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SECTION I, INTRODUCTION,

The seasonal behaviour of pasture plent species is of
fundameﬁtal importance to the farmer as one of the indices of value
of any particular species, and the uses to which 1% can bhe put; and
to the plant breeder, since it is his primary object to produce pasture
plants vhich sult the farmer under his particular system of farming.
To illustrate this point specifically, the example of the ideals
aimed at m the breeding of short rotation ryegrass in New Zealand
may be cited. Quoting Levy (1945), Y... Italian x-yégraaa is a
one- to two-year plant for the temporary pasture, and the true
perennial ryegrass can be used widely in rotational and permanentd
pastures. There is, however, too large a gap between trae perennial
ryegrass ‘and true Italian ryegrass, snd many years of breeding and
selection within these species accentuated the gap rather than
reduced it." It can be seen tzha’c‘ the short rotation system of
farming, incorporating pasture leys of 3«-4 years wag not well served
in the choice of a sultable ryegrass, Thus the plant bre@ding section
of ’che Grasslends Division (Department of Scientific and Industrial
Research) turned its attention towards breeding by hybridisation of
perennial and Italian ryegrass, a type that would possess as far as
possible the desirable qualitles of these two species in combination;
thet 1s, it would combins some of the rapid establishment, high winter
and early spring growth snd palatibility of Italien Iyegrass with an
appreciable degree of persistency of perennial ryegrass. Seasonal
growth thus played the major part in the objectives of the resultent
programme from which short rotation ryegrass was produced. Comparative
trisls of ylelds of the three grasses, perennisl, Italian and short
robation ryegrasses were conducted in different localities, serving a
very lmportent purpose in providing farmers with direct information
regarding the seasonal characteristics of production of the new type.
These frials, which are continuing, show that short rotation ryegrass
conforms largely to the objectives aimed at, so that the reqirementis
of the man farming under shori votation system hm;@ been met, to &
great extent, by the work of the plant breeder.

While the result of any breeding project like the one

described may be economically satisfactory, little knowledge is



gainmi of the nature of these seasonal growth changes effected by
breeding. The information regarding this is restricted to the foliage
Sgrowth in terms of single plant observations during the progeny besting
part of the breeding programme, and dry matfer‘ figures obtained from
yi@}.ﬁ trials of the resaltant product. Thusthere arises a situation
vhere a result is obtained with little reference to the cause.
Hutchinson (1939) has stressed the need for increased kmowledge of the
physiological processes of plants if progress is to be made in Dbreeding
by improvement of methods of selection for quantitative characters, If
this is true, more emphasis must be placed on investigations of the
pasture plant as a physiological whole, whose seasonal growth is the ;
result of the interaction of many environmentsl factors on the entire
plant, root and above-ground parts. |

It is at this point, that the present investigation hopes %o
supply some of the facts which link up seasonal production of grasses
with one of the factors which, it would not be unréasonable to speculate,
may be directly concerned, namely, seasonal root growbh. Is is only
comparatively recently that Americen workers have inve stigated this
aspect of root development, using as experimental material both cultivated
species and indigenous prairie grasses, the latter being easier 'co’ handle
due to the relative thickness of the individual roots. There is a pauc-
ity of New Zealand work on root development of pasture plants, Jacqugs
belng the only worker %o concentrate on the subject. No results of
seasonal studies of root growth of grasses in use in New Zeal and have
been published, while sich studles of clovers have been neglected both
here and overseas.

, The role of the root system cannot be divorced from any
consideration of the seasonal growth of plents, since its physiological
functions of absorption, transport and storage’ of nutrients so importent
to the plant, are so pl;nsely bound up with any changes which may occur
in the top-growth of the plants, Thus this study entails the description
of root changes such as weight, new growth, degeneration of older roots,
colour, etc., with the seasons, end whers possible, measurements of the
same, In this respect, the objects of the work are sonewhat ahead of

New Zesl end studies of above ground parts of pasture plants. Corkill

(1947) in a peper read to the Genetics Discussion®roup, Massey College,
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shtated thel more would have to be known of such conslderstions of leaf

-

growth as morphologicel lesl characters, amount of $1llering md seasonsl

inflvences, for lmprovement of selection methods in breeding, since

yields from experimental plots by weight. and individual plant observab-

iong without detalled descriptions wers the only bases on which the

pasturse pland bm&&‘w_wmm in syntheslzing new bypes,
Agmin, it appears that the plant is considered merely in terms

of the green mabtter it produces, without cognizence of the fact that the

physiclogicel processes thet govern the growth of leel, and the conditions

which modlify those processes must sch in some way on the rest of the plant.

This investigation hopes to show the iﬁrﬁ‘lmmma of sesson on the growth and

behaviour of the underground portions of various pasture plants, and how

this ie pelated to the seasonsl behaviour of the sbove ground perts. It
entalls the description of morphological root characters and development

of new roots as affected by season and thus parsllels the studies that @r@

mooted for the above ground parts of pasture plants.

The particular objects of this investigation sre as followsi-

1. To set down seasonal chenges observed in the root systems of the plants
@hmé@m for trisl, \z»mci to meassure these changes whers possible,

2. To relate the different root @Emngém im cc;mmmmmn, to seasonal
variation in production and persistency of growth of the pasture
plante studied,

How useful work of this nature is likely to be to the plant breeder
is a mabter of pure conjecture, tmt it is apparent mm; combined with the

resul t¢ of similar studies of the seasonal influences on top growth, &

more adequate picture of the growth of pasture plants would be obtained.
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SECTION 11: REVIEW OF THE LITERATURE,

&h@ literature bearing on the seasonal aspects of
root growth in pasture plants is not extensive. Investigations
made on root systems have been mor@ of the nature of enguiries
into the effects of environmental factors such as moisbure,
temperature, light, seration of the soil, soil fertility and
different types of management of these plants on root development
and growth. Prior to the work of Sprague (1933), seasonal growth
studies on roots over a year or more had been made principally on
frult and forest trees by McDougell(1916), Harris (1926) and
Collison (1935). It can be seen that the important details of
seasonal root growth - &evelcpment_and changes in terms of extent,
both lateral and vertical, weight, deterioration, and new rooting
with the time of year have only recently received atbtention from
botanists and agriculturists.

Eerly conceptions of the seasonal growth of pasture
plants were probaebly founded on the ideas held by horticulturists,
According to Goff (1898) it was common to find stated in horticultural
publications, that fibrous roots of perennial plants dle in the
avbumn and are renewed on resumption of groémh in the spring. Goff
indicates that this view was commonly held in reference %o perennial
pasture species. In the same paper (1898), he describes his
invastigationa in which he found that root replacement did not occur
in many species of forest trees, fruit trees and shrubs, but on the
contrary, new growth of the fibrous roots generally began from the
identical tips where it ceased in the autumn, the time, and &evelupm@pt
in terms of length, varying with the species, It was also found by
the seme author that the roots of Rubus species and Agropyron repens
appear to meke considerable growth before any visibdle growth of the
plants above ground in the spring. Th@‘va&ue of this work does not
‘lie so much in its direcﬁ application to economic' pasture plants, but
rather in its early contribution to the appreciation of the fact that
there is great variation in seasonal root behaviour among plant specles,

The first direct investigation of the seasonal root

growth of pasture plants was made by Sprague (1933) on two species of



cultivated grasses, Kentucky Dluegrass (an.pratensis) and Colonial

bent (Agrostis vulgaris). Two important findings were @

(i) in the spring, bluegrass formed new roots approximately two
weeks earlier than bent grass.

(ii} maximan roat weight for bluegrass occurred in eéxly May and
practically two weeks later for bent grass., The maximum root
weight was apprcximaxelﬁ twice as great as at the beglinning of
the season, indicating that at least one half of the root system
is newly generated by each spring.

Sprague ascribes the difference between specles in the formation of

new roots to a differeﬁce in the minimum temperatuﬁes at which growth

can proceed.

The length of 1ife of roots in five speclies of range
grasses was studied by Stoddart (1935), who states that hitherio, no
study of this nature had been made, Uging the banding technique
suggested by Weaver (1932), and subjecting the nlants grown to all
degrees of soll molsture from below wilting coefficient to saturation
point, and to temperatures from 0°F 4o 112°F, he came to the conclusion
that roots of these species live for at least one year and many in excess

of two. Here again, variation between species was found, this time in

length of 1ife of roots,

The roots of ten cultivated pasture species were placed
in two classes, "Anmual® and "Perennial by Stuckey (194L), the former
being those vhich the writer found to regen@raﬁe each year, the later
belng those in which maximum profduction of roots occurred during the
first year end remained funciional for more Lthan one year, The following

table is Stuckey's classification of the species studied :

" ANNUALY "PRRENNIAL®
Timothy Fentucky Bluegrass
Red Ton Ceanada Bluegrass
Meadow Pescue . Orchard Grass
Rough-stalked Meadow Grass - Crested Wheat Grass
Perennisgl Ryegrass
Colonial Bent (probably)

Most new root growth began in the autumn, continuing into the winter,
ceasing during the coldest nonth (Jenuary), =nd resuming in early spring

as the temperatures rose, maximum increase in the mumber of new roots



being in the spring after the thaw for most species, Growth
ceased in the summer, coinciding with periods of high soil temperatures.
There was some considerable variation between specles as regards
time of onset and cessabtion & root growth.

According to Stucksy, new root growth in the "annual®
type of root is followed by disintegration of the old roots as soon
as the former have become established, while in the "perennial' type
only a =mall percentage of the old roéts disintegrate and onl& a few
new roots develop.

The length of 1ife of the roots of ten species of
perennisl range and pasture grasses was studied by Weaver md Zink (1946)
All these grasses showed a high rate of root survivel In the first
year, Ho losses or replacements of rool systems were reported, so
that the results were in sgreement with those obbained by Stoddart
(1935), who also worked with prairie species. From these investigations
it appears éhat there is a sharp difference beltween the seasonal root
behaviour of the native pr&iii@ species of the United States and the
Huropean or cultivated specles, The latter demonstrate annual
replacement of roots by new growth, varylng with specles in quantity
and time of growth, while the former have root systems vhich are more
permanent in nature. ’

There seems Lo Have been no work done directly on the
séa@on&l growth of grass roots apart from that summarised ebove.

Pavlychenko (1942) mentions that root development of Agropyron

cristatun, Agropyron pew  was greatly

lorum and.ﬁramggwgn

retarded or ceased entirely 180 days during the antﬁmn, winter and
spring, between the first and second seasons of growth, but HUrsues
the subject no further.

It will Dbe observed that no litersture concerning the
geasonal root growth of clovers hasg been cited. fh@ only reference
fth&% could be found on the subject is that of Trith (1924) in connection
with her work on white clover. She makes several pertinent statements
regarding the development of the adventitious root system. Plents
grown from seed sown in Jpril and examined in July possessed few
adventitious roots, but on the stolons of the ssme plants in Sep tember

(Late summer) there were mumerous roots. In wild clover plants one
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adventitiouns root is produced at each node of the stolon, and occasionally
two roots appear at the seme node. These roots often grow to considerable
length (4-6 inches) before forming latersl branches, Erith states also,
that later, the adventitious root gystem from esch node resembles a typlical
vap. root system. She does not mentlion the behaviour or the fate of the
primary root system.

The deficiencies in present knowledge of seasonal root growth
are obvious. The differences between specles alone offers wide scope for
detalled study, and while the timé of the onsed and new root growth in some
species of grasses has been recorded, there is a pauclty of data on root
deterioration and its nature, Jacques (1941) in reference to perennial
ryegrass statest ",.. there is deterioration iﬁ the cortex apd the absorbing
surface of the more supeffici&l or older portions of the roots before the
dry weather sets in..." The relationship between seasonsl growth of roots
(including new growth and deterioration, increase in 1ﬁngth.‘3pread,
brenching, etc.) and leaf growth or 'production' has not been determined,
although some work has been done on the effect of envirommental factors on
the root-shoot ratio of trees and some grasses without reference to changes
in these factors due to season, e.g. sdustin (1923) - influence of pruning,
Weaver md Himmel (1929) - effect of illunination, etec, However, the
mowledge gained from bobanical studies on the effects of environmental
factors and agricultural studles on the effects of different forms of
management on root growth, will ald greatly in the interpretation and
understanding of the varlous phenomena assocliated with the seasonsl behaviour

of roots,



SECTION ITI, PLAN: OF INVESTIGATION,

(i) Materials.
It was decided thet the investigation would be conducted
on the following ten pasture plants cultivated in New Zeal and:

Clovers. Trifolium 'pratenae (a) Montgomery red clover.
(b) Broad red clover.

Trifolium repens (a) No.1 N.Z, white clover.
(v) A poor strain of white clover.

Grasses. " Dactylis glomerata (a) 023 cocksfoot.
(b) & Denish type cocksfoot.

Lolium westerwoldicum -~ Western Wolths ryegrass.
Loldum multiflorum - Italian ryegrass.
Lolium perenne - Pereanial ryegrass

Short rotation ryegrass - a selection from a cross of
L.perenne and L,multiflorum produced by the Plant Research Bureau, N,Z,

The contrast of types in both clovers and grasses 1s fairly
wide., In the red clovers, the broad red mey be considered a temporary
type, while Montgomery red is more persistent; in the white clovers,
the range is extreme from a poor strain to the best type of permanent
pasture white clover,

Similarly in the grasses, both short lived and persistent
tynes are included. The former ave rep‘rmsemted in the ryegrasses by
Western Wolths and Italian, the latter by perennial ryegrass, while the
short rotation ryegi;ass can be regarded as intemediaté between the two.
The status of Danldh cocksfoot in Wew Zealand is nob dgteminad by eny
wroduction figu,ms from the Pi&nt Research Buresm, dut can be arbiterily
classified as fairly persistent if subjected to management favourable
to its survival, but less persistent than the New Zealand C23 strain,

Becanse uniformity within each species could be virtually
assured, it was thought adviseble to plant single tillers of one plant
of each species rather than use seed %o obtain plants for examination.
While no objections could be raised towards adopting this methokd in the
grasses, the clovers presented a problem in that, by taking clones,
tap-roct formation might not be similar to that when the plants are
propagated by seed. Weaver (1926) states, "In the case of certain

clovers which propsgate by runners, the rcots of the new plants arising

from these are entirely adventitious." The white clovers fall into this
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class and since there was no guarentee that the tap root would develop
normally when the plant was obtained by planting runners, and alsc that
it is difficult to obtain unifqrmity in the cuttings (as regerds number
of nodes from which roocte form), it was decided to grow the plante from
sged., - The rooting habits of red clover being unknown, it was considered
a necgssary precautlon to use seed also,

To avoid heterogeneity in the seed as far as possible, nucleus
stock seed of Montgomery red clover (Type Aa.581) and No,1 White clover
(Type 4.W13) were obitained from the Plant Research Bureau. From the
same source, broad red clover (Type 42.580) and a poor strain of white
clover (Type Aa.2541) seeds were acquired. .

Single plants of the two types of cocksfoot, perennial ryegrass,
Ifali&n ryegrass, and short r%tation ryegrass were obtained from the
control rows of increase plots at the Plant Research Bureau, and = plant

of Western Wolths was elsc obtained from there. From these plents,

tillers were obtained for planting.

(i1) The Plots - Planting and treatment.

A plot was preﬁared on the Massey College éairy farm in April,
1946, on a paddock that had been recently sown down %o pasture. The
area was 50 feet by 30 feet, belng free draining, free from shade and
yet shielded by hedges from strong winds, Planting was randomised
(Figure 1) ﬁo minimise the effects of soil heterogeneity, and the actual
planting was carried out on May 11, 1946, The plents were pleanted in
glazed drain pipes, 12 inches in length and 12 inches in dlameter.
Glazed pipes were preferred since they reduce the tendency of roots to
congregate around the sides, a feature that is most maked in the unglazed
type, as Jacques (1941) noted. The pipes were sunk to Jjust under ground
level 12 inches epart, in rows 12 inches espart as in Fig.l. Clover
plents, one month old, grown from seed in boxes were selected for
uniformity and tranﬁplantéd directly into the pipes, two of each type
per pipa,&ﬁhere being 14 pipes for each type of clover. The single
plants of the gresses were divided intc single tillers of uﬁifcrm‘size
snd planted, three of each type in a pipe, there being 14 pipes for each
species or strain., What was left of the grasses and clovers was planted

in the soil, not in pipes, away from the sunken pipes as a check on type.

The method is that adopted by Jacques (1937, 1941) end may be temed g
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modification of what Pavlychenko (1937) calls the "Soil-containers
Method" of root development study.

At planting, 1/5 0%, of superphosphate was added %o each
pipe eand mixed with the top inch of soil. This represents a dressing
of between three and four hundredweight of superphosphate per acre.

No fertiliser was subsequently applied. The plants were cubt to

l% -~ 2 inches sbove ground every three weeks, epproximately, the
object being to meintain them as nearly as possible to the condition
of plants growing in the field, without, however, inducing checks to
tillering as described by Roberts end Hunt (1936), or to rooting as
described by Jacoues (1937) by too frequent cutting of the tops. The
plipes and surrounding ground were kept clear of weeds throughout the

trial.

(111) Observations.

Observations were begun on November 15, 1946, and carried on
at 20 day intervals until September 1947, extending over a period of
10 months and entailing the observation of 14 pipes of each species or

strain. The observations consisted of two processes:

(&) Lifting of pipes from the soil and washing away of the soil gsurrounding
the roots.

(b) Examinstion of the plant in the laboratory.

(a) Lifting.

Since one pipe of each species or strain was required, ten
pipes were lifted at each observation. Fach set of observations took
about five days to complete. The 1ifting order for each type was
randomised to assure that no selection waes exercised in event of any
variation in top growth between pipes containing the same speciles,

This order is shown in Flg.l.

The actusal 1ifting procedure was as follows! Firstly the
pipe was dug out of the ground, then taken clear of the occowpiled portion
of the plot where it was immersed in water for sbout half an hour. This
immersion made the subsequent washing-away of the soil within the pipe
less tedious than direct washing after 1ifting. The lower end of the
pipe was then sprayed with water from a %" hose to remove the soil from

the roots gradually. Wo pressure nozzle was used on the hose since
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enough force could he obtained by restraining the flow of water from

the mouth of the hose with the operator's finger. After washing,

the plents were kept moist by enclosing them in damp calico bags

sultably labelled until the 1ifting waes complete and they could be

transferred to the laboratory.

(v) Laborstory exemination.

As soon as the plants were brought to the laboratory,. the root

aystem was Immersed in water contalined in rectangular gless Jars while

avelting examinetion. The following teble of resultswas made at each

1ifting of the clovers:

Section A, Plent examined entire.

10

3.
4.
5.
6.

Length of root system - taken from the point of attachment of the
root to stems, to the tip of the longest root.

Condition of the cortex - Colour; nature of deterioration, if any;
extent of such deterioration.

'Viﬁual compari son between root systems of the different clovers.
Number of tillers or stolons per plamb,

Conditiong of leafage.

Genersl notes,

Section B, Examination of roots after separation from the remainder of

10

2.

3.

at

of

the plant at the point of attachment,
Fumber of laterals of the first order.
Extent of branching of the latersls (lst, 2nd, 3rd, ete., order).
Dismeter of the tap root (L inch from the poinkt of attachment) .
Dismeter of branches of the first order (4" from point of attachment).

Root hair develdpment on tap root

¥ laterals

*  pranches of 1lst, 2nd, 3rd, etc., order,

Length of longest root halr found,

Hew rooting. Fature of new roobing, amount, branching, root hailr
development.

General notes.

Boot welghts - Boots alr déi@d and weighed at constant humidity in
humidity room. ALl weighed Sept.2, 1947, at relative humidity of 66%.
Indicates those observations in which samples of 20 roots were taken
random from the root system and the average figure teaken.

The following table of observatlons was made at each 1ifting

the erasama.
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Section A. Plant exemined enbire.
1. Length of root system - teken from the point of abttachment to the tip
of the longest root.
2., Condition of the cortex - Colour and nature and extent of deterioration,
if any.
3, Visual comparison of roots between species.
4. Tumber of ﬁillera per plant.
5. Condition of folisge.
6. General notes.
Section B. BExamination after the roots had been separated from the
rest of the plant abt the point of attachment to the tillers,
1. Number of roots,
2, Diemeter of the largest white root (1" from point of abttachment).
B Dimete§ of the smallest white root (1" from point of abtachment).
4. Yumber of laterals in the top 6 inches of root length.
5. Extent of branching (1lst, 2nd, 3rd, etc,, oyder).
6. Diameter of branches of lst order (%” from point of attachment ),
7. Root hair development on main white roots and branches of 1lst, 2nd, etc,,
order, |
8. Position of the greatest frequency of root hairs.
9. Length of longest root halr obsgerved,
10, New rooting - Numbers, nature md branching, etc., of new roots,
1l. General notes,
12, Root weight, As for clovers,
* Indicates éhosﬁ observations in which samples of 20 roots were taken
at random from the root system, end the average figure taken,

The nomenclature adopbted in the care of grasses is that used
by Jacques (1939).

Many of the measurements made were found to have no application
t0 the subject, whilst factors such as cordex colour and condition,
deterioration, new xooting, for example, were of utmost importance in
considering the seasonal root growth of pasture plants.  Some measurements
snch as length of root had to be most carefully considered as far as its
effects were concerned, since in the ground, the roots extended only into
the top twelve inches of soil, and the figures for this measurement were
often over 20 inches, due to lateral spread and entanglement, which could

not be measured since the plants were grown in restricted areas,
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Som&‘difficulty was encduntered in measuring deterioration in
bobh clovers and grasses. In the former, the tap root was found to f&
the main considgraﬁion. The end point of deterioration was the death of
the tap root, vwhich was manifest Ty its rotting sway. The intermediate
steps were difficult to measure objectively, so that a system of arbitary
units was set up.

A - TFirst signs of deterioration.

B . Portions of roots showing deterioration - under half the lengbh of
the tap-root.

¢ «~ Portions showing deterioration -~ over half of the tap-root and showing
plainly on the branches.

D - Tap-root entirely blackened,

E =~ Disintegration of the tap root.

Root deterioration per plant in the grasses was measured hy the
mamber of roots affected by sloughing of the cortex, but whether the roots
died or not after this was difficult to determine, Weaver end Zink (1946)
agsert that there 18 no completely satisfactory test to determine vhether
grass roots are dead or alive. TFor such determinations, the afore mentioned
workers used tests of tensile strenmgth, colour, etc., with specles of which
they had had much experience. The method used in this investigation was ﬁo
abtbeupt to combine Weaver and Zink's qualitative tests with a auanbitative
one. This latter was done by\firsﬁ obtaining counts of roots per tiller
of each plant ;n1he first few 1iftings before the plant produced new roots.
Then at all subsaquent‘obsarvations, the number of old and new roots per .
tiller were teken, as well as the nnmb@r of new tillers. Thus it was
thought that the rate of survival, or more properly, the desath of o0ld
roots through the perio&vof the trial might be determined, However,
the problem of recognising all the new tillers on different plants of the
same species at different 1iftings made the determinations difficult and

the verity of the resultent figures questionable.
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SECTION IV, RESULTS,

The results of this investigetion are arranged in the following or&ar,

&, Red Clovers:t 2 types - Broad red clover and Montgomery red clover.

B. White Clover: 2 types = & poor strain and No,l N.Z, White clover.

C. Cocksfoots 2 types = & Danisgh strein and C,23 (N.Z. strain).

D, The Ryegrasses: 4 species - Peremnial ryegrass, Italian ryegrass,
Short Rotation ryegrass and Western Wolths.

In each of these sections, the results for the individual

species or strains are set out as follows:

(1)  Amount of deterioration and new rooting through the trial.

(i1) Discussion of the relatioﬁship of deterioration snd new rooting

to seasonal production of the individual species,
(igi) Seasonal growth of new roots.

(1v) In grasses only -~ The smount of survival of the old adventitious

root system,
(v) Root hair development.
(vi) Other observations which showed little or no seasonal significance.
Some discussion is included in this section to prevent
undue dlspersion of data of individual specles or strains and the
comments derived from them. A general discussion forms the Section (¥).
For representative production figures of the grasses and
clovers tested, yield figures from the P.R.B. are used where it was
possible %o obtain them., In the case of G.23 cocksfoot, perennial
ryegrass, short rotation ryegrass, pedigree white clover &n&\aepcbr
strain of white clover, the figures utilised represented yield trials
from the P.R.B., wvhich éxtended over the seme perlod as these root
investigations:; bub in Itallan ryegrass and both red clovers the
seasonal yield figures were not of the same périod., The seed used in
these P,R.B. trials were of the same lines as those from which the
plants used in this investigation originated. To figures were obtain-
able on seasonal ylelds of Western Wolths or Danish cocksfoot.
From the figures available, production graphs, representing
s@asonml\lemf growth were derived for the purpose of comparison with

seasonal root behaviour.



Figure 2. Portion of a tiller of Montgomery red clover
gshowing adventitiove rooting from the nc;xc';m.

(Photograph taken 13th May, 1947.)
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A, THE RED CLOVERS,

The initial observations were made on the two strains of red
clover on November 15, 1946, when the plants had been growing in the pots
for 188 days. The roots of the plants lif%e& were gr@y-wﬁit@ in colour,
the tap roots and thick laterals b@iﬁgé;ighﬁ@r in colour than the branches
and smaller roots. Root hair development was fairly extensive, especleally
on the branches, but was totally lacking on the tap rootbs. This condition
prevalled throughout the period of the trisal, Ho new rooting was r@oogﬂised
in the plents 1ifted until the third 1lifting {(Jan.16, 1947) in the case ofl
Montgomery red clover, =nd the fifth lifting (Feb.24, 1947) in the case of
Broad red clover, Hew root growth recognised was classified into two
types according to the position from which it originated.

1. Grown roots - Tangled, relatively short roots which grew from the
tap root about 1" from the point of attachment of the latter to the
above~ground paris.

2, Adventitious $iller rooting - Formed on the stems (Fiz.2) mainly
within a radius of 6" from the centre of the plant, ot the nodes.
Mostly there was one root per node, somebimes two and as meny as
four were observed.

These new roots were rea@ily distinguishable from the old
roots by their comparative size, softness, and shiny sppearance.

The adventitious $iller rooting was measured as number of
roots per tiller, bubt owing to the difficulty inm accurate counting of the
entangled fine crown roots, these were estimated merely as a gnmber per
plant.

Deterioration was initially observed at the same time in
the two individual streins as new rooting. First signs consisted of
darkening of the primary root system, then the appearance of derk patches
in the region of the tep root near to the crown of the plant (Fig.3). A4s
with subsequent 1iftings an intensification of this condition was observed
until a stege was reached where the tap root becsme detached by a rotiing
process from the rest of the plent about 1 = 2% from its point of attach-
ment (Figz.4). " Some of the laterals above this rotiing point remained,

and deterioration in the form of black patches forming was noted (Fig.3.).



Figure 3. Root system of broad red clover, arrow indic.
ating first signs of deterioration (4) of the primery
root aystem.

(Photograph taken 24th February, 1947.)

Figure 4. Root system of brosd red clover (branches
' removéd), showing advanced stage of deterioration (E).

& - Former“position of tap-roct.
b - Dark patches on laterals -~ beginning of
deterioration. .

(Photograph taken 13th July, 1947.)



Dateriorvation was measured as indicated in Bection 111,

Broad Hed Clover.

(1) Deteriorstion snd New Growth of Roots.

clover sre shown in table I,

16,

£

The degree of delerleratlon and the new reoting in broad red

Table I - Deterioration of the Primary Root System =nd New Growth of

Roots in Brosd Bed Clover,

Lifting] Date No.Plants] -Colour of |Deterioration Yew Rooting
Heo,. ner Primary of Primary
Lifting. Root Root System, | No.lrown| Yo.,Adventit-
System. roots/ | ious roots/
Plant, tiller.
1 15/11] 46 2 Grey-white - - -
2 5/12/ 46 2 o - - -
3 16[1/@Y~ 1 Straw colour - - -
4 3lefa1 2 Darkening - - -
5 24f/2) 47 o' Patches evid- A A Very few| Very few
ent,
6 14[ 3141 1 Light brown. B 5 3
: Inecrease in
‘ bladk ares.
T 4/ 4] 47 2 - ! ! B G 90 5
8 25/ 4147 2 i " BB 9% 12
9 13/5/47 2 Lighter than AA 130 10
previous. ‘
10 416747 2 Light brown. BB 150 13
11 24/6]47 1 Host black- D 80 14
enad,
12 13/7/47 1 Tap root dis 10 40 14
ivtegrated,
13 418147 2 Bl ackened CD 55 16
14 30/8) 41 2 ¢ DB 35 18
e

- From column 5 (Teble 1), it will be noted that there is not

the progmesive intensification of deterloration from Febmusry onwards

wiich might be expected, were the observatlons able to be nade on a

single plent or on different plents of the same hereditary nature.

grown under similar conditions,

%

There was lack of uniformity of

behaviour even in plants grown in the same pipe as shown in Liftings
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7. 13, 14. This serves to emphasise the genetic variability in any
line of seed.,” On this data, the most that can be said is that there
is a2 trend for increase in deterioration of the primary root systeﬁ
until winter when it reaches a climax, i.e. disintegration. Figures
3 and 4 illustrate the beginning and end point of this tendency.
_The number of adventitious roots per tiller showed a more or less
progressive increase through the trial, but the mmber. of crown roots
per plant decreased when the primary root system was at an advanced
stage of deterioration (Fig.5, a & b). This was probably due to
their rotting away with the portion of the tap root to which they

were attached,

(11) Tne relationship of deterioration of the primary root system anxl

new root growth to seasonal production in Broad red clover.
Figures 5a and 5b compare graphically the seasonal growth of

the foliage of broad red clover in terms of dry matter per acre

- production with the two main seasonal changes in roots - deterioration

and new growth. The curves for the latter are derived from Table I,
while the production line is derived from data of yield trials
conducted by the P.R.,B. 1946-47. These figures were not teken at

regular intervals, but according to the amount of growth. Thus

for example in the period between May and September, 1946, (104 days),

only one cut was taken. For comparjgons, adjustments were made %o
the figures by finding the daily production per acre at each cut and
adjusting the figures to 20 day intervals to approach the periods of
observations of the root systems. The original source, derivation
and figures used in the construction of this line are shown in
Appendix I. 2

In figure 5a, it cen be seen that deterioration begins in the
sutumn at the time whem there is some check in the fall in production
from the summes months. Owing to the nature of the plants used in
the réot trisl, the deterioration curve is inconsistent, but there. '
appears to be a gendency for intensified deterioration as production
falls over the winter.

In ficure 5b, the two classes of new rooting are graphed., Both

begin in February at the same time as deterioration. Crown rooting

shows an increase with the fzll in production (Fig.5a) until June

=]



18,

when
there is a decrease in number, as previously noted. The new

ad
ventitious rooting however, shows a fairly uniform increase with fall
in production.

(111)-The seasonal growth of the new adventitious roots

Table II shows measurements taken of some of the components of

growth in the new adventitiouns roots, the first of which were observed in

F
ebruary, 1947. The plants, till that stage, apparently existed on the

action of the primary root system alone in the soil,

Table II. Seasonal Growth of the new adventitious roots,
Lili:?ng Date L];Ons:h oi Longest | Extent of |Diameter of
observed. | Branching.|Longest root
observed.
5 24/2/41 i
6 14/3/47 z* 1st order "5{ :.:'
1 4/ 4] 47 3 1st 1.2 m'm.
8 | 25/4/47 2" 2nd " 1.2 m.m,
9 13/5/47 4 2nd  * 1% p
10 | 4f6)a7 7" ond ! 1.9 m.m.
11 | 24/6]47 51 ond i ey
12 13/7/47 9" . 1.8 m.m,
13 41847 1n jra % s i
14 30/8/47 g" " 2.3 m.m,
(iv) Root Hair Development.

No satisfactory method of measuring root hair development was
arrived at, but some facts were ooted. In the primary root system in
the first observations, before the onset of deterioration, the tap root
and laterals from it were lacking in root hair development, and remained
so throughout the trial, Development was fairly profuse on the branches
of the lateral-s. oSpecially on those of the second order, In the May
observation the root hair seemed to decrease till in the last observation
August, there were comparatively few, although the branches of the second

order still showed the greater concentration.

(v) Other observations.

| Grouped in Table III are those observations to which little
significance could be attached in relation to seasonsl growth, While
it was not expected that the length of the root system would be of value

since only the top 12 inches of soil were taken at each observations, it
was thought that tap root diameter and number of tillers would show some

significance. From the figures obtained using this technique, this was

. obviously not the case,



Table III., Measurements of the Primary Root System in Broad Red Clover.

Iifting | Length of |Tap root Diam- (No. of Extent of Weight of No.
No., |Root system.|eter 1"from laterals (Branching Primary root | Tillers
attachment. from tap |in Primary systenm,
m.m's, root. |root system.| 2 pleants.
gnms.
1 Nov. 24" 5.5, 6,0 20 17 3rd order. 4 17 &
2 1946 19" Bk 5.4 18 22 3rd " %2 2% 12
3 2oM 6.3 19 Zpy * 163 28
4 - 11,1 4.9 s G 4th " 21.5 14 15
5 20" 9.5, 8.8 21 2k A%k * « 4.4 25 13
6 ™ 9.0 25 Ath. * 32,6 39
7 gih 9.5, 8.6 24 11 Ath 42,8 48 17
8 22" 12,4, 10,2 16 18 4th " 4.9 22 15
9 20" 10.2, 10.8 1 55 I < § Ath  *# 42,4 27 20
10 20" 12,0, 7.9 10 13 Ash M 62,0 45 12
63 18" YLt 8 Ath " * 30.9 21
12 19" & 4 5 - . *. 1.8 22
13 rue. 21" 32,5, 11.3 6 10 | 4 " 50.6 32 18
14 1947 20" 9.6, 10.6 9 - 6 4k @ - 19 22

*  Indicates weight of one plant only.

The only measurements of any significance is that of the
number of laterals from the tap root, which shows a deérease in winter,
complementary with the deterioration of the tap root and the consequent

detachment of laterals with it,

Montgomery Red Clover.

(1) Deterioration and New Growth of Roots.

The nature of deterioration of the main root system and new
growth of roots of Montgomery red clover is similar to that of broad red
clover. As Table IV illustrates, there is variation in the time of
onset of deterioration being first observed in Montgomery red clover
about two months before that in broad red. It will be noticed that at
no stage is the tap root observed to become detached from the plamt. Thus
it appears that although deterioration begins in the primary root system
earlier in Montgomery red clover than in broad red, its tap root is more
persistent. As was the case in broad red clover, there was variation in
oxtent of deterioration both in successive liftings and in the plants
occupying the same pipe. : |

The seasonal trends of new rootings of Montgomery red clover
are also €milar to broad red clover in respect to both crown and adven-
titious tiller roots. New rooting was observed at the fifth 1ifting"

(February 24th, 1947).
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Table IV. Deterioration of the Primary Root System and New Root

Growth in Montgomery Red Clover.

Lifting| Date No. Colour of Deterioration New Rooting
No. Plants/ Primary of Primary
Pipe. Root Root System. | No,Crown | No.Adven-

System. roots/ | titious

Plant. roots/

! Tiller.
1 15/11/46 2 Whi te - - - -
2 5/12/46 | 2 " & < = 2
3 16/1/41 | 2 Light Straw A A & 2
4 121471 | 2 " o A - -
5 242141 2 Darkening A B %
6 14/3] 41 2 Dark Patches B B 80 4
g 4/ 4/ 4 2 o B B 170 5
25/4/471 | 2 Intensification| C D 220 16
9 13504 2 Light Brown Ry ‘€. 130 13
10 a6/ | 2 s B B 140 14
11 24/6/41 |1 2 . B B 160 15
12 13/7/41 | 2 Black D D 50 19
13 4/8/41 1 2 Brown ¢ c 120 23
14 - | 30/8/47] =2 Black c D 60 24

In both types of rooting, numbers were greater than in broad red
clover at each lifting. As the tap root deteriorated, so the number
of crown roots diminished, except for 1ifting B8, when the maximum
number of crown roots observed .during the triel could not be explained.
The number of adventitious roots §er tiller slfnw a progressive increase
with successive liftings except for 1ifting 9, when the plants observed
appearsd to be abnormal in all respects.

(11) The relationship of deterioration of the primary root system and

new root growth to seasonal production in Mon_t_gomery red clover.

Figures 6a and 6b illustrate the relationships between

seasonal production of Montgomery red clover and primary root deterior-
ation and new growth of roots. The source of the leaf production line
is indicated in Appendix II, being derived in similar menner to that of
broad red clover.

| As figure 6a indicates, deterioration of the primary
root system begins at the same time spproximately as there is an
appreciable drop in production. There appears to be a tendency fdr !
intensification of deterioration subsequentlﬁ, especially after the
autumn period of growth, but as in broad red clovgr, there is no
consistency about the curve. The deterioration process appears to

be mach slower in Montgomery red clover.

®
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Crown rooting increases rapidly with the fall in prc;duction
in' March and April, but decreases, complementary to the' intensification
of deterioration., Adventitious rooting begins in February and shows a
steady increase throughout the remaining period of the trial as leaf

production drops in the winter. Fig. 6b illustrates this.

(1ii)Seasonal zrowth of the adventitious roots.

The seasonal growth of the adventitious roots as measured
by length, diameter and extent of branching was similar to that observed
in broad red clover (Table II). The diameter of the largest root observed
in each observation were consistently smaller than those corresponding
measurements in broad red clover. This rather conforms with the proport-
ions of the primary root systems of the two types of red clovers, The
tap roots of broad red clover were mainly greater in diameter than those
of Montgomery red (Tables III and VI.)
TABLE V. Seasonal growth of the adventitious roots of Montgomery red

clover.

Lifting Date Length of Longest | Extent of | Diameter of
No. Root observed. Branching. | Longest root
observed.
5 24/2[ 41 3" - .4 mm
6 14;3/4'{ 13" 1st order .6 mm
i 4/ 4] 47 3 2nd order .8 mm
8 25/4/47 4" 2nd order 1.3 mm
9 13/5/ 47 A 2nd order 1.0 mm
10 4/6/ 47 5 2nd order 1.3 mm
52 246/ A7 4 L 3rd order 1.6 mm
i 13/5/4‘{ g" 3rd order 1.2 mm
13 4/8[47 10" 3rd order 1.9 mm
14 30/8/47 10" 3rd order 2.0 mm

(iv) Root Hair Development.

Root hair development, as far as could be observed was
similar to that in Broad red clover. TFrom observations made it seemed
that root hair concentration began decreasing in late February, when
deterioration of the primary root system was obvious.

On the adventitious roots that sppeared in February, 1947,
root hair development was strong especially near the tips. As branching
became more extensive there appeared to be a decrease in the number on
the main new roots and an increase in the branches, being concentrated

on the lst and 2nd order branches.
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(v) Other observstions.

Table VI presents data to which no significance could be
attached.

TABLE VI. Measurements of Primary root system in Montgomery Red Clover.

Lifting |Length of Tap root No. of Extent of Weight of [No.of

No. primary Dismeters.| Laterals| branching Primary tilers

root system, from Tap | in Primary |[root system,
root. | root system.| 2 plamnts.
m's gus

1 Nov.'46 2o 1.5 %8 11 3rd 23.3 19 27
2 22" 8.2 8.4 15 15 Ath 27.0 21 20
3 24" .2 o]l 1 & " 21.0 22 44
4 " 1.6 LB 24 11 " 22.9 24 16
5 19" 9.0 8.4 20 17 . 19.3 23 24
6 19" 8.1 9.5 22 14 . 2.9 30 33
7 19" 9.6 9.4 % 16 5th 48.3 31 48
8 18* 12,2 1.6} 3 6 4th 20.8 25 22
9 19" 8.8 1.} 13 14 . 48.7 16 24
10 20" 0.1 8.2 7 10 " 51.5 35 12
i1l 20" 11.3 7.9 23 15 " 51.4 16 29
12 b ¥ i 6.6 9.4 14 10 . 37.8 10 34
13 , 19" 8.5 9.6 g =2 5 56.8 23 20
14 sogt4y| 19" i 26 17

The laterals from the tap root do not show the decrease
in number that is noted in broad red clover. This corresponds to

the greater degree of deterioration that is found in the latter strain.
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igure 7. Plant of No.l N.Z. vhlt@ clover inverted
to show complete deterioration (E) of the prim
root system,

a - Former position of primary root systenm.

B = Primary root system which has become

(e ]

i
detached from the l,lar‘t
- Thick advpﬁt*ticus root

(Pno tograph taken 24th June, 1947).
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B, THE WHITE CLOVERS:

The nature of seasonal growth of the roots of both strains of
white clover, the ordinary N.Z. and No.l Pedigree N,%Z., was observed to
be similar to that of the red clovers. Deterioration of the primary
root system and new growth, both crown roots =nd adventitious rooting
from nodes of the stolons, were observed, Root hair development was
similar to that in red clovers also but at all stages prior to primary
root disintegration, there seemed to be greater concentration of root
hairs. The differences between seasonal root changes in white and red
clovers were mainly the time of deterioration and onset of new growth,
and also the extent of these two gqualities. The feature in this connect-
ion which was most marked, was the dying off of the primary root system.
Whereas in red clovers, the tap root rots away about 1" to 2" from the
point of attachment to the above ground parts, leaving some of the
laterals attached to the remaining tsp root, in white clovers there
is a complete dying off, the rotting affecting even the stolons to some
extent, no laterals of the tap root remaining (fig.7). It is probable
that this stage may be reached in the red clovers but the trial did
not extend over a period long enough to corroborate this possibility.

New root growth shows similar tendencies to that in the red
clovers (fig.8). Crown roots diminish in numbers with advanced deter-
ioration of the primary root system, but the adventitious type show a
steady increase.

© All measurements were made on the same bases as those on the

red clovers,

WHITE CLOVER. (Poor Strain). :
(1) Deterioration of Primary Root System and New Root Growth.

Table VII shows the deterioration of the primary root system
and the numbers of new roots observed throughout the trial.

At the first observation, November 15th, 1946, the primary
root system showed no siéns of deterioration, being white in colour,

but some new crown and adventitious roots were noted in one ©f the



Figure 8.

Portion of a stolon of poor white clover

showing adventitious rooting from the
nodes,

(Photograph taken 5th April, 1947).
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two plants lifted.

Table VIII. Deterioration of the Primary Root System and New root

growth in a poor strain of white clover.

Lifting Date No. Colour of Deterioration New Rooting
No. Plents/| Primary
Pipe. | Root System. No.crown |No,Advent-
roots/ itious
plant. roots/
stolon.
1 15/11/46 2 White = & 11
2 6;12;46 2 " - i 8 -l;
3 17/1/41 2 Darkening A z 17 7
4 4/2)47 2 Grey B B A4 12
2 25/2/ 47 2 . B D 97 16
6 15/3/471 | 1 A B 104 24
1 5/4/ 41 i Black D 13 37
8 28/4/ 41 1 - E 51 67.
J 14/5/47 | 2 - Koo 21 49
10 4/6/41 | 2 - E =§ - 35
11 24/6/47 2 = E E & 52
X2 13/7/47 4 - E A 20
13 4/8/47 1 - E * 32
14 30/8/47 2 - E E e 42

After Jamg.ry. 1947, deterioration intensified until the end of
April, from whence all primary root systems of the plants observed had
deteriorated completely. Some crown roots remained in 1ifting 8 and 9
when the condition E had been reached. This was due to the fact that
the tap roots had not entirely rotted, some " - 1" still remained on

which the crown roots were attached.

(ii) The relationship of deterioration of the primary root system and new

root growth to seasonal production in ordinary W.Z. white clover.

The graplis which comprise figures 9a and 9b present comparisons
of seasonal production of the poor strain of N.Z. white clover with
deterioration and new growth of roots. The production line gives a
better comparison than those presented in the red clover section, since it
is derived from data from P.R.B, trials of the same strain used in this
trial over the seme period. The derivation of this line is shown in
Appendix III, Both deterioration of the primary root system and the
number of new roots show the same relationship to seasonal prodiction or
leaf growth as in the red clovers. It will be noted that the line
representing adventitious rooting is very irregular, No explanation

other than variation in the seed used to obtain the plants or the possibility
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of personal error in counting can be offered.

(11i) The seasonal growth of new adventitious roots.

Measurements of the adventitious roots showing some

seasonal trend are presented in Table VIII,

TABLE VIII. Seasonal growth of adventitious roots of Ordinary N,Z,

white clover.

Length of Extent of |Diameter of| Weight of
No. Longest new Branching. |largest new| new roots.

root root. 2 plants,

observed.
1 15/11/46 s - .4 m.m -
2 6412/47 " = g 1.6 gms
3 1734y | 2% 1st order 1,1 * 2.8 "
4 4f2] 47 M 2nd 1.£ ’ 3.0 "
5 25/2/ 471 7 2nd 2,6 " | 5.1 ¢
6 15/3/41 6.5" 2nd 3.5 - *6,8 "
g 5/4/ A7 g 3rd 1% TR T

28/4/41 13,5" " 3 e, o 1

9 14/5] &1 16" " ot R Gl
10 416/ 47 15" ’ 2.6 8.3.."
11 24/6/47 17.5" X - 0 12.4 7
12 13/1/47 g s 2y (4R ¢
13 4/8/47 14" . By ok 6.6
14 30/8/47 4 "

¥ Weight of roots from 1 plant only.
Between 1iftings 5 and 13, there appears little tendency for change

in diameter, but both weights and length do show some increase with age.

(iv) BRoot hair development.

Root hair concentration was greatest on the branches of

~ the primary root system, and appeared to diminish in the observations

made from February onwards., Root hair development on the adventitious
roots was somewhat simil ar to that described in Mo'ntgomery red clover.
There sppeared to be greater concentration of root hairs especially

at the tips of the branches than in red clover,

(v) Other observations. -

Table IX presents data to which little significance could
be attached., The measurements of tap-root diesmeter and weight of the
primary root system rather substantiate the deterioration data (Table 7),
in that they both show a decrease with the i;ntensification of primary

root deterioration, Since, in the case of Weights in red clovers, this
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reiationship was not established (Tables 3 and 6), it is difficult to

placé mach cognizance on it.

TABLE IX. Observations: Primary root system in ordinary N.Z, white clover

Lifting Length of Tap root No.laterals | Branching| Weight of| No.
No. Primary Diameter. from Extent of | Primary |[Stol-
root system, tap root. | Branching! root ons.
A systen.
m.m' s gns.
1 Nov.'46 19" 3.6 2.9 8 7 Ath - |* 8.4 26 24
2 19" 3.8 3.7 16 § - y 5 | 20 16
3 18" 4,0 3.5 : o AR " 9.4 32 26
4 - B 4,0 4.0 12 18- * 6.5 19 19
2 Ly 5.0 3.4 12 13 Ied 2.0 34 27
6 16" 3.5 9 14 * 1.9 18
7 19" 3.8 10 11 2nd * 2 16 18
8 - - - - - 13 15
9 2 - = - - 26 14
10 - & & - .
1 & S = o -
12 o - & &> &
13 - - =5 e &
14 Aug,.'47 - - - - -

* Weight of 1 plent only.
After the 9th 1ifting, 14th May, 1947, it was not possible to count stol-

ons since there was no connection remaining between primary root and stem

No.l N.Z2, Pedigree White Clover.
(1) Deterioration of the Primary Root system =nd New root development.

The seasonal deterioration of the primary root system follows
the trend of that in the poor strain of white élover, both in time of
onset of deterioration and complete deterioration. Both types of new
rooting, crown and adventitious, were slower to begin growth,

TABLE X. Deterioration of Primary mot system and new growth of roots
in No, 1 N,Z, Pedigree vhite clover. !

No. Colour of Deterioration New Rooting
No. | Plants/ | Primary o coo | Mo adv i
Pipe. root system. roots / sistons
plant. roots/
stolon
1 15/11/46 2 White - - 2
2 6/12/ 46 2 " X s A 2
3 17/1/41 ] 1 " A 9 4
4 4247 2 Darkening A A 13 3
5 25/2/47 2 > B2 X 30 3
6 15/3/41 | 2 | Light Brown B 70 12
g 5/4] AT 2 Brown ¢ D 97 22
2B/4/47 1 1 - B 47 a7
9 14/5] 47 2 - ;- S 23 0
10 4]6/ 47 1 - E. 20 29
1 246/47 | 2 3 3 % : 6
12 13/ é/ 47 2 = B B 2 49
13 4/8/47 2 = E E 4 59
14 | 30/8/47| 2 . 3 : %

The amount of crown rooting spproximated that in the poor strain of
white clover, but after April, 1947, each observation showed the

Ho.l white clover to have more adventitious roots per stolon than the
poor strain.
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(11)  The reiationship of deterioration of the primary root system

and new root growth to seasonal production in No,l N.Z. pedigree
white clover.

Figures 10a and 10b compare graphically the seasonal production
of No.l N.Z, pedigree white clover with primary root deterioration and
new root growth of that strain. The comparison is similar to that in
the poor strain of white clover. Deterioration and new growth increases
as production falls in the late autumn and winter, Deterioration,
howefer. shows a slower rate of increase than in the poor strain, and
the new crown rooting in complement, shows a slower decrease after
March., The adventitious root growth line shows a more stable rise,
but there is, nevertheless, irregularity in the latter part of the curve,

as was most apparent in the poor strain of white clover.

(111) The seasonsal growth of new adventitious roots.

Table VI shows the changes that were apparent in length and
dismeter, extent of branching, and weight of new adventitious roots

through the period of the trial.

TABLE XI, Seasonal growth of adventitious roots of No.l N.Z, pedigree

white clover.

Lifting Bate Length of Extent of | Diameter of Welght of
No. Longest new Branching. | largest new new roots,
root observed. root observed.| 2 plants.
1 15/11/46 3" - o3 m.m, 1.4 gns
2 6/12/46 2 - wd ® 27
3 17/1/47 2,5" 1st order o * 48 "
4 412/ 47 4" enda " - 8.8 "
] 25/2/ 47 8.5" 22 " af " 525 ' *
6 15/3/41 7.5" ¢ * 1y 8.8 "
7 5/4/47 9" 2nd " 3.3 " 13:4 *
8 28/4/47 10" 3ra " 2.6 " * 9.9 *
9 14/5/ 47 12" e 28 * 16.0 *
10 4/6/47 9.5u 1" " 2.4 (] 112.4 ]
11 24/6/47 10.5" " " 1 9.1 *
12 13/7/47 11¥ ’ : 25" 1.2 *
13 4/8/471 12.5" Some 4th 24 ¢ 16.9 *
14 30/8/41 14" .

¥ 1indicates weight of roots of 1 plant only.
The weights of the new roots of No.l white clover are greater than those
of ordinary white clover. This is in conformity with the numbers of
adventitious roots of the respective strains, No,l1 white having more
roots per stolon than the poorer strain.

(iv) Root hair development.

Root hair concentration was greatest in the primary root
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system on the branches of the second order, and appeared to be greater
than in ordinéry white clover. This was unable to be proved by figures.
There sppeared to be a diminution after February when deterioration
increased. On the adventi ti.ons roots, prior to branching (Nov. and Dec.,
1946) , development of root hairs was fairly strong, but with the develop-
ment of branches, there was concentration on the branches of the first
and second order and a definite diminution on the mains, until in the
May (lifting 9) and subsequent 1iftings very few root hairs could be

found on them.

(v) Other observations.

Data which showed little or no seasonsl trends are

presented in Table XII,

TABLE XII. Observations : Primary root system in N,Z, Pedigree white

clover,
Lifting |Length of Tap-root |No.laterals|Extent of| Weight of | No.Stol-
No. Primary diameter. | from Branchingd Primary ons/
root system. tap-root. root plant.
system,
m.n's 2 plents.
1 Nov.'46 20" 3.4 3.0 4 96 - 7 4th order| 9.9 gms | 15 19
2 a1 4.1 ‘3.3 | 14 12 " 13.3 22 2%
3 18" 3.0 14 i * 10. 17
4 19" 3.1 6.0 b 13 . 6. 19 22
5 18" 6.1 3.2 | 15 15 3rd 9.1 33 35
6 5" 3.4 4.2 | 12 30 4th 9.9 4 5
2 20" 6.2 2.8 | 3 19 3rd 12.8 14 29
8 - - 10 - a8 19
9 - a T 5 23 20 22
10 - i 4 i - 18
il - - o 3 5
e - . - . . - -
13 e , - 2 o =
14 Aug.'47 - - - - -

# Weight of one plant.
These measurements, as in ordinary vhite clover, could not be continued
when the tap root had completely deteriorated and there was no longer

connection between stolons.
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C. COCKSFOOT.

The two features of seasonal root changes which were found
to be of greatest interest were, as in the clovers, deterioration of the
old réot system and new growth, The nature of these differed, however,
from that in the clovers, since in the later, the primary root system
appears to persist for over a year (two yesrs in the case of red clovers),
and for the first year, the plant survives apparently on the primary system
alone. The secondary or adventitious systemin cultivated grasses is
developed much earlier, amnd :l“b is affected by deterioration rather differ-
ently from the primary root system of clovers. Deterioration of individ-
ual roots in cocksfoot begin; by the sloughing off of the cortex near the.
point of attachment to the crown of the plantr. Sloughing of the lower
vportions of the root then proceeds. Some of the roots msy rot away themn,
~ but this could not be observed as in the clovers, since the root parts are
so fine that any such deterioration is imperceptible. An attempt to
assess the extent of survival of the old secondary root system isrecorded
in these results, the method used being indicated in Section III.

The amount of deterioration was measured by the number of roots
whose cortex was sloughed, as a percentage of the total number of 0ld adven-
titious roots. This measurement by no means gives a full picture of evernts.‘
since different roots were at different stages of deterioration, i.e. the
cortex was sloughed to a greater length of one root than snother; and there
wags difficulty in separating individual roots by sampling to neasuré these
;tagsa, owing to the softness of the cortex remaining and its liability to
damage.

New roots were easily recognised from sloughed roots by their
thickness, and from old unsloughed roots by theivr comparative softness and
colour, vwhich was vhiter and, in the early stages of development, shiny.
New roots were formed mainly at the periphery of the root system, where new
tillers appeared to be formed. For measurement, the number of new roots was

taken as a percentage of total number of réots.

DANISH COCKSFOOT .
(1) Deterioration and new growth of roots.

The first plants of this strain were lifted on Nov.19, 1946,

"when the plants had been growing in the plots for 192 days. Already signs
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of new rooting and cortex sloughing in the old roots were obvious.
Most of the ne;r rooting appeared on the base of peripheral tillers of
the plant which sppeared to b new. This was in sgreement with Jacques'
observations in ryegrass (1937). In the 1iftings following, cortex
deterioration, as affecting numbers of roots, intensified until in
March 1947, #s11 old roots were affected. In the early liftings, the
cortex was sloughed only in the 1':@ few inches. In April and subse-

- quently, the cortex was absent the entire length of the observable
porti_;dns of the root. New roots increased fairly uniformly throughout
the trial ti11 st the end of August, 1946, 36% of the totsl roots
counted were observed to be new. Table XIII shows both the 1mﬁ'ease
fi amishd A2 Ruterksration and wew reskine Shirviah Aha arisl of Yhe
trial.

- TABLE XIII.  Deterioration 2nd new growth of adventitious roots in

Danish cocksfoot.

r Lifting | No.plants || No.old Roots Total No.
No, /pipe. adv. affected|of old roots.| roots. | % of
: roots, by roots. fotal
detern. roots.
1 3 518 31 6 44 532 8
2 3 437 65 15 I 28 465 6
3 3 555 167 30 63 628 10
4 3 673 281 42 109 782 14
5 3 531 334 63 159 - 690 B0 ks
6 2 321 321 100 107 428 | 25
1 3 378 355 94 198 | 576 34
8 2 306 306 100 156 462 34
9 3 340 340 " 182 522 35
10 3 394 390 N 200 594 34
11 3 353 353 . 226 579 39
12 3 362 262 : 254 536 ;g
13 3 299 299 182 481
14 3 298 298 ' 169 468 36

(11) The relationship of deterioration snd new growth of roots to
seasonal production.
No production figures of Danish cocksfoot in New Zealand are

available, but the seasomal trend of production is reported to be
similar to N.Z. cocksfoot, but esrlier to begin growth in the late
spring and falling off more rapidly in winter. Graphs of root
deterioration and new growth are presented in figure 11 from columns

6 2nd 9 of Table XIII,
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(ii1) The sessonal growth of mew roots.

Table XIV shows the growth of new roots through the period of
the triel. There is a definite increase of new roots per tiller wntil
April from whence there appears to be 1little change. The growth of
new roots proceeds up to the last 1lifting, about 50% of new roots being
over 6" in length,

TABLE XIV, Seasonal Growth of New Roots of Danish cocksfoot.

Lifting | No. new| No.over | Extent of No. No.new | Weight| Diam, of
No. [roots. | 6" in | Branching. tillers.| root/ gns, | largest
length. tiller. new root.
: nm.m,
-3 44 - - 84 5 - g
D 28 wE lst order 55 o9 - .
3 63 et is¢ * 59 .1 5 .9
4 109 13 1st " 97 g ol 3 09 1.1
5 159 21 |2nd * il 2.2 p £ Yl
6 107 20 2nda * 72 1.5 1.6 1.1
1 198 28 3rd " 106 1.9 2.1 1.0
8 156 39 e ¥ 86 1.8 2.8 1.4
9 182 43 ed " 105 5 3 4.0 ;4% 4
10 200 74 4th * 84 2.4 6.2 1.2
11 226 81 o 12 2.0 6.0 1.3
12 254 91 4th : 113 2.0 g.e .9
13 182 19 3rd 75 2.4 2 9
14 169 g2 44 * 66 2.6

(1v) Survival of the adventitious root system.

Table XV presents the data from an attempt to find the survival
of roots by a count method. The o1d roots, were separated from the new
rooting and counted. The number of roots per tiller were thus deter-
mined fqr each observation made. There is a tendency for decrease in
the numbér of roots per tiller, but there is considerable variations
in the numbers, vhich ceannot be accounted for statistically since
there were insufficient numbers of plants 1ifted at each observation.
Superficially, taking into account this data, and the number of new
roots per tiller (Col.7, Table XIV), which sppears to compensate
the loss of the old roots at the final stages of the trial, there

seems to be a 50% (approximately) replacement of deteriorated roots
by new growth. There are, however, other factors to be considered

later which would rather modify such a supposition.
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TABLE XV. Survival of old Root System in Danish Cocksfoot.

No. Date No. surviving | No.tillers [No.roots/
old roots, tiller.

1 | 19/11/46 516 84 6.1

2 | 9/12/46 437 55 7.9

3 | 20/1/47 555 i 9.5

4 | 5/2/41 673 1 4 1.9

5 | 26/2/41 531 fi ! 1.5

6 | 16/3/41 321 72 4.5

1 %4/47 378 106 3.6
8 [4]47 306 86 3.6

9 '| 15/5/47 340 105 3.5
10 | 5/6/47 394 84 4.7
11 | 24/6/47 353 112 L 15 |
12 1457/47 362 113 3.2
13 | 5/3/47 299 g 4.0
14 | 31/8/47 299 4.5

(v) Root hair development.

Ag in the clovers, no method was arrivad at in assessing root
hair numbers on the root parts. At the first observations, root hair
development was concentrated on the main roots, while on the branches
there was less concentration, the fourth order branches showing very
sparce and often no development. There appeared to be a tendengy for
a decrease in root hair development especially on the main roots in the
4th observation (February 5, 1947) and this was progressive till May,
when the cortex sloughing was genersl in the old root system, when no
root hairs remained.

In the new adventitious roots, many root hairs were evident on
the main roots from the 1st observation, mainly at the tips. In February,
root hairs were plentiful on the branches, =nd development seemed to
proceed generally throughout the trisl. As in the old root system,
root hairs were most concentrated on the mains, there beiﬁg very few on

the branches of the 4th order.

{vi) Other observations. .
Measurements which were expected to yield further information

on the seasonal growth of roots of Danish cocksfoot are shown in Table

XVI. The dismeters of the 1az:gest root found in each observation indicate
a decrease after sloughing of the cortex in February, 1947, btut no tenden-
cies toward decrease in weight that might reasonably have been expected

were found. This could have been attributable to at least two factors -



Figure 12, Comparison between new rooting of Danish and
G23 cocksfootb. ;
Danish cocksfoot (right) shows greater devel-
opment in length and thickness of new roots
at this stage. The new roots are recognis-
eble from the old by their thickness and
whibe colour.

(Pnoto taken May 10, 1947.)
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(1) the influence of soil variation on the root growth of plants grown

in different parts of the plot or (2) imperfect washing away of soil

from the fine root parts.

TABLE XVI.
Lifting Date Length of | Extent of | Dismeter of| Weight
No. root Branching | Largest of old
system, in old white root root
root in old system.
: system, gystem, ;
(Inches) (#.m.) - (gms.)
1 9411 /46 19 3rd 1.4 3.3
2 9/2/46 24 4th 1.6 25.7
3 20/1/ 47 21 " 1.2 © 30.0
4 ézé 19 5 x.2 4.3
5 21 # od 29.4
6 16/3/47 19 " 1l *3.1
7 %4/47 23 * -1 39.1
8 | B/aja1| =0 . * 35,2
) 15/5/ 47 20 3rd -4 42,0
10 5/6/47 19 * 5 2.
11 246/ 47 19 . 4 20,
12 14é7/47 |-ty ¥ .3 4.6
13 5/ é 18 3 4 34.1
14 31/8/41f -

C.23% COCKSFOOT.

(1) Deterioration of old roots and mew root grovth.

Lifting of C.23 cocksfoot was begun at the same time as the
Danish strain. There were marked differences in appearance between
the roots of the two strains., TheC.23 root parts were darker in colour,
and much finer. Deterioration and new growth was not observed in the
initial 1ifting =and it was not until the 3rd lifting (20th Jamuary, 1947),
that sny was noted, By the 8th 1ifting (28th April, 1947), all compon-
ents of the o0ld root system showed sloughing of the cortex, indicating
that deterioration spproximating that in Danish cocksfoot.

New growth was similar to that recorded in the Danish strain,
but was much slower growing in the early stages, both in diameter and
length. TFigure 12 shows the difference between new rooting in the two

strains in May 1947.

" Deteriorstion and new growth of roots is presented in Table XVII.
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TABLE XVII.
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Deterioration =nd new growth of adventitious roots in

C.23 cocksfoot.

Date So.plants ¥o.old Roots affac-|% Deters. | No.new| Potal | New
[pive. adv., ted by of o1d |roots.| Neo. | roots
roots. detern. |roots. roots,| %
total,
19/11/46 3 582 - - - | 582 -
9/12/46 3 380 - - - | 380 -
20/1/47 3 346 62 18 18 | 364 5
512/ 41 3 3 183 25 74 | 817 9
26/2/ A7 3 603 - 381 63 88 | 691 | 12
b | 3 | e | B | R |Eim] H
é 4]47 2 486 486 100 172 &8 26
15£5/47 3 483 483 100 187 | 670 28
é 3 502 502 100 205 &Z 29
/47 3 443 443 100 223 33
2 324 324 100 174 35
5 8 47 3 40 03 100 254 38
31/8]41 3 4 426 100 273 699 39

(i1) The relationship of deterioration and new growth of roots to

seasonal production.

Fig. 13 shows the relationship of seasonsal production to deter-

ioration of the root system and new root growth.

The seasonal produc-

tion line is derived from data from the P.R.,B, of trials conducted over

the same period as this investigstion (Appendix V).

Deterioration

begins with the fall in production in late summer, while new root growth

shows a fairly steady rise through the winter,

(111) Seasonal growth of new roots,

of C.23 cocksfoot.

Table XVIII shows the progress of seasonal growth of new roots

Although new roots are slower in making their

appearence, the rate of growth is faster, since at the last Tifting,

the number and the proportion of roots over 6" in length approximate

the correspondinz mambers in Damish cocksfoot.

The total number of

roots is greater, but the number of new roots per tiller is fewer, due,

perhaps to the greater number of new tillers formed.

The same tendency

of greater rate of growth after the late appearance of new roots is

evident in the diameters.

There appears to be a point reached after

which there is no further increase in diameter and this is reached,

earlier in Danish cocksfoot.
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TABLE XVI1l, Seasonal Growth of New Roots of C.23 cocksfoot.

Dismeter of
roots. | 6" in of tillers. |roots/ largest new
length. | branching. tiller. root.
(gms). (n.m.)
19/i1/46| - - - 87 ”
9/12/46 | - = s 74 %
20/1/47 | 18 - 1 119 2 5
5/2/41 | 14 - 1 139 5 6
26/2/47 88 - 1 125 5 ] = |
17/3]47 - 2 158 5 3 9
%4/47 17 6 2 181 1.0 1.0 .8
4[47 1172 2 2 124 1.3 1 B |
é5/47 187 39 3 161 5.2 5% 1,2
205 56 3 198 1.0 2.4 1.0
/47 223 68 3 236 1.0 3.3 1.0
14/“{/47 174 101 3 239 -9 3.9 1.0
5/8/47 {254 129 4 245 1.0 7.8 1.0
31/8/47 | 213 133 4 268 1.0

(iv) Survival of the adventitious root system.

«The numbers of old roots per tiller at each observation

are shown in Table XIX., They show similar tendencies to those in
Danish cocksfoot, i.e. There is a 50% reduction of numbers per tiller
in C,23%, but this is probably due to the greater amount of tillering

in this strain.

TABLE XIX. Survival of adventitious root system of ©.23,

« | Total No. . No. Surv. | No. tillers | No. roots/
of roots. old roots. tiller.
roots.
1 ggz ggg 87 6.7
2 - G 74 5.1
3 64 oo 346 119 2.9
4 17 74 133 139 = 53
5 691 88 603 125 4.7
| 6 766 11 689 158 4.4
7 gao 176 604 181 3.3
8 68 172 486 124 . 3.9
9 670 187 483 161 2.9
10 Zg'{ 205 502 198 2.5
1 6 223 443 . 236 1.9
12 7 7 S| 324 2139 1.4
13 667 254 403 245 1.6
14 699 2713 426 268 1.6

(v) Boot Hair Development.

Root hair developmeﬁt in €,23 cocksfoot, as far as could
be ascertained, was similar to thet in Danish cocksfoot, The maximum

concent ration was found on the main roots. It was not till the Gth
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1ifting (16th March, 1947) that there sppeared to be a decrease in the
number of root hairs on the main roots. Those on the branches appeared
to show a corresponding decrease, until at the 8th 1ifting (April Btn,
1947), vhen there was complete sloughing of the cortex on r‘all the old main
roots, no root -hairs were observed,

Root hair development on the new adventitious roots of the
C.23 strain was similar to that in the Danish, With the later develop-
mmf of new roots, root hairs were later in appearing, but by April, devel-

opment was similar in most respects to the Danish cocksfoot.

(vi) Other observations.
Table XX shows measurements taken which may have had 3ome

bearing on the seasonal nature of root growth, As in Danish cocksfoot,
the disameter of the largest roots observed in the old rooi system shows a
decrease when sloughing of cortex occurs, but the weights of the old root

systems show no regular tendency.

TABLE XX.
Lifting| Date | Length |Extent of |Diameter of eight of old
Fo. of root |Branching | largest white|root system.
system. |in old root.
(inches)| system, (o1d system)
(m.m.) (gms.)
1 9/11/46 17 4th 9 43.6
2 9/2/46 21 4th .8 28.8
3 20/1/47 13 " 1.0 40.0
4 (5/2/47 1 " .8 43.5
5 26/2]47 18 . .9 2.6
3 16/3/41 18 oo g 53.1
g 654/4‘( 19 . : . 22
28/ 4/ 41 20 ’ .5 26.6
& 15/5/47 18 2 5 31.3
10 |5/6/41 17 3rd 4 25.7
n 24 6/ 47 19 . 4 45.4
12 é7/47 16 4th .2 35.3
13 é 17 " 3 40.0
14 31/ [ 41 19 "

* Weight of 2 plants only.
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D, THE RYEGRASSES.

The four ryegrasses studied, namely peremnial, Italien, short
rotation and Western Wolths were all finer in mt parts than cocksfoot.
In both roots and tillers, they were more nune'rous. The nature of new
growth was similar to that described in cocksfoot for all ryegrass species.
Most new roots were found to originate from t.{lleﬁ at the periphery of |
the plant, and were easily recognissble by their thickness compared with
the deteriorated roots, and their colour and softness,

While deterioration in the ryegrasses was also similar to that
in cocksfoot, the cortex sloughing off to leave the stele exposed in the
ground, it was not so sharply defined. The cortex in the early stages
of deterioration did not always sepa.ratAe cleanly from the stele, but
enclosed 1t loosely. Whether this is due to soil conditions, or is an
inherent property of the root systems of ryegrasses is not known. It
made the assessment of the extent of deterioration difficult, since
excess handling of the root material tended to increase the actual
measurement by disturbing the loose cortex; and it was not possible to
count all the roots affected by this form of deterioration owing to the
fineness of the root parts. When the cortex does separate from the
stele, it does so from the upper portion of the root first, as was observ-
ed in cocksfoot.

Measurements of deterioration and new growth of the adventitious

roots in the ryegrasses are made on the same basis as those in cocksfoot.

TTALIAN RYEGRASS,

(1) Deterioration s=md new growth of roots.

The first observations on the root system of Italian ryegrass
were made on Nov.20, 1946, vhen the plants had been growing in the plots
for 193 dayg. No sj.gng of root deterioration or new growth of' roots was
evident at this or the following two 1iftings of plants. At the fourth
1lifting im early February, some few roots displayed the quality that has
been defined as “deterioration", i.e. sloughing of cortex. However, a
great nmumber of other roots were very soft, amd the cortex was easily
removed by light rubbing of individual roots in the fingers. Previously

" it was more difficult to remove the cortex. There was a sudden increase
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(both numerically amnd proportionately with the mumbeér of old roots
surviving) between March and April, 1947. of deteriorated roots. Previous-
ly the cortex sloughed off only on the 3-4 inches of the roots near the
point of attachment to the tillers, but now this condition asppeared to
extend over the observable length of the root. At the last observations
mede {August, 1947), over 70% of the number of old adventitious roots
remaining on the plants exhibited cortex deterioration. Of the remainder,
most showed the soft condition described previously, snd it is possible
with further observations, that 100$ root deterioration, as attained by
the two strains of cocksfoot, may have been observed. |

New root growth was first observed in the fifth 1lifting
(1ate February), and showed a steady increase to reach almost 60% of
the total number of roots at the last observation in August, 1947.

Table XXI shows the data relevant to deteriora;tion and new
growth of roots in Italian ryegrass,
TABLE XXI. Deterioration =nd new growth of the adventitious root system

in Italian ryegrass.

: :
Date |No.,Plants | No,old| Roots aff. % Detern.| No. new| Total | New roots
[pipe. adv, | ected to |of old roots. | No., | % of total
roots. | Detern. |[roots. Roots. roots.
20/11/46 3 591 | - . > 597 2
22/1/46 3 714 - - - 114 -
23/1/46 3 462 - - - 462 -
6/2/47 2 636 1 3 .. 636 G
27/2/47 2 661 | 13 2 65 726 9
18/3/47 2 568 | 174 13 84 652 13
1/4]41 3 468 | 281 60 70 538 13
29/4/ 41 3 470 | 259 % 192 662 29
16/5/47 3 602 | 361 60 27 Bg 31
é6/47 g | 183 | 122 66 86 2 32
26/6/47 3 o1 | 281 70 29 692 42
1447/47 2 222 |. 160 72 262 484 54
5/8/ 41 B 255 | 186 13 324 519
31/8/41 1 89 | 67 76 128 217 59

(11) The relationship of deterioration and mew growth of roots to

geasonal production.

Fig.1l4 attempts to relate the deterioration md new growth
of roots, in the form of graph curves, observed in this trial to a typiecal
production curve of ltalian ryegrass, This latter curve derived from

yield trial data from the Plant Resesrch Inreau.( Appendix VI), however

does not give a true representation of the relationship, for the following
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reasons: .
1. The data is the result of trials made in 1945-46, end as in the case
of the red clovers, does not give a result which can be directly compared
with root data obtained in 1946-47.
2. Since Italien ryegrass is am amnual pasture plamnt, dry matter figures
in the P.R.B, trisl were considered only during the period of the year that
the grass is utilised as such (4pril 1945 - Februsry 1946). Thus the line
between February and }iay on the production mrve- in Fig.14 is merely a
connecting link between productions at different seasons.
3. The production curve represents the production in the first year, yhile
data on root changes were obtained in the second year of the life of the
plants.

From the limitations that have been outlined, 1t is
obvious that the comparison between production and the seasonal root
behaviour of Italian ryegrass as pictured by Fig.1l4 is not 2 real one.

The onl& observation that can be made is that thgre is a tendency for
increase in deterioration of the 0ld root system and new root growth with

the fall in production in the sutumn,

(1i1) The seasonal growth of new roots.
Table XXII shows data for the progress of growth.of new

roots through the trial.

TABLE XXII. Seasonal growth of new roots in Italian ryegrass.

No.new xtent of ¥o. |[No.new roots Diameter

roots.| 6" 4in | Branching | $illers.| /tiller. gms. | largest new
length, root.
m.m.
20/11/46| - - - 1 "
22/1?235 - - - 137 5 3
3/1 = - - 230 5 -
5/4147 - - 4 219 :: ¥
27/2/471 | 65 - - 164 4 2 3
18/3/47 | 84 o - 137 g < .5 3
1/4] 41 70 1‘2 = 14 1.0 : 2
29/4/41 | 192 3 1st order | 13 1.4 1.& 6
16/5/47 | 271 44 ins * 2 1.3 1.9 ‘g
5/6/41 | 86 24 |1st * 88 1.0 2.0 8
26/6/47 | 291 91 2nd * 264 1 4.0 i
;;1 7{19’7 ;5; ig’g 2ad " 166 1.6 3,6 8
T 31'6. za X. 8.
31/é/47 128 46  |3ra 19 1.? : o

Branching was much slower than in cocksfoot, where branches of the 4th order

1
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were observed in the last observations. Numbers of new roots per tiller
were significantly fewer than in cocksfoot, due to the greater numbers of
tillers in Italian ryegrass, since mummbers of new roots were comparable
between the two. Weight measurements showed increase through the trial,

and dismeters showed increase up until April, after which they remained

fairly constent.

(iv) Survival of the adventitious root system.

The numbers of o0ld roots per tiller surviving at each
observation are shown in table XXIII, From these it sppears that there
is a gradual loss of roots from November till August in the next year,
until there is almost a 70% reduction in the number of o0ld roots surviving

-

per tiller. This implication will be discussed later in Section V.

TABLE XXIII. Survival of the old root system in Italian ryegrass.

Lifting Date | No.surviving | No.tillers No. roots/
No. old roots. : tiller.
1 20/11/46 591 193 3.9
2 12/12/46]  Ti4 187 3.8
3 123/1/41 462 136 3.4
4 6/2/47 636 219 2.9
5 27/2/41 661 264 2.5
6 18/3/47 568 191 2.9
7 1/4] 41 468 204 2.3
8 29/4/47 470 177 2.6
9 16/5/47 602 246 o5l
10 5/6/47 183 88 2.1
11 26/6/47 401 264 1.5
12 1467/47 222 166 1.3
13 5/ 647 255 221 1.2
14 31/8/47. 89 79 1

(v) Root hair development.

At the first three observations, root hairs were evident
along the length of 2ll main roots, concentration being heaviest at the
top 1-3 inches and, in the case of the shorter roots (en which the tips
were available for inspection), at sbout ¥ inch from the tips for about
1 inch. It was difficult after the 5th lifting (February) to find the
root hair concentration at the tips owing probably to elongation of the
roots, but there seemed to be a decrease 1# concentration over all the
old root system. On the roots whose cortex seemed to be softened prior
to sloughing, only very few root hairs were seen.

Even at the first sign of new rooting (27th February, 1947),



Figure 15. Young tillers from the periphery of a
Western Wolths plant showing new rooting.

(Photo taken May 16, 1947.)



root hairs were evident on the new roots. There was fairly even
distribution until May when branching was first observed on the new

main roots. High concentration then appeared to beéome localised, as
in the old main roots, at the tips amnd top portions of the roots.
f)evelopment o_'n' the branches was sparse until July when many hairs were
observed on the lst order branches. There was little development on the
2nd order branches.

(vi) Other observations.

Table XXIV shows data to which little seasonal significance
could be attached. The weights of roots at the different liftings show
a general tendency for decreass in weight v_rlth deterioration of the root
system, but since this tendency is evident in only one other grass (Western
Wolths), it cannot be emp}iasised in this case,

TABLE XXIV. Measurements of the 0ld adwventitious roots in Italian ryegrass.

Lifting | Date |Length of|Extent of| Diameter of | Diemeter of [*Weight of
¥o. root Branching| largest sloughed old root
system in old white root. roots. system.
(inches) | system. (m.m.) (m.m.) (gms).
1 20/11/46 19 3rd order & | - 50.7
2 12/12/48 23 4¢n " b * 30,7
3 23/1/46 22 Atn .8 - 44.6
A 6/2/ 41 18 Ath " o3 .3 26.3 (2)
5 21/2/41f 22 it " 3 o4 27.1 (2)
6 18/3/4 18 4tn it 4 26,6 (2)
7 1/4] 41 18 i .8 .4 21,4
8 29/A1471 18 4th " .8 .3 14.6
) 16/5/41f 18 Ath " 9 A4 22.9
10 5/6/ 47 19 Ath " .8 .3 10,0 (1)
11 26/6/471 18 4&n .8 3 14,3 -
12 14/7/47 16 ‘A4 " .9 4 6.8 (2)
13 5/ ézﬂ L sy, T 3 15.6
14 31/8/47] 18 3pd " ;

* Weights of 3 plants except where brackets indicate the number of

plants weighed.

WESTERN WOLTHS RYHRGRASS, y

(1) Deterioration snd new growth of roots.

Observations on the root system of Western Wolths ryezrass

were made at the same time as those on Italian ryegrass. The nature of
deterioration was similar to that in the latter, but was considerably later

in showing actual sloughing of the cortex from the roots: At the 4th
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.1ifting (Feb.6, 1947), however, it was noticed that many of the 9ld roots
were soft and their cortex was easily removed, It was not until March 18,
that sloughing of the cortex was noted., After this 1lifting, there was
not a great increase in the percentage of old roots showing deterioration
in the form of cortex sloughing, bat cortex of the roots not showing this

condition was mostly soft, and easily detachable.

TABLE XXV. Deterioration =nd new growth of adventitious root system
in Western Wolths ryegrass.
: T e e s
Date No.Plants | No.0ld | Roots Detemn. |No.new | Total No,|New roots
foipe. adv., | affected |% of old|roots.| roots, |#% of
roots, | by Detern. roots, $otal.
20116 | 3 389 - - - B | -
12/13 46 3 gga e - - 278 &
231 /46 3 2 =5 - 5 562 -
6/2/ 47 1 256 - - = 256 )
27/2] 47 3 332 - - 23 355 6
18/3/41 1 114 33 29 12 126 10
7/4/47 3 303 105 34 29 332 8
29/4/47 3 166 5 n | 74 20 | 3
16é5/ 47 3 158 91 51 129 28 45
:5 47 2 51 19 34 139 19¢ 71
2 107 44 4 137 244 56
14é7/ 47 A1l plant% died oft after thils 1ifting|.
31/4/47

Hew rooting was observed to begin in February ;t the 5th
1ifting and the increase proportionate to the total number of roots was
more rapid than in Italian ryegrass, until the death of the remainder of
the Western Wolths plants in the plots after the 1lth lifting,

* Data concerning deterioration and neﬁ growth of roots in

Western Wolths is presented in table XXV,

(11) The relationship of deterioration and new srowth of roots %o

sea ction.
Ho figures for the seasonal prodﬁction of Western Wolths
were available for comparison with seasonal root behaviour,

The plants died out in the winter, being well into the
second year of growth, and up to the time of dying out, de_terioration
and new rooting were observed as in the other grasses, Fig.16 graphs
these two seasonal root changes. This 4s discussed in a following

section,

(1ii) The seasonal growth of new roots.
Table XXVI shows the seasonal growth changes of the new
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roots through the trial period. Branching was similar to that in

- 1tslisn ryegrass, and weight of the new roots and dlameters showed
increases from initial measurements. The numbers of new roots per
tiller were very low. This was due to the surprising number of tillers
at all observations, which may have besn induced by the lemient treatment
of clipping, a reaction that Jacmues (1937) found in Italien ﬁograu.
However the tillers were mainly very weak, unlike those in the other
ryegrasses, znd after the plamis had been clipped in late Juns, no
recovery was seen in azny of the remaining plﬁnts at subsequent 1iftings.
TABLE XXVI. Seasonsl growth of new adventitious roots in Western Wolths

ryegrass,

Date

No. new| No.over| Extent of| No. of No.New | Weight| Dismeter of

roots. | 6" in | Branching{ Tillers.| roots/ | gms. | largzest new

length. tiller. root.

u.

m 11,% e » - 86 - - -
12)/'12/461 - - - 128 - - -

23/1/4% - - - 133 - - -
6/2/47 - - - 82 - - -
21/ 2 ,47 23 - e 114 e ol 03
18/3/47 12 - 1st order 61 * i - 3
1/4] 41 29 - st " 106 3 o3 o4

16/5/41 | 129 g 2nda ® 224 o2 2.2 .

%6/41 139 2na * 192 o3 2.4 o7
jel41 | 137 62 |2na " 234 .3 2.6 % |

(1v) The survival of the adventitious root system, _
- © Table XXVII shows the mumber of old roots per tiller surviv.

ing at each 1ifting. Ag was the case in Italian ryegrass, there was a

gradnal reduction in this number with successive liftings.
TABLE XXVII. Survival of the old wot system in Western Wolths ryegrass.

Lifting Date | No.surviving| No.tillers | No.roots/
Ho. old roots, tiller,
1 20/11/46 389 86 4.5
2 12/12/46 zg 128 2.2
3 23/1] 41 5 lgg 4.2
4 6/2] 41 256 3.1
5 2&/2/47 332 114 2.9
o 18/3/47 113 61 1.9
g 1/4/ 41 303 106 2.8

29/4/ 47 166 173 1.0

9 16/5/41 158 224 -1
10 5 éd‘l 51 192 3
1 |26/6f47 107 234 -5

There was a greater difference between the numbers of

surviving roots per tiller at the first 1iftings and at tne 125%



than wae the case in Italisn ryegrass.

(v) Boot heir development.
Root hair development was somewhat similar to that observed

in Itelfan ryegrass, but there aspeared to be less concentration on all
root varts. Reducstion in concemtration of root hairs on the old
adventitious roots occurred at the same 1ifting as in Italim ryegrass
(Pebruary), but on the new roots, wwot hair development was not evident
$i1] March, three weeks after it hod besn observed in ltalian ryegrass,

a2l though the time of onset of new rooting was simaltaneous.

(vi) Other observations.

Observations made which seemed to have little bearing on
the secsonal root growth of Western Wolths are included in #sble XXVIII.
Ag was noted in Italian ryegrass, there appaar; to be a tendency for a
decresse in weight with the intemsification of the deterloration of the
old root system.

TARLYE XXVIII. Meacsurements of ¢ld adventitious roots in Western Wolths.

| RS SRR SN S SIS PR S

Lifting Date | Length of | Extent of | Diam.of Diam.of | * Welght of ald
No. root Branching.| largest sloughed| root system.
system. vhite root.] roots.
(inches) (m.m.) (m.m.) {ons.)
3 20/11/46 17 L 2Morder| B - 21.1
2 12 426 ag S 6 - 18.8
2 'S 18 s . - 13.7
4 6/4/1/17 : 16 3 . g - 10.8 (1)
5 23/2/47 ig ¥ 8 - 17.9
6 18/3/47 - 9 5 g.l
g 114/ 4 12 B b o4 16.0
2214/47. 1 - S .8 .4 6.8
9 1 £5,47 16 3 % uB -3 goz
10 5 éfl 12 T 8 o3 o4 (2)
1 26/6/47 1 3 . .8 A 8.8 (2}

* Weights for 3 plants except where number of plants indicated
~ in brackets.

PERENNIAL NYTGRASS.

(1) Deterioration snd new growth of roots.
H'rBt. 1iftings of perennial ryegrass plants for root observ-

ation were made on Nov. 19, 1946, vhen the plants had been growing in the

pleots for 192 days. o signs of root deterioration or new growth was

noted. Some new rooting was recognised at tho.third lifting (Jan 24,1947)
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and in subsequent 1iftings the proportion of new roots to the total
number of roots increased until at the last 1ifting (Aug.31, 1947),
new roots numbered 40% (approx.) of the totsl number of roots.

Deterioration of the old adventitious roots was first

observed at the 5th 1ifting (Feb.28) and while the number of roots

. exhibiting actual sloughing of the cortex was small, there was a fairly

TABLE XXIX.

general distribution of roots which appea.red. to be in the early stages
of deterioration. In the roots which showed cortex sloughing, this
was confined mainly to the top few inches of the root. In the liftings
following, the numbers of roots affected increased, and the sloughing
extended the length of most of the mots affected at lifting 10 (June 5).

On the roots remaining, many ehoied softening of the cortex in
latter lift;.ngs. but it was not possible to give any accurate assessment
of the numbers thus affected, - If the trial could have been carried on
further, it is possible that a greater percentage of deterioration would
have been observed,

Table XXIX shows data relevant to deterioration and new growth
of roots in perennial ryegrass.
Deterioration and new growth of the adventitionslroot

system in perennisl ryegrass.

Date | No.plants | No.0ld| Roots affec-|Détern. |No.new |Total no.|New rocts
Jpipe. adv. ted by % of old|roots. | roots. |# total
roots. Detern. roots. roots.
19/11/46 3 824 i ks 2 7
10512/46 3 677 = “ 2 %72‘71 =
24/1 /47 3 664 - - 13 3 1
%2/47 3 959 - b 129 95513 13
[2/41 2 684 E 1 113 51 15
18/3/ 41 3 807 1 2 185 96 19
8/4/41 3 824 10 13 202 101 20
30/4]47 2 521 1 3B 108 636 ig
17/5/41 3 92 318 V') 122 %ﬁ
5/6/41 3 3 316 46 1 19
1/6/41 2 923 470 51 Q3 1215 34
154‘7/ 4 3 792 gg 52 L2 1116 3;
6/3/47 2 583 51 315 989
31/8/47 3 552 294 53 437 1067 o

(11) The relationship of deterioration and new growth of roots to

seasonal production.

Figure 17 illustrates the relationshi§ of deterioration of

the old root system and new adventitious root growth to leaf srowth as
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represented by a production graph from yield trial data over the same
period as this trial obsained from the P.R.B, (Appendix VII). On
comparing the production =md deterioration lines in fiz.17, it can be
seen that deterioration of the root system begins in the autumn with
the rif;e in leaf production, At the flush of leaf growth in the antumnm,
deterioration accelerates and proceeds, as the production falls towards
winter. New growth of roots shows a steady increase from Jamary
onwards, and may possibly reach its maximum in spring with the onset of
leaf growth.

(1ii) Seasonal growth of new roots.

The various measurements that show seasonsl changes in the
growth of new roots is recorded in Table XXX, New roots appear earlier
than in Italian ryegrass, and this may account for the more extensive
branching in perennisl ryegrass.

TABLE XXX. Seasonal growth of new roots in perennisl ryegrass,

Date No.new | No.over | Extent of | No.of No.new | Weight Disameter
roots. | 6" in | brenching.| tillers.| roots/ largest new

length. tiller. root.

gms. m.m.
19/11/ 46 - - - 317 L, o 4
10/12/46 e - - 289 # e -
24/1/47 73 - - 287 3 - -4
S - g3 3
18/3/471 | 185 - torder) 203 .6 o4 4
%4/47 22 32 s B2 | .8 b .8
[4/47 | 108 21 2" 288 | .4 .5 3
17/5/41 | 116 39 z 403 o4 3 .8
516/ AT 164 55 2 496 .3 % .8
27/6/41 | A3 78 2 529 .8 4.4 3
57141 | @42} 91 g 540 .8 1.1 .8
6/ 647 375 13 3 02 .9 7.8 .9

31/8/47 | 437 246 3 514 .9

The weights and diameters of the new roots show somewhat similar
increases, but the number of new roots per tiller is significantly
lower. Since winter production is higher in perennial than in
Itelien ryegrass, and comparing the number of tillars of the two
species at all observations in this trial, 1%t would be reasonable to
sniypose that the low number of new roots per tiller may be attibutable

to more vigorous tillering in peremnial ryegrass,
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(1iv) Survival of the adventitious root system,

Table XXXI shows the number of old roots per tiller surviving
at each 11fting, At the last 1ifting there sppears to be about . 40%
survival of old roots. There is a possibility that this is not the
final survival figure, were the trisl able to have been continued.

TABLE XXXI. Survival of old roots of peremnial ryegrass.

Lifting Date | No,.surviving | No.tillers No. roots
No. old roots. ] tilier.
3 20/11/46 824 3 2,

2 12;12;46 g& 28; 2-2
3 2341/47 287 a.g
/R =1 .
e |5 | sor N 28
g g4/47 824 %2 3.3
/4] 47 521 288 1.8
9 11655 /47 ga 4 03 1.9
10 5é £47 3 496 1.4
11 26/6/ 47 923 529 1.7
12 14/7/47 192 540 1.5
13 5/8/47 583 02 1.5
14 31/8/47 522 514 1.0

(v) Root hair development.

Inoot hair development on the old adventitious roots was similar
to that observed in Italian ryegrass, The root parts on which hairs were
most concentrated were the same as in Italian ryegrass. Dimimution in
concentration was not observed én the old roots unaffected by cortex
sloughing, until the 7th 1ifting (4pril 8), after which it was fairly
general,

On the new roots, hair dévelopment was evident at thefiimt lifting
that new rooting was observed (Jan.24, 1947). From this ufting{
development was similar to that noted in Italian ryegrass, élthough
after the 9th 1ifting (May 17), there appeared to be higher concentration

or root hairs on all parts of roots.

(vi) Other observations.
Table XXXII presents data to which little significance could

be attached.,



Figure 18.
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014 tillers from a plant of short
rotation ryegrass showing cortex

sloughing of the 0ld roots indicated
by arrow.

(Photo taken June 5, 1947.)
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TABLE XXXII. Measurements of old adventitious roots in Perennial

ryegrass.

ng
No. root system| Branching.|white root. |sloughed| old root '
(inches) (m.m.) roots. systen,
(mem.,) (gms.)
1 [19/11/46 18 3octer| | "
2 10512;46 18 N g B! 2.3-8,
3 |2 18 3 - 9 : 24.9
4 1 2/47 17 - .9 & 52.1
5 /2/47 17 ; 4m .9 5 21'7(&
6 18/3/47 |- 19 4 8 '5 30.2
30/4I47 i 4. - .8 3 &2
9 17 5 1 4 “ 04 20. )
10 17 4 " .; " | 36.1
11 27/é/47 18 § e % i N
3 Ay {;}7 - ;,l i1 3 26.8
14 [31/8/47 19 2" it 2 gy s

* Weights of 3 plants except where bracksts indicate number of

plants weighed.

SHORT ROTATION EYHGRASS:

(1) Deterioration and mew growth of roots.

Liftings of short rotation ryegrass plants for root
observations were made at the same times as those of peremnial ryegrass.
Ag in perennial» ryegrass, new rooting was observed at the %rd lifting
(24th Jan, 1947), prior to any sign of root detenoratign. At subse-
quent o‘t.»servations. the new roots showed a steady increase until at

the last 1ifting they mumbered 48% of the total mumber of roots.

Deterioration of the old adventitious roots was apparent
at the same time as in peremnial ryegrass, and the proportionate

'increases were much alike in the two grasses, The same difficulty

of accounting for the roots whose cortex showed signs of deterioration
without sloughing off was encountered, and there was the possibility
that, were further observations able to be made in both grasses, the
extent of deterioration in short rotation ryegrass may have differed from

that in perennial ryegrass.

Table XXXIII presents data for deterioration =and new growth

of roots throughout the trial.



| N 1] [: 1 | 1 1
i i B i 8 S Bl I 0 5 8 :
s: ; BRE :
7 ! L e i
T __L_Y - a3 =
- i 0 j,.‘; ij : TIT
HlES ,}_,_ |18 I I 0 1
R R AR S O I S S -
] O G O 0 = b A4
e e b
Lot R e e ! g S,
A e 01
1 = -
dnBESS 5 Sasmasmmsamsa H E
: il i | :
ARy i 1 ;m
5 . o
] , s A
Bt e <
= \ \ 4 74
: \§ \
. -/ 1
LTI\ =4 /’ w
o i /l
A I [ P -~
R " \ il P — =
5 £ A0 ¥ b A ] ~
Ll 7/ »
. i -
P
/
A1 P4 :
; . -~ / . i 2
=E ﬁ:g“i;é 1* { 1g+31 3
LAV A LA TR LT TG L LT I 0 0 0 O 0 s 2 U R i
Figure 19. Comparison of seasonal leaf production with deterioration and
new growth of roots in short rotation ryegrass.
: leaf production.
root deterioration.
new root growth.
R SeEve.
R i




@.
TABLE XXXIII. Deterioration and new growth of the adventitious roots

in short rotation ryegrass.

Date |No.plants| No.old | Roots affec-| Detern., {No.new | Total no.|Newmots
: | pipe. adv, ted by % of 01d | roots.| roots.
roots. | Detern. roots. total.
19/11 /44 G - - - 911 -
10/12/ 46 3 766 - - - 66 -
24/1/47 2 628 - - 6 34 1
é 2 464 - - 14 478 3
28/2/ 41 3 720 - - 7 791 9
18/3/41 1 494 6 1 95 _389 16
8 4/47 2 710 92 13 156 66 18
tenl ;| @B | B |2}t & s
é 2 4-5{2 134 % 98 464 21
3 576 225 39 182 gjﬁ 24
1567/47 3 459 232 50 153 2 29
é 1 a2 109 53 148 360 4
31/8/47 2 280 151 54 257 531 48

(11) The relationship of deterioration and mew growth of roots to

Seasonal production.
Fig.19 illustrates the relationship of seasonal preduction

of short rotation ryocgrass and root deterioration and new root growth.
With the onset of the sutumn flush of leaf grdwth there is a rise in

the amount of root deterioration which tends to increase after production
falls towards winter. New root growth increases from late summer
throughout the period of the trial. The derivation of the production
curve is shown in Appendix VIII,

(111) The seasonal growth of new roots.

' Table XXXIV simws the progress of growth of new roots
through the period of the trial. Branching follows that in perennial
ryegrass, there being branches of the third order at the last 1ifting.
The number of new roots per tiller is, up to the 14¢h lifting, much
lower than the corresponding figure in perennial ryegrass. ' The last
figure of B new roots per tiller may be an indication that new rooting

t is slower in approaching that of peremnial ryegrass numerically.
Only further observations could have proved or disproved this.
The measurements of diameter of new roots reaches the
maximum much later than those in peremnial ryegrass - 5th Jume, as
opposed to 8th April. The weights show an increase with increase in

mmbers of new roots amnd branching.
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TABLE XXXIV, Seasonal growth of new roots in short rotation ryegrass,

IS Extent of o ‘ Dismeter
roots. |6" in  |Branching. roots/ | (gms) |largest new
length. tiller, root.
(m.m.)
10/12/46 - - - 268 - - -
24/1]47 6 - - 231 .03 wbiiag
1/2/47 14 - - 81 .05 - .4
[2[41 | 1 - - 463 .2 3 4
18/3/41 | 9 - - 299 .3 <5 -6
8/4/41 | 1 2 Yorder | 365 .4 9 5
30/4/471 96 13 S 262 o4 .g .6
17/5/41 | 138 9 s 414 .4 .6
5/6/41 | 9B 35 g - 38 .3 1.2 8
27/6/47 |1 182 108 | e 724 3 4.8 .8
1557/@7 153 122 Sk 476 3 6.6 .8
6 14 81 . SE 327 5 8.7 9
31/8/41 | 257 119 3 A 317 .8

(1v) The survivsl of the adventitious roots.
Table XXV shows the number of old roots per tiller surviving
" at each lifting. At the last lifting it is apparent that about one-
third of the old roots have survived,

TABLE XXXV, Survival of o0ld roots of short rotation ryegrass.

‘I.i.fting Date o .
Yo. old roots. ] tiller.
1 9/11/46 911 328 2.7
2 0/12]46 766 268 2.8
3 4/1/47 628 231 2.7
4 2/47 464 281 1.7
5 [2/41 720 463 1.6
6 8/3/41 494 299 1.6
T [ 44T 710 365 1.9
8 4/ A7 429 262 1.6
9 1/5/41 675 214 1.6
10 /6 6 348 13
1 7/6/47 576 724 8
12 5/1/ 4T 459 476 1.0
13 /8] 4T 212 327 |
14 1/8/41 280 317 9

(v) Root hair development.
Root hair development in both old amd new roots of short

rotation are similar as regards positions of concentration, =amd actual
concentration in the later stages of the trial. At the 11th lifting
(June 27) it was noted that the new roots of twth perennial and short
rotation ryegrass showed such similarity as regards hair development
that there was no distinguishing between them,
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Decrease in concentration of root hairs on 0ld roots was
noted at the same time as in peremnizl ryegrass (8th April), but there
was 1ittle development on the few new roots observed in Jemusry (1ifting

3).
comparable to that in perennial ryegrass.

At the 6th 1ifting (March 18), development on the new roots was

(vi) Other obsgervations.
Table XXXVI tabulates data to which little significance could

be attached as fer asg seasonal growth of mots is concerned.

TABLE XXXVI, Measurements of old adventitious roots in short
rotation ryegrass.
Lifting] Date |Length of | Extent of |{Diam, larg. [Piam,of Weight of
Yo. root Branching, |est white [sloughed | old root
system. root. roots. system.
(Inches) | (m.m.) (mom.) (gms)
1 lgm/e| 18 3% der .6 i 8.1
2 10/12/46 2 . .6 - 49.6
3 24/1/ 41 20 ¥ " | - 21.6 (2)
4 1/2]41 18 4 - 3 - 36.5 (2)
5 12/ 41 19 4 - iJ - 30.0
6 18/3/47 22 .. .1 o4 31.1 (1)
g 8/4/ 41 a 4 > T o4 20.3 (2)
30/4/ 41 22 4 .8 3 15.6 (2)
9 1%5/47 20 3 N A4 1 362
10 5[0/ 47 19 3 -9 .3 33.6 (2)
11 (27/6/47 17 4 -1 .3 38.3
12 15/7/41 18 4 . 4 34.7
13 6/8/47 18 3 9 4 22,9 (1)
14 31/8/47 18 2 ;

. Weight of roots of 3 plants except where no. of plants weights

is indicated in brackets,
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SECTION V. DISCUSSION OF RESULTS.

(1) General implications of results and the limitations of their

interpretation.
From the data that have been presented in the preceeding section,

two features of the seasonal root growth stand out as being of importance

- in considering the seasonal leaf growth and persistency of those pasture

plants studied. They Are: 1. Deterioration of the old root system
(primary in clovers; secondary or adventitious in the grasses) after one
year of growth in léte summer or sutumn. 2. New growth of roots which
begins in most cases at lnearly the same time as deterioration of the old
roots,

The graphs pr_esented in detailing these results in each specles
or strain all follow the general pattern that is shown in f£ig.20,
Deterioration begins in the 1late summer and increases with the spproach
of the flush of autumn leaf growth, contiming as production falls for
the winter, The number of new roots p‘rodnced increases from summer,
From this a general picture of the seasonal growth of the plant as a whole
may be deduced. With the fall in leaf production in the snmer,@not
reserves are called on %o main*.ain production in the autmuQ resulfing in
a rapid deterioration of the roots. This continues in tl;e winter until
a maximin deterioration is reached, the lowered pmdgcf:;on in this season

being attributed in part to the loss in absorptiwve root area. New rooting

is increasing in the meantime until spring, when. leaf production is made
possible by the absorptive action of the new roots in the soil. The
earliness of spring growth would depend on the amount of development of
these new roots.

The persistency of any species would‘ depend, then, upon the com-
bined effects of the extent of deterloration or the amount of survival of
the 0ld roots, and the extent of repiacement or new rooting. The differ-
ences between various species and strains in regard to their pers; stency
of growth msy be correlated to the seasonal behawviour of their root systems Y
reference to dsta compiled under the headings of the seasonal growth of new
roots, and survival of old ro§t;s. With the spproach of the second year of
growth, new roots are formed, which increase in number through the second

winter. Through the season, these roots develop in respect to dizmeter,
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length and extent of branching. If sufficient roots are formed to replace

those lost by deterioraf.ion, and if they are sufficiently developed to
function, the plants survive showing the quality of persistence. In the
non-persistent species, new root development is insufficient to replace
those roots lost.

Construction of this general' picture of seasonal pasture plant
growth is presented with some reservations. Although the data for
deterioration of the old roots and new root growth shows some relationship
to the seasonal leaf growth and persistency in all spegies, the explamation
of it cannot be emphasized, because of the limitations imposed by the method
of investigation that was adopted, and n=ture of root material that remders
it difficult to subject the seasonal traits exhibited to measurement.
Before substantiating the general outline that has been given of the
seasonal growth of pasture plants ty more detailed reference to the data
obtained in this investigation, it may be expedient to point out the IMt-‘
ations to vhich any interpretation of this data is subject.
1. The explamation of .deterioration is not .proven. Whether storage of
nmutrients exists in the adventitious roots of grasses is uncertain, although
the primary root system in clovers, from sections made in April 1947, showed
. some starch storage (4Appendix IX). It is possible that mutrients are
stored in grass roots in the form of complex sugars. . More detailed
chemical mvasti.gation is necessary to confirm this. 4An alternative
explanation of the cause of deterioration may be merely the ageing of roots.
Stoddart (1935) seemed to subscribe to this view,
2. By taking only the roots in the top 12 inches of soil, it was not poss-
ible to observe any changes in the roots at a lower level. Thus any season.
al changes which occurred were n&t recorded,
3. The deterioration of the primary root system in clovers ended with the
rotting away of the whole system, but it was not possible to ascertain
directly whether secondary roots in the grasses 1&11&1 showed cortex slough-
ing were dead or alive, or thether there was any rotting of the roots,
because of their fineness. This has been a problem encountered by overseas
workers, Stuckey (1941) traced the roots to the tips end from sectioning
recognised live roots from mitotic division figures of cell nuclei thm.
while Weaver and Zink (1946) using a root banding technique, were satisfied

that roots were alive from their survival and condition. = In this investig-
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ation, deterioration in grass roots was measured as a percentage of old
roots affected by cortex sloughing, and thﬁs gave no indication of whether
the roots thus affected were functional or mot. It is most likely, in the
light of Stuckey's findings in cocksfoot, that many roots affected by cortex
sloughing may still be able to ebsorb plant mutrients in the soil at levels
lower then 12 inches| where the cortex is probably intact.

4., The attempt to find the extent of replacement of the old root system

by new root growth in grasses was not wholly successful. This was done by
taking the mumber of roots that survived at each 11fting, and the number of
roots that were formed as numbers per tiller. It was thought that from thes
measurements, two deductions could be madet (a) The proportion of the old
root system that died could be determined, as shown by thci nunber of old
Sobkn pie AEEL 00 ik Yhie: Shvwy TRISEEE Gl 306 Teak: 133 The st v
replacement of these roots by new growth could be found,

The factor which rather modified the importance of these results was
the nature of the seascnal growth of tillers, While at each lifting of
plants, the number of tillers were counted in each grass species, no account
was taken of the change in tiller numbers in individual plants. This was
important, in that, taking a single plant with a constant root number, an
increase in tiller nmumbers mtomtical‘ly decreases the roots per tiller ratio
Similarly a dying off of tillers would inerease it. That there were new
tillers formed during the period of the trial was obvious, but whether they
replaced tillers that had died off, was problematical. In most of the
. grasses there appeared to be a tendency for the plant to replace roots lost
by new growth, but in the light of the above criticiam, it is difficult to
know how accurate a representation of the facfs that this is. A study of
tillering habit in the various grasses would clarify this situation.

In the clovers, no such problem was encoimterod since it was obvious
that the primary root system was replaced by the sac\opdary or adventitious
system, After the rotting eway of the primary root system and the lack of
qonnection between tillers resulting, these spparently continued existence
as separate plants,

5. The trial did not extend over a full year, concluding at the end of
dugust, 1947, before the flush of spring growth, ani therefore the situat-

ion regarding root changes in the spring cannot be reported.
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6. The necessity for using seed to produce clover plants for the trial

introduced genetic variation as a limiting factor to the interpretation of
results, This is demonstrated by graphs (figs. 5, 6, 9 and 10) for
deterioratipn of primary root systems and new growth of roots in the clovers.,
They are all irregular, so that while a tendency for increase of both factors
of seasonal root growth is obvious, the accuracy of the individual points

on the curves is question=ble. A greater number of plants of each species
or strain per 1ifting may have obviated thisdfficulty.

Taking clones from single plants of -gra.sses to ﬁbtain material for
root observation virtually dispensed with any genetic differences between
individual plants of the same species or strain; but due to either the
fallure to select uniform tillers, or to sﬁall soil differences in the
individual pipes in which they were planted, tiller numbers amd root mumbers
per plant differed so markedly between plants, that roots per tiller was
taken for comparative measurements. Thus there was a lack of uniformity
in the grass material, even with the precautions taken,

Weaver and Zink (1946) in their studies on seasonsl root growth of
some prairie grass species made their seasonal observations of root survival
using a technique of banding individusl roots, and making periodic inspect-
ions of the roots, after each of which soil round the rqots was replaced.
Thus the plant inspected was not destroyed, as was the case after each obser-
vation in this study, and the difficulty arising from variation in root
behaviour between individual plants due to genetic or environmental conditiont
was eliminated, However it would be difficult to apply this technicue %o
the species studied in this present trial, since the root parts involved are
much finer than those of the prairie and range species, and would be difficul!
%o mark by banding. Also the inspection of roots and replacing of soil
afterwards would be difficult.

7. Under such treatment as the plants received in this trial, where compet-
ition from weeds or other grasses was excluded, the results may differ widely
from those which, if it were possible, would be obtained under normal pasture
conditions. Particularly so in the annual plants whose persistency may be
exaggerated under these conditions. Western Wolths, for example, persisted
until June 1947 - 14 months, and the plant from which tillers for planting
originated was over one year old.

8. In comparing seasonsdl deterioration and new growth of roots with leaf
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growth in the 'anmal' plants production curves were used of first year

pasture yleld figures. This does not give a fair comparison since all
data for dcfarioration and new growth of roots was nade\whon the plants
were in the second year of growth. This was the case in Italian ryograu..
broad red clover and Montgomery red clover. In all species, a better
oaﬁparison between seasonal production and root behaviour may have been
obfained if figures for leaf growth had been teken from the plants in the
plots by weighing of the follage which was trimmed off throughout the trial
9. Due to the nature of the root materizl, the possibility of errors in
estimation of both deterioration and new growth of roots in grasses and
clovers has to be allowed. In the clovers, it was not possible to mea-
sure deterioration objectively, but by using a system of allotting of
points or grades to different intensities of deterioration. Thus the
likelihood of error of a subjective nature is imroduced, especially in
the maintenance of standards of these grades at successive 1iftings of
plants of a species or strain, after the lspse of three weeks between each,
The new rooting in clovers was assessed directly by counting the numbers
of new roots arising from each tiller or stolon., This more objective
method of measurement was still prone to error, since, although the

number of tillers could be accurately counted by cutting the primary root
system away from the remainder of the plamt at the point of attachment,
the separation of the stolons (especially in the white clovers) to count
the roots on each was difficult.

In the grasses there was again the problem of finding some basis
for measurement, For comperison with seasonal leaf production, deterior-
ation was measured as a percentage of total old surviving roots, and new
root growth as a percentage of total roots, It can be seen that deter-
ioration and new growth are mot directly comparable as measured on these
bases. Thus to study the replacement of 0ld by new roots, these were
brought to a2 common basis of measurement - roots per tiller, Again the
fineness of the root material introduced the possibility of error in
counting of thé roots. The number of roots per plant at .m observation
is obviously am objective reality, but the execution of such a measurement
is prone to error of a2 subjective nature. Also the erxor may not be a
constant proportion at different 1iftings of plants of the sm; species
or strain.
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Root hair d&relapnent proved the most difficult to Qoasnre. State-
ments regarding development are presented without substantiating figures.
Attempts to make counts microscopically with the aid of a micrometer gauge
in the eyepiece of the microscope were not successful. Root hairs were
so concentrated in some parts of the roots that counts of numbers per 2 m.m.,
could not be repeatéd within 10 on the same part of the root a few minutes
after the first count was made. A standardised technique for counting the
root hairs was not adopted, so that real proof of the statements nulo'in
regard to seasonal change in mumbers cannot be claimed.

Other measurements such as weight of 0ld roots throughout the period
of the trial were expected to show a decrease due to deterioration. That
this was not the case was probably due to difficulty in washing awsy all the
soil from the roots, or the influence of small differences in the soil of
the plot - texture, nutrients available, etec, The lifting of a greater
number of plants at each pbservation would have allowed some scope to show
statistical differences between aversge weights of those groups of plants
at different observations,

With these limitations outlined, the next section presents the attempt
to render the substantiation of the gemersl picture of seasonal growth of
pasture plants that was expressed in the beginning of this discussion, by
the use of the data obtained in this trial on seasonal root behaviour of the

ten different pasture species or types that were tested.

(11) INTERPRETATION OF RESULTS.

The features of seasonsl root behaviour which are discussed in
connection with seasonal leaf production amd persistenay of growth in the
species or strains studied are the deterioration of the orizinal root
system (pri.narj in cloverst secondary in grasses), the mumber of adventitious
roote formed, and the development of the individual mew roots. These all
appeared to show some relationship toieaf production =nd persistency in the
plants studied, but this does mot preclude the possibility that other factors
in root growth st show some @onnection. Due to lack of measurement
devices, as, for example, in the case of root hair development, snd defic-
iencies of method of investigation outlined previously, which influence
such factors as root weights, dimmeters, ete, thesccammot be related to
the seasonsl leaf growth of the plants involved, since they show fo
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obvious seasonal trends,

THE RED CLOVERS:

Since no production figures for second year growth were available
in Montgomery or broad red clovers the comparisons between leaf production
for the first year of growth and root behaviour in the second year of
growth in both types (figs., 6 and 5) cammot be regarded as accurate.
The only fact that can be indicated is that deterioration =and new growth
of roots sssume somewhat similar positions relative to seasonal production
of leaf (taking first year production figures) to those in the 'perennial’
grasses and clovers, Deberioration of the primary root system begins
in the late summer, there being a marked intensification in the sutumn at
the time of the flush of tep growth, then a steady continuation of
deterioration as production falls for the winter. Adventitious rooting
from the tillers begins at the same time as deterioration of the primary
root system, and shows a fairly uniform increase throughout the autumn
and winter. Crown rooting increased until deterioration was at an
advanced stage, when there was a decrease. The function of the !crown’
| roots is difficult to ascertain. Whatever their purpose, they gppear
to function for a short period only, probably in place of the primary root
system which is deteriorating, whem the plant canmnot rely on the under-
dsvelo;mi adventitious roots that are being formed on the stems.
Persistency in the red claverz differs somewhat from the general
description presented in the first section of this discussion. The trend
in deterioration of the primary root system indicates that there is no
survival after the second season of growth, so that whether the plant
survives the second winter depends solely on the development of new roots.
The present trial on red cleovers was not continued long enough to obtain
maximum deterioration, i.e. complete disintegration of the primary root
system, that was noted in both white clovers, except in one observation
in broad red clover (July, 1947). However, there was a general tendency
for intensification of deterioration and it was spparent that were it
possible to continue the trial, disintegration of the tap roots on all
plants would have been observed, and had the plants survived, this would

have been due to the action of the new adventitious root system in the

soil. As Saxby (1945) states, the Montgomery strain of red clover is
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more permanent that the broad red. An explanation for this on the

basis of seasonzl root behaviour is that although deterioration of the
primary root system is observed in Montgomery red clover over a month
before it is in broad red, it appears to proceed at a slower rate, so
that in August, the majority of plants may still have been utilising
reserves stored in the tap root. Allied to this is the fact that
development of adventitious roots per tiller was much greater in Montgom-
ery red clover than in broad red, At the last observetion in August,
1947, there were 24 adventitious roots per tiller in Montgomery red clover
as against 18 per tiller in broad red, as tables I and IV show, Tables
11 and V show that at the latter stages of the trisl, adventitious roots
of the Montgomery strain are more developed in terms of length and extent
of branching. Thus it would seem that the persistency of the primary
roo% system and the more rpaid growth and development of the adventitious
roots from the tillers can account for the greater power of survival of
Montgomery red clover over the broad red strain,

THE WHITE CLOVERS: :

The seasonal leaf production is compared with primary root
deterioration and new rood growth in both ordinery N,Z, white clover and
No, 1 N,Z, pedigree white clover in figures 9 amd 10 respectively. It
can be seen that in both types of white clover the seasonal trend in
production is similar, There is a drop in leaf growth from December,
until in February there is a2 late summer-early amtumn flush in growth,
and from then on a fall over the winter. The poor vhite strain shows
a lower production over mll seasons in the year, snd this is especially
noticeable in the autarm snd winter. Primary root deterioration was
observed in both strains in January, 1947, snd its increase showed the
typical inverse relationship with the fall in production after the
atumn flush of leaf growth. Crown root numbers were at thelr maximm
in the autumn, and they may have functioned in a temporary capacity in
support of the deteriorating primary root system. Deterioration sppears
to show a slower rate of intensification in No, 1 white clover than in the
ordinary type, btut the problem arising from the variability inmherent in
this seed, which has been previously discussed, mekes the Inberpretary,
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of the data difficult, especially in attempting to compare the two white clover
types with respect to their autummal leaf growth differences. The low winter

growth in the poor white clover must be connected with the total collapse of
the primary root system, the plants snrdving solely on the adventitious root
system, which has in the meantime developed. The higher winter growtli in
No. 1 white clover may be attributsble then, to the longer survival of the
primary root system, md the greater numbers of adventitious roots that have
formed,
The persistency of No. 1 white clover is swperior to that in the

ordinary white clover, l‘rol table VII it can be seen that the number of

new roots per stolon formed is uniformly high (50-70/stolon) at the latter six
1iftings of No, 1 white clover, while in the corresponding 1iftings of the poor
strain, the number varies between 20 and 70, It is obvious that the number

of adventitious roots that are formed has some bearing on the survival of the
plent. In poor white clover, at ome 1ifting, 74 adventitious roots per tiller
were counted, a number that was never observed in observations on the new roots
of No, 1 white clover. This count was never repeated in subsequent 1liftings
of poor white clover, This brings forward an observation regarding the
relative qualities of the two types of clovers. From observations of the root
behaviour of the tw ftypes, particularly the new growth of roots, it mppears
that No, 1 white clowf exhibits much more uniform tendencies throughout the
season. The seasonsal production of new roots show a more constant trend,

and from tables VIII and XI, the growth of the new roots formed show much more
consistent tendencies of increase in regard to length and dismeters. It
would therefore seem that in No, 1 white clovers its qualities lie in the
uniformity of the seed, which is expressed by the more stable root behaviour
that plants exhibited in this tﬁal. In the poor strain, the extreme variation
between individual plants shows the heterogeneous nature of the seed. HNot
only was this evident in root behaviour, tut also in top-growth. Some plants
appeared to be growing as well as, or better than No, 1 white clover, but many
iero very much inferior. This was not evident from $tiller numbers as shown
in tables IX and XII, but would have been reflected by actusl measurements of

leaf growth in terms of weight, sizes of leaves, ete,



COCKSFQOT.

The seasonal leaf production of .23 cocksfoot is graphed in
fig.13. Suwmmer production begins to fall in Jamuary; there is a slight
rise in the autumn then a fall as winter spproaches in May. The first
sign of deterioration of the root system was observed in Jamuary and this
progressed until late &pril, at the time of the autummn flush, deterioration
reached 100% of the totel number of old roots, After this there was a
decline in leaf growth during the winter months. New root growth showed
increase through the period of the trial. Spring growth is reputed to be
early but not rapid in this strain of cocksfoot, and the data of the survival
of the old root system, seasonal growth of new moots and tillering during the
winter, rather supports this. The original number of roots pér tiller was
5 = 75 {table XIX) before any signs of deterioration were evident. At the
end of the trial, the number of surviving roots was 1,6 per tiller, Now
the'replacement’ or new roots at the same time was only 1,0/tiller (table
XVIII), so that the total number of roots per tiller is in the vicinity of
3. Until there is a greater nuﬁber of new roots either to replace those ’
roots which have deteriorated, or to support mew tillers that have been
formed, leaf growth will be slow in the spring, Since C.23 cocksfoot is
knowvn to be a falrly persistent strain under favourable management, it 1s
probable that growth and development of new roots contimes well into the
spring. The number of tillers that are formed over the winter (table XIX)
enables an early spring growth which is not rapid due to the lack of
development in the new root system (table XVIII),

There is nothing in the root data, which indicates that Danish
cocksfoot is short-lived, The lower production is possibly indicated by
the trends in seasonal deterioration of the roots. ﬁeterioré.tion was
quite evident in the first observation (Nov.1946) and increased until in
March, 100% of the total mumber of old roots were affected bty sloughing of
the cortex. This meant the stage vhere absorption area of the old roots
were at a2 minimum was reached nesrly two months earlier thai in C,23,
Earlier summer growth may be explained from the survivael of old roots-
Aftiller spprox. (table XV) and the growth of new roots - 2-3/tiller
(table XIV), at the end of the trial, which together approximate the original
mmber of old roots per tiller, 6-9 as indicated in table X¥. The replace-
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ment of the old roots by new roots was earlier in Damish cocksfoot than in
the €.23 strain and thus accounts for the earlier leaf growth.

The higher leaf production of 0,23 cocksfoot in winter is probably
due to the fact that new tillers were produced throughout the winter.
Comparing tables XIV and XVIII, it is evident that there is little tillering
in Danish cocksfoot over the winter, so that growth activity in this plant
over this period is confined to the underground parts - the development of
new roots,

New rooting was observed at the first observation in November
1§46, so that subsequent growth and development of the new roots was in
advance of that in C,23 at any particular time (c.f. Tables XIV and XVIII).
This supports the replacement data in eXplaining the relative earliness

and rapidity of summer growth in the Danish strain.

THE RYEGRASSES.

Italien ryegrass and Western Wolths represents the 'anmmal' type
of ryegrass in this trial. 4s has been pointed out, the results obbzined
on root behaviour cannot actually be compared with seasonszl leaf production
figures, since those plants observed in the trial were two-year plants,

The data does, however, show some explanation for the differences between
length of life, or persistency of Italian ryegrass and Western Wolths and
between Italian and the more permanent perennial and short rotation ryegrass<
es,

Deterioration of the o0ld roots in Italian ryegrass was not
observed until early February. After this month there was a sharp rise
in the amount of deterioration until late March 60% of the total number of
0ld roots was observed to show sloughing of the cortex. Thereafter there
was a fairly steady increase. New root growth was fairly steady from
February onwards as indicated by fig. XIV, 2nd if would seem from this that
root replacement was fairly high. In examining the data of new root growth
(table XXII) and old root survival (table XXIII) it is found that the number
of new roots per tiller at the last observation was 1.3, end the number of
0ld roots per tiller surviving was 1.1. This gave a total number of roots
per tiller at the la_.st 1lifting of 2.4 approx. while the number of roots per

- ot deterioration or
tiller at the initial observations before the opset of ro
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new growth was in the vicinity of 3.8 - 3.9. This meant, then, that at the
end of August, the mumber of roots per tiller was sbout 0% of the seme
measurement in the preceding November., However, the limitations of over-
emphasising this are outlined in the first part of the present discussion.

In Western Wolths, deterioration as sloughing of the cortex was
not evident until March, and as a percentage of total 0ld roots was relativel)
small without much increase from April till June. The number of old roots
per tiller showed a great decrease from February on indicating either the
loss of the original robts, or an increase in tméring. It seemed likely
from table XXVII that the former was mainly the explamnation although there
was a greater number of tillers on the last plants observed than previous
ones. At the last lifting before the death of the remaining Western Wolths
plants in June, the number of old roots surviving wes .5 per tiller, amd
the number of new roots was .3 per tiller, totalling .8 roots per tiller,
or 23% of the number of old roots (4.5/tiller) originally observed { table
XXVII). It would therefore seem as though the root system was not developed
sufficiently to meet the demands of the plant in surviving the second winter,

In perennisl ryegrass seasmal lesaf production follows the trends
typified by the production line in fig.20. After the maximum production
period of up to Jemuary, there is a summer slump, then autumn recovery
March to April, followed by the low production winter period. Root deter-
ioration begins in late summer and there is a sharp intensification at the
time of maximum amtumn leaf growth. Thereafter there is a steady increase
in the percentage deterioration. New root growth was first observed in
January, and showed a fairly steady increase until in August 41% of the
total number of roots were new. To obtain a more detailed picture of the
root changes in mumerical terms the mumber of roots per tiller at the first
observations before the onset of deterioration and new rooting was observed,
wag 2,3 - 2,8; the number of roots suryiving in August, 1.0 per tiller
(table XXXI) and the number of new roots per tiller at this time .9 (table
XXX). Thus the totsl number of roots per tillér in August was 1.9, or 5 4
about 75% of the original number. Thus it wuld seem that the replacement
of 0ld roots which have been eliminated is rapid and makes the spring leaf
growth that is cheracteristic of perennial ryegrass.

Production of leaf in short rotation ryegrass followed similar
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trends to those in peremnial ryegrass. From fig.19, it may be observed
that the summer slump in production was not as severe as that in peremnial
ryegrass, but the amtumn flush of growth did not reach the proportions of
that in the latter. The difference between the extent of the summer drop
in production in peremmial and short rotation ryegrssses cannot be related
to any differences in seasonal root behaviour; but root deterioration in
short rotation ryegrass which was observed to begin at the same time
(early February) as that in peremnisl ryegrass shows a much slower
intensification, indicating that there may be a higher rate of utilisation
of reserves in peremnial ryegrass to obtain a higher leaf production in
the amtumn. Winter production in short rotation ryegrass is higher
than In perennial, indicating a more even spread of utilisation of
reserves in the fomer,

New root growth in short rotation rather parallels that observed
in perennial ryegrass, being first observed in January, and showing a
steady increase until in August new roots numbered 48% of the total roots.
The spring leaf growth of short rotation is stated by Corknill (1945) to
be earlier than in perennial ryegrass but the behaviour of the root
system of short rotation ryegrass in terms of survival of the original
root system and new roots did not explain this, The number of roots
per tiller at the first observation (Nov.1946) before the advent of root
deterioration in the form of cortex sloughing or new rooting was fairly
constant at 2.7 (table XXXV). The surviving roots per tiller at the
last observation (4ug.1947) numbered .9, and the mumber of new roots
at that time was .8 per tiller ( tables XXXIV and XXXV). Thus the number
of roots per tiller in August was 1.7 or about 65% of the original number.
In comparing the seasonal growth of the new roots of both grasses (tables
XXX and XXXIV), development of the new roots was similar in respect of
proportion of roots over 6" in length, extent of bramnching, =nd diameters,
i.e. the nevw roots of both perennisl and short rotation ryegrasses were
at similar steges of development in August. Thus it seemed that
perennial ryegrass with its greater number of new roots per tiller, °
behaved paradoxically in its comparative lateness of spring leaf growth.

However it was stressed at the beginning of this discussion that there

are many factors limiting the explanation of this data. It is opportune
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to apply the possible implications of some of these limitations to the present
situation, which has arisen in attemptinz to reconcile root behaviour with
earliness in spring leaf growth of pcranhial and short rotation ryegrasses.
1. The trial did not extend into the spring. The situation regarding the
mumber of roots per tiller in either ryegrasses or both may have changed
since the last observation made in August.
2, The nature of deterioration in the grasses isg fairly clear, but the
inherent differences between ryegrass species in such factors of deterioration
as loss of roots are not known. The complicating factors of tillering amd
dying off of old tillers that are not measured in this trial make the signif.
icance of measurements of numbers of roots on a per tiller basis aestionable,
Thus in this exemple of earliness of spring leaf growth in peremnizl and short
rotation ryegrasses, it is possible that unknown factors may have influenced
the accuracy of the measurements. On the other hand, the same chance must
be allowed in those cases where the root behaviour does correspond to seasonal
top growth, as in the two types of cocksfoot,
3. The design of the experiment allowing the observation of the root systems
of three plants (at a maximum) only at each 1ifting d1d not permit any
statistical treatment of data. In peremnial ryegrass, the numbers of roots
per tiller surviving (table XXXI) at the first four 1iftings were 2.5, 2.3,
2.3, 2.8. Thi® was before any cortex sloughing was observed. These figures
may have approximated one snother were more plants observed at each lifting,

and the results obtained statistically exsmined.



SHECTION VI. CONCLUSION .

It cannot be clsimed that the objects of this investization have
been fully attained. Firstly on setting down the seasonal x;hangea in the
root systems of those species and straine studied, only the nature of the
two, namely deterioration of the original root system (primary in the
clovers; secondary in grasses), and growth of new roots can be said to
have been satisfactorily determined. |

The superficial relationships of these two root changes to the
seasonal cycle of leaf production were sble to be made, but the implications
of these relationships could only be put forward with many reservations.

Not only were there limitations due to the plsnning of the experiment and
the lack of means of objective measurement of the root changes, but also
the lack of knowledge of the biochemical aspects of mutrient storage and
utilisation in grass and clover roots, which prevents the formation of a
accurate picture of seasonal pasture plant growth, Donald (1941) makes

an unauthenticated statement, "The seasonal cycle of production is intimately
related to the physiology of the plant. The burst of growth preceding
flowering, and the tramsference of reserves to the crown and root occur at
different seasons in different species’. Without seasonal chemical
determinations of 'reserves' in both roots and foliage of different species,
such a conclusion is difficult %o accept. If transference of reserves is
correlated in some way with root deterioration, the present study indicates
that this transference ocours at spproximately the ssme season (late summer -
sutumn) in the Trifolium, Dactylis and Lolium species and strains investig-
ated,

While Stuckey's classification (1941) of zrass roots into 'anmual’
and ‘peremnisl' types cannot be confirmed owing to the inopportune cessation
of the present study, it is apparent that general statements sometimes
expressed in the literature such as Levy's (1943), "For each growing season
a new root-system is developed”, canmot be made in reference to grasses.
While this statement camnot be entirely negated In reference to clovers, nor
can it be taken a.§ fact, since no work has been conducted investigating the
seasonal behaviour of the roots, as far as is known. This investigzation

showed that in some clovers {notzbly the red clovers) the primary root system
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survived well into the second year, but the subsequent behaviour of the
secondary roots formed conuld not be observed, and it is possible that these
roots may assume the 'samnusl' habit.

To obtain a more positive and complete portrayal of seasonsl root
growth in relation to seasonal leaf production, it is apparent that three
factors, which were not considered in this investigation, must be taken inte

account.

(a) In planning the sxperiment, more plants of each species or strain should
be grown, so that a greater number of each can be observed at intervals than
was the case in this experiment. The observations should extend over a
period of more than one year, to enable complete cycle of root growth to de
observed. 1t seems advisable to take yields of the actual plants during

the trial to gain a closer relationship between root behaviour and top growth.

(b) A greater familiarity with the root material to be handled would facilit-
ate the setting up of objective standards by which %6 measure root changes.
This, with statistical tPreatment of dsta from a greater number of plants,
would give more conclusive evidence of correlations between deterioration,
new growth of roots amd nau;;nal leaf production, as well as enabling more
objective observations of such considerations as root hair development which

may have had some bearing on the guestion.

(c) Without a blochemical study of the storage and transference of reserves
(if such exist) at the different seasoms, it is difficult to explain the
relationships of seasonal leaf growth to deterioration and new growth of roots.

It can be seen that the relating of seasonsl root changes to leaf
production in pasture plants involves far wider issues than were first envis-
sged. Actually to attain this object means to study the growth of the entire
plant, and this is inseparable from mamy physielogical and biochemical

considerations which were out of the range of this investization.
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APPENDIX I.

PRODUCTION FIGURES OF BROAD RED CLOVER,

Result of trials conducted by the Plant Research Bureau; sown 8/11/45,

TR L T T

e
I

St

M,

Period between cuts. D.M. 1bs, | DM, 1bs/| 20 day Periods. , |sere i:q
per acre. acre. 20 day

Pay s 1 day. ﬁperiods.
A1]46 - 24/1/46] 20 642 32 4/1]46 - 24146 | 642
24[1/46 - 9J246 | 16 642 30 24/1/46 - 13]2/46 | 794
9/2/46 - 25/3/46] 44| 1674 38 13/2/46 - 5/3/46 | 760
25/3/46 -~ 29[5/46] 65| 623 10 5/3/46 - 25/3/46 | 760
29/5/46 - 10/9/46| 104 | 848 8 25/3/46 - 14/4/46 | 200
14/4/46 - 4/5/46 | 200
4/5/46 - 24546 | 190
24/5/46 - 13/6]46 | 160
13/6/46 - 2/7/46 | 160
2/7/46 - 22/7/46 | 160
22/7/46 - 11/8/46 | 160
11/8/46 - 31/8/46 | 192
10/9/46 - 7/10/46| 27| 10%6 4 31/8/46 - 19/9/46 | 820
7/10/46 - 30/10/46| 23| 1039 f 19/9/46 - 9/10/46{ 820
- 9/10/46 - 29/10/46| 1007
30/10/46- 6/12/46] 271 2158 58 29/10/46- 18/11/46] 1160
6/12/46- 3/1/47 | 28| 1277 46 18/11/46- 8/12/46| 992
8/12/46- 28/12/46| 782
3/1/47 - 30/1[41 | 27 632 23 28/12/46- 17/ 1/47| 460




APPENDIX 1I.

PRODUCTICN FIGURES OF MONTGOMERY RED CLOVER.

Tl

Result of trials conducted by the Plant Research Buream; sown 8/11/45.

<o row

Period between cuts. DM, 1bs. | DM, 1bs/| 20 day periods rn.ll.lbs/
Pays | per acre. acre acre in
1 day. 20 day
: , : periods.
41146 - 24/1/46 | 20 505 25 A/1/46 - 24/1]46 505
2£/{/46 - 9/4/46 16 709 44 22/{/46 - 13;2;46 885
9/2/46 - 25/3/46 | 44| 1372 2 13/2/46 - 543/46 620
25/3/46 - 29/5/46 | 65| 560 9 5/3%46 - 25/3/46 620
29/5/46 - 10/9/46 [104| 190 .2 25/3/46 - 14]/4/46 180
14/4/46 - 4[5[46 180
Al5146 - 24[5]46 180
24/5/46 - 13646 75
13/6/46 - 2]7/46 40
2[7/46 - 22]7/46 40
22/7/46 - 11/8/46 40
11/8/46 - 31/8/46 40
10/9/46 - 7/10/46 | 27| 739 27 | 31/8/46 - 19/9/46 315
7/10/46 - 30/10/46| 23| 1109 48 19/9/46 - 9/10]46 645
. 9/10/46 - 29/10/46 849
30/10/46- 6/12/46 | 27| 1380 37 29/10/46- 18/11/46 740
6/12/46 - 3/1/47 28 | 1634 58 18/11/46- 8/12/46 824
. 8/12/46 - 28/12/46 | 1160
3/1/41 - 30/1/47 | 27| 626 23 j12/46- 17/1/47 600




APPENDIX I1I.

PRODUCTION FIGURES OF ORDINARY N.Z. WHITE CLOVER.

Results of trisls conducted by P.R.B,,

2.

sown 25/8/46.

Period between cuts | D.M.1bs.|D..1bs| Period between [D.M.lbs./
Days| | acre. ;acre liftings. Days|acre/period]
day. bet n
lzf:::gs.
2L/5/46 ~ 8/7/46 | 48 33
8/7/46 - 6/9/46 | 60 | 500
o - i 1| | =
- 29/1 2 21 27/10/46 -
29/10/46 ~ 10/12/46| 42 | 2585 62 gﬁlﬁg i 5]/_2,/12’6 3‘1‘ i’,:?,g
10/12/46 - 10/1/47 | 31 | 1598 52 6/12/46 - 21 1132
10/1/471 - 31/1j471 | 22 | 612 | 32 - 17/1/47] 21 752
3L/L[4T - 17/2/47 | 17 994 58 17/1/41 - 4/2/47 |18 680
17/2/41 - rdr 28 | 505 |18 Gajoiar - 25/2/47 | 21 898
17/3/41 - 26/4/47 | 42 | 472 |11 25/2[47 - 15/3/47 | 18 324
2B/4/AT - 29/T/46 | 92 | 172 2 h5/3/41 - 54041 |2 245
5/4/41 -~ 26/4[47 )21 | 23
26/4/47 - 14/5/47 |18 54
14/5/47 - 4/6é47 21 42
g/%g - §4/ /47 | 20 40
29/1/47 - 8941 |m | a7 |10 13"'6754}’ - S R
4/8f41 - 30[8/47 |26 260




13.

APPENDIX 1V.

PRODUCTION FIGURES FOR NO.1 PEDIGREE N.Z, WHITE CLOVER.

Result of trials conducted by P.R.B., sown 25/3/46.

Period between cuts D.M,1bs{ D.M.1bs] Period between DM .lhs/acm'
Daysl [acre. | [acre liftings. Days| /1ifting
: /w- poriod.

21/5 - 8/7/46 136

8/4/%6 - 6/9/46 g 1159

6/9/46 - 3/10/46]| 2 17 29 ,

3/10/46 - 29/10/43 2 123 48 27/10/46 - 15/11/4% 20

29/10/46 - 10/12/44 42| 2572 61 15/11/46 - 6/12/46| 21 1281

10/12/46 - 10/1/47| 31| 1433 46 | 6/12/46 - 211 1426

10/1/47 - 31[/1/4T{ & 909 43 - 17/1/471 A 915

31/1/41 - 17/2/47 g 1292 16 | 17/1/41 - 4/2/A7 | 18 906

17/2/41 - 17/3/41 953 | 34 | 4f2/41 - 25/2/47f 2| 1260

17/3/41 - B/4/47| 42] 706 y 25/2/47 - 15/3/A7] 18 612

28/4/41 - 29/1/41} 92| 523 15/3/41 -5/4/41| 2 391
5/4/41 - 26[4]47] 21 357
26/4/41 - 14/5/471 18 130
14/o/d7 - 4/6/4 | 21 126
4/6/47 - 24/6/47f 20| 120
24f6f41 - 13/7/47) 19 114

29/1/41 - 8/9/41 | 4 666 16 13&7/4‘1 - 4/8/41 | 22 192

| 4/3/41 - 30/8/47 26 A6




APPENDIX V.

PRODUCTION FIGURES FOR C.23 COCKSFOOT,

Results of triasls conducted by P.R.B. sown 1/11/45.

Period between cuts D.M.1bs | D.M,.1bsl. Period between B.H./acre
Days|/acre. | /agre liftings. Days|in 1ifting
[day periods,
26/3/46 - 26/4/ 31 | 432
2624226 - 1/42426 6 | 193
1/4 - 23/8/46| 53 | 371
23/8/46 - 4[10/46 | 42 | 622 15
4]10746 - 31/10/48 27 | 339 13 [31/10/46 ~ 19 /11426 20 | 602
31/10/46 - 3é12/46 33 | 1020 31 19/11/26 - 9712/ 20 | 520
3412/46 Z18/12/48 15 | 234 | 16 [9/12/4 21 | 588
18/12/46 - 10/1/47 | 23 | 858 37 --2/1/41 A 627
10/1/47 - 3/2[4T | 24| 533 22 |20/1/41 - 5/2/a7 |16 | 364
sfofq - Af3/4r | 30| 834 | B [5/2/&1 -26/2/41 | & | 88
A3)47 - 17/4fd7| 44| 633 | 14 |26/2/A41 -16/3/41 |18 | 336
17/4/47 - 14/5/4T| 31| 31 | 23 16/3/47 - %4/47 21 | 294
14/5/47 - 7/1/41 | 54| 592 | 11 |&/4/4 22 | 207
L 15é /47 17 | 379
15£5I47 21 231
5/5/41 24 6 /41 | 19 209
257/47 - 28/7/41| | 258 | 12 |24/8/41 -1447/41 20 | 227
[1/41 -17/3/41} 51} 1081 21 |14/7/41 141 22 | 336
5/8/41 31,’8/47 26 | 546




APPENDIX VI.

PRODUCTION FIGURES FOR ITALIAN RYEGRASS.

Result of trials conducted by P.R.B., sown 12/3/45.,

75.

Period betveén cuts D.M.1bs |D.M.1bs 20-day periods DM.1bs
Days | [acre. |/acre in 20-dsy
[day. periods.
20/4f5 - 15/ 117 | 1089 | ¢
5/5/45 2 =
Dle - gus\t | H | 5 |me e 2
LI6I65 - g | 2 | 1O 5 | 16/6/45 - 6/7/45 620
18/7/45 - 1719/ 4 34 | 10%9 7 6/7/45 - 26/7/25 620
21/8/45 - 21 | 57 24 5/45 = 1?/%%15 %ﬁ
- 4/9
sy . 18918 5 58 | 17 g%ﬁts e tars
~ 14/10/2
18/10/45 _ 1B ] 14| g 14/10/45 3 {1//455 1335
yufs - DL gl Dol 8 | s - S| 13
19{;1/45 ;{ /1443 Wl 2’; 23/11/45 - 1312/ 45 754
1/12/45 _ oy 4£ 51 14 557 13/12 45 - 2/1/46 922
a12/85 _ 17 800 0 | 2/1]46 - 22/1]46 836
7/1/46  _ 2141/45 14 41
ajje 1 8/2/% | 5| 8 t




PRODUCTION FIGURES FOR PERENNIAL RYHGRASS,

APPENDIX VII.

Results of trials conducted by P.R.B, sown 4/4/46.

B R e e e e R S S~

Period between cuts D.M.1bs.| D.M.1bs { Period between D.M.1bs.in
Days |/acre. | [ecre 1iftings. Days | 1ifting
/W. perbds-
22/5/45 - 3/7/46 | @] 974
é - 23[8/46 | 51| 472
23/ - 1/10/46 | 39| 1521
1/10/46 - 31/10/46 30| 1195 40
31/10/46 - 3/12/46 | 33| 1162 38 19/11/46 - 10/12/46] 21 945
3512/46 - 13/12/468 15| 893 59 | 10/12/46 22 1016
18/12/46 -~ 8/1/47 | 21| 855 4 - 24 /41 | 23 591
8/1/41 - 8/2/47 | 26| 496 19 | 24/1/47 -%2/47 14 286
3/2/41 - 14]3]471 39| 99 24 %2/47 [2[47 | A 504 |
14/3/47 - 17]4/47| 34| 924 28 [2/A1 - 18/3]47 | 18 ;3
17/4f41 - 13/5/47| 26| 834 32 5%%_?7 ~ %444}! ?2-'; o
13/5/41 - 7/7/41 | 55| 728 13 | 30/4/41 - 11é5/47 17 468
17é5/47 19 247
: - 27/ /4‘! 22 286
%%41 - 2BJ7/4T1| 2| 274 13 47 567/41 18 2
J41 - 4/9/41 | 38| 42 1 é é 22 285
6/8/a1 - 8jm | 2 215




APPENDIX VIII.

PRODUCTION FIGURES FOR SHORT ROTATION RYEGRASS,

Results of trisls conducted by P.R.B., sown 4/4/46.

77.

Period between D.M.1bs. | DM/1bs.| Period between D.M.1bs
cuts. Days| /acre. | [aere 1liftings. Days|/1ift.
' /dey. per.
22/5/46 - 3/7/46 | ® | 11
3/7/46 - 23%/46 51 929
23/8/46 - 1/10/46 | 39 | 1833
1/10/46 - 31/10/46“ 30 | 1019 32
31/10/46 - 3é12/45 33 | 1185 36 |19/11/46 - 10/12/469 2| 679
3[12/46 - 1 /1%45 8 0 % |10/12/46 - 22| 7
18/12/46 - 8/1/ 21 | 874 42 - 24147 | 23| 870
8/1/41 - 3/2[41 | 26 | 933 36 (2401147 - 2g/am 14| 40
3/2/41 - 14/3/47 | 39 1 20 |(7/2/41 - 28[2/41 | 2 420
14/3/47 - 17/4]41 | 34 1 21 [2/41 -18/3/47 | 18 | 364
17/4/41 - 13/5/41 | 26 | T74 30 |18/3/47 -8/4/@ | a| M
8/4/41 - 30/4/47 | 22| 579
13/5/41 - 7/1/41 | 55 656 12 |30/4/41 -17/5/41 | 17 438
17/5/41 -5/6/41 | 19| 228
1/7/41 28/7/41 | 2 290 14 34%7‘17 A i}’ -%ﬁ—?, §§ =
2é/7/47 - 4/9/471 | 38 347 9 |15/7/41 - 6/8141 | 22 §2§
gzl 25| 2%




78.

APPENDIX IX.

DETECTION OF STARCH STORAGR IN ROOTS OF CLOVER AND GRASSES,

Results of tests by transverse sectioning of roots and iodine treatment of
sectisns, April 17, 1946.

CLOVERS:

Species or Strain | Sections | Sections Sections

Tap Branches Adventit-
Root. of ious roots.
primary root
systenm.
Montgomery red v P
clover =

Broad red clover + + .

Ordinary N.Z.white - - -

clover

Pedigree N.Z,vhite 2 g i

clover
GRASSES:

Species or Strain | Sections Sections
Adventitious | Adventitious
0ld roots. new roots.

Dani sh cocksfoot - -

€.23 cocksfoot e -

Western Wolths “ -

Italian ryegrass - i

Perennial ryegrass - =

Short rotation > -

ryegrass

MASSEY #
LIBRARY FALMERS





