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TNTRODUCTION

The dependence of HNew Zealand's economy upon grassland has frequently

)

The mailn Peatures of the pastoral farming systems are; high prod-

uction pastures, grass/élrver combinations, mineral fertilisers, and 2ll-
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Corkill (1957) has demonstrated the role of pasture plant breeding and
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seed certification, Ssars {1955} has shown the igportanc

dressing, the grasing animal, and white clover in the srovemsnt of soll
fertility. How mary ther methods of increasing the production a
Pertility. However, meny other methods of increasing the production and

“ﬁ

utilisation of herbage are under investigation (Evans, 1980),
In geuneral, grazing techniques have been based on a rotational
svatem for it was believed that this methed had important advantages over

. s A
continuous grazing sysbems {éevy, 1950), However, the work of

and Freer (1960) with dairy cows, and Iambourne 1956 ) with sheep, showed
thet wide differences in grazing technigue have comparatively little effect
on yisld/acre of pasture and stock, The production efficiency was mainly
dependent on a high stocking rate,

There is 1ittle information bo indicats the upper limits of the
stocking rate., At Ruskura, stocking levels of 1% cows/acre have not reduced
pasture production {Cam@bellﬁ 1.9 i}; and Freer's studies on irrvigated grassge—
land in Victoria, have unet produced evidence of sward deterioration after
two years of gragzing at 2 cows/acre, -However, Bdmound (1958a) and Mitchell

\ L . s : B
(1980) nave sugeested that treading mey place a ceiling on total herbage
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In a review of Lliterature, Bdmond Li@ﬁ%@} observed +that although
the cccurrence, general importance, and some of the special effects of

treading had been studied by several workers, w atbempt had been made to
distivguish bebtween the overall treading effects and those of excretion
and defoliation, Therefore a technicue was develoved to study treading as

a single factor (S“nanu loc,. cit. } A preliminary experiment showed thatb

treading damaged pasture, and lncreased treading had an increased influsuce

on plant and =so0il, Further work showed that pasture species varied conside-

g, - . - * - . e - - 5 » .
erably in their reaction to treading (Edmond, 1960)., These variations

have been discussed in berms of the physiclogical and morphologival shate

*

ey P T Y N e £ ¥
t. DBatbtes (4057, emphasized the importance of the position of

W
o

of the pl
In Bdmond's treading studies it was assumed that sheep walked 1.7
miles/day. Thus, by defining the width of narrow fenced plots a 'stocking
rate eguivalent' of o sheep/acre could be imitated by walklog nd shsep ouce
along the vlots every d deys., In practice, mobs of about 30 sheep wers
wallked several times in each direction, Although there were soms problems,

L% N - 0 s et o o, T ..L J. Jt N
it was suggested that treatmen

stocking (Bdmond 1958b).
The coubtinued elucidation of the treading effect ends on the

species to a closely defiuved force. Thus, an artificial hoof was used to
apply pressures which bore some relatiocunshin to those produced by a mature

sheep walking on pasture.

poe)
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The growth curvesof the species, as affected by treatments in the
Autumn and Spring of 1981, were followed., Mezgurements of some of the
components of this growbth data were taken, and an attempt to define the
position of the growing point im relation to ground level was made,
Finally, changes in so0il density due to the treading treatment were

measured,



SEVIEW OF TITERATURE

This review 1is presented in four parts,as follows:
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IT  The Influence of the Animal ou the Treading Effsct.
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The Effectsof Sheep Treading ou Plant and Soil,

IV Sheep Treading Studies and Pasture Yield,
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The Hecognlition of the

The First practical utilisation of tresding occurred with the dev-

-

elopment of the folding system on light arable land in England in the 19t

1

¢

'

century (Fraser, i954), The "daily confinement of the flock on an area

of feed crop" often involved a stocking rate of 1500 sheep/acre (T homas , 1.9 QG}

The manuring and treading of shesep were greatly valued oun this type of land,
Similarly in pasture menagement, the hoof has been considered anp

excellent implement of cultivation (Armstrong, 1957}, Tthough the Gamaging

effects of winter "pugging! have often been stressed., Sears (1953) consid-

erad that stock grazing and treading were ilmporitant factors in wmeinbaining

o
!w{'

a ryegrass/white clover pasture at high productivity. The main effect is

.

ceep the sole of the pasture open and free from mat-forming species,

et
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Tevy (1940) found that treading helped to improve hill country by

crushing out some weed species which were more susceptible to damage than

desirable plants, Bates (18 55) studied the vegetation of road verges and

s

animal pathways, It was observed that pasture spegies differed in
resistance to treading, aund under cowntinued treading, changes in botanical

composition could be induced. The spscles which persisted in these

heavily trodden habitats vossessed adaptations of 1ife form and lesaflf

w i oy

» Ry

structure which enabled them to resist injury.

> i A - 3 3 - oy 3
Lieth {195@} concluded from a brief review of German literature

that treeding caused a reduction in the pore space of “the soil, In his

own experimental work he showed a relatiounship betgsen pore space in the

Scom layer and the distribution of different grassland plants, It was
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considered that treading influenced pasture compositicn through this

In most of these observatlons, treading has only been counsidered

as part of general ecological and grazing studies, and the type of stock

1

« - . . . 5
are rarely mentioned., However, 1t has been confirmed by Bdmond. <1§58Q}§

-

that when sheep treading is the chief effect, the plants are influenced

both directly and indirectly through the scil., He has also woted the lack

of animal behaviour data, which is a major drawback to any assessment of

consifered in Part II.
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PART IT

The Influence of the Animal on the Treading Effect

A, ¥ethod of Incomotion

)

When an animal is grazing its suprports are provided by alternations of

o

to be the authoritative work on the gaits of animals (Obttaway, 195

n

three and four feet. In the normal walk suprorts are provided by alter-

1

nations of two and three feet; in the trot the legs are 1ifted in diagonal

¢

palirs and in nid-stride all four limbs are off the ground together; and

{~o

1

the gallop the feed reach the ground in irregular seguence and are bunched
together with long spaces between each stride (Muybridge loce.cit. ). Thus,
considerable variation in the pressure under an animalls foot will occcur.

H

However, it is assumed that the grazing sheep usually alternaites between
a normal and a very slowwlk,

Ottaway. (1955) has shown that the complete action of any one limb
consists of a phase of 'elevation' and a phase of 'contact', In 'elevation',
the limb is 1ifted off the ground, carried forward on the body, and placed
on the ground., In 'contact', there is a period of initial countact, a period
of wain weight-bearing, and a pericd of propulsion. Clearly continual
chaﬁgeé in hoof pressure will result.

Sisson. (1959) has stated thet structures important in countering
concussion are found in the heel, Trauvtitman and Fiebiger (i%ﬁ?) showed
that there are cousiderable similarities in the hooves of sheep, goats and
cattle. Although Muybridge (loc.cit.) did not study the sheep, his work

indicated that hooved awimals tend to place the foot down ‘theel' first.
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In all cases the foot was alsc 1ifted ‘heel!
the sheep conforms to this pattern,

Two other factors which are partly the result of movement by the
animal, are the penetration of hooves into the soll in wet weather

1

fin

(.“’"

4 - 1. 23,
(Gradwell, 1956) and their cubting and dislodging effect on the “topso

po]

(Campbell, 1950),

B, The Hoof Ioad

Eyergm,gibif} made a study of several hoof features of the dairy
cow in relatvion to treading, For mature Jersey and Friesian cows the static

e Exs

unit hoof load averaged 16,2 p.s.i¥ It was noted that the hoof print area
snclosed avea) was usually 20 per cent higher than the bearing area. Iall
1959 ) measuied hoof printe of sheep and related them to body weight.

- 1

However, his value of 9.2 Des.i. for the static unit hoo

=N

load may be lower

liyers (éﬂfzfééf} showed that breed differeunces in static unit hoof
load were slight, The veight of the heavier Friesian cows was compeunsated
for by a lavger hoof bearing erea., Similarly the greater weight of the
fore-porticns of the animal was carried on a larger hoof, 4 ten-fold
increase in hoof load occurred bebwseu calves and mabture animals,

It was considered that the unit hoof load of a mature cow graszing

pasture may be 45-50 p.s,i. However, due to body weight changes and hoof

W

growth and wear, unlt hoof loads mey vary throughout the season, and
between and within days. Uo estimate of these changes was mumde, Norsover,
in cattle the hoof is concave so pressures may stilll be variable even if
the unit load is caloulated,

by *

Ho such detalled investigaticns of the loads oun the sheep's hoof
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have been made, but it was noted above that the hooves of sheep and cattle

are structurally similar,

O, Treading Behaviour

It appears that no experiments have been specifically designed to
study this factor. Further, ouly a few grazing behaviour studies are amenable
to statistical in%erpre%a%iom, and these have been councerned, in the main,
with dairy cows (Hancock, 1950), In this work the activity of the animal

-divided into three parts and the features relevant to this review are pres-

ented below,

1, CGrazing time - includes short periods of walking while selecting

suitable grass,

[av]
@

Ipafing time - the time spent standing and walking while not grazing.

Lying time.

O3
°

(ﬁftez Hancock, 1953 )

A value for the treading time (the total period the animal spends
on its feet) can be derived from these behaviour studies, However, it has
been shown that mevement has a considerable influence on the pressures under
the hoof, and these definitions do not distinguish bebtween woving and stand-

-

ing times. leasurements of distances travelled give an indication of the

"

¢

amount of movement, but may not be related to moving times.

England (1954) compared the graging behaviour of oune sheep from each
of the Blackface, Clun, Spanish and Suffolk breeds., They were observed
during two 24 hour periods; the first on a 'good' pasture under fair weather
conditions, and the second on a ‘poor' pasture in showery counditiouns.

.

Increases in distances travelled and total trsading time were observed in
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the 'poor' pasture, and to increased standing time due to adverse weather.
As the animals were observed to range over a wider arvea of pasture, it
Pollows that treading would also be spread over a wider arsa. IFurther,
although the Blackface haa’similar treading times to the other breeds, it
never travelled so far. It was observed that a smaller area of pasture

was grazed, with the result that treading was also confined to a smaller
area, Although this was a very limited study, it showed that depending

on the conditions, variable intensities of treading may occur within a given

area of pasture, It is vot known how this influences the total treading

The analysis of grazing bhehavicur studies can yield some useful
information oun treading behaviour, but it is suggested that a more loglecal
approach is to determiune the factors that constitube the tobal treading

effect. 4 treading behaviour situdy could theun be designed to discover

the exbernal factors which influence the magnitude of these effects,

th these reservations, it is still important to kunow the factors

b

that affec

1

the general activity of the sheep. Thus, some of the relevant
volots from a review by Tribe. (

3955} are now preseuted.

In hot weather, graszing animals are frequently unsettled and there is
often an increase in the distancentravelled, Grazing times are reduced
during the day, bubt a part of this is regained by longer grazing at night,
Similar effects are noted in cold and wet weather, although in this case
much of the loss in grazing time is regained when the weather improves,
However, in both cases the provision of shelber in the paddock may reduce

the amount of movement.
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Although guality and guantity of herbage ar erdependent, 1%

was suggested by Tribe that grazing vimes and distances travelled increase

when the quantity of feed available is low and/or the quality poor., In

addition, the larger the area of pasture the further the animal will walk,

= s - - o~ g % -
th identical *wins, Hancock (1950} showed that

inherited variability in grazing behaviour was by far the largest source of
variation between individuals, 4 part of these inherited differences could
be explained by relating them to differences bebween the phvsiclogical

requirements of +the individual animal., Cresswell (1960) suggested that i

%

is probvable that increased nutritional requiremeunts during growth, pregnancy

Q"?
;
G

or lactetion wmay result in iuncressed grazing times,

(’43

. - ¢ s . . % -
Farris (1954, showed that the zeotivity (number of steps) of several

gtrous, but the day before and the
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Cresswell (loc.cit. ) designed an experiment to find the weekly mile-

ages bravelled by small flocks of Cheviot and Rompey ewes under different
conditions, The Cheviots travelled eight miles on the bill compared with

3.1 miles by the Homuneys, but under Ilowland conditions the Romneys travelled
8.1 miles and the Cheviots 9.8 miles. Only gensral conclusions could be

drawn
iicted the idea that the Bomney has adapted itself to hill counditions,

Further, only on the hill were larger and sparser pastures associsted with

sreater disbances., o increases occurred during lactation, but a considerable
£ 2

and in pregnant anilmals ag parturitio
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Hughes and Reid. (1951) observed the distances travelled by single

sheep of some Down breeds during 24 hour periods,

There was no rsplication

in terms of thes animals used so the resulis are of limited value, However,

in all studies, the distance travelled in grazing during daylight, exceeded

that travelled invalking idle (loafing .

+

It is apparent from this review

P

is the unit load on the hoof of the sheep during

of the animal factor, that not ounly

treading dependent on a

Lol -—

constantly changing equilibrium of forces and vecfors, but also the total

expression of this load on the pasture is dependsnt on a wide. range of

external factors.
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The Effects of Sheep Treading on Plant and Soil

Introduction

It was unoted in Part I that sheep treading affects both plant and

soil., OCrocker. 62}mm<%pmzi d that the interdspendence of plant

nize them as "discrete

[l

and soll is so great that it is not possible fo recog

-

natural units”. However, for the purpose of this review treading effects

on plant and soll are considered, as far as possible, in two sections:

The HEffect of Sheep Treadine on Soil Properties

Lt
e
e

Keen and Cashen. (1832) studied the effect of sheep folding on

o

light sandy soil in early winter, Stocking equivalents of 380
lawbh days and 1760 sheep days/acre produced compaction of the soil

to a depth of 10cm. The greatest compaction occurred at the drdeom

depth. Iuncreases in crumb size were also unoted, and the tobal
£ b
effect of sheep folding on this soil type was believed to be

beneficial,

Packsrd . (1957) suggested that compaction by stock treading may

1

ht pumice soils.

prove the nﬁigture availabilit

“4

of lig

Edmond . (1958b) found that treading at field capacity increased

4

s

the density of the upper Som, of a high fertility silt loam.
Inecreases in treading rate from O ~ 20 sheegweqaivalents/écre
produced increased density in this zons,

Gradwell (10“63 showed that the total air space in this soil
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type seldom rose aboved per cewnt in the winter, Sheep grazing
at this time reduced the wmean toial porosity from 55,4 per cent
to 53,1 per cent, and the mean airspace from 5 per cent bo 4.1
ver cent, No s%a%is%icazly significant differences between stocking

rates of 4, 12 and 20 sheep/acre could be detected.

In a parallel study, it was observed that catitle treading did
not decrease total porosity when surface waber was present., Severes
puddling and mixture of watbter with %
sigus of poor drainage and aeration were most evident under &
treatment (Gradwell, }oc,c;g,}.

Ea§er {1%59} stated that when the soil is compressed at moisture
coutents 2t or near saturation, lower densities are obtalned than
with drier soil. A4t high woisture levels the soil reacts to
incrsases in pressure by re~orientation of its particles. This

causes a reduction in the amount of non-cap iiﬁa;y'(largeé pOTes

- .

for drainage and

g
involve compaction, is termed true "puddling" by Gradwell, (loc.cits
Edmond (? 57 ) poted that under wet conditions, sheep treading
demaged aggregates in the surface soil, 4% high treading rates,

or when surface water was present, most of the aggrepates were

-

destroyed and puddling resulted., This app
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by deficient aeration of the soil. It was suggested that compaction
and puddling usually occurrtogether, However, an experimsnt to

compare artificial puddling and compaction showed that the two =oil
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that the dense lavers which can &QV&LO* bensath the soil surface

of true "puddling® a=m
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It follows that deunsity and porosity wmeasurements mey uot be
relizble indices of the treading effect on soils.

S cant : , ' P N
Gradwell . (1860) studied changes in the "free-draining pores”

of the

R L D)
QL 4 pasgure

age was found after periocds of heavy sheep treading in wet weather,
It was shown that this loss of free~draining properties can take

some time to regaln, even after dry weather has returned and in
the presence of vigorous pasbure growth. The mechanism of this

improvement is not understood., The decline in drainage of the top-

soll ig cumulative as 1t leads to increased weitness of the soil an

thus more severe puddling on further treading,

-

,» b 3 s .
Gradwell. {iQ%i} made a preliminary study of diffusion of oxygeun
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was considered that this wmey prove
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more satizfactory than measures of waber percolation rates, for

detection of differences between treading treaibmeuts,

a disturbance of the soll surface and cowpaction of the underlying
s01l. The severity of the effect appears bo depend oun stocking

rate, soll moisture conbent and soil type. The main factors that

are influenced by these effects are asration and drainage.
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Influence of Soil Charvacterist
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Introduction

The developmewt of an undefzitanding of soil mechanies has
been largely based on laboratory studles and compaction by

P * s 2 77 = . . 7ot e
machines in the field. However, from the reviews of Imll. (1858)
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ble +to assume that the
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effects of treading on the soil couform to the same general

N
[02]

oil texture., structure and density,

When the soil is compacted, particles are brought closer tog-
ether, and fine grains are forced into the voids bebwesen coarse
grains causing en increase in the soll density (Twiz, %ggiééﬁz},
Tn addition, there may be an interlocking of particles under
stress (Buchanan, 1942),

Erynine . QKGSEE howed that maximum densitiss decrease in
the order of decrsasing grain size from gravel o cla

wide range of
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varbicle size (medium~textured solls, compact to much greater
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zoregates appear to act differently from soil particles
in their resistance to stress, Blair (193 7 ) found that soils
of good tilth gave a stress—compression curve with a step~ladder

1

t is suggested that this may be due to the collapse

i

L3
affect,

of bthe aggregabtes in the soll, and may indicate a scill of
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good structure

3 .
Day and Holmgren, (1952) showed that under stress, aggregates
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flatten against each other and cause a wore uniform dist-
ribution of the load.
conditions similar, com-

Under equal stress and with other

nitial density., The less the density

fin

pression is a funection of

- e ] » 5 * fos 3 [}
the greater the compression, Iwull. (loc.cit, ) pointed oud
that in this sense, soils of good structure and low densit:

have a higher potential for action that desnse structurse-—

less soils. However, Clement and Williams. (1958) have

.

emphasized the imporience of high aggregate stabilibty in the

e

jet}

surface soll in resisting soil compaction and dispsrsion by

. { Y s - oo .
Buchanan. (1942) stated that under dry conditions the resisbt-
ance of =oil particles to re-arraungement is great, for the thin

water filme provide 1ittle lubrication. In addition, the effect

of suxface teunsion is so prowounced that sitress is partially

force, so that compaction ls wmore easily achieved, With further

increases in moisture countent, a critical point is reached at

Ee)

which a maximum of the smaller particles have been forced into
the voids between the coarse graiuvs, At this point the mazimum
density is reached (Ii, loc,oitfs. The effect of further com-
pression was discussed above,

1

The greatest compaction is usually achieved when the molisturs
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conbent is near the lower plastic limit (Markwick, 1945}, and this
v s ¥ * - . ' M
vrinciple has been widely used in soil engineering, Iunll (loc,cit, )

stated that the sawme amount of damage can be inflicted on wet soils
with light equipment as on much drier soils with heavier equipment.
0'Connor (1956 ) reported thet aggregate dsstruction may be great-

est under very dry oy very wet conditiouns.

(iv) Oreanic matter content

The greater the cowubent of organic matber in the soil, the smaller

the maximum compaction and the greater the moisture content reguired

by

or maximum compaction (Free et al, 1947 )
B}maraﬁgG@mmm’UQ&C%,)&MMJ%&;h?&aﬁtrsi%ychy

loam, cowntaining 9 per ceunt organic matber well mixed in the surface

soil, was greatly deformed and compacted by the treading of dairy cows.

(C) The Recovery of the Soil from Treading Effects

Robinson and Alderfer (19 52) found that freezin ng and thawing increased
the water infiltration of compacted pastures, Sillanpaa (1961) noted thatb
freeze/thaw has a beneficial effect on soils of high aggregation capacity
but low on aggregation level., In a general article, Thomas (1980) sugg-
ested that frost could remedy the worst effects of treading in tewperate
climates, The development of wet compact soils in tropical areas was due
to the lack of freeze/thaw. However, other factors such as very heavy
rainfall or very dry counditions are probably important.

The great persistence of compaction effects in dry climates has been
observed (Iull, 1959), In general, wetbing-drying cycles improve aggreg-—
ation of the soil (Si illanpaa and Webber, 1961}, It has also been shown

that shrinkage of a scil on drying, favours formation of aggregates from
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large masses of soil initiallt poor in structure (Davidson and
Page, 1956 ).

ther factors that may be important are the activity of earth-

worms, the growth of roots and the influsnce of decaying organic

matter (Ashley, 1961).
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(D} The Relation of Soil Physical Changes Induced by Treading to the

Growth of Grass Spscilss

(i) Introduction

ShaW'(i§52} reviewed the effect of "soil physical conditions on
plant growth"., 4 sealing and compaction of swrface soil layers could
adversely affect plant growbth through mechanical impedance of roots,
decreased soll asration and adverse soil moisture relatiouships., The
imporbance of these factors to plant growth was emphasizged, but the

aritical levels at which each became a limiting factor was not known,

iy

*

S5ti1ll less was known of the probable interactlons between these factors

and other climatic and edaphic fachors., Further, it appeared that

-

very few workers had studied the effect of these conditiouns on the
growth of grass speciles,
Bamond (1958¢) investigated the effect of soil physical treatments

on seedlings of perennial ryegrass (Lolium perenne L, ) and short-

rotation ryegrass (Tolium perenne L, X Tolium multiflorum Tem, J. The

single plants were grown for uine weeks in Hanawatu silt loam hydraul-

ically compressed in steel pipes at pressures of 25, 50, 100 and 200

et

. 8. 1, loderate compaction caused an increased root welight in the
0 - 4em layer, and it was suggested that root peunetration wmey have
been impeded, Top vields were unaffected, but some growith habit
changes were observed, The tolerance of ryegrass to soll compaction
was coufirmed, but the faillure of the heavier pressures to affect
vield may have bsen due to the relatively small differences in the
volume weight of the soil which were produced,

3y

In a further study (Bdmond, loc.cit. ), seedlings of the same species

were planted at 9 inch spacings in small £ield plots. These had
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=3

rul
previously been subjected to four soill treatments; control, puddled

by raking when wet, compacted, and compacted three weeks after puddling.

Compaction was effected by walking over the plots on short stilts des~

igned to give a pressure of 50 p.s.i. With both:specles, compaction
produced a highly significant increase in herbage yield, FPuddling

d yield over puddling

G)

reduced yield, but the combined treatment rals
alone, Both compaction and puddling increased the volume weight and
resistance to penetration of the soil. It was noted that the puddled
soils were compacted and the compacted soils puddled to some extent. It
was suggested that the puddled soils probebly restricted gaseous diff-
usion, and that a decrease in the oxygen and/or an increase iu the
carbon dioxide content of the soil may have affected yield, In the case
of the combined treatment, compaction may have broken the surface crust
of the puddled soil and thus improved permeability.

cated that grass growth can be affected by soil cone

=

This trial ind
ddblons similar to those produced by btreading, The effects of some of
the components of these soil conditions on growth were discussed, and
these are considered below in separate sections., In cases wheve clarity
warrants nlants other than grass species will be discussed.

Clearly, the sbil condition has its main effect on the roois of the

plant, but Troughton (1957 ) has stressed that all parts of the plant are

mutually interdepeundent.

Mechanical Impedance of Roots

In a review Troughiton (loc,cit, ) stated that root growth is reduced
when grasses are growing in a compact soil., It was suggested that this
may be due to mechanical resistancs or to a change in aesration.

¥

Wiersum (iQS?} found that young roots of Avena sative seedlings, when
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Gevelor its growling pressure was reduced by a decrease in the oxygen

clay soils which had developed soll pans, It was found that root devel-

opment of Para Grass (Panicum purpurascens) and Bermuda Grass (Cymodon

- E - - g, - - 3
dactylon) was restricted, but Guinea Grass (Panicum maxima) was able to

send roots through the deuse horizons, It was suggested that this might

g

gxplain in part the drought tolerance of this grass,

201l Asration

{a} Introduction

Adeqguate oxygen 1s essential for all roots (CaaroL, 2925)3
within the temperature limits for root growth, the greater the soil
temperature the greater must be the concentration of oxygeun for

normal growth {Troughton, loc, cit. /.

oa

The problem of =oil aeration is not restricted to sufficiency of
o
oxygen for root respiraticn, but is related to the councentration of

carbon dioxide and reductioun products iun the soi

i. Howsver, the
. “osa £orva e
same soil conditions control all three factors (VWiegand and Lemon, 1858 )

Diffusion is recognised as the principal mechanism of soil

3

aeration., It is affected by volume of air-filled pores, size of
aggregates, soll moisture teunsicn and the pressure of surface crusks

(Domby and Kohnke, 1956 ),
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Alr-filled tores

assous diffusion through these

S
o

0

Uxyzen enbers the soil mainly by
pores, displacing carbon dioxide which tends to diffuse in the opposite

1= Yo

direction, This diffusion is blocked equally by soil solids and by

1a

&4

high and fairiy

o

pede

1
Gradwell (1961) found that iun pasture topso

consbant proportion of alr vores were inefTiclent as channsels of aeration.

4

rowth or species distribution must be treabed with caubion,

The work of Lieth (1954) was noted in Part I. It was found that

gxcept for a few specles of universal significance, the distribution of

grassland plants could be related to the total pore space in the soil.

Perennial ryegrass was tolerant of low pore space,

S0il sgoregation

.

b

Maclean (1958) showed that the diffusion of oZVEen was

directly orovortional to aggregate size, and growth of tomatoes increased

with both aggregate size and oxymen diffusion,

srove the ag

In a review, Greaceu (1958} stated that after the initial improve-

regation and organic watter under grass, there was compaction

g
L) <o

ment in ag
of the soll by grazing animals, machinery, and the grass roots themselves,

1961 ) found that as pasture aged, the percentage of roots

=)
-

Troughto
in the upper threes inches iuncreased., It was suggested that due to com-

paction of the soil the roots had beevn forced to grow neaver the surface

1

a

S—

in order to obtain sufficlent oxygen, This may restriet plant growt
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and could account for the decreases in herbage yield which bhave been
shown to occur as the sward ages. (Pollith, 1947; Paterson, 195¢),

There is an inverse relationshivy bebween soil moisture tension and

aeration, The moisture countent largely countrols the rate of 4dif

round waber levels

rown on a calcar-

Lo
']

]
D
1!
¢!
]
t
0]
5]

ches below ground surface),

reduced yilelds by 58 - 60 per cent of that on medium and low water levels

3

Phe high

24 inches and 38 inches below ground surface respsctively /.

water level appareutly inbderfered with nitrogen metabolism, as the crude

protein content of the grass was greatly reduced in this treatment.
Further, the root sysvem showed very shallow development, It was sugg-

ested that anasrcbic condivicns in the topsoil may have reduced
7 e

Baumann and Klauvss (1955 compared the root develorment of 4% grasses

under controlled counditions in ‘groundwater tubs', The water table was

maintaived at 36 cm. below the suwface, From the resulis obitained the

species were classifisd into three main groups.

- . /. . - . . . )
The 'Iolium' types (including Iolium perenne, Lolium multiflorum,

A
Holeus lanatus),

:?5
(‘)
[¢3
I
Y
jox
§ie]
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e
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wrsd
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)

Festuca pratensis, Phalaris arundina

s

showed vigorous rooct develomment through the whole profile and into the
region of highest moisture content. In the 'Poa' types (including Poa

P, - s

vratensis, Poa pelustris, Alopscurus pratensis, Festuca rubra,

% . 2
Phleum pratense) only some of the roobs grew intc the water—table.
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F e . %, - % . >
roup (including Dactylis glomerats, Bromus inermis,

5o £

-
9
[

The 'Dactylis

Arrhenatherum elatius, Festuca ovina) only grew in the zone of

medium wahter content and the voots died near the water table,

et

The different speciss reactlon was explained in terms of defic-

ient aeration, with particular emphasis on the accumulation of carbon

nd Bergmann (1954, studied the voot growth of rye seed-

oil

fot
el

% & s R
lings (Secale cereale) in soil in glass cylinders, Severa

treatments reduced the rate of root elongation, and it was suggesited

that the harmful effects of standing water, heavy soil and soil cow-

i

[ ]

lowever, most workers counsider that under field conditions high
carbon dioxide levels are of minor significance (Slatyer, 1960).
I { a0 3 s
Soper (1859} compared the anatomy of the moture parts of the woots

of Lolium perenne, Dactvlis glomerats, Glyceria fluitans and Alopecurus

pratensis. It was found that regularly arranged lavge lacunae were

well developed in the voots of Glveeriz and Alopscurus, It was

considered that they would be of value in the mailvtenance of maximum
xygenation of the cortex under conditicns of water-logging. Consid-
erably fewer lacunze were found in the other species, but Lolium

tended 4o have more than Dactylis.
The effect of flooding on the plants iz the result of a complex

interaction of many factors, but 1t is broadly counsidered to be a

on, 1960),

problem of deficient asration {Colmen and W

Plooding tolerance of grassland

[
by

Several studies have compared th
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S

the d@ffusion of gases, but ouly when the underlying so

species (3&?13 and

lartin, 1949; Finn et al, 1861; Iuthin, 1

5

Colman and Wilson loc.cit. j. Grasses repovited to be relatively

resistant to flocding include Alowecurus pratensis, Festuca pratens

g

15

Phleum pratense, Fhalaris arundinacea, and ILolium pereunne, Grasses

=

to flooding include Dactvlis glomerata, Festuca

)

oil crusts

s

Domby - and Eohuke, (7350; showed that soil crusts could restric

t,;u

i1 was very we

\/UQ

The significance of =0il crusts in plant growbh has usually been

iiscussed in relation to the sesedling emsrgence and sstablishment of

orton and Buchele, 1960,

crop plants (Mi11in ington, 1959

%} showed that the oot growth of subterransan

ey

clover (Trifolium subterransum, in pot culbure

1

hough up to 90 per cent o

£
¥
£

by the sealing of the surface soll, Alt
the surface was sealed, oxygen concentraticn in the soil was ounly
slightly depressed, It was stated that desvite the limitations of

the measurements used, restricticn of rootv desvelopmentt could occur

without large deviations in the oxyzen concentration.
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this study the roots had exploitsed

ag substantially reduced
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The Dirvect Effects of Sheen Treading on Grass Speciles

[\]
S

As information ovn this subject is very limited, several anmalagous

studiss arve also discussed,

(A) Type of Damase

Bdmond. {i@i@b) stated that sheep treading damaged and buried

tillers of shorbt-rotation ryegrass; but that under favourable
growing conditions the reduction iun the tiller deunsity scon dis-

o Ty

searved, This wasg explained in terms of Brougham's work (i“&ng

which showed that in similar pasture rate of plant growth per unit

;
]

area incressed until 211 light energy is intercepied,

Ot Connor. (i958; studied the effects of cattle and tractor
treading on swards dominated by cocksfoot. The treading of unmown
vastures had no apparent effect on production, but cousiderable
reductions in yield were caused by treading on wown pastures, These

were attributed to direct mechanical injury to the freshly-cut

i

tillers of the grasses and not to =oil compaction.

Underwood. (1956) observed that stock treading under 4dry summer

F]
&

onditions in Western Australiz could destroy a large proportidu o

[

dry and brittle herbage.

- : e ] / g ] L - a2 bl . 5
Gullickson et 2l (1954) noted that cattle treading caused consid-

i

{

erable wastage of tall herbage.
Perrivg. &i%ﬁ@} observed that the growth of the stoloniferous

Pnlewn nodosum was encouragsed through breaking of the sward by
Phleum nodos s encouraged through breaking of the sward by




vt Characters which favour Hesistance to Direct Treading Damage
ITntroduction
It has been shown that grass species differ in their reaction
to soll conditious produced by treading, However, some authors have
considersd these specles differences in terms of the plant structure

above the soll factors, Thus,

Furthermore, the plant types found in severely trodden areas may
not be a true reflection of the resistance of

(1940}

Although Bllenberg (1952) made a more comprehensive study, the

main findings were still based on "itreading plant populations®., Tt
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1o nmual species with flexible stems and narrow or lacerated
leaves,

2. Hosette plants with flat leaves but ve

G. Past-growing botiom grasses with good regeveration and
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hwave, and road verges represernted a synusia of

luded Dachylis glomeratsa, folium

oy b
5= a1

. /7 Ry
Thomas . (1859

heavily trodden aresas,
The speciles which were seunsitive to treading, and thus did not

te, were reported to be chamaephytes. These

»a

Festuca ovina, Holcus spp. and Agropyrou

These observations appear to be an over-simplification of the

eyt
Lo L

treading effect. Moreover, there mey be ounly small differences in

the vulnerability of the growing point in the vegebative state,

aral discussion

62
&
e

7

oy ~ % P s = s
Bdmond (1960) studied the reszction of several species to differ-
ent Llntensities of sheep treading at capacity. Prior to sach

treading all species were cut by a mower Tor yield determinatious

s plants under the heavy treading treatments were ohserved to adorpt

I

a more prostrate hablt of growth, the adoption of a standaxrd cuitting

s

technigue for all speciles and treaitmewnts 1s subject o sericus

The most resisbant spscles were perennial ryegrass, short-rotation

ryegrass and timothy. Although Poa pratensis grew slowly throughout

D’,}

the experimevt it was alsc fairly resistant., The reaction of Foa

=g

trivialis was variable, but cocksfoot, Yorkshire fog and browntop



wers sensitive to heavy treading, Some seasconal variations were

observed, bui the geuneral conclusions on the relative resisiance

of the species appsar valid under the existing experimental conditiouns.
The results have been partly discussed in terms of the direct

effects {Eém@mﬁﬁ loc,ciéc}, The resisbance of peremnial rysgrass

has been sxplained by its tendsncy to adopt a rhizomatous growth

_ arx = . - . . e
habith szteﬁeil 1960, Foa vwrabtensis alsc has this growbh form

/o 3 el oA ¥ ° 2 1 »
{Hubbard, 4854}, but it has not been observed in shorit-rotation

trolled conditions, it was suggested that tillers grown under

shaded conditions produce few roots and may be susceptible to treading

s

have probably beeun inhibited by the defoliation process,
/ Ay o s A .
Tanger. (18509 showed that the lsast developed tillers in a

erse conditions,

k]

pasture were most suscephbible to ads

Conclusions
Although the typs, extent and resultant effects of direct treading

damage wers not clearly defined, 1t can be inferred that damage to



the growing point may be involved., A4s grazing studies
that removal or damage to the growing point may affect
growbh, a study of this factor in relation to tread

indicated,

have shown
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es and Pasture Yield
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Sheep Treading Stud

Method of Study

1 Pl

The developmenb of a technigue for the study of sheep treading was
described iv the Introduction to this review, It was obhserved (Sﬁ o,

1958 ) that the driven sheep walked in a different manner o the normal

o

the complete treatment for a particular wlct

ained by mowing the plots priocr to each treat~

a8 revorted that long herbage may reduce treading

o
4

ovestigation (Edmon §fj%§i§,

fute
xg:u

damage, and this fachor is now uundsr
In order to increase treatmeunt effects, the treatments are repsated

on all plots after a similar period. It is sugpested that the cumulative

effects of treading could be more correctly assessed, by subjecting

ods dependinz on plant
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g iots to different growth per

S s

However, it is cousidered that the technique permits the study of

“~<2

Y

treading as the predominant influence on the sward (Bdmond loc.cit, .

Results
A preliminary study, (Bdmound, loc.cit, ) was made in the winter and

Tring of 1856, on a shorit-rotation rysgreass/white clover pasture on

OS]

Menawatu silt loam, Stocking~rate equivalents of C, 4, 8, 12, 16 and 20
sheep/acre were applied four times during this period, The soil wmoilsture

as}

s

was always unear Tield capacity {(asbout 40 per cent for the tor 3



o

It was fourd that increases in treading produced statistically

significant and progressive rsductions in yield of all species, There

was a linear relgtiounship belween treading rate arnd yvisld,

the effect was produced by the first freading,
a similar relationship was obbained for wumbers of

ryegrass tillers and whits~clover nodes, FPoa spp. were affected in

the pasture was altered by repeat

Py

differences in tobal yield due to treatment., excspt in the case of white

winter dormsuncy.

In a further study, similar pastures were trodden at three levels of
soil moisture unfer summer condlitions, The stocking-rate equivelenis
were O, 6§ and 13 sheer/éﬂ“e} and the moisture levels, which were dry,

b -
urface water ), were created by the use of spray

/""*«
U)

moilst and wst

»

rrigation, Treading reduced yield irrespective of soil cound

fod]
e
ot

on, but
in coutrast to white clover, short-rotation ryegrass was particularly

susceptible, It appsared that treading damage was wore severs in wetl

resistance of pasture specles, were discussed in Paxrt ITI., These resulis
were modified by season (Edmond, 1980),
The seasonal effect has been studied with pereunnial and shoxt-

A

rotation ryegrass pasitures {(Zdmond loc,cit. ). A rate of 10 sheep



(e)

36
equivalentshcre was used with the soil at different levels of wetuess
appropriate to the season. The recovery growth in trodden plots was
congistently éelajeé in summer, autumn and winber, but in the spring
the results were incounclusive, Treading reduced growth less than in
previcous experiments, It was noted that the soil type used iun this

experiment was less likely o become satburated than that type used in

the other trials,

Conclusiocns

of these experiments it is concluded that the

wn

Under the condition

ew Zeasland are the least seunsitive to



I The Development of the Artificial Hoof,
N The Bxperiment.
IIT A Description of the Area used, Iayout and Establisbmeut

of Plots, and the Application of Treatments.

s

v Sampling Hethods and Experimental Technigues,






he Development of the Artificisl Hoof

As The bearinz area of the sheen's hoof

. o Y N -

Vvers ( 1955 ) suggested that in 'normall soil the hoof priunt area
: 7 % -

dairy cows was 20% greater than the apparent bearing area,

It was assumed that this would also apply to sheep, Thersfore,

€A
o

a of

measuremnents were made of clearly defined hoof prints in a peddock grazed

by Two-tooth Homney wethers, on the Crop Demonsiration Area, llassey Ag
ultural College. The avea of sach print was calculated from the wmean

rig-

four length and four breadth measurements, It was realized that the size

of the print would vary according fo the s0ll conditicuns and the weight and
; . o e .
movemswt of the animals. The mean area of twenty hoof prints was 2,50

8¢, ins. (Appendix 2,1, ). This was e gquivalent to a bearing arvea of 2.0 sg.ins. .,

%

and was similar to values sucgested by Sears (1956) and Seton (195

B, The hoof Ioad of the grazing sheep

The implications of body weight changes and animal movement wers dis-

cussed sarlier,

literature, Howsver, 1%t was concluded from the work

% PR ~ " "
Tull (1959) that it was probably 20-30 1, s.i.

3

The design and operation of the artificial hoof

The apparatus was designed and bullt in the Agriculitursl Zungine
Department, ssey Agricultural College., It is illustrated in Figure

Ho direct evidence of the hoof loazd of the grazing sheep
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U lbs, , was supporied
he operator applisd

measure the total

iy

iims (Chang,

<

In a preliminary iuvestigation, slow motion

showaed that the grazing sheep walked in the manner postulated by
Y PO > z . oz &
{1889;e 4 telescopic lens was used to obtaln a close view of the hoof, but

due to the cowtimual movement of the animals and the length of the grass

It was intended that the artificial hoof should apply a defined welght

to the sward, and therefore it was decided that the hoof should be placed

H L

flat on the ground, There was 1little evidence of the precise effect of

w

] 1

‘heel First' action and 1t wes considered that an attempt to imitate thi

I

4]

motion was unjustified. Similarly, the effect of a 'twist' (Davies, 193
as the hoof leaves the ground was ignored,

A sheep's hoof (including 1 in. of metacarpal bone), from a recently
killed animsl, was attached to the lower side of the basal plate with
VAraldite' adhesive, It was found that the hoof had retained its flexibility.

cading. HMoreover, the metacarpal bone
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its shape throughout the treatment period, It was decided not to use a 'soft!

hoof, which would have taksn account o telaw-spreadingt {lg%ﬂs
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1955,
4 dried hoof was rewmoved from the skin of 2 mature Romney wether, A

black steel casing was made and welded to ths centre of the basal plate,
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Thisg was Filled with 'Araldite' and the metacarpal bone inserted, The
hoof was reinforced with the adhesive to give o solid flat surface of

ng. As this structure was gulte different from a 'normal' flexible

fts

2 8q.

hoof, it was decided to terminate the study of the sheep's hoof,

In order to avoid undue strain on the balance springs it was resolved

to apply 20 vp.s.i. through

he artificial hoof,

o

f"’* .

As the bearing avea of the hoof was 2 sg. ins,, a weight of 40 Ibs,

on the balance would give the required effect. The reading on the spring

balance was noted when ecguilibrium was reached with a 40 1b, weight on a

1. ® 5 ey %

this repeatability test are shown

'

airbanks scale balance, The data for

%

o A ~ B - - By 7
in Appendix 2.2. The mean value was 40,0, 2 1bs,, an errvor of about b,

t

which was cousidered a reasonable standard of accuracy. Thus, the mean

weight under the hoof was about 20 p.s.i.
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PART II

The Ezmeriment

The object of this experiment was to study the reaction of five

pasture species -~ Iolium perenne L., Phleunm pratense L., Dactylis glomerata L,
£ % 3 5

Aorostis tenuis Sibth, and Pose wrateunsis I, -~ to an artificial treading

treatment, These species had shown variable resistance to sheep treading
o< SR N 4

(Bdmond, 1961). They probably differed in the relative positions of the

gmwﬁggﬁﬁx(%ﬁ&m&:@%;%mmmm:ﬁ%% Unfortunately the combined

¢
8
Q
o
o
fotn
5

effects of poor establishment and an attack of coronata {(Cruickshank,

1957 ) eliminated Poa pratensisl, from the sxperiment.

A simple comparison was made between untrodden (UT) and trodden (T)
areas of each species., Awelight of 20 p.s.1. was applied with the artificial
hoof: and this was repeated four times on each trodden sub-plot. The treat-
ment was carried out in the Autumn and Spring of

The species yield of dry herbage, for UT and T sub-plots, was measured
in the Auvtumn and Spring at regulser iutervals over a period of several weeks,
It was postulated that the resulting growbh curves would give an indication
of the severity and duration of the treading effect., Tiller counts for

ryegrass, btlmothy and cocksfoot were made abt each sampling date.

4 technique was developed to show the percentage of tillers with theivr
growing point above the ground., In the Spring trial, changes in this position

were followed, and the percentage of tillesrs showlng internode elougation and
flowering were unoted.
The compaction of the soil at different depths was measured by bulk

density determinations., The soil moisture countent at each treading was

recorded,
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Experimental area, Lavout and Establishment of FPlots, and

Apnlication of Treatments

A

A, The Ezpervimeuntal Arsa

The experimeunt was counducied on part of the Crop Demounstration Area,
Massey Agricultural College, which, in 1957-58, had grown drills of cereals,
legumes and forage crops, and had then been left in fallow,

The area sloped geuntly to the north-east, and the soil type was

=g

as an

similar to that described in the Soil Bureau bulletin No, 5 (1954

b

- ey ’J’“s b £ *
e soil, Pollock (1859 stated that it was

o

4

fein
]

Chakea Ipam, In describ
formed on an inbtermediate terrace carved by the Tiritea Stream out of an old
Terrace - the soil of which is a yellow grey earth (Tokomaru silt loam ).

The soil profile of the intermediste terrace cowmprises a fairly heavy silt

loam (0,8 in. ) overlying a silty clay loam to clay loam subsoil which extends

to a depth of 20 - 30 ins, This is underlain by a claying gravel which
becomes straight gravel with depth.
The Crop Demonstration Area was tile-drained in 1948 at iuntervals of

aprroximately 30 £,

B, Ezxverimewntal Lavout

A simole mundomized split plot layout was used in this experiment.
After a cousideration of the size of the area, species comparisons,
and the single treading treatment, it was decided to divide the split plot

layout iuto four 'blockdl Iigures aveilable at Grasslands Division, Palm-

-

erston MHorith, showed that, in a randomized block design, 4 - 5 replicates
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were satisfactory in sheep treading triais,

Cochran and Cox (1957 ) have discussed the relative merits of split
plot and renfomized block layoutbs,

It was suggesteé/(Glen&ay; 1960) that +he randomization of treatments
within each 'block' would be the most efficient design for this experiment.

The plots wsre laid out oun an area 24 4, by 58 £t.. The ten species
plots messured 4 £t, 6 in, by 24 4., and an 18 in. headland was left

between each plot. It was counsidered that cultivation of this headland

ol

would reduce the spread of volunteer white clover.

The layout for the Auvbumn trial is shown in Figure 2.

C, Istablishment of the Plots

e area v ~hoed and rollsed in Apri 960,
The area was rotary-hoed and relled in April, 1960

Seads of the spscies were broadcast by hand on April 28th, 1980 as
follows:

1,%, Cert, Perennial Ryegrass - eouivalent to 30 lbs/acre.

i

N.%. Cert. Timothy - " " 15 lIbs/acre
W%, Cert. Cocksfoot - " " 20 1bs/scre
W,%, Standard Brownbtop - " " 10 lbs/acre
Poa vratensis - " " 47 ibs/acre

As stated earlier the Foa vwrabensis seed, which came from Towa, failed

to establish satisfactorily, aund was excluded from the exzperimesnt.
Bach plot was individually raked after sowing,
The equivalent of 3 cwt. superphosphate/acre, 1 cwh. sulphate of

potash/acre and 1 cwt. sulphate of ammonia/acre was broadcast by hand on %o

the seed~bed on April 29th.
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The four remaining specles established satisfactorily. The plots

were twice mown to be a height of 2its, during the Spring.Inter-plot cul-
tivation and weeding was also carried out. The plots were grazed by sheep
for two short periods during the Summer., By March, 1861, &ll four spscies

showsd satisfactory development. Pereunial ryegrass was affected by

Pucecinia coronata, but recovered by the start of the Aubumn trisl,
2 o

Prior to the Spring treading, the plots were top~dressed with the

- ¥ . - 7/
eqguivalent of 3 owi, sulphate of smmounis/acre.

D, Application of Treatments,

The treatmewnts were applied on April 12~13 ard September 12-13. In
egach case approximately » in, of rain had fallen 2-3 days earlier, but none
fell during the treatment pericds.

5

Prior to each treabment the plots were mown to a height of 1 in., wit

i

ol
a 'Lawvmmaster' mower, It was assumed that roller compaction was spread
squally over the area.

In order %o avoid the excessive growth on the edge of the plots, the
control and trodden sub-plots (each 5f%., x 1ft. ) were placed 1f+%. from +the
cultivated ground.

In the treading treabment it was intendsd o cover the complete arvea
of each species sub-plot with a weight of 20 vp.s.il. vepeated four btimes.

The hoof was placed on the ground and pressure applied until the balance

read 40 1bs, As the breadth of +the hoof was almost 1.25 ins. a 1 £, ruler
wasg placed ascross the plot and the area trodden at 1,25 ins, intervals,

The ruler was then moved down the plot 1,75 ins, (length of hoof - 1.7 ins, )
and the process repested. The plot was thewn trodden in the reverse direction.

A similar method was followd in the two lengthwise treadings of the plot.
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The eutire treatment was completed in two days. The four'blocks'

were trodden in random order (4, 2, 3, 1), and to minimize any differen-
tial effect of regrowth during the treatment period, the plots were trimmed

back to 1 in. when the treatwment was completed., A1l the plots were sub-

sequently sampled oun the same date.



Sampling Methods and Experimental Technicues

A, Hethod of sampling each sub=-plot

The following information was sought:

1. Yield of dry welight of the sown grasses, other grasses and other
specles,

2., Tiller counts of pereuvnial ryegrass, cocksfoot, timothy and other
grasses,

5, Definition of the position of the growing polnt of the sown grasses
in relation to ground level,
The reguirvements of 2, and 3, iwndicated the use of a plug btechunigue,

The +tiller plugs described by Mitchell and Glenday (1958) were unsatisfactor

d

olnt determinations, because the soll surface was deformed by

t

the sampling technique.

Figures available at Grasslands Division, suggested the ryegrass yields

% In a consideration of sub-plot size and a convenient
sample size, 1t was decided that a quadrat of ¥ sqg.ft. would have to suffice
in this experiment,

Therefore, at all sampling dates a plug of 7 ins. ¥ 7 ins. x 15 ins,

the remainder of

&

was removed from each sub-plet with a spede; any damage
%he4&r6a being reduced by lifting the plug from the side of the sub-plot,

A minimum distance of 6 ins., was allowed betwesen samples in any one sub-plot.
A1l the reguired data were obtained from a 6ins. sg, gquadrvat withinthe 7ins., sq.

plug. At each saumpling date the surrounds of the sub-plots were cut to 1 in,

with hand shears,
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The 32 plugs were removed to the laboratory and stored in a refrig-

srator at 2°C, In the analysis period of 4 - 5 days there was probably
1ittle change in the material,
the Autumn trial the plots were sampled at monthly intervals over

a period of three months. Iu the Spring trial the plots were sampled Tive

two months.

el

times over a peried o

A Bins.sqg. guadrat was cubt ab ground level from the plug at each
sampling date, and dissected iuvto sown gresses, other grasses and other
species., The herbage was dried in a Wilco Electric oven for 24 hours at
C., and thenremoved o a desicocator for 1 hour. The dry weight yields
{to géﬂgm} were obtained by using a Mettler B.8 balance, The advantages of
using dry weight of herbage in preference to web weight as a measure of

N 1 heli 4 1. 3
pasture yield have been discussed by Greenhill (1936 ).

71

G, Tiller counts

The value of the tiller as a unlt of measurement in pasture studises
was pointed out by Mitchell and Glenday (1958), but Ianger (1959a) stated
that tiller counts gave no indication of qualitative changes.

In this study a tiller was defined as a live shoot which, by inspec-
tion, appeared to have an individual existence, However, the rooting habit
of each tiller was not observed, Ijreover, Langer (1959 ) has pointed out
that very young tillers may depend partly upon nubtrient suppliss from else-
where in the plant for their production in the early stages of growhh.

Tiller counts of perennial ryegrass, timothy, cocksfoot and other
=

grasses, were made at all sampling dates from the 8in.sg. guadrat used for

vield determinations.



D, CGrowing point measurements

The work revorted by Bates (1955) aid not give any detaills of the
experimental method,

The technigque used in this exverimeunt was developed during the Aubumn
trial, At the final sampling date, 1t was used to show the percentage of
tillers of the sown grasses with thelr growing points above the soil surface.
In the Spring trial this measurement was made at all sampling dates, and
tillers that shbweé internocde slongatiocun and flowering were also noted,

The growing points were divided into two classes according to their
vosition above or below the soil surface, 75 tillers were cut at ground level
from the centre of each 6iun.sd. guadrat without regard for differences in

the total number of +tillers. If the tillers had been sampled from & standard

area of the guadrat, the results would have been based on a variasble number
A b

A pair of thin dissecting scissors was used to cut the tillsrs, IP
any part of the growing point was found at the base of the cut tiller, it was

Q

classed as above the soil surface,

o5

The ground level was uneven, and in a few cases fresh worm casts burisd
2

3

several tiller bases, In order to avoid this effect these tillers were cut
at the level of the surrounding ground. Older worm casts were regarded as
vart of the soil surface,

It was obssrved that individual grass plaunts often grew in a slight

depression in the ground., This was assumed to be a change in ground level,

e

and therefore the tillers were cut to this level,

Be Soil moisture measurements

Une core was removed from each sub-plot with a stanfard soil moisture



it was considered that the large amount of plant roots in this zons would
give a false value for the soil molsture,

7 sample waswelghed and the moisture cowntent expressed as a

jo )]

he drie

s

percentage of the drisd soil,

A simple core sampler was used o remove oue core of standard cross—

. i‘ sy sy -
sectional area (2,28sq gcwgi from each sub-plot, EBach one was then cavefully
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cut iwvto sectlons recresenta and 4 -~ Gem. layers

the soil,

1

The bulk density was then calculated,

o
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Results and Discussion of the Aubumn Trisl

This chapter is presewnted in two parts as follows:

Resgults

Discussion

The results are

Statistical bechnigues.

4]

ht vield of

X

presented in nine sections as follows:

treading treatment.

sach species,

erennial ryvegrass, timothy arl cocksfoot.

The dry weight yield of other specises,

The &y weight yield of Poa soo.

Growing point measurements,

Soil mo

[
]

ture data,

Bulk density measurements at threes depths.

(For abbreviations used in this text, see Appendix i.}
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A, The artificisl treading treatment

The treading treatment for each sub-plot was completed in 13 hours,

It was noted that slight penetration of the soil surface occurrved in the

pereunial ryegrass, cocksfoot and timothy plots, and the

1

hoof prints were

£111 visible at the end of the exverimental period (July 6%th).

o

Some +tillers and leaves of these species were broken and/or oushed

below the soil surface, but this effect soon disappreared, Close observation

1

failled to reveal whebther this was due to the death of the affected parits or
to recovery growbh.

The hoof did not penetrate the surface ‘mat! of browntop, but the

e
]
l.h

treading effect avpesared o be more severe in this species,

™

B, Statistical technloues

.

In the statistical analysis of the results it was assumed that bthe

layout of the experiment was a randomized block design (Glenday, 1961 ).
Each sown speciles was analysed individu
If species appeared to differ in their rea
combined analysis of variance of all species was
of +this analyzsis was dependent on the assumption that the data were homo-
ESNSoUs,

C, The drv weight vield of each species

The mean yields and standerd errvors, in lbs. dry weight per acre,

re presented in a swmarized form in Tables 1 - 4, together with the results

'3

of the analysés of variaunce, Further details are given in Appendices 3 - 6,



Date 13,4,.614 11,5,81 2,868,681 B,7.64
Treatment
UT 505, 761, 928, 720,
~54 15 40 ta
7 159”04 8952 gag™ % 7o5 %%
e ey £ . Tt
T 1ts of analveis o . L
tesults of analysi W, 8, W, 8, .8,

of wvariance

Hean dry weisht vield. Timothy

Date 13.4,61 11,5.6% 8.6.61 B,7,61
uT 515 765+ 1026 ”*2+
e e o
I %5t =54 ~87 ey =
. T 4553 504 880 579
oS, .8, 7,3,
TABIE 3
Hean dyy welght vield, Coclksfoot
Date 15,4,681 i1,5.81 B.6.681 B.7.61
Treatment
T 451 752 917 749
- + +
e -84 () ~B8
T 165 704 767 5684
Results of analysis|.. WS W. S
» L e k3 L3 Lig
of variance =
.8,
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In the cocksfoot plots there was sipgnificantly (5% level) more

other species in the UT treatment at the time of treading, this

being significant at the 10% level at the second and fourth sampling dates,
Tn the pereunial ryegrass plots there was significantly (10% level)

more other species in UT nlots at the scond sampling. ITo the timothy plots
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UL plots prior fo

plots from any further
analysis of the treatment efTects,

It was observed

of wriance ou the da
ahbseut from individual sub-plots., Thus, the mean and standard errowr of
the vield of each species at the time of treading, was cowpared with the
mean and shandard ervor of the sumulative yield for the whole tost—treading

L were derived from

period (three sampling dates), The data (Ap

vields in pereunial ryvegrass, tilmothy and browntop nlots, and they arve

>
.

2

presented in a summarized forw

-

in Tables 15 -~ 18,

o
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TABIE 15

'

san drv weight vield of Sapina vrocumbens L,

Date Time of treading Post-treading veriocd
Treatnent i3,4,61 11.5.61, 8,6,64, 6,7,61
ur 11 a5
o el o3
T 35 39
-
Ci,«‘ 5 = e v P
G, 05 = 3z, W, 8, g
L4
Mean
Date Time of treading Fost-treading period
Treatment 15,4.61 11. 5,84, 8,6,61, 6,7,61
g 51 63,
+, oy
i n__‘? ,E%-'Um
p
O—m e B 7 e o ¢ ]
U U T rEde lug ¢ Ligilg

Poat—treading period
11,5,61, 8,6,84, 6,7,61
95
Tog
1467
.8,

HMean &y welpght vield of Rumex acelosella agg,

Date Time of treading Fost~treading period
Treatment 15,4.81 11, 5,67, Be8.61, 6,7.61
ur 48, 112
-~25 25

.

®

&

1
fie

%;;
fmt
o
[ €Al
@
:;
{0
L3

(s
[0

- > > N usr e
Crepis capillaris (Lj Wallr,

=N

Mean drvy welicht vield o

Date Time of treading Post-treading period
Treatment 13,4,61 11,5,84, 8,8.81, 6,7.61

uT 25 142

. b

m ?~ia G450t
a,. =& - - o
i'}s SE} 5 zj Ta" fﬁ g Se E‘"O 50

k2




It was considered, that because of the large variation in vie

and the method of grouping the harvests, ounly general counclusions wer

reduced the yield of Bagina

vrocumbens L, ,but increszsed the yield of Trifolium dubium Sibth. The

cther specles appeared to be unaflected,

F, The &ryveight vield of Fos spo.

data of Foa spp. wers trsated in the same way as the

individual species above, except that the resulits from the cocksfoot plot

Date 11, 5,61 B.6.61 B.7.61
Treatment
UT 73 79 101
+ +
i 55729 5718 175757
“0,05 & 5.8.%, I, S, LS, I, S,

m - e} e
There appeared io

n the T plots at the final sampling.

jrte

As the total yield was small uo +tiller counts were made, Other

grass specles were present in negligible amounis,

G, Growing point measuremeuts

’

These data were expressed as the percentage of tillers with thelr

i

ac

M

growing point above the soil sur

E3
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Snedecor (1959) stated that if le counsisted of the

c
jny
@
<
o
e
i
)
e
[t

roportion of individuals affected, the distribution tended to be binomial

in form,
As a wide range of percentages was found in this work, the data

were transformed to the angle whose sine is the square root of the per-

The measurements were made oun the final sampling date of the experi-

ne method used to avoid the ef

rer, as very few casts were observe

on the soil surface in bthis period, the effect was wrobably small,

The means and standard errors of the transformed data (frue percent-
together with the coefficients of variation and
the analyses of variance are shown in Table 21, Further

endices 15 and 14,

Transformed data and true mean @ercentaxes of crowing

volnts above the soll surface
Species Perennial  Timothy Cocksfoot  Browntop
Treatment TYeOrass
Trm 3 - o - PR = 7
Ut 56, (869) aééﬁ (82) 62, (78) 50, (59)
; L 3 ™ A = o - Y
T 557~ (64) 57 - (70) 80°° (75} B1° (&0
™ P I 5 o s
Hesults of analysis . . o S
e HE W5, e S, H,5, M, 3,
of variance
Coefiicient of o P
A o 3 5, 4 Tole 16, 7
variation (%)} e S 109 e

There were more growing points

above ground in the UT sub-pl Sl o grass, Ilhere were no
gignificant differences
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detected iuv the present sxperiment, because the First sampling was made

R 2
&G Gay after bresding e

u

- s s * 1 . /
In the species ftrial (% sheep equivalents/acre

jan
ks

the yield of cocksfootb

Differences in soll type between the two arsas are considered in

Section G, but it was concluded from the yleld data that the artificial

treading treatment had produced aneffect similar o 8~10 shees

C, Tiller counts

The changes in tiller number avpeared to be related to vield changes,

the T, plots of cocksfoot and timothy over the

een due to a change in tiller quality., It was

:

z caused an increass iuo the number of smaller tillsrs,

the total vield,

D, Growing point measurements

Although cousistent result
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ingulsh between the dead sheaths of the parent tillers and the ground,

The results for vpervsunial ryegrass and cocksfoot were differsnt from

€]

s!«’ 1

those of Bates (1935, who suggested that the gro

ng points of these species

froac)

re below the soil surface, Howsver, his studies were made on heavily

trodden habitats and it was possible that the growing points were pushed

below ground under such conditions, There was some evidence of this effect

Ty

TBOVET,

as the technigue of measurement was unsatisfactory in two of the species,

the implications of a possible relationship were wnot discussed.

B, The vield of other speclies
only

reflected by the reaction of the predominant spscies, 4 comparison with

PR3

the observatiouns made by three other workers is shown in Table 28,
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FIG S LAYOUT FOR THE SPRING TRIAL.




77

. The layout for

The plots were top-dressed one mounth before treading with the equiv-

alent of 3cwh, of sulphate of ammonia wmer acre,
the percentage contribution to total yield of other species and

to have fallesn to a very low level, no mesasurements wave

- 18
e GL8e-

cund in the

iy

.made of these components., Any
carded,

The other measurements were the same as for the Avbtumn trial, excent




PART TT

HESULTS

The hoof penetrated the surface soll to a depth of 1 in. in persnnial

ryvegrass, timothy and cocksfoot plots. Slight penetration also ccourred
in the brownitop plots,
The burial of tillers was more severe than in the Autumn trial, a
it was observed that many of t
Hecovery growth appeared to be due fto a combination of nesw tiller
oy

production and the growth of +tillers that had survived the treatment,

The mean yields and standard s rrovs, in lbs, dry weight per acre,

E 51

TAR
LA

B

an drv weicht vield, Pereonial rvesrass

Date 13.9,61 23, 2.,61 3,10.,61 15,110,681 6,144,861
Treatment
s o I P
Ut 785, 1414 9%u5% A015, 5905,
e + + & =
Tog Fr= Zo0n o4z ~onr
o (9 2] , e e RS tely)
T 858 SR 1678 2967 5560
Hesults of
3 T gk wiooad s s
analysis of 0.8, 4 M. 5, # N,.8,

variange
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Hegults of analysis .. . " 5
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TABIE 33

Mean dry weizht vield, Cocksfoot

Date 13,2.61 23.9,61 5,100,641 15,410,614 6,114,561
Treatment
uT 528 1322 2711 2788 6435
Zag D) Iz43 ts06 RS
—ill e 5 B0 ~ -3 A5
T 389 865 1291 ¢ 2024 4966
ho] o N F .3
neialus.oL analysxsﬁ;ss i N, S. N, S. N, S,
of variancs
TABIE 534
Mean dry weight vield, DProwntop
Date 13, 8.,861 25.8.81 3,410,661 15,10.,681 6,141,861
Treatment
un 1048 1974 2727 5458 3651,
., T e T e
=50 T 10 I ~58 =32 =108
T 1148 1300 1498 1981 3085
Results of aﬁalysisﬁ’gt s s . .
of variance

at the time of

[

The results for September 13th revresented the yisl
treading. Mo significant differences betwsen UT and T sub-plots were

detected,

In cocksfoot on Ochober Srd and 13th, and in peremnial ryegrass on

October 3rd, the differences were significant at the 10% level,

Throughout most of the experimental period, ouvly slight species

lifferences in reaction to treading were detechted. Howsver, at the final
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~ FIGB. DRY WEIGHT PRODUGTION CURVES.  SPRING TRIAL.
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sampling date browniop appeared to be m ore severely affected,

It was observed that the variance of this species was cousiderably
1 than the other species

combined analysis, to test

at the last three sampling dates, Thus, &

zhowed that the species z treatment
final sampling date., Thus, 1t wa

in reaction to treading had not been

The growth curves of the species are shown in Figure 8., An approx=

& o

imate "t" test over the first bten day period, indicated that the T plots
timothy and cocksfoot failed to show a significant

s of browntop was

at subseguent

iy
o)
L]
w
3
[¢]
Q
‘“J .
®
i
9]
Q
=
i)
&
b -
{.J .
0
o]
o
n

und to be unsatisfactory. This was probably due

s

to the high and low standard errvors of cocksfoot and browntop respectively,

An examination of the growth curves (Broughsm, 1957 ) suggested

P

that the reduction in significance of the treading effect a

f ol
ok
&
i
i.J s
o3
Y
fd

sampling date, occourred wheun the UT curves had ewntered phase 5 of growth
(decline in growbth rate), while the T curves were still in vhase 2 {growth
not arpear bo be any phase 1

at a constant maximum raée}. There dic

growth rate) in the UT plots of browntop,

&

=

(ex* nential increase in

Ce Tiller counts of perennial rvegrass., cocksfoot and timothy

124

The mean tillsr numbers per 36 sq.ins, and standard errors at each

=

gampling date

3 =
o} Z

together with the results of the analyses of wvarlaunce, are

shown in Tables 35-38, PFurther detalls are given in Appendices 28-24,

for a species x treaitment luteraction, was subject




fd

Qg

TABIE 35
Hean tiller mumbers, Pervennial rvegrass
Date 15.8.61 23,9.61 3,10,61 15,410,861 84,114,581
Treatment
o 555 %S§% 417 376 176
Tan = San + e
T 544”0 30070 5a5Ti0  mpgmdl 499712
Results of analyses of
variance NS, o N, S, i, S, N, S,
Timothy
Date 13.9.614  23,8,861 3, 1C.81 13,140,681 &.11.61
Treatment
U 132 B4 170 185 99
Ty * 44 s *
7 1285 © 118 125 7 136 120
Results of analysss
of variance .5, # M. 3, # N, 8.
TABIR 37
Hean tiller numbers, Cocksfo
Date 13.,9.61 25,9.,61 3,140,617 13,410,841 5.14.61
Treatment
Uz 05 22 256 173 125%
14 L5 2o Zor T4
T 1957 appTS 49970 4sgm g2
Hesults of analyses
of wvariance 1, 3, wE .3, . S
On October 3rd the differences were significant at the 10% level
in perennial rysgrass and tlmothy, and were almost significant at this
level in cocksfoot. Ou October 13th differences approached the 10% level
in perennial ryegrass, but were worn-significant in cocksfoot, In timothy
there were more tillers (S vrroached the 10% 1&@61} in the T plots at this
- . ; . 5 - ,
date, Howeve an examination of the dats {L§§endlz 22,2 suggested that
an irrsgul esult in Block 3 probably caused thils effect.




TILLER NUMBERS PER 36 SQUARE INCHES.
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The changes iu tiller vumbers over the experimental periocd are

illustrated in Flgure 7, and the resullts from using the approximate "V
are shown in Table 38,
TARIE 38
egults Prom testing for changes in mean tiller number
with roximate "t" test
Species Treatment 13.9.,61 = 25:9.61 = o 10,81 =~ 13,10,61 -
33, 9,61 3,100,681 13, 10,61 6,114,641

Perennial uT e S, . S8, s
rVesrass T # # M. 8. W
Timothy uT ww . 5, ¥, 8. e

T 4,5, 4,5, 0, 5, #
Cocksfoot U # = #

T .5, G #

.

number of perennial ryvegrass and an almost significant decrease in cockse

foot, in the first period. The effect on timothy was less severe,

n the second period the UT plots of peremnial ryegrass showed a

-

s

nov-significant decrease, and the T plots a sigpificant increase in tiller

o]

number. In timothy and cocksfoot, UT and T plots showed a nown-significant

increass,
In the third pericd, only the T plots of timothy showed an increase
(ﬁon—signifioan%} in tiller number, The cocksfoot UT and T plots sh

decrease in tiller number,

It was coheerved at the first post-treading
tillers in the T vplots showsd 'abnormal' development, Ixamples of these

are illustrated in Figures 8 and 8, A count was made of the most obvicusly
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b

Yabnormal! live tillers i.e. those thet showed a split in the

with wrinkled leaves

L

Ho tillers of this type were found in +the

wao in Teble 39 and further detalls sre given

a9
of 'asbuormal' tillers in T vloits
Date 23, 9,061 3,110,681 13,410,814
Species
Peremnnial ryegrass B.6ml, -
oY 1 £ w‘%‘r\ P Pt »-»é'
Timothy AT 5e5m1,8
o e Va4 &
Cocksfoot Bo7=1,4 7719 -

o Growing voilnt measurenents

The means and standard errors of the transformed data (tru

i

weraent-

ages in brackets), of growing points above the soil surface, together with

<

the results of the analyses of variance are shown in Tables 40 - 45

i
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| U; GROWING POINTS ABOVE THE SOIL SURFACE.—S. |

“—°UT )| LERS SHOWING INTERNODE ELONGATION
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DISCUSEI0N

discussion is presewnted in four sections, as follows:

ffect of treatment on the yield of sown species

Growing point measurements
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xS

L, The effect of treatment on the vield of sown speciss

=
=5

The main effect of artificial eriment was to

least one wonth,

o
&)
fromd
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The faster recovery growth of the T plots, as compared with that
in the Autumn trial, was probably due to the velatively favourable cone

L3

ditions for growth that prevailed,

re high,

kY

from the coefficients of variatio {”1@3@& 19681 ),

replications might have been more sultable in this

However, the data

artificial treading and shsep treading had relatively similar effects on

ough in contrast to the Auvbtumn brial, the artificia

the gro dawxwa,, altl

+

treading in the Spring aypeared fo have a wmore severe effect on yvield than

/ S fema - o
10 sheep/acre ) (Edmond, 1960),
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The changes in tiller numbers over the experimental period were

partly explicable in terms of Ianger's work (195%, who noted that tiller



for ackive
due o
competition among tillers for esseuntial envirommental factors, such as
iight and nutrients.
In this experiment the total rainfall in October was only 0.,7in.
{G?&sslaﬁi,ﬁivisisns eteprological Sta%iga} and a combination of these

1
nave

This could

e
JEaaer

of plan

e

Foc s
A

P

B e
cepred

ot

At subsequent samp

O3

numbers affected bo although ©

was not so severe, probably due to

R, )

tiller numbers of these plots, and alsc to

internode elongation, Howe

o ver

, 1o

;,.J.

TYegrass,
wever,

Tle

T

{.J-

olots of

ling dates the factors involved

a similax

cocksfoot a slower decrease in bl

»

in the decline of

]

he reduction in the T
the lower yields and

hat fewer tillers showed

approx—

and coincided with the

pattern to perennial

timothy showed a

»

ller numbers.



e/
]

final period, but as nobed earlier the T plot wmeans may have contalned an
irregular result,
In cocksfoot, UT and T plots declined at a similar rate, and it was

suggested that the higher provortion of tillers showing interncde elongation

o

., may have offset the effect of lower yields and tiller

i

in the T plot

numbers,

be B3

It was concluded that these resulis provided further evidence for an

interaction beltween the treading effect and envirommental factors and/or

the physiclogical state of the plant.

C. CGrowing point measurements

1

These measurements showsd b

that the tillers of all species were in the vegetative state.

]

The same difficulties were experienced wit

o

trial: but in brownbtop considsrable stolon develomment made measurement

easier, and this probaebly affected the results obbained,

In cocksfoot it appeared that treading pushed some of the existing

(o)

growing voluts below the soll surface. Altervatively, new til

foe) f=

eveloped after treading were possibly ilnitiated below the soll surface

Similar resulis obitained for perennial ryegrass in the Autumm trial were

¥

The relationship of these results to the treading effect on the

species was wnot clear, The classification of the growing point position

hat it was only at the first sampling date

h timothy as in the Autumn



94

was only an arbitrary one, and it was noted that the differences were small,

=J

It was cousidered that if the variable maction of the species o
- 7 - - - » * 1 x >
treading (Autumn trial) was to be explained in terms of the rosition of the

o iy

growing polilnt, then the differences in this position above and below the

scil surface would have to be gresater than those observed here. The growing

d not appear to be low enough below the soil surface to be afforde

e

poiuts d
any protection,

Similarly the apparent iucrease in the percentage of growing toints

below the soll surface in the T plots of perennial ryegrass and cocksfooid,

probably only represented a small change in position. However, the change

may be more prounounced in grazed pastures.

The increase in the percentage of growing points above the =oill surfac

coincided with the increase in interncde elongation, and it was observed

'

that where the totel percentage of growing points above the soil surface
was depressed by treading, so t
node elongation., This was probsably a reflection of the delayed growth of
the T vlots.

Tt was possible that differences in the percentage of +tillers with
flowerheads, in the UT and T nlots of perennial ryegrass, developed during

~

the period Uctober 25rd -~ Novewber 6th, However, the reduction in signifi-

’.J»
o

cance of the treading effect at this time may have led to the similar

flowering figures obtained at the final sampling date,

D, Soil measurements

too was the percentage of +tillers showing inter-

The bulk densities in the UT and T plots were slightly lower than in
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result not sbatistically significant.
= results statistically significant.at the 5% level.

5
b

35 sum of squares,

mean sgguare,

2T degrees of freedom,

s mean valus,
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Measurenents of hoof print size (Sgelns,;.
¥esn and standard ervor of 20 values shown.

2ed D6 O
265 2.6
2. Ge D
2e4 2+ 5
2.6 2s 5
2.6 Dok
2.4 2.6
2.6 2.7,
2.6 2.4
2.4 2.4

- ER
¥ 2y By 15

Test for the accuracy of the spring balance.
7

in
Hean and shtandard ervor of 25 valuss shown.

oy 1

Weicht on scale balance 40 1bs,

Reading on spring balance (1bs,

40 40
39 41,
4.0 41
59 40
41 39
40 39
39 49
39 44
44 39
38 471
40 38
39 47
40
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ATEENDIE 5

e
. . . . . 5 - 7 5 .
Dry welilght yield at each sampling date (Eas. d.wt./acre; ., Block
figure, treatment meavs and standard errors®¥ shown,
5,1, Perennlial rvegrass
Block Treatment 15, 4,081 11.5.681 8.6,61 8.7.61
“ g 420 B84 1228 764
- T 628 1320 1080 952
5 uT 880 828 708 676
- T 400 540 748 832
5 ur 712 8692 864 652
z 524 788 1112 5892
4 Ut 200 740 oig 788
3 T 524 552 858 786
uT 503 ’?"61_%L 92“+ ?20%
x R -152 -4 ~42
T 469 825 048 793
Ss 2 Timothy
Block Treatment 15, 4,61 11, 5,81 G.6.61 B.7.01

; U7 616 908 1100 756
- i 416 876 1960 652
- U 600 552 1020 552
= il 598 860 798 584,
) U 498 742 993 468
< il 538 628 268 556
. Sh 116 880 1056 479
- 7 359 859 664 504
T 515 785 1026 562

z *45 t54 *a7 50
7 455~ 804 880 579

ey

#*Conversion fachor: gms,f%in, square%l%e/écre;x 385,76

2o

S E.'s calculated from analyses of variance (Appendix 4).
k]




APERIDTY 5 (Cont, )

5ed, Cocksasfoot
Block Treatment 15,4.61 14, 5,61 8,8.61 Be7.61
4 uT 356 476 1118 940
- m 392 656 904 584.
o UT 504 876 852 759
< T 616 912 716 700
5 UT 800 772 1084 694
i\ 459 7 44, 068 700
L U 404 884 636 580
- i 592 504 430 559
_ UT 461, 752, 917 719
3 -4 i84 22 “68
x o 465~ %0 704~ 0% ve7~20 534768
5.4, Browntop
Block Treatment 13, 4,671 11, 5,61 8,6,61 6,761
1 UT 880 1160 2180 1320
T 952 1059 1360 924
5 uT 788 1888 1584 948
i 704 1712 1140 772
5 UT 998 1508 1580 1016
T 988 860 1040 798
4 UT 688 1508 1076 1052
- ik 755 1328 952 856
— Um foge) -t 3/‘/’ iv::;":’} 4
= T ?Gofgo 1 Of(}g 55 s s 0?6:2:29
T 8557 <° 1958 7 1195~ 820 ¢




Analyses of variance of dry welight yield at each sampling dats,

Perennial rvegrass

2,0, 13,4,61
Source S5, ATy s, P valiue B recguired Hesult
Block 143920 3 47973 1.72 9,28
Treatment 2320 1 2520 41,00 10, 10
Hrror 33872 35 27957
Total 250112 7
v = B4,.9%
4,2 11,5,61
Soures 58, d. I, .5, B valus P reguired Resulb
Block 118752 3 30584 <1,00 9,28
Treatment 8192 i 8192 <1,00 10,10 Mo 3.
Bryor 277808 3 92603
Tobal 404752 97
v = B7:8%
4,5 8,6,61
Source 35 d. ., M. S, B value B recuired H
Block 32352 3 10784 1,12 e 28
Treatment 880 4 880 «1,00 10, 10
Hrror 28784 3 0585
Total 62016
v = 1054%
Lol 6,7.61
Source 25 d,f, B ovalu I recquired  Hesult
Block 50328 3 19776 28 9,28 M, 8.
Treatment 10655 i 105586 165 10, 10 N. S,
Error 21008 3 7003
Total 50882 7




4,5, 13,4,61
Scurce 353, d, T, .S, B value P recuired Result
Block 35056 3 13019 1,61 9,28 N. 5,
Treatment 7686 i 768968 <1.00 10,10 . 5,
Brror 24256 3 8085
Total 74008 7
Vo= 18,5/
1.6 11,5.61
Source S8, d, . . S, B oyalus 7 reqguired  Hesultb
Block 74944 3 24081 1,55 e 28
Treatment 3360 1 32560 «1,00 10, 10 .S,
Brror 454986 3 16165
Total 126800 7
Vo= j_‘%gij/%g
4,7 8,6,61
Source 55, d, 1, M. 3, 7 valus B reqguired Result
Block 158880 3 13205 1,52 5,28 H.S.
Treatment 42624 1 42624 140 10,10 HoSe
EBrroxr 01440 3 30480
Total 279944 7
v =18, “?’g
4,8 B6,7.,61
Source 33, Ao & eSS, B value B reouired
Block 55024 3 17675 5,02 D, 28
Treatment 576 1 576 <1,00 10,10
Brror 105580 3 3520
Total 64150 7




AFPEIDIX 4 (Cont, )

Cocksfoot
4,9 13,4,61
Source 33, Ao f. ¥, 5, B value B reguired
Block 54800 3 18267 2.91 D, 28
Treatment 16 4 18 41,00 16,10
Error 18848 3 6283
Total 73664 7
v o= 17,1%
4,10 44,.5,61
Source 58, Gofe ¥ value B recuired Hesult
Block 144712 & 37257 1. 32 5,28 e 3
Treatment 4508 1 4508 41,00 10,10 W, 5,
Error 84832 3 28877
Total 201152 7
v o= 23,0%
4,11 8,868,681
Source 88, CGefa value ¥ reguired  Hesult
Block 278720 3 80 S, 28 #
Treatment 45008 1 o7 10,10 M. 8,
Error 19088 3
Total 342818 7
Vo Seéff%
4,12 6,7.61
Source 33, d,f, B yalue
Block 101792 3 1.81
Treatment 35448 1 1. 94
Error 58504 3
Total 104544 7




j1se
s
N

Brownton

Source S8, Fvaluse F reguived
Bleck 86592 2667 39,28
Treatment 8978 £1, 00 10,10
Error 32400

Source 33, I value F reoguired  Result
Block 584519 194857 4,95 9. 28
Treatmsnt 113280 113280 2,88 10,10
i 118192 39897
815084
v =14, 6%
8.6,81
Source =53, 0. L ® value B reguirved  Hesult
Block 8168552 3 2.15 D, 28
Treatnent 204858 i Z. 14 10,10
Broyor 2868912 5
Total 1107920 7

Source 353, B, value
Block 93808 51989 5,10
Treatment 131072 134072 24,39
Error 18384 6128

Totbtal GLE254
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AFFEIDIE 8
Apalyses of variance of tiller counts per 36 =sg. ins. at escl
sampling date
Perennlal rvegrass
B8.de 15,4.61
Source =8, d. . M. 5, B value B recguired Result
Block 20092 3 8997 1.77 e 28 e
Treatment 231 1 231 £4,00 10,140 . S,
Brror 11882 3 3961
Total 353105 7
v = 50.5%
2e2, 41,5,61
Source 53, Gofe . 3, I walue P recuired Result
Block 27867 3 854 <1, GO 9, 28
Treatment 2413 1 2413 21,00 10, 10
Brror S 138680 3 4653
Total 18840 7
= e
RO 2@;} ¥
8,3 8,868,861
Sourcs 58, ol ¥ ovalue F reguired Hesulsb
Block 5B 3 13,73 9, 26 %
Treatment 1 1 £1,00 10, 10
Error 408 3
Total 5868 7
Vo= ‘é"‘g ML?;
B.4 B,7.61
Sourcs 58, 4oL, B value
Block 517 3 172 <1, 00
Treatment 703 1 7053 d.11
Error 1899 3 533
Total 3119
Vo= 1875%



APPRIDIX 8 (Cout, )

Timothy

Se5  13,4,61

Source 35, defa S, B value B reguired
Block 3497 3 1168 5,089 U, 28
Treatyent 78 1 75  <1,00 10,10
Brror 587 3 228
Total 4952 7
8,6 41.5,614
Source 55, e Mo 3, ¥ value
Block 2502 3 884  £1,00
Treatment 648 1 648 €1,.00
Error 2958 3 979
Total 6058 7
v =20,7%
B.7 546,61
Source 58, Aefe M, 3, B ovalue B reguired Hesult
Block 824 3 275 4,74 5,28 1,5,
Treatment 32 i 52 1,00 10, 10 He S,
Error 173 )] 58
Total 1029 7
3.8 8,7.61
Sourece 53, Ao, a3, P value B reguired Hesult
Block 884 3 224 <1,00 G, 28 .5,
Treatment 24 1 24 <1, 00 10,40 .5,
Brror 2549 3 783
Total 3037 7

- DO
Vo= 28 Ub



APPENDIZ 8 (Cont. )

Cocksfoot
8,9 15,4,61
Source 55, SN B value B reguired Hegult
Block 62904 3 874 9,28 .8,
Prestment 28 1 1,00 10,10 7, S,
Error 721 35
Total 7043 7
v =1%.8%
8,40 114,5.61
Source 58, Cofs B value B reguired Hesult
Block 2983 3 994 1e48 G, 28 3
Treatment 174 1 171 €1, 00 10,10
Error 2039 3 580
Total 5183 7
v = 17,9%
8.1l 8,6.61
Source 53, ds s e S, B value
Block 2655 3 884 1.05
Treatment 866 1 686 £1.00
Error 2597 3 842
Total 5846 7
v = 21,.8%
8,12 5,7.61
Source S5, Aoty i, 3, B values )
Block 1755 3 585 275
Treatment 32 1 52 {1. 00
Brror 543 3 214
Total 2450 7




"??f“j‘:}, g

APEE

Dry weight of other speciss at sach sample date. Block figure, sown
species plot, treatment means and stauvdard errors shown.
9,1 13.4.61
Block  Treatwent TPerennial Timothy  Cocksfoot  Browntop
ryegrass
1 UT 45 20 148 14.0
T 60 95 45 184
5 ur 44 284 100 20
- T 28 220 16 32
5 Ut 72 200 92 176
T 56 152 40 160
4 uT 176 52 172 48
T 136 96 % 40
- U 85 118 128 95
x i Foq tis s
T 70" 144750 540 104~/
9.8, 41,5,81
Block  Treatment Perennial  Timothy  Cocksfoot  Browntop
TYegrass
4 uT 184 100 &8 o6
- T 16 160 - 168
oo 145 104 100 154
2 T 88 88 40 20
= ur 104 216 72 38
7 i 82 2680 16 48
p Ut 160 48 184 40
N T 80 24 - 20
ur 149 147 108 83
X T2 17 o2 52
; T 67 = 158 17" 64
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APEEIDIE 14

Analyses of variance of the transformed percewbages.
Individual species
14,1 Perennial rvegrass
Sourcs 88 i F valus B reguired
Block 3 3 1 <1, 00 9,28
Treatment 18 1 48 4,50 10,10
Error 13 & 4
Total 54 7
14,9 Timothy
Source 53, G, 1, B value ? required Hesult
Block 110 3 57 {1, 00 9,28 .8,
Treatment 50 1 50 <1.00 10,10 e 3,
Brror 215 3 72
Total 375 7 )
v = 15,4%
14,5 Cocksfoob
Source S35, de ¥, ® value B reguired XResult
Block 59 3 <1, 00 9,28 5.
Treatment 8 1 <4, 00 10, 10 S,
Zryvor 129 5
Total 169 7
v =10,9%
14,4 Browntop
Source 35, dofs . 8, B value P required Hssult
Block 162 3 54 {4, 00 9,28
Treatment 1 1 i {1, 00 10,10
Brror 502 3 101
Total 155 7
v o= 10,59
R e FR S
Comb ined species
14,5
Source S8, defe e S, B value ¥ required Result
Block 28 5} 8 {1,00 3. 88 N. S,
Species 502 3 167 5,22 5,86(6 99) ¢
ey o - & <
EBrror 14 285 9 32
Treatment 1 1 1 {10 4,75 ", 8,
Lo 3 X )
DRECLES A - - .
: ; 75 3 25 {1,00 3 M, 8
Treatment e 549 e S
Lrror 380 12 55

=

Total

548

154




Soil moisture (& of oven-dried soil) at time of e =
Block figure, speciles plot, trealtment msans and standard

Jr. P
{,j»aaé’o@.i.jg
errors shown.

j

foete

Block  Ireatment FPerennial Timothy  Cocksfoot  Browntop
TYegrass

4 ut 27.9 24,0 25,4 24,8

. T 26,7 248 25,9 25,8

. uT 24,9 26,3 25,7 26,2

“ T 25.3 24,9 2445 23,8

5 uT 28,2 25,7 23,9 27,0

: T 28,7 20.6 27.1 6.6

P uT 25.2 26,0 26,6 2403

- T 25,0 6.4 24, & 24,4

- o 26,6 25,5 25.9 25,4

* 20,32 0,40 20, 54 0,55
T 25,9 7° 25.7 T°TT 25,6 T°YT 25,7 T°Y°
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1

Bulk density of the soil (gms/cc} at three depths oue month af
Block figure, spscies plot, treatment meauns and standaxrd srror

17,1 0O~ 2 cms,

Block  Treatment Persnnial Timothy  Cocksfoot  Browntop

TVegrass

) U 1,16 1,04 1,21 1,58
1 m 1,59 1,51 1,56 1,55
. U 1,95 1,25 .15 1,12

T 1,40 1,42 1,41 1, 56
. uT 1,99 1,18 1,15 1,20

T 1,45 1,59 1,45 1,28
. U 1,9 1,91 1,50 1,05
5 i 1,58 1,45 1,57 1,15

uT 1,91, 1,17, 1,20 1,19,

= 0. 015 = 4 ity o Wells
x T 1,007 0 018y gm0, 018, [ m0e 059 =0 039

17,2 2 - 4 cms,

Block  Treatwment Perevnial Timothy  Cocksfoot  Browntop
IYegrass

1 Ut l.21 1.21 1.1 1,22
T 1,27 1, 34 1,28 1,27
o Ut 1,18 1.29 1.214 1. 50
- T 1,28 1,32 1,40 1.32
= Ut 1.12 1. 23 182 i.21
‘ T 1,21 1,51 1,30 1. 27
4 uT 1.27 1.23 1.25 1,08
T 1635 152 1,31 1.5
- Ut 1,20, 1e24, 1,24, 1.20,
- - s - 14 - 21 - 2
z T 1,98 0, 007 1,59 0.61,1.32 0, 031 1,50 0, 039

17,3 4 =& cms,

Block  Treatment Pereunnial Timothy  Cocksfoot  Browntop

TYSErass R
; Ut 1,18 1,20 1,15 1,17
- 7 1,95 1,24 1,18 1, B4
5 U 1, 08 1,25 1,19 1,96
T 1,97 1,92 1,99 1,55

. UT 1,18 1,08 1,92 1,14
< 7 1,21 1,96 1,37 1,15

U 1,20 1,28 1,14 1,14
4 7 1,28 1,22 1050 1,22

uT 1,16 1,20 1,18 1,18,
z To, 004 Z0, 038 20, 019 -9, 024
’ T 1,05=0002% 4 9,=0.036, o,=0.019 1 o.=8.0
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15,18

118,25

9g 28;
L

10, 10

Total

£

Cockefoot

18,4

Source

B value

Block
Treatment

Error

0, 0062

{1, 00
12,90

Total

Browvnton

Source

iy
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18 (Cont, J

2 - 4 cns,
Tndividual svpeciss
18,5 Perennial vvegrass
Aefs S, B ovalue ¥ reguired Hesult
3 0, 0070 35, 00 5,28 i
: * 7»<%(29,50)
5 90 10,10 L HE
. 72,20 T (34, 10
v
18,68 Timothy
Source 33, AsFe .S, B value ¥ reoguired Result
Block G, 0018 3 0, 0005 <1, 00 Y. 28
Treatment 0,0156 1 0, 0138 17,00 i@eiéfgé 10) #
Error 0,0025 5 0. 0008 Ao L
Total 0, 0177 7
v o= g%¢§
18,7 Cocksfoot
Source 38, Gole F value F recuired Hesult
Block 0, 0091 3 0, 0030 <1, G0 8,28
Treatment 0, 0145 1 0, 0145 3672 10,10
mrror G, 0148 3 0, 0038
Total 0, 0359 7
v =4, 8%
18,8 Browntop
Source 1. T oS, P yvaloe P veguired Hesultb
Block 107 5 0,003  <1,00 9,28
Trestment (O i 0, 0180 5,17 10,10
Brror 0, 0180 3 0, 0080
Total 0, 0477 7
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20,6 15,8,81
Source 590, 1,5, B value
Block 12968448 3 45148 1,68
Treatment 7440 i 7440 £41,00
Error 75296 3 25008
Total 200184 7
v = 17.7%
20,7 23,8.614
Source 53, de fe T value ¥ reguired Hssult
Block 24400 3 8135 {1,060 9,28 H. 3,
Treatment 3356192 1 336192 18,03 10,10, .., . V*
Error 55776 5 18592 VO LYY
Total 4B E68 7
v g 42.0%
20,8 4.10,81 e . e - .
" Heante 53, 1o o ¥, S, T value I reguired Result
: 31664 3 10855 {1, 00 S,
Treatment 1932578 1 1952576 14,78
Error 309924 3 150744
Total 2356464 7
v = 21, 0%
20,9 153,10,61
Source 55, Gefs B value B reguired Hesuld
Block 572256 3 52 1,97 9,28 .5,
Treatment 1784000 1 1764000 11,78 10,48, ., ﬁq}g
Error 440440 5 149815% Lo%e Lt
Total 2785698 7
v =14, 0%
20,10 6,14.81
Source 53, do s B value F recuired Hesult
Block 801408 3 300489 {4, 00 9,28
Treatment 87712 1 87712 {1.00 10,10 M3,
Error 1087494 3 2475
Total 20568544 7
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APPENDIX 22

Tiller counts per 36 sqg.ins. for three species at each

sampling date. (Treatment means and standard errors shown).

22,1 . Perennial rvegrass

Block Treatment 13.9.61 23.9.61 3.10.61 13.10.61 6.11.61

1 UT 279 100 418 130 135
T 352 273 101 311 162
2 UT 347 438 129 101 165
T 345 300 348 316 218
3 UT 326 7l 455 320 217
T 329 318 317 320 191
4 UT 381 433 365 351 187
T 251 307 314 337 197
- UT 333 436, 117, 576, 176,
X i SuE15 0 30075 345718 50072 e 12

22 .2, Timothyv

Block Treatment 13.9.61 23.9.61 3.10.61 13.10.61 6.11.61

1 UT 140 157 164 175 115
T 140 137 149 133 124
2 UT 132 176 168 193 92
T 136 112 129 169 93
3 UT 139 161 163 175 113
T 126 102 125 133 153
b UT 118 151 185 17 Th
T 98 116 96 110 111
- UT 132 161 170 165, 99

T 4 + +
T 1257 % 167 T 42571 43670 120~ 7

4




22.5.

APPENDIX 22 (Cont.)

Cocksfoot

BRlock Treatment T3,9.61 2%.9.61 3.10.61 13.10.61 6.11.61
1 UT 197 279 308 148 149
T 205 217 204 127 gz
2 T 290 280 256 169 99
T 249 235 271 175 113
3 UT 186 165 225 198 131
T ?56 108 124 159 82
4 uT 148 181 253 176 111
T 172 1&9 171 96 g0
- UT 205 006 256 173 123
X + + + + '
7 195~ qq77 5 qge” 80 5= 1T  gy712




APPENDIX 23

Analyses of variance of tiller counts for each speciles at

each sampling date.

Perennial rvegrass

25.1. 15.9.61

Source 35, d.f. M.S. B value F required Result:
Block 2927 3 974 1.01 g.28 H.S.
Treatment 243 1 243 <1.00 10.10 N.S.

(34.10)
Error 2880 3 960 '
Total 6046
Vv = 9.2%

23.2. 23.9.61

Source S8, d.f., M.S. F value F required Result

Block 3563 3 1188 12.27 9,28 *
(29.50)
Treatment 3T7LO1 1 37401 385.57 16.10 *H#
(34.10)
Error 291 3 a7
Total hi255 7
vV o= 9.2%
25 .5, .10.61
Source 5SS d.f. M. S, F value F regulred Result
Block 5230 3 1743 1.32 9.28 HeS,
Treatment 10296 1 10296 7.80 10.10 N.S.
Error 2953 3 1318

Total 19479 7




13.10.61

APPENDIX 2% {(Cont.)

23,4,
Source 33 d.f. M.S. F value F required BResult
Block 2612 5 872 <1.00 9.28 N.3.
Treatment 5724 1 5724 %.38 10.10 N.S.
Error 5075 3 1692
Total 13411 7
v o= 11.8%
23.5. 6.11.61
Source 8S d.f. M.S. F value F required Result
Block 3561 3 1187 2.17 9.28 N.S.
Treatment 512 1 512 <1.00 10.10 H.S.
Error 1645 3 548
Total 5718 7
VvV = 12.6%
Timothy
23.0. 13.9.61
source 53 d.f. M.S. F value [ required Result
Block 1198 3 399 6.76 9.28 N.S.
Treatment 115 1 115 1.95 10.10 N.S.
Error 177 3 59
Total 1490 7
Vo= 5.9
25.7. 23.9.61
Source SS d.f. M.S. F value F required BResult
Block 551 3 127 £1.00 9.28 N.S.
Treatment 3961 1 3961 18.86 10.10 *
(34.10)
Error 640 213
Total L4952

7 -~ AN hA



APPENDIX 23 (Cont.)

25.8. 3.10.61

Source SS d.f. M,S. F value P reguired Result
Block 287 3 96 <1.00 9.28 N.S.
Treatment 4095 1 4095 8.41 10.10 N.S.
Error 1460 3 4387
Total 5842

vV = 14.8%

2%.9. 13.10.61

Source S8 d.f. M.S. P yvalue F required Result
Block 4648 3 1549 10.99 9.28 #
(29.50)

Treatment 1653 1 1653 11.72 10.10 *

) (34.10)
Error ko3 3 149
Total o727

vV = 7.8%

23.10. 6.11.61

Source 83 d.f. M.S. F value F required Result

Block 2461 3 820 4.25 9.28 N.S5.
Treatment 946 1 gL6 4,90 10.10 N.S.
Error 579 3 195
Total 3986 7
vV o= 12.6%
23.11. Cocksfoot
1%3.9.61
Source S8 d.f. M.S. F value P required Result
Block 14544 P, 41851 10.41 9.28 *
Treatment 191 1 191 £1.00 105?%’50) N.S.
Error 1399 3 L66
Total 16134

v o= 10.6%



APPENDIX 23 (Cont.)

23.12. 23.9.61
Source S3 d.r. M.S. B value F required Result
Block 21721 3 7240 8k .19 9.28 %%
(29.50)
Treatment 4802 1 L8o2 55.84 10.10 H
(34.10)
Error 259 3 86
Total 26732
vV = L.5%
23.1%3. 3.10.01
Source 33 d.f. M.S. F value F required Result
Block 11027 3 3676 2.39 9.28 N.S,
Treatment 7928 1 7928 5.15 10.10 N.S3.
Error 4615 3 1538
Total 23570 7
vV o= 17.4%
23.14. 13.10.61
Source 33 d.f. MeSe B value F required Result
Block 2009 3 670 <1.00 9.28 N.S.
Treatment 1845 1 1845 1.65 10.10 N.S.
Error 3354 3 1118
Total 7208 7
v = 21.3%
23.15. 6.11.61
Source S35 d.f. M.S. B value F requlred Result
Block 37 3 146 <1.00 9.28 N.S5.
Treatment 1516 1 1516 2.80 10.10 N.S.
Error 1627 3 542
Total 3580 7
vV = 21.3%



APPENDIX 24

Counts of "abnormsl" tillers per 36 sq. ins. for three
species at three sampling dates. Mean percentage
occecurrence and sbtandard eryor shown. (Total live tilliers

shown in Appendix 22).

2.1, 23.9.61

. Perennial .
Block Treatment r?egrass Timothy Cocksfoot
1 uT - - -
T 7 9 10
2 T - - -
T 6 7 5
3 ot - - -
T 6 12 L
4 UT - - -
T 24 6 7
- uT - - -
x{/c% ‘{“' 3 +
T 3.6 = 1.1 7.3 = 2.4 3.7 = 1.4
24,2, 3.10.61
- Perennial
Block Treatment . Timothy Cocksfoot
1 oT - - -
T 3 . 27 12
2 uT - - -
T 2 18 19
> uT - - -
T - 19 17
L T - - -
T 6 8 11
§ = uT - - -
» T 0.8 % 0.5 14831 7.7%1.9



APPENDIX 24 (Cont.)

2‘#’&30 ‘33010.61

- Perennial .
Block  Treatment TYesTass Timothy Cocksfoot
1 uT - - -
T - 5 -
2 uT - - -
T - - -
3 uT - - -
T - 16 -
L uT - - -
T - 9 1
- UT - - -
"{ ?O T - 5 05 i 1 ¢9 bl




APPENDIX 25

Percentage of growing points sbove the soil surface.

Mesnsand standsrd errors of transformed data showne
True percentages shown in brackets,

25.1  13s9.61

Block  Treatment i;gi?iiil Timothy  Cocksfoot Browntop

1e UT L6(51) L7 (54 49 (57 62 (78

T 53 (63) 1o 2&23 51 5603 63 E793

2, uT 60 fzgg 42 ga&% U3 (&7; 61 é76%

T 60 (755 146 (51) 52 (62) Lk (L9

3 UT 39 éa@* 5a~%32% 63 5?93 56 269%

T 51 (61) 1o (L2 51 (60 37 (36

Lo uT L8 (56 L7 (sh 51 (60) 51 {60

T L6 5523 LO %&1% 53 gé}f«: 60 E?E)%

% UT us (56) 43 (L6) 52 (61) 58 (71)
T 53:203)  pettu)  s285(61)  51E9(60)

2542 2369461

Block Treatment iigzigézl Timothy Cocksfoot Browntop
1e UT 65 (82) 51 (61) 61 (77 62 (78)

7 51 Eé@? 33 ézap 51 %60% 6l gaif

2. UT 59 gsa% L8 €56% 57 5712 59 (?g%

T 57 {71 58 (72 58 (72) ~3-;8 (56

Je Ut L7 (53 36 (35 76 (Sh 53 (6L
a0 mis 2 e

lto uT 61 (77 53 (63) 48 (55) 55 {67)

T 51 5613 03 E555 i3 (LES 1B E 6)

' uT 56 (68) L7 (54) 61 (74) 57 (71)
T 5229(62)  usil(50)  w7E7(53)  5uE5(65)




APPENDIX 25 (Continued)

2563 301061

Block Tfeatmeat §§§Z§igzl Timothy Cocksfoot Browntop

1e UT 57 "m% L6 Eﬁzg 53 géz%,g 58 (72)
7 20 (59) 39 (ho 51 (61 57 (70)

26 UT 66 gs&g 39 %asﬁ 63 E?%% L6 §§23
o u6 (52) 50 (59) 47 (5h) 66 (Bu)

Za3e UT 51 géeg L7 €§&2 61 g??g 7 5922

T 60 (75) 49 (57) 55 (67 75 (93

Lo uT 59 gz&g 50 559} 61 E??} 65 Eaz

T 5L (66 50 (59) 53 (64) 61 (77

X uT 58 :(72} L6 (51) 60 (7h) 61 (75)
T 534(63) w7t (su)  s52%%(62)  65t(ar)

25;62'%_ 3‘2*516‘6‘%

Block Trestment i;iziiiil Timothy Cocksfoot Browntop
1 uT 59 (7L} L5 5583 60 %?55 62 {?83

7 56 (699  uhL (L&Y  u7 (5L 72 (91

2, uT 7 (ag% L7 Eahg 82 (98) 71 (8%%

T 70 (88} 53 (6l 51 (b@i 65 (82§

3. uT 65 {82% 75 (93) 65 E%zl 76 (9L)

T 61 (77) 59 (7L) 5L (66) 65 (82)

Lo uT 56 %692 61 g??g 7L {§3§ 7h ’%23

T . 50 {59) 66 (8lL) L6 (52) 67 ?85

X UT 63 (79) 57 (69) 70 (87) 71 (88)
T 5981 (73)  s6E(68)  50t%(s8) 67+ (85)




APPENDIX 25 (Continued)

25.5 6o1161

Bloek Treatment i;ég?gé;l | Timothy Cocksfoot Browntop
1e UT 78 (96) 66 (8l 6Ly 8’%3 77(95)
T 69 58?5 69 ga?% 66 %8& 90 (100)

2, U 80 59?% 59 Emg 72 %913 90 (100)
T 80 (97 69 (587 75 (92 80 (97)

3, uT 71 gae; 78 g%g 7l (923 90 (100)
T 75 (93 70 (88 77 (95 82 (98)

e UT 90 gm@‘ 72 (9@% 72 E%} 90 (1,00
T 90 1oo§ 78 (96 90 (100} 75 (93)

X UT 80 (96) 69 (86) 74 (89) 87 (99)
T 79%¥%(on)  72%3(00)  77t'(93)  82%Z(97)




APPENDIX 26

Analyses of variance of the transformed percentages
(growing points)

1§.§,61

26,1 Perennial ryegrsass
Source S5 defe MeSe F value F reguired Result
Block 268 3 89 L.2L 0,28 NeSe
Treatment 36 1 36 1.71
Error 62 3 21
Total 366 7

26,2 Timothy
Source 58, defe MBS, F value F recuired Result
Block 67 3 22 {1.00 9,28 NeBe
Treatment 2 1 2 {1,00 1010 MeSe
Error 73 3 2l
Total 12 7

26,3 Cocksfoot
Source 58, defe MeBe F value P regulred Result
Block 98 3 33 {1 .00 9.28 NeSe
Treatbtment 1 1 1 {1 .00 10,10 HeSe
Brror 116 3 39
Total . 215 7

26l Browntop.
Source 58, Gefe MeS. I value F reqguired Resul
Bloek 265 3 88 {1.00 9,28 NeSe
Treatment 8l 1 8Ly {1.00 10610 WeSe
Error 282 3 Sl

Totel 631 7




APPENDIX 26 (Continued)

26,5 Combined species
Source SSe. defe MeSe P value F reguired Result
Block 120 3 L <1 ,00 3,86 N.8.
SPeCieS 673 3 221; 3950 3‘86(6 90> WeSoe

e JJ

Error 1 573 9 6L
Treatment I g i .00 L.75 NeSe
Species x
Treatment 119 3 Lo 4 .00 3.L9 NS,
Erroy 2 533 12 Ly
Total 2026 31
2§a2.6i

26,6 Perennisl ryegrass
Source SSe Gefe MeS. F wvalue F reguired Result
Block 137 2 16 1610 9,28 HeS,
Treatment Lo 1 Lo <1 .00 10,10 NeSe
Error 126 3 L2
Total 303 7

26.7 Timothy
Source 55 defe M.Se F vealue F required Result
Block 283 3 ol 12l 9.28 NeSe
Treatment 8 1 8 1,00 1010 NeSe
Error 229 3 76
Total 520 7




APPEIDIX 26 (Continued)

26.8 Cocksfoot

.3 F value F recuired Result

Source S Gefe
Block 177 3 59  <1.00 0,28 NeSe
Treatment 392 4 392 2.13 1010 Nele
Error 553 3 18L
Total lizz 7

26,9 Browntop
Source SSe Gefe WMeSe F value F reguired Result
Block 155 3 5e 2,26 9,28 NeSe
Treatment 21 1 2 <4 ,C0 1010 NeSe
Error 70 3 23
Total 246 7

26,10 Combined species.
Source 35, defe MeBe F value F reqguired Result
Block 203 3 68 1011 3.86 NS
Species L3k 3 1Lb 2.38 3,86 - N.S.
Brror 1 548 9 61
Treatment 282 1 282 3.43 Le75 NS,
Species y
Treatment 179 3 60 <41.00 319 N.Se
Error 2 979 12 82
Total 2625 31




APPENDIX 26 (Continued)

3.10.61

26,11 Perenniasl ryegrass
Source 58 defe MeSe F value F recguired Result
Block 11 3 }4- <4 .00 9028 NeSe
Treatment 66 9 66 <1 .00 10610 NeSe
Error 211 3 70
Total 288 7

26,12 Timothy
Source 355, Geffe MeSe. F value F recuired Résult
Block 68 3 23 <4 .00 9.28 W.Se
Treatment L 1 L. <1.00 1010 TeSe
Error 83 3 28
Total 155 7

26013 Cocksfoot
Source S8, defe HMeS: F value P reguired Result
Block Le 3 1 <1.00 9,28 NeSe
Treatment 128 1 128 7eH3 10610 WeSe
Brror 52 3 17
Total 222 7

26,1  Browntop
source 55. Gefe MeSe F value P requiréé Result
Block OO 3 133 2,29 9,28 NeSe
Treatment 36 1 36 <1.00 10610 NeSe
Error 174 3 58
Total 610 7




APPENDIX 26 (Continued)

26.15 Combined species
Source S8. Aefe M.Be F value F reqguired Result
Block 283 3 oL 3.62 3.86 NeSe
Species 1081 3 360 13.85 3,86 (6.99) % =
Error 4 237 9 26
Treatment 32 1 32 <1 .00 Le75 NeSe
Species x
Treatment 203 3 68 156 3.49 N.eSe
Error 2 520 12 L3
Total 2356 31
13610661

26,16 Perennial ryegrass
Source S8 defe MeSe F value F required Result
Block 301 3 41l 57.00 9.28529.503% %
Treatment 2l 1 2l 12,00 1040(3Le10) % 7
Error 5 3 2
Total 372 7

26,17 Timothy
Source S8, defe MeBe F value F reguired Result
Block 690 3 230 L2 9.28 HeSe
Treatment L 1 L  <4.00 1010 NeSe
Error 155 3 52
Total 849 7

26,18 Cocksfoot
Source 58, defe. Me.Se F value F recuired Result
Block 170 3 57 109 9.28 WeSe
Treatment 861 1 861 16,56 1010 (3U.10) #
Error 156 3 52




APPENDIX 26 (Continued)

26,19 Browntop
Source SIS Gefe MeSe B value F reguired Result
Block 19 3 6 <1 .00 9,28 HeSe
Treatment 25 1 25 <1 .00 1010 WeSe
Error 128 3 L3
Total 172 7

26,20 Combined species
Source S8. d.Te M.S. F value F reguired Result
Block b15 3 138 1e52 3,86 N.5,
Species 68L 3 228 2.51 3.86 NeSoe
Error 1 815 9 91
Treatment 428 1 28 11689 Le75 (9e33) % =
Species X
Treatment L96 3 465 L1e58 3.49 (5.95) =
Error 2 L1336 12 36
Total 3274 31
601161

26,21 _Perennial ryegrass
Source S5, defe MoeSe F value F required Resuli

Block 115 3 38 2053 9&28 NeSe
Treatment 3 1 3 <1 .00 1010 NeSs
Brror L5 3 15
7

Total 163




APPENDIX 26 {(Continued)

26,22 Timothy
Source 33, defe MeSe F value TF reguired Result
Block 226 3 75 1.83 9,28 NS,
Treatment 32 1 32 <1 .00 1010 NeSe
Brror 12L 3 b
Total 382 7

26.2% Cocksfoot
Source 85, Gefe WM.3. F valve F reguired Resulb
Block 187 3 62 775 9.28 NeSe
Treatmentd 36 1 36 LL..50 10610 .S,
Error 23 3 8
Total 216 7

26,24 Browntop
Source SSe defe MeSe F value 7F required Result
Block 8 3 3 <4 .00 9,28 .9,
Treatment 6 1 6 4,00 10,10 NeSe
Error 37 3 12
Total 59 7

26,25 Combined species
Source SSe Gefe MeSe F value F required Result
Block LO4 3 134 2:97 30,86 Ne.S.
Species 9314 3 310 689 3,86 (6.99) *
Brror 1 L23 9 L5
Treatment 3 1 3 41,00 Lo75 NeSe
Species X
Treatment 136 3 L5 1¢15 349 NeSe
Error 2 L62 12 39

Total 2356 31




APPENDIX 27

Percentage of tillers showing internode elongation and flowering.

Treatment means and standard errors of

transformed data shown.

27 .1 Perennial rvegrass
Internode elongation
Block Treatment 23%.9.61 3.10.61 13.10.61 6.11.61
1 UT 6 (1) 18 (10) 23 (15) 54 (65)
T 10 (3) 10 (3) 31 (26) Lo (42)
2 UT 12 (4) 18 (10) 28 (22) 41 (43)
T 14 (6) 18 (10) 35 (33) 50 (58)
3 uT 8 (2) 14 (6) 36 (34) 46 (51)
T 8 (2) 19 (11) 20 (12) 48 (56)
i UT 8 (2) 22 (14) 38 (38) 59 (73)
T 8 (2) 23 {(15) 25 (18) 56 (69)
X uT 9 (2) 18 (10) 32 (28) 50 (59)
T 10 (3 1877(10) 287 7(22)  u487((55)
27 .2 Perennial rvegrsss
Flowering
Block Treatment 65.11.61
1 UT 31 (26)
T 31 (26)
2 UT 31 (27)
T 24 (16)
3 UT 27 (20}
T 24 (16)
L uT 24 (16)
T 30 (25)
- UT 28 gez;
X T 27 (21




APPENDIX 27 (Cont.)

27.2 Timothy

Internode elongation

Rlock Treatment 1%.10.61 6.11.61
1 UT 16 (8) 57 (70)
T - (=) 34 (34)
2 UT 24 (17) 46 (46)
T - (=) 33 (33)
3 UT 18 (10} ho  (42)
T 20 (12) ho  (42)
4 uT 13 (5) iy (44)
T - (=) 53 (53)
- UT 18 (10) b7 (51)
L 2.2'4 i5
T 577 (3) 4172 (41)

27 U Cocksfoot

Internode elongation

Block Treatment 13.10.61 6.11.61
1 UT 10 (3) 30 (25)
T 13 (5) 63 (79)
2 UT 8 (2) 4z (46)
i\ - (=) 51 (61)
3 UT 31 (27) Lo (42)
T 8 (2) 50 (59)
L UT 17 (9) 38 (38)
T - (=) 46 (52)
- UT 17 (10 38 (38)
. T 5f“‘(2)) 55-7(63)

5 flowering tillers were noted in UT plots.



27.5

APPENDIX 27 (Cont)

Browntop
Internode elongation {
Block Treatment 3.10.61 13.10.61 6.11.61
1 UT 33 (30) 30 (25) 47 54
T - (=) 16 (8) 59 [74)
2 UT 14 (6) 31 (27) 67 (84
T - (=) 3 (21) 51 [60)
% UT - (=) 34 (31) 64 (81)
T 18 (10) 29 (2u) 48 (55)
I UT - (=) 33 (30) 72 (91)
T - (=) 27 (21) W3 (u7)
- uT 12 (9) 32 (28) 63 (78)
X g o 16
T 5 (3) 267°(20) 507 (59)




APPENDIX 28,

Analyses of variance of the transformed percentages: (internode

elongation),
Zimothy
28s1 1310061
Source SSe defe M.S. F walue P rewuired Result
Block 188 3 (63 1.07 9,28 N.S.
Treatment 325 1 225 5651 1010 N.S.
Error 197 3 59
Total 690 7
2802 601161
Source SS. defe M.B. T value F required Resuli
Bleck oL 3 31 <1.00 9.28 NeSe
Treatment 91 1 91 41.0C 1010 H.S.
Error 298 3 99
Total 483 7
Locksfoot
2803 1301061
Source SS. @efe M.S. F value F required Result
Bleck 256 3 85 1033 928 oS
Treatment 253 1 253 3695 10, 1C N.Se
Error 192 3 6l
Total 701 7
28k 611,61
Source SS. defe M,S. F value F required Result
Block 82 3 27 <1.,00 9.28 N.S.
Treatnent 1250 1 1250 6065 10,10 HeS.
Efyror 563 3 188
Total 1895 7




AFPENDIX 28, (Contimed)

Brown
2865 1361061

Source S8, defe M.S. F value F required Result
Block 95 3 32 1,88 9,28 MeSe
Treatment 78 1 78 4o 59 1010 N.S.
Brror 50 3 17

Total 223 7

28.6 6011061

Source SS. defe MeSe. F value F required Result
Block 40 3 13 1,00 2.28 NeSe
Trestment 300 4 500 2,01 1010 NeSoe
Error 44,8 3 148

Total 788 7




LPFENDIX 2%.

Soil moisture (% of oven-dried soil) at time of treading
13:9.51)s Block figure, species plot, twreatment means

f) ¥ }" 3
and standard ervors shown.

29,1

et

Bleock Treatment Feremnisl Timothy Cocksfcot Browntop
Tyegrass:

1 UT 560 2646 3.7 Aot
T 3246 311 3565 30,6

2 o7 3301 28,9 324 306 3
T 273 316 ey 3361

] uT 3640 32.4 3he5 32,8
T Ezs-eé 32&? 32{’@8 5295

& uT e 3067 331 31,0
T 32.0 32.8 330 a7

= i 2, g { 4

X uT Shel % o go 207 % 0a70 350 £ g0 P8 £ g4
T 3.5 3169 53.9 3267

Overall Mean = 32.4%



APPENDIZ 30

Analivses of varisnce of soil moisture data.

30,1 FPerennisl rvegrass:

Source 85. defs  HeB. P valus P recuired Result
RBlock 25@ 53 5 83 5‘? 55)%‘6 e 28 HeSo
Treatment 2048 1 20,48 13,13 1010, ., *
Error 4e67 3 1456 (2e10)
Total 50,68 7

30,2 Timothy
Source S5. d.fs H.8., F valus F recuired  Result
Block he21 3 Le7h 2641 92,28 .S,
Treatment 10.12 1 1012  Beik 1010 HeSe
Eyvror 5@ 90 5 e 9
Total 30.23 7

e 5 Coslrgfoot
Source 58, d.fs M.S. F value F regquired Result
Block 5.02 3 1.81 2.83 2. 28 NeSo
Trestment 1o 71 1 e 71 2.67 1010 HeSe
Error 191 3 0o 6l
Total 9¢0h 7

30e4  Browntop

Source 53  def .8, Fwvalue F required Result
Block 1652 0,51 <1.00 9. 28 .S,
Treatment 091 0e91 41,00 1010 N.S.
Error 4 6 «02 59 §%~

Total 18e45

e B




APPENDIX 31

Bulk density of the soil (gms/c.c) at four depths one month after
treading (11.10061). Block figure, species plot, treatment means
and standard errors shown.

|2101 O=2 CcmSe
Block Treatment Perennial Timothy Cocksfoot Bromtop
ryegrass
1 uT 1416 105 0693 1,02
‘ T 1.22 1,22 123 1015
2 uT 112 1606 1.05 1015
T 1,19 1618 1215 1017
3 uT 1606 0,938 097 0.83
T 0,98 109 1e21 1406
& utr 1016 0696 1020 0.83
T 121 1034 125 1015
X Ut 1613 + 06025 1601 + 0'0&4_1.0Q * 0,041 096 + 0.0#6
T 115 121 1e21 1o 1l
3102 2=4 cmse
Block Treatment Perennial Timothy Cocksfoot Browntop
ryegrass
1 uT 123 1.19 1631 1p21
T 1o 31 1.33 1035 1032
2 uT 1013 1.29 33505 120
T 1o 34 (NI 1629 1o
3 ur 1,08 130 113 1016
T 127 1027 1.24 1625
4 Ut 1012 111 1o 21 1020
T 1622 1617 1635 1.29
x UL Motk o023 1022 £ 9,030 118 2 0,029 1477 £ 0,009
T 1629 130 1o 31 1030




APPENDIX 31 (Contimed)

213§ &:6 CiliS8e
Block Treatment Perennial Timothy Cocksfoot Browntop
ryegrass:
1 uT 1016 117 1615 1016
T 119 1018 121 119
2 uT 1616 1423 1.00 1,12
T 1e25 1015 119 102k
3 uT 1o @ 1e12 1.09 111
T 1018 1017 1016 1,16
4 UT 1006 1006 1016 1016
T 1615 1032 127 1,18
x uT 1ol 0,015 1.15 + 0,054 110 + 06019 Toll + 0,015
T 1619 1e21 1.21 1019
310k 6~8 cms.
Block Treatment Perennial Timothy Cocksfoot Browntop
ryegrass.
i uT 109 1e2 1606 120
T 1013 1020 1613 1005
2 uT 1o 11 1:20 120 10,200
T 1013 1012 1021 1o
3 Ut PR AE 1011 1012 114
T 1613 1013 1615 1616
& uT 109 1:12 101 0.95
T 1621 1623 1625 114
x uT 1610 + 06017 1617 + 04029 1210 + 0,037 1012 + 04049
T 1015 117 1619 1:15
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Analyses of variance of bulk density data
0=2 cms

32.1. Perennial ryegrass

Source S8, d.rf. M.S. F value F requlired Result
Block 0.0382 3 0.0127 5.08 9.28 N.S.
Treatment 0.0012 1 0.0012 £1.00 10.10 N.S.
Error 0.0075 3  0.0025
Total 0,069 7

vV o= 4.,5%

32.2. Timothy

‘Source SS. d.f. M.S. F value F required Result
Block 0.0159 3 0.0053 <1,00 9.28 H.S,
Treatment 0.0761 1 0.0761 9.63 10,10 N.S.
Error 0.0238 3  0.0079
Total 0.1158 7

V = 7 08/)

52.5. Cocksfoot

Source SS. d.f. M.S. 'F value F required Result
Block 0.0278 3  0.0093 1.37 9.28 N.S.
Treatment 0.0595 1 0.0595 8.75 10.10 N.S.
Error 0.0205 3  0.0068
Total 0.1078 7

<
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-
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R
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32.4. Browntop
Source SS. d.f. M.S. F value F required Result
Block 0.0557 3 0.0186 2.24 9.28 N.S.
Treatment 0.0613 1 0.0613 739 10.10 N.S.
Error 0.0250 3 0.0083
Total 0.1420 7
vV o= 8.7%
2=l cms
32.5. Perennial ryegrasgs
Source SSe d.f. M.S. F value F required Result
Block 0.0140 3 0.004T 2.24 9.28 N.S.
Treatment 0.0420 1  0.0420 20.00 10.10 *
(34.10)
Error 0.0063 3  0.0021
Total 0.0623 T
V = 3.6%
32.6. Timothv
Source SS. d.f. M.S. F value F required Result
Block 0.0520 3 0.0173 4,9k 9.28 N.S.
Treatment 0.0128 1 0.0128 3.66 10.10 N.S.
Error 0.0105 0.0035
- Total C.0753
v o= Lh.2%
J2.7. Cocksfoot
Source SS. d.,f. M.S. P value F reqgulred Result
Block 0.0353 3  0.0117 3 Ul 9.28 N.S.
Treatment 0.0351 1 0.0351 10.32 10.10 *
Error 0.010% 3  0.0034
Total 0.0807 7
v o= L.5%
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32.8., Browntop
Source S8, d.f. M.S. B value F required Result
Block 0.0053 3 0.0018 6.00 9.28 N.S.
Treatment 0.0231 1 0.0231 77 .00 10.10 %
(34.10)
Error 0.0008 > 0.0003
Total 0.02%92
Vo= 1.49
L6 cms
32.9. Perennial ryegrass
Source SS. d.f. M.S. F value F required Result
Block 0.0146 5 0.0049 4,90 9.28 N.S.
Treatment 0.0153 1  0.0153 15.30 10,10 *
~ (34.10)
Error 0.0030 3 0.0010 _
Total 0.0329 7
vV o= 2.8%
32.10. Timothy
Source SS. d.f. 'M.S. P value F’required Result
Block 0.0027 3  0.0009 <1.00 9.28 N.S.
Treatment 0.0072 1 0.0072 <1.00 10.10 N.S.
Error 0.0311 3 0.,0104
Total 0.0410
Vv = 8.7%
32.11. Cocksfoot
Source SS. d.f. M.S, F value F required Result
Block 0.0175 3 0.0025 1.79 9.28 N.S.
Treatment 0,0231 1  0,0231  16.50 10.10 *
(34.10)
Error 0.0052 3  0.0014
Total o 0454 7
vV = 3.1%
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52.12. Browuntop

Source 8S.  d.f. M.S. F value F required Result
Block 0.0025 3 0.0008 <1.00 9.28 NeS.
Treatment 0.0061 1 0.0061 6.10 10.10 H.S.
Error 0.0030 5 0.0010
Total 0.0116 7
6-8 cms Vo= 2.8
32.15. Perennial ryegrass
Source SS. d.f. M.S. P value F requiréd Result
Block 0.0018 3 0.0006  <1.00 9.28 N.S.
Treatment 0.0050 1  0.0050 k.55 10,10 N.S.
Error 0.0034 3 0.0011 |
Total 0.0102 7
v o= 2.8%
32,14, Timothy
Source SSe d.f. M.S. F value P required Result
Block 0.0103 3 0.0034 1.00 9.28 N.S.
Treatment 0.0001 1 0.0001 <1.00 10.10 N.S.
Error 0.0101 3 0.0034
Total 0.0205 T
"V o= 5.0%
52.15. Cocksfoot
Source SSe d.fse M.S. F value F required Result
Block 0.0128 5 0.043 <1.00 9.28 - N.S.
Treatment 0.0153 1 0.0153 2.78 10.10 N.S.
Error 0.0164 3  0.0055 4
Total 0.04L5
Vv o= 6.4%
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32,16, Browntop

Source S8. d.f. M.S. F value F required Result
Block 0.0313 > 0.0104 1.07 9.28 N.S.
Treatment 0.0013 1  0,0013 <1.,00 10.10 ° N.S.
Error 0.0290 3 0.0097
Total 0.0616






