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SECTION I. INTBODUCTION. 

The seasonal behaviour of pasture plant species is of 

fundamental importance to the farmer as one of the indices of value 

of any particular species, and the uses to which it can be put; and 

to the plant breeder, since it 1a his primary object to produce pasture 

plants which suit the farmer under his parti0.1lar system of farming. 

To illustrate this point specifically, the example of the ideals 

aimed at in the breeding of short rotation :cyegrass in New Zealand 

mEcy be cited. Quoting Levy (1945), "· .. Italian ryegrass is a 

one- to two-year plant for the temporary pastu.re, and the true 

perennial. ryegrass can be used widely in rotational and permanent 

pastures. Thei·e is, however, too large a gap between true perennial 

ryegrass and true Italian ryegrass, and many yea.rs of breeding and 

selection within these species accentuated the gap rather than 

reduced it. 11 It can be seen that the short rotation system of 

farming t incorporating pasture ley s of 3-4 years was not well served 

in the choice of a suitable ryegraas. Thus the plant breeding section 

of the Grasslands Di vision (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 qµali ties of these two species in combination; 

that is, it would combine some of the rapid esta.bl.ishm_ent, high winter 

and early spring growth and pala.tibility of Italian r;yegrass with an 

appreciable degree of persistency of perennial ryegrass. Seasonal . 

growth thus played the major part in the objectives of the resultant 

programme from which short rotation ryegrass was produced. Comparative 

trials of yields of the three grasses, perennial, Italian and short 

rotation ryegrasses were conducted in different localities, serving a 

very important purpose in providing farmers w1 th direct information 

regarding the seasonal characteristics of production of the new t~e. 

These trials, which are continuing, show that short rotation ryegrass 

conforms largely to the objectives aimed at. so that the recp.irements 

of the man farming under short rotation system have been met, to a 

great extent, by the work of the plant breeder. 

While the result of any breeding project like the one 

described mEcy be economically satisfactory, little knowledge is 



gained of the natu.re of these seasonal growth changes effected bi 

breeding. The information regarding this is restricted to ·the foliage 

growth 111 terms of single plant observations during· the progeny testing 

part of the breeding programme, and dry matter figures obtained from 

yield trials of the reau.ltant product. Thu.sthere arises a situation 

where a result is obtained with little reference to tile cause. 

Hutchinson (1939) has stressed the need for increased knowledge of the 

physiological processes of plants if progress is to be made in breeding 

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 'tilb.ole, whose seasonal growth is the 

result of the interaction of ma:i.y environmental factors on the entire 

plant. root and above-growid parts. 

It is at this point, that the present investigation hopes to 

supply some of the facts which link up se~sonal production of grasses 

w1 th one of the factors which, it would not be unreasonable to apeco.la.te, 

may be directly concerned. namely. seasonal root growth. Is is only 

comparatively recently that American workers have investigated this 

aspect of root development, using as experimental material both cultivated 

species and indigenous prairie grasses, the latter being easie1· to handle 

due to tile relative thickness of the individual roots. There is a pauc .• 

ity of New Zealand work on root development of pasture plants, Jacques 

being the only worker to concentrate on the subject. No results of' 

seasonal studies of root growth of grasses in use in New Zealand have 

betm published, 'tilb.ile au.ch studies of clovers have been neglected both 

here and overseas. 

The role of the root system cannot be divorced from MY 

consideration of the seasonal growth of plants, since its physiological 

functions of absorption, transport and storage of nutrients so important 

to the plant, are so closely 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 o degeneration of older roots• 

colou.1·, etc •• with the seasons. and where possible, measurements of the 

same. In this respect, the objects of the work are somewhat ahead of 

New Zeal and studies of above ground parts of pasture plants. Corkill 

(1947) in a paper read to the Genetics Discussion Group, Maeaey College, 



stated that niore "WOUld. have to be known of suah considerations of leaf 

gro\ith aa morphologioaJ. leaf characters, amount of tillering and seasonal 

inUuenoes, for improvement of selection methods in breeding, since 

yields fron1 experimental plots bf weight. and individual. plan:!; observat­

ions wi. thout detailed descriptions vere the only bases on which the 

pa:s.ture plant breeder worlced. in synthesizing new t;ypes • 

.Again, 1 t ~nears that the 'Plant is considered merely in terms .... " ,~ 

of the green matter it produces, without cognizance of the fact that the 

physiological processes that govern the growth of leaf, and the condi tiona 

whlch modif;y those processes must act in some wa1 on the rest of the plant. 

Thia investigation hopes to sbow the in:fluence of sea.son on the growth and 

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

this is related to the seasonal behaviour of the e..bove ground parts. It 

entails the description of morphological root charactors and development 

of new roots as affected b;y season md thus parallels the studies that are 

l'll.ooted for the above 1~round parts of pa,orture pl.ants. 

The particular objects of this i1>.vestigation are as followst-

1. ~)o set down seasonal ohaDgee observed in the root systems of the plants 

$ilioaen for trial I and to measure these changes ..ttex·e poesible. 

2. To relate the different root changes in combinat~.on, to seasonal 

variation in production and persiatenoy of growth of the pasture 

plants stud.ied. 

How useful work of this nature is likely to ·be to the plant breeder 

is a matter of pure conjecture, bit it is apparent that. combined with the 

resu.J. ts of similar studies of the seasonal influences on top growth, a 

more adequ.ate picture of the growth of pa.'!!!.tu.re plants would be obtained, 



SECTION ll: REVIEW OF THE LITERATURE, 

\ 

The literature bearing on the seasonal aspects of 

root growth in pasture plants is not extensive. Investigations 

made on root s~stems have been more of the nature of enquiries 

into the effects of environmental factors such as moisture, 

temperature, light, aeration 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 

fruit and forest trees by McDougall(1916), Harris (1926) and 

Collison (1935). It can be seen that the important details of 

seasonal root growth - development and changes in terms of extent, 

both lateral and vertical, weight, deterioration, and new rooting 

with the time of year have only recently received attention from 

botanists and agriculturists. 

Early conceptions of the seasonal growth of pasture 

plants were probably 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 die in the 

autumn and are renewed on resumption of growth in the spring. Goff 

indicates that this view was commonly held in reference to perennial 

pasture species. In the same paper (1898), he describes his 

investigations in which he found that root replacement did not occur 

in many B'_!)ecies of forest trees. fruit trees and shrubs, but on the 

contrary, new growth of the fibrous roots_ generally began from the 

identical tips where 1 t ceased in the autumn, the time, and development 

in terms of length, varying with the species. It was also found by 

the same author that the roots of Ru bus species and Agropyron repens 

appear to make considerable growth before any visible growth of the 

plants above ground in the spring. The value of this work does not, 

lie so much in its direct 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 species. 

The first direct investigation of the seasonal root 

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



cultivated grasses, Kentucky bluegrass (Poa pratensis) and Colonial 

bent (.Agro st is vu.lgaris). Two important findings were: 

(i) in the spring, bluegrass formed new roots approximately two 

weeks earlier tha.n bent grass. 

(ii) maximum root weight for bluegrass occurred in early MS¥ end 

practically two weeks later for bent grass. The maximum root 

weight was approximately twice as great as at the beginning of 

the season, indicating that at least one half of the root system 

is newly generated by each spring. 

Sprague ascribes the difference between species in the formation of 

new roots to a difference in the minimu~ temperatures at which growth 

can proceed. 

The length of life of roots in five species of range 

grasses was studied by Stoddart (1935), wo states that hitherto, no 

study of this nature had been made, Using the ban.ding technique 

5. 

suggested by Weaver (1932), and subjecting the ~lants grown to all 

degrees of soil moisture from below wilting coefficient to saturation 

point, and to temperatures from 0°F to 112°F, he came to the conclusion 

tha.;t roots of these species live for at least one year and many in excess 

of two. Here again, variation betwee11 species was found, this time in 

length of life of roots. 

The roots of ten cultivated pasture species were placed 

in t·wo classes, 11 .Annu.al 11 and "Perennial" by Stuckey (1941), the former 

being those 'Which the writer found to regenerate each year, the later 

being those in which maximum production of roots occurred during the 

first year and remained functional for more than one year. 

table is Stuckey' s classification of the species _studied : 

11 .ANNUAL" 

Timothy 
Red Top 
Mead.ow Fescue 
Rough-stalked Meadow Grass 
Perennial Ryegrass 
Colonial Bent (probably) 

"PERllNNI.AL" 

Kentucky Bluegrass 
Canada Bluegrass 
Orchard Grass 
Crested Wheat Grass 

The following 

Most new root growth began in the autumn, continuing into the winter, 

ceasin&: during the coli;'lest month (January), and resuming in early spring 

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



6. 

being in the spring after the thaw for most species. Growth 

ceased in the summer, coinciding with period.a of high soil temperatures. 

There was some considerable variation between species as regards 

time of onset and cessation of root growth. 

According to Stuo~y, new root growth in the II annual 11 

tJpe of root is followd by disintegration of the old roots as soon 

as the former have become established, while in the 11perennial II t11)e 
• 4 

only a small peroentage of the old roots disintegrate and onl~ a few 

new roots develop. 

The length of life of the roots of ten species of 

perennial range and pasture grasses was studied b;y Weaver S'ld Zink (1946) 

All these grasses showed a high rate of root surv.i:v.al in the first 

year. No losses or replacements of root systems were reported, so 

that the results were in agreement with those obtained by Stoddart 

(1935), who al so worked w1 th prairie species. From these investigations 

it appears that there is a sharp difference between the seasonal root 

behaviour of the native prairie species of the United States aDd. the 

European or Cl.ll ti vated species. The latter demonstrate annual 

replacement of roots by new growth, varying with species in quantity 

and time of growth, while the former have root systems which are more 

permanent in 'nature. 

There seems to have been no work done directly on the 

seasonal growth of grass roots apart from that summarised above. 

Pavlychenko (1942) mentions that root development of .Agropl .. fQn 

c~rist __ '::~, ~-~~!>!ron p~Q±.g.9.:':'1111 and~:.~~~ .1Il.~:1'.Jlli~ was greatly 

retarded or ceased entirely 180 d~s during the autumn, winter and 

spring, between the first and second seasons of growth, but pursues 

the subject no further. 

It will be observed that no literature concerning the 

seasonal root growth of clovers has been cited. The only referenoe 

tha~ could be found on the subject is that of Erith (1924) in connection 

w1. th her work on ~1 te cl.over. She makes several pertinent statements 

regarding the development of the adventitious root system. Plants 

grown from seed sow in ll9ril and examined in July possessed few 

adventitious roots, but on the stolons of the sE:llle plants in September 

(late summer) there were IDllnerous roots. In wild clover plantB one 



adventitious root is produced at each node of the stolon, and occasionall;y 

two roots appear at the same node. These roots often grow to considerable 

length (4-6 inches) before forming lateral branches. Eri th states also, 

that later, the adventitious root system from each node resembles a t1pioal 

tap root s;ystem. She does not mention the behaviour or the fate of the 

primary root system. 

The defioienoies in present knowledge of seasonal. root growth 

are obvious. The differences between species alone offers wide scope for 

detailed study, and while the time of the onset and new root growth in some 

species of grasses has :been recorded., there is a pSllcity of data on root 

deterioration and its nature. Jacques (1941) in reference to perennial 

ryegrasa states: 11 ••• there is deterioration in the cortex am the absorbing 

surface of the more superficial or old.er portions of the roots before the 

dr;y weather sets in •.. 11 'l'b.e relationship betwea:i seasonal growth of roots 

(including new growth and deterioration, increase in length, spread, 

branching, etc.) and leaf growth or 1production 1 has not been detennined, 

al though some work has been done on the effect of environmental factors on 

the roo·t-shoot ratio of trees and some grasses -without reference to changes 

in these factors due to season, e.g. Austin (1923) - influence of pruning, 

Wea:ver md Himmel (1929) - effect of illuminat.ion, etc. However, the 

knowledge gained from botanical studies on the effects of environmental 

factors and agricultural studies on the effects of different forms of 

management on root growth. will aid greatly in the interpretation and 

understanding of the various phenomena associated with the seasonal behaviour 

of roots. 



8. 

S:S:CTION III. PLAN: 0 F INVESTIG .£!Q!. 

( 1) Materials. 

It was decided that the investigation would be conducted 

on the following ten pasture plants cul ti va.ted in New Zeal and: 

Grasses .• 

Trifolium.pratense 

Trifolium repens 

Dactylis glomerata 

(a) Montgomery red clover. 
(b) Broad red clover. 

(a) No.1 N.Z. white clover. 
(b) A poor strain of white clover. 

( a) 023 cocksf oo t. 
(b) A Danish type cocksfoot. 

Lolium westerwoldicum - Western Wolths ryegrass. 

Lolium mul tiflo:rum Italian cyegrass. 

Lolium perenne - Perennial ryegrass 

Short rotation ryegrass - a selection from a cross of 

L.perenne and L.mu1t1norum produced by the Plant Research :Bureau, N.Z. 

The contrast of types in both clovers and grasses is fairl1 

wide. In the red clovers, the broad red ma;y be considered a temporary 

type. while Montgomery red is more persistent; in the white clovers, 

the range 1 s extreme from a poor strain to the best type of permanent -

pasture \1bi te clover. 

Similarly in the grasses, both short lived and persistent 

The former are represented in the ryegrasses by 

Western Wolths and Italian, the latter by perennial ryegrass. while the 

short rotation ryegrass can be regarded as intermediate between the twoe 

The status of Danish cocksfoot in New Zea.la:id is not determined by my 

production figures from the Plant Research Bureau, but can be a.rbi 1:re.rily 

classified as fairly persistent if subjected to management favourable 

to its survival, 1:ut less :persistent than the New Zealand 023 strain. 

Because 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 to obtain plants for examination. 

While no objections could be raised towards adopting this method in the 

grasses, the clovers presented a. problem in that, by taking c].ones, 

tap-root formation might not be similar to that when the plants are 

propagated by seed. Weaver (1926) states, 11 In the case of certain 

clovers tkich propagate by runners, the roots of the new plants a.rising 

from these are entirely adventitious." The white clovers fall into this 
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class and since there was no guarantee that the tap root would develop 

normally when the plant was obtained by plan ting runners, and also that 

it is difficult to obtain uniformity in the cuttings (as regards number 

of nodes from which roots form). it was decided to grow the plants from 

seed. The rooting habits of red clover being unknown. 1 t was considered 

a necessary precaution to use seed also .. 

To avoid. heterogeneity in the seed as fa.r as possible. nucleus 

stock seed of Montgomery red clover (T;ype Aa. 581) and No. l White clover 

(Type 4.Wl3) were obtained from the Plant Research Bureau. From the 

same source, broad red clover (Type Aa.580) and a poor strain of white 

clover (T;ype Aa.2541) seeds were acquired. 

Single plants of the two types of cocksfoot, perennial ryegrass, 

Italian ryegrass, and short rotation eyegrass were obtained from the 
I' 

control rows of increase plots at the Plant Research Bureau, and a plant 

of Western Wol ths was al.so obtained from there. 

tillers were obtained for planting. 

(ii) The Plots --~].an ti g and t reatmeP.,~• 

From these plants. 

A plot was prepared on the Massey College dair;y farm in April, 

1946, on a paddock that had been recently sown do"'1tl. to pasture. The 

area was 50 feet by 30 feet, being free draining, free from shade and 

yet shielded by hedges from strong winds. Planting was randomised 

( Figure 1) to minimise the effects of soil heterogeneity, and the actual 

planting was carried out on May 11. 1946. The plants were planted in 

glazed drain pipes, 12 inches in length and 12 inches in diameter. 

Glazed pipes were preferred since they ·reduce the tendency of roots to 

congregate around the sides, a feature that is most marked in the unglazed 

type, as Jacques (1941) noted. The pipes were sunk to just under ground 

level 12 inches apart, in rows 12 inches apart as in Fig.l. Clover 

plants, one month old, grown from seed in boxes were selected for 

un1:formit;y and transplanted directly into the pipes, two of each ty:pe 

per pipe, th·ere being 14 pipes for each t;ype of clover. The single 

plants of the grasses were divided into single tillers of uniform size 

and planted, three of each troe 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 pi'pes, SMay from the w.nk:en pipes as a check on tyPe. 

The method is that adopted by Jacques (1937. 1941) and ma;y be termed a 



modification of -.hat Pavlychenko (1937) calls the 1 Soil-containers 

Method11 of root development study. 

At planting, 
1 /5 oz. of superphosphate was added to each 

pipe and mixed with the top inch of soil. Thts represents a dressing 

o;f between three and four hundredweight of superphosphate per acre. 

No fertiliser was subsequently applied. The plants were cut to 

l½ - 2 inches above ground every three weeks, approximately. the 

object being to maintain them as nearly as possible to the condition 

of plants growing in the field, without. however, inducing checks to 

tillering as described by Roberts and Hunt (1936), or to rooting as 

described by Jacques (1937) by too frequent cutting of the tops. The 

pipes a:nd suITounding ground were kept clear of weeds throughout the 

trial. 

(iii) Observations. 

Observations were begun on November 15, 1946, and carried on 

at 20 d~ 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: 

10. 

(a) Lifting of pipes from the soil and washing awa::, of the soil surroundini 

the roots. 

(b) Examination of the plant in the laboratory. 

( a) Lifti ta. 

Since one pipe of each species or strain was re<w,ired, ten 

pipes were lifted at each observation. Each set of observations took 

about five days to complete. The lifting order for each type was 

randomised to assure that no selection we.s exercised in event of aey 

variation in top §rowth between pipes contain:1.ng the same species. 

This order is shown in Fig.l. 

The actual lifting procedure was as follows: Firstly the 

pipe was dug out of the ground, then taken clear of the occupied portion 

of the plot ,,here it was imnersed in water for about half an hour. This 

immersion made the subsequent washing-away of the soil within the pipe 

less tedious than d.irect washing after lifting. The lower end of the 

pipe was then sprayed with water from a ta hose to remove the soil from 

the roots gradually. No pressw.·e nozzle wae used on the hose since 



enough force oould be obtained by restraining the flow of water from 

the mouth of the hose with the operator• s finger. Aft er washing, 

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

suitably labelled until the lifting was complete and they could be 

transferred to the laboratory. 

(b) Laborato!2 _examination. 

11. 

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

system was immersed in water contained in rectangular glass jars ""1lile 

awaiting examination. 

lifting of the clovers: 

The following table of rasultawas made at each 

Section A. Plant examined entire. 

1. Length of root system - taken from the point of attachment of the 

root to stems, to the tip of the longest root. 

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

extent of such deterioration. 

3. Visual oomparison between ro?t systems of the different clovers. 

4. Number of tillers or stolons per plant. 

5. Condi tiona of leaf age. 

6. General notes. 

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

the plant at the point of attachment. 

l. Number of laterals of the first order. 

• 2. Extent of branching of the laterals (1st. 2nd, 3rd, etc.• order). 

3. Diameter of the tap root (1 inch from the potnt of attachment). 

* 4. Diameter of branches of the first order (l" from point of attachment). 

5. Root hatr development on tap root 

laterals 

branches of 1st. 2nd, 3rd, etc., order. 

6. Length of longest root hair found, 

7. New rooting. 

development. 

8. General notes. 

Nature of new rooting, amount. branching, root hair 

9. Root weights - Boots air dried 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 

at random from ·the root system and the average figure taken. 

The fol lowing table of observations was made at each lif tlng 

of the 21'.Ri:l~AA. 



12. 

Section_!. Plant examined entire. 

1. Length of root system - taken from the point of attachment to the tip 

of the longest root. 

2. Condition of the cortex - Oolour and nature and extent of deterioration, 

if any. 

3. Visual comparison of roots between species. 

4. Number of tillers per plant. 

5. Condition of foliage. 

6. General notes. 

Section l3. Examination after the roots had been separated. from the 

8. 

9. 

rest of the plant at the point of attachment to the tillers. 

Number of roots. 

Diameter of the largest white root (1 11 from point of attachment). 

Diameter of the smallest white root (1 11 from point of attachment). 

Number of laterals in the top 6 inches of root length. 

Extent of branching (1st, 2nd, 3rd, etc., order). 

Diameter of branches of 1st order (½" from point of attachment). 

Root hair development on main white roots and branches of l st, 2nd, etc., 

order. 

Position of the greatest frequency of root hairs. 

Length of longest root hair observed. 

10. New rooting - Numbers, nature aid branching, etc., of new roots. 

11. General notes. 

12. Boot weight. As for clovers. 

Indicates those obser~ations in which samples of 20 roots were taken 

at random from the root system, and the average figure taken. 

The nomenclature adopted in the care of grasses is that used 

by Jacques ( 1939). 

Many of the measurements made were found to have no application 

to the subject, "iihilst factors such as cortex colour and condition, 

deteri~ration, new rooting, for example, were of utmost importance in 

considering the seasonal root growth of pasture plants. Some measurements 

such 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 1h e 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. 



Some difficulty was encountered in measuring deterioration in 

both clovers and grasses. In the former, the tap root was found to be 

1 the main consideration. The end point of deterioration was the death of 

the tap root, which was men if est by 1 ts rotting 8'Jllay. The intermediate 

steps were difficult to measure objectively, so that a system of arbitary 

units was set up. 

A - First signs of deterioration. 

B - Portions of roots showing deterioration - under half the length of 

the tap-root. 

C 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 by the 

number of roots affected by sloughing of the cortex& but whefuar the roots 

died or not after this was difficult to determine. Weaver and Zink (1946) 

assert that there is no completely satisfactory test to determine whether 

grass roots are dead or alive. For su.ch determinations, the aliore mentioned 

workers used tests of tensile strength, colour, etc •• with species of which 

they had-had much experience. The method used i:n this investigation was to 

attempt to combine Weaver and Zink1 s q11alitative tests with a qµ.antitative 

one. This latter was done by first obtaini.ng counts of roots per tiller 

of each plant in 1he first few liftings before the plant produced new roots. 

Then at all subsequent observations, the number of old and new roots :per 

tiller were taken, as well as ·the number of new tillers. Thus it was 

thought that the rate of su.rvi val, or mare properly, the death of old 

roots through the period of the trial might be determined. However, 

the problem of recognising aJ.l the new tillers on different plants of the 

same species at different liftings made the determinations difficult and 

the verity of the resultant figures questionable. 



S!tJCTION IV. REJSOLTS, 

The results of this investigation are arranged in the following order. 

A •. Red Clovers: 2 t;ypes - Broad red clover and Montgomery red clover. 

E. White Clover: 2 tyPes - A poor strain and No.l N.Z. White clover. 

C. Cocksfoot: 2 ty:pes - A Dani sh strain and c.23 (N.Z. strain). 

D. The Ryegrasses: 4 species - Perennial ryegrass. Italian ryegrass, 

Short Rotation r;yegrass and Western W'olths. 

In each of these sections• the resu.l ts for the individual 

species or strains are set out as follows: 

{i) Amount of deterioration and new rooting through the trial. 

(ii) Discussion of the relationship of deterioration &1d new rooting 

to seasonal production of the individual species. 

(iii) Seasonal growth of new roots. 

(iv) In ~rasses onl~ - The amount of survival of the old adventitious 

root system. 

( v) Root hair development. 

(vi) Other observations ,~iich showed little or no seasonal significfmce. 

Some discussion is included in this section to prevent 

undue dispersion of data of individual species 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 to obtain them. In the case of c.23 cocksfoot 1 perennial 

ryegrass, short rotation ryegrass, pedigree white clover and a poor 

strain of ~lite clover, the figures utilised represented yield trials 

from the P .R.B. wich extended. over the same period as these root 

investigations; but in Italian ryegrass and both red clovers the 

seasonal yield figures were not of the same period. 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. No figures were obtain­

able on seasonal yields of Western Wolths or Danish cocksfoot. 

From the figures available. -oroduction graphs I representing 

seasonal leaf growth were derived for the purpose of comparison with 

seasonal root behaviour. 



Figure 2. Portion of a tiller of Montgomery red clov·er 
showing adv en ti tious rooting from the nodes. 

(Photograph taken 13th May, 1947.) 



A. THE RlllD 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 lifted were grey-white in colour, 

the tap roots and thick laterals being lightei· in colour than the branches 

and smaller roots. Root hair development was fairly extensive. especially 

on the branches, bu.twas totally lacking on tbe tap r-0ots. This condition 

prevailed throughout the period of the trial. No new rooting was recognised 

in the nlants lifted until the third lifting (Jan.16, 1947) in the case of 

Montgomery red clover. and the fifth lifting (Feb.24, 1947) in the case of 

Broad red clover. New root growth reoognised was classified into two 

typ\;lS according to the position from which it originated. 

1. Crown roots - Tangled, relatively short roots which grew from the 

tap root about 111 from the point of attachment of the latter to the 

above~ground parts. 

2. Adventitious tiller rooting - Formed on the stems (Fig.2) mainly 

within a radius of 6" from the centre of the plant, at the nodes. 

Mostly there was one root per node. sometimes two and as many as 

four were observed. 

These new roots were read.Uy distinguisha~le from the old 

roots by their comnarative size. softness, and shiny appearance. 

The advent! tious tiller rooting we.a measured as number of 

roots per tiller, but owing to the difficulty in accurate counting of the 

entangled fine crowm roots. these ,,;ere estimated merely as a number per 

plant. 

Deterioration was initially observed at the same time in 

the two individual strains as new rooting. First signs consisted of 

darkening of the primary root system, then the appearance of dark patches 

in the region of the tap root near to the croiim of the plant (Fig.3). As 

with subsequent lift1ngs an intensification of this condition was observed 

until a stage was reached ,m.ere the tap root became detached by a rotting 

process from the rest of the plant about 1 - 2" from its point of attach­

ment (Fig.4). ~ Some of the laterals above this rotting point remained, 

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



.. 

Figu.re 3. Root system of broad red clover. arrow indic­
ating first signs of deterioration (A) of the primary 
root system. 

(Photograph taken 24th February, 1947.) 

Figure 4. Root system of broad red clover (branches 
removed), showing ad:vanced stage of deterioration (E). 

a - Former position of tap-root. 
b - Da.rk patches on laterals •• beginning of 

deteriort1tion. · 

(Photograph taken 13th July, 1947.) 
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Deteriori .. tion wa.s measured. as indicated in Section III. 

Broad Red Clover. 

(1) ~rioration and Bew Growt~. 

Tho degree of deterioration and the new rooting in broad red 

clover are show in table I. 

Table I - Deter.ioration of the Primary Root System and New Growth of 

Roots in Broad Red Clover. 

Lifting Date No.Plants ·Colour of Deterioration Nev Rooting 
No. 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

per Pr1mar;y of Primacy -Lifting. Root Root Systein. No.Crown No .Adventit-
System. roots/ ioua roots/ 

Plant. tiller. 

15/11/46 ·2 Gr83-vhite - - -
5/12/46 2 It - - -

16/1/47 1 Strav colour - - -
3/2/47 2· Darkening - - -

24/2/47 2 Patches evid.- AA Vecy fev Very few 
ent ♦ 

14/3/47 l Light brown. 
lnorease in 

:s 35 3 

black area. 

4/4/47 2 fl II J3 C 90 5 

25/4/47 2 II 11 :BB 95 12 

13/5/47 2 Lighter than AA 130 10 
previous. 

4/6/ 47 2 Light brow. :a B 150 13 

24/6/47 l Most black- D 80 14 
ened. 

13/7/47 l Tap root dis~ 
tritegrated. 

E 40 14 

4/8/47 2 Blackened CD 55 16 

30/8/47 2 II DE 35 18 

Froro coluilln 5 (TRble I), it will be noted that there is not 

the' proBIISBi ve intensificr::t1.(m. of df~teriorHtion from February on.weirds 

which might be expocted. wero the observat~ona able to be rna.de on a 

single plant or on differen.t plr:,1nts of the same heredi tar;,y na.ture 

grow w1.der similar oondi ti.one. There was lack o f uniform1 ty of 

behaviour even in plants grow in the ssi1e pipe a.s shown in Hftings 
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7, 13. 14. 

line of seeci . 

This serves to emphasise the genetic variability in any 

On this data. the most that can be said is that there 

is a trend for increase in deterioration of the primary root system 

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 number 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. 

(ii) The relationship of deterior ation of the primary root system and 

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 product i on line is derived from data of yield trials 

conducted by the P.R.B. 1946-47. These figures were not taken at 

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

for example in the period between M~ and September. 1946, (104 days)• 

only one cu.t was taken. For comparisons, adjustments were made to 

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 construct ion ~ this line are shown in 

. 
Appendix I. 

In figure 5a, it can be seen that deterioration begins in the 

autumn at the time \\hen there is some check in the fall in production 

from the summ.et months. Owing to the nature of the plants used in 

the root trial. the deterioration curve is inconsistent, bu.t there 

appears to be a ttendency for intensified deterioration as production 

fails over the ~inter. 

In figure 5b. the two classes of new rooting are graphed. :Botb. 

begin in February at the same time as deterioration. Cr<;>w rooting 

shows an increase with the fall in production (Fig.5a) until J une 



18. 
when there is a decrease in numb 

er• as previously noted. The new 
adventitious rooting however, shows 

a fairly uniform increase with fall 
in production. 

(iii) -The seasonal growth of the 
- new adventitious roots. 

Table II shows measurements t 
aken of some of the components of 

growth in the new adventitious roots. 
the first of which were observed in 

February, 1947. The plants. till that st~De • 
.._ apparently existed on the 

action of the. primary root system alone in the soil. 
Table U. Seasonal Growth of the new adventitious roots. 

Lifting Date Length of Longest Extent of Diameter of No. Root observed. ::Branching. Longest root 
observed. 

5 24/2/47 ¼ti - .5 m.m. 6 14/3/47 l" 1st order .7 m.m. 7 4/ 4/. 47 3" 1st II 1.2 m.m. 8 25/4/47 4tt 2nd If 
1.2 m.m. 

9 13/5/47 411 2nd It 1.3 m.m. 10 4/6/47 1" 2nd II 1.9 m.m. ll 24/6/47 5" 2nd " 1.5 m.m. 12 13/7/47 9" )rd II 1.8 m.m. 
13 4/8/ 47 11 11 3rd tt 2.2 m.m. 
14 30/8/ 47 8" Jrd tt 2.3 m.m. 

( 1 v) Root Hair Development • 

No satisfactory method of measuring root hair development was 

arrived at, but some facts were noted. In the primary root system in 

the first observations, before the onset of deterioration, the tap root 

and laterals from 1 t wer e lacking in root hair development, and remained 

so throughout the trial. Development was fairly profuse on the branches 

of the laterals, especially 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, al though 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 rel ation to seasonal 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, tt 

was thought that tap root diameter and number of tillers would show sane 

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. 

Lifting 
No. 

1 Nov. 
2 1946 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 Aug. 
l4 1947 

Length of Tap root Diam- No. of Extent of Weight of No. 
Root system. eter l" from lateraJ.s Branching Primary root Tiller s 

attachment. from tap in Primary system. 
m.m' s. root. root system. 2 plants. 

2!• 

2411 5.5, 6. 0 20 17 }rd order. 34 17 ti 1911 8.7, 5.4 18 21 }rd fl 32 23 
22 11 6.3 19 3rd " • 16.1 28 
21 11 11 .1, 4.9 17 21 4th " 21.5 14 15 
20" 9.5. 8 . 8 21 21 4th II 14.4 25 13 
lJI' 9 .0 25 4th ti • 32.6 39 
21 11 9. 5. 8 . 6 24 17 4th II 42 .8 48 17 
2211 12.4, 10.2 16 18 4th II 41.9 22 35 
2ott 10.2, 10.8 17 14 4th ti 42. 4 27 20 
20" 12.0, 7.9 10 13 4th If 62. 0 45 12 
18 11 11.7 8 4th II * 30.9 21 
19" - 4 3rd ft * 31.8 22 
21" 12.5, 11. 3 16 10 4th II 50.6 32 18 
2011 9 . 6, 10.6 9 6 4th II - 19 22 

• I ndicates weight of one plant only. 

The only measurement a of any significance is that of the 

number of l a terals from the tap root, which shows a decrease in 'Winter. 

complementary with the deterioration of the tap root and the consequent 

detachment of laterals with it, 

Montgomery Red Clover. 

(i) Deterioration and Ne,,, Growth of Roots. 

The nature of deterioration of the -:nain 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 vari ation in the time of 

onset of deterioration being first observed in Montgomery red clover 

about t wo months before that 1n broad red. It will be noticed that at 

no stage is the tap root observed to become detached frcm the plant. 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 variat i on i n 

extent of deterioration both in successive linings and in the plant s 

occupyiug the same pipe. 

The seasonal trends of new· rootings of Montgomery red clover 

are also d.m1lar to broad red clover in respect ·to both crow and adven­

titious tiller roots. New rooting was observed at the fifth lifting 

(February 24th, 1947). 
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Lifting 
No. 

1 
2 
3 
4 
5 
6 

1 
9 

10 
11 
12 
13 
14 

20. 

Table IV·. Deterioration of the Primary Root System and New Root 

Growth in Montgomery Red Clover. 

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

Sys tan. roots/ ti tious 
Plent. roots/ 

Tiller. 

15/11/46 2 White - - - -
5z12146 2 II - - - -
16/1/47 2 Light Straw A A - -
3/2/. 47 2 ti A -- -

24/2/ 47 2 Darkening A ]3 7 ½ 
14/~/ 4l 2 Dark Patches B ]3 80 4 

4/. 4/. 47 2 " :a B 170 5 
2514/ 47 2 Intensification C D 220 16 
13/5/ If{ 2 Light Brom. l3 C 130 13 
4/6/ 4l 2 ti B B 140 14 

247.6/ 47 2 It B 13 16o 15 
13/7/47 2 Black D D 50 19 
4/8/47 2 Brown C C 120 23 

30/8/47 2 :Black C D 60 24 

In both t;ypes of rooting, numbers were greater than in broad red 

clover at each lifting. As the tap root deteriorated, so the number 
I 

of crown roots diminished, except for lifting 8, when the maximum 

number of crown roots observed during the trial could not be explained. 

The number of adventitious roots per tiller show a progressive increase 

with successive liftings except for lifting 9, when the plants observed 

a-opeared to be abnormal. in all respects. 

(ii) The relationship of deterioration of the primar;v root system and 

new root growth to seasonal production in Montgomery red clOY'er. 

Figures 6a and 6b ill~strate 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 manner to that of 

broad red clover. 

As figure 6a indicates, deterioration of the primary 

root system begins at the same time approximately as there . is an 

appreciable drop in production. There appears to be a tendency for 

intensification of deterioration subsequently, especially after the 

autumn period of growth, but as in broad red clover, there is no 

consistency about the curve. The deterioration process apoears to 

be much slower 1n Montgomery red clover • 

• 
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Crown rooting increases . rapidly with fue fall in production 

in March and April, bu.t 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 win tar. Fig. 6b illustrates this. 

(iii).Seasanal. growth 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 correspond1ng 

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. 

Lifting 
No. 

5 
6 
7 
8 
9 

10 
11 

I 12 
13 
14 

SeasonaJ. growth of the advent! tious roots of Montgomery red 

clover. 

Date Length of Longest Extent of Diameter of 
Root observed. :Branching. Longest root 

- observed. 

24/2/ 47 ¼" - .4 mm 
14/3/47 lf' 1st order .6 mm 

4/ 4/47 3' 2nd order .8 mm 
25/4/47 4" 2nd order 1.3 mm 
13z5/ 47 4" 2nd order 1.0 mm 
4/6!47 5" 2nd order 1.3 mm 
24/ /47 1211 3rd order 1.6 mm 
13/7 /47 8" 3rd order l.2 mm 

4/8/47 10 11 3rd order 1.9 mm 
30/8/ 47 10 11 3rd order 2.0 mm 

(iv) Root Hair Development. 

Root hair development, as far as could be observed was 

similar to that in :a road red clover. From 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 appeared 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 1st and 2nd order branches. 



Lifting 
No. 

1 Nov.1 46 
2 
J 
4 
5 
6 
7 

/ 

8 
9 
10 
11 
12 
13 

14 Au€'47 

22. 

(v) Other observ•tions . 

Table VI p resents data to which no significance oou.J.d be 

attached. 

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

Length of Tap root No. of Extent of Weight of !No .of 
p rimary Diameters . Laterals branching Primary tile rs 
root system. from Tap in Primary root system, 

root. root system. 2 plants. 
mm's ~ -

2211 7.3 8.o 19 17 3rd 23.3 19 27 
2211 8.2 8.4 15 15 4th 27.0 21 20 
2411 8.2 u ·.o 13 8 ff 21.0 22 44 
21:1 7.6 7.8 24 ll It 22.9 24 16 
19t1 9.0 8.4 20 17 It 19.3 23 21 
19" 8.1 9.5 22 14 fl 21. 9 30 33 
1911 9.6 9.4 26 16 5th 48.3 31 48 
18" 12.2 n.6 33 6 4th 20.8 25 22 
1911 8.o 11.1 13 14 It 48.7 16 24 
20" 110.1 8.2 7 10 fl 51.5 35 12 

- 200 11.3 7.9 23 15 It 51.4 16 29 
1t1 6.6 9.4 14 10 n 37.8 10 34 
1911 8.5 9.6 9 22 " 56.8 23 20 
19 11 n 26 17 

'l?he laterals from the tap root do not show the decrease 

in number that is noted in broad red clover. 'Phis corresponds to 

the greater degree of deterioration that 1s found 1n the latter strain. 



Figure 7. Plant of No.l N.Z. white clover inverted 
to show complete deterioration (E) of the primary 
root system. 

a - Former position of primary root system. 
b - P~imary root system which bas become 

detached from the plant. 
c - Thick adventitious roots. 

(Photograph 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 ~d 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 qualities. The feature in this connect­

ion \\hich was most marked, was the dying off of the primary root system. 

Whereas in red clovers, the tap root rots away about l" to 211 from the 

point of attachment to the above ground parts, leaving some of the 

laterals attached to the remaining tap root, in white clovers there 

is a complete dying off, the rotting affecting even the stolons to some 

extent, no laterals of the t ap root remaining (fig .7). It is probable 

that this stage m~ be rea ched in the red clovers but the trial did 

not extend over a p eriod long enough to corroborate this possibility. 

New root growth sho ws similar tendencies to that in the red 

cl overs ( fig. 8) • Crown roots diminish in numbers with advanced deter-

ioration of the p riJXlary root system, bu.t the adventitious tYPe show a 

steady incr'ease. 

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

red clovers. 

WHITE CLOVER. (Poor Strain) • 

( i) 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 signs of deterioration, being white in colour, 

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



Figu.re 8. Portion of a stolon of poor white clover 
showing adventitious rooting from the 
nodes . 
(Photograph taken 5th April, 1947). 



two plan ts lifted. 

Table VIII. Deterioration of the Primary R~ot System and New root 

growth in a poor strain of white clove:,;-. 

24. 

Lifting Date No. Colour of Deterioration New Rooting 
No. 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 

Plmts/ Primary 
Pipe. Root System. No.crown. No.Advent-

roots/ itious 
plant. roots/ 

stolon. 

15/11/46 2 White - - 11 4 
6/12/46 2 u 8 7 - -
17/1/47 2 Darkening .A. - 11 7 

4/2/47 2 Grey B B 44 12 
25/2/47 2 ti B D 97 16 
15/3/47 l • :B 104 24 
5/4/ 47 l Black D 73 37 

28/4/ 47 1 - E 51 67. 
14/5/47 2 - E E 21 49 

4/6/47 2 - :m E - 35 
24/6/47 2 - E :m - 52 
13/7/47 1 - E - 20 

4/8/47 l - :m - 32 
30/8/47 2 - lii :m - 42 

After Ja.nnary, 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 lifting 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 ½" - l" 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 ordinarz N.Z. white clover. 

The graphs which comprise figures 9a and 9b p resent comparisons 

of seasonal production of the poor strain of .z. white clover with 

deterioration and new growth of roots. Th a 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 same period. The derivation of this line is mown in 

Appendix III. Both deterioration of the primary root system and the 

number of new roots show the same rela tionship to seasonal pro diction 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 p lants or the possibilit~ 
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of personal error in counting can be offered. 

(iii) The seasonal growth of new adventitious roots. 

Measurements of the adventitious roots showing some 

seasonal trend are presented in Table VIII. 

TA13LE VIII. Seasonal growth of adventitious roots of Ordinary N,Z. 

'tlhi te clover. 

Lifting Date Length of Extent of Diameter of Weight of 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Longest new Branching. largest new new roots. 
root root. 2 plants. 
observed. 

15/ll/ 46 1" - .4 m.m -
6/12/47 211 - .7 " 1.6 gms 
17/1/47 2.5" 1st order 1.1 II 2.8 II 

4/.2/ 47 3" 2nd 1.7 II 3.5 
If 

25/2/47 7" 2nd 2.6 
,, 

5.1 II 

15 /.3/ 47 6.5" 2nd 1.8 II *6.8 " 
5/4/47 8" 3rd 3.1 ti * 4. 7 ti 

28/4/47 13.5" ft 2.4 ti *5.2 It 

14/5/ 47 16" " 3.1 ti 6.4 If 

4/6/ 47 15 11 " 2.6 ti 8.3 " 
24/6/ 47 17.5" It 2.8 " 12.4 II 

13/7 /47 13" ti 1.9 ff * 4.8 It 

4/8/47 14" If 2.7 ti *6.6 II 

30/8/47 1411 ti 

• Weight of roots from l plant only. 

Between liftings 5 and 13, there appears little tendency "fol' change 

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

(iv) Root hair development. 

Root hair concentration was greatest on the branches of 

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

made from :E'ebruary onwards. Root hair development on the adventitious 

roots was somewhat similar to that described in Montgomery red clover. 

There appeared to be greater concentration of root hairs especialh' 

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 diameter and weight of the 

primary root system rather substantiate the deterioration data (Table 7), 

in that they both show a decrease with the intensification of primary 

root deterioration. Since, in the case of weights in red clovers. this 



Lifting 
No. 

26. 

relationship s not established (Tables 3 and 6), it is difficult to 

place much cognizance on it. 

TABLE IX. Observations: Primary root system in ordinary N.Z. white clove1: 

Length of Tep root No.laterals Branching Weight of No. 
Primary Diameter . from Extent of ?:imary Stol-
root system. tap root. Branching root ons. 

system. 
m.m• s Q!!!!• 

l Nov.' 46 1911 3.6 2.9 28 1 4th * 8.4 26 24 
2 19" 3.8 3.7 16 9 .. 7.1 20 16 
3 18" 4.0 3.5 11 8 • 9. 4 32 26 
4 21" .4.0 4. 0 12 18 · " 6.5 19 19 
5 1511 5. 0 3.4 12 13 3rd 2.0 34 27 
6 16" 3.5 9 14 It 1.9 17 23 
7 19" 3.8 10 11 2nd * 2.2 16 18 
8 - - - - - 13 15 
9 - - - - - 26 14 
10 - - - - -
11 - - - - -12 - - - - -
13 - - - - -
14 Aug. 1 47 - - - - -

Lifting 
No. 

1 
2 
3 
4 
5 
6 

! 
9 10 

11 
12 
l j 
14 

* Weight of 1 plant only. 

Aft er the 9th lifting, 14th May. 1947, it was not possible to count stol-

ons since there was no connection re:na1n1ng between primary root t.nd stem 

No.l N. Z. Pedigree White Clover. 
( i) Deterioration of the Prima9 Root system and Nev root development . 

The seasonal. deterioration oft primary root system follows 

the trend of that 1n the poor stl"ain• of bite clover, both in time of 

onset of deterioration and complete deterioration. l3oth tyPes of new 

rooting, crown and adventitious_, were slower to b in growth. 

TABLE X. Deterioration of Primar)' :root system nm new growth of roots 
in No . 1 N.Z. Pedigree wite clover. 

Date No . Colour of Deterioration New Rooting 
Plants/ Primary No.crown No . a.dven-Pipe. root system. roots/ titious 

nlant. roots/ 
stolon 

15/11/46 2 fhite - - - 2 
6/12/46 2 It 2 - - -
17/1/47 l It A 9 4 

4/2/47 2 Darkening A A 13 3 25/2/47 2 IJ :a B 30 3 
15/3/47 2 Light Brown :s C 70 12 
5/ 4/ 47 2 Brown C D 91 22 

28/4/47 1 - E 47 47 
14/5/47 2 - D E 23 70 

4/6/47 l - E . 20 69 
24/6/ 47 2 - B E - 68 
13/7/47 2 - E E - 49 

4/8/47 2 - E E - 59 30/8/47 2 - E E - 65 

The amount of crow rooting anproxima.ted that in the poor strain of 

white clover. bu.t after April, 1947 1 each observ tion showed the 

Bo.l white clover to have more adventitious roots per stolon than the 

poor strain. 
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Lifting 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

{ 11) The relationship of deterioration of the primary root system 

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

\I/hi te 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 \hi te clover. Deterioration and new growth increases 

as production falls in the late autumn and nter. Deterioration, 

however, 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 1s, nevertheless, irregularity in the latter part of the curve, 

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

(iii) The seasonal. growth of new adventitious roots. 

Table VI shows the changes that were apnarent in length and 

diameter, extent of branching, and weight of new adventitious roots 

through the ·period of the t .rial. 

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

white clover. 

-
Date Length of Extent of Diameter of Weight of 

Longest new :Branching. largest new new roots. 
root observed. root observed. 2 plants. 

15/ll/46 ½" - .3 m.m. 1.4 gms 
6/12/46 2" .4 It 2.7 II -
17 /1/ 47 2.5" 1st order .8 ti * 4.6 II 

4/2/ 47 411 2nd II 1.1. II 8.8 If 

25/2/ 47 8.5" 2nd II 1.7 II 12.5 II 

15/3/47 7.5" 3rd 11 1.9 It 8.8· II 

5/4/47 9" 2nd II 3.3 If 13.4 II 

28/4/47 1011 3rd II 2.6 If • 9.9 If 

14/5/47 1211 It If 2.8 II 16.0 II 

4/6/47 9-5
11 II II 2.4 II • 12.4 II 

24/6/ 47 10.5 11 If II 3.4 II 9.1 II 

13/7/47 11" " II 3.5 " 13.2 It 

4/8/47 12.5 11 Some 4th 2.8 II 10.9 n 

30/8/47 1411 ti 

• indicates 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 1 s in conformity with the numbers of 

adventitious roots of the respective strains, No.l white having more 

roots pe..r stolon than the poorer strain. 

(1 v) Boot hair development. 

Root hair concentration was greatest in the primacy root 



Lifting 
No. 

28. 

system on the branches of the second order. and appeared to be greater 

than in ordinary white clover. This was unable to be proved by figures. 

There appeared to be a diminution after February 1hen deterioration 

increased. On the adventitious roots. prior to branching (Nov. and Dec., 

1946), development of root hairs was fairly strong, bnt dth 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 liftings very few root hairs could be 

found on them. 

(v) Other observations. 

Data which showed 11 t tle or no seasonal trends are 

presented in Table XII. 

TA13LE XII . Observations Primary root system in N .z. Pedigree white 

clover. 

Length of Tap-root No.laterals Extent of Weight of No.Stol-
Primary diameter. from Branching. Primary ons/ 
root system. tap-root. root plant. 

system. 
m.m•s 2 nlan.ts. 

l Nov. 1 46 2011 3-4 3.8 16 1 4th order 9.9 gms 15 19 
2 21ft 4.1 3.3 14 12 tt 13.3 22 21 
3 18" 3.0 14 ti * 10.9 17 -
4 1911 3.1 6.o 6 13 " 6.8 19 22 
5 18" 6.1 3.2 15 15 3rd 9.1 33 35 
6 15" 3.4 4.2 12 30 4th 9.9 14 25 
7 20" 6.? 2.8 20 19 3rd J.2.8 14 29 
8 10 • 1.0 19 - - - . 
9 - - 3 1 - 2.1 20 22 
10 - -:- 4 - - 18 
ll - - - - -.... 
12 - - ~ - -
13 - - ':'"' - -
14 Aug.' 47 - - ':"' - -

• Weight of one plant. 

These meaSllrements, as in ordinary ~ite clover, could not be continued 

when the tap root had completely deteriorated and there was no longer 

connection between stolons. 



C. COCKSFOO'l'. 

The two features of seasonal root changes 'W.lich were found 

to be of greatest interest were. as in the clovers, deterioration of the 

old root system and new growth. The nature of these differed, however, 

from that in the clover , since in the later, the nrimary root system 

appears to persist for over a year (two years in the case of red clovers), 

and for the first year, the nlant survives apparently on the primary system 

alone. The secondaey or adventitiou s system in cultivated grasses is 

developed much earlier, and it is affected by deterioration rather differ-

ently from the primary root system of clovers. Deterioration of indi vid-

ual roots in cocksfoot begi ns by the sloughing off of the cortex near the 

noint of attachment to the crown of the plant. Sloughing of the lower 

portions of the root then proceeds. Some of the roots ma3 rot awa:s then, 

but this could not be observed as in the clovers, since the root parts are 

so fine that e.ny such deterioration is i~ercep-tible. An attel!pt to 

assess the extent of su.rvival 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 root 

hose cortex was sloughed, as a percentage of the tote.l number of old s'iven-

ti tious roots. '?his measurement by no means gives a full picture of events, 

since different roots were at different stages of deterioration, i.e. the 

cortex was sloughed to a greater length of one root than an.other; and there 

was difficulty in separating individual roots by sampling to measure these 

stages, owing to the softness of the cortex remaining and its liability to 

damage. 

New roots were easil~ recognised from sloughed roots by their 

thickness. and from old unsloughed roots by their comparative softness and 

colour, which was 'lihiter and, in the .early stages of development, shiny. 

lew roots were formed mainly at the periphery of tre 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 r oots. 

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

The f'irst plants of this strain were lifted on lov.19, 1946, 

· when the plants had been growing in the plots for 192 &cys. Already signs 
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of new rooting and cortex sloughing 1n the old roots were obvious. 

Most of the new rooting appeared on the 'base cf peripheral tillers of 

the plant which appeared to l:e new. !?his was in agreement with Jacques' 

observations in ryegrass (1937). In the liftings following, cx,rtex 

deterioration. as affecting numbers of roots, intensified until in 

March 1947. al 1 old roots were affected. In the early liftings. the 

cortex was sloughed only in the top f ew inches. In A-pril and subse­

quently, the cortex was absent the_ entire length of the observable 

portions of the root. New roots increased fairly uniformly throughout 

the trial till at the end of August. 1946. 36i of the tot~ roots 

counted were observed to be new. Table XIII shows both the increase 

in anount of deterioration and new rooting through the -p iod of the 

trial. 

· TABLE XIII. Deterioration d nev growth of advoo.titious roots in 

Danish cock:sfoot. 

Lifting No.plants No.old Roots i detern. No .new Total No. New roots 
'I, of No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 

/pipe. adv. affected of old roots. roots. 
roots. by roots. total 

•tarn. roots. 

3 518 31 6 44 532 8 
3 437 65 15 28 465 6 
3 555 167 30 63 628 10 

3 673 281 42 109 782 14 
3 531 334 63 159 690 23 
2 321 321 100 107 428 25 
3 378 355 94 198 . 576 311 
2 306 306 100 156 462 34 
3 340 340 • 182 522 35 
3 394 390 " 200 594 34 
3 353 353 tt 226 579 39 
3 362 262 1t 224 586 38 
3 299 299 " 182 481 38 
3 298 298 It 169 468 36 

(11) The relationshi~ of deterioration and new growth of roots to 

seasonal production. 

llo pr<;>duction figures of Danish co ck:sfoot in Nev Zealand are 

available. but the seasonal trend of production is reported to be 

similar to N.Z. cocksfoot. but e9.rlier to begin growth in the late 

spring and falling off .ore rapidly in winter. Graphs of root 

deterioration and new growth are 'Presented. in figure 11 from columns 

6 and 9 of Table Xlll. 
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(iii) The seasonal growth of new roots. 

Table XIV shows the growth of new roots thrcngh the period of 

the trial. There is a definite increase of new roots per tiller until 

April from whence there appears to be 11 t tle change. The growth of 

new roots proceeds up to the last lifting, about 50~ of new roots being 

over 6" in length. 

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

Lifting No. new No.oYer Extent of No. No.new Weight Diam. of 
No. 

1 
2 . 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

roots. 611 in :Branching. tillers. root/ largest 
length. tiller. 

gnis. 
new root . 

.. m.m. 

44 - - 84 .5 - .1 
28 - 1st order 55 .5 - .6 
63 1st " 59 1.1 .5 .9 -

109 13 1st " 97 1.1 .9 1.1 
159 27 2nd II 71 2.2 1.7 1.2 -
107 20 2nd tl 72 1.5 1.6 1.1 
198 28 3rd Ii 106 1.9 2.1 1.0 -
156 39 Jrd H 86 - 1.8 2.8 1.4 
182 43 Jrd II 105 1.7 4.0 1.1 
200 74 4th 11 84 2.4 6.2 1.2 
226 81 3rd " 112 2.0 6.o 1.3 
224 91 4th " 113 2.0 ·7.6 .9 
182 79 3rd It 75 2.4 8.2 .9 
169 82 4th 11 66 2.6 

( 1 v) Su.rvi val of the adv en ti t1ou s root SY stem. 

Table XV presents the data. from an attempt to find the surVival 

of roots by a count method. The old roots, were separated from the new 

rooting and counted. The number of roots per tiller were thus deter­

mined for each observation made. There is a tendency for de~rease in 

the number of roots per tiller. but there is considerable Tariations 

in the numbers, w.ich cannot be accounted for statistically since 

there were insufficient numbers of plants lifted at ~ch observation. 

Sunerficially, taking into account this data, and the number of new 

roots per tiller (Co1.7. Table XIV), which appears to compensate 

the loss of the old roots at the final ~tages o. the trial, there 

seems to be · a 5~ ( approximately) replacement of deteriorated roots 

by new growth. 'rhere are, however, other factors to be considered 

later which would rather modify such a supposition. 



TABLE XY. Survival of old Iloot 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 59 9.5 
4 5[2/47 673 97 7.0 
5 26/2/47 531 71 7.5 
6 16/3/47 321 72 4.5 
7 6,4/47 378 106 3.6 
8 2 /.4/47 306 86 3.6 
9 15/5/47 340 105 3.5 

10 5/6l47 394 84 4-7 
11 24/6/47 353 112 3.1 
12 14,7/47 362 113 3.2 
13 5/ / 47 299 ii 4.0 
14 31/8/47 299 . 4.5 

. 
( v) Root hair develoRment. 

As in the clovers, no method was arrived 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 e; tendency for 

a. decrease in root hair development especially on the main roots in the 

4th observation (February 5, 1947) and this 1;1as progressive till M!cy", 

when the cortex sloughing was general. in the old root sy stan • when no 

root hairs remained. -

In the new adventitious roots, many root hairs were evident on 

the main roots from the 1st o"bser'V'aticn, mainly at the tips. In :February, 

root hairs were plentiful on the branches, and development seemed to 

proceed gmerally through.out the trial. As in the old root system. 

root hairs were ioost concentrated on the mains, ther e being very few on 

the· branches of the 4th order. 

(rt) Other observations. 
Measurements which· were e:zpected to yield further information 

on the seasonal growth of roots of Danish cock:sfoot are shown in Table 

XVI. The diameters of the largest root found 1n each observation indicate 

a decrease after sloughing of the cortex in Februaey, 1947 • bu. t no tenden-­

c1es toward decrease in weigllt that might reasonably have been expected 

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



Figure 12. Comparison between new roo Danish and 
023 cocksfoot. 
Dani sh cocksfoot (right) shows greater devel­
opment in length and thickness of new roots 
at this stage. The new roots are recognis­
able from the old by their thickness and 
white colour. 

(Photo taken May 10, 1947.) 
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(1) the innuenoe of soil vari ation on the root growth of plants g rown 

in different p arts of. the plot or (2) imperfect washing a.way of soil 

from the fine root part . 

TABLE XVI. 

-
Lifting Date Length of xtent of Diameter of Weight 

Jo. root· Branching Largest of old 
system. in old . white root root 

root in old sy tem. 
system. system. 

(Inches) (m.m.) ; (gms.) 

l 9Jllj46 19 3rd l.4 31.3. 
2 9/2/'46 24 4th 1.6 25.7 
3 2D/1/47 21 II 1.2 30.0 
4 5[2,47 19 ti 1.2 41.3 
5 26/ /47 21 ff .7 29.4 
6 16/3/47 19 ff 1.1 * 25.1 
1 6,4/47 23 ff .7 39.1 
8 .2 /4/47 20 ti .6 * 35.2 
9 15/5/ 47 20 3rd .4 42.0 

10 5/6/ 47 19 ti .5 ~-7 
11 24/6/47 19 • .4 20.8 
12 14,7/47 17 • .3 40.6 
13 5/ /47 18 • .4 34.1 
14 31/8/ 47 20 • 

C.2J COCXSFOOT. 

(1) Deterioration of old roots and new root growth. 

Lifting of 0.23 cocksfoot was begun at the sam e time as the 

Danish strain. There were marked differences in annearance between 

the roots of the two strains. Th .23 root parts were darker in colour, 

and much finer. Deterioration and new gro\lth was not observed in the 

initial 11-fting and it was not until the 3rd lifting (20thJ8llll.aey, 1947), 

that any was noted. l3y the 8th lifting ( 28th April, 1947), all compon-

ents of the old root system shoved sloughing of the cortex, indicating 

that deterioration app roximating that in Danish cock:sfoot. 

Bew growth wa.s similar to that ·recorded i n the Danish strain, 

but was much s10\ier groll.i.ng in the early st Egee, both in diameter and 

length. J'igu.re 12 shows the difference between new rooting in the two 

strains in M~ 1947. 

· Deterioration and new growth of roots 1s -o resented in Table XVII. 
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TABLE XVll. 

Date No.plants 
/pipe. 

19/11/46 3 
9/12/46 3 
20/1/47 3 
5[2/ 47 3 
26/2[ 47 3 
16/3/47 3 
6f 4/ 47 3 
28[t/47 2 
15[5/47 3 
5/6!47 3 
2% /47 3 
l 7 /47 3 
5 8,47 3 
31/ /47 3 

34. 

Deterioration end new growth of adventitious roots in 

c. 23 cocksf'oot. 

No.old .Roots aff.ec- f, Detern. No.new Total New 
adv. ted by of old roots. No. roots 

roots. detern. roots. roots, ~ 
total. 

582 - .. - 582 - -
3e,o - - - 380 -
346 62 18 18 364 5 
is3 183 25 74 817 9 
03 381 63 88 691 14 

689 557 85 11 766 10 
604 572 96 176 780 23 
486 4'36 100 172 , 668 26 
483 483 100 187 670 28 
502 502 100 205 io1 29 
443 443 100 223 66 33 
324 324 100 174 498 35 
403 LJl3 100 254 667 38 
426 426 100 273 t:99 39 

(ii) The rel a tionship of deterioration and nev gro h of roots to 

seasonal production. 

Fig. 13 sbovs the rela tionship of seasonal production to deter­

ioration of the root s;ystem and new root growth. The seasonal produc­

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

the sam e period as this investigation (Appendix V). Deterioration 

begins with -the fall in production in late sunnner, while ne root gro h 

sho"1s a f airly steady rise through the winter. 

(iii) Seasonal growth of new roots. 

Table XTIU shows the progress of seasonal gro th of new roots 

of C.23 cocksfoot. Al.though ne roots are slo er in making their 

au:pearance, the rate of groith is faster, since at the last lifting. 

the number and the proportion of ro!> ta over 611 in l ength roximate 

the cor .:-esponding numbers in Danish cocksfoot. The total number of 

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

p erhaps to the gre~ter number of new tillers formed. The same -tendency 

of greater ra.te\ of gro•Jth after the late app earance of new roots is 

evident in the diameters. Tb.ere app ears to be a point reached aft er 

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

earlier in Danish cocksfoot. 



Date 

19/11/46 
9/12/46 
2D/1/47 
5[2/47 
26/2/47 
17/3/ 47 
~4/47 

/ 4/47 
15[5/47 
5/6[ 47 
c.4/6/ 47 
14/7/ 47 
5/8/47 
31/8/47 

35. 

TABLE XVIII. Seasonal Growth of Bew Roots of c.23 cocksfoot. 

No.new No .over Extent No. of No. ne"d Weight Diameter of 
roots. 6" in of till rs. roots/ largest new 

length. branchi.n&. till.er. root. 
(gms). (m.m.) 

- - - 87 -
- - - 74 -

18 - 1 119 .2 .5 
74 - 1 139 .5 .6 
88- ... l 125 .7 '14: 2 .1 

ill - 2 158 .5 .3 .9 
6 2 181. 1.0 1.0 .8 

172 21 2 124 1.3 .7 .1 
187 39 3 161 1.2 l.3 1.2 
205 56 3 198 LO 2.4 1.0 
223 68 3 236 1.0 3.3 1.0 
174 101 3 239 .9 3.9 1.0 
254 129 4 245 1.0 7.8 1.0 
273 133 4 268 - 1.0 

(iv) Survival of the adventitious root system. 

"' The numbers of old roots p er tiller at ea.ch observation 

are shown in Table XIX. TheJ show similar tendencies to those in 

Danish cock'sfoot. i.e. There is a 5oi reduction of numbers per tiller 

in c.23. but this is probablj' due to the greater amount of tillering 

in this strain. 

T.6J3LE Xll. Survival of adventitious root system of 0.23. 

No. Total No. No. New .No. Surv. Bo . tillers Ho. roots/ 
of root • old roots. tiller. 

roots. -
l 582 582 87 6.7 
2 380 380 74 5.1 
3 364 18 346 119 2.9 
4 817 74 733 139 - 5.3 
5 691 88 6o3 125 4.7 . 6 766 11 689 158 4.4 
7 780 176 604 181 3.3 
8 668 172 486 124. 3.9 t 

9 670 187 483 161 2.9 
10 707 205 502 198 2.5 
ll 666 223 443 236 1.9 
12 4~8 174 324 239 1.4 
13 667 254 403 245 1.6 
14 69<3 273 426 268 1.6 

-
( v) Root Hair Develoomen t. 

Boot hair development in C. 23 cocksfoot. as far as could 

be ascertained. was similar to that in Danish cocksfoot, The maximum 

concentration was fou.nd on the main roots. It was not till the 6th 
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lifting (16th March. 1947) that there appeared to be a decrease in the 

number of root hairs on the main roots. Those on the branches appeared 

to mow a corresponding decrease, until at the 8th lifting (April 28th. 

1947) • when there a.s complete sloughing of the cortex on 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-

ment of new roots, root hairs were later in appearing, but by April, devel­

opment was similar in most r~s-pects to the Dani sh. cocksfoot. 

(vi) Other observations. 

Table XX shows measurements taken which mS3 ha.Ye ha.d some 

bearing on the seasonal nature of root growth . As in Danish cocksfoot, 

the diameter of the largest roots observed in the old root system shows a 

decre$\S8 when sloughing of cortex occurs. btlt the weights of the old root 

systems show no regular tendency. 

TAJ3LE XX. 

Lifting Date Length Extent of Diameter of 'Weight of old 
No. of root Branching largest white root system. 

system. ill old root. 
(inches) ,system. ( old system) 

(111.m.) (gms.) 

l 9/11/46 17 4th .9 43.6 
2 9/2/46 21 4th .8 28.8 
3 20/1/47 19 It 1.0 40.0 
4 5!2/47 18 II .8 43.5 
5 2 /2/47 18 fl .9 2<3.6 
6 16/3/47 18 It , .9 53.1 
1 6, 4/ 41 19 " .8 * 42.4 
8 2 /4/47 20 II .5 26.6 
9 15/5/47 18 " .5 31.3 

10 5/6[47 17 3rd .4 25.7 
ll 24/6/ t1;/ 19 It .4 45.4 
12 14,7/47 16 4th .2 35.3 
13 5/ ,47 17 • .3 40.0 
14 31/ /47 19 If 

eight of 2 ploo.ts only. 
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D. THE RYEGBASSES. 

The four cyegrasses studied, nanely perennial, Italian, short 

rotation and Western Wolths were all finer in root parts than cocksfoot. 

In both roots and tillers. they were more numerous. The nature of new 

growth was similar to that described in cocksfoot for all ryegrass species. 

Most new roots were found to originate from tillers at the periphecy of 

·the plant, and were easily recognisable by their thickness compared w1 th 

the deteriorated roots, and their colonr and softness. 

While deterioration in the ryegra.sses as also similar to that 

in cocksfoot, the cortex sloughing off to leave the stele exposed in the 

ground, it was not so sharoly defined. The cortex in th"' early stages 

of deterioration did not always separate cleanly from the stele, but 

enclosed 1 t loosely. Whether this is due to soil conditions, or is an 

inherent properey 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 .!:1!, 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 o 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 ' R 1GRASS. 

(1) Deterioration and new growth of roots. 

The first observations on the root system of Italian ryegrass 

were made on lfov.20. 1946. when the plants had been growing in the plots 

for 193 days. No signs of root deterioration or new growth of roots was 

evident at this or the following two liftings of plants. At the fourth 

lifting in earl,y February. some few roots displ~ed the quality that has 

been defined as 'deterioration", i.e. sloughing of cortex. How&ver.., - a 

great number of other roots were vecy soft. and the cortex was easily 

removed by light rubbing of individual roots in the fingers . Previously 

1 t was more difficult to remove the cortex. There was a sudden increase 
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Figure 14. Comparison of seasonal leaf production with deterioration and 
new growth of roots in Italian ryegrass. 

leaf production. 
root deterioration. 
new root growth. 
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(both numerically and proportionately with the number 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 appeared to 

extend over the observable length of the root. At the le.st observations 

made (August, 1947) • over 701, of the number of old adventitious roots 

remaining on the plants exhibited cortex deterioration. Of the remainder, 

most showed the soft condition described previously. and it is possible 

with further observations. that 10~ root deterioration, as attained by 

the two strains of cock sf oot, ~ have been observed. 

New root growth ras fir t observed in the fifth lifting 

(late February), and showed a steady increase to ~each almost ftJi of 

the total number of roots at the last observation in August, 1947. 

fable XX.I shows the dat·a relevant to deterioration d new 

growth of r oots in Italian ryegrass. 

_T _______ ll __ I. Deterioration and new gro h of the adventitious root system 

in Italian ryegrass. 

Date No.Plants No.old Roots aff- i Detern. No. new Total New roots 
/pipe. adv. ected to of old roots. No. '% of total 

roots. Detern. roots. Roots. roots. 

20/11/46 3 597 - - - 597 -
22/1/46 3 714 - - - 714 -
23/1/46 3 462 - - - 462 -
6/2/47 2 636 7 1 636 ' - -
27 /2/ 47 2 661 13 2 65 726 9 
18/3/ 47 2 568 74 13 84 652 13 
1 I 4/ 47 3 468 281 6o 70 538 13 
29/4/47 3 470 259 55 192 662 29 
161-5/47 3 602 361 6o 271 873 31 
5/6/47 .1 183 122 66 86 269 32 
26/6/47 3 401 281 70 291 692 42 
14,7/47 2 222 16o 72 262 484 54 
5/ /47 3 255 186 73 J24 579 56 
31/8/47 1 89 67 76 128 217 59 

(ii) The relationshi-o of deterioration and new growth of roots to 

seasonal produetion. 

Fig.14 attempts to relate the deterioration md new growth 

of roots, in the form of graph curves, observed in this trial to a tn,ical 

production curve of Italian ryegrass. This latter curve derived from 

yield trial data from the Plant Research :Bureau•(Appen.dix VI). however, 

does not g1 ve a true representation of the relationship, for the following 

.. 
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reasons: 

l. The data is the result of trials made in 1945-46, and 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 Italian eyegrass is an annual pasture plant, dry matter figures 

' in the P .n.B. trial were considered only during the period of the year that 

the grass is utilised as such (.April 1945 - February 1946). Thus the line 

beween February and 183' on the production co.rve in Fig.14 is merely a 

connecting link between productions at different seasons. 

3. The production curve represents the proru.ction in the first year, while 

data on root changes were obtained in the second year of the life of the 

plants . 

From the limitations that have been outlined, it is 

obvious that the c011;1parison bet-ween production and the seasonal root 

behaviour of Italian ryegrass as pictur d by Fig.14 is not a. real one. 

The only observation that can be made 1s that there is a tendency for 

increase in deterioration of the old root ~$tem and new root growth with 

the fall in production in the alitumn. 

(iii) 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 1n Italian ryegrass. 

No.new No.over Extent of No. No .new root& vi eight Diameter 
roots. 6" in Branching tillers. /tiller. gms. largest new 

length. root. 
m.m. 

20/llf.46 - -- - - 133 - -12/12146 - - - 187 -23/1/47 -- - - 230 -6/2/47' -- - - 219 -27/2/47 65 -- - 164 .4 - .3 18/3/47 84 - - 137 .6 .5 .3 1 /4/ 47 70 ~l - 74 1.0 .7 .4 29/ 4/ 47 192 1st order 137 1.4 1.8 .6 16[5/ 47 271 44 1st II 246 1.1 1.9 .8 5[6{47 · 86 24 1st II 88 1.0 2.0 .8 2'6/6/ 47 291 It 264 91 2nd 1.1 4.0 .7 14,7/ 47 262 102 2nd • 166 1.6 3.6 .8 5/ '47 .· 324 129 3rd II 221. 1.5 8.4 .7 31/ / 47 la3 46 3rd " 19 1.3 

Branching was much slower than in cocksfoot, where branches o_f the 4th order 
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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 numbers of new roots were comparable 

between the two. Weight measurements showed increase through the trial, 

and diameters showed increase up until April, after which ~hey remained 

·fairly constant. 

(iv) Survival of the adventitious root system. 

The numbers of old roots per tiller surviving at each 

observation are shown in table XXIII. From these it appears 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 old roots surviving 

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

TABLE XXIII. Survival o,f the old root system in Italian ryegrass. 

Lifting Date No • surviving No. tillers No. roots/ 
No. old roots. tiller. 

1 20/11/46 597 193 3.9 
2 12/12/46 T\.4 187 3.8 
3 23/1/47 462 136 3.4 
4 6/2/47 636 219 2.9 
5 27/2/47 661 264 2.5 
6 18/3/47 5ffi 191 2.9 
7 7 /4/ 47 468 204 2.3 
8 29/ 4/ 47 470 177 2.6 
9 16/5/47 602 246 2.4 

10 5/6/ 47 189 88 2.1 
11 26/6/47 401 264 1.5 
12 14,7/ 47 222 166 1.3 
13 5/ '47 255 221 1.2 
14 31/ /47 . 89 79 1.1 

( v) Root hair development. 

At the first three observations, root hairs were evident 

along the length of all main roots, concentration being heaviest at the 

top 1-3 inches and, in the case of the shorter roots (on which the tips 

were available for inspection), at about½ 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 in 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 t,he perinhery of a 
ern Wolths plant showing new rooting. 

(Photo taken Mey 16, 1947.) 
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root hairs were evident on the ne~ roots. There was fairly even 

distribution until MEcy when branching was first observed on the new 

main roots. High concentration then appeared to become loc i ed, 

1n the old main roots, at the tips and tap portions of the roots. 

Development on the branches was sparse until July when m:my hairs were 

obseryed on the 1st order branches. There was little develonmcnt on the 

2nd order branches. 

(vi) Other observation . 

Table XXIV shows data to hi.ch little seasonal significance 

could be attached. The weights of roots at the different liftings show 

a gnneral tendency for decrease in weight with deterioration of the root 

system, but since this tendency is evident in on.1¥ one other grasa (Western 

Wolths}. 1 t cannot be emphasised in this case. 

TABLE WV. Measurements of the old adventitious roots in Italian I7egrass. 

Lifting Date Length of xtent of Diameter of Diameter of * 'Weight ot 
Bo. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

root :Branching largest sloughed old root 
system in old mite :root. roots. syst8J1l. 

- (inches) system. (m.m.) (m.m.) (gms). 

20/11/46 19 3rd order . • 1 - 50.7 
12/12/46 23 4th .6 - 30.7 

23/1/ 46 22 4th .. .8 44.6 -
6/2/47 18 4th ti .7 .3 26.3 ( 2) 
27 /2/ 47 22 4th II .7 .4 27 .1 ( 2) 
18/3/ 41 18 4th ll .1 .4 26.6 (2) 
7/4/47 18 4th fl .8 .4 21.4 
29/4/47 18 4th 11 .8 .3 14.6 
16/5/ 47 18 4th " .9 .4 22.9 
5/6l 47 19 4th ft .8 .3 10.0 (1) 
26/6/4i 18 4th ti .8 .3 14.3 
14~7/41 16 4th ti .9 .. 4 6.8 ( 2) 
5/ ~47 17 )rd tt .7 .3 15.6 
31/ /47 18 3rd lt 

' 

Weights of 3, plants except here brackets indicate the number of 

plants weighed. 

(i) Deterioration and now growth of roots. 

Observations on the root system of Western Woltha ryegrass 

were made at the same time as those on Italian eyegrass. The nature of 

deterioraticn was similar to that in the latter, but was consi_derably later 

in showing actual sloughing of the cortex from the roots. At the 4th 
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Figure 16. Deterioration and new growth of roots in Western Wolths. 
root deterioration: ------'-- new root growth. 
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. lifting (Feb.6 1 1947). ho ever. it ,as noticed that "3 of the old roots 

were soft and their cortex was easily removed. It was not until arch 18, 

that sloughing of the cortex c1as noted. After this lifting, there was 

not a. great increase in the pereentage of old root sho ing deterioration 

in the fol"lll of cortex sloughing• bit cortex of the roots no·li sh ng this 

condition was os tly soft, and easily detaohabl e. 

TABLE XXV. Deterioration and new growt~ of adventitious root s~stem 

in Western Wolths ryegrass. 

Date No .Plan.ta No .old Roots Detem. No.neu Total No. New roots 
/pipe. adv. affected % of old roots. rootb. % of 

roots • by Detern. .1.•oot • total . . 
20/11/46 3 389 - - - 389 -
12/34 46 ~ -

278 3 - - - -
23/1/ 46 - 3 - - - 562 -
6/2/ 47 256 256 1 - - - -
27/2/47 3 332 - - 23 355 6 
18/3/47 126 l 114 33 29 12 10 
7/4/47 3 303 105 34 29 332 8 
29l4l47 166 68 240 3 41 74 31 
16z5147 
}l6l~ 

3 158 91 57 129 28! 45 
2 139 19 71 57 19 34 

26(6/47 2 107 44 4l 137 244 56 
14,7/ 47 All plan.ti died en: t after thi s lifting • 
5/ ,47 
31/ / 47 

• 
Bew rooting was observed to begin in February at the 5th 

lifting 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 :lestern olths plants in the plots after the 11th lifting. 

Data concerning deteriorat;on and new gro\lth of roots in 

\iestern 'Wol ths is presented in table XXV. 

-
{ ii) The relationship of deterioration and new e;roltth of roots tQ 

season.al production. 

lo figures for the seasonal production 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 u.p to the time of dying out, deterioration 
/ 

a.nd new rooting were observed as in the other grasses. Fig.16 graphs 

these two seasonal root changes. '!his 1 s discussed in a following 

section. 

( iii) The seasonal growth of new roots. 

Table XXVI shows the seasonal growth changes of the new 

.. 
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lt 1 r1egr as. and eight o th 

increases from ini tie.i measur 

43. 

enching was imilar to th t 1n 

oo t and diameters oved 

The mw.bers of nev roots per 

tiller ere vecy lov. his was du to ·the s rising n ber of tillers 

at ll obaerv tion • which m~ h e induced by the lenient treat ent 

o clip 1ng. a r otion th t J~~ .... ,::;.,. (1937) found in Italian q ass. 

Ho 'fl ver the tillers were m nl1 v r:, eak, unlike those in the other 

eyegrane_s, n ... ter the pl ta hlld e cli pped in 1 ta Jun • no 

recovery v s e 1n an:a of th r m ning lants at subse 

r,egraas. 

iXt ent of o. of o.Bew Weight 
Branching Tillers. roots/ . 

tiller. 

Di 

t 11f't1ngs. 

tern Wolths 

eter of 
largest new 

ot. 
a.m. 

20/11/~ - - 86 .. -12/12/46 - 1 - -
23/1/47 - - 133 - .. 
6/2/47 .. 82 -27/2/47 23 - ll4 . 2 .l .3 
18/3/ 7 12 - 1 t order 61 . 2 .3 
7/4/47 29 l t 106 . 3 .3 . 4 
253/. 4147 74 22 1st · " 173 .4 1.0 .7 
16/5/ 4"( 129 9 2nd ff 224 . 2 2. 2 .8 
5/6[47 139 48 2nd fl l.92 .3 2.4 .7 
26/6/ 47 137 62 2nd lj 234 .3 2.6 .7 

ill r rrl"1-

i?l8 at o eh 11:ftin&. As ve.s the case in l'talian ryegr as. ther a 

grr.,,c!.uru. l'6duct_1on 1n thi~ m:.:bcr .1.th - ce.,dve lifting • 
TA13LE XXVll. Su.rviTal of the old root ystem 1n Western o t eyegraaa. 

L1t't1r..g , D t No . surviving No . tillers_ Bo .roo ts/ 
o. old :toots. tiller. 

l 20/11/46 389 86 4.5 
2 12/12/46 ~~ 128 2. 2 
3 23/l/47 133 4. 2 
4 6/2/47 256 82 3.1 
5 27[2/47 332 ll4 2.9 ,,. 

18/3/47 114 61 1.9 0 

1 1/ /41 ~g 1 6 2.8 
8 29/4/ 47 173 1.0 
9 16£5147 15· 224 .7 

10 5l !47 57 192 .3 
11 26/ /47 107 234 .s 

the.re was a gre ter dif • nee b t een .the n: rs of 

rviving root per tiller at the f rat 11r°t1ngs and a t the 1~st 
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ome hat simil · to th t o a rved. 

enr t.o be l &s c neeu tr tiQn o all 
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r o , rt. ~ cation 1n co... tr tlon of root hairs on the old 

e. ventiti ou.s ts oc rred e.t h'3 · 11ftin as 1n It 

( on the new roo 

tU l ar , broe 

ugh th titl.a of on et of 

t1ons 

th sea on.cl. root rovth of 

hair de alo ment 

be n obs rvod in Ital 

as siml t eoas . 

ed to h ;Ve 11 t tle 

tho aon to be a t 

vi.dent 

Ill . 

cy tor a noted in Itali an r3egra 

n o1 ht th the 

old root sy t • 

msifi '-'tion or th deter r tion of the 

T III. !easure gntg of old Yentit1ous ~oots i n te_ olths . 

L tt:i. · · Do.ta L gth of ))1 .ot * e · t of 
o. 

l 
2 
3 
4 
5 
6 

A 
9 

10 
11 

• 

root 
em. 

{ 0 ) 

'?-0/11/46 17 
12/12/ 46 20 
23/1/46 18 
6/2/47 · 16 
27/2/47 19 
18/3/47 18 
7/4/ 41 lS 
29/4/47. 16 
6,5/47 16 

,[ l41 14 
2'6{6/47 16 

• Wei~t for 3 plmi.ts 

in bre.cketa • 

2 n.d.o.-dt.r .6 
2 . ,, . 6 
'!> :i 3rd. • 
3 • 
3 ., . 9 
3 • 
3 . 
3 .8 
3 • .. 8 
3 .8 

( l) Deterioration d new growth of r oots . 

sloughed root )'8 
roots . 
( .m.) ( .) 

- 21 .1 
18.8 

- 13.7 
l .8 (1) 

- J..7.9 
.. 5 1·1 .4 j,, .o 
.4 6.8 
.3 5. 2 
.3 . 4 (2 
.4 8.3 (2) 

Fir st 11ft1ngs of ~erenni r yegrass plan.t s for root observ-

at ion wer e mad~ on Bov . 19 , 1946, ·when the pl ants had been gro ng in the 

plo t for 192 ~s. o si gn oi root deterioration or new growth vas 

noted. Some ne rooting was recogni sed at t he third lift" ,, (Jan 24,1947) . 
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and in subsequent liftings the proportion of new roots to the total 

number of roots increased until at the last lifting (.Aug.31, 1947), 

new roots numbered 401, (approx.) of the total number of roots. 

Deterioration of the old adventitious roots was first 

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

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

general distribution of roots which aopeared to be in the early stages 

of deterioration. In the roots wich shoved 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 le~th of most of the n>ots affected at lifting 10 fJune 5). 

On the roots remaining, many shoved softening of the cortex in 

latter liftings, bu.t it wi.s not possible to give arq accurate assessment 

of the numbers thus a.ff acted. • If the trial could bave been carried on 

further, it is possible that a greater percentage of deterioration vould 

have been observed. 

Table llIX shows data relevant to deterioration and new growth 

of roots 1n perennial ryegra.ss. 

TABLE XXIX. Deterioration and new growth of the adventitious root 

system in perennial. ryegrass. 

No.plants No.old Roots affec- Detern. Bo.new Total no. lew roct.e 
/pipe. adv. ted by 'I, of old roots. roots. % total 

roots. Detern. roots. roots. 

19/.11/ 46 3 824 - - - 824 -10/12/46 677 
24/1/47 
7 ~2/47 
2 /2/47 
18/3/ 47 
8/4/47 
"30/4/47 
17[5/47 
r:> /'6[41 
27{6/47 
15,7/ 47 
6/ ~47 
31/ /47 

3 - - - 677 -3 664 - - 73 11 :ra 3 959 - - 129 13 
2 684 1! 1 113 751 
3 807 2 185 967 
3 824 107 13 002 1018 
2 521 198 38 108 636 
3 i92 318 40 176 918 3 83 316 46 164 8 4 
2 923 470 51 41.3 1215 
3 792 413 52 412 1116 
2 583 298 51 375 989 
3 ' 

552 294 53 437 1067 

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

seasonal production. 

15 
19 
a) 

17 
18 
19 
34 
37 
38 
4l 

Figure 17 illustrates the relationship of deterioration of 

th.e old root system and new adventitious root growth to leaf growth as 
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represented by a production graph from yield trial dat over the same 

period as this trial o'Mained from the P.R.13. ("9Pendix VII). On 

comparing the production and deterioration lines in fig.17, it can be 

seen that deterioration of the root system begins in the autumn 'Id th 

the rise in leaf production. At the flush of l a.f growth in the antumn, 

deterioration accelerates and proceeds, as the production falls towards 

winter. New growth of roots shows a steady increase from .January 

onwards, and may possibly reach its maximum in spring th the onset of 

leaf growth. 

(iii) Seasonal growth of nev roots. 

The various measurements that show seasonal changes in the 

growth of new roots is recorded in Table XXX. ltew roots appear earlier 

than in Italian ryegrass 1 and this may account for the ore extensive 

branching in perennial ry egrass. 

TABLE XXX. Seasonal gro h o_f new roots in perennial ryegrass. 

No.new No.over Extent of No.of lio.ne Weight Diameter 
roots. 6tt in anehing. tillers. roots/ largest new 

length. tiller. root. 
gms. m.m. 

19/11/ 46 - - - 317 - - -
10/12/46 - - - 289 - - -
24/1/ 47 73 - - 287 .3 - .4 
·7,2/47 129 - - 341 .4 - .5 
2 /2/ 47 113 - - 274 .4 .2 .5 
18/3/47 185 - 15t of'<kr 291 .6 .4 .4 
864/47 202 32 l .. 252 .8 .7 .8 
3 /4/47 108 21 2 1\d. " 288 .4 .5 .1 
11Z5/ 47 176 39 2 ' 403 .4 1.1 .8 
5/6[ 47 164 55 2 " 496 .3 1.7 .8 
27{6/47 41.3 78 2 " 529 .8 4.4 .7 
15,7/ 47 412 97 3rd. • 540 .8 7.1 .8 
6/ ,47 375 131 3 ., ~2 .9 7.8 .9 
31/ /47 437 246 3 ., 514 .9 

The weights and diameters of the new roots show somewhat similar 

increases, bu.t the number of new roots per tiller is significantly 

lo er. Since winter production is higher in perennial than in 

Italian r.vegrass, and co aring the nunber of tillers of the tvo 

species at all observ tions in this trial, it ould be reasonable to 

suppose that the ;ov number of new roots per tiller a, be a.ttibutable 

to more vigorous tillering in perennial r;yegrass. 
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(iv) Survival of the adventitious root system. 

Table XXXI shows the number of old root per tiller surviving 

at each lifting. At the last l~fting there appears to be a.bout a 401, 

su.rrtvaJ. of old roots. There ia a. possibility that this ls not the 

final survival figure, were the trial able to have been continued. 

TABLE XXXI. Survival of old roots of perennial 17egra.s • 

Lifting Date No • su.rvi ving o. tillers Bo. root 
Bo. old roots. / tiller. 

l 20/ll/46 824 317 2.5 
2 12/12/46 m 289 2.3 
3 23/1/47 287 2.3 
4 6/2/ 47 959 343. 2.8 

i 2J/2/47 684 274 2.5 
l /3/47 807 ~l 2.8 

7 7/4/47 824 252 3.3 
8 29/4/47 521 288 1.8 
9 16/5/47 792 4'3 1.9 

10 5{6[47 ffi3 436 1.4 
11 26/6/47 923 52() 1.7 
12 14/7/47 792 5~ 1.5 
13 5/8,47 583 4)2 1.5 
14 31/ /47 522 51.4 1.0 

( v) Root hair development. 

Root hair development on the old adventitious roots was similar 

to that observed 1n Italian ryegrass. !he root parts on which hairs were 

most concentrated were the same as in Italian ryegras .. Diminution in 

concentration was not ob erved on the old roots unaffected by cortex 

sloughing, until the 7th lifting (April 8), after w.ich it was fairl.3 

general. 

On the n roots, hair de"Velopment was e"ddent at thefimt lifting 

that new rooting was observed (Jan.24, 1947). From this lifting, 

development was similar to that no tad in I tal.ian ryegrass, al though 

after the 9th lifting (May 17) , there appeared to be higher concentration 

or root hair on all parts of roots. 

( vi) Other observations. 

Table XlllI presents data to which little significance could 

be attached. 



Figure 18. Old tillers from a plant of short 
rotation ryegrass showing cortex 
sloughing of the old roots indicated 
~ urw. 

(Photo taken June 5, 1947.) 



Lifting 
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11 
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14 

TABLE XXXII. easurements of old adventitious roots in Perennial. 

ryegrass. 

48. 

Date Length of Extent of Diam.largest Diam.of * Weight of 
root ystem rs.nching. i te root. sloughed ol root · 

(inclles) (m.m.) roots. system. 
( .m.) (gms.) 

19/11/46 18 3 ~Lordtr .8 - 36.8 
10/12/46 18 3 . 

.8 29.7 24/.l/ 41 18 3 -
" .9 24.9 

7,2/47 17 3ffl, -,, 
.9 52.1 

2 /2/47 17 -4 " .9 .5 21. 7(" 18/3/47 19 4 . .8 .5 30.2 8/4/47 17 4 " .9 .4 46.5 30/4/47 17 4 " .8 20.6(2) 
17[5/ 41 16 4 ~ 

. 4 
.7 .3 36.1 

5/6,47 17 4 ' .9 
27/ /47 18 4 " .4 47.3 

.8 .4 31.~2) 
15,7/ 47 18 4 .. 

.7 .3 26.8 
6/ ,41 18 3'' . 

.8 
'31/ /47 19 4 fl< " 

.3 21.« 2) 

* Weights of 3 plants except where bracket indicate number of 

nlants weighed. 

SHORT BOTATION BI 

(1) Deterioration and new growth of roots. 

Liftings of short ~otation ryegra s plmits for root 

observations were made at the same times as those of perennial ryegrass. 

in perennial negrass, new rooting was obserTed at the 3rd lifting 
,t 

( 24th Jan, 1947), prior to any sign of root deterioration. t subse-

quent observations, the new roots showed a tead-1 increase until a.t 

the last lifting they numbered 48~ of the total number of roots. 

Deterior tion of th e old adventitious roots was apparent 

at the same time as in perennial ryegrass, and the prop:,ztt:i,nate 

increases were much alike in the o grasses. The e difficulty 

of accounting for the roots whose cortex showe igns of deterioration 

without sloughing off was encountered, and there was the po s sibility 

that, were further observa tions able to be made in both gr es, the 

extent of deterioration in short rotation ryegr ss m~ have differed from 

that in perennial ryegrass. 

Table XXXIII presents data for deterioration d new growth 

of roots throughout the trial. 
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Figure 19. Comparison of seasonal leaf production with deterioration and 
new growth of roots in short rotation ryegrass. 
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19/ll/4f 
10/12/ 4f 
24/1/47 
7,2/47 
2 /2/ 47 
18/3/47 
8/4/47 
30/4/47 
17[5/ 47 
5/6[47 
27/6/47 
15,7/ 47 
6/ ,47 
31/ /47 
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TABLE XXXIII. Deterioration and new growth of the adventitious roots 

in short rotation ryegrass. 

Bo.plan.ts Ho.old Boo ts a:ff ec- Detern. No.new Total no. llew100ts 
/ pipe. adv. ted by '1, of old root • roots. ,,, 

roots. Detern. roots. total. 

. 3 911 - - - 9ll -
3 766 - - - 766 -
2 628 - - 6 634 1 
2 464 - - 14 478 3 
3 720 - - 71 791 9 
l 494 6 ·l 95 ~l 16 
2 710 92 

. 
13 156 18 

2 429 73 lT 96 525 18 
3 675 182 ~ 158 833 19, 
2 466 134 98 464 21 
3 576 225 39 182 758 24 
3 459 232 50 153 612 29 
1 212 109 53 148 360 41 
2 280 151 54 257 537 48 

(ii) The relation~ip of d teriora.tion and new srowth of roots to 

·seasonal productio~. 

Fig.19 illu trates the rela.t1onsh. p of seasonal production 

of short rotation rycgrass <m.d root deterioration and new .root growth. 

With the onset of the t:nltm?m flush of leaf grovth there is a rise in 

the amount of root doterioration 'Which tends to increa e after production 

falls towards winter. New root growth increases from late summer 

throughout the period of the trial. The derivation of the production 

cu.rve is sbo\111 in AJ:,pendi:x III. 

(iii) The seasonal srowth of n w roots. 

Table XXXIV shows 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 la.st lifting. 

The number of new roots per tiller 1s, up to the 14th lifting, much 

lower than the corresponding figure in -perennial cyegra s. The last 

figure of •8 new roots per tiller m~ be an indication that new rooting 

1s slower in approaching that of perennial eyegra. s num rlcall.y. 

0nl7 further observations could ha-ve proved or disproved this. 

The measurements of diameter of n roots reaches the 

ltlaxi.mum much later than those in perennial eyegrass - 5th June, a 

opposed to 8th April. The weights show an increase vi th increase in 

numbers of new roots and branching. 



Date 

19/lL/46 
10/12/46 
24/1/ 47 
u2,47 

/2/47 
18/3/47 
8/4/47 
30/4/47 
17/5/47 
5/6l47 
27{6/47 
15~7/47 
6/ ~47 
31/ /47 

50. 

Jo.n "' !No.over Extent of !io. tillers No.n Weight Diameter 
roots. 6" in Branching. roots/ (~s) largest new 

length. tiller. root. 
( .m.) 

- - - 328 - - -- - - 268 - - -
6 - - 231 .03 - .3 

14 - - 281 .O'j - .4 
71 - - . 463 .2 .3 .4 
95 - - 299 .3 .5 .6 

156 2 l ~""o,.d.c.r 365 .4 .9 .5 
96 13 1 . 262 .4 .1 .6 

1~ 9 l . 414 .4 1.6 .6 
98 35 2"'1 . 343 .3 1.2 .8 

182 108 2 . 724 .3 4.8 .8 
153 122 2 . 476 .3 6.6 .8 

,148 81 3,-,L ., 327 .5 8.7 .9 
257 119 3 " 317 .8 

( 1 v) ~e survival of the dvent1 tious roots. 

Table show the number of old roots per tiller surviving 

at each lifting. At the last lifting it i apparent that about one­

third of the old roots have SllrviTed. 

T L XXXV. Survival of old roots of short rotation r~egrasa. 

Lifting Date :No.surviving o. tillers No.roots 
No. old. roots. / tiller. 

l 1.9/11/46 911 328 2.7 
2 ~0/12/46 766 268 2.8 
3 24/1/47 628 231 2.7 
4 ,,2/47 464 281. 1.7 
5 21 /2/47 720 463 1.6 
6 LB/3/47 494 299 1.6 
7 3/ 4/47 710 -365 1.9 
8 ~0/4/47 429 262 1.6 
9 L7l5/47 6J5 414 1.6 

10 ;/'6l 47 3 6 348 1.1 
11 27(6/47 576 724 .8 
12 ~5,7/ 47 459 476 1.0 
13 o/ ,47 212 327 .1 
14 31/ / 47 280 317 .9 

(v) Boot hair develop ent. 

Boot ha.ir develop1J1ent in both · old and new roots of short 

rotation are simil egards positions of ncentration, d ctu 

concentration in the later stages of the trial. t the 11th lifting 

(June 27) it was noted at the nev roots of th perennial. and short 

rotation ryegra shoved ch similarity as r_e.gard h r development 

that there was no distinguishing between then. 
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Decrease in concentration of root hai.re on old roots as 

noted at the same .time as in perennial r,egr (8th .Apr11). bit there 

was little deve opme ton the f nev roots observed in J nary (lifting 

3). At the 6th lifting (March 18) • development on the ne roots was 

comparable to that in perennial r:,egra a. 

(vi) 

Table XXXVI tabulates d ta to hicb. little significance could 

be attached as fu as seasonal growth of root i concerned. 

AllLE XXXVI. M a ~ ements of old adventitious r ot in short 

tation ryegra • 

" Lifting Date Length of xtent of Diam.larg- Di .of .. 'weight of 
Bo. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

root Branching. est bite sloughed old root 
systBlll. root. roots. system. 
(Inch ) (m. •) ( .m.) (gms). 

19/.11/46 18 3~"- .6 48.l ord<~ -10/12/46 21 3 .. .6 - 49.6 
24/1/47 20 3 .. .7 - 21.6 (2) 
u2,47 18 4 . .7 - 36.5 (2) 

/2/47 19 4 .. .7 - 30.0 
18/3/47 22 4 .. .7 .4 31.1 (1) 
8/4/ 47 21. 4 ◄ .8 .4 20.3 (2) 
30/4/47 22 4 - .8 .3 15.6 (2) 
17~5/47 20 3 . .7 .4 36.2 
5/ /47 19 3 •' .9 .3 33.6 (2) 
27/6/47 17 4 

., .7 .3 38.3 
15/7/47 18 4 

-
" .8 .4 34.7 

6/8,47 18 3 " .9 .4 22.9 (l) 
Jl/ /47 18 3 .. 

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

i indicted in bracket .... 
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SECTION V. DISCUSSION OF RESULTS. 

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

int erpreta.tion. 

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

tw 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 syst.em 

(primary in clovers; secondary or adventitious in the grasses) after one 

year of growth in late summer or autumn. 2. New growth of roots waich 

begins in most eases at nearly the same time as deterioration of the old 

roots. 

The graphs presented in detailing these results in each s-oecies 

or strain all follow the general. pattern that is show. in fig.20. 

Deterioration begins in the late summer and increases with the approach 

of the flush of autumn leaf growth, continning as production falls for 

the winter. The number of new roots produced increases from summer. 

From this a general picture of the seasonal gro h of the plant as a whole 

ml\Y be deduced. With the fall in leaf production in the summer,~ot 

reserves are called on to maintain produ.ction in the au~ resulting in 

a rapid deterioration of the roots. This continues in the winter until 

a maximum deterioration is reached, the l~ere~roduction in this season 

being attribute~ part to the loss in absorpti e root area. New rooting 

is µicreasing in the m:eantime until spring, when. leaf production 1s made 

pos~ible by the absorptive action of the new roots in the soil. The 

earliness of spring gro th would depend on the amount of development of 

these new roots. 

The persi stency of sny species uld depend, then, unon the com­

bined effects of the extent of deterioratiou or th·e amount of survival of 

the old roots, and the extent of repiacement or new rooting. The differ­

ences between various species and strains in regard to their persistency 

of grovth may be correlated to the seasonal behaviour of their root systems q 

reference to data compiled_ under the headings of the seasonal growth of new 

roots, and survival of old roots. With the approach of the second year of 

growth, new roots _are formed, which increase in number through the second --
win er. Through the season, these roots develop in respect to diameter. 
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length and extent of branching. If sufficient roots are formed to replace 

those lost by deterioration, and if they EJre sufficiently developed to 

function, the plant survive sh.o ing the quality of persistence. In the 

non-persistent species, new root development is insufficient to replace 

those roots lo t. 

Construction of this general pictur of .seasonal pasture plant 

growth is presented i th some re~ervations. Although the data for 

deterior tion of the old roots and nev root gro th shows some relation hip 

to the seasonal leaf growth and persisteney in all spe es, the explanation 

of it cannot be empha 1zed, because of the limit tions ilzl!,osed by the method 

of investiga.tion ·that was adopted, and ture of root material that renders 

it difficult to subject the seasonal traits exhibited to measurement. 

Before substantiating the general outlin that ha bem given of the 

seasonal growth of pasture plants qv ore detailed reference to the data. 

obtained in this inve tiga~ion, 1 t may be expedient to point out the limit­

ations to which any interpretation of this data is subject. 

1. 'rhe explanation of deterioration is not proven. hether storage of 

nutrients exists in the adventitious roots of gra ses ls uncertain, though 

the primary root system in clovers, from sections made in April 1947, sho ed 

some starch storage (Appendix IX). lt is p ssible th t nutrients are 

stored in grass root in the form of comple sugars • 
• 

chemical investigation is necessary to confirm thi • An 

More detailed 

ternative 

e~lanation of the can e of deterioration ffi:8.Y be merely the ageing of root ; 

Stoddart (1935) see ed to subscribe to this view. 

2. By taking only the roots in the top 12 inches of soil. it v s not po s­

ible to observe arr, changes in the root at a lower leTel. Thu ~ season­

al changes \hicb. ocC1.1rred were not recorded. 

3. The deterioration of the rimary root s1stem in clovers ended 'With the 

rotting away of the ole system, bu.t it a not possible to ascertain 

directli hether secondary roots in the grasses ich showed cortex slough­

i ng were dead or alive, or hether there was 8D'3 rotting of the roots, 

becan.se of their fineness. Th1 has been a problem mcountered by oversea. 

workers. Stuckey (1941) traced the roots to the tips and from sectioning 

recognised live roots from mitotic division figures of cell nuclei there, 

vh1le Weaver snd Zink (1946) using a root banding technique. were satisfied 

that roots were alive from their surviv and condition. · In this investig-
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ation, deterior tion in grass roots was measured as a percentage of old 

roots affected by cortex sloughing, and thus gave no indication of whether 

the roots thus affected er·e functional or not. It is st likely, in the 

light of Stuckey' s findings in cocksfoot, that many roots affected by· corteX 

sloughing m&,1 still be able to absorb plant nutrients in the soil at levels 

lower than 12 inches where the cortex is probably intact. 

4. The attempt to find the extent of repla_canent of the old root s1stem 

by new root growth in grasses was not v~olly successful. This aa done by 

taking the number of roots that su.rvi,red at each 11:f'tirg, am the number of 

roots that were formed as numbers per tiller. It was thought that from th 

measa.rements, two deductions could be made: .(a.) The proportion of the old 

root system that died could be determined, as sho by the I1U1I1ber of old 

roots per till er at the first lifting and the last. ( b) The amount of 

replacement of these roots by new growth could be found. 

The factor which rather modified t:00 importance of these result was 

the nature o~ the seasonal growth of tillers. hile at each lifting of 

plants. the number of tillers were counted in eacll grass specie , no account 

was taken of the change in tiller numbers in individual plants. This a. 

important, in that, taking a single plant with a constant root number, an 

increase in tUler DW!lbers aitomatically decreases the roots per tiller ratic 

Similarly a ~ing off of tillers would incre e 1 t. That there were new 

tillers formed during the period of the trial was obvious, bit whether the, 

replaced tillers that had died off, vas problEmtatical. In most of the 

. grasses there apneared to be a tendency for the plant to replace roots lost 

by new growth, but in the light of the above criticism, it is difficult to 

know bow accurate a representation of the facts that this is. .A study of 

tillering habit in the various grasses would clarify this situation. 

In the clovers, no such problem was encountered since 1 t was obvious 

tha t the primacy root system was replaced by tha secondary or adventitious 

system. After the rotting awy of the primary root s7stem and. the lack of 

connection between tillers resulting, these apparently continued existence 

as separate plants. 

5. The trial did not extend over a full y~ar. concluding at the end of 

.August, 1947 ~ before the nush of spring growth. am therefore the si tua.t­

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 

deterioration of primary root systems and new growth of root 1n the clovers. 

They are all irregular, so that while a tendency fo r 1ncre e of both factors 

of seasonal root gro th is obvious, the e.ccu.racy of the individual points 

on the curves is qJ1.est1on~.ble. A greater number of plant of each species 

or strain per. lifting m~ ha e o bv1ated th1 s dl.fficu.l ty. 

Taking clones from single plants of grasses to obtain material for 

root observation virtually dispensed 'With sny genetic dif'ferences between 

lndi vidual plants of the same species or str ain; but due to e1 ther the 

failure to select uniform tillers, or to small soil differences in the 

indi ~dual pipes in which the_v were planted. tiller numbers and root munbers 

per plant differed so markedly between plants , that roots per tiller was 

taken for comparativ~ measurements. Thus there was a lack of uniform! v 
in the grass material, even with the precautions taken. 

Weaver and Zink (1946) in their s tudies on seasonal. root growth of 

some prairie grass Species made their seasonal observation of root survival 

using a techni~e of banding individual roots, and making periodic inspect­

ions of the roots, after each of which soU round the roots vas reple.ced. 

Thus the plant in ected was not destroyed, as was the case after each obser­

vation in this study, nd the difficulty arising from variation in root 

behaviour between individual plmts due to genetic or environmental condition, 

was eliminated. Ho ever it uld be difficult to ap-ply this techniqu.e to 

the species studied in this present trial, since the root parts involved are 

much finer than those of the rairie and rang species, and would be difficul 

to mark by banding. Also the inspection of roots and replacing of soil 

a.f'tervards would be difficult. 

7. Under Sllch treatment as the plants received 1n this trial, where compet-

1 tion from weeds or other grasses was excluded, the results m93 differ widely 

from those which, if' it were possible, would be obtained under normal pasture 

conditions. Particalarl;, so in the annual plant whose persistency mq be 

exaggerated under these conditions. Western Wolth. for example, persisted 

until June 1947 - 14 onths, and the plant fro which tillers for planting 

originated was over one year old. 

8. l n comp ing seasonal. deterioration d new growth o.f roots with leaf 
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growth in the •an.nu.al' plants production curve were u ed of fir t ye 

pasture yield figure. This doe not ve a f' r ?Ompari on since all 
\ 

data for deterioi:ation d new gro th of root v ma.de ' en the plant 

were in the second year of growth. Thi& wa the c e in Italian ryegr 89, 

broad red clover and ontgome:cy red clover. In all species, a better 

comparison between s asonal production d root b haviour m~ have been 

ob ained if f1gu.r for leaf gro th had been t en from the plant in the 

plot., by eigb.ing of the foliage which tr d off tµ-oughout the trial 

9. Du.e to the nature of tm root materi2.l, the ossibility of errors in 

estimation of th deterior~tion and ne , gro th of roots in gr Bse and 

clovers has to be al.lo ed. In the clover , it w wt pos ible ·to mea.-

sure deterioration objectively. bu.t by using a y t of allotting of 

points or grade to different intensities of deterior t1on. Thus the 

likelihood of error of a subjective nature is imtroduced. e ecially in 

the ain ten.anoe of tP..ndard of the e gr at successive lift1ngs of 

nlants of a Sl:)ecies or strain, after the lapse of three weeks between ea.eh. 

The new rooting in clovers was assessed irectly by counting the numbers 

of new roots a.risi from each tiller or stolon. Thia more objective 

method of measurement wa still prone to error. since. although the 

number of tillers could be accurately counted by cutting the primary root 

y ten aw~ from the re ainder of the pl t at the point of attachment , 

the s are.tion of the tolons ( especially 1n the white clover ) to coun.t 

the roots on each as difficuJ.t. 

ln the gra.s es there wa ag the problem of finding o e basis 

tor measurement. For comparison with nsonal leaf production, deterior-

ation was measured a percentage of tot old surviving roots. and new 

oob gro th as a percentage of total root • It can be seen that deter-

ioration and ew gro th are not directly arable a measu.red on these 

b ses. Thu to stu~ the r la.cement of old by new roots, these were 

brought to co n ba.si of measu.r ent - roots per tiller. Again the 

!in ne s of the root m terial introdu.cod th o eoibili ty of error in 

counting of the ro ts. The number of roots per pl~ t at any ob rva.tion 

is obviously an o jecti v real.1 ey, but the ex cut ion of auch me su.renent 

is prone to error of subjective nature. J. o the error may not be a 

constant proportion at different lifting f plmit of the same species 

or strain. 
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Root hair dev lopment proved the mo t difficult to measnre. Sta.t -

ments regarding devel~pment are presented without substantiating figures. 

Attempts to make eounts icroscopically with the aid of a icrometer gauge 

in the eyepiece of the microscope were not su.cce sful. !loot hair were 

so concentrated in some parts of the roots that counts of numbers per 2 m.m., 

could n.o t be repeated within 10 on the same part of the root a few minute 

after the f' 1r t eount was made. A standardi ed teehniqµ.e for counting the 

root hairs as not adopted. so that real pro f of the statements ma.de in 

regard to seasonal change in numbers cannot be claimed. 

· Other measurements such a weight of old roots throughout the period 

o.f the trial were e.11pected to sho- a decre e due to deteriora tion. That 

thi~ was not tlae ca. e was probably due to diffieuJ.ey in washing a a-g all the 

soil from the roots , or the influence of small fferences in the 11 of 

the plot - texture, nutrients available, etc. !he lifting o.f a greater 

number of plant at each observation ould have al.loved some scope to show 

statistical ff"erenees between average weights of those groups of plants 

at different observations. 

With these limitations outlined. the next section presents the attempt 

to render the su.bstantiation of the general pie.tare of seasonal growth of 

pasta.re plants that as expressed in the beginning of this d1s011ssion, by 

the use of the dat obtained in this trial. on seasonal root behaviour of the 

ten dU:t·erent pasture species or tyPes that were tested. 

(it) lmf.A!L'IOB .O.F TS • 

• he features of s a. onal root behaviour vhtdl discus d 1n 

conn leaf oduetion per 1 t ncy of gl'Owth in t 

sp c1 e or strain.a tudi d the deterioration of 

.,.g .. ,uuda:ey in grasses) • 

e o ginal. root 

(prim8.1'1 in Clov st 

r ot fo d. a.Dd. the d.Errelo nt of the individu 

app a.red to ehov ao e r lation lp to 1 al production 

plonts etudied. btlt thia doe ot preclu.de the po lbU 

numb r of adv: t1t1ou .. 

roots. The e all 

rsi tenc:1 in the 

tha other tao tor 

1n root gro h a:, show nnection. e to easure nt 

dev1c a, as. for exemple, 1n the case of root ha1r d ,<mtaent. and defic-

iencies of ethod of inveatig tion outlined reViously, hlch influence 

suoh :f'aetor as root ei hts, di eters, etc, these t be rela ed to 

th ea. on le gro rth of the lonts involT d, si ce they sho no 
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obvious seasonal trends. 

mll RED CLOVl!lRS: 

Since no production figures for second year growth were available 

in Montgome17 or broad red clovers the comparisons between leaf production 

for the first year of growth and root behaviour in the second yoar of 

growth in both eypes (figs. 6 and 5) camot be regarded as accurate. 

The only fact that can be indicated is that deterioration and new growth 

of roots assume s:> mewbat sit:t1lar positions relative to seasonal production 

o:f leaf { taking first year production figures) to those in the 'perennial' 

grasses and clovers. Deterioration of the l'rimary root qstem begins 

in the late summer, there being a marked intensification in the antumn at 

the time of the flush of top growth. then a steady continuation of 

deterioration as production falls for the winter. Adventitious rooting 

from the tillers begins a.t 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 q>pear 

to !unction for a short period only. probably in place of the primary root 

system which is deteriorating, when the plant cannot rel.7 on the under­

developed a.dventi t1ous roots that a.re being formed on the stems. 

Persistency in the red cloTerz differs somewhat from the general 

description presented 1n the first section of this discussion. The trend 

in deterioration of the primary root system indicates that there is no 

survival. after the second seascn of growth, so that 'Whether the plant 

survives the second winter depends sol el.y on the devel0pmen t of new roo ts. 

The p-resent trial on red cloTers was not continued. long enough to obtain 

maximum deterioration. i.e. complete disintegration of the pr1J!lal7 root 

system, that was noted in both white clovers, except in one observation 

in broro red clover (July, 1947). However, there was a general tendency 

for intensification of deteri9ration and it was ~rent that were it 

possible to continue the trial , disintegration of th.e 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 s.dventi tious root system in the 

soil. 4s Sa.xb7 {1945) states, the Kontgomery strain of red clover is 
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more permanent that the broad red. An er_plan.ation for this on the 

basis of seasonal root beha"rlour is that although deterioration of the 

primary root system is observed in Hontgomery red clover over a month 

before it is in broad red, 1 t appears to proceed at a slower rate, so 

that in August~ the ma.Jori ty of plants mq 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-

ecy_ red clover than in broad red. :t the last ob erTation 1n August, 

1947. there were 24 adventitious roots per tiller in Montgomery red clover 

as against 18 per tiller in bl"Oad red, as tables I and IV show. 'fables 

II and V show that at the latter stages of the trial. adventitious roots 

of the Kontgomer:,y strain are more deTeloped in terms of length and extent 

of branching. !hus it would sean that the persistency of the primary 

root system and the more rpaid growth and development of the adventitious 

roots from the tillers can a.coount for the greater po er of survival of 

ontgomer;y red clover over the broad red strain. 

!BE WHITE CLOVERS: 

The seasonal. leaf production 11:J compared m th primary root 

deterioration and new root growth in both. ordinary N.Z. white clover and 

No. 1 B.Z. pedigree white clover in figures 9 and 1o ·respectively. It 

can be seen that 1n both tyPee of white cloTe-r the seasonal trond 1n 

proda.otion is similar. There is a drop in leaf growth from December, 

until in J'ebrta.a.r1 there is a late sumner-early ao.tumn flush in growth, 

and from then on a. fall oTer the, winter. The poor uhi te strain shot1s 

a lo er prodn.ction o r all seasons in the yem: 1 .and this is especially 

noticeable in the autumn and winter. Primary root deterior tion was 

observed. in both strains in January, 1947, and its increase showed the 

t,pica1. inverse relationship w1 th the fall in production after· the 

atwnn flush of leaf growth. Crown root numbers were at their maximum 

in the autumn, and they m~ have functioned in a temporary capacity in 

support of the deteriorating primary root system. Deterioration ~pears 

to smw a slower rate of intensification in Jio. l white clover than in the 

ordinary t;roe, but the problm ariaing from the variabili ey- inherent in 

this seed, which has been prenously discussed, make the int retation 
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of the data dilficnlt, especially in attempting to compare the two white clover 

tl{)es with respect to their autumnal leaf growth differences. The low winter 

growth in the poor white clover mu.st be connected vi th the total oollap se of 

the primary root a7stan, the plants surl'iving solel.7 on the adventitious root 

system, which has in the meantime develop ed. The higher winter growth in 

No. l white clover m~ be -attributable then, to the longer survival of the 
-

prµiary root system, md the greater numbers of adventitious roots that have 

famed.. 

The persistency of Bo. l 'llilite clover is Sl.1!)8rior to that in the 

ordinary vbite clover. From table VII it can be seen that the number of 

new root$ per stolon formed 1s uniformly high (50-70/ stolon) at the latter six 

11f't1ngs of Io. l white clover, while in the corresponding liftinga o:! 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 

plant. In poor white clover, at one lifting, 74 adventitious roots per tiller 

were counted, a number tha.t was never observed in observations on the new roota 

of No. l v.'hl.:te clover. This count was never repeated in S11bsequent liftings 

of poor white Cl.over. This brings forvard an observation regarding the 

relative qu.ali ties of the two types of clovers. From observations of the root 

behaviour of the t'iO -cypes, particularly the new growth of roots, 1 t appears 

that lo. l vhi te clover e:xhibi ts much mol"e uniform tendencies throughout the 

season. T-he seasonal production of new roots show a. more constant trend,. 

and from tables VIII and II, the growth o:f the new roots formed show much more 

consistent tendencies of increase in regard to length m.d di•etera. lt 

would therefore seem that in Bo. 1 white clovers its qualities lie in the 

uniformi t;y of the seed, which 1s e:s:pressed by the more stable root behaviour 

that plants exhibited in this trial. In the poor strain. the extreme variation 

between individual plants shows the heterogeneou.s nature of the seed. Bot 

only was this eYident in root behaviour, bu.t al.so in top.growth. Some plants 

appeared to be growing as well as, or better than No. l white clover, but lll8DY 

were veey much inferior. This was not evident from tiller numbers as shown 

in tabl.es 1X. and XII• but would have been reflected by actuel measurements of 

leaf growth in terms of weight, sizes of leaTes,. etc. 
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COOXSJIOOT. 

The seasonal leaf' production of c.23 cocksfoot is graphed in 

.fi.g.13. Sumt1er production begins to fall in January; there is a slight 

rl se in the autumn then a fall a.s 'Winter approaches in Mq. !he first 

sign of deterioration of the root S'¥ tem va. observed in Janua.ey and this 

progressed until late .April, at the time o! th autumn flush, deterioration 

reached l~ of the total number of old roots. After this there as a 

decline in leaf growth during the winter months. Bew root growth showed 

increase through the period of the trial. Spring growth is reputed to be 

early but not rapid in this strain of cock:sfoot .. and the data of the survival 

of the old root system, seasonal growth of new root and tillering du.ring the 

winter. rather supports this. !he original mmiber of roots per tiller was 

5 - 75 ( table XIX) before any signs of deterioration were evident. At the 

end of the trial, the number ot surviving roots was 1.6 per tiller. llow 

the 'replacement' or- n~ roots at the sanie time vas only 1. 0/ tiller ( table 

XVIII) • so that the total number o! roots per tiller is 1:n the v1eini ty of 

3. Until there is a greater number of new roots either to replace those 

roots which have deteriorated, or to sup1>ort new tillers that have been 

formed. leaf growth will be slow in the Spring. Since C. 23 cocltsfoot is 

known to be a fairl7 persiste-ut strain under favourable management. it 1s 

probable that growth and; development of new roots contimies well into the 

spring. The nt1mber of tillers that are formed over the winter (table XIX) 

enables an early spring growth which is not rapid due to the la.ck of 

development in the new root system ( table XVIII). 

There is nothing 1n the root data, wich indicates that Danish 

coaksfoot 1s short-lived. The lower produ.ction is possibly indicated bJ 

the trends 1n seasonal deterioration of tha roots. Deterioration was 

quite evident in the first observation (XoT.1946) an increased until in 

March, 1~ of the total number of old roots vere affected by sloughing of 

the cortex. This meant the stage where absorption area of the old roots 

were at a minimum was reached nearly two months earlier than in C.23. 

Earlier summer growth ma,y be e:xplained from the survi"9'al of old roots-

4/tiller approx. ( table XV) and 1he growth of new roots - 2-3/tiller 

{ table ·XIV), at the end of the trial, which together approximate the original 

number .of old roots per tiller, 6..9 as indicated 1n table U. The replace-



ment of the old roots ey netJ roots was earlier in Danish cocksfoot than in 

the c.23 strain end tlm.s accounts for the earlier leaf groYth. 

The higher lea:t production of c. 23 cocksfoot in winter is probably 

clue to the fact that new tillers were produced throughout the winter. 

Comparing tables XIV and XVIII, it is evident that there is 11 ttle tillering 

in Danish cocksfoot over the winter, so that growth activity in this plant 

over this period is confined t.o the underground parts - the development of 

new roots. 

New rooting was observed at the first observation in November 

1946, so that subsequent growth and development of the new roots vas 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 Ril!XlRASSES. 

I ta.lien ryegras and 'Western 'ti ol ths represents the 'annual' type 

of ryegrass in this trial. As has been pointed out, the results obteined 

on root behaviour cannot actually be compared 'With seasonal leaf production 

figures. since those plants observed in the trial were tvo-year plants. 

The data does, however. show so.me explanation for the differences between 

length of life, or pers1stency of Italian ryegrass and Western Wolths and 

between Italian and the more permanent :9erennial and short rotation ryegrass-

es. 

Deterioration of the old roots 1n Italian ryegra.ss was not 

observed until early February. After this month there -was a sharp rise 

in the amount of deterioration until late March ff:)% of the total number of 

old 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. end it would seem from this that 

root replacement was fairly high. In examining the data of n w root growth 

( table XXII) and old root survival. ( table XXIII) it is fonnd that the number 

of new roots per tiller at the last observation was 1.3, and the number of 

old roots per tiller su.rviving was l.l. This gave a total number of roots 

per tiller at the last lifting of 2.4 a-pprox. while the number of roots :per 

. thA onset of root deterioration or 
tiller at the ini tiaJ. observati b f -ons e 0 re 
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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 number of roots per tiller was about ft)'!> of the same 

measurement in the preceding Bovernber. 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 percentag~ of total old roots was relativelJ 

Sn1sll 'Without much increase fr01n .April till June. '!he number of old roots 

per tiller showed a great decrease from February on indicating either the 

loss of the original :roots,, or an increase in tillering. It seemed. likely 

from t able XX.VII that the former was mainly the explanation although there 

wa a greater number of tillers on the last plants observed than P,revious 

ones. At the last lifting before the death of the remaining Western Wolths 

plants in June, the number of old roots surviving was .5 per tiller,. and 

the number of nev roots was .3 per tiller, total.ling .8 roots per tiller, 

or 23fi, of the number of old roots (4.5/tiller) original.17 observed ( table 

XXVII). It would therefore seem as though the root 81 stem was not developed 

sufficiently to meet the demands of the plant in surviving the second winter. 

In perennial ryegra.ss sea.s01al leaf production follows the trends 

tyPified by the produ.ction line in fig.20. After the maximum produotion 

period of up to January. there is a summer slump, then autumn recoTeey 

March to April. followed b;y the lov -production winter period. Root deter­

ioration begins 1n late samner and there is a sharp intensification at the 

time of maximum autumn leaf grollth. Thereafter there is a steady increase 

in the· percentage deterioration. Jew root gro'llth was first observed in 

January• and showed a fairly steady increase until in August 41~ of the 

total number of roots ware new. To obtain a more detailed picture of the 

root changes in numerical terms the number of roots per tiller at the :first 

observations before the onset of deterioration and new rooting was observed, 

vas 2.3 - 2.8; the number of roots surrtving in August, 1.0 per tiller 

( table XXXI) and the number of new roots per tiller at this time .9 ( table 

XXX). Thus the total number of roots per tiller in August was 1.9. or 

a.bout 75'1> of the original number. Thus it w,uld seem that the replacement 

of old roots which have been eliminated is rapid am makes the spring leaf 

growth that is characteristic of perennis.l r~egrass. 

Production of leaf in short rotation :ryegraas followed similar 



trends to those in perennial ryegrass. From fig.19, it m&3 be observed 

that the summer slump in production was not as severe as that in perennial 

ryegre.ss. but the autumn flush of gro'Jlth did not reach the :proportions of 

that in the latter. 'l'he difference between the extent of the summer drop 

in production in perennial and short rotation ryegrasses cannot be related 

to any differences in seasonal root behaviour; but root deterioration in 

short rotation ryegr s 'Which was observed to begin at the same time 

(early :February) as that in perennial ryegrass shows a much slower 

intensification, indicating that there m~ be a higher rate of utilisation 

of i·eserves in perennial ryegrass to obtain a higher leaf' production in 

the autumn. Winter pi·oduction in short rotation ryegra.ss 1s higher 

than in perennial, indicating a more even spre d of utilisation of 

reserves in the f"omier. 

New root growth in short rotation rather parallels that observed 

in perennial ey egras s. being first ob served in J anua.ry , and sh owing a. 

stea.cy increase until in August nev roots numbered 48~ of the total roots. 

The spring leaf growth of short rotation is stated by Cork:hill (1945) to 

be earlier than in -perennial ryegrass but the behaviour of the root 

system of short rotation ryegrass in terms of survival d the original 

root system and new roots did not explain this. The munber ~ roots 

per tiller at the first observation (lov.1946) before the advent of root 

deterioration in the form of cortex sloughing or new rooting vas fairl7 

constant at 2. 7 ( ta.ble XX.XV). The surviving roots per tiller at the 

last observation (Aug.1947) numbered .9. and the number of new roots 

at that time was .8 per tiller ( tables XXXIV and XXXV). Thus the number 

of roots per tiller in August was l. 7 or about 65i of the original number. 

In comparing the seasonal grovth of the new r ots of both grasses ( tables 

XXX and XXXIV) • development of the net root as similar in respect of 

proportion of roots over 611 in length, extent of br 1ching. and diameters, 

1. e. the ne"1 roots of both perennial. and short rotatio.o. ey egrasses were 

at similar stages of levelopment in August. Thus it seaned that 

perennial ryegrass with its greater number of new roots per tiller, • 

behaved paradoxi~ in its comparative lateness of spring leaf growth. 

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

are many factors limiting the explanation of this data. It is opportune 



to applJ the possible implications of some of these limitations to the present 

si tu.at1on, which has arisen in attempting to reeoncil e roo t behaviour w1 th 

earliness in spring leaf growth of perennial and short rotation ryegrasses. 

1. The t-rial did not extend into the spring. The situation regarding the 

number of roots per tiller in either ryegra.sses or both ma1 ha.Ye changed 

since the last obse"ation made 1n Augnst. 

2. The nature of deterioration in the grasses is fairly el ear, but the 

inherent differences bet'lleen ryegrass Specie in mch factors of deterioration 

as loss of roots are not known. The complicating factors of tillering md 

dfing off -of old tillers that are not meaSlll'ed in this trial make the signif-
. 

icance of measurements of numbers of roots on a per tiller basis cµestionable. 

Thus in this example of earliness of ring leaf growth i n perin'Ulial and short 

rotation r;yegrasses, it is possible that unknown factors may haTe 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 sea,,onal 

top growth, as in the two ty:pes of cocks:foot. 

3. The design of the e:xperiment alloving the observation of the root systEllls 

of three plants {at a maximum) onl.y a.t each lifting did. not permit any 

statistical treatment of data. ln perennial ryegras$. the number of roots 

per tiller surviving (table XXXI) at the first fourliftings were 2.5. 2.3, 

2.3. 2.8. '?hD was before any cortex sloughing was observed. These figures 

may have appro:d.ma.ted one another vere more plants observed at each lifting, 

and the resu.l ts obtained statistically examined. 
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SECTION VI. CONCLUSION. 

It cannot be cl med that the object of this investigation have 

been fully attained. Firstly on setting down the seasonal changes in the 

root systel!ls of those ecies and strains studied, only the nature of the 

two, namely deterioration of the original root system (primar;y in the 

clovers; secondary in grasses). and growth of new roots can be said to 

have been satisfactorily determined. 

The S11perficial relationships of these t,o root changes to the 

seasonal cycle of leaf -production were able to be made, but the implications 

of these relationships could only be nut forward with many reservation. 

Not only were there limitations due to the planning of the eJq>eriment &nd 

the lack of mean of objective measurement of the root changei.:i, but also 

the lack of knowledge of the b1ochen1cal aspects of nutrient storage and 

utilisation in grass and clover roots, vhich prevents the fomation of m 

accurate picture of se onaJ. pasture plant growth. Donald (1941) makes 

an unauthenttcaud statement, ttThe seasonal cycle of production is intimately 

related to the physiology of the plant. The bu.rst of gro\lth preceding 

flowering. and. the trans£ e1·ence of reserves to t.b.e crovn and root occur at 

different seasons in different species". Without seasonal chE111ical 

determinations of •reserTes ' in both roots and foliage of different species. 

su.oh a conclusion is dif'ficul t to accept. l:f transference of reserves 1s 

correlated in some Wt!f3 w1 th root deterior tion. the present stu~ 1ndi cat es 

that this transference- ocau.r1t1 at approxima.toly the same season (late summer -

autumn) in the Trif'olium, Dactylis and Lolium ecie and strains investig­

ated. 

While Stuckey' s classification (1941) · of grass root into 'annual 1 

snd 1:perennial I types cannot be confirmed o ing to the inopportune cessation 

of the present study, it is apparent that general statements sanetimes 

expressed 1n the literature such as Levy's (1943) • "For each growing season 

a new root-system is deTelopedtt, cannot be made in reference to grasses. 

\ih1le this statement cannot be entirely negated in reference t clovers, nor 

can 1 t be taken as fact. since no W'Ork has been conducted investigating the 

seasonal behaviour of the roots, as fe.r as is know. This inve tigo.tion 

showed that in some clovers (notab:U the rad clover ) the rima.ry root systs 



aumved ell into the seconc year, bu.t the subsequent behaviour of the 

secondary roots ormed could not be observed. and 1t is possible that these 

rooh ml\)' a sume the 'Mnual I habit. 

To obtllin a more positive and complete portr~al of seasonal root 

growth in relation to seasonal lee.£ production, it is ~parent that three 

factor' , which ere t10t considered in this inve tiga.tion, must be taken into 

account. 

(a) In planning the e:xperiment, nore plants of ea.ch species or train should 

be grown. so that a greater nwnber of each can be observed at intervals than 

was the case in this e:xperirnent . The observations bou.ld extend over a 

period of more than one year, to enable complete e cle of root growth to be 

observed.. It seems ad.vi able to take yields of the actual plants during 

the trial to gain a el.oser rel tionship etween root behaviour and top growth.-
• 

(b) A greater familiarity with the root material to be band.led would facilit­

ate the setting up of objective standards by which to aeasure root changes. 

This, with statistical treatment of de.ta from a greater number of plants, 

would give more conelus1Te evidence of correlations between deterioration, 

new growth of roots and seasonal leaf production, as well a enabling more 

objective observations-of such considerations as root hair development which 

mq have had sane bearing on the question. 

(c) Without a. biochemical stu<31 of the storage a.nd transference of resenes 

(if such exist) at the different seasons, it is difficult to explain the 

relationships of seasonal leaf growth to deterioration ar;i.d new growth o-r roots. 

It can be seen that the relating of easonal root changes to leaf 

production in pasture plants involve far 1111 der issues than were first envis-

aged. Actually to attain thi.s object means to study the growth of the en.tire_ 

pl811t, and this is inseparable from many pb;Ysiologieal and biochemical 

consideration b.ich re out of the range of this investigation. 
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APPENDIX I. 

PRODUCTION FIGUBE S OF BRO.AD RED CLOVER. 

Result of trials conducted by the Plant Research Bureau; so't4l 8/11/45. 

Period bet en cuts. D.M. lbs. D • lbs/ 20 day . Periods. 
D.M. lbs/ 
acre in 

p_er acre. acre . 20 day 
~8-Y s l da-,y. periods. 

4/1/46 - 24/1/46 20 642 32 4/1/46 - 24/1/ 46 642 
24/1/ 46 - 9/2/ 46 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 e 25/3/46 - 14/4/46 a>o 

14/ 4/ 46 - 4/ 5 l 46 200 
4/5/ 46 - 24/5/ 46 190 
24[5/46 - 13/6/46 16o 

13/6/46 - 2/7/46 160 
2/]/46 - 22/7/46 160 

22/7/46 - 11/8/46 16o 

10/9/46 - 7/10/46 1096 
11/8/46 - 31/8/46 192 

27 4l. 31/8/ 46 - 19 /9/4 6 820 
7/10/46 - 30/10/46 23 1039 41 19/9/46 - 9/10/46 820 

30/10/46- 6/12/ 46 
-9/10/46 - 29/10/46 1007 

27 2158 58 29/10/46- 18/11/46 1160 
6/12/46- 3/1/47 28 1277 46 18/11/46- 8/12/46 9~2 8/12/46- 28/12/46 7 2 
3/1/47 - 30/1/47 27 632. 23 28/12/46- 17/ 1/47 460 

.. 
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APPENDIX 11. 

PRODt.JCTION FIGURES OF owmo -lERY RED CLOVER. 

Result of trials conducted by the Plant Research Bureau.; sow 8/ll/45. 

Period between cuts . D.M. lbs. D. t. lbs/ 20 day periods D.M. lbs/ 
D191s ner acre . acre acre in 

l day. 20 day 
periods . 

4/1/46 - - 24/1/46 20 505 25 4/1/46 - 24/1/46 505 
24/1/46 - 9/2//+6 16 709 44 24/1/46 - 13/2/46 885 
9/2/46 - 25/3/46 44 1372 3l 13/2/46 - 5/3/46 620 
25/3/46 - 29/5/46 65 56o 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 
4/5!'~ - 24/5/46 180 
24/5/46 - 13/6/46 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- 'U,12/46 824 

8t12/46 - /12/46 1160 
3/1/47 - YJ/1/47 27 626 23 2 /12/46- 17 /1/47 600 
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APPENDIX III. 

PBODUCTIO:N FIGURES OF ORDINARY N. Z. WHITE CLOVER. 

Results of trials conducted by P .R.13., sown 25/8/ 46. 

Period between cu.ts D.M.lbs. D.M..lbs Period between D.M.lbs./ 
D~s / acre. /acre liftings. D~s a.ere/period 

/day. between 
liftings • 

21/5/46 - 8/7/46 48 33 
. 

8/7/46 - 6/9/46 6o 500 
6/9/46 - 3/10/46 27 644 24 
3/10/46 - 29/10/46 26 952 ~i 27/10/46 - 15/ll/4E 20 1190 29/10/46 - 10/12/46 42 2585 15 /11/ 46 - 6/12/ 46 21 1)02 10/12/46 - 10/1/47 31 1598 52 6/12/46 - 21 1132 10/1/47 - 31/1/.47 21 672 32 - 17/1/47 21 752 31/1/47 - 17/2/47 17 994 58 17/1/47 - 4/2/47 18 680 
17/2/47 - l~/3/47 28 505 18 4/2/ 47 - 25/.2/47 21 898 17/3/47 - 2 /4/47 42 472 11 25/2/47 - 15/3/47 18 324 28/4/47 - 29/7/46 92 172 2 15/3/47 - 5[4/47 21 245 

5{4/47 - 26/4/47 2l 231 
. 26/ 4/ 47 - 14[5/ 47 18 54 

14z5/ 47 - 4/6L .fl 21 42 
4/6[47 - 24/6/47 20 40 

29/7/47 - 8/9/47 407 10 24/6/47 - 13,7/ 47 19 38 
41 13,7/47 - 4/ ,47 22 92 

4/ /47 - 30/ /47 26 260 
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APPENDIX IV. 

l'BODUCTION FIGURES FOR NO.l PEDIGRD ».z. WHITE CLOVER. 

Re,tll t of trials conducted ~ P .:a.B.. sovn 25/3/ 4,6. 

Period between cuts D.M.lbs D.M.lbs. Period between D.M .lbs/ a.ere 
Day1: /acre. /acre liftings. D~s /lifting 

/ruq. period. 

21~5'/ - 8/7/46 ~ 136 
8/ I - 6/9/46 1159 
6/9/46 - 3/10/46 27 773 29 

27/10/46 - 15/11/4 3/10/ 46 - 29/10/4J 26 1238 48 ~ 20 

29/10/46-10/12/41 42 2572 61 15/11/46 - 6/12/46 21 1281 
10/12/46 - 10/1/.47 31 1433 46 6/12/46 - 21 1426 
10/1/47 - 31/1/47 21. 909 43 - 17/1/47 2J. 915 
31/1/47 - 17/2/47 17 · 1292 76 17/1/47 - 4/2/47 18 906 
17/2/47 - 17/3/47 28 ·953 34 4/2/47 - 25[2/47 21 1260 
17/3/ 47 - 28/ 4/ 47 42 706 It ll 25/2/47 - 15/}/47 18 612 
28/4/47 - 29/7/47 92 523 15/3/ 47 - 5l4/47 21 391 

,, 5/4/47 - 26/4/47 21. 357 
l · 26/4/47 - 14/5/47 18 130 
I : 14[5/47 - 4/6[ 41 21 126 I , 

4/6/47 - 24/6/47 20 120 
24/6/ 47 - 13/7/41 19 114 

29/7 / 47 - 8/9/47 4l 666 16 13,7/47 - 4/8/47 22 192 
4/ /47 - 30/8/ 41 26 416 
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APPENDIX V. 

PBODUCTION FIGURES FOR C. 23 COCKSFOOl' • 

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

Period between cuts D.M .lbs D.M. .lbs • Period between D.M ./ acre 
Days /acre. /acre 11:ftings. D~s in lifting 

/day -periods. 

26/3/46 - 26/4/46 31 432 
26/41/ - 1/7,46 65 793 
1 /7' - 23 / / 46 53 t77 15 23/ / 46 - 4/10/ 46 42 22 
4/10 / 46 - 31/10/ 4t 27 339 13 31/10/46 - l9/ll'J6 20 6o2 
31/10/46 - 3,12/46 33 1020 31 19/11/ 46 - 9/12/ 20 520 
3,12/ 46 - l /12/ 4E 15 234 16 9Jl2/46 - 21 588 
1 /12/46 - 10/1/47 23 858 37 - 20/1/ 47 21 627 
10/1/47 - 3/2/47 24 533 22 20/1/47 - 5[2/47 16 364 
3/ 2/. t+l - 4/3/ 47 30 834 28 5[2/47 - 26/2/47 21 588 
4/3/47 - 17/4/47 44 633 14 26/2/47 - 16/3/47 18 336 
17/4/.47 - 14/5/47 37 631 23 16/3/47 - ~4/47 21 294 
14/5/47 - 7/7/47 54 592 11 u4/47 _ /4/.~ 22 !fJ7 

/ 4/ 47 - 15[5/ 47 17 379 
15[5/47 - 5/6//fl 21 231 
5/6[47 - 24/6/47 19 209 

7,7/47 - 2Bf.7 / 47 21 258 12 24/6/47 - 14,7/47 20 227 
2 /7/47 - 17/9/47 51 1061 21 14/7/47 - 5/ /47 22 336 

5/8/47 - 31/8/47 26 546 
. 

= 
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APPENDIX VI. 

PBODUCTION FIGURES FOR ITALIAN RYEGRASS. 

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

Period between cuts D.M.lbs D.M.lbs 20-da3 periods D. t .1 bs/acie 
D~s /acre. /acre in 20-da, 

/da:J. periods. 

20/4/45 - 7/5/45 11 1049 62 
7/5/45 - 25/5/45 18 '307 17 7/5/ 45 - 27/5/45 290 
25/5/45 15/6/45 2l 141. 27/5/45 - 16/6/45 236 - 18/7/ 45 7 15/6/45 - 21/8/ 45 

23 710 31 16/6/45 - 6/7 /45 620 
18/7/45 - 34 1059 6[7/45 - 26/7/45 620 

17/9/ 45 31 '21/8/45 - 27 657 24 26/7/45 - 15/8/45 571 
15/8/ 45 - 4/9/45 480 

17 /9/45 _ 18/10/45 31 538 4/9/45 - 24/9/45 340 
17 24/9/45 - 14/10/45 736 

18/10/45 _ 1/11/45 14 861. 14/10/45 - 3/11/45 1335 
l/11/45 _ 19/11/4~ 18 61 3/11/45 - 23/ll/45 1380 
19/11/45 _ 7 /12/ 45 18 1240 69 23111/45 - 13/12z4s 754 
7/12/45 _ 21/12L 45 14 1220 69 13/12L45 - 2/1/46 922 
ZJ./12L 45 _ 7/1/46 17 557 t(J 2/1/46 - 22/1/46 836 
7/1/ 46 _ 21/1/46 800 47 
21/1/46 - 8/2/4.6 14 646 46 19 765 t(J ' 



.APPENDIX VII • 

PBODUCT ION FIGU:BES FOR PEREHN I.AL m:m S. 

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

Period betveen cuts D.M.lbs. D.M.lb Period between iD.M. lbs .in 
Da.vs /acre. /acre liftings. Days lifting 

I da:J. periods. 

22/5/ 46 - 3/7/46 40 974 
3/7,46 - 23/8/ 46 51 472 
23/ /46 - 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 
3,12/46 - 1 /12/46 15 893 59 10/12/46 - 22 1016 
l /12/46 - 8/1/47 21 855 41 - 24/1/47 23 
8/1/ 47 - 8/2/47 26 496 19 2411141 - M2141 14 286 
3/2/ 47 - 14/3/47 39 919 24 7,2/47 - /2/47 21 504 . 
14/.3/47 - 17/ 4/47 34 924 28 2 /2/47 - 18/3/47 18 :a 17/ 4/ 47 - 13/5/47 26 834 32 18/3/47 - 8/4/47 21 

8/4/47 - "JOl7/.47 22 668 
13/5/47 - 7/7/47 55 728 13 30/4/47 - l7Z5/47 17 468 

l7Z5/47 - 5/6,47 19 247 
5/6l47 - 211 /47 22 286 

Y/141 - 2B/7/47 2l 274 13 27/6/47 - 15,7/4{ 18 23'4 
/7/47 - 4/9/47 38 412 11 15~7/47 - 6/ ,47 22 268 

6/ /47 - 31/ / 47 25 275 



77. 

APPlllNDIX VIII. 

P ll101'10N FIGURES FOR SHORT BOTATION RimRASS. 

Remu ts of trials conduct d by P .R.J3., sown 4/ 4/ 46. 

Period between D.M.l bs. D.M.lbs. Period between D.M.lbs 
cuts. D~s /Mre. /a.ere liftings. DS1's /lift. ,~. per. 

22/5/46 - 3/7,46 40 1171 
3/7,46 - 23/ /46 51 929 
23/ /46 - 1/10/46 39 1833 
1/10/46 - 31/10/46 30 lOJ.9 5i 31/10/46 - 3,12/46 33 U85 19/11/46 - 10/12/46 21 679 
3,12/46 - l /12/46 15 377 25 10/12/ 46 - 22 788 
l /12/46 - 8/1/. 47 21 874 42 - 24[1[ 47 23 870 
8/1/47 - 3/2/ 47 26 933 36 24/1/47 - 7/.2/47 14 440 
3/2/47 - 14/.3/47 39 ij} 20 7,2/47 - 28/2/47 21 420 
14/3/47 - 17/4/47 34 21 2 /2/47 - 18/3/47 18 364 
17/4/47 - 13/5/47 26 774 30 18/3/ 47 - 8/ 4/ ,ff 21 441 

8/4/47 - 30/4/47 22 579 
13/5/47 - 7/7/47 55 6;6 12 30/. 4/. 47 - 17[5/ 47 17 438 

l7Z5/47 - 5/6/47 19 228 
5/6[47 - 27/6/47 22 264 

7,7/47 - 28/7/47 21 2<JO 14 Z{/6/47 - 15,7/47 18 232 
2 /7/47 .. 4/9/47 38 347 9 15/7/47 - 6/~,47 22 263 

i , -e:..:un 111 _ ~, J 117 215 2~ 
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APPll:RDlX IX. 

DETECTION OF STARCH STORAGE IN ROOTS OF CLOVER AND GRASS "S. 

Resu.lts of tests by transverse sectioning of roots and iodine treatment of 

sections. April 17, 1946, 

CLOVERS: 

Species or Strain 

Montgomery red 
clover 

Broad red clover 

Ordinary N.Z.white 
clover 

Pedigree N. Z. white 
clover 

GRASSES: 

5-oecies or Strain 

Danish codcsfoot 
C. 23 cocksfoot 

es tern -Wol tbs 

I tel.ian ryegrass 

Perennial ryegrass 

Short rotation 
eyegrass 

Sections Sections Sections 
Tap :Branches Adventit-

Root. of ious roots. 
primary root 

syster.D. 

.... + -

... ... -
+ ... ... 

... +- + 

Section9 Seotions 
Adventitious Adventitious 
old roots. 

-
-
-
-
-
-

nev roots. 

-
-
-
-
-
-

MA:,Sl'"Y ~ ' 

LIBRAR Y PAL v ~ 

~LE.c.;E 
H, .z. 




