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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



[B

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.





