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CH.APTER I 

INTROLUCTION 

The depenclence of New Zealand's economy up,n grassland has f'requently 

been emphasiz3d. 

The main features of the pastoral farming systems are; high prod­

uction pastures, grass/clover combinations, mineral fertilisers, and all-

the-year outdoor grazing at relatively high stocking rates (Sears, 1959) . 
Corkill (1957) has dem:mstrated the role of pasture plant breeding and 

seed certification. Sears (1953) has shmvn the importance of pasture top-

o.ressing, the grazing animal, and white clover in the improve:n:-::nt of' soil 

fertility. However, many other methods of increasing the production and 

1 .:. . h b " . t. ' . 1 v.._ uti isac.1.on of er age are uncter roves 1.ga1;1.on 1,..i!.vans, 1000). 

In general, grazing techniques have been based on a rotational 

system for it was believed th..at this method had imp::>rtant advantages over 

continuous grazing systems (Lev-y, 1950). Hovrever, the work of JfoMeekan (:.960) 

and Freer (1960) with dairy cows, and I.ambourne (1956) with sheep, shovred 

that v;iu.e differences in grazing technique have comparatively little effect 

on yield/acre of pasture and stock. The production efficiency vro.s mainly 

dependent on a high stocking rate. 

There is little information to indicate the u1)per limits of the 

-1.:!._ I d stocking rate. At Rualcura, stocking levels of .q: cows/acre have not reduce 

pasture production (Campbell, 1961)~ ard Freer•s studies on irrigated grass­

land in Victoria, have not produced evidence of sward deterioration a:fter 

two years of grazing at 2 cows/acre. · However, Edmotrl (1958a) and 1,1itchell 

( 1960) have suggested that treading may place a ceiling on total herbage 

productivity. 
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The grovrth curvre of the species, as affected by treatments in the 

.Autumn anci Spring of 1961, ·were :follov;ed. l.leasurements o:f some of the 

comr_,anents of this gro1;Ttb. data were taken, and an attenr_pt to define the 

:position of the growing point in relation to ground level vras made. 

Finally, changes in soil density due to the treading treatment were 

1::1eas1c.lred. 



REVIEW OF LITERATURE 

This review is presented in four parts,as follows: 

I The Recognition of the Treading Effect. 

II The Influence of the Animal on the Treading Effect. 

III The Effectsof Sheep Treading on Plant and Soil. 

rv Sheep Treading Studies and Pasture Yield. 
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P.AHT I 

The Reco nition of the Treadina Effect 

The first practical utilisation of treading occurred ~ith the dev­

eloµnent of the folding system on light arable land in England in the 19th 

t (~ 19~~' cen ury J:lraser, _ :::>"o:" J. The 11 daily confinement o-f: the flock on an area 

or feed crop11 often involved a stocking rate of 1500 sheep/acre (Thomas,1930). 

The manuring and treading of sheep were greatly valued on this type of land. 

Similarly in pasture management, the hoof has been considered an 

excellent implement of cultivation (Armstrong, 1937), although the damaging 

effects of' winter "pugging" have often been stressed. Sears (1953) consid­

ered that stock grazing and treading were inrp::>rtant factors in maintaining 

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

to keep the sole of the pasture open and :free from mat-forming species. 

f.eV'-J (194.-0) found that treading helped to improve hill country by 

crushing out some ·weed species vrhioh were more susceptible to damage than 

desirable plants. Bates (1935) studied the vegetation of :road verges and 

animal patrr;,rays. It was observed that pasture species differed in 

resistance to treaa.ing, and under continued treading, changes in botanical 

comp::>si tion could be induced. The species ;v-hich persisted in these 

heavily trodden habitats possessed adaptations of life form and leaf 

structure ·which enabled them to resist injury. 

Lieth (1954) concluded from a brief reviev; of German literat·ure 

that treading caused a reduction in the p::>re space of ·the soil. In his 

o,m ex:perimental work he showed a relationship bet11een pore space in the 

0-5cm layer an:'l the distribution of different grassland plants. It was 



considerea. that treading influenced pasture composition through this 

factor. 
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In most of these observations, treading has only been considered 

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

are rarely mentioned. However, it has been confirmed 1::y Edmond (1958b), 

that Y,hen sheep treading is the chief' effect, the plants are influenced 

both directly and indirectly through the soil. He has also noted the lack 

o'E animal behaviour data, ·which is a major dravroack to any assessment of 

the treading effect. It is this c<ausative factor - the animal - that is 

considered in Part II. 
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PART II 

The Influence of the Animal on the Treading Effect 

A. 11:ethod of' Iocomotion 

The series of photographs by Muybridge (1899) is still considered 

to be the authoritative work on the gaits of animals (Ottaway, 1955). 

'Nhen an animal is grazing its sup:rorts are provided by alternations of 

three and four feet. In the normal vralk sup:;:orts are provided by alter­

nations of tv/0 and three feet; in the trot the legs are liftecl in diagonal 

pairs and in mid-stride all four limbs are off the ground together; and in 

the gallop the feej; reach the ground in irregular sequence arrl are bunched 

together v1ith long spaces betvreen each stride (Kuybridge loo .. cit. ) • Thus, 

considerable varia.tion in the pressure under an animal's foot will occur. 

However, it is assu.rnecl that the grazing sheep usually alternates between 

a normal an::1 a very slo;;n,alk. 

Ottaway (1955) has sho1t7n that the complete action of any one limb 

consists of a phase of 'elevation' and a phase of I contact'. In I elevation', 

the limb is lifted off the ground, carried forr11ard on the body, and placed 

on the ground. In 1 contact', there is a period of initial contact, a period 

of main Yreight-bearing, and a period of propulsion. Clearly continual 

changes in hoof pressure will result. 

Sisson (1959) has stated that structures important in countering 

co11cussion are found in the heel. Trauttman and Fieb iger ( 1957) showed 

that there are conside:rable similarities in the hooves of sheep, goats and 

cattle. Although Muybridge (loc. cit.) did not study the sheep, his work 

indicated that hooved animals tend to place the foot down 1 heel' first. 
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In all cases the foot was also lifted 1 heel' first. It is assumed that 

the sheep conforms to this pattern. 

Two other factors ·which a..re partly 'che result of movei:1ent by the 

animal, are the penetration of hooves into the soil in wet weather 

(Gradwell, 1956) atxl their cutting and dislodging effect on the topsoil 

(Campbell, 1950). 

B. The Hoof load 

r.Iyers (1%5) made a study of several hoof features of the dairy 

cow in relation to treading. For mature Jersey ancl Friesian cows 'che static 

unit hoof loac1 a:veraged 16. 2 }). s. if It was noted that the hoof print area 

(enclosed area) was usually 20 per cent higher than the bearing area. Tull 

(1959) measured hoof prints of sheep and related them to body 1veight. 

Hmvever, his value of 9. 2 p. s. i. for the static unit hoof load may be lov1er 

than the true value. 

1.Iyers (lac.cit.) showed that breed differences in static unit hoof 

load were slight. The ,·/eight of the heavier Friesian cows was compensated 

for by a larger hoof bearing area. Similarly the greate:?.' weight of the 

fore-portions of the animal was carried on a larger hoof. A ten-fold 

increase in hoof load occurred betvreen calves and mature animals. 

It Yro.s considered that the unit hoof load of a mature cow grazing 

pasture may be 45-50 y.s.i. However, due to body ~~ight changes and hoof 

growth and vrear, unit hoof loads may va"I:IJ throughout the season, and 

between and ,rithin days. :No estimate of' tnese coauges ·,,as li.1Uu1::. Moreover, 

in cattle the hoof is concave so pressures may still be variable even if 

the unit load is calculated. 

No such detailed investigations of the loads on 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, only a few grazing behaviour studies are amenable 

to statistical interpretation, and these have been concerned, 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. Grazing time - includes short periods of -walking while selecting 

suitable grass. 

2. I.oafing time - the time spent standing and walking while not grazing. 

3. Lying time. 

(Af'ter Hancock, 1953) 

.A value for the treading time ( the total period the animal sp::nds 

on its feet) can be derived from these behaviour studies. However, it has 

been shown that movement has a considerable influence on the pressures under 

the hoof, and these definitions do not distinguish be"tvv~en llX)Ving and stand­

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

amount of movement, but may not be related to ID'.)Ving times. 

England (1954) comoared the grazing behaviour of one sheep from each 

of the Blackface, Clun, Spanish and Suffolk breeds. They were observed 

during two 24 l.1..our periods; the first on a I good 1 pasture under fair weather 

conditions, and the second on a t:poor' pasture in showery conditions. 

Increases in distances travelled and total treading time were observed in 
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the secona. period. These were attributed to more selective grazing on 

the 1 p::,or' pasture, and to increased standing time due to adverse weather. 

As the animals were observed to range over a wider area of pasture, it 

follows that treading would also be spread over a wider area. Further, 

although the Blackface had 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 not knovm hoy; this in:fluences the total treading 

effect. 

The analysis of grazing beh..aviour studies can yield some useful 

information on treading behaviour, but it is suggested that a more logical 

approach is to determine the factors that constitute the total treading 

effect. A treading behaviour study could then be designed to discover 

the external factors which influence the magnitude of these effects. 

With these reservations, it is still imp::,rtant to knor. the factors 

that affect the general activity of the sheep. Thus, some of the relevant 

:points from a review by Tribe (1955) are now presented. 

In hot weather, grazing animals are frequently unsettled and there is 

often an increase in the distance ·,travelled. Grazing times are reduced 

du:cing the day, but a part of this is regained by longer grazing at night. 

Similar effects are notecl in cold and wet weather, although in this case 

r:mch of the loss in grazing time is regained when the weather improves. 

However, in both cases the provision of shelter in the paddock may reduce 

the amount of movement. 
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Although quality and quantity of herbage are interdependent, it 

was suggested by Tribe that grazing times and distances travelled increase 

·:1hen the quantity of feed available is low· and/or the quality poor. In 

ad.di tion, the larger the area of pasture the further the animal will walk. 

The effect of the system of grazing macagement on activity is obviously 

closely related to these ~ints. 

In an experiment with identical twins, Hancock ( 1950) shov:red that 

inherited variability in grazing behaviour was by far the largest source of 

ya:dation betvreen individuals. A part of these inheri tea. differences could 

be explained by relating them to differences bet\~Ben the physiological 

requirements of the individual animal. Cressv,;ell (196 0) suggested that it 

is Drobable that increased nutritional requirements during growth, pregnancy 

or lactation may result in increaseo. grazing times. 

Farris ( 1954-) showed that the activity ( nrnnber of steps) of several 

dairy cows increased by 50 T'er cent at oestrous, but the day before and the 

c.ay after vrere of' lorr activity. 

Cressv;ell (loo.cit. ) designed. an experiment to find the ·weekly mile­

ages travelled by small fJ.ocks of Cheviot and Romney ewes under different 

conditions. The Cheviots travelled eight miles on the hill compared. 'Ni th 

5. :1. miles Dy the Romneys, but under lowland conditions the ifomneys travelled 

8.~ miles and the Cheviots 9.8 miles. Only general conclusions co~ld be 

dravrn from these weekly totals, but it vra.s suggested that the !'esul ts contra-

dieted the idea that the Romney has adapted itself to hill conditions. 

Further, only on the hill were lai~ger and sparser pastures associated with 

greater distances. No incree.ses occurred during lactation, but a consiclerable 

rise in activity took placee 2.t tupping, and in pregnant animals as parturition 

appx·oached. 
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Hughes and Reid (1951) observed the distances travelled by single 

sheep of some Dow·n breeds during 24- hour periods. There -v-,as no replication 

in terms of the animals used so the results are of lirni ted value. However, 

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

that travelled invalking idle (loafing). 

It is apparent from this review of the animal factor, that not only 

is the unit load on the hoof of the sheep during treading dependent on a 

constantly changing equilibrium of forces arrl vectors, but also the total 

expression of this load on the pasture is dependent on a vride range of 

external factors. 
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P.A1:IT III 

The Effects of Sheep Treading on Plant and Soil 

Introduction 

It was noted in Part I that sheep treading af'fects both plant and 

soil. Crocke~ (1952) has emphasized that the interdependence of plant 

and soil is so great that it is not possible to recognize them as 11discrete 

natural units 11
• However, for the purp:)se of this review treading effects 

on plant arrl soil are considered, as far as }?:)Ssible, in two sections 

1. Soil Effects 

(A) The Effect of Sheeu Treadin,.,. on Soil Prouerties 

Y,een and Cashen (1932) studied the ef'fect of shee1) folding on 

a light sandy soil in early winter. Stocking equivalents of' 880 

lamb days an:i 1760 shee:i::, days/acre produced conrpacJcion of the soil 

to a depth of 10cm. The greatest compaction occurred at the 374cm 

depth. Increases in crumb size ·were also noted, and the total 

effect of sheep folding on this soil type was believed to be 

beneficial. 

Packard (1957) suggested that compaction by stock treading may 

improve the moisture availability of light pumice soils. 

E~~ona (1958b) found that treading at field oa.::acity increased 

the density of the ur;per 6cm. of a high fertility silt loam. 

Increases in treading rate from O - 20 sheep-equivalents/acre 

:produced increased density in this zone. 

Grad;vell (1956) showed that the total air sr;:ace in this soil 
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type seldom rose above 5 per cent in the winter. Sheep grazing 

at this tit1e reduced the mean total porosity f'rom 55.4 per cent 

to 53.1 per cent, and the mean airspace from 5 per cent to ~.1 

ner cent. ?fo statistica1ly significant differences between stoc1':ing 

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

In a parallel study, it was observed that C£,ttle treading did 

not a.ecrease total porosity when surface water ,ias present. Severe 

puddling and mixture of --:rater with the soil were notect, and visible 

signs of poor drainage and aeration v;ere most evident under this 

treatment (Gradwell, lac.cit.). 

Baver (1959) statea. that when the soil is compressed at moisture 

contents at or near saturation, lower densities are obtained than 

i7ith drier soil. At high moisture levels the soil reacts to 

increases in pressure by re-orientation of its particles. This 

causes a reduction in the amount of non-capillary (large) 1,.,ores 

and an increase in the ·water saturation of the system. The amount 

of capillary (small) ,JOres increases, but these are unsatisfactory 

for drainage and aeration. This treading effect, which does oot 

involve compaction, is termec1 true 11 pucldling 11 by Gradwell 1 (loc cit,) 

Edmond (i957) noted that unr1er wet conditions, sheer treading 

damaged a6gregates in the surface soil. At high treading rates, 

or v1hen su..rface water Yras present, most of the aggregates ·were 

destroyed and puddling resulted. This appearedto be accompanied 

by deficient aeration of the soil. It was suggested that compaction 

and pudciling usually occur: together. However, an experiment to 

compare artificial puddling and compaction shovred that the tvro soil 



treatments were different in effect" (Eci.1rond, -1Q58 \ -'-~ C }. 
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and r'.Qhnke (1956) shovred thc'lt the puddled soils form crusts which 

can restrict diffusion of both gases and water. It appears probable 

that the dense layers which can develop beneath the soil surface 

under treaa.ing, may heighten the efeect of true 11puddling11 as 

defined by Grac1vrell. 

It follows that density and porosity measurements may not be 

reliable indices of the treading effect on soils. 

Gradwell ( ' 1960j studied changes in the ufree-drEtining 11ores 0 

of 

age was found after periods of heavy sheep treading in vret ·weather. 

It -;,as shovro that this loss of free-draining properties can take 

some time to regain, even after dry weather has returned and in 

the presence of vigorous pasture grmrth. The mechanism of this 

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

soil is cumulative as it leads to increased 1.vetness of the soil and 

thus 1wre severe puddling on further· treac1ing. 

G-rachvell (1961) made a p!'eliminary stucly of' clif'fusion of' oxygen 

through :r:asture to:pso ils. T' _,; ,ms cons iclerecl that this may 11rove 

more satisfactory than measures of 0.vater percolation rates, for 

detection of differences between treading treatments. 

It is concludec1 that sheep treading can affect the soil through 

a disturbance of the soil surface and compaction of the underlying 

soil. The severity of the effect ar~ears to depen:i on stocking 

rate, soil mo is tu.re content and soil type. The main factors that 

are influenced. by these effects are aeration and drainage. 
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(B) 'rhe Influence of Soil Characteristics on the TreadinP- Effect 

( i) Introduction 

The developnent of an undevstanding o~ soil mechanics has 

been largely based on laboratory studies and compaction by 

machines in the field. However, from the reviev,s of Iru.11. ( 1959) 

and orconnor. (1956), it appears justifiable to asswne that the 

effects of treading on the soil conform to the same general 

principles. 

(ii) Soil texture, structure and density. 

When the soil is compacted, particles are brought closer tog­

ether, and fine grains are forcec1 into the voias between coarse 

grains causing an increase in the soil density (Lull, 

In acWition, there may be an interlocking of particles 

stress (Buchanan, ::L942 ). 

1 . .I- \ _._oc. Cl.v• j. -----
under 

Krynine. (1951) showecl that maximwn clensities decrease in 

the order of decreasing grain size from gravel to clay. 

Huberty (1944) found that soils with a vTide range of 

particle size (mediurn-textured soils) compact to ~uch greater 

densities than soils of uniform grain size. 

Soil aggregates appear to act differently from soil particles 

in their resistance to stress. Blair (1937) found that soils 

of good tilth gave a stress-compression curve with a step-ladder 

effect. It is sugeested that this may be due to the collapse 

of the aggregates in the soil, and may indicate a soil of 

f \ good structure ,Lull, loo.cit.;. 

Day and Holmgren. (1952) shov1ed that um.er stress, aggregates 
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f'latten against each other and cause a more uniform dist­

ributian of the load. 

Under equal stress and -l'ri th other conditions similar, com­

pression is a function of initial density. The less the density 

the greater the compression. Lull (loc. cit.) J;ointed out 

that in this sense, soils of good structure and low density 

have a highe:r- potential for compaction that dense structure­

less soils. However, Clement and 'rlilliams (1958) have 

emphasized the importance of h:i.gh aggregate stability in the 

surface soil in resisting soil compaction and dispersion by 

treading. 

(iii) Soil moisture 

Buchanan (1942) stated that under dry conditions the resist­

ance of soil particles to re-arrangement is great, for the thin 

water fil;:ns provide little lubrication. In addition, the effect 

of surface tension is so pronounced that stress is partially 

neutralised. Li. (1956) pointed out that the adciition of 

moisture ii11:9roves lubrication and reduces the surface tension 

force, so that com}?action is more easily achieved. '.H th further 

increases in moisture content, a critical point is reacb.ed at 

Hhich a ma.ximurn of the smaller particles have been forced into 

the voia.s be"b;,,een the coarse grains. At this IJOint the tnal!::i.mum 

density is reached (Li, 1,.Q.Q,o·i.:t,. ). The effect of further com­

pression w·as a.iscussed above. 

The greatest compaction is usually achieved when the misture 
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content is near the lovrer plastic limit (lfurkwick J and this 

principle has been widely used in soil engineering. Lull (loc,.cit.) 

stated that the same amount of damage can be inflicted on wet soils 

with light equipment as on much drier soils with heavier equiµnent. 

O'Connor (1956) re:ported that aggregate destruction may be great­

est under very dry or very ·wet conditions. 

(iv) Organic matter content 

The greater the content of organic matter in the soil, the smaller 

the maximum compaction and the greater the moisture content required 

for ma.~imum compaction (Free et al, 1947). 

In contrast, O'Connor (lac.cit.) found that low density silty clay 

loam, containing 9 per cent organic matter ,vell mixed in the surface 

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

(c) The Recovery of the Soil from Treading Effects 

Robinson and Alderfer (1952)found that freezing and thawing increased 

the water infiltration of oompacted pastures, Sillanpaa (1961) noted that 

freeze/thaw has a beneficial effect on soils of high aggregation ca:r.acity 

but low on aggregation level. In a general article, Thomas (1960) sugg­

ested that frost could remedy the worst effects of treading in temperate 

climates. The develo]?lllent 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 conditions are probably imp:irtant, 

'£he great persistence of' compaction effects in dry climates has been 

observed (Lull, 1959 ). In general, wetting-drying cycles improve aggreg­

ation of the soil (Sillanpaa and Webber, 1961). It has also been shovm 

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

Page, 1956 ) • 

Other factors that may be imp::irtant are the activity of earth­

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

matter (Ashley, 1961). 



(D) The Rela~ion of Soil Ph;ysical Changes Induced by Treading to the 

Growth of Grass Species 

(i) Introduction 

20 

Shaw (1952) reviewed the effect of 11 soil physical conditions on 

plant growth::. .A sealing and compaction of surface soil layers could 

adversely affect plant growth through mechanical im~edance of roots, 

a.ecreased soil aeration and adverse soil moisture relationships. '.i.'he 

importance of these factors to plant growth was emphasized, but the 

critical levels at ··.vhich each became a limiting factor was not kn0vrn. 

Still less vms known of the probable interactions betv,een these factors 

am other climatic ancl edaphic factors. Further, it a:i;:,peared that 

very few workers had studied. the effect of these conditions on the 

growth of grass species. 

Edmond (1958c) investigated the effect of soil physical treatments 

on seedlings of perennial ryegrass (L::ilitL~ perenne L.) and short­

rotation ryegrass (L::ilium perenne L. X L::ilium multiflorwn Lam.). The 

single plants vrere grovrn for nine weeks in }fanawatu silt loam hydraul-

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

:i:1. s. i. 1i:oderate compaction caused an increased root weight in the 

0 - .(L-Cm layer, and suggested that root pene~~ation may have 

been impedec'i. Top yields were unaffected, but some gr01·rth habit 

changes were observed. The tolerance of ryegrass to soil compaction 

was confirmed, but the failure of the heavier pressures to affect 

yield may have been due to the relatively small differences in the 

volume weight of the soil which were produced. 

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

were planted at 9 inch spacings in small field plots. These had 
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previously been subjected to four soil treatments; control, puddled 

by raking Yrhen wet, compactecl, and compacted three weeks after :pucid.ling. 

Compaction w-a.s effected by walking over the plots on short stilts des­

igned to give a pressure of 60 :t,'J. s. i. ·i'a th both .species, compaction 

produced a highly significant increase in herbage yield. Puddling 

reduced yield, but the combined treatment raised yield over puddling 

alone. Both compaction and puddling increased the voluxae 111eight and 

resistance to penetration of the soil. It vras noted that the puddled 

soils were compacted and the compacted soils puddled to some extent. It 

was suggested that the puddled soils probably restricted gaseous di:ff­

usion, and that a decrease in the oxygen and/or an increase in the 

carbon dioxide content of the so i1 may have affected yield. In the case 

of the combined treatment, compaction may ha:ve broken the surface crust 

of the puddled soil and thus improved permeability. 

This trial ina.icated that grass growth can be affected by soil con-

ditions similar to those produced by treading, 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 where clarity 

warrants plants other than grass species will be discussed. 

Clearly, the soil condition has its main effect on the roots of the 

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

mutually interdependent. 

(ii) Mechanical Impedance of Roots 

In a review Troughton (lac.cit.) stated that root growth is reduced 

when grasses are grovring in a compact soil. It was suggested that this 

may be due to mechanical resistance or to a change in aeration. 

Wiersum (1957) found that young roots of Avena sativa seedlings, ,;rhen 
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grovring in a rigid medium, dic1 not pass through ;ores sma.ller than the 

root tip. Hovrever, roots penetrated media that coula. easily be pushed 

aside, even when pore size vra.s less than the root-tip diameter. 

In the Netherlands Goedewaagen ( 1943) found that grass roots did not 

penetrate a compact sandy layer underlying clay. 

Gill and 1/iiller (1956) found that the capability of the corn :r.·oot to 

develop its growing pressure was reduced by a decrease in the oxygen 

content of the soil, 

Lugo-Iopez (1960) studied the root growth of three grasses in seven 

clay soils •:;hich had developed soil pans. It was found that root devel­

opment of Para Grass f-.;;P:..a=n..;;i:.::c..:um::::;.....i;;.=..:..:ur;:::..:a:.;.:s::..c::..e=n=s) and Bermuda Grass (Cynodon 

dactylon) was restricted, but Guinea Grass (Panicum maxima) was able to 

send roots through the dense horizons. It ~-as suggested that this might 

explain in part the drought tolerance of this grass. 

( iii) Soil Aeration 

(a) Introduction 

Adequate oxygen is essential for all roots (Cannon, 1925), and 

within the temperature limits for root gro,rth, the greater the soil 

temperature the greater must be the concentration of oxygen for 

normal growth (Troughton, loc. cit.). 

The problem of soil aeration is not restricted to sufficiency of 

oxygen for root respiration, but is related to the concentration of 

carbon dioxide and reduction products in the soil. However, the 

same soil cond.itions control all tl:1ree factors (',"fiegand and Iemon, 1951;1) 

Diffusion is recognised as the princiTia.l mechanism of soil 

aeration. It is affected by voltme of air-filled pores, size of 

aggregates, soil moisture tension and the pressure of surface crusj;s 

(Domby and Y.,.ohnke, 1956 ). 
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I • 
\b) Air-filled rores 

Oxygen enters the soil mainly by gaseous diffusion through these 

pores, dis1,lacing carbon dioxicl.e which tends to diffuse in the op:;.osite 

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

·water (Russell, 1952). 

GrE:.dvrell (1961) found that in pasture topsoils a high and fair·ly 

constant :proportion of air oores were inefficient as channels of aeration. 

Thus, studies which have reported a relationship between total r;ore space 

and grass growth or species distribution must be treated with caution. 

Ko:t,ecky ( 19Z7) stated that the optimum air-ca1Jaci ty (air-sr,ace after 

2L1: hours drainage) for grass ranged from S;;b to 1Q?~. 

The vvurk of Lieth ( 1954) vras noted in Part I. It was foun.1 that 

excent for a few s:pecies of universal significance, the distribution of' 

grassland r:lants could be related to the total pore spe.ce in the soil. 

Perennial ryegrass was tolerant of low pore space. 

(c) Soil agf.regation 

Doyle and 1faclean ( 1958) showed that the diffusion of oxygen was 

directly pro}X)rtional to aggregate size, and growth of tomatoes increased 

·with both aggregate size and oxygen diffusion. 

}fany worke:r·s have shovm that grasses improve the ap:gregation of' the 

soil (Ti~oughton, 1957 ). 

In a revievr, Greacen (195'8) stated that after the initi2..l improve­

ment in aggregation and organic matter under grass, there was compaction 

of the soil by grazing animals, machinery, and the grass roots themselves. 

Troughton (1961) found th.3.t as pasture aged, the percentage of roots 

in the upper three inches increased. It was suggested that due to com-

naction of the soil the roots hac1 been forced to grow nearer the surface 

in o:-:-c7.er to obtain sufficient oxygen. This may restrict plant grmvth 
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and could account for the decreases in herbage yield 0ahich hav--e been 

shovm to occur as the svmrcl ages. (Pollitt, ~947; Paterson, 1959). 

(a.) Soil moisture tension 

There is an inverse relationship betv,een soil moistll!'e tension and 

.t.• aerav1.on. The moisture content largely controls the rate of di~fusion 

tb.rou.c_::b_ soils by its influence on the an1ov_nt of aiT'-filled ro11 e s:;flce in 

the soil 1rolur1e (Iit1ssell, :L952). Th.1.1s, a · .. ,a Le_;_•- G(_-<.L l,c r:1c:.y :cecu .. 1ce the 

( 1 (.,- .... • 
-~~.L I -LV,:.., / stu.Cliea+ the effect of varying ground ",vater 1eve1s 

oc the :productivity and comi::,osition of Italian ryegrass gro,.-m on a calcar-

eous light peat. A high '.Wter level (15 inches belo,,- ground su.rface), 

reo.ucea_ yiela_s by 5Q - 60 r;er cent of that on medium and low water levels 

(24 inches and 38 inches belo'.Y grounci. sm~face respectively). The high 

water level a:9parently interfered -:ri th nitrogen metabolism, as the crude 

protein content of the grass was greatly reduced in this treatment. 

Further, the root system showed very s\1allm-r development. It was sugg-

estea. that anaerobic conditions in the topsoil may hav-e reduced the 

u9take of nutrients. 

Baun-:ann anc1 I-aauss ( 1955) compared the root deve lorment of ·1-2 grasses 

under controlled conclitions in 1 groundv,-ater tubs 1
• The y;ater table -,vas 

maintained at 36 cm. belm-r the surface~ From the results obtained the 

species vrere classified into three wain g rou:9s. 

The I Iolium1 types ( including I.oliwn T:ierenne, Ioliurr1 multiflo:!.'um, 

\ Festuca r✓ratensis, Phalaris arundinacea, Agrostis alba, Holcus lanatus; 

showec1 vigorous root developnent through the whole profile and into the 

region of highest mo is tu.re content. In the 1Poa I types ( includin:;; Poa 

pratensis, Poa palustris, Alopecurua pratensis, Festuca rubra, 

Phleum pratense) only some of the roots grew· into the water-table. 
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The 'Dactylis' gro-u.p ( including Dactyl is glomerata, Bromus inermis, 

Arrhenatheru.rn elatitis, Festuca ovina) only grew in the zone of 

medium water content and the roots died near the water table. 

The different species reaction was explained in terms o~ defic-

ient aeration, with particular emphasis on the accUI!lulation of ca?:'bon 

dioxide in the soil. 

liichael and Bergmann ( 1954) studied the root growth of rye seed­

lings (Secale cereale) in soil in glass cylinders. Several soil 

treatments reduced the rate of root elongation, and it v,as suggested 

that the harmful effects of stan~ing water, heavy soil and soil com-

paction vrere clue to an increase in the level of carbon dioxide in the 

soil. 

However, most '\mrkers consider that under field conditions high 

carbon dioxide levels are of minor significance (Slatyer, 1960). 
, \ 

So:per t1959j compared the anatomy of the mature parts of the roots 

of IoliuJn perenne, Dactyl is glomerata, Glyceria flui tans and .Alonecurua 

pratensis. It ,;;as found that regularly arranged large lacunae Yrere 

well developed in ,che roots o-f Glyceria and Alopecurus. It i7as 

considered that they would be of value in the maintenance of maximum 

oxygenation of the c~rtex under conditions of water-logging. Consid-

erably fewer lacunae Yfere found in the other species, but Lo liurn 

tended to have more than Dactylis. 

The effect of flooding on the plants is the result of a complex 

interaction of' many factors, but it is broadly considered to be a 

problem of def'icient aeration (Colman and Wilson, 1960). 

Several studies have compared the flooding tolerance of' grassland. 
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species (Davis and Lfartin, 194.-9; Finn et al, 1001; Iuthin, 1957; 

Colman and 'Jilson loc. cit.). G-rasses rei-"-Ortea. to be relatively 

resistant to flooding include Alo-oecurus 1)ratensis, Festuca -::ratensis, 

?hleum 1Jratel1se, Phalar.is aruncJ.inacea, anc. IDlium r.erenne. Grasses 

that are susce:itible to flooding inclucJ.e Dactylis glomerata, Festuca 

rubra, ana Bromus species. 

( \ -, . ,e; ;:;oil crusts 

Domby: and Y1.0hnke, (1956) showeci that soil crusts coulc1 restrict 

the c1iii.f:f'usion of gases, but only when the underlying soil ,vas very wet. 

The significance of soil crusts in ~lant groYrth has usually been 

discussed in relation to the seedling emergence and establish.ment of 

crop plants (l~illington, 1959; 1.'.:orton and Buchele, 1960). 

I.:illington (1960) showed that the roct grow·th of subter1'anean 

clove:::· (Tri:foliurn subterraneum) in pot cult·..ire ·,:as substantially reduced 

by the sealing of the surface soil. lilthough u:p to 90 :yer cent of 

the surface was sealed, oxygen concentration in the soil vras only 

slightly depressed. It 1;7as stated that des:::,ite the limitations of 

the measurements used, restriction of root development,; could occur 

without large deviations in the oxygen concentration. }fo,::eve:r·, in 

this s-tuo.y the roots had exploited a relatively constant environment. 

It ,ias suggested that if root exploitation occurs under conditions 

of good soil aeration, then ra;-,ic. chat~[;eS in air-f'illec1 porosity may 
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/ . \ 
~ iv J General Conclusions 

It has been shown that soil conditions similar to those 

produced by sheep treading can affect grass s:;,,ecies. 

Species appear to differ in reaction to these conditions. 

It is probable that soil aeration is the chief factor. 
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(2) The Direct Effects of Shee i Treadinrr on Grass S-~ecies 

As information on this subject is very limited, several analagous 

studies e~·e also discussed. 

(ii ) TYI e of Damage 

Edmond (:;_s,ssb) stated that shee1; treading damaged and buriec1 

tillers of short-rotation ryegrass; but that under favourable 

growing conditions the reduction in the tiller density soon dis­

a·:;peared. This was explained in fo:>::"ms of Brougham's work ( :1.956). 

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

area increased until all light energy is intercepted. 

0 1 Connor. (1958) studied the effects of cattle and tractor 

treading on swara.s dominated by cocksfoot. The treading of' unmovm 

pastures had no apparent efi'ect on production, but considerable 

reductions in yield were caused by treading on mo,m :9astu.res. These 

,;;ere attributed to direct mechanical injury to the freshly-cut 

tillers of the grasses and not to soil compaction. 

Underwood (1956) observed that stock treacling under dry summer 

conditions in Western Australia could destroy a large proportio.n .of 

cry ana brittle herbage. 

Gu1:lickson et al (:1.954.-) noted that cattle treacling caused consid-

erable •;,astage of tall herbage. 

Perring, (1959) observed that the growth of the stoloniferous 

Phlewn nodosum ·.,as encouraged throu6 h bre2.king of the svrard by 

galloping horses. 
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(::S) Flant Characters Ythich favour Resistance to Direct Treac1in0: Da;narre 

( i) Introd.1.tct"ion 

It has been shovm that grass snecies differ in their reaction 

to soil couc':i tions p:co6.ucec1 by treaoinr. Eo·:reve:::·, some authors have 

co :-is ici.ered these s1,ecies cJ.ifferences in te:>.·ms of the plant structU2.'e 

above the ground vri th little reference to these soil factors. Thus, 

their observations should be interJ)retecl with caution, 

Although a simi12.r criticisr11 may l~e mac1e of Lieth 1 s Y,ork (Lieth, 

it Ylas }JOinted out that the suscepti"!)ility of some species to 

treading ·was ine:~plicable in te:::ms of pore sr.:ace. 

}?urthermore, the :plant types founcl in severely troc1c1en areas may 

not be a true reflection of the resistance of the s:pecies to treacling. 

Iev.r ( 194-Cl) has shown that the winter treadin,i of cattle may 

incU:r·ectly encourage the germination of weed seeds in the soil. l.~ore-

over, many other factor·s may affect the zonation of plant types 

(Davies, 195•1-), 

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

main findings ·,:rere still based on 11 treading 3;,lant :ropulations::, It 

';;a.s considered that treacling tolerance occurred. in most im:!:'-0rtant 

grasslarrl ·plants, ~he characteristics of resistant nlants ·were 

listed as follows: 

1. .Annual s:1)ec ies Vfi th flexible s te,ns and narroYr or lacer a tecl 

leaves. 

2. :i?.osette nlants with flat leaves but very tough vascular bundles. 

3e Fast-gro--:.,ving bottorn grasses -rri th good regeneration anc1 

tillering ability. 
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A_ -• Shallow rooted tur;: ~)lants ·iri th creeping '. rn1.zomes or stolous. 

It ;yas susE;ested that although the first JC\YO grottps toleratec1 

the strongest mechanical stress, becaus'::l of oompeti tbn for light 

and nutrients, they :nay be ois3::,lz.cec1 by the perennial species of 

Groups 3 and 4- 7rhen treaCling is less severe. 

In acl.o.ition it -;·ias stated that species rrost susceptible to 

t:cead.ing ,-re:-e found in "pm·e mcY:ring meadov1s 11
• The main features of 

these species ,·:ere listed as follmw: 

2. Clin1bing plants. 

3. Plants ·.vi th a high basal leaf. 

4~. Slo-rr-groYrin;s species vritl1 li1nited rege11erative ability. 

Some of these characters 2 .. ::ce now considered inrelation to grass 

species. 

( ii ) _T_h_1e_ ...... _s_i __ t_i ___ r_.J_n_o_f __ t_·h_e ___ .._a.._r_o.;..,·_,Y..;i;;_n~ct...__,_o~i_n~t 

Jhen the tiller is vegetative, the grmv-1.ng point of r;,ost grasses 

is at o::.· sli;htly belo,Y ground level (Campbell, j961). .As the stem 

elongates T:;rior to floYrering, it is raised ·,7ell above ground level 

:,:rnd becomz:s more susce:,_-:?cib le to removal by grazing (Branson, 1953). 

If' this occurs there is no further groYrth O:!.' develo1Jment of: the 

shoot, ana new growth 'Nill come from vegetati:ve tillers at the base 

(Davies, 1956 ). Hovrever, the regrowth of an undamaged shoot is i'ar 

quicker than the new growth from these basal buds (Davies, lac.cit.). 

Bates (1935) classified grass s~ecies according to the position 

o:f the grov-ring point in rel2.tion to the soil surf'ace. It YiaS consici.-

erec1 that this position was im}')Ortant in resistance to treading a_a~age. 



The species found in 1-:,.eavily trodden habitats such as footpaths, 

animal pathways, and road verges rey:resented a synusia of 

crytophytes. Exa.rrroles [dven inclua.ed Dact:zlis r-lomerata, Iolium 

perenne and Fo2, ,)ratens is. Davies. ( 1938) and Thomas ( 1959) 

observecl that Phleum -pratense and Poa annua -r;ere also conuron i11 

l1eavily trodden areas. 

The s1--ecies ·which were sensitive to treacling, and thus ctid not 

a2.1?ear in these habitats, vrere re}JO:c"ted to be chamaepl1ytes. These 

included .Agrostis sr,r. , Festuca ovin2., 

re-oens. (Bates loc, cit. ) • 

These observations ay,pear to be an over-silif!?lification of the 

treading effect. 1::oreover, there may be only small differences in 

the vulnerability of the growing :point in the vegetative state. 

(iii) General discussion 

Edmond (1S60) studied the reaction of several species to differ­

ent intensities of sheep treading at field capacity. Prior to eact1 

treading all species we:ce cu.t by e. movrer for yielo. determinations. 

As plants under the heavy treading treatments ',7ere observed to adort 

a 1~ore prostrate habit of growth, the adoption of a standard cutting 

technique for all species and treatments is subject to serious 

criticism. 

The most resistant s:pecies ·were perennial ryegrass, short-rotation 

ryegrass and timothy. Although Poa uratensis grew slowly th:?:-oughout 

the experiment it was also fairly resistant. The reaction of' Poa 

trbrialis was variable, but cocksfoot, Yorkshire fog ana. brownto1) 
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0:mre sensitive to heavy treading. &:irne seasonal variations ·were 

observed, but the general conclusions on the relative resistance 

of the species appear valid under the existing experimental conditbns. 

The results have been partly discussed in terms of the direct 

effects (Edmond., loc.cit. ). The resistance of perennial ryegrass 

has been explained by its tenclency to adopt a rhizomatous groYrth 

' b·t (''"th~, na 1. 2,t1. c._e .l.L, 
~a '\ .Lv6 0 }o ?oa uratensis also has this grmYth form 

(Hubbard, 1954), but it has not been observed in short-rotation 

rye grass. The ?erfor@ance of timothy might be explained by the 

n::.'otection o-!': the groYring points by a thick rad of leaf bases, 

v.rhereas those of cocksfoot ap::_::,ea2."ed more accessible to the hoof. 

The resistance of the predominantly stoloniferous species, York-

shire fog, brountop and Poa triv:ialis vras variable. 

l.Iitchell (1955) stated that the form of the grass tiller may 

be illl}X>rtant. From studies wt th short-rotation ryegrass under con-

trollecl conditions, it was suggestecl that tillers grovrn under 

sb.aded conditions produce few roots and may be susceytible to treading 

da'.llage. Further, after ciefoliation slender narrov,-leaved tillers, 

which m2.y be easily a.estroyed by treading, develop from buds that 

have probably been inhibited by the defoliation process. 

Langer. (195~ shov.red that the least developed tillers in a 

pasture i"7ere rrost susceptible to adverse conditions. 

(iv) Conclusions 

Although the type, extent and resultant effects of direct treading 

damage Tiere not clearly defined, it can be inferred that damage to 
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the growing :i;:oint may be involved. As grazing studies have shown 

that removal or damage to the growing po int may a:ffect grass 

grovrth, a study of this factor in relation to treading is 

indicated. 
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It ,ms found that increases in treading produced statistically 

significant and progressive reductions in yield of all species. There 

713.S a linear rel(!tionshi}) betvreen treading rate arrl yield. ?!::est of' 

the effect was produced by the first :tread.ing. 

In general, a similar relationship y,ras obtained f'or numbers of' 

ryegrass tillers and white-clover nodes. Poa SJ:p. were affected in 

the same way as ryegrass. 

The botanical co@:osi tion of the pasture was alterect by repeated 

treadings,and these changes were more persistent than reductions in 

yield. Three vweeks after the final treading the:::·e were no significant 

differences in total yield due to treatment, exce~t in the case of white 

clover. The failure of this species to recover was probably due to 

vrinter dorma.ncy. 

In a further study, similar pastures vrere trodden at three levels of 

soil r.10 isture under summer conditions. The stoc:dng-rate equivalenj:;s 

vrere O, 6 and 12 sheep/acre, and the moisture levels, which vrere dry, 

, \ 

moist and ',vet (.free surface v.rater J, vrere created by the use of spray 

irrigation. Treading reduced yield h'res:;,ective of soil condition, but 

in contrast to vrhi te clover, short-rotation ryegrass was particularly 

susceptible. It appe2..red that treading damage v.ra.s more severe in wet 

soil conditions (Eamond, 1957 ). 

The general results of a trial designed to compare the relative 

resistance of pasture species, Vlere discussed in Part III. These results 

were moclified by season (Edrrond, 1960). 

The seasonal effect has been studied with perennial and short­

rotation ryegrass pastures (Edmond loo.cit.). A rate of 10 sheep 
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equivaler.rt~cre was used with the soil at dif'ferent levels of wetness 

a1;=·propriate to the season., The recove::.'y growth in trodden plots was 

consistently delayed in summer, autumn and winter, but in the spring 

the results were inconclusive. Treading reduced growth less than in 

preYious experiments. It v1as noted that the soil type used, in this 

experiment was less likely to become saturated than that type used in 

the other trials. 

(8) Conclusions 

Under the conditions of these experiments it is concluded that the 

main pasture species used in New Zealand are the least sensitive to 

treading damage. Soil moisture, soil type and the season may influence 

the treading effect. 



LLATERI.ALS .Al':D li'.ETiiODS 

This section is presented in four parts, as t'ollows: 

I The Develop~ent of the Artificial Hoof~ 

II 1l'he EJ..-periment. 

III A Description of the Area used, layout and Establishment 

of Plots, and the Application of Treatments. 

IV Sampling l.Iethods e.nd Experimental Techniques. 
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PART I 

The Developrr.ent of the Artificial Hoof 

A. The bearin~ area of the sheen's hoof 

Eyers (1965) suggested that in 1 normal 1 soil the hoof print area of 

r,y' ' cl.airy cows was 2'-1/o greater than the apparent oearing area. 

It was asswned that this would also a:r:,ply to sheep. Therefore, 

measurements '.-rere made of clearly defined hoof prints in a paddock grazed 

by Two-tooth Romney TJethers, on the Crop Demonstration Area, I.¼ssey .Agric-

ultural College, The area of each print was calculated from the mean of 

four length and four breadth measm0 ements. It ,vas realized that the size 

of the print Tuuuld vary according to the soil conditions and the weight and 

movement of the animals, The mean area of twenty hoof prints ·:;as 2. 5~0.13 

sq. ins. (Appenci.ix 2. :l_. ). This was equivalent to a bearing area of 2. 0 sq. ins. , 

and was similar to values suggested by Sears (1956) and Seton (1958). 

B. The hoof loau of the grazina shee 

The implications of body weight changes and animal movement were dis­

cussed earlier. No direct evidence of' the hoof load of the grazing sheep 

·was founci in the literature. However, it ;vas concluded from tt1e work of 

Lye rs ( 1955) and Lull ( 1959) that it ,vas :prob~tb ly 20-30 }). s. i. 

C. The desirrn and oneration of the artificial hoof 

The apparatus was designed and built in the Agricultural Engineering 

Department, Eassey .Agricultural College. It is illustrated in Figuxe 1. 
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The spring balance, which could weigh up to 60 lbs., was sup:i,:iorted 

4 

by a frame made of fin. bright steel tubing. 'Hhen the operator ap:9lied 

foot pressure to the central rod, it was possible to measure the total 

weight under the basal plate. 

In a preliminary investigation, slo~ motion films (Chang, 1960) 

scowed that the grazing sheep ,;alked in the manner postulated by Euybridge 

( 1899 ). A telesconic lens was used to obtain a close view of the hoof, but 

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

the results were unsatisfactory. 

It was internied that the artificial hoof should apply a defined ·weight 

to the sward, and therefore it ·.-ras decided that the hoof should be placed 

flat on the ground. There was little evidence of the precise effect of a 

1 heel first' action and it ,;,ras considered that an attempt to imitate this 

motion was unjustified. Similarly, the effect of a 'twist' (Davies, 1938) 

as the hoof leaves the ground was ignored. 

A sheep's hoof (including 1 in. of metacarpal bone), from a recently 

killed animal, vras attached t~ the lower side of the basal })late with 

1 Araldite 1 adhesive. It was found. that the hoof had retained its flexibility, 

and was severely damaged by rer,eated .L a• ureaaing. Horeover, the metacarpal bone 

vras fractured. 

In the main experiment it was essential that the hoof should maintain 

its sha:pe throughout the treatment period. It vras c1ecided not to use a I soft' 

hoof, ·which would have taken account of factors like I claw-spreading 1 (Eyers, 

1955 ). 

A driecl hoof w-as removed from the skin of a mature Romney wether. A 

black steel casing was made and vrelcled to the centre of the basal plate. 



This ,,;ras filled with I Aralcli te I and the metacarpal bone inserted. The 

hoof Tias reinforced with the adhesive to give a solid flat surface of 

40 

2 sq. ins. As this structure was quite different from a I normal' flexible 

hoof, it Y,as decided to terminate the study of the sheep• s hoof. 

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

to ayyly 20 ~.s.i. through the artificial hoof. 

},.s the bearing area of the hoof' was 2 sq. ins., a weight of 40 lbs. 

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

balance was noted when equilibrium was reached with a 40 lb. weight on a 

Fairbanks scale balance. The data for this repeatability test are shown 

in Appendix 2. 2. The mean value was 40:o. 2 lbs., an error of about 35~, 

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

weight under the hoof was about 20 p. s. i. 
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PAf1T II 

The Ex-oeriment 

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

pasture species Ioliutn perenne L., Phleum pratense L., Dact lis a-lomerata L., 

Agrostis tenuis Sibth. anc1 Poa pratensis L. - to an artificial treading 

treatment. These species had shown variable resistance to sheep treading 

(Edmond, 1961). They probably c1iffered in the relative positions of the 

groi'i"ing roints (Hubbard, 1954; Branson, 1953). linfortunately the combined 

effects or poor establislunent an:l an attack of Puccinia coronata (Cruickshank, 

1957) eliminated Poa pratensisL. from the experiment. 

A sirrrole comparison was made between untrodden (UT) and trodden (T) - -
areas of each species. Aw eight of 20 :,;,. s. i. was applied with the artificial 

hoof; and this was re:!Jeated four times on each trodden sub-plot. The treat-

ment was carried out in the Autu.rr.n and Spring of :L961. 

The species yield of' dry herbage, for UT and. T sub-plots, was measured. 

in the Autumn and Spring at regular intervals over a period of sevei~a1 weeks. 

It was ::.xistulated that the resulting growth curves would give an indication 

of the severity and duration of the treading effect. Tiller counts f'or 

ryegrass, timothy and cocksfoot ·;:ere made at each sampling date. 

A technique was developed t-0 show the percentage of tillers with their 

growing :point above the ground. In the Spring trial, changes in this rosi tion 

were followed, and the percentage or tillers showing internode elongation and 

flowering were noted. 

The compaction of the soil at different depths ·,ms measured by bulk 

density determinations. The soil mo is tu.re content at each treading was 

recorded. 



PART III 

E..~perimental area, Layout and Establis~ment of Plots, and 

Application of Treatments 
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The experiment was conducted on part ot' the Crop Deroonstration Area, 

Massey Agricultural College, r7hich, in 1957-58, had grown drills of cereals, 

legumes and forage crops, and had then been left in fallow. 

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

similar to that described in the Soil Bureau bulletin Ho. 5 (1954) as an 

Ohakea Ioam. In describing the soil, Pollock (1959) stated that it was 

formed on an intermediate terrace carved by the Tiri tea Stream out of an old 

Terrace - the soil of which is a yellow grey earth (Tokomaru silt loam). 

The soil profile of the intermediate terrace comprises a fairly heavy silt 

loam (0.8 in,) over~ying a silty clay loam to clay loam subsoil which extends 

to a depth of 20 - 3C ins. This is underlain by a claying graYel which 

becomes straight gravel with depth. 

The Crop Deroonstration Area was tile-drained in 1948 at intervals of 

approximately 30 .t.>.L 
J. l,. 

B. Experimental Layout 

A simple :randomized split plot layout "lvas usea_ in this experiment • 

. After a consideration of the size of the area, species comparisons, 

and the single treading treatment, it was decided to divide the split plot 

layout into four 'blocks~ Figures available at Grasslands Division., Palm­

erston iforti1, showed that, in a randomizea. block design, 4 - 5 replicates 
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were satisfactory in sheep treading trials. 

Coch..ran and Cox (1957) have discussed the relative merits of split 

plot and randomized block layouts. 

It was suggested (Glenday, 1960) that the randomization of treatments 

within each 1 block 1 v1ould be the roost efficient design for this experiment. 

The plots were laid out on an area 24 ft. by 58 ft.. The ten species 

plots measured 4 ft. 6 in. by 24 ft. , and an 18 in. headland was left 

between each plot. It vras considered that cultivation of this headland 

7Wuld reduce the spread of volunteer ,,hite clover. 

The layout for the Autumn trial is shovm in Figure 2. 

c. Establishment of the Plots 

The area was rotary-hoed and rolled in April, 1960. 

Seeds of the species were broadcast by hand on April 28th, 1960 as 

follows: 

IT.Z. Cert. Perennial Ryegrass equivalent to 30 lbs/acre. 

r-r.z. Cert. Timothy !! !! 15 lbs/acre 

1-'Y.Z. Cert. Cocksf'oot II !! 20 lbs/acre 

rr.z. Standard Brovmtop lt ti 10 lbs/acre 

Poa pratensis II II 17 lbs/acre 

As stated earlier the Paa pratensis seed, v!hich came from Iowa, failed 

to establish satisfactorily, and was excluded from the experiment. 

Each :plot was individually raked after sowing. 

The equivalent of 3 cr"t. superphosphate/acre, 1 cvlt. sulphate of 

potash/acre ar:rl 1 crwt, sulphate of amironia/acre was broadcast by hand on to 

the seed-bed on April 29th. 
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The four remaining species established satisfactorily. The plots 

were twice movm to be a height of 2iris. during the Spring. Inter-plot cul-

tivation and weeding was also carried out. The plots were grazed by sheep 

for t1ivo short periods during the Summer. By March, 1961, all four species 

sho-ried satisfactory development. Perennial ryegrass was affected by 

Fuccinia coronata, but recovered by the start of the Autumn trial. 

Prior to the Spring treading, the plots v1ere top-dressed with the 

t .,:, .,_ 1 • . .c, • I equivalen o.i. 3 aiN.,. su pnate o.i. ammon1.a; acre. 

D. Auplication of Treatments. 

The treatments weYe applied on April i2-:L.S and September 12-13. In 

each case approximately½ in. of rain had fallen 2-3 days earlier, but none 

fell during the treatment periods. 

Prior to each treatment the plots were mown to a height of 1 in. with 

a I La:rmmaster' mov7er. It was assumed that roller compaction was spread 

equally over the area. 

In order to avoid the excessive growth on the edge of the plots, the 

control and trodden sub-plots (each 5ft. x :Lft.) 1'1-ere placed 1ft. from the 

cultivated ground. 

In the treading treatment it was intended to cover the complete area 

of each species sub-plot with a weight of 20 p.s.i. repeated four times. 

The hoof was 1:>laced on the ground and pressure applied until the balance 

read 40 lbs. As the breadth of the hoof was almost 1. 25 ins. a 1 ft. ruler 

was placed across 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 repeated. The plot was then trodden in the reverse direction. 

A similar method was followd in the t-rro lengthwise treadings of the plot. 
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The entire treatment was completed in v~o days. The four 1 blocks' 

were trodden in random order (4, 2, 3, 1), and to minimize any differen­

tial effect of regrowth during the treatment ~eriod,the plots were trimmed 

back to 1 in. -,rhen the treatment vras completed. .All the plots were sub­

sequently sampled on the same date. 



Sampling Methoc!_s and E ~erimental Techniques 

A.. Method of samnling each sub-Plot 

The :following information was sought: 

1. Yield of dry weight of the sov..-n grasses, other grasses and other 

species. 

2. Tiller counts of perennial ryegrass, cocksfoot, timothy and other 

grasses. 

3. De:fini tion of the position of the growing JX)int of the sown grasses 

in relation to ground level. 

The requirements of 2. and 3. indicated the use of a plug technique. 

The tiller plugs described by I,fi tchell artl Glenday ( 1958) were unsa tis:factory 

for growing point determinations, because the soil s11rface was de:formed by 

the sampling technique. 

Figures available at Grasslands Division, suggested the ryegrass yields 

and tiller counts obtained from 1 sq. ft. quadrats gave a coefficient of 

variation of 2(},:b - 3q,t In a consideration of' sub-plot size and a convenient 

sample size, it was decided that a quadra t of ¼ sq. ft. would have to suffice 

in this experiment. 

Therefore, at all sampling dates a plug of 7 ins. x 7 ins. x 1½ ins. 

was removed :from each sub-plot with a spade; any damage to the remainder o:f 

the area being reduced by lifting the plug from the side of the sub-plot. 

A minimum distance of' 6 ins. was allo·"ea. between samDles in any one sub-plot. 

All the required o.ata were obtained from a 6ins. sq. quad.rat wi~thm the 7ins. sq. 

plug. .At each sampling date the surrouna.s of the sub-plots were cut to 1 in. 

with hand shears. 
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The 32 plugs were rerroved to the laboratory and stored in a refrig­

erator at 2°c. In the analysis period of 4 - 5 days there was probably 

little change in the material. 

In the Autumn trial the plots vrere sampled at monthly intervals over 

a period of three months. In the Spring trial the plots were sampled five 

tL11es over a period of' trm months. 

B. Yield measurement 

A 6ins.sq. quadrat was cut at ground level from the plug at each 

sampling date, and dissected into sown grasses, other grasses and other 

species. The herbage was dried in a ',Elco Electric oven for 24- hours at 

105°0., and then removed to a desiccator f'or 1 hour. The dry weight yields 

( to • Qigm) were obtained by using a 1,:ettler B.6 balance. The advantages of 

using dry weight of herbage in preference to wet weight as a measure of 

pasture yield have been discussed by Greenhill (1936). 

C. Tiller counts 

The value of the tiller as a unit of measurement in pasture studies 

1nas }_:>ointed out by lii:itchell and Glenday (1958), but Langer (1959a) stated 

that tiller counts gave no indication of qualitative changes. 

In this study a tiller was defined as a live shoot Ythich, l~y: inspec­

tion, appeared to have an individual existence. Hovrever, the rooting habit 

of each tiller v;as not observed. !,~0 reover, I.anger ( 1959b) has pointed out 

that ve-:.:y young tillers may de~end partly U]?)n nutrient supplies from else­

where in the plant for their procluction in the early stages of gr01·rth. 

Tiller counts of perennial ryegrass, toothy, cooksfoot and other 

grasses, were made at all sampling dates from the 6in.sq. quadrat used f'or 

yield determinations. 
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D. Growin
0 

I int measurements 

The work rep::>rted by Bates ( 1935) a.id not give any cietails of the 

experimental method. 

The technique used in this experiment was developed during the Autumn 

trial. At the final sampling date, it was used to sho',7 the percentage of 

tillers of the sown grasses with their growing JX)ints above the soil surface, 

In the Spring trial this measurement was made at all sampling dates, and 

tillers that shovred internode elongation and flowering ·were also noted. 

The growing r:oints were divided into tv10 classes according to their 

}X)Si tion above or belov; the soil surface. 75 tillers were cut at ground level 

from the centre of each 6in. sq. quadrat without regard f'or differences in 

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

area of the quadrat, the results would have been based on a variable mwber 

of tillers. 

A pair of thin dissecting scissors was used to cut the tillers. If 

any part of the growing r:o int vras found at the base of the cut tiller, it was 

classed as above the soil surface. 

1he ground level was uneven, and in a few cases fresh worm casts buried 

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 

part of the soil surface. 

It was observ--ed that indi.v-idual grass plants often grew in a slight 

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

and therefore the tillers were cut to this level. 

E. Soil moisture measurements 

One core 1:.-as removed from eac.h sub-plot with a standard soil moisture 
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sampler. The samples were taken a.t the encl. of the first day of the Autumn 

ancl. Spring treading treatments. 

A sample representative of to.e 12· - 2 ins. layer of the soil was 

. h - . ' ' tl ·rn . 1 , t - ., ' d . · a · vreig ea on a !;ie"t er h, ba_ance , o •.J • ..Lgir.. J, an clr1e. 1.n a l!ilco Electric 

oven for 24 hours at 105°c. 
.; 

The top •i in. of the core v;as removed., because 

it ·was considere6. that the large amount of plant roots in this zone viOuld 

give a false value for the soil moisture. 

The dried sample \7asvreighed and the moisture content e:xp:r·essed as a 

:percentage of the dried soil. 

F. Bulk densitv deterrninations 

11 simple core samyler 7ras used to rerrove one core of standard cross­

sectional area ( 2. 28sq. cm. ) from each Si..1.b-plot. Each one was then carefully 

cut into sections representative of the 0 2cm., 2 - 4-c:n. e.nc1 4- - 6cm. J.ayers 

of the soil. In the Spl' trial the 6 8cm. layer was also sampled. In 

each case the sam::riles ·were taken ap::::,ro2:il'.'lately one month after treading. 

The ,Yet and dry ·weights of each section uere obtained using a 1.:ettler 

:S.G. balance and the Wilco oven. 'l'he bulk density was then calculateo.. 



CHAPTER IT 

Results ancl Discussion of the Autumn Trial 

This chapter is :i:iresented in tvro parts as follows: 

I Results 

II Discussion 

The results are presented in nine sections as follow·s: 

A. The artif'icial treading treatment. 

B. Statistical techniques. 

C, The dry weight yield of each species. 

D. Tiller counts of perennial ryegrass, timothy ard cocksfoot. 

E. The dry weight yield of other species. 

F. The cry weight yield of Paa s·op. 

G. Grovring point measur·ements. 

H. Soil moisture data, 

I. Bulk density measurements at three depths. 

(For abbreviations used in this text, see A:91:endix 1.) 
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A. The artificial treadinp treatment 

The treading treatment for each sub-plot was completed in 1½ hours. 

It was noted that slight penetration of the soil su.rf'ace occurred in the 

perennial ryegrass, cocksfoot and timothy plots, ancl the hoof' prints were 

still visible at the end of the experimental period (July 6th). 

Some tillers and leaves of these species were broken and/or pushed 

belovr the soil surface, but this effect soon disappeared. Close observation 

failed to reveal whether this vras due to the death of the affected parts or 

to recovery gro,vth. 

The hoof did not penetrate the surface 1 mat 1 of brovmtop, but the 

tre~ding effect appeared to be more severe in this species. 

Statistical techniques 

In the statistical analysis of the results it was asmr,,.d that the 

layout of the exr~riment c;1as a randomized block design (Glenday, 1961 ). 

Each sown species ·:ras analysed individuali at e~h samplL ~ate. 

If species a-9peared to a.iffer in their reaction to t ding, a 

combined analysis of variance of all species was :r;;,erformed. The validity 

of this analysis ,ms depenc.ent on the assumption that the data v;ere homo-

geneous. 

C. 'l'he d r,r weight ield of each s ecies 

The mean yields and standard errors, in lbs. dry weight per acre, 

are presented in a summarized form in Tables 1 4-, together with tb.e results 

of the analyses of va:ciance. Further details are given in .Appendices 3 - 6. 



TABIE 1 

1-foan dr ield. Perennial re rass ~ 

Date 
Treatment 

F'T' V-

Results of analysis 
of va1°iance 

Date 
Treatn1ent 

iTffi 
v.J. 

T 

Results of analysis 
of variance 

Date 
Treatment 

UT 

'l' 

Results of analysis 
of variance 

Date 
Treatment 

UT 

T 

Eesults of analysis 
of Yariance 

13.4.61 

503 
+ -on 4. 

469 -

IT. S. 

11. 5. 61 

1r. s. 

'.l1ABIE 2 

8.6.61 

928 
:!:40 

949 V 

i'T. S. 

1fean dry weight ,, ield. Tirnoths 

13.4. 61 11. 5.61 8.6.61 

515 763 1026 
+ !" Ii. .l. 

4.-~-45 604 °- 680:..87 a~ -• V 

't,T n ...:.·~. o. IJ. S. lY. S. 

:'.foan dry wei:iht yield. Cocksfoot 

-,·: .... 
l'i• U. 

:,:ean 

788 ,;.,_ 
·---02 

o:JO 

ir. s. 

11. 5.61 

752 

'70,/84 

lT. S. 

917 
+, -li.O 

767 -

N. S. 

H.S. 

ield. Bro-,rntoD 

11. 5.61 

1466 
+ -' 0~('.-99 

1u00 

tf. s. 

2.6. 61 

If. S. 
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6. 7 .61 

l'~. s. 

6. 7 .,61 

562 
+N/' 

r7a-0U ,) ,:;; 

l'T. S. 

6.7.61 

jJ. s. 

6.7.6:L 

* 
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The results for April 13th rera:·esent the yield at the time of' 

treading. l'Io significant differences betvreen UT and T sub-:plots vrere 

detected. 

There ~YeTe no significctnt trea.tment effects at an:y stage in ryegrass 

and tblOthy. In cocksfoot +here was a s,;,G_'nif'ic'rn+l_y hirrh"'r vi"'l<'t (-irr:{ V .l..._ ~- - C..f. V ..,. l -.::__'--) --',.•J ,.J _.._,, - \ •- '-'/V 

level) in U.T. plots on J·une 8th (AI·:)encii::: 4-.:1.1). In brm·:nto 0
::: there y:as a 

signific2.ntly higher yield (55'~ level) in F'l' ~)lots on July Gt11. 

It a,,:oearec:. that s:9ecies differed in their reaction to treading. 

'l'he va:d.ances obtained (Jtppenclb~ 4-) shovred that at the th:i.rd sam1:ling date, 

bro1.vnto1,; had a considerably hit:ber variance than the other species. l1t 

the other ;;-"l'.:lst-treadin2; sampling dates the differences •,-;e,:·e sraaller. 

'.1:'he main results of the combined analyses of va1·iance are shown in 

TA3IE 5 

Anal -ses of variance of the combined vield of all S-:Jecies at each sarrrolin6 
date 

Results of Sc:ecies :;( 'l're2.tment interaction 

F 

J..•' va.lue 

1.v required 

=tesu.lt 

'i 
--1...L 

Date 

t. 

11. 5. 61 s. 7 .61 

(1.00 3.13 5.02; 

.s. ~<1-9 

* 
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r~ffect2U_ thn.n cocT::-sfoot. In o::cc1eI"" to confirn1 this evic1encc, ::\nd also to 

test foi~ in the treacling effect '>Ii th ti2'!e, anaJ.yses· of ,1aris.11ce, 

of in each 

s--:ecies i:~ 6). J.'here vrere considerable changes of va1~·iance in b:co~:rn-

In coclcsfoct the ove::·ctll treatment effect D.S:,}?roached. sig;nific.s~nce 

~J.. 
o. V the 

level. 

s ignificctnt at the 

l{c, a.ates x trea.trnent inte1~actioD ".'/E1_s fo1..1nd in either casen 

the -.ra}.io.i ty of this test was c1oubtf\il, it concluded f:com the ove:i:all 

evic1ence that bro·;mton ·.-:-as Dore susceI,tible to. treading than cocksf'oot. 

Significant 

Cry Yieight cha.nges betr..,.een s.:1rr1y.\lin_g c1rttes Yrere dete:c·rnineC. by 11sing the 

f 

fo 110·::i n2: i. G le :1.96:Lb ,) , te ntu test: 

In this exi;er·in1ent the cleg:r·ees of freeCtorn for eri-'or -,.~,;ere 3; the nu.rnber of 

ol::servations n ':iere 4; and s
1 

and s
2 

17ere the standard errors at adjacent 

It -:;s.s ,'.'ealizec.'I t"mt the result of this test only 

inciic~ited gener·al trends. 

0:;i th caution. '.!:'he results are shmm in Table 6. 
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' , \ In the cocksfoot :::,lots there was significantly ~57o level; more 

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

beins significant at the 1Cf~ level at the second and. fourth sampling d.!':,.tes. 

In the perennial ryegrass plots there v.ras significantly ( 1q?f level) 

more other s2;ecies in UT 1:::lots at the reconc1 sampling. In the timothy plots 

there v:-as siznificantly (5t& level) more other species in the UT :plots at 

the third sampling. In the brmrntop r:lots there vras significantly ( :L0't 

level) more other· s:;;:ecies in the T plots at the fo•_,rth sampling., 

As th.ere we.re more other si::ecies in cocksfoot DT :r;:lots -i::,rior to 

treacling, it was decided to EXlude the d:1.ta f1•om these :plots from any further 

analysis of the treatment effects. 

It was observed that some of the s1:ecies, ;,ri thin the other s:r;ecies 

grour,, ·1Yere af.:'ected by treading. It vras not ,:ossible to perform analyses 

of mriance on the data for mch of these species, as they ,,ere freg,uently 

absent from indiviciual sub-plots. T~us, the mean and standard error of 

the yield of each species at the time of tre,~cling, was compared 1.vi th the 

mearc ancl standaro. error of the cumulative yield for the 1.•rhole rost-treading 

perioc!. ( three sampling dates). The data (Ar,pendix 11) vmre derived :f'rom 

yields in J::B!'ennial :::7egrass, timothy arii bro,rntop plots, and they are 

nreser:ted io a summarized form in Tables 15 - :19. 



T.ABIE 15 

t'Iean dr - wei ht ~-ielc1 of Sa L. 

Date 
Treatnent 

U'.l.' 

T 

3:s.1~. 

Time of treading 
13a4.61 

T.ABIE 16 

Post-treading period 
11.5.61 8.6.61. 6.7.61 

},:t:3an d:' - Yrei irt ·rield of TrifoliU!Ii dubium Sibth • 

. ,.. .. L 1Jave 
Treatment 

UT 

T 
d ~, ,-< 7- !.. u.uo 

Date 
Treatment 

UT 

T 
a. ,:,,• o. 05 -

Date 
Treatment 

UT 

T 

1iean 

Tin,e of treading 
13. L:!:. 61 

Time of treading 
13. 4.61 

TiillIE 18 

Time of treading 
13, 4~. 6j_ 

II. S, 

TA13IE 19 

Po st-treading per· iod 
it.5. 131 .. 8.6.61 .. 6.7.61 

Trifolium re-pens L. 

Post-treading period 
11.5.61 8.6.61. 6.7.61 

Post-treading perioa 
11.5.61, 8.6 .. 61, 6.7.61 

112. 

11l23 

11ean dr. ield of Cre is capillaris (LJ Wallr. 

Date 
Treatment 

UT 

T 

Time of' treading 
13e 4o61 

K. s. 

Post-treading IJeriod 
11.5.61, 8.6.61, 6.7.61 

142 
:!: tz .-1 

143 v.L 

60 

------------------------------------·--··---
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It was considered, that because of the large variation in yields 

and the method of grouping the harvests, only general conclusions were 

justified. Ho·.v-ever, it appeared the.t treading reduced the yield o:f Sa,c;,:ina 

urocumbens L. ,but increased the yield of Trifolium dubium Sibth. The 

other species appeared to be una:ffected. 

F. The er, yield of Poa s p. 

The yield data of Poa s1Yo. vrere treated in the same way as the 

individu~l species above, except that the results from the cocksfoot plot 

we:::e also included. Only trace amounts ·rrere present at the time of treading. 

The results are detailed in AT•pendi.x 12 and summarized in Tab le 20. 

Date 
Treatment 

UT 

T 
cl.J a~ !.. 

' o D 

TABIB 20 

lfiean d r;f vreii;;ht .zield of Poa 's-p -• 

73 
53:::23 

lf. s. 

8.6. 61 

79, 
:::1s 

67 -

6. 7 .61 

101 
-1. 

170.:.37 

There 8.}Y;,eared to be a slight (non-significant) increase in·Poa s·,)T). 

in the T :plots at the f'inal sampling. 

is the total yield was small no tille~ counts were made. Other 

grass species were present in negligible amounts. 

G. Growing mint measurements 

These data i'iere expressed as the percentage of tillers vri th their 

growing roint above the soil surface. 
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Snedecor (1959) stated that if the variable consisteu of the 

-oror::ort:i..ou of individuals af'fected, the distribution tena.ecl to be binomial 

in form. 

As a wide range of percentages ·;:as found in this 0;mrk, the data 

,,ere transformed to the angle ·:1hose sine is the square root of the per-

centabe (Snedecor, loc. .. I \ 

ci,:;. ;. 

The measurements we1·e made on the final samplinr; elate of the "'JC:'e1•,-

r::ental pe2·iod. It was realized that the method used to avoid the e:ffeci:;s 

of fresh v:orm casts was subjective. Eo·;:evel', as very fevr casts vrere observed 

on the soil surf~.ce in this :period, the effect was :(Jrobably small. 

The me2.ns and standm·a. er1·ors of the trans:'o::.-mec. data (true rercent-

ages s:c.ovm in brackets), together 1·,ith the coe:f.ficients of variation and 

the results of t!:.e analyses of v2c1·iance are shozm in Table 21. Further 

details are given in Ar,penc,ices 1:5 and 14; 

TABIB 21 

Transformed c.ata and true mean percentar:;-es of c-ro..-rin:::r 
r-0ints above the soil surface 

Species 
Treatn1ent 

UT 

T 

Results of analysis 
of' variance 

Coefficient of 
varie..tfon (~:0 

Perennial 

56 ( 69) 
:±-; 

53 - 64 

3.6 

Timothy 

52 (62) ... 
57:;,4 70 

Cocksfoot 

10.9 

(78) 

75 

Browntop 

1r. s. 

'.i:here 1;;ere slightly (a:-,:rproachec1 the 1q; level) more groy;ing 1:x:>ints 

above ground. in the UT sub-plots of perennial ryegrass. There were no 

significant differences in the other species. 
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.i.n analysis of va:dance (.Ar,pencli:~ 1,1-) of the cof;'Jl::ine& s:i_:eci::::s shm7,c:d 

that the~~e vra.s a significant s:>ecies difference ( level). The trctns-

formed c~recir.:.s !11eans a11cl s tB.ndarc1 er:-cors a1·e sho~~..-n in Te .. b le 22. 

I{el~tti;re rnean occu~crence of rtro-rrinrI: ··c{Jints above the soil s11x•face 

·-·----·-----------------

J?erenni~11 ryegrass 

Cooksfoot + 6:t. 0 J .• 7 

c1.b·ove the soil su.:tfa_ce than 

T _,_. 

1 .:. \ 
-c) j 

of V2t.:C'La.nce 

d.iffe1·ences anCt 

3ull<: c1ens it;{ rneasl"i.J7e1nents at tl-1ree Cle-nths 

as ~,"-C-Y• 
;._.;v..:. cubic centiroetre of ov·en-drt.eC.l :~oil. 



Tre:; trnent 

vc:triance 



6;5 

In -perennial r·yegrass tre£1ding c2used significant incrertses in the 

l::ulk densit::,0 in the O - 2 and 2 In the 11- - 6 cr:1s. cl.e]_-,th 

the increctse Yras significant a-t the :10;-~ level. 

J\ sioilar result v:as obtainecl ;;ri th timothy exce:i:t that the result 

for the 4- - 6 ems. a.epth 1.Jas non-significant. 

In coc}:sf'oot significant increases vre1'"'e found in the O - 2 ctns. 

6 crns. clepths. r.rhe increase in the 2 

significance at the 1~& level. 

In bro;·rntoD the increases in the 0 2 crns. D.nd 2 4 crr:s. clepths 

Ic the '= 
inc:1_·ease "ttas significant at the 1q:; level. 

It Yras notect thc1.t there t7ere rlifferences in vc:1..riation be-bueen s:pecies 

ancl beti:,'een de:,::ths. 

Bulk· de11s i t"";r mec:..st.1..ren1ents. 

De1Jth 
Srecies 

Perennial rycgrass 
•rimot~1~r 
Coc1cs:foot 
:BroTintoT; 

0 - 2cms. 

~~-~o 
0 ,., 
"-'•.4 

5 •. ~ 
6.,2_ 

Coefficient of vari2.tionf :>0 

4-cn1s, 6c;ns 

1.1 
2.,.2 
1;,,..s 
6 .. 2 

--------·----
3.,9 
5 •• 9 
3.,1 
3.~ ------ -----

Cocl:sfoot :.:u1e1 brovrnto~:, shOYiecl similar va:rie.tion in the 0 - 2cms. 

and 2 - L±c131si. clepth, but there -t7C;..s a clecrea.se in the L:.l - 6crns. d.epth. 

Perennial ry·egra.ss and tin1othy sho7Ted ct reversal of this pattern. 
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PJ3T II 

DISCU SSIOI-r 

The Ctiscussion is u:r·esented in eight sections as folloy;s: 

A. Tot2t1 :yield of sovin srecies% 

-~. The effect of treatrnent on t-:he yield of so~,::,rn s!;ecies. 

C. TilJ.ei~ co:.1.nts, 

G. Soil rneast1reoents .. 

1-1. Conclusions, 
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so·::n s~necit::s 

i ....... _u this exr:eriment v._re~ce 

acre for perennial ryegr·ass, timothy and 

cocl:sfoot; and 1:500 lbs. fo:r· brov1nto:). These:relatively lo-rr yields of 

the certified gr\asses ~:-;ere :probably clt1e to the lovi fertili t:r of the arec~. 

The ::)lots Y:rere not to~::-c1resseC1 in the eleven month 1;e!·:Loc1 frorn 

.A furthe:;: inciication of the level of fertility 0.1as ~)J:'ovidecl. by 

higher yield. of brov;ntor,, as i~ouat ancI ·lfa1ker 
, ') l 1~?59 1 have ~oo intec1 out 

-4--' vne 

that 

this s-c-::ecies has a com::::,etitive advantaze oYer I quality' &:rass s 0 ,ecies in 

loY:r fe1'"'tili ty areas, because of its 1ovr root cation-e:';:ci1ange caT:aci t:l• 

EroY,nto:,c -;;as als8 favoured by the standard~ CL1ttin13 l1eight of 1 • ~,1.n. 

ro:.:ir:"1c1.tel;;l -b.7ice E!.S rnuch dry Y1eigt1t, con11Jared, vri th the ott1.eI' grasses, 1Has 

Ttl"esent on the st.1.b-~:-Ylots at the tirne of treaC1ing. 'i'his yrobably gave 

of the ac11.re1,se effects intensities 

The yield d.ecline in the final -ce:cio(1 -.7as attributed to herb&ge 

+h" v,.c1.S 

losses due to decon1--;::osition together T'lith leachinz of' 

so tl ni t~~oge n. 

The fuct1r1ir3ue of' yield measurerrrent an":-eareci to be satisfD.ctory, but 

bec2,use there ·a2.s a consic1erab1e amount of dead material present, the 

dissection the sam::,:iles v,as a 1aborious process. 
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.0. The effect o±' treatment on the vielo. of so·,m ST)ecies. 

Tt1,::; :relative resistance of yerennial ryegra.ss ..., J "' ctna cimo to treading, 

,--.vnn·_r."·_·,rri.,~-P.(1 . .J..t,i.1;c, o·o· .~ __ P.Y"'i_v~c'" .• .,_,,,_·ons o_f' othe.,.,.. ".T ... o--rl ... P"MS (;tt'Cl--,~non,..7 -1n,:;n. ·r=~ 1 1°1---·ber•"' ~gkn\ ~ _ ~ ___ __ ~ ,"'.'"l- . . t.J. .i.. "' ........ \ .. .....,.~ ,.:.:1 L. ~---, ..L.;. t.., .• : , ..:..:..t ..1-~v t! · ... f.S, _,_ vD J • 

'.'..'he susce:ptibili ty of cocksfoct to treaCing agreed '.Vi th Edmond's ( 1960) 

results, but differed frorn the obser!v<-:ttions of Ellenberg (1952) and Bates 

that this s:;::ecies was 1 ve1"'y resistant t0 

The !Jerforrnc.nce of bro-rintor; confirn1ecl Edrnonc11 1:1 and :Bates t ·\-:rork:, but 

difiered fro!ll Ellenbei-r::, Yrho classed tile sr;ecies as I fai:rly resist::rnt to 

treadin6'. 

It ,;.;as considered that these comparisons illustrated the c.anzer of 

classif:rins sr:ecies on observations of 'treading ~}lant ~o:;}ulations 1 ~ 

the resistance of STJecies may vary acc::>rc1ing to the conditions, it ,vas 

sug,zested that stuCLi,3s vrhere trea~ding -;,7as the :prec1ornina.11t effect v:ere n1ore 

useful, in elucidatin:=:~ the treacling -r:robJ.ern, than general ecolo[:;ical 

observations$ 1' 

In this exrerirnent the failu.:ce of bJ:-'ov·,<"nto1) ~tncl coc1~sf'toot to recover 

yield a~ this stage, -::hile the T J)lots of bro·:rnto2) showed a sli1:;ht decrease. 

There a-r:,· ... :earec1 to be an interaction betr.reen the +reail in.~ effect ctn:1 the 

adverse environt,ental facto:!:'s. 

-- 1 ::i • .,_ • - • .., - - I .., <' ,. 1 ' Y. ie_u. fi_;;ures otJ va1.ned Dy .wctmoncL \.!.,;:Jo_), v1i th a treading rate of 

:LO sheep e'}uivalents/acre on a -i:-:erennial :cyegrass past-L::-:·e in Autw;in, showed 

an initial reduction of Clue to treacling. At the end of a 55 day regrowth 

-::-eriod the trodden area had. an advantage cf ~tt 

It -rras tossible that treadin.c effects on ,::erennial ryegrass were not 
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detected in the r,resent experiment, because the first sampling was made 

28 days after treading. 

In the s1-:ecies trial (Eclmonc1, 1960), 4- sheep equivalents/a.ere 

2x,olied twice on soil at fielci ca:9acity, reduced the yield o:;:' cocksfoot 

by about :1.556. 

In the artificial treao.ing treatment, the yield reductions over the 

entire 5-.ost-treadin,~ ::--;erioa. 0.-rere 14% in coc!csfoot ana. 22;b in brovmto2_). 

Differences in soil tyr-.e betrreen the tvm areas are considered in 

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

treadin2; treatment had produced aneffect similar to 8-:LO sheep equivalent/acre • 

.9. Tiller counts 

The changes in tiller number a~-:::,eared to be rel1:tted to yield changes. 

The increases recorc:iecl in the T. plots of coc1:sfoot and timotf1y over the 

first ~>eriod, may have been clue to a change in tiller quality. It -;,ras 

rossible that treading caused an increase in the 1mrnbe:':' of smaller tillers, 

0:rhich did not contribute much the total yield. 

D. GroY,inc: 001.n-c measurements 

~Hthoush consistent results vrere obtained for each s::;::ecies, some 

nroblems were encountered. In bro-:rnto:p it was Yery difficult to distinguish 

be-bi·reen the 1 mat 1 of plant material and the soil surface • 

. As the s::;:ecies a:,:y.ieared to be predominantly stoloniferous, the result 

of 60;6 grovTin.s: r,oints above the soil surface was :i.:robably lower than the 

tr·ue figure. 

In timothy, many small tillers arose .from old stems arrl tillers which 
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It was thus difficult to dist-

inguish between the cl.ead sheaths of the parent tillers and the groun::1 •. 

The situ2ation in peren~ial ryegrass anc:. cocksfoot vras sforpler, and 

the percentages for these species ·,,ere consid.ered to be fairly accurate. 

It vlas rectlizecl that the restllts for each species r'epresented a samr1le 

of diff'erent tY9es of tiller. The oost obvious d.ifi'erence ;;ras observed. 

between the single large parent tillers and their Sr!!alle2.· axillary tillers. 

The results for i-:--e?:·ennial ryegrass and cocksfoot ·were dH'ferent from 

those of Bates (1935) w'ho suggestecl that the growing ::;:,,oints of these species 

~yere belo•:; the soil surface. However, his studies •;;ere made on heavily 

trociden habitats and it was rossible that tb.e growing points vrere r-,ushec1 

below grounc:. :.1nder sud: conditions. There ,;as some evidence of this eti'ect 

in nerennial ryeg::::ass in this ex:periment • 

.Ll thougl1 there wer·e only small differences in the :;:osi tion of the 

groning :-:;:o int, the s::iecies varied in their reaction to treac:.ing. ,i;:oreover, 

as the technique of measurement v;as unsatisfactory in tvro of the si,ecies, 

the implications of a possible relo.tionshi}) were not discussed. 

1he vield of other S1:ecies 

These results vrer:e basea_ on l1ighl2i variable ma.teria.l, anC1 therefore 

only the general implications are discussed.. 

'.::'he tendency for an increase in other s:;:;ecies in the T I,lots ,;ras 

reflected b::;r the reaction of the predominant species. .A cor:1parison v:i th 

the observations made by three other vrorkers is sho-:m in Table 28, 
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artificial 

= sensitivi 

= 

1 
Species 

i 
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u.nder which the observations -r.-ere made. 

'?here y;as, however, general agreemer~t on the resistance of three 

of the species, and their gro•:rth cha:;:·acteristics agree 0:ri th Ellenberg' s 

classification (P.29). In contrast, the performance of Cre-cis s;:rc., 

brownto!) and cocksfoot in this trial, faile6. to confirm this autho1: 1 s cibser-

vat ions. 

It ·;;as considered that more concise inforrn.atbn on the effect of 

treaB.ing on vreed s1::,ecies, could only be derived frGm a ST:ecificaJ.ly 

6.esignecl study. 

F. The yield of' Paa spu. 

'i'ile main s2;-:-ecies present -_,;as Poa annua L. , which flovrerec1 th:coughout 

the :post-treadir-;g period.. 

'=1he sligl1t incretlse of the s7:=ecies in the T }}lots v1as };'ossibly clue 

to the encouragement of seed gernination (Ievy, ano_/ o:c :r·educed 

cornpeti tion from tl1e so-:."rn s1;ec1.es. 

It ~.'tas observerl thctt the gro-rring :-:oints of tl1e vegetative tillers 

·,7ere alvrays ,,ell above the soil surface. 

G. Soil measurements 

.As tl1e treatn1ent y;as aT:!)lied in a standard rnanner, and soil moisture 

clid not vary at that time, it 7ras conside1·ecl tl10.t the variatiou found in 

the bulk density measurements ·,;;as i:,:robably ciue to a species effect. 

The method usecl dici. not take acco1.J.nt of' differences in th'?- amount 

or root material in the soil. It 1::as :possible that cocksfoot and bro0:mton 

sho-~yed gi--·eater root develoT:rncnt in th.e O - 1bctn. layer than th,e otl-1e1"' srecies. 
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Tl1is si t1..1 .. ation 1nay ha.·ve been re ... versecl in tl1e 4 6cm. laye!"'. Ho;;rever, 

:fobinso:1 (1958) found little difference in the root weight of coclcsf'oot 

ctnd perennial ryegrass in the O - 2in. layer. E\rr_.,thei-'n1ore, betvreen species 

differences in bu]J~ clensity values have not been forn1c1 at Grasslanas 

.~ "' 
Di1rision \Edmond, t961.J. 

Tl1e surfa_ce 'r11at 1 of brovrnto1:) n1s.:7 hav·e 1~e(iuced tl'1e compaction of 

the soil, bu:t t;he ·olant cover in cocicsfoot, titnoth:y and I>erennial rye,g:cass 

inec1 in tei_~n1s of th.e innate ~pt\ysical toi:t.ghness o:r the 

plant, 1:ather than in tern1s of soil comJ)Etction. Eovrever, it ·was sho .. rn 

, ::!id not 

n2:cion of the reaction of the 1:::,lant to ti1e 

trea.0.ing ef ·ect on soils* or crustinz effect "\.'rE:1s observeCt in 

In oT'de:c· to assess the sev-eri t21 of '' 't;ne 

rnade of 'the bt1l}: denr3i t~r v-a11..1es obtained under treaCling by O and 20 sheeT.: 

equivalents/acre (i!dmond, ::L958 ). Tt1cse are sho~'.,·m in Table 29. 

11 
• ..lil3IE 29 

Oor.--mariso n of' bulk o. ens i t-r values 

De1:,th 
T:ceatr:1ent 

UT 
20 shee-c:./ac:ce T 

0-1. 5crnso 

.., ..,. r, 
~: . _,,,~• 

1.17 

1.22 

( -,,.co :' ,,..,.. ) 
~ 

1 01 
--'-• LJ ---

1. 2§ 

~ .. :, .. 

1 f)!\ 
~-.:..:;V 

:i .• 28 



'l'he soil 

ty1)e -r1as r:t l:ana_;.·r.sttu. mottled silt loam, ancl the only mechanical anEtlysis of 

this so:.l type available (Sch,7ass, 1955) ·;ras obtained from 2 slightly 1 ligl1ter 1 

Eo-:reve:c, this an1:.lysis, together v;i th a similar analysis of the 

Oha1rea silt loarn (Robinson, 195:3) is nresentea in Table 30. 

TJJ5IB 30 

Oomr:~trison of 1necha.nical analvses of soil t·vpes 

Soil tYJ;,e Eanawatu silt loam Ol1aicea silt loan1 
?I·action )o 

Clay 
Silt 
?ine ss.1,d 
Coarse sand 
Ioss on ir~niJcion 

'rotal 

11.3 

30. 
3.5 

£39.8 

')0 ,t 
£~J.;..J. -

22.3 
[50. 2 

2.6 
7.9 

10fi. L_1 --------------------------------·•· --------··• ·····-- --· 

The SB-.rnples for tb.e Lfana_;7atu silt loa1n Yrere ta}:en fro1n the ()-12in. 

Cte~cth, and for the Ohakea silt los.rn frorn the C;-6in. de:pth. Fife (, 1 ,,, " 1 ··1 ---••-.. , -•../V--/ 

has Sllf{gestea. thc1.t the res1-1.lts :for the f,Irtna.;vatu silt loe . ....rn shov,,ied l1igb.er 

t'.1an 'norm2,l1 v:ilue for the sane: fraction in this so i1 type. ~fo,.-,rever , he 

cnn·:"iw1ec' that the Ohakea silt J.oa1·'.i ';ras the 'heavier' 8oil. 

~he soil moisture cGntent at :'che tirne of the artificial tr-ea.cling 

unier tile 6.if:f'erent conctitions, was gTeate:c on the :~anavmtu silt lo2_rn.. 

Tb0refore, it -;1as c0ncluCteci that the a.rtifieia.1 treacling treatrnent h.a.cl 

·,roduceo. co:"n~action at lea.st £ts :p.0 es.t as 20 sheec.· equivalents/acre. 



Ii. Co11clttsions 

}?ror:1 the resu.lts obtaine::L in this tricl1 it "':;as concluclecl_ that the 

r:Fin effects of sheec:, trPNlin-::; we::·e produce,d by,the artifici.a.l hoof. 

increi:tses in bulk: de11sity ~;2:·oc11..1ceCt c1ifferent e:ffects on herbage yield. 

It -rras r·0ssib1e that !"Uddlin_s 0£1 the soil ·rre..s rno:r-e severe unc1er the vrali~ing 

sheep. 

In o:cCLer to stuClJ/ the ef --ect of the Etrtifioia1 treac1in,:s c1urin~; a 
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PART II 

BESJLTS 

A. The artificial treadina trea.trr:ent 

The hoof :1:)enetratecl the surface soil to a depth of 1 in. in perennial 

ryegrass, timothy and cocl::sfoot :i:-•lots. Slisht penetration also occurred 

in the bro·;rni;op plots. 

The bm·ial of tillers was more severe than in the Autumn trial, ancl 

it vras observed that many of them ctied. 

Tiecovery grm7th appeared to be due to a combination of new tiller 

production and ti1e grov7th of tillers that ha.cl survived the tree.tment. 

B. The dr- wei9'ht "ield of each s ecies 

The mean yields and standard errors, in lbs. dry weight :;er acre, 

are :presented in a summarized forn in Tables 31 - 34, together ·with the 

results of the analyses of variance. Further details are given in 

Appenctices :L9 - 21. 

T.ABIB 31 

Eean a.r,r wei ,ht · ield. Perennial ryegrass 

Date 
Treat!:lent 

UT 

T 

:Re s:ll ts of 
analysis of 
variance 

785, 
·r0~ 

858-u\7 

I{. S. 

23.9.61 

14-14-
+,...'Z 

903-Du 

~!* 

3.10.61 

24-33 4:-115. 
+00~ -r()~ t7 

1676-~ ,) 2967-,:,.J.,) 

IT. S. * 

5905, 
'"03-

5360-"-' b 

!l.S. 



TABIE 32 

1!:ean de-.[ weirrht ., ield. Tirooth,7 

:Date 
rrrec:itment 

UT 

T 

13.9.61 

940 
879:!:so 

Results of analysis 
of va:riance 

3.10.ei1 

1318 2199 
+ :!:1 .1. 

908..'..68 1216 - 8 -

~· * 

TABLE 33 

:!.3. 10.61 6. ii.61 

3227 4173 
+ ,1_~~7:!:301 2287-180 

_.'.);:) 

;:!: I1f. S. 

Hean ill'.f wei0 ht ield. Cocksf'oot 

Date 
Treattnent 

UT 

T 

13.9.61 

~ ,, .c> 1 . rtesu_ cs o.,_ ana __ ysis,.
7 8 • .d• • of var1.a.nce 

23. 9. 61 3.10.61 

1322+ 2711 
!c:48 

865-72 1291 U-

~:, If. S. 

TABIE 34 

:13. :!0.61 6.11.61 

3788 6435 
+~a .,.. 

2024-0
"'
6 4966.:.636 

I'·~. s. Ii. S. 

Eean drv wei;:,ht -ield. BrovmtoT-> 

Date 
Treatment 

UT 

T 

13. 9.61 

Results of analysisa,J 8 of variance ;... • 

23. 9.61 

1974 
+, r· 

1300-S..! 

** 

3. 10.61 1:3. 10.61 6.11.61 

2727 3156, :x\51 
+ 

-'0"-':!:132 
+-1 

-' 128-56 ~ng--.!.08 
I'± . ! JQj_ ou~o 

** trt. * 
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The results for September 13th re:presented the yielcl at the time of 

treacling. lTo significant differences between UT a.ml T sub-plots were 

detected. 

In cocksf'oot on October 3rd and 13th, and in perennial ryegrass on 

October 3rd, the differences were significant at the 10;;; level. 

Throughout most of the experimental pe:ciod, only slight si:;ecies 

differences in reaction to treading were detected. Hov,ever, at the final 
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sarrrplins date bro,:,ntop a1,peared to be more severely affected. 

It vlas observed that the variance of this s:,:,ecies was considerably 

lo,aer than the other S?ecies at the last three sampling dates. Thus, a 

combined analysis, to test for a s:9ecies x treatment interacti::rn, was subject 

to this limitation. 

This analysis (A?i:,endix 20) showed that the species x treatment 

interaction vras not significant at the final sampling date. Thus, it was 

concl-,..1.ded that s:i;-1ecies differences in reaction to treading had not been 

derronstrated in this experiment. 

The gro,v-th curves of the species are sho-:ro in Figure 6. .An approx-

imate 11 t 11 test over the first ten day period., indicateci that the T plots 

of perennial ryegrass, timothy and cocks:foot failed to show a signi:f'icant 

increase in yield. However, the increase in the T plots of brovrntop vras 

significant. The use of' this test, for species comparisons at subsequent 

sampling pe1°iods, was founcl to be unsatisfactory. This was :ic)robably due 

to the high and low standard errors of cocksfoot and browntop respectively. 

An examination of the growth cur"'\res (Brougham: 1957) suggested 

that the reo.uction in significance of the treading effect at the final 

sampling a.ate, occw:recl when the UT curves haa_ entered phase 3 of growth 

(decline in growth rate), while the T cur~ves were still in phase 2 (growth 

at a constant ma_;cimu.rn rate). There did not aPl:iear to be any phase 1 

(exponential increase in growth rate) in the UT plots of browntop. 

c. Tiller counts of perennial ryegrass. cocksfoot ancl timothy 

The mean tiller numbers per 36 sq.ins. ana standard errors at each 

sampling date, together with the results of the analyses of variance, are 

shown in Tables 35-38. Further details are given in Appendices 22-24. 



TA.BIB 35 

fuean tiller numbers. Perennial r·e ·rass 

Date 
'i'reatment 

23. 9.e,1 3. 10.61 15.10.61 d.11.61 

UT 

T 

Results of analyses of 
variance ]J. s. 

436 <1-17 
:!:i:: + .. ,... 

300 V 345-.LO 

,;;* Ii. S. 

T.ABLE 36 

376 
+ 

322-21 

l>T. S. 

1Eean tiller nwnbers. Timothy 

Date 
'I'reatment 

UT 
m 
J. 

13.9.61 

Results of analyses 
of v2.riance tr. s. 

23.9.61 3.1C.61 

161 170 165 
+r, +-1~ + 

116- 1 .A '"'5- . .Ll. .4 f?z'-6 
16 lDO 

* 1r. s. ~t 

TilBIE 37 

Eean tillel" numbers. Cocksfoot 

176 
+_, 

-lCJ2-.L2 
.!..v 

I'T. S. 

99 
+17 

120-1 

l'T. S. 

Date 
Treatment 

13. 9.61 23. 9.61 13.10.61 6., 1:L.61 

UT 

T 

205 
+11 19-- .L 

- t) 

Results of analyses 
of' variance 

226 

177 

~'* 

256 ,._ "T'.,o -a 192-,::; 

}I. S. 

173 :1-23 
+17 +12 130-... gt,--

• D J: 

"'"t Cl 
l'l $ ,:)& il" S. 

81 

On October 3rd the o.ifferences \;ere significant at the i(fi level 

in perennial ryegrass an:i timothy, and were almost significant at .L. • 
:.,Ql.S 

level in cocksfoot. On October :t3th differences approached the 1Q;b level 

in ·oorennial ryegrass, but Y,ere non-significant in cocksfoot. In timothy 

there were more tillers (approached the 10t level) in the T plots at this 

date. Ho~~ver, an examination of the data (Appendix 22.2) suggested that 

an ir:cegular result in Block 3 probably caused this effect. 
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The changes in tiller numbe:cs over the experimental :r;;erioa. are 
"" 04 

illustrated in Figure 7, and the results from using the approximate nt" 

are shown in Table 38. 

TABIE 38 

Results :from testinn- -Por charnres in mean tiller number 
vri th arrproximate "t" test 

Species Treatment 13. 9. 61 23. 9.61 5. :10.61 -
23. 9.61 3. 10.61 1:3. 10 .. 61 

Perennial UT t:t 7,J q ..... "-'• n.s. 
~ earass T * * I'J& S. .!. 

Tirnothy UT )~f; 1\T Ct J.•· 0. lf. s. 
T 1l. Ss I~. S. IL, S~ 

Cocksf'oot UT * I'.Y. s. ,o; 

T "'·T r1 
.L\e, 0. 

"',?' T'{ I,. i::5• * 

13. 10.61. 
6., 11.61 

.;<,): 

*t;: 

~~* 

* 
* 
* 

It appeared that treading caused a significant decrease in tiller 

number of perennial ryegrass and an almost significant decrease in cocks-

foot, in the first pe:ciod. The effect on timothy was less severe. 

In the second period the UT plots of perennial ryegrass shovred a 

non-significant decrease, am the T plots a significant increase in tiller 

number. In tiraothy and cocksfoot, UT and T plots showed a non-significant 

increase. 

In the third period, only the T plots of timothy showed an increase 

(non-significant) in tiller number. The cocksfoot UT and T plots shovred 

a significant decrease. 

In the final period all species and treatments showea a significant 

decrease in tiller number. 

It was observed at the first post-treao.ing sampling date that some 

tillers in the T plots sho,ved I abnormal' developner:;t. Examples of these 

are illustrated in Figures 8 and 9. A count was made of the most obviously 
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1 abnormal' live tillers i.e. those that shov;ed a split in the basal sheath 

,,vith vr.cinkled leaves emerging. No tillers of this type ·;;ere found in the 

UT :plots. ~he results are shovrn in Table 39 and further details are given 

in An:·enclix 24. 

T.ABLE 39 

L:ean nercenta.£!e occur.::::-ence of I abnormal' tillers in T ulots 

Date 23. 9.61 3. ::i.0.61 13. 10.61 
S-pecies 

. ..!.. 

Perennial ryegrass 3.62:1.1 o.a.:.0. 5 
~+') . -Timothy 7. o_,.,. 4- 14.4.:.3.1. '"> ::;!-; 9 

<,_ • '-' --• 

Cocksf'oot 3.711.4 + 7.7-1.9 

D. Growinr:- to int measurer1ents 

The means and standard errors of the transformed data (true percent­

ages in brackets), of groY,ing i:oints above the soil surface, together with 

the results of the analyses of variance are sho•,,n in Tables 40 - 4~-5. 

Further details a'.!:e given in At-:.l,endices 25 and 26. 



TABIE 40 
:ifoan sition of the rowin int. 1 Transformed data 

Date 13 Q ~.1 • ...,.v..,;_ 23. 9.61 3. 10.61 13.10.61 
Treatinent 

UT 48 (56) 56 (68) 58 (72) 63 (79) 
+ 

5/3 
+ + 

T 53-2 
63 62 53-4: 63 59-1 

73 

Results of analysis 
of variance N.S. I\r. S. LS. 

TJiJ3IE 41 

~ean pasition of the ~rowin~ ";;Oint. (Transformed data; 
Timothv 

Date j.;1
). 9.(31 23. 9.61 3.1().61 13.10.G:t 

Treatment 

UT 43 ( ,1 n \ 47 (54) 46 I ~1 \ 57 ( 69) 
:!:t.. 

-.=-0) 
+ +~ 

\_;)-J 
:::.1. 

' , 

T 42 - 44) 45-4 50 47-o 54 56 - 68 

Results of analysis 
of variance ?i. s. 

TJJ3IE 42 

6.11.61 

80 (96) 
+ 

79-2 
94 

c ·1 ·, P1 
0 & --~""• -..J _,,_ 

69 (86) 

7/3 90 

Hean wsition of the growin=> int_. (Transformed data) 
Cocksfoot 

Date 13.9.61 23. 9.61 3. ~0.61 13. 10.61 6.11.61 
Treatment 

UT 52 , 1 '\ 6:1. (74) 60 (74) 70 (87) 71 (no~ 
-1, '-.6-·/ + 

5/2 
:a ' 

c,..,J 

52.:.3 47-7 
-r_, 

T 61 53 62 50 - 58) 77-J_ 93 

~lesul ts of analysis 
of variance N. s. 

TABIB 43 

1i:ean sition of the ,srowinR" ·CDint. (Transformed data) 

Date 13. 9.61 
Treatment 

UT 58 
+~ 

T 51-D 

Results of analysis 
of variance 

'71' \ -} 

60 

BroYmto-r.:: 

23.9.61 

57 (71) 
+ 

-4.-2 
IL 65 

3. 10.61 13.10.61 6. 11.61 

!""' 1 (75) 71 (88) 87 ( r-.,, \ o~ ~d) 
+ +~ + -4 67-o 82-2 

65 - 81 85 97 

rr. s. l'T. S. fl. S. 
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There ,'iere Do clifferences in UT and T plots prior to treading. In 

cocksfcot, on October 3rc., there ·:rere si:;::nificaotly ( 1-:},& level) mo:>'.'e 

gro-:ring points fabove the soil sm:face in the UT plots. 'rhis difference 

~:,as 2:;resent (Vb level) in both cocksfoot e.nd perennial 1.7<;grass on October 

13th. At the fin&.l sam~:,ling c7.ate there v,ere more ( 1a,; level) gro,;v1.ng 

:ooints a.bove the soil surf2.ce in the T plots of cocksfoot. 

A combined analysis, p:rio1~ to treaa.ing, showed that t!le species 

differ·ec1 
,I : .. 

( 1C~o leve 1 ) in the Tlosition of the gro 0;ring :i;:cint. Tllis is shown 

in Table 4-4. 

T.ABIB 44 

Relative mean occll.l-rence of qrowin,: -r:oints above the soil 
surface "0rior to treac1ina. Trans:for·med data 

S1Jecies 

Perennial ryegrass 

Timothy 

Oocksfoot 

1vfoan and r, ,:, 
Ve-l:J., 

There ·were no significant c1iff'erences betr.·een pe1.~ennia1 ryegrass, 

cocksfoot and broYmtop, but timothy had significantly fewer growing }X>ints 

above the soil surface than the otl1e:c species. 

i~t subsequent sampling dates internorle elow,:ation of tillers -:ras 

recorded. These elate. are sureoo.rizec1 in Tables 4!5-4-8 2.nc1 detailed in 

l~:pr,enc.1ices 27 nnd 28. The data i·:eTe transformed in a sirailar vray to the 

gro1.·ring roint re:,.~centages, and the true r.-ercentac:.ses are given in brackets. 
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TABLE 4-5 

Eean nercentar~e of tillers sho0::im:- inte1°nocle elonr;ation. 
Transformed data. Perennial rve~rass 

2:s. 9.61 :l.3.10.61 6.11.61 
Treatment 

UT 18 ( 10) CU) ( ')O ') :~o ( ccn \ 
•Ju 4. \ ~;(_..1,. O + cJ,,:r / 

T 
:!;4., \ 

18 ~, :LO .:.0(00·, /,Q-7/ \ 
28 u~~~~5~J~·----

Ei.esults of analysis 
of iariance -'.,. s. 

'.PABIB 4.-6 

Q 
• >J. 

, .. Q ""''-• ,_,. 

1.=ean -::ercenta,..-te of ti 1 lers sho~lrincr internode elongation. 

Treatment 

uT 
m 
.!. 

Date 

~{esul ts of <:J.nal3rs is 
of v e ... riance 

Transformed data.. Tin10thv 

1Z,.10.61 

•r, r •• o\ 
:Lo, \J. j -r, 

5-'.c- 3) 

~<. s. 

47 (51) 
+ 

41.:.51 41 \ 

:Lean ,..:e.,cen~2J:;-e of tillers sho·:rinrr inte:rnod.e e:!.onc:cation. 
11ransfo:r1rnerl data.. Coc1:sfoo t 

Date 13. 10. 1 6.11.61 
Treatment 

UT 

'2 

~ { ~ \ o·,...., { ,. ,-. \ 
.L7 \ :1.rJ) .'.id, vY.5} 

!1t I . "'t"'n 

5 - 1,2' 53-
1
~----------------------------~~----

_1es1.1l ts of c:1.na131s is 
of va:r1 ittnce _________________ . s. ______ "_· ._s~ --~--~-~-----·--

::ean 1:ercenta7e of tille:r·s sho·.1inr- inte:,:node elo_nrration. 

Date 

~~e sul ts of analysis 
of va:tiance 

Tra~nsforn1ecl dctta.. }3ro·rrntoT) 

5. 1.0.6~L 1?. 10.61 

63 (78) 
+.,.,. / 
-•v~, ' 

60 69) 
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The cle.ta fo1., c ... 11 these measurernents L:.re illu.strateCl in ~?igt1re l(). 

These meastlrernents -rrere L1C.:.c1e Ett the tirne of t1"'eading, and the results 

.Analyses of va1·iance (i1T:psndi:: 30) of the inCti·vidu.al s~recies, sho-rrec1 

that the soil n1oistt1r·e content of 1:;erennia,.l r:vegruss TJT plots ,.~.,-as signifi-

cantly (5;o level) higher than the T r,lots. A similar result ·.-,n.s founcl in 

timothy (10~& level). Tl1e:ce 1:rere no differences in the 
., OT,ner S-:E~ecies. 

The overall raean -:.'ras 32. 

J?. Bulk· densit""1 E1easu..ren1ents s.t -fo.ur_ de·nths 

IJ:hese 1ne<-lsu.re111ents Ytere rna.de one rnonth after t2:·en.Clin£::. 

rrhe t:ceatrnent n1ec1ns ana. stanclard e::cr·o:r-s for each species at eacl1 

C1-et:·th togethe:r· vTi th the l"'eSLtl ts of the ahaly·ses of Vcu.: Lance are nresentecl 



in Tables ~~9 

Derjth 
Tr·ect trnent 

Flest1lts of 2.nal:~rsis 

1:,urther details are sboYin tn 

'_I1.!U3IE 49 
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88 
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TDJD:: 50 

~=ean bulk clensities. Timothy 

Depth 
Trecttrnent 

UT 

Results of E.nalysis 
ot ... •r ariance 

0 - 2cms. ? - 4:cms. 4- Gcrns. 

?:·. S. ~·T. S. ~T. S. ------------------------------

Derth 
T:ceri trrent 

UT 

l,.ea.n bulk ciensities.Cocksfoot 

2 - 4cms. tj. - 6crns. 

1.04-
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:1 .• 1B 1.10, 
7 0 Ql1 +,.._ ,-,?n :n •")"'0 T 1 9.1- • .:_.__ 1 r.;;1-u• •~,1 _ _,.;- t. ?.1. ,._,,. ·~ .. 1-u ----------------·.c.•-"'---------.cc•-'-_-______ - --

~::esults of analysis 
of variance I-T. S. 

6 - 8cr2.1s. 

Berns. 

1\i. s. ------------

Treatment 

UT 

T 

2esults of analysis 
of variance 

TliBIE 52 

::ean bulk densities. Browutop 

2 - L.1-crns. 4 - 6cms, 6 - Scms. 

I'J. S. ~:. s. 
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In :9erennial ryegrass treading caused a signi:ficant increase in 

bulk density in the 2 - 4crns. and 4 - 6ems. depths at the 5;'i:i level, and 

in tl1e 6 '2:'he i ncrsase in the 0 2cns. 

o.e:pth ,;,,as not sisnificant. 

In tirnothy there -i,7as a signi~ioant (1q:& level) increclse iYi the 0-2cms. 

o.epth, but no significant effect vras o.etected in the othe,· c1 epths. 

In cocksfoot the increase in the O -2c,·1s. c:.e:pth ,:ms significant at 

the 1Cf; level, and. in the 2 - L~cms. and 4 

The increase in the 6 acms. c1e-r:;th ,:Jas not significant. 

In brm·mtop the increase in the O - 2cr.1s. and A 6crns. de-:::·tbs y,ras 

si2;nificant at the 1QT; level, and in the 2 -· 4crns. c1epth at the 1~:£ level. 

The increase in the 6 - 8c;ns. deyth ~"las not significant. 



PART III 

DISa.iSSIOH 

This discussion is Dresented in four sections, as follovrs: 

A. The effect of treatment on the yield or sown species 

B. Tiller counts 

C. Growing po int measurements 

D. Soil measurements 
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A. The effect of treat ent on the -ield of sown species 

The main effect of artificial treading in this experiment was to 

delay the growth of trodden plots over a period of at least one month. 

The faster recovery gro-:rth of the T plots, as compared Yri th that 

in the 1\utumn trial, was probably due to the :;:·elatively favourable con-

ditions for growth that prevailed. 

S::9ecies difference,s could mt be detected, anc. this vras attributed 

to deficiencies in the design of the exre:::iment, ;-1hich Yrere more apparent 

in the Spring trial ·where yields -:rere high. 

Calculations from the coefficients of variation (Glenclay, 1961), 

suggested that 5 - 6 replications might have been more suitable in this 

tria1. 

However, the data obtained confinnec1 the earlie:· findings that 

artificial treading and sheer, treading had relatively similar ef'fects on 

the gro,rth pattern, although in contrast to the Autumn trial, the artificial 

treading in the Spring a2_;peRrecJ. to have a !'lore severe effect on yield than 

sheep treading (10 sheep/acre) (Eamoncl, 1060\ ...,._~, J. 

B. Tiller counts 

These results aDpeared to confirm Edmoncl 1 s (1958b) observation that 

the treading effect on tillers "\7as comi:osed of a reduction in tiller number 

and reQuced growth of' damaged tillers. 

The occurrence of 'abnormal' tillers in this ezI,eriment suggested 

that r;art of the artificial treading effect was due to direct plant damage. 

The changes in tiller numbe:·s over the experimental period vrere 

part1y explicable in te:::·ms of L_q,nger 1 s 0:10rk (195~, who noted that tiller 
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nur:1bers declined at a time ,;rhen conditions vtere most :favourable for active 

dry weight :production. It was sug_sested that this was :probably c1ue to 

conpeti tion among tillers for essential environmental factors., such as 

light and nutrients, 

In this expe:cirr.ent tb.e total rainfall in October ·:ras only o. 7in. 

(Grassland Division, L;eteorolorrical Station) and a combination of these 

conci i tions ':ri th the advent of inte:cnode elongation anci. the flovrering in 

some tillers (So!x~r, :!.058), may have iilcreased the decline in tiller nwnbers. 

In perennial ryegrass the reduction in yield. and tillers nwnbers 

caused by treading, a.ppeared to predisT:ose these :::,lots to an increase in 

tillers in the second sam_i:;ling :9eriod, whereas the UT vlots shov1ecl a decline. 

This could have been exrJlained by the fact that, in similar pasture, rate 

off plant growth rer unit area increases until all the light energy is inter-

ce-.·,+er1 1\n.~ouaharn 1 c,1;6) ~ v ..__ ..LJ _J,,_ c;, l. ...... .:., ' ...-v ._, I • 

At subsequent sampling dates the factors involved in the decline of 

tiller numbers affected both treatments, al though the reduction in the T 

plots v:as not so severe. This vras probably due to the lmver yields and 

tiller numbers o:: these })lots, and also to the fact that fevrer tillers showed 

internode elongation. }foweve:c', no differences in flovre:::ing were sho0;m. 

In timothy and cocksfoot, after the initial decline in tiller nwnbers 

due to treading, both UT and. T plots showed similar increases in the next 

sampling :::;ieriod. The fall in tiller numbers of these species starteo. approx-

imately ten clays later than for perennial ryegrass, ancl coincided 1,vi th the 

first signs of internocie elongation. Hovrever, a similar pattern to :i;:erennial 

ryegrass was exhibited, as ini ti.ally the T plots of timothy shoy:ecl a slight 

increase, ana. the T })lots of cocksfoot a slower decrease in tiller numbers, 



In both cases the:ce were higher yields, higher tiller numbers, and more 

tillers showing internode - elongation in the UT plots. 
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In timothy the differential rate of decline was maintained in the 

final :oeriod, but as noted earlier the T :olot means may have csntained an 

irregular result. 

In cocksfoot, UT anc1 T plots declined at a similar rate, and it was 

suggested that the higher proi:ortion of tillers showing inte::.hnode elongation 

in the T plots, may have offset the effect of lov;er yields and tiller 

nwnbers. 

It was concluded that these results provia_ed further evidence for an 

interaction between the treading effect and enviromr.ental factors and/or 

the physiological state of the plant. 

c. Growin,1• int measurements 

These measurements showed that it was only at the first sampling date 

that the tillers of all S:!_::iecies were in the vegetative state. 

The same difficulties were ex:perienced with timothy as in the Autwnn 

trial; but in bro-;·mto1) considerable stolon c1evelo-rmen-'c made measurement 

easier, and this probably affected the results obtained. 

In cocksfoot it appeared. that treading :pushed sowe of tb.e existing 

rsrov,ing 1:x>ints below the soil surface. Alternatively, nevi tillers tmt 

cteveloped after treading were possibly initiated belo,;r the soil sui~face. 

Similar results obtained for perennial ryegrass in the Autumn trial were 

not con:'irmed.. 

The relationship of these results to the treaciinq; effect on the 

species was not clear. The classification of the groirring point p::>sition 
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was only an arbitrary one, ~nc!. it was noted that the differences were small. 

It w-as considered that if the variable reaction of the species to 

·was to be explained in terms of the position of the 

growing :rx,int, then the diff'erences in this rosi tion above and below the 

soil surface v:oulci have to be greater than those observed here. The gro·,ring 

r~ints did not appear to be lovr enough below the soil surface to be afforded 

an:f protection. 

Similarly the a:r:iparent increase in the percentage of growing roints 

below· the soil surface in the T plots of perennial ryegrass and cocksfoot, 

probably only represented a small change in rosi tion. Hovrever, the change 

may be more ::.::,ronounced in grazed pastures. 

The increase in the 1:::ercentage of growing r..oints above the soil surface 

coincidecl with the increase in internode elongation, and it was observed 

that where the total :percentage of' gro-rri.ng y◊ints above the soil surface 

vras depressed by treading, so too was the percentage of' tillers shovring inter-

node elongation. This was probably a reflection of the delayed growth of' 

the T plots. 

It v,as possible that differences in the percentage of tillers with 

flowerheads, in the UT and T plots of perennial ryegrass, developed during 

the period October 23d. - I;ovember 6th. However, the reduction in signif'i-

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

flo-;1ering figures obtained at the final sampling date. 

D. Soil measurements 

The bulk densities in the UT and T plots were slightly lower than in 
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This ;r:ra.s 2:irobabl,y a reflection of the seasona1 con6itions, 

stated th2:.t bulk densi increD .. secl in the Ytinte::c 

clue to s. Cteterioration soil structt12:e. 

+:he bttli;:- Ciensi rne2.sm~er:1s.::: nts StISp;es te(i .J..' ' vna"t con1-

n of tl1e 0 2crns. less. 'I'h.is rest1l t n1cty bcLve bee11 ' .L. aue 00 

the increasec1 root 2:ro-rrth of the S\:ecies in this zone, but in ~..r1.evr oJ: the 

ns of~ the s1.1rface sotl nact 

0 C Cill.' :r-e:J • 

rrh.e incre2.se in bulk· densit;y t11 the ~1- !~cos. and 4 - 6cras. de•·cths 

The resu.l ts from the 

:nottleCL silt 102.r.11, bu11~ ciensi treaci 

·,:>..:; • .:.. ,.:; the ? 

.L~.~-
0..i. ,:__; 

--!-
··.,_,(1.·1 

sir~nificLtnt inc:r·enses J_n b11JJc densi 

::1ant covc:c. 

increases in bulk failed. to revee:.l the 

reasons foi .. tf1is Cliffere11ce \'f 



S6 

a. technic~tte 

to 

influence on ~che sward / --,. - ., 
~l!Jcimonct 1oc.cit. ). 

It rr::ts consiclereCt thut the continrtec1 elt:cidation of the tr~eac1inr~ 

on the 

0ffect. ~~\1c initiating -oint of t:-cetidtns is tb.e hoof, c..ncL in this y;r•oject 

'I'l1e resu.lts obtainec1 ·• s. l 11 

.. 
~imes j effects tread_tng. 

It ;,:72 .. s conclu.clecl that the r:1ost inrr,✓-.:>rtant tion of these results 

Edr;1onC .• 
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t. Conventional abbreviations used in the text~ 

2. IIoof "'.'':rint rneas-u.:!;ements and reJJe~ttability test for SJ)ring balance. 

Dry •:reii:;ht yield of each species at each sampling date. 

£1:-. Analyses of vaTiance of the yield of each s~;ecies at each sam}";lins ctate. 

Jrnalyse s of va.riance 
sar1::_-,l in~! date. 

the combinec;. yields o-f: o.11 s-cecies at ec:tch 

6,. ).nalyses of va:cianee of. the combined yielcis over th!'ee sam~-·lin:::; dates 
(cocksf'oot a-ca br0Yrnto2::). 

7 ~ Tiller counts 1:ie:r 36 sq. ins. , for perenG1.al r~?egrass, tin1othy c:tnd 
cocl{"sfoot, 2.t each sampling dc1te. 

8. i~nalyses of v-ariEtnce of tiller cou.nts for ec::ch sr~ecies at each sar.J:pling 
cla,.te $ 

9. Dry vreir;ht yielO~ of otl1er s1)ecies at each sani!:,ling elate, 

to. .l\.nalyses of v2.rianc.e of the yield of other st-ecies within each sovrn 
sr:ecies r:;lo.1c. 

tt. Total yield. of incii7idual ,veecl s~.:ecies at each s2.mpling de.te. 

10 _...,1. date. 

13. PercentaEe of grovrinr~ !~oints ctbove the soil surfac,3 at one sctm:!?ling date. 

1,Lt. lina1:/scs of va.rictnce or, the transforr~1ec1 r-e:r·centa,ges (,s:ro~Ning ~;:oints), 

:L5. Soil rao istu:ce at the ti1:1e of treac1 ing. 

16. .Analyses of ,raria_nce of tbe so·l.l ·moisture C.ctt:J .• 

17. }3ul1{ clensi t~y n1eastJ..2·en1e·nts :1-t three cler;ths, one month a:f~te:r:· ,.!G'.ceac1inr;. 

:!_B. Ana1:{ses of 'lftJ~·iance of the buJJc density dt1ta. 

:19. J)r;f -r1eight yield of ea.en St;ecies at each san11;lins date~ 

20. :.\naJ:yses of ~✓-<2l1--1ance of~ tt1e yield of each sy::ecies -Ett each sa!"npling date • 

.. hnalyses of VEG:'iance of the con1binec1 :vields of a.11 sr:ecies at "b.-ro 
san1JJling c1ates. 

22, Tille1'°' counts rer ;36 sq. 1.ns. for peJ:·ennial ryeg::co.ss, tirnothy and 
cock:sfoot at ec..ch sern:~':] inc elate. 

23. An?--lyses of v~1.:r·ic.nce of tiller counts fo1 ... eD.ch s~:ec1.,es at each s::n-0r;J 111.::: 
cla te$ 

Percentage o::' 





APPi!iIDIX 1 

The conventional abbreviations used in the text are as follows: 

result not statistically signi:ficant, 

* results statistically s ip;nificant at the 5;S leYel. 

results statistically significant at the 1% level, 

P. the variance ratio for specified conditions. 

ss sur:1 of squares. 

s. mean square. 

degrees of freedom. 

X mean value, 

standard error of the mean. 

V coefficient of variation. 



.APPENDIX 2 

2.1. 1-:easurements of hoof })rint size (sq. ins.). 
1,iean and standard error of 20 values shown, 

2 LL . - 2. 5 
2. 5 2.6 
2. 2 2. 5 
2.4 2. 5 
2.6 2.3 
2.6 2 LI. e • 

2.4- 2.6 
2,6 2. 7. 
2.6 2.4 
2,4 2.4 

.. _,._ 2. 5±...0.13 

2. 2. Test for the accuracy o:f the spring balance, 
?lean and standard error of 25 values shovm. 

Weight on see.le balance 40 lbs. 

~eading on spring balance (lbs.) 

40 4-0 
39 41 
t.,,0 41 
39 40 
41 39 
'1-0 39 
39 LJ:2 
39 41 
41 39 
38 41 
40 38 
39 41 
40 

X 40 + 0.2 



.AFPEilDIX 3 

... 
Dry weight yield at each sam:91ing date (lbs. c1.Yrt./acref". Block 

figure, treatment means ancl standard errors** shown. 

'Z 1 Perennial ryep;rass ,J • .. 
Block Treatment l3. L!-.61 :L1. 5. 61 8. 6.61 

lT'.l' 420 6n.t1. 1228 1 
o_ 

m 628 1320 1080 .l. 

2 UT 680 928 700 
T 4-00 540 748 

3 UT 712 692 864-
m 524 788 1112 .l. 

4 UT 200 74-0 912 
T 324 652 856 

UT 503 761 928 
+34. "2"'~152 +40 X 

T 469- - 94-9- ~ 0 .., 

3. 2. Timothy 

Block Treatment :13.4-.61 11. 5.61 8.6. 61 

1 UT 616 908 1100 
'I' 416 876 1260 

2 
UT 600 552 :1.020 

T 528 860 726 
• 'fTI 4-28 712 928 

3 
u ... 

T 536 628 868 

4-
·uT 416 880 1056 

T 332 852 664 

UT 51 i::: 763 1026 -D+ +/.'.'~ + v-

453-45 sso-87 .A 

T 804-0'±-

*Conversion factor: gms./6in. square➔lb./acre.x 383.76 

**S E.•s calculated from analyses of variance (Appendix 4-) • . 

6.7.61 

764-
952 

676 
832 

652 
592 

788 
796 

720 
+ 

793-42 

6. 7 .61 

756 
652 

552 
584 

468 
i- ,-r~ 
DDV 

472 
524 

562 
+,.,o 

579-;) 



Treatment 61 1 

1 UT 1116 
T 392 656 904 584 

2 
UT 732 

T 616 912 716 700 

772 
T 452 744 968 700 

UT 
T 392 504 480 352 

UT 461 752 917 719 
+ ±s4 +.1.0 

_,. 

T 463-40 704 - 767-- 584.:.68 

Treatment 61 7., 

1 
UT 0 

T 952 1052 1360 924 

T 724 1712 1140 772 

1016 
T 988 860 1040 728 

1076 
T 756 1328 952 856 

788 1550 1076 
+~0 +09 

1123:::155 
- + 

T 855-o:c, 1238-"' 820-39 



APPENDIX 4 

Analyses of variance of dry weight yield at each sampling ~ate. 

Perennial r;re rass 

Source ss. ~ a 
Cl,!• l,[. S. F value F required Result 

Block 143920 3 4-7973 1.72 9.28 I-r. S. 
'.!.'reatment 2320 -l 2320 <1.00 10.10 l,:. S. ..L 

Error 83872 3 27957 

Total 230112 7 

V ~~" 34 .. 2% 
4-. 2 11 .. 5.61 

Source so .:,. d.f. 1,:. s. F value F required Result 

Block 118752 3 39584 <1.00 9.28 :;,r. s. 
Treatment 8192 1 8192 <:1.00 10.10 E.S. 
Error 277808 3 92603 

Total 404752 7 

V ::: 3'l.8% 

LL a 
~-0 8.6.61 

Source ss d,f tJ liL., S, F value F required Result 

Block 32352 3 10784 1.12 9o28 :i. s. 
Treatment 880 1 880 <1.00 10.10 il. S. 
Error 28784 3 9595 

Total 62016 

V ::: 10.4% 

4~.4 6. 7 .61 

Source ss d .e> 
• .L • 

"tJ q 
l,~o t...t-o F value F required Result 

Block 59328 3 19776 2.82 9.28 JT. S. 
Treatment 1C656 1 1C656 1.52 10.10 N.S. 
Error 21008 3 7003 

Total 90992 7 

V - :1..0.9% 



4. 5. 13.4.61 

Source SQ '-'• 

Block' 
Treatment 
Error 24256 

'T'otal 71008 

4.6 11.,5,.61 

Error 48496 

Total 126800 

4.,7 8.6 .. 61 

Source 

Error 91440 

Total 272944 

Source 

Error 10560 

Total 64160 

d.f. 

3 
1 
3 

7 

3 

7 

d.f. 

1 
3 

7 

1 
3 

7 

Timothy 

F value F required Result 

8085 

16165 

F value l:P required Result 

30480 

F value F required Result 

17675 
< 

3520 

1 



4.,9 13.4.61 

Source ss. cl. f. 

Block 54800 3 
Treatment 16 1 
Error 18848 3 

Total 73664 7 

4,,10 11. 5,,61 

Sou·,~ce ss. - ,., a.. I• 

Block 111712 «. v 

Treatment 4-600 1 
Error 84~32 3 

Total 201152 7 

4. 11 8.6.61 

Source ss. d.f. 

Block 278720 ;3 
Treatment 4-5008 

., 

.L 

]:!!rror 19088 3 

Total 342816 7 

Source ss. d.f. 

Block 101792 3 
Treatment ,'36448 1 
Error 56304 3 

Total 194544 7 

Cocksfoot 

1vf. S0 F value 

18267 2.91 
16 <1.00 

6283 

V - 17,,1% 

'("" rt 
,,,. 0. F value 

37237 :t. 32 
4608 .(1. 00 

28277 

V 
_, 

2~.0% 

92907 
45008 

F value 

14.60 
7. 07 

V •. 9.5% 

33931 
36446 
18768 

F value 

1.81 
1.94 

:&1 required 

9.28 
10.10 

F required 

9.28 
10.10 

J.i1 required 
r. no 
.:1• 4U 

:W.10 

Ji' reouired 

9.28 
10.10 

Result 

fi 0 S. 
H. S. 

Result 

H.S. 
I·T. S. 

Result 

* 
Ii. S. 

Result 

ri. s. 
N. S. 



Lt 1LL 
-()-/4: 

4.15 

Source ss. 
Block 86592 
Treatment 8976 
Error :32400 

Total 127968 

11. 5.,61 

Source s·· .:i. 

Block 584512 
Treatment 113280 
Error 118192 

Total 815984 

8.6.61 

Source SS. 

Block 6:l6352 
Treatw~nt 204656 
Error 286912 

1107920 

4.-.16 6.7.6:.1. 

Source 

Block 
T2 ... ea.tment 

Error 

To'cal 

93808 
1:-51072 

18384 

243264 

- .p o .• .,i.. 

3 
1 
3 

7 

d.f. 
r~ 
u 

1 
3 

7 

- .0 a.1. • 

3 
1 
3 

7 

c1. f. 

3 
1 

3 

7 

LI. S. F value 

28864- 2.67 
8976 <1.00 

10800 

V ·- 12.6% 

l':I. S. F value 

194837 4-.95 
113280 2.88 

39397 

V =14.6% 

;?,05451 
204656 

95637 

l" value 

2. :.1.5 
'") 1a L,. _!..,..., 

V =23. 0.% 

lf. S. 

31269 
131072 

6128 

F. value 

5. ~-0 
21.39 

V -- 8.1% 

F reouired 

9.28 
10.10 

F reouired 

9.28 
10.10 

F requi:!:'ed 

9.28 
·in -1 n 
.i:v• .J...'v 

F reouired 

9.28 

3.esult 

;,. s. 
.l"'~. s. 

llesult 

N.S. 
n. s. 

Result 

?{. s. 
IJ. S. 

Tlesult 

tr. s. 
* 



of 

Total 3578704 31 

l'ot::d 

Error 1 9 12795 

1 

Total 1231504 31 



I:! ~ v. J..... 

.APPEHDIX 6 

Analyses of variance of tile combined yie~ds over three sampling dates 
f ... 1-6·' o-~., "n-~-'\ \J..-•0• l➔ , v.0.v}_, o.t.oJ.1 

Cocksfoot 

Source SS. 

Block~ 229264~ 
•rr'eatn1ent 7::~S:56 

Dates 
Dates :{ 

Treatment 
Error 2 

Total 

Source 

Block 
Treatr:1eut 

Error ·, 

Dates 

Dates X 
Treatn1ent 

Error ~ 

51296 

12:128 

m1ssa 
E,85552 

3562-10 
565504 

109552 

827312 

1()U2352 

1rotal 2994496 

d➔• f. 

3 
1 

2 

2 

12 

23 

Cl. f. 

3 
1 

3 

2 

2 

12 

}(. s. 
764-2:1 
7:)936 
17C'99 

73520 

6034 

30091 

!:~. s. 
:1.18747 
;535~~304 

36517 

21768 

91029 

F value 

it 4!7 
~• ,._ I 

4. 32 

2.37 
/1 nn 
~- ,.JV 

:B1 value 

3.25 
15.4-9 

.(1. 00 

F requ1.reu 

9.28 

3.89 

F rcouirec1 

9.28 
10 1(), )" -~ • ---r 3.a. 1 n 

\ -• -~ 

~ ,·9 
D.d. (5 c,,....)' 

\ • J,) 

?.esult 

N·. S. 
~-T. S. 

Result 

tr. s. 
* 



.APPBHDIX 7 

Tiller counts per 36 sq.ins. for each sampling date. Block figure, 
treatment means and standard errors shown. 

7.1. Perennial re rass 

Block Treatment 13e4.61 11. 5,,61 n cf, r!-'! 
0.0.0.1. 6. 7 .61 

1 
UT 167 258 rz78 199 

T 266 324- 280 203 

UT 270 350 220 10'' 
2 

_..,Q 

T 181 188 217 212 

3 
UT 294 256 207 207 

T 217 261 226 174-

11. UT 107 259 267 244 
rn 131 220 24-6 182 .J.. 

UT 210 281, 243 212 
'1r-%Q:31 + .t,. 

T "~4 -6 \ "1~ 
X 2Llo-.:L _l:;i;:;, J::l) 242 193-.Lt--

7 • 2. Tim::ithy 

Block Treatment 1,_ LL I""~ .tL. 5.61 8.6.61 6.7.61 ..... Q. -•0.L ,...,, ___ 

UT 133 1 nn 135 110 
1 --00 

T 1170 14-7 145 98 -Du 

2 
UT 147 135 127 87 

11'1 124 188 112 130 J. 

3 
UT 92 :L17 115 122 
rn 117 126 113 70 

4 
UT 90 124 122 81 

T 74 175 113 88 

UT 116 1-t-1 125 100 
+n +..-1r-; !4 + 

X T 109-o 1i::c,-lb 121 97 
-14-

UV 

r7 '" lo De Cocksfoot 

Block Treatment 13.4.61 11. 5,,61 8.6.61 6,. 7 .61 

1 
UT 116 95 168 117 

T 101 151 t28 119 

2 U'.l' 138 146 :LOS 121 
rr.: 16:1 160 143 142 J. 

3 
UT 166 171 153 113 

fj1 139 171 144~ 102 -" 

UT 84 145 ,..r.,,,4. 105 
4 

.Lt'.)_ 

T 88 112 75 77 

UT 126 139 141 114 
+ +1 ct +15 + x T 122-8 - Li 12n-~· 11 n-7 149 - i) 

__ ,.,., 



Bo 1& 

8. 2. 

8.3 

8 .. 4 .. 

AEEisNDIX 8 

Analyses of variance of tiller counts per Zi3 sq. ins. at each 
sampling date 

13.4,,61 

Source ss. d. f. 

Block 20992 3 
Treatment 23:!. 1 
Error 11882 3 

Total 33105 7 

11,. 5.61 

Source ss. d.f. 

Block 2767 3 
Treatment ?.113 1 
Error . 13960 3 

Total 18840 7 

8.6.61 

Source ss. c1.f. 

Block ~h.~ ... 
Oub.L 3 

Treatment 1 1 
Error 400 3 

Total ,-a,.."' 
OvOO 7 

6. 7 .61 

Source ss. d.f!f 

Block 517 3 
Treatrnent 703 1 
Error 1899 "' u 

Total 3119 7 

6997 
231 

3961 

F value 

1.77 
<1.00 

V -· 30.~{ 

1,f. s. 
834-

2113 
L'..-053 

1853 
1 

135 

l .• S. 

172 
703 
633 

F value 

<:1.00 
C::1. 00 

F value 

13.73 
(1.00 

]? value 

<1.00 
1.11 

F required Result 

9.28 N.s. 
10.10 If. s. 

F required Result 

9.28 K.S. 
10. 10 E. S • 

F reauired ?i.esult 

9.28 
:10. 10 

F required 

9.28 
10.10 

* s. 

Result 

r-r. s. 
lT. S. 



.APPENDIX 8 ( Cont. ) 

Timothy 

8.5 13.4.-.61 

Source ss. d.f. £r'Lo S. J:<7 value F required Result 

Block 3497 3 1166 5.09 0.2s N.S. 
TreattJ!ent 78 1 78 <1.00 10.10 s. 
Error 687 3 229 

Total 4262 7 

V :_-:13. 2'5';; 

8.6 11. 5.61 

Source ss. d.f. '" Q ,,'.,',♦ u. F value F required :a.esult 

Block 2502 3 834 <:!..00 9.28 1;. s. 
Treatment 64.-8 1 648 (1.00 :1.0.10 s. 
Er-.cor 2938 3 Qf70 

vlu 

Total 6068 7 

V =20.,?S~ ., 

8.,7 8.6.61 

Source ss. d.f. 11I 0 S. F value F reouired Iiesult 

Block 824 3 275 4-. 74- 9.28 H.S. 
'.I'reatment 32 1 32 <1.00 10.10 i'J. s. 
Error 173 3 58 

Total 1029 7 

V -- 6.276 

8.8 6.7 .. 61 

Source ss. a.r. !:L, s. F value F required Result 

Block 664 3 221 <1.00 9.28 I'i. s. 
Treatment 24 1 n,1. 

L, - <1.00 :LO. 10 IT. S. 
Error 2349 3 783 

Total 3037 7 



8.9 13.4.61 

Sot;i.rce ss. 
Block 6294 
Treatment 28 
Error 721 

Total 704-3 

8.,10 11. 5.61 

Source ss. 
Block 2983 
Treatment 171 
Error 2039 

Total 5193 

8.,11 8.6961 

Source ss. 
Block 2653 
Treatment 666 
Erroi~ 2527 

Total 5846 

8.12 6. 7 .61 

Source ss. 
Blod:: t755 
Treatment 32 
Error 643 

Total 2430 

APPENDIX 8 ( Cont. 

Cocksfoot 

d.f. ?,:. s. F value 

3 2098 8.74-
1 28 (1.00 
3 240 

7 ~-...-.---.._ 
V -12.D/~ 

d.f. ·,r rt 
--<'.co ;::,& :b, value 

oz 994 1.46 v 

1 171 <:L. 00 
,:;:: 680 u 

7 

V :: 17 r,r</ 
..i... • v;o 

d.,fo lzt. S. F value 

3 884 1. 05 
:L 666 l1. OC: 
3 842 

7 

V 21. s~b 

a.r. ,.· <1 
i . .:-. v. F value 

3 585 2.73 
1 32 <1.00 
3 214 

7 

V ·- 1~. 97-; 

F 

F 

F 

F reauired Result 

9.28 
11).10 

reouired 

s. 2e 
:LO. :LO 

required 

9.28 
:L0.10 

re uired 

9.28 
:to.to 

Vs n. • 

l{esult 

l;. S. 
li. S. 

Result 

1;. s. 
n.s. 

Result 

)T.S. 
ii. s. 



APPENDIX 9 

Dry weight of other species at each sample a.ate. Block figure, sown 
species plot, treatment means and stanaara. errors shown. 

9, 1 13.4.61 

Block 

1 

2 

5 

4 

X 

Treatment 

UT 
T 

U'l' 
T 

UT 
T 

iJT 
T 

UT 

T 

9. 2. :L1. 5.61 

Block Treatment 

.{ UT 

.L T 

2 
UT 

T 

3 
UT 

'.I1 

4- UT 
T 

UT 
X T 

Perennial 

60 

44 
28 

72 
56 

176 
136 

85, 
::'.'7 

70 ' 

Perennial 
X' earass 

184 
16 

1L.\:8 
88 

104 
82 

160 
80 

149 
+C) 

67-""'2 

Timothy 

20 
96 

224 
.220 

200 
152 

32 
96 

Timothy 

100 
15-0 

1C4 
88 

216 
280 

48 
2£1-

117 
+4FJ 

138-.L/ 

Cocksfoot 

148 
4.-8 

100 
16 

92 
40 

172 
32 

Cocksfoot 

68 

100 
Ll r, 
2:V 

72 
1 a 
..:c~tJ 

184 

103 
14:::22 

Browntop 

14-0 
184 

20 
32 

176 
160 

48 
40 

96 
+ 

✓ r,,-7 
! l_)LJ:-

Brownto:p 

96 
168 

164 
20 

32 
48 

40 
20 
()I'7 

ou..t. 
a4..:.32 
V-



9.3 b.6.61 

Block 

j_ 

2 

3 

4 

-:r 

9.4 6.7.61 

:BJ.ocl:: 

1. 

2 

X 

Treatment 

UT 
T 

UT 
T 

UT 
T 

uT 
rn 
.1. 

UT 

T 

Treatment 

UT 
'.[' 

U'i.' 
rn 
.J. 

UT 

UT 

'I 

APFBNDIX 9 (Cont.' 

Perennial 
ryep-rass 

44 
!J:0 

108 
1C4 

28 
73 

116 
112 

79-'-

83 
~9 

Perennial 
r·•rerrrass 

52 
16 

64 
204 

82 

64 
20 

Timothy 

82 
52 

220 
184 

156 
68 

64 
8 

131 
+C' 

7"-.:J u 

Timothy 

80 
84 

0,1J' .:J ~v 

236 

80 

152 
200 

131 ... 
7 ~:;r . ...:..s 
-vV 

Cocksfoot 

144 
60 

108 
80 

:!.6 
52 

188 
1nn 
..!..VV 

114-
~0~; 

17"."< '-'-, u 

Cocksfoot 

24 

too 
144 

76 
84.~ 

204 
es 

Brov;-ntop 

36 
88 

4:-8 
160 

88 
32 

82 
68 

64 
+ 

87-26 

B:rownto::::, 

80 

20 
4.-0 

160 

·18 
48 



'T'otal 46:336 7 

1072 3 357 

Total 35ij60 7 



= 



= 

Erro1~ 8186 3 2729 

Total 1:L759 7 



Error 11250 3 37~50 

Tota.1 25563 7 

Error 838 279 

Total 7 

= 

Error 3 3179 

Total 43358 7 

Er1·or 262 3 87 

Total 7 



·;,o+al yir->l,'1 of ino.iv·i,1u<>l vreed s::_:;ecies 
dat~-(a_;;i;::-:d fr;r'.! -yi~ld; in perenni2.1 

rt t nre- ~tnct 

r:yegretss, 

J._:l-• :L Sa~ina -orocurnbens L. 

3 lock Treatment 1,'3. 4-. 61 11. 5.61 

1 

2 

-;-tm 
U.!. 

m 
..L 

T 

16 
64-

4-8 

:1.2 

20 

!:0 st-trectO_ing 
arncl. b:r-0Y:rnto1-J 

60 
j2 

36 

Total 

60 
24-

72 ---------+--- --------~------- -------
~ ~ 

Jr . .; 

--., ... '1 ~_.;J.0 vs ,1. 

1---------------·- ------·- ---- ----- ------- -- .. ··---- --· ---- -----·· 

•··-- ------ -------------- •. ·--·----•.,•·H------------,.-----·-·-----·-·····-· ·-·- ·--- ----- ------···· ...... 

3 
UT 

T 

UT 
T 

U'.i' 

T 

24 

51 
'!7 

7 

32 
56 

32 

25 

25 

20 

8 

8 

9 

c.? •'·.::•...:. 

:L6 

30 
52 

24-
88 

72 

... _.,._; 

120 
1CE, 

56 
96 



!• 

3lock Treatment :i3. 4.61 Totai 

1 
UT 

T 24-
32 
68 88 

64 
156 --------------tt----------------------- --- ·--·-· 

2 

3 

4 

UT 
rn 
J. 

lj'J' 
rn 
.1. 

UT 

T 

Dlock Treatment 

1 

2 

3 

4-

l:T 
T 

T 

UT 
T 

T 

296 
280 

4a 
:132 

:1)). 4.6:t 

;32 
172 

72 

20 

76 
~0 
Uu 

32 
80 

32 
192 

68 1:i6 -----------------.. -·----- .. ·-· 

:1.6 -·-----
37 

19 54-

:L:1.5.61 

64-
8 

120 
32 

16 

,_w 

24 
8 

192 
64 

12 

120 
144 

73 

24: 
7R 

16 
:1.60 

160 
160 

Total 

:112 
92 

328 
256 ------

0 
(J 

12 

12 
76 

52 

48 ,JG 54: 12 112 
+nr +2r 

T 61-""v 24 21 74 119- ,ti ----------'-------'-..:----------------------
11.5 Crenis capillaris (L.) Wallr, 

: 

Bloc}: Treatment :L3.Lt.61 6. 7 ._6_1 __ T_o_t_a_l_ 

UT 24- 28 20 2L!; 72 
T 40 120 12 16 :1.48 ---------+-------I-le------------------

2 

3 

4-

X 

UT 
rn 
J. 

UT 
'1' 

UT 
T 

UT 
rp 

16 
:1-00 

60 
48 

25 
:::1 i:; 47 --V 

204 

24 

3 

~o 
Uv 

81 

1l2 
52 

28 
4 

24 
100 

4-2 

:~04 
56 

88 

8 

57 

20 

312 

52 
92 

32 
1C8 



.AFFEZIDIX 12 

Dry weight yielc. of ?oa S}?P Tri thin each so·,,rn species plot at each sam:9ling 
date. Total yie:!.<i, mean and stancla:i:d er:cor sho-..rn. 

12.1 

12.2 

12·.·3 

:~:L. 5. 61 

Block Treatment Perennial 

2 

2.6.61 

UT 
f;i 
J. 

UT 
'I' 

UT 
T 

UT 
T 

20 

r, 
0 

12 
24 

L1-0 
32 
-1~-
.tO 

16 

Block Treatment Perennial 

:i. UT 24 
11 24 

2 
'UT 16 

11 8 

3 
UT 12 
T 20 

Timothy 

28 
56 

100 

32 

14 

Timothy 

56 
20 

52 

8 

Cocksfoot 

,.,,... 
tJ~ 

24 

?, u 

8 

8 

Cocksfoot 

8 
8 

32 

Bro,mto:p 

36 

:in 
28 

15 

Brovmtop 

32 

8 

Tot.3.l 

56 

,30 
100 

20 
52 

156 
60 

Total 

120 
52 

68 
104 

20 
28 ---------------------- ··--- -

4 
UT 20 

T 36 

UT 18 
..,. .,,_ 

T 22 

·6.7.61 

Block Treatment Perennial 
rvegrass 

UT 8 
:t T 20 

2 
UT 8 

rn 28 J. 

UT Q u 
3 rn 

J. 

4 
UT 40 

T 72 

UT 16 
X 

T 30 

48 
"-1-

41 

14 

Timothy 

r-r, 
D...:.i 

88 

64 
32 

20 

20 

39 

30 

16 

2 

14 

Cocksfoot 

20 
72 

60 

(L4-

80 

20 

49 

L!-0 
28 

1" _J5 

Brovmtop 

20 
1:12 

,,... r-; 
t)O 

82 

32 

:1.6 
16 

26 

61 

108 

Total 

100 
292 

200 
142 

28 
76 

76 
168 

101 
+n7 

,11-,r,-0 
.;../ V 



13.1 

Percentage of growing :points above the soil surface. 
1.:eans ana standarcl errors of transformed data shown. 
True percentage s.hown in brackets. 

G.7.61 

Block Treatment Perennial Timothy Oocksfoot Browntop 
rve.grass 

UT .c;.1. (66) 53 ( 64.) 55 (67) .56 (68) 
1 v- \ - / 

T 65 (67) 57 (71) 61 (76) 53 (63) 

LT 57 (71) r;;Q '.1.()) 63 (79) 54 ( ('.! i::) 
2 v~ \--, VJU 

T 51 (60) 60 (75) 61 (77) 53 (65j 

u11 56 (68) 53 ( 63) 71 (89) 50 '~a\ 

" t~} 
V 

T 53 (65) 56 (68) 56 (69) 36 ,z. ' v4/ 

UT 55 ( 57) ,.. .1. ~ ""' '\ 60 g~~ 40 (41~ 4- 0- 0.L; 

T 51 l6o) 56 1._68) 63 60 (75 

uT 56 (69) 52 ( t2,2) 62 (78) 50 (59) ,, I 

+., ( ) 
f \ ·J J ' ~ \ +A\ I ~c]. (7.c;) 

.,._ / 

:r T 53--'-(64) ~ -'=' n' 51-b 60) o7 1..7 .,) tJ v, 



APPE1'IDTI 14 

Analyses of variance of the transformed percentages. 

Individual species 
14.1 Perennial r e ass 

Source ss 
Block 3 
Treatment 18 
Error 13 

Total 34 

14.2 Timothv 

Source ss. 
Block 110 
Treatment 50 
Error 215 

Total 375 

14.3 Cocksfoot 

Source '"'Q uw, 

Block 32 
Treatment 8 
Error 129 

Total 169 

14. 4 Brovmtop 

Source SS. 

Block 162 
Treatment 1 
Error 302 

'1:otal 465 

14.5 

Source ss. 
Block 23 
Species 502 
Error 1 285 

Treatment 1 
S:pecies X 

'75 Treatment 
Error 660 

Total 1546 

a. r. 
3 
1 
3 

7 

-, n u.r. 

3 
1 
3 

7 

d.f. 

3 
1 
3 

7 

3 
1 
3 

7 

1 
18 

4 

I::. s. 
37 
50 
72 

11 
8 

43 

,....4. 
0-

1 
101 

F value 

(1.00 
4.50 

F value 

<1.00 
<:L.00 

F value 

<1.00 
<1.00 

F value 

<1.00 
(1.00 

V ~:- 19. 3,& 
Combined species 

d.f' • ,,; Q 
.tI;.$ U,e p value 

3 8 <1.00 
3 167 5.22 
9 32 

1 1 <1.00 

3 <)'-~::i (1.00 

12 55 

F reauired Result 

9.28 x.s. 

F required Result 

9. 2s r-r. s. 
~~o. 10 N. S. 

F reauired Result 

9.28 H.S. 
:LO. :10 If. S. 

F reauired Result 

9. 28 IT. S. 
10.10 n.s. 

F reauired Result 
3.86 N.S. 

3.86(6.99) 
>'.e 

4-. '7 5 I\J. S. 

3.49 I\T. S. 



15.1 

.APP-E~'IDIX 15 

Soil m.)isture (% of oven-dried soil) at time of treading (t3.4.61). 
Block figure, species plot, treatment means and standard errors shovm. 

Block Treatment Perennial Timothy Cocksfoot Browntop 
r,reorass 

1 
UT 27.9 24-. 0 25.4 24.2 

T 26.7 24~.s 01- ,...,, 25.8 .::.rO• t:1 

UT 24.9 2~ "' ,:,:; n 26. 2 2 ~•'-' L.JV. f 

rn 25.3 24.9 24-.8 25.8 .!. 

3 
UT 28. 2 25.7 25.9 27.0 

T 26.7 '7;6.6 27 * 1 26.6 

4 
UT 25.2 26.0 26.6 24~. 3 

T 25.0 26.4 24. 4 24-.4 

UT 26.6 25.5, 25.9, 25.4.-
X + ...,~ 7:0.40 .,.0 r.;4. +n ~~ 

rn 2' 0-0.32 n,.... ,.....- •D- 0- 7-~. ov 
J. ;) . .., ,,;:,. ,,o.o LJ;)e 



:F' value 

Error 5 

rrotal 12.32 7 

Error 1,,72 0 Oo64-

Total 7 

Error 3 

Total 7 

Error 3 0.45 

Total 7 



APPENDIX 17 

BuJJc density of the soil (gms/cc) at th.ree depths one month after treading. 
Block f'igure, species plot, treatment means and standard errors shoYm. 

17.1 0 - 2 ems. 

Block Treatment Perennial Timothy Cocksf'oot Browntop 
rvegrass 

rrm 1.16 1.04 1.21 1.38 1 VJ. 

T 1,.39 1.31 1,.36 1.35 

2 
UT 1.23 1.25 1.15 1.12 

T 1,.40 1.42 1.4-1 1.36 

UT 1.22 .. -i0 1. :1.3 1. 20 
3 ..L• ..Lu 

T 1,,43 1.39 1.45 1.28 

4- UT 1.23 :t. 21 1.30 1.05 
rn 1. 38 1,.43 j.,37 1.15 J. 

UT 1.21 1.17 1. 20 1.19.,. -
1 .. 40"!.o. 013 +o 014. +n 03~ X T 1. 39- ti ~1.40-vo ';::/ ., ?,

9
.:.o. 039 

.L. LJ 

17.2 2 - 4 ems. 

Block Treatment Perennial Ti.mt hy Cocksfoot Brovmtop 
rve rass 

1 
UT 1.21 1. 21 1.17 1.22 

T 1.27 1 'Z,i 1,.28 1.27 ou~ 

2 
UT 1.18 1.29 1.21 1.30 

T 1,.29 "1.32 1.,40 1.32 

~ 
UT 1.12 1.23 1.32 1.21 

T 1. 2:l 1.31 1.3CJ 1.27 

4 
UT 1.27 1.23 1.25 1.08 

T 1.35 1.32 1.,31 1.34-

UT 1 20 1. 24 :l.24 1 20 • -+, 

+a 01A. +o 0"'1 -· + 
X 

T 1. 2a.:.o. 007 .1 32- " -.1 ff2- 0 ...,_ 1 ~0-0.039 
.L,. · lo 0 -•U 

17.3 4 - 6 ems. 

Block Treatment Perennial Timothy Cocksf'oot Browntop 
r re rass 

1 UT 1.18 1.20 1.15 1.17 
m 1 .. 25 1,.24 1.18 1.,34 J. 

2 
UT 1. 08 1.23 1.19 1.26 

T 1.27 1,.22 1.29 1.33 

3 
UT 1.18 1. 08 1,,22 1.14 

T 1. 21 1. 26 1., 3:1 1s 15 

UT 1.20 1.28 1.14 1.14 
4- T 1.28 1.22 1.,30 1.22 

UT 1.16. 1.20 1.18, 1.18 
,.~ 024 

1 2.e.:!:o. 036 .. 27:!:o" 019 + 
X 

T "1,.25-U0 ..: 1. 26 -G. 0'24-
9 .s. I c 



Source ss. ..,..1 +-: 
u-..1.0 J!' value F required Result 

1 

Error 0.0020 3 0.0007 

Total a.an 7 

::: 

3 0.0000 

Total 0.1285 7 

Source ss. cl. 'f:. ?J. s. F value F required Result 

1 

Error o. O:L87 3 o. 0£732 

Total 0.1025 7 

Source ss. d.f. ':(¢ {"i 

.;,1.\,-. u. ].<7 value F required Result 

1 
Error 0.,0184 3 0,.0001 



Source ss. d.f. F value F reauired Result 

Trea~ 1 

Error O. OOCf/ 3 0.0002 

Total o. 0361 7 

::: 

Source ss. F value F required Result 

Error o. 0116 3 0.0039 

Total 0.0352 7 

Brror 0.0180 o. 0060 

Total 7 



Source ss. F value F reauired Result 

= 

Total 0.0256 7 

= 

Error 

= 







Tota_, 1 _____ 1_. _0_4_5_4_LA_:: ___ 7 ________________________ _ 

= 

Total 570080 7 

= 

= 

Total 3936864, 7 

9774-24 325808 

Total 3716496 7 



Source 

Error 75296 

Total 209184 

Source 

Total 4-16368 

Total 2356464 

Total 2785696 

Source 

Erro1· 1087424 

Total 2056544 

:L 
3 

7 

7 

7 

7 

3 

7 

"''." rt 
lLo U,. F value F required Result 

25099 

= 

F value 

= 

= 

l" value F required Result 

= 



Error 19232 

Total 161552 ? 

Total 7 

Total 6005024 7 

Total 17542768 7 



Error 10944- 3 3648 

Total 58880 7 

Tota] 1528304 7 

Total 3569056 7 

Total 146576 7 



of 



22.2. 

APPENDIX 22 

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

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

Perennial ryegrass 

Block Treatment 13.9.61 23.9.61 3.10.61 13.10.61 6.11 .61 

1 UT 279 400 418 430 135 

T 352 273 401 311 162 

2 UT 347 438 429 401 165 

3 

4 

X 

Timothi 

Block 

1 

2 

3 

4 

X 

T 

UT 

T 

UT 

T 

UT 

T 

Treatment 

UT 

T 

UT 

T 

UT 

T 

UT 

T 

UT 

T 

326 

329 

381 

351 

13.9.61 

140 

140 

132 

136 

139 

126 

118 

98 

132 
125± 4 

300 

474 

318 

433 

307 

23.9 .. 61 

157 

137 

176 

112 

161 

102 

151 

116 

161 + 
116- 7 

348 

455 

317 

365 

314 

3 .. 10.61 

164 

149 

168 

129 

163 

125 

185 

96 

170+ 
125- 11 

316 

320 

324 

351 

337 

376+ 
322- 21 

13.10 .. 61 

175 

133 

193 

169 

175 

133 

117 

110 

165+ 
136- 6 

218 

217 

191 

187 

197 

6.11 .. 61 

115 

124 

92 

93 

113 

153 

74 

111 

99 .i. 
120.!. 7 



APPENDIX 22 (Cont.) 

22.3. Cocksfoot 

Block Treatment 13.,9.61 23,,9.61 3.10.61 13.10.61 6.11.61 

1 UT 197 279 308 148 149 

T 205 217 204 127 92 

2 UT 290 280 256 169 99 

T 249 235 271 175 113 

3 UT 186 165 225 198 131 

T 156 108 124 159 82 

4 UT 148 181 233 176 111 

T 172 149 171 96 90 

UT 205 226 256 173 123 
X + + + + 94±12 T 195- 11 177- S 192- 20 139- 17 



APPENDIX 23 

Analyses of variance of tiller counts for each species at 

each sampling date. 

Perennial ~egrass 

£2..:J.. 12.2.61 

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

Block 2923 3 974 1 .01 9 .. 28 N .S. 

Treatment 243 1 243 <1.00 10.10 N.S., 
(34 .10) 

Error 2880 3 960 

Total 6046 7 

V = 9.2% 

23.2. 2,2.2.61 

Source ss. d.f. M.S. F value F required Remilt 

Block 3563 3 1188 12.27 9.28 
(29.50) * 

Treatment 37401 1 37401 385.,57 10 .10 ** (34 .10) 

Error 291 3 97 

Total 41255 7 

V :;:; 9.2% 

~- 3.10.61 

Source ss d.f'. M.S. F value F required Result 

Block 5230 3 1743 1.32 9.28 N.,S .. 

Treatment 10296 1 10296 7.80 10.10 N.S .. 

Error -z,05-;; 
/.,/ _,/ 3 1318 

Total 19479 7 

V ::: 9.5% 



APPENDIX 23 (Cont.) 

.22 .4. 13.10.61 

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

Block 2612 3 872 <1 .oo 9.28 N.S,. 

Treatment 5724 1 5724 3.38 10., 10 N .,S. 

Error 5075 A, 1692 .,, 

Total 13411 7 

V = 11 .8% 

~- 6.11.61 

Source ss 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 N .. S., 

Error 1645 3 548 

Total 5718 7 

V :::: 12.6% 

Timoth~ 

23 .6. 1..:::-2-61 

Source ss d.f. M.S .. F value F 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 

V = 5.,9% 

:?-2::L• 22.2.61 
Source ss d.f. M.s .. F value F required Result 

Block 351 3 127 <1 .oo 9.28 N.S., 

Treatment 3961 1 3961 18.86 10 .10 * (34.10) 
Error 640 3 213 

Total 4952 7 

u - 1 f'\ liot: 



APPENDIX 23 (Cont.} 

~- 3.10.61 

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

Block 287 3 96 <1.00 9.28 N.S. 

Treatment 4095 1 4095 8.41 10 .10 N.,S. 

Error 1460 3 487 

Total 5842 7 

V = 14.8% 

~- 1.3.10.61 

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

Block 4648 3 1549 10.99 9.28 
(29.50) * 

Treatment 1653 1 1653 11. 72 10 .10 * 
423 141 

(34.10) 
Error 3 

Total 6724 7 

V = 7.8% 

23 .10. 6.11.61 

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

Block 2461 3 820 4.25 9.28 N.,S. 

Treatment 946 1 946 4.90 10 .10 N .S. 

Error 579 3 193 

Total 3986 7 

V :::: 12.6% 

23. 11. Cocksfoot 
13.2.61 

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

Block 14544 3 4851 10 .. 41 9.28 
(29.50) * 

Treatment 191 1 191 (1.00 10.10 N .S. 

Error 1399 3 466 

Total 16134 7 

V = 10.6% 



APPENDIX 23 (Cont.) 

23 .12. 23.9.61 

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

Block 21721 7i 7240 84.19 9.28 ** / 

(29.50) 

Treatment 4802 1 4802 55.84 10 .10 
(34 .. 10) 

** 
Error 259 3 86 

Total 26782 7 

V = 4.5% 

23 .13. 3.10.61 

Source ss 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 .s .. 

Error 4615 3 1538 

Total 23570 7 

V = 17.4% 

23 .14 .. 13.10.61 

Source ss d.f. M.,S., F 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 .12. 6.11.61 

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

Block 437 3 146 (1 .00 9.28 N.S .. 

Treatment 1516 1 1516 2.80 10 .10 N.S. 

Error 1627 3 542 

Total 3580 7 

V = 21.3% 



24.?. 

APPENDIX 24 

Counts of 11 abnorma.ln tillers per 36 sq. ins. for three 

species at three sampling dates. Mean percentage 

occurrence and standard error shown. 

shown in Appendix 22). 

(Total live tillers 

Block Treatment 

1 UT 

T 

2 UT 

T 

3 UT 

T 

4 UT 

X% 

;;.10.61 

T 

UT 

T 

Block Treatment 

1 UT 

T 

2 UT 

T 

3 UT 

T 

4 UT 

-X% 

T 

UT 

T 

Perennial 
ryegrass 

7 

6 

6 

24 

Perennial 
.y:egrass 

3 

2 

6 

o.8 ± 0.,5 

Timothy 

9 

7 

12 

6 

+ 4 7.3 2. 

Timothy 

27 

18 

19 

8 

"'1ll 4 ± ,: 1 • .. .,I• 

Cocksfoot 

10 

5 

4 

7 

- 7 + 1 4 :) . - .. 

Cocks.foot 

12 

19 

17 

11 

+ 7.1-1 .. 9 
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24.3. 12.10.61 

Block Treatment Perennial Timothy Cocksfoot rye0 rass 
1 UT 

T 5 

2 UT 

T 

3 UT 

T 16 

4 UT 

T 9 1 

UT 
X% T 5.5 + 1.9 



AP!jil~IX 25. 

Percentage of growing points above the soil surface. 
Meansand standard errors of transformed data shown .. 
True percentages shown in brackets .. 

2~ .u,.9.61 

Block Treatment Perennial 
ryegrass Timothy Cocksfoot Browntop 

1 0 UT 46(51) 47 ~4~~ 49 tg6~ 62 ~~i~ T 53 ( 63) 40 51 63 

2. UT 60 1
75~ 42 ~~~ 43 (47~ 61 fKi) T 60 (75 46 52 (62 44 

3o UT 39 ~40' 34 ~32~ 63 ?l6~ 56 ~~~~ T 51 61) 40 42 51 37 

4o UT 48 ~56~ 47 ~54) 51 ~60' 51 1

60~ r3< ~75 T 46 52 40 41 53 0 ) 60 

X UT 48 (56) 43 (46) 52 ( 61 ) 58 (71) 
T 53±2 (63) 42±4(44) 52±3(61) 51 ±5 ( 60) 

~ 2,2.;l.61 
.. ---

Block Treatment Perennial Timothy Cocksfoot Bro,mtop ryegrass 
-----

1" UT 65 ~82) 51 ~g1) 61 ~~6) 62 ~78' 
T 51 ro< 33 51 64 81 < 0 ) ,-9) I 

2 .. UT 51 f ~~) 48 ~~~~ 57 ~71 < 59 (74~ 
T 57 58 58 72; 48 (56 

3 .. UT 47 ?§l~ 36 ~35~ 76 ~5~~ 53 ~64) 
T 47 41 ,43 34 56 68 __,,,,,~-- -~ 

4o UT 61 ~ 77~ 53 ~63' 48 f55~ 55 f67) T 51 \ 61 48 55) 43 46, 48 56 

X UT 56 (68) 47 (54) 61 (74) 57 (71) 
T 52±3 ( 62) 45±4-c 50) 47:t:7 (53) 54±2(65) ---- --



APPENDIX 2 Continued) 

25.3 ~.10.61 

Block Treatment Perennial Timothy Cocksfoot Browntop ryegrass 

1 e UT 57 i 71 ~ 46 ~52~ 53 ~~~~ 58 (72' 
T 50 59, 39 40 51 57 t10) 

2. UT 66 ~84~ 39 ~40) 63 ~IE? 46 ~52) 
T 46 52 50 59 47 66 84~ --

, .• 3., UT 51 ~ 60 ~ 47 ~~4< 61 ~ 77~ 73 ~92< 
T 60 75) 49 :; 7 i 55 67 75 931 -

4. UT 59 ~74~ 50 ~59) 61 ~77\ 65 ~82) 
T 54 66 50 ~o< 53 64~ 61 77) ,_,;.,} -- -----·-- ...... __ 

-
X UT 58 (72) 46 (51) 60 (74) 61 (75) 

T 53±4(63) 47±3(54) 52±2(62) 65±4(81) ________ ,____,_ ---

25.L~ ll.u..Q..& ... . . -
Block Treatment Perennial Timothy Cocksf'oot Browntop ryegrass -

1 .. UT 59 t74) 45 f 50 ~ 60 ~ 75 ~ 62 (78~ 
T 56 (69) 44 48 47 54 72 (91 

--· -..... ------ .. ... _,, 

2o UT 71 (89~ 47 ~54~ 82 (98' 71 (89~ 
T 70 (88, 53 64 51 (60) 65 (82, -- - --------------

3"' UT 65 (82~ 75 ~93) 65 f82~ 76 (94) 
T 61 (77 -o ,74~ 54 66 65 (82~ .'.)., -- --

4., UT 56 ~69~ 61 ~ ..,7 \ 74 ( 93 ~ 74 ~92~ 
T 50 59) 66 81.L~ 46 (52, 67 85 \ . , - ... --------.-- --

X UT 63 (79) 57 (69) 70 (87) 71 (88) 
T 59±1(73) 56±4(68) 50±4 (58) 67±3 (85) -



25.,5 6.11 .61 
--· 

Block Treatment Perennial Timothy Cocksfoot Browntop ryegrass 

1 .. UT 78 ~96~ 66 ~84) 64 ~~:~ 77 (95)~ 
T 69 ,87 69 87) 66 90 (100 

---
2. UT 80 ~§~~ 59 ~74~ 72 f§1~ 90 (100) 

T 80 69 87 73 80 (97) 

3., UT 71 ~89? 78 ~ii~ 74 (92? 90 (1 
T 75 93 70 77 (95 82 ( 

4. UT 90 ~ 100? 72 ( 91 ~ 72 ~ 91) 90 (1.001 
T 90 100 78 (96 90 100) 75 (93 - L~--------~--

X UT 80 (96) 69 (86) 71 (89) 87 (99) 
T 79±2(94) 72±3(90) 77±1 ( 93) 82±2 (97) 

----· .. --



APPENDIX 26 

Analyses of variance of' the transformed rcentages 
(growing points) 

12.2.61 
26.1 Pere:nnial riegrass 

Source ss .. d.f'. M .. S. F value F required 

Block 268 3 89 4.2~ 9.28 N.,S. 
Treatment 36 1 36 1.71 
Error 62 

Total 366 7 

26.2 T~rqqt:h;y; 

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

Block 67 3 22 .oo 9.28 N.,S., 
Treatment 2 1 2 .,00 10.10 N,.S., 
Error 73 3 24 

Total 142 7 

2.6.2, C ocksf qcrt: 

Source ss. d .. f'. M .. S. F value F required Result 

-
Block 98 3 33 .. oo 9.,28 .. s .. 
Treatment 1 1 1 .. oo 10 .. 10 .. s .. 
Error 116 3 39 

Total 215 7 

26.~ Brov~:n.,to32. 

Source ss .. d.f'. M.,S., F value F required ResuJt 

Block 265 3 88 .oo 9 .. 28 N.,S .. 
Treatment 84 1 84 .oo 10.10 N.S .. 
Error 282 3 94 

Total 631 7 



APPENDIX 26 (Conti31,ued;1. 

26 .. 5 Coll}bined specie§ 

--
Source ss., d .. f' • M.,S., F value F required Result 

Block 124 3 41 <1.00 3.86 N .. S. 
Species 673 3 224 3.,50 3.86(6 .. 99) N.,S., 

Er1·or 1 573 9 64 

Treatment 4 1 '-1. .. oo 4. 75 N.,S., 
Species 
Treatment 119 3 40 .oo 3.4.9 N.,S. 
Error 2 533 12 44 

Total 2026 31 

22.2.61 

26 .. 6 ~erennial r;y:egraf!S 

Source ss .. d.,f'" M.,S., F value F required Result 

Block 137 3 46 1 .. 10 9 .. 28 N.,S., 
Treatment 40 1 40 .,00 10.10 N .. S .. 
Error 126 3 42 

Total 303 7 

~6-1 Timothi 

Source ss .. def' e tJI. s. F value F required Result 

Block 283 3 94 1.,24 9.28 N.,S., 
Treatment 8 1 8 (1 .. oo 10.10 N .. S. 
Error 229 3 76 

Total 520 7 



AflPENDTX 26 (C,o:qtinued) 

26.,8 Cocksfoot 

-
Source ss .. d.f., M.,S., F value F required Result 

Block 177 3 59 <1 .. 00 9.,28 N .. S., 
Treatment 392 1 392 2.13 10.10 N.,S., 
Error 553 3 184 

Total 1122 7 

26 .. 5! Brownto:12 

Source ss .. d.,f' • s .. F value F required Result 

Block 155 3 52 2.26 9 .. 28 N .. S. 
Treatment 21 1 2 .oo 10.10 N.,S. 
Error 70 3 23 

Total 246 7 

26.10 Combined suecies. 

Source ss .. d .. f., :M.S., F value F required Result 

Block 203 3 68 1 .. 11 3.86 N.S .. 
Species 434 3 145 2.,38 3.,86 s .. 
Error 1 548 q 61 ., 

Treatment 282 1 282 3,.43 4 .. 75 N.,S .. 
Species x 
Treatment 179 3 60 .. oo 3.49 s., 
Error 2 979 1 82 

Total 2625 31 



APPEI'f-01]-. 26 (qqntinueql 

J .. 10.61 

26.11 Perennia~ ,rxegrass 

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

Block 11 3 4 .. oo 9.,28 N.,S., 
Treatment 66 1 66 .. oo 10 .. 10 N.,S., 
Error 211 3 70 

Total 288 7 

26 .. 12 TimothX 

Source ss .. d.,f. .. s. F value F required Rijsult 

Block 68 3 23 .. oo 9 .. 28 N .. S. 
Treatment 4 1 4 .. oo 10 .. 10 .s .. 
Error 83 3 28 

Total 155 7 

26 .. 13 , Cock;~t:oot 

Source ss .. d.,:f' .. M.,S., F value F required Result 

Block 42 3 14 .oo 9.28 N.,S., 
Treatment 128 1 128 7.53 10.10 N.S. 
Error 52 3 17 

Total 222 7 

26.14 Brow11to:Q 

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

Block 400 3 133 2 .. 29 9.,28 N.,S. 
Treatment 36 1 36 .oo 10.10 N .. S .. 
Error 174 3 58 

Total 61 O 7 



APPENDIX 26 (Continued) 

~6.15 Combined s12ecies 

Source ss .. def',, M.,S., F value F required Result 

Block 283 3 94 3.,62 3 .. 86 N,.S., 
Species 1081 3 360 13 .. 85 3 .. 86 ( 6. 99) • • 
Error 1 237 9 26 

Treatment 32 1 32 .. oo 4.,75 N.,S. 
Species 
Treatment 203 3 68 1 .,56 3.,49 S., 
Error 2 520 12 43 

Total 2356 31 

-

1,2 .. 1.0.,61 
26.,j6 Perennial r~egras~ 

..-.=Id 

Source ss .. d .. f'" M.S., F value F required Result 

Block 341 3 114 57.00 9.28?29.50~ • • 
Treatment 24 1 24 12.00 10.10 34.10 
Error 5 3 2 

Total 372 7 

26 .. 17 Timot:q.;z-

Source ss. d.f. M.S., F value F required sult 

Block 690 3 230 4.42 9 .. 28 N .. S. 
Treatment 4 1 4 1 .. 00 10 .. 10 N .. S. 
Error 155 3 52 

Total 849 7 

26.,18 Cocksfoot ---
Sou1 .. ce ss .. d.f" M.,S,. F value sult 

_,,,_,,'I $ = 1-et:1••,m::,,g,..,S--:P,'!Ce~-HI--- .. ,r: II' "'" 

Block 170 3 57 1.09 9., N.S .. 
Treatment 861 1 861 16.56 10., 10 (34.10) • 
Error 1 



26,J.2 Bro~,·!nto12 

....... illP ct ... -- - * --- .. . - . 0 ill,: •• •==r-.-
- ""1111' . -., 

Source ss .. d .. f. M.,S. F value F required Result 
-•_,,..-..«II 

Block 19 3 6 .. oo 9.28 N.,S. 
Treatment 25 1 25 .. oo 10.10 N.,S,. 
Error 128 3 43 . 

C -- ....... ..,,.,. C •· --

Total 172 7 
-- .., .. -r .,.. ..... . ' 0...:411! lll•'#b>-

26.,20 Combined Sl)ecie'=! 

-~-- . ... .,. ------ ~ !( PIIIII. ~ llli! ..,.,, __ ¢Oil!-----
Source ss .. d .. f',. Ivi.S. F value F required Result 

Block 415 3 138 1 .52 3.,86 N.S., 
Species 684 3 228 2 .. 51 3.,86 N.,S., 
Error 1 815 9 91 

Treatment 428 1 428 11.89 4.75 ( 9.33) * • 
Species 
Treatment 496 3 165 4.,58 3 .. 49 (5,.95) * Error 2 436 12 36 

et • • F Sf C:, • .......... - • 1 

Total 3274 31 - - ••-= ,C, - ,o,. .. 0 I .. 

6 .. 11.61 

26 .. ~1 P~r~n;q,i~l-~Y.egra~~ 

Source ss .. d .. f., M .. S., F value F required Result __________________ , __________ _ 
Block 115 
Treatment 3 
Error 45 

3 
1 
3 

38 
3 

15 

9e28 
10 .. 10 

N.,S. 
N .. S,. 

----•-•-·-·•-II•--·-·-•-·-•-•-•-•~-------- -:C "liq """""'*=:t•-= l II Ill 
Total 163 7 



26,.22 - i:t:i.J].othl 

Source ss .. defo M.,S. F value F required Result 

Block 226 3 75 1.83 9.28 N.,S. 
Treatment 32 1 32 .oo 10.10 N .. S .. 
Error 124 3 41 

Total 382 7 

.£,,Qe 2,,3 e Cocksf'oot 
et W-=tl;o11tilt < ,. ... 

-- , .... ---
Source ss .. defe .s .. F value F required sult 

Block 187 3 62 7.75 9.28 N .. S .. 
Treatment 36 1 36 4.50 10.10 N.,S. 
Error 23 3 8 

Total 246 7 - --
26,.2!-1:,_ .. Brcr,~tq:g 

·- ~ - •=- -- .. 11••••r•11=-

Source ss. d.f. M.S. F value F required Result 
it; ' f F-• Ill - ,,., -- e •••• 

Block 8 3 3 .. oo 9.,28 N.S • 
Treatment 6 1 6 .. oo 10 .. 10 N.,S., 
Error 37 3 12 

Total 51 7 

26.2.2 ,~ .. Comqi,ned s32ecies 

SOUl"Ce ss .. defe M.,S., F value F required Result . w-.....,,__..,.,_ 

Block 401 3 134 2.,97 3.,86 N.S .. 
Species 931 3 31 O 6 .. 89 3.86 (6.99) * 
Error 1 423 9 45 

-----. ........ "I = 

Treatment 3 1 3 <1 .. oo 4.75 N .. S .. 
Species 
Treatment 136 3 45 1 .. 15 3.49 N .. S .. 

Error 2 462 12 39 

Total 2356 31 

---- ... ... ,..____ 



APPENDIX 27 

Percentage of tillers showing internode elongation and flowering. 
Treatment means and standard errors transformed data shown. 

il:.1 Perennial ryegras*s. 

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) 40 (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) 

4 UT 8 (2) 22 ( 14) 38 (38) 59 (73) 

T 8 (2) ( 15) 25 ( 18) 56 (69) 

X UT 9 (2) 18 (10) 32 {28) 50 (59) 
I +4 + + 

T 10 ;r 1 (3) 18- (10) 28-9(22) 48-7(55) 

_g1d_ Perennial cyegrass 

Flowering 

Block Treatment 6.11 .. 61 

1 UT 31 {26) 

T 31 {26) 

2 UT 31 (27) 

T 24 ( 16) 

3 UT 27 (20) 

T 24 (16) 

4 UT 24 ( 16) 

T 30 (25) 

- UT 28 l~~~ X T 2:Z 



APPENDIX 27 (Cont.) 

~ Timoth~ 

Internode elongation 

Block Treatment 13.10.61 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) 42 (42) 

T 20 ( 12) 42 (42) 

4 UT 13 (5) 44 (44) 

T (-) 53 (53) 

UT 18 ( 10) 47 (51) 
X ±4 + 

T 5 (3) 41-5(41) 

27.4 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) 43 (46) 
T - (-) 51 ( 61) 

3 UT 31 (27) 40 (42) 
T 8 (2) 50 (59) 

4 UT 17 (9) 38 (38) 
T - (-) 46 (52) 

- UT 17 (10) 38 + (38) 
X 

5± 4 (2) T 53-7(63) 

3 flowering tillers were noted in UT plots. 



APPENDIX 27 (Cont) 

~ Browntop 

Internode elongation 

Block Treatment 3.10.61 13.10.61 6.11.61 

1 UT 33 (30) 30 (25) 47 

T - (-) 16 (8) 59 

2 UT 14 (6) 31 (27) 67 84) 

T - (-) 31 (27) 51 

(-) 34 (31) 64 ' 3 UT - l81 

T 18 ( 10) 29 (24) 48 

4 UT - (-) 33 (30) 72 (91 
\. 

T - (-) 27 (21) 43 

UT 12 (9) 32 (28) 63 (78) 
X +a + 

50±6(59) T 5- (3) 26-2 (20) 



.APPENDll 28 • 

.Analyses of variance of' the transformed percentages; (internode 
elongation)• 

Timothy 

28.1 1,2 .. 10.61 

Source ss. d.,:f'. M.S. F value F-req:uired Result 

Block 188 3 / 6-:., . :, 1.07 9.28 N.S .. 
Treatment 325 1 325 5 • .51 10.10 N.S. 
Error 1i7 3 59 

Total 690 7 

28.'2 6.11.61 

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

Blook 94 3 31 .oo 9.,28 N.S. 
Treatment 91 1 91 .oo 10.10 N.S. 
Error 298 3 99 

Total 483 7 

Oook!lts.2,2:!i 

28.,2 1,2 .. 10.,61 

Source ss. i:lo:f' o M..S., F value F required~ Result 

Block 256 3 85 1.33 9.28 N.,S., 
Treatment 253 1 253 3.95 10.10 N.,S., 
Error 192 3 64 

Total 701 7 

28 .. ~. 6 .. 11.61 

Source ss. d.:f. M.S., F value F required Result 

Block 82 3 27 <1.00 9.28 N.S. 
meatment 1250 1 1250 6.,65 10 .. 10 N.S. 
Error 563 3 188 

Total 1895 7 



.APP.ENDIX 28. (Continued.) 

Brownto'Jl'I, 

28.~ 1,2.10.61 

Source ss. d.f'. M.S. F value F regµired Result 

Block 95 3 32 1.88 9.28 N.S. 
Treatment 78 1 78 4.59 10.10 N.S. 
Error 50 3 17 

Total 223 7 

28.6 6. 11.61 

iource ss. d.f'. M.S .. F value F regµired. Result 

Block 40 3 13 .co 9 .. 28 N .. S,. 
Treatment 300 1 300 2.01 10.10 N.S. 
Error 448 3 149 

Total 788 7 



.APPENDIX 29. 

Soil moisture(% o~ oven-dried soil) at time of treading 
(13.9.61)., Block ~igure, species plot, trea i:ment means 
and stand.a.rd errors shown. 

29.1 

Block TI"'eatment Perennial Timothy Cockst'oot Browntop 
ryegrass 

1 UT 35.0 26.6 31,. 7 ;J.i .• 1 
T 32.6 31 .. 1 33o5 30.6 

2 UT 33.1 28.9 32.4 30.3 
T 27.3 31.6 34-.4 33.1 

3 UT 36.0 32.4 .34. 8 32.8 
T 31-... 1 32.1 34.8 32.5 

4 UT 3li-e 7 30., 7 33.1 31.0 
T 32.0 32.8 33.0 3lf-.7 

-X UT 34-. 7 ! 0.62 29. 7::.: o., 70 33.0 :!: 0.40 32.1 :!: 1., 14. 
T 31,,5 31.9 33.9 32.7 

Overall 11'."ean = 32.4% 



APPENDIX 30 • 

.Analyses o~ variance of soil moisfu.re data. 

.1 Perennial ·S 

Source ss. d.f. !J.S. F value F required Result 

Block 25 .. 53 3 s.51 5.46 9.28 N.S. 
Treatment 20.48 1 20.48 13.13 10,, 10(.34,.10) * 
Error 4.67 3 1.56 

Total 50.68 7 

39.2 Timothy 

Source ss. d.f' • 'f( 0 ru • ......,. F value F required Result 

Block 14.21 3 4.74 2.41 9.28 N.S. 
Treatment 10,,12 1 10.12 5.14 10.10 N.S. 
Error 5.90 3 1.,97 

Total 30.23 7 

32.3 Cooks:f'oot 

Source ss. d.f. lrl.S. F value F required Resu.lt 

Block 5.42 3 1.,81 2.83 9.28 N.S. 
Treatment 1 .. 71 1 1 .. 71 2.67 10.10 N.S. 
Error 1,.91 3 0.64 

Total 9.04- 7 

39• t Brown ~ 

. Source ss. d.f' • 11.s. F value F required Result 

Block 1 .. 52 3 0.51 <1.00 9.28 N.S. 
Treatment 0.91 1 0 .. 91 <1 .. 00 10.10 N.S« 
Error 16.02 3 5.34 

Total 18.45 7 



APPENDIX 31 

Bulle density 0£ the sell (gms/c.o.) at £our depths one mont.'r:t after 
treading (11.10.61). Block figure, species plot, treatment means 
and. standard. errors shown. 

31.1 0-2 oms. 

Block Treaiment Perennial Timothy Cocksfoot Brow:ntop 
ryegrass 

1 UT 1.16 1.05 0.93 1.02 
T 1.22 1.22 1.23 1.15 

2 UT 1.12 1.06 1 .. 05 1.15 
T 1.19 1.18 1.15 1.17 

3 UT 1.06 0.98 0.97 0.83 
T 0.98 1.09 1.21 1.06 

UT 1.16 0.96 1.20 0.83 
T 1.21 1.34- 1 .. 25 1.15 

-X U'll. 1
• 13 ± 0.025 1 .. 01 ± 0.01+4- 1.04. ± 0.04-1 0 .. 96 :!: o.04-6 

T 1.15 1 .. 21 1 .. 21 1 .. 14-

31.2 2-:!!; ems. 

Block Treatment Perennial Timothy Cockst'oot Brow.ntop 
ryegrass 

1 UT 1.23 1.19 1.31 1.21 
T 1.31 1.33 1 .. 35 1.32 

2 UT 1. 13 1.29 ~~05 1.20 
T 1.34- 1.44- 1.29 1 .. 34-

3 UT 1.08 1.30 1.13 1.16 
T 1.27 1 .. 27 1 .. 24- 1~5 

UT 1.12 1.11 1.21 1.20 
T 1.22 1.17 1 .. 35 1.29 

- UT 1.14 ± 0.023 1.22 ± 0.030 1.18 t 0.029 1~fJ9 ± 0.009 X 

T 1.29 1.30 1.31 1.30 



APPENDIX 31 ( Continued) 

. l1•~ !£::.6 ems • 

Block Treaiment Perennial Timotlzy Cocksfoot Browntop. 
ryegrass; 

1 UT 1.16 1.17 1.15 1.16 
T 1.19 1.18 1.21 1.19 

2 UT 1.16 1.23 1.00 1.12 
T 1.25 1.15 1.19 1.24-

3 UT 1 .(114. 1.12 1.09 1.11 
T 1.18 1.17 1.16 1 .. 16 

UT 1.06 1.06 1.16 1.16 
T 1 .. 15 1 .. 32 1.27 1.18 

- UT 1
• 

11 :!: 0.015 
X 1

• 15 :!;: 0.051 
1 

• 
10 :!: 0,.019 

1
•
14 

:!; 0.015 
T 1.19 1.21 1.21 1. 19 

31.~ 6-8 ems. 

Block ~eaiment Perennial Timothy Oocksfoot Browntop 
ryegra;ss 

1 UT 1.09 1.24, 1.06 1.20 
T 1.13 1.20 1.13 1.05 

2 UT 1.11 1.20 1.20 1.20:.' 
T 1.13 1.12 1.21 1. 24 

3 UT 1.11 1.11 1.12 1 • 14, 
T 1.13 1.13 1.15 1.16 

UT 1.09 1. 12 1.01 0.95 
T 1.21 1.23 1.25 1. 14, 

- UT 1.10 ± 0.017 1.17 ± 0.029 1.10 :!: o.037 1.12 ± o.OLi-9 X 

T 1. 15 1.17 1.19 1.15 



APPENDIX 32 

Analyses of variance of bulk density data 

0-2 ems 

E.:J_. Perennial ryegrass 

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

Block 0 .. 0382 3 o. 27 5.08 9.28 N.S 

Treatment 0.0012 1 0.0012 .oo 19.10 :N.S. 

Error 0.0075 3 0.0025 

Total 0.0469 7 

V = 4.5% 

2b_g. Timothy 

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

Block 0.0159 3 0 .. 0053 <:::1 .oo 9.28 N.S. 

Treatment O .0761 1 0.0761 9.63 10.10 N.S. 

Error 0.0238 3 0 .. 0079 

Total 0 .. 1158 7 

V = 7.8% 

~- Cocksfoot 

Source ss. d .. f. M .. S. ·F value F required sult 

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 

V = 7 3at • /0 



. BrowntoQ 

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 7.39 10.10 N.S. 

Error 0 .. 0250 3 0.0083 

Total 0.1420 7 

V = 8.7% 
2-4 ems 

~- Perennial ~egrass 

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

Block 0.0140 3 0 .. 0047 2 .. 24 9.,28 N .. s. 

Treatment 0.0420 1 0.0420 20.00 10., 10 * (34 .1 o) 
Error 0.0063 -z 0.0021 .,/ 

Total 0.0623 7 

V = 3.6% 

. Timothi 

Source ss. d.f. M.S. F value F required sult 

Block 0.0520 3 0.0173 4.94 9.28 N .S. 

Treatment 0.0128 1 0.0128 3.66 10.10 N.S .. 

Error 0.0105 3 0.0035 

Total 0 .. 0753 7 

V = 4.2% 

2£J._. Cocksfoot 

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

Bloclc 0 .. 0353 3 0.0117 3.,44 9.28 N.S. 

Treatment 0.0351 1 0.0351 10.,32 10.10 * 
Error 0.0103 3 0 .. 0034 

Total 0.0807 7 

V = 4.5% 



APPENDIX 32 (Cont.) 

• Brownto12 

Source ss. d .. f., M.S. F value F required sult 

Block 0.0053 3 0 .. 0018 6.00 9.28 N.S. 

Treatment 0.0231 1 0.0231 77.00 10 .10 ** 
0.0008 

(34., 1 o) 
Error 3 0.0003 

Total 0.0292 7 

V = 1.4% 

4-6 ems 

~- Perennial ~egrass 

Source ss. d.f: .. M.S. F value F required Result 

Block 0.0146 3 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 

V = 2 .. 8% 
32 .10. Timothil: 

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

Block 0.0027 3 0 .. 0009 .oo 9.28 N.,S., 

Treatment 0.0072 1 0.0072 .oo 10.10 N.S .. 

Error 0.0311 3 0.0104 

Total 0.0410 7 

V = 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 .1 o) 
Error 0 .. 0052 3 0.0014 

Total 

V = 3 .. 1% 



APPENDIX 32 (Cont._) 

32 .12. Brownto:12 

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

Block 0.0025 3 0.0008 .00 9.28 N.S. 

Treatment 0.0061 1 0.0061 6.10 10.10 ?LS. 

Error 0.0030 3 0.0010 

Total 0.0116 7 

6-8 ems V = 2.8% 

32 .13. Perennial !::{egrass 

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

Block 0.0018 3 0.0006 .. oo 9.28 N.S .. 

Treatment 0.0050 1 0 .. 0050 4.55 10 .. 10 N.S. 

Error 0.0034 3 0.0011 

Total 0.0102 7 

V = 2. 

32 .14. Timothi,[ 

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

Block 0.0103 3 0 .. 0034 1 .oo 9.28 N .. S. 

Treatment 0.0001 1 0 .. 0001 .oo 10 .10 N .. S. 

Error 0.0101 ?, 0.0034 ./ 

Total 0.0205 7 

·V = 5.0% 

32 .15. Cocksfoot 

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

Block 0.0128 3 0.043 .oo 9.28 N.S. 

Treatment 0.0153 1 0.0153 2.78 10.10 N .. S. 

Error 0.0164 3 0 .. 0055 

Total 0.0445 7 

V = 6. 



22. 16. Brownto12 

Source ss. d.f" M.S., F value F required Result 

Block 0.0313 3 0.0104 1 .07 9.,28 N 

Treatment 0 .. 0013 1 0.0013 .. oo 10 .. 10 N.,S .. 

Error 0.0290 3 0.0097 

Total 0.0616 7 

V = 8.7% 




