A (Contd.)

P.P. White Clover in pure plots. Plants 3" apart.
Root welghts in m - gms (per sample) dates of sampling.

Dates of Sampling Cut at weekly lntervals Cut at 2 weekly
intervals.

Dec. 6th. 1937 71.8 69.1

28 170.,0 216.2
Jan.19th, 1938 521.7 597.7
Feb. 8th. 671.9 537.0
Mar. 4th. 530.4 509.7
Mar. 3lst. 394.6 389.1
Apr. 20th, 418.3 347.5
May 1l2th. 867.4 529.0
July 25th. 771.8 545.5
Aug. 17th, 765.3 413.0
Sept.30th. 576.9 676.8
Nov. 18th. \ 559.7 499.7

TOTAL 6319.8 5330.3



APPENDIX B, Gontd. )

P, Ryegrass in pure plots Plants 1% apars.

Mumber of %illers and roots per sample and ratio tillers %o
rcots and dates of sampling.

Date of Sampling Qut a2t weekly intervals Cut at 2 weekly intervals

No. of o, of  Rateg  ho. of Ho. of  Rates
Tillers Roote T/R Tillers Roots T/R
Nov, 18; 1937 19 40 2.1 28 76 1:2.6
Tee, 16 45 129 1:2.8 62 145 1:2.3
Jan. 6, 1938 45 l22 Liz2. | 43 143 1:3.7%
28 39 130 1:3.3 65 190 1:2,9
Feb, 18 43 204 1:4.7 40 107 1:2.7
Kar, 17 55 247 1:4.5 4 232 1:4.2
Apr., 8 36 214 1:5.8 48 268 1:6,0
May 3 28 131 1.7 53 314 1:5.9
May 25 { 39 328 1:6.1 54 369  1:6.9
E 42 283 1:6.7 54 360 1:6.7
( 32 193 1:6,0 AO 269 1:6.7
E 58 390 1:6.8 16 116 17,3
July 7 24 189 1:7.9 44 490 1:11,1
Mig. 4 34 292 1:8.6 5L 3207 1:6.4
Sept .15 50 236 1:4.7 78 341 1:4.4
Oct. 13 41 2565 1:6.2 41 255 1:6.2
Nov,. 18 46 324 1:7.0 43 241 1:5.5
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APPUNDIX

B,

Rye in pure plots

Plante 3" apart.

Number of tillers and roots per sanple and ratlio of tillers
to roots and dates of sampling,

Date of Sampling Cut at weekly intervals Cut at 2 weekly intervals
Mo, of Ko. of Rates o, of ¥o. of Rates

Tillers Roots T/R Tillers Roots m/R
Nov. 25, 1937 9 16 1:1.8 7 o0 1:%,1
Dec. 26 59 156 1:2.6 46 1e1 1:2.6
Jan, 1%, 1938 1 81 1:1.1 AT 132 1:2.8
Feb, 3 50 102 1:2,0 37 101 1:2.7
Nar. 2 102 183 1:1.8 58 235 1:4.0
25 33 119 1:3,1 45 166 1:%.7
Apr., 20 22 181 1Li5.7 22 17% 1:7.9
May 11 35 18C 1:5.1 25 239 1:9,7
June 1% ( 25 134 1:5.4 21 125 1:6,0
E 3% 215 1:6,5 ad 248 1:5.6
E AT 249 1:5.3 24 161 1:6.7
'E 26 205 1:7.9 30 156 1:5,2
July 22 63 278 1:d.4 29 225 1:7.8
Aug, 18 97 510 1:5.3 57 310 1:5.4
Sept .28 73 549 1:7.5 47 AO9 1:8.7
Nov, 16 68 381 1:5.6 62 465 137.5




LPPENDIX B, {Contd.)

P. Rye with No. White Clover in mixed plots, Flants 1Y apars,

Number of %illers and roovs per sample and ratic of tillers %o
roote and date of sanmpling.

Date of Sampling. Cut et weekly intervsels. Cut at 2 weekly intervals,
o, of No.of Rates No, of No.of Rates
Tillers Roots T/R Tillers  Roots T/R
Nov, 30, 1937 28 53 1il.9 15 41 12,7
Dec. 24, 79 103 1:2.6 39 107  1:2.7
Jan, 12, 1938 T4 175 1:2.4 ha 140 1:2.7
Feb, 3 77 157 132.0 52 128  1:2.5
Feh. 24 832 211 1:2,5 6% 168 1:2.5%
Yar., 23 64 170 1:2.7 34 140 14,1
Apr, 16 28 113 1:4.0 20 90  1:i4.5
May 5 50 174 1:3.5 20 172 1:8,6
July 16 55 294 1:5.5 44 185 1:4.2
Aug. 16 A3 249 1:5.8 70 327 147
Sept, 26 28 242 1:6.4 Bl 349  1:6.8
Hov, 23 24 146 1:6.1 39 178 1:4,5



APPEHDIX B,

P, Rve with No, 1 White Clover (mixed Plots)

Wumber of tillers and roots per sample and ratlo

and date of sanpling,

(Contd. )

Plants 3" spart,

tillers to roots

Date of sampling. Cut at weekly intervals. Cut abt 2 weekly interval:
No. of Wo.of Ratio No. of No,of Ratio
Tillers Roots T/R Tillerz Roots T/R
Dec. 14, 1937 34 B5 1:1.6 64 88 1:1.4
Jan. 5, 1938 59 127 1:2.2 64 122 1:1.7
26 59 152 1:2.6 43 28 1:2.3
Eeb. 14 79 195 1:2.5 33 83 1:2.5
lar, 15 62 161 1:2.6 72 336 1:4.6
Apr. 5 88 275 1:3.1 61 168 1:2.7
29 20 42 1:2.1 53 A1l 1:7.8
May 20 39 240 1:6.2 52 318 1:6.1
Mg, A 48 374 1:7.6 55 527 1:5.9
Sept. 2 64 426 1:0,7 50 236 1:4.7
Oct. 11 b1 357 137.0 97 788 1:8,1
Dec. 16 85 294 1:3.5 84 238 1:2.8



APPENDIX B, (Con%d.)

P, Rye with P.P. White Clover in mixed plots.  Plants 1" apart.

Number of tillers snd roots per sample and ratio Tlllers to roots
and dates of sampling,

Date of Bampling. Cuit _at weekly intervals Cut at 2 weekly intervals.
Ho, of Ho, of Rates Ho. of No.of Rates
Tillers Roots  %/R Tillers Roobs T/R
Nove 30, 1937 18 55  1:3.0 32 7L 1:12.2
Dec. 24 41, 106  1:2.6 31 79 1:52.5
Jan. 12, 1933 B4 8C  1:2.4 62 168 1:2.7
Feh, 2 35 109 1:2.6 49 121 1:2.5
Feb. 24 24 133 1:3.0 75 247 13,73
Mar, 23 57 269  1:4.7 26 120 1:4.6
Apr. 14 28 127 1:4.5 19 86 1:4.5
Hay 5 23 152 1:6.6 30 295 1:9.8
July 14 41 250 15,1 38 159 1:4.2
Aug, 12 51 260  1:5.1 45 248 1:5.5
Sept.22 &7 301 1:6.4 24 178 1:7.4
Hov, 22 25 176 1:7.2 21 142 1:6.8



APPENDIX

...Bﬁl

(Contd.)

P. Rye with P.P. White Clover in mixed plots.

Plants 3" apart.

Nunber of Tillers and rocts per sample and ratlo of tillers to roots,

Date of sampling.

Dec, 8th.

30%h.

l‘iaro 9t11=
Apr,18th,
26%h,

May 16th,

July 28th.
Aug, 23rd,
Oet. 4th,
Dec, let,

Cut at weekly intervals, Cut at 2 weekly intervals

Wo., of Ho.of Rates Ho. of No,of Rates
Tillers  FRoots T/R Tiliers Roots T/R

4% 64  1:1.5 53 86 1:1.6

A4 g5  1:2.2 64 136 1:2.1

52 95  1:2.5 107 267 1:2.5

108 239  L:2.2 39 113 1:3%.1

66 173 1:2,6 71 319 1:4.0

119 354  1:3%,0 34 185 1:5.4

55 291 1:5,% 78 =pi 1:3.1

30 159  L:id.4 35 225 1:6.4

95 385 Ll:iall 40 pal 1:8.0

54 384 1:7.1 65 232 1:3,6

30 422 1:5,3 51, 319 1:5,2

%3 181 1:5,7 67 169 1:2,5



APPENDIX C.

WUMBERS OF NODULES PER SANPLE. NO., 1 WHITE CLOVER 3% PLOTS.
WEEKLY 2 WEEKLY
- Nodule Hodule
Date Very Small Small Hed. Lge. Value - Date Very Small Small Med. Lge. Value
Dec, 7 - - - - - Dec. 7 5 27 9 - 86
50 - ~ - - - 29 5 23 e2 1% 169
Jan.19 ~ - -~ - - Jan.19 2l 61 24 15 275
Feb, 8 6 11 3 1 59 Feb. 9 136 75 25 19 437
Har. 4 102 4 - - 110 Mar. 3 150 59 18 23 A14
31 ~ 7 1 - 17 51 ~ 5 6 2 36
Apr, 20 - 9 8 5 62 Apr.21 94 3 2 1 110
Hay 12 3 2 1 - 10 Hay 12 1 5 9 - 34
Jly.26 26 47 15 - . 165 Jiy.26 36 67 9 - 197
Ag.22 32 67 54 L 332 Aug, 22 19 A7 125 - 488
Oct. 3 4 46 80 - 326 Oct. 4 - 13 51 - 179
fov, 30 6 20 35 1 156 Nov, 30 - 10 23 -~ 89

1247 2514



APPENDIX C,

NUMBERS OF NODULES PER SAMPLE. No. 1 WHITE CLOVER 1" PLOTS.

WEEKLY 2 WEEKLY

Nodule Nodule

Date Very Small Small Med. Lge. Value Date Very Small Small Med., Lge. Value
Nov.26 - 10 3 - 29 Nov.26 - 6 1 - 15
Dec.21 9 13 22 23 193 Dec.17 16 5 16 11 118
Jan. 7 70 62 52 19 426 Jan, 7 57 112 83 13 582
28 27 55 37 16 312 28 24 60 36 8 284
Feb.18 142 23 13 10 267 Feb.18 158 72 31 5 415
Mar.18 15 66 69 12 402 Mar,21 132 18 4 5 200
Apr.13 3 17 1 - 70 Apr.13 . 5 12 3 58
May 4 1 16 12 5 89 May 4 2 4 16 - 58
Jly.1l3 10 53 - - 116 Jly.1l3 61 90 = - 241.

Aug.10 21 54 34 4 247 Aug.10 70 72 36 2 330 |
Sept.21 9 60 151 2 h90 Sep.21 19 83 58 2 367'
Nov,.18 2 38 99 1 379 Nov,18 6 28 57 - 233

3120 2901



Date
Nov.27
Dec,17
Jan, 7

28
Feb.18
Mar,18
Apr.13
May 3
Jly.1l2
Aug. 9
Sep.20

Mov.16

YHITE CLOVER 1% WEBEKLY
Very Small Small HKed,
1 16 6
20 19 20
20 29
4 18 %2
22 13
27 15 54
3 4 2
- 3 &
58 69 1
83 133 40
70 52 151
13 ) 59

Lge.

26
25
20
15

[ & #]

N L)

APPENDIX G,
Nodule
Value Date
5L Nov, 28
222 Dec.21
236 Jan,10
216 Feh, &
152 24
191 Mar,21
2L Apr,17%
32 May 3
203% Jiy.1le
AT Auge 9
591 Sep.20
196 Nov.16
2n84

P, P, WHITE GLOVER 1" .~ 2 WEEKLY

Nodule
Very Small Small Med, Lge, Value
35 14 A - 75

185 24 10 11 307

116 5 AT 34 ha3

150 17 6 14 258

150 48 19 3 315

10 6 3 4 a7

> 7 b 1 52

8 1 1 1 17

1.6 21 ) - 70

33 49 27 - 212

8 60 - 194

2 13 70 2 eaé



APPENDIX Go

NODULE NUMBERS PER SANPLE PP, WHITE CLOVER PLANTS 3" APART

JEEKLY CUT odule 2 WEFKLY GUT HotuLe

Date Yery Small Bmall Hed, Lge. Value Date Very Small Small Med, Lege, Value
Dec, 6 - -~ - ~ - Dec. 2 - 1 1 1 9
28 - 2 2 1 14 25 1 16 2% 1 106
Jan,19 - -~ - - Jan.1l4 102 116 A5 16 5373
Febh, 8 124 - - 8 156 Feb, 3 4% 58 = 3 267
Nar., 4 28 31 4 2 110 Mar, 3 140 14 3 2 185
BoozY 19 16 8 4 Sl "3 4 o4 10 e 110
Apr,21 2 3 2 -~ 24 Apr.2l P, 34 4 P 95

liay 12 10 12 13 1 77 liay 12 g 7 15 o ?6.
July &5 13 28 29 i 160 J1ly.25 8 75 26 8 268
&ug.19 9 40 25 - 164 Aug. 19 27 84 A0 1 319
Sep. 30 10 40 76 - 320 Sep, 30 21 65 56 2 327
Nov. 29 2 % 14 ~ 50 Hov,29 6 ~ 24 ~ 78

1166 2275



APPENDIX D.

Showing Weleht Roots in 12 Samples from P, P, Clover Plofts

Flante 3" Apart

Cut at Cut at
Weekly Intervals 2-weekly Intervals
170.0 216.,2
Hel.7 597.7
671.9 537.0
530.4 509.7
394.6 389.1
418.3 347.5
867.4 529.0
771.8 545.5
765.3 A1%.0
576.9 676.8
559.7 499.7
éfﬂ%;g 5261,2
STATISTICAL ANALYSIS
d a2
1700 21562 #1062
5217 5977 +760
5719 5370 -1349
5504 5097 - 207
2945 3891 ~ 55
4183 Z475 - 708
8674 5290 ~3384

7718 5455 -2263



STATISTICAL ANALYSIS (Contd.)

a ae
7653 4130 -3b23
5769 6768 + 999

5579 4997 - 600

62480 52612 -12089 33500138
+ 2221 8852494.86

Av. 5680.0 4782.909 - 9868
Av. - 897.091 24647643.14

24647643.14
11

1496.895
897.091

1496.895

0.599

Odds 22 &

not significant.





