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INTRODUCTION 

Competition in plant communitias is one of these 

concepts that has been investigated and discussed extensively 

and ye t very few people if any have a thorough understandlng 

of all its intric~cies and complexitie:s. 

Any study that did or will reveal soma of the unknowns 

of this phenomenon in grassland will be a step in the 

direction that will ultimately permit the attainment of 

the ideal pasture plant community. However, presently, 

until more is known, especi1lly on the value of competition 

as it coeurs in hay end pasture swards, any ettempt to come 

forth with recommandations on the compounding of forage 

mixtures may be rather vain, because these will be only 

temporary. 

Probably the earliest record of people being aware of 

competition dates back to the 14th century when Peter de 

Crescentiis understood that competition existed between 

trees. Malthus expressed competition upon mankind in terms 

of population and food supply. De Condolle in the early 19th 

century gave probably the first definite characterization 

of plant competition when he stated that all the species of 

s region, all the plants of a given place are in a stete 

of war with respect to eech other. Darwin called this 

"the struggle for existence" end Spencer "the survival of 

the fittest". (Clements et al. 1929). 



Clements et al. (1929) did probebly the most extensive 

study ever done on plant competition. It is doubtful that 

anything comparable has been produced since by any group 

of workers. 

Currently. competition studies in grassland are done 

to any large extent. mainly in Australie, New Zeeland and 

England. Soma aspects of it are studied at Wageningen 

in Rolland, various other places in Europe end also in 

Je pan. 

Competition has been defined in many ways; Clements 

et al. (1929) éonsidered it a purely physical process, one 

that begins only when the immediate supply of a single 

necessary factor falls below the combined demand of the 

plant. The factors in question are of course the water 

supply, the nutrient materiel, the light and the micro-

climate. A definition of competition which was found to 

be as good as any so far existing, was given by Yamada and 

Horinchi (1960). These workers defined competition 

"as interplant action and reaction as plants compete for 

water,nutrients and light. But such reaction cannot 

itself be directly observed and consequently can only be 

recognized indirectly by its visible affect, phenotypic 

bias". It was however stressed that competition must be 

clearly distinguished from aninternecme reaction, since the 

latter shows a bias in one dtrection only. 

2 



Very little· work if any bas been done to develop tecb.ni• 

ques wb.ich will give measurable value to competition. In the 

review following, the work of Caput•(l948) is considered and 

was found to be the only one to have had as an objective to 

give, if not an absolute value, at least a relative one, to 

competition as it occurred in simple forage mixtures. 

The broad objective of this study was to establish a 

technique which nould be applied to &ssess competition as lt 

occura in the forage plant eommunities. More precisely this 

investigation, was concerned with obtalning a method that 

would parmi t the measuring of· compati ti on in hay and pasture 

mixtures# on the basis of quantitative characters which 

determine the competitive ability of a plant. 

The first method to be used, is the yield per unit area 

of ground cover as obtalned from both the dry matter yield and 

the point quadrat. The measure was based "on the mathemstical 

concept ofhomogeneity of' a unit aree> aa represented by a pin• 

point". This concept was introduced by Levy and Madden (1933), 

and limited in this study to a unit area of ground cover. 

On this basis, lt was assumed that a' unit area of ground will 

produce the same yleld of dry matter, irrespective of whether 

the ground was covered by a species in pure stand and the same 

species in a mixed stand, and therefore there is no campet!• 

tion. The direct objective was then to prove or disprove 

this hypothesis with the measure "yield par unit area of ground 



cover", thà 11 totgl photosynthe:tle" a rea' and hence the net 

a;s si mi la ti on ra te. 

4 

If these etudies should prove to be conclusive enough, 

then i t may be envisaged that future reseerch programs, should 

ba set up with the objective to study competition, based on 

the measurement of compati ti on, in hay and pasture mixtures. 

This could encompess a more dlrect study towards the 

undersDanding of the affects of water, nutrients, light and 

the micro•climate on plants when they compete for these 

factors. 
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LITERATURE REVIEW 

I The Point ~uadrat 

( i) Ground Cover In pest work the term •cover' bas been 

used to measure a) the relative importance of the species 

in the plant community, b) to e3Press the are~ of ground, 

covered by one species in relation to total ground surface. 

Knutti (1961) defined 1 cover' as the "vertical pro­

jection of the above ground parts onto the ground". For, 

the study he had undertaken he expressed the ares covered, 

in relation to the total ground cover, and the relative 

importance of the species was expressed in terms of the 

rel a tl onsh1p axis ting be tween 'cover' and the total are a 

eovered by the investigation. 

According to this author, there are 3 main methods ot 

estimating ground cover: 

a) Visually (which is used currently by European 

ecologists). 

b) The percentage area estimation, which involves 

the use of quadrats or grids to give 

estimates of ground caver. 

c) The point quadrat method (abreviated as PQ trom 

he re on), from Levy and i1fladden ( 1933) 

The first two of these are more or lesa subjective 

methods and are dependent to a large extent on personal factors. 
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The third method which will be the only one this literature 

review will be concerned with, 1s the most objective of 

them all. The only sources of aubjectivity that could be 

introduceà, would be incomplete knowledge of the apeciea 

unàer consideration, meteorological, and othera of auch 

character but which are not likely to be met with frequently. 

According to Brown (19.54), the opinion of most of the 

investigators that have worked with the point quaclrat 

method ia that 1t "has avery prospect of becoming the 

accepted one, for large scala survey as wall as for· exact 

analysis.". 

Wagner (19.52) suggested that in actuel practice', one 

of the more appropriate wa~of using the PQ is to measure 

ground cover of a species. This is dona by recording the 

first hit on each apecies on any one needla. That this 

could give an estimate of the ares of ground covered by any 

one speciea, la readily acceptable, if i t is assumed that 

a point representa, in this method, a quadrat which was 

smaller and smaller until it became infinite. 

Thus up' to the present time many workers have used 

this method. 

In a study of herbaceoua vegetation He·ady (19.57) 

mea·sured and determined the value of b.eight of plants. 

He suggested that height as he measured 1 t, gava a vertical 

dimension to the concept of foliage covar. 



Jones and Evans (1959) used the averaged species­

height. multiplied by the percentage ground cover of the 

species obtained by PQ snalysis to give a H x G value. 

This was then compared with the dry matter yield obteined 

from one or 3 one square foot quadrats in 8 oompsrisans. 

7 

They obteined highly signiflcant oorrelatlonsbetween observed 

and calculated yielda but ln genersl low r 2 values. The 

H .x G factor-s for each species, showed more signlf1cant 

differences between treatments end lower c.v. than the 

observed yleld from that species. These workers concluded 

that the H x G factor was faster and more precise. 

(11) Density. This has been defined by Goodall (1952) as 

the number of individu-la or shooœper unit ares and restricted 

by Brown (1954) to the number of individuels of a species, 

par unit area. Cottam, et al. (1953) used the seme definition 

for what they termed 1 area density•. Furthermore, they 

defined 'relative densi ty• as a percentage of the total 

number of individuels present in a plant communlty. In 

the first instance the term was applied to the relatiaaship 

e:.xisting, between the number of individuala present and a 

unit are a ( quadrat, 100 square metres,, acre). In the second 

instance, density was e.xpressed as the ratio:total number 

of individuals of one species/total number of individuels 

of all specles multipl1ed by 100, which eppeaœto be simply 

the peroentege composition of a species in a sward. 
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Whitman and Siggeir~(l95~ indicated that the point 

contact method gave them an overall higher density evaluation 

for most species and groups than the lina interception metbod. 

In the study they undertook they recorded a) all the bita 

on a species~ b) only the hit when the pin made contact with 

the base of the plant. They round that the first of these 

gave a variation that was equal to that obtained with the 

l!ne interception method~ in indicating the presence or a 

apecies on a study area, whereas the basal contact method 

was poorer. The intensity of sampling used by these workers 

was 120 lina transects and 3000 points for the PQ method. 

The den si ty of the 'all•conta ct~. 1 method wes ealculated by 

"expressing the number of hits on any one species par 100 

points and multiplying this by 100 minus the percentage bare 

ground". It may be in order here, to point out that this 

calculation appe ars to be no different from what Levy (1933) 

used to obtain what he termed "Percentage cover each species 

is contributing to the total ares". 

Cottam and Curtis (1956) did not find •area density• 

•s defined by Cottam et al. 1953 (see above) a satisfactory 

measure to study 3 forest commun1t1es. Instead they used 

the amount of ares per plant, whlch according to these authors 

is related to a mean ares (M) which is equal to ljdensity. 

Density was than determined per unit area, and obtained from 

the distance between plants measurement which ls equal to the .. 

square root of M. 
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Spedding and La,rge (1957) measured density with the PQ. 

on the assumption th~t for a given species, density is 

directly proportional to the number of hits recorded 1 This 

-, allows them to express den si ty by the mean number of hi ts 

(par lOO points) par inch since they also measured height. 

This same definition or use of density has been used in the 

present study. 

Warren Wilson (l959s) in a paper in which he reports an 

analysis of the spatial distribution of foliage by a two dimen­

siDnal PQ method, describes 'foliage denseness• (F). Ha dafines 

this function as the total ares of foliage par unit volume 

or spa ce. By measuring this F with a PQ on a horizontal 

and yertical plane, ha obtained projections of F90 and F0 which 

he called .1contact frequency'. This was defined as the number 

of contacts with foliage par unit length of point quadrat. 

(iii) Number of Points The work dona on the number of 

points required in PQ sampling of vegetation was very ebly 

reviewed by Dorothy Brown (1954). However it wes round worthwhile 

to mention soma of these studies with little more detail. 

Clark et al. (1942) round that the number of samples required 

to determine botanical composition is apparently a function 

of the grass cover. They did not specify, however, the 

number of poin\'is used in their study. Yet, their resulta 

indicated that a satisfactory sampli.ng is obtalned when the 

standard error is laas then 5%. In most cases this would 

require 2000-4000 points or 200-400 stations of a 10 point PQ. 
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To reduce the error to 1% would require a sampling of 80000 

points (epprox.). Further, they go on to say tb.at with a 

ground cover (basal hits only) of S%,3600 points are necessery 

and when this goes up to 18%,2~00 points are sufficient. 

This of course epplies to open rangeland. 

Crocker end Ti"tter 194.8 studied cover on gresslend in 

Southeastern Australia. They came to the conclusion that 

300-500 point samples per unit ares (paddock, field) were a 

satistactory number. 

Whitman and Siggeirsson (195~) tound that on a mixed­

grass prairie in North Dakota, 1400 all-contact or 3600 basal• 

contact points were required to give a sampling error of 10% 

or less for the major eomponents and one of 10-20% tor all the 

other sepcies or groups except plains gra·ss (Calamagrostis 

mantanensis). Heady (1957) in measuring height of plants in 

a 200 acre pasture, in 3 successive samplings used a total of 

1890 points. No mention was made, in what proportion these 

were used. Spedding and Large (1957) in an experiment on 

height and density in pastures, sampled 10 PQ frames (100 points) 

5 times in succession on a 1 acre plot. Johnston (1957) in 

eveluating metbods of meesuring grassland vegetation, determined 

tbat 10 transects, each 50 teet long will sample vegetation 

in Southern Alberte with the PQ to 10% ot the basal ares. 

V~n Keuren and Ahlgren (19S7a) used 20 locations to 

evakuete the botanicel composition of a sward by different 

methods. Within each location a vertical and inclined PQ <4SO) 
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was used tn 4 dtfferent poslt'ons. Thus 40 po'nts per 

locat:ton and 800 potnts per method were analyzed. The spectes 

in the varlous pastures studted varied in actual percentage 

composition from 9.0% to 13.5%. The same authors (1957b} in 

a study of the same nature, but on several forage mixtures 

and one pasture dtd their sampling on 13 feet 2 inches by 30 

feet strips. In the mtxtures they used 6 positions or 60 

points and ~ n the pa sture 12 post ti ons or 120 points. 

(iv) Botanical Composition In rev1ew:tng past studles, 

4 mai.n methods to evaluate hotantcal composltton in a sward 

are encountered: a) visual est1mati.on, b) count 11 st, c) band 

separation or weight l'st, d) PQ method. All of these are 

also found as vartous modificattons. 

W"th•n the PQ method modlficat'ons as to angles of 

incl~nat~ons, position of point quadrat with respect to the 

points of the compass, ktnds of bits recorded are frequently 

used. 

Drew (1944) compared the count list, the vertical PQ, 

the incllned PQ and the weight list, to o'btain percentage 

composition. Tan half-square metre areas of a grass-lespedeza 

mixture were selected at random, and in each area the stems 

of individuel plants were counted. Following this PQ readings 

were obtained at 90° and 45° angles at 3 d~fferent positions 

of the PQ,. The flrst hi ts on a specles at one instance and 

all hits at another were recorded. After these operatlons 

each half-square metre area was clipped And the materiel 
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W!IS hand seperated. The resulta obtained by this worker 

indicated that the PQ metb.od yielded more satisfectory 

percentages composition than the count-list method and that 

the evaluation of correction factors was not necessary. He 

also round thet the 1nc1ined PQ, and recording a11 hits gave 

better estimations then the ether techniques used. But that 

the stages of development of the species under study deter­

mined the type of ana1ys1s to be used and "that this method 

should be eva1ueted on the beais of repeated trials". 

Amy (1948) did a PQ ena1ysis study on alts1ta and grass 

mixtures at different stages of deve1opment. After each 

reading was comp1eted the ares under the PQ (10 x 19 inches) 

was eut and band seperated. He came to the conclusion that 

correction factors were necessery for this specifie type of 

sward. 

Sprague and Myera (1945) performed a similsr experiment 

on Kentucky b1uegrsss and white clover. However, they used 

only the inclined Pq and 2 ways of sampling in view of hand 

separations. They concluded that samples one-fourth the 

aize (of the large samples used) cou1d be used for band 

separations and that correcting data with a constant wou1d 

provide inaccurste resulta. 

Crocker and TiTer (1948) state that the PQ technique 

is especia1ly useful in assessing botanical composition changes 

associated with the improvement of pastures. Leasure (1949) 
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used s) the PQ technique, b) hend separations, c) visual 

estimations of standing forage by 3 different observera, to 

determine the botanical composition ef miscellaneous grasses. 

He obtsined a bias of ± 10%' from the true botsnical composition 

of a simple sampling ares and a bias not much different from 

that for visuel estimations. 

Van Keuren and Ahlgren (1957a and 1957b) estimated 

visually the percentage composition of standing forage and 

eut forage, as well as by PQ. They found the t the PQ te cbnique 

gave reliable resulta for botanical composition of a sward, 

and that the visuel estimation of standing forage had greater 

variations than the P~ method. However, in their second 

study, these author.s concluded that both PQ and visuel estimation 

of standing forage provide satisfactory botanical composition 

estimations. Furthermore. they suggested that correction 

factors based on yields per hit were better than the regression 

coefficient based on yield of forage. The regression co• 

efficient according to theae authors, did not provide good 

estimatea of yield of forage by the inclined PQ technique. 

II Leaf Ares Index and Net Assimilation Rate 

The aubject of leaf ares index and net assimilation rate 

was reviewed quite t horoughly by Watson (1952) under the 

head1ng: •The Physiological Basia of Variation in Yield•. 

Thus, according to Watson, Blsckœan was the firat to 

develop a technique of growth analysis involving the change 



in dry weight. However, Gregory was the first to use the 

funetion 
1
/L dw/dt and ealled it net assimilation rate (NAR). 

(L waa the total leaf ares and dw, the dry weight of a plant 

at any time .) From this Watson suggests that the rate of 

incree se in dry weight per unit leaf ares is ob·viously a 

measure of what the plant produces in excess by photo• 

synthesis over the losa by respibation. Furthermore • he 

explains that the relative growth rate (RGR) la the product 

of NAR and the ratio of leaf ares to total dry weight {L/w). 

This ratio. Watson states. •may be regarded as the amount 

of growing materiel per unit dry we·ight of the plant". Beth 

of these functions RGR and L/w are eomplex funetions and 

diffieult t:o interpret and Watson suggests that a form. of 

analysis which does not involve their use is readily obtained. 

This wa s aft"!ve:li at on the ba sis the t the product of NAR and 

total leaf ares give the absolute growth rate in dry weight 

Taking the integral of this, the accumulation of 

total dry matter during any time interval 1s obtainad. 

Fisher, as mentioned by the author, showed that if W1 and Wz 

are the total dry weights at time 1nterval t 1 and tz respecti­

vely,the mean value of RGR during this t1me 1nterval is given 

by lo& W2 - lo&e'Wl whs tever the growth form. Then following 

t2 - tl 
Gregory, Watson says.·, "1 t hss been usual to calcula te NAR as 

However, one objection to the 
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overa!ll use of this formula was that only a llnear re la tl on-

shlp was assumed to exist between L and w. But as Watson 

points out, if the time lnterval chosen to measure NAR ls 

aufficlently short, i.e.,l-2 weeka, such an assumption is 

justified. 

Following this, the techniques to measure leaf ares were 

revlewed s~arwhich are: the photometer, traciQ&;photogrsphing, 

the estimation of total leaf ares from the proportion Ljw of 

a subsample to the total leaf weight. 

Watson was then concerned with, the analysis of yield 

with the functlon NAR, which he considered a measure of 

efficiency and LA, the capacity of the photosynthetic system. 

He also reviewed the limitations of the concept of NAR, 

polnting out thet the adjective 1 net 1 implies thet NAR is not 

a pure m~asure of photosynthesis, but depends on the excess 

of dry matter gain by photosynthesis over the loss by respira-

tl on. Watson suggested that the ideal basis on which to 

express NAR would be one that gives a precise measure of the 

dry matter accumulation, that is, the 'internal factor' or 

'growing materiel' of the plant. It follows then, that if 

NAR is expressed on such a basis, it would vary only with 

external factors and "would be independant of age, nutritional 

state and species". In this respect photosynthesis would 

be an approprlate crlterion and could be expressed on the 

basls of leaf ares. 
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Other people have expressed NAR on the basis of leaf 

dry weight, total protein-nitrogen in the leaf and Williams 

even used the cytoplasmic protein of the leaf. 

The fact that the roots are not considered is another 

shortcoming to the use of NAR, however, these are only 

important in the early stages of growth. Similarly, the fact 

that only the leef materiel of the plant is used :i.n the 

analysis of NAR, may be a drawback, dependtng on the stages 

of development and species. 

The lest 2 parts of Watson 1 s review was concerned with 

experimental resulta and the discussion of these, as obtatned 

by many workers in the years prlor to 1952. These experimenta 

were categorized under 3 headings: a) Variation of NAR, b) Va­

riation of LAI, c) Importance of these variations in determi­

ning yield. 

On the variations of NAR Watson concluded that these axiat 

between and within species, with mineral nutrition and water 

supply, and vary widely with seasonal climatic conditions. 

However, this is in opposition to Gregory who, as suggestad 

by Watson, considera that NAR in nature is not a very variable 

quantity. 

Furthermore, Watson (1952) reconsidered studies dona on 

the variation of LA with tlme, by Watson and Boonstra, the 

causes of the variation with time by Russell and Watson; 

on intraspecif:i.c differences by Boonstra, Watson and Baptiste; 

the affects of climatic factors by Gregory, Blackman, Rutter, 
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Wilson, Monelise, Mllthorpe; the affects of variations due 

to mineral nutrient supply and water by Watson, Morton, 

Petrie, Ward, Arthur, Milthorpe, Wadleigh and Gauch. In 

summarlzing the relative importance of these variations ln 

leaf ares on yield determinations, Watson suggested that 

later work has confirmed, in general, that dry matter yield 

la more dependent on LA than it is on NAR. He considered 

that there appears to be little opportunity for 1ncreas1ng 

yield through an· 1ncrease in NAR and found that there la a 

need for more work on the physiology of leaf growth and the 

causes of variation in yield auch as leaf production and 

leaf expansion. 

Since 19.52 a considerable 'Slt:tount of work on LA and NAR 

was done throughout the world, especially in Australie and 

New Zeeland. 

Thus another review on the significance of LA in pasture 

growth by Donald and Black (19.58), is considered here. These 

workers considerad the !nter-relationship of light and LA. 

They stressed the importance of the significanoe of the leaf 

surface-soil surface relation of the pasture crop as formulated 

and called LAI by Watson. They suggested that this givas a 

measure which allows the close comparison of weight yields of 

different orops per unit ares of land with respect to the 

leaf area par unit area of land. They also noted that such 

a measure appears to be very satisfactory in agriculture. 
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In considering the LAI values obtalned by different 

workers on different crops, Donald and Black round that pasture 

crops have probably hlgher indices tha,n any other field crop. 

Brougham obtained a leaf ares index of 8.9 tor s perenniall 

ryegrass-white clover mixture. A leaf ares index of' sub-

terranean clover was estimated at 8.9 by Daviason and 6.2 

by Black. On the other hand, WatsoD obtained LAI' s between 

2.4 and 5.0 for iiheat,. barley,. potatoes,.. mangolds, kale and 

suger beats. 

On the affects of' llght these authors stressed that a 

leaf system capable of' interoepting a maximum of llght is of 

primary importance, but that at too high leaf' ares index values 

mutuel shading occurs. They also pointed out that Brougham 1 s 

work confirmed the hypothesis, that maximum rate of growth 

is dependent on a high rate of interception of light energy. 

Furthermore, Davidson and Donald (1958) in a density 

and defoliation study with partioular reference to LAI found 

that swards or subterranean olover established with 1, 4, 14 
and 50 plants per square link, tended all to g1ve a oommon 

LAI (about 8.0) at the end of the season. 

S1milarly, Black {1958) using the leaf ares and the 

light micro-climate to study competition in subterranean clover, 

round that swards from different initial seed size, reach a 

point when the growth rate was reduced towards a oommon ceiling 

LAI value, and therefore all gave the same final yield. 

Finally, .. Stt'Eilrn and Donald ( 1961) studled and discussed 
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the relationship of radiation, LAI and crop•growth rata. 

They indicatad that pravious evidence showad that for avery 

leval of radiation, thare appears to exist an optimum LAI 

with maximum crop-growth rate and that this optimum leaf ares 

index increased with an increase in radiation. With the results 

they have secured, they have attempted to show such a relation­

ship, but insufficient dat8 did not allow them to reach a 

conclusion. 

Methods to determine LAI A good review of the methods to 

measure leaf srea was presented by Winter et al. (1956) at 

the Third Easter School of the University of Nottingham, 

Englsnd. Also new techniques to measure leaf growth and leaf 

ares were proposed by Langer; Freeman and Bolas; Msggs; Aspinal, 

Dorer and Milthorpe; Idle. {Milthorpe 1956). 

Warren Wilson {1959b) suggested the PQ to &atermine leaf ares. 

This was based on the assumption that numbers of contacts per 

quadrat will give an estimate of the quantity of the foliage. 

8 Theoretically it maasures the ares of the foliage in vertical 

projection, expressed as a fraction of the area of ground." 

Taking into consideration that errors such as needle thickness, 

variations in foliage angles are easily introduced, Warren Wilson 

detarmined the best angles of inclinations that would giva an 

estimate to reasonable degrees of accuracy. His studies 

indicated that an angle of 29° would give an error of ± 15~. 

An inclination of 32.5° corrected by multiplying the number 
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of contacts with the factor 1.1 would give an error of ! 10%. 

and the comb:ination of angles 13 o and 52 ° wotüd gi ve an err or 

of : 2% when the number of contacts at each angle were correc­

ted with appropriate factors. He even suggested that a combi­

nation of 3 angles would give an estimate wlth an errer of :!: 1%. 

Another technique was proposed by Donald at the Proceedings 

of the 6th Easter School of the University of Nottingham. 

This method measures LA, using the principle of 5.nterrupttng 

an air flow. It was claimed that this technique was ten times 

as fast as the pre-existing blue-print method and even more 

accurate since it gave more uniform observations. (!vins 1959). 

It may be appropriate to conclude this part on LAI and 

NAR by clting a.statement made by Donald at this 6th Easter 

School just mentioned. He claimed that "as empirical methods 

had not achieved a great deal in the past, the new approach 

to pasture evaluation must be in terms of leaf area measure-

ments, for light, temperature and leaf area determine producti­

vity, and leaf area is important in relation to defoliatlon". 

(!vins 1959.) 

III Competition in Forage Crops 

This part of the literature review may appear rather 

disjointed and resembles a pile of research papers stacked in 

chronological arder, in soma remote part of a library. Yet, 

the nature of the title and the exclus'vness of the study under­

taken prevented any other treatment of the subject stnce only 
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a few studies were directly and solely oonoerned witb competi­

tion and only one, to this author's knowledge ever attempted 

to measure competition, namely Caputa (1948). 

Other workers have studied the nature of competition, 

the factors governing it, or have only stated that it was 

occurring and may have evaluated it indirectly. However, 

it must be noted that in recent years, many great oontrib~tions 

were made by scientists of England~ Ne• Zeeland, Australie, 

Japan, and others. 

This revtew of literature will then briefly take into 

consideration, in a ahronological order, researcb work relat­

ing direatly or 1ndirectly to the study, in whatever form 

eonaeivable, of competitton in forage arops. 

Probably the most extensive study of competition in the 

plant community ever undertaken was done by Clements et al. 

(1929). !.ccording to Donald (1956) this was "the first 

substantiel contribution to our understanding of cnmpetition 

in pastures". The concepts established by these authors may 

be used as satisfactory criteria and are stlll valid. The 

on~y ebange that bas been made to Clements• concepts according 

to Donald (1956) was. that "sertatn plants are a"Ef.le to gain 

8' compati tive adv~mtaga by the excretion from the ir roots or 

leaves of substances which supress neighbouring plant growth. 

How important this new concept is in competition occurring in 

pasture plants has yet to be determined. There does not appear 

to be any substantiel proof towards that direction. 
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Chippinda1e (1931) in a study not directly concerned 

with competition, found that upon seeding, Festuca pratensia 

and Ph1eum J?ratense into 8' Loliam i ta li cam sward, that the se 

tw.o gras:aes were set back to a rather unusual degree, in their 

growth. WheD they were transferred to a more favorable 

em•vironment they were capable of a better development. This 

capacity of recovery was tb.ought to be a major attribute of 

these grasses in competing under "ferel" conditions. This 

led to another study by Chippindale (1932), when the affects 

of the Lolium SJ?J?•Upon the growth of grasses during and follow­

ing germination were examined. The author evaluated these 

affects mainly on the basis of seedling counts. Effects of 

various other factors of competition acting on germination 

than those due to Lo1ium SJ?J?• were discussed. 

V arma, ( 1938) tn • series of experimenta attempted to 

study the nature of competition between plants in the early 

phases of development. In one experiment the death rate was 

used to evaluate competition. It was found that"the intensity 

of competition is usua11y greater in mixed cultures than in 

culturea of individuels of a single speciea". Yet the author 

brings forth evidence that competition as severe may be round 

between individuala of the same speciea •. The depreaaing affect 

of one apeciea upon another was also studied and found to be 

in fact due to toxic soluble substances. However, none of 

these so-called toxic substances were isolated. 

Donald (1946) tested the validity of soma of the conclusions 
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reached by American workers, on harmful root interactions which 

were the cause of additional competition affects. He obtained 

evidence that the hypothesis of toxic excretions by roots may 

be disregarded when compounding seed mlxtures. Keller (1946) 

proposed a method for forage crops plant breeders, which would 

by meens of systematic arrangement of spec•es simulate 

compati tl on "as i t 1.s found tn the field". Rummell (1946) 

carried out an experiment ln which he attempted to determine 

competition affects of 3romus tectorum on Agropyron cr'i.statum 

and Ag. smithii. For thls he collected data on the number of 

seedlings, DM of tops and roots, average height of tops to 

leaf tips, average lenght of the root system, number of tillera, 

of rhizomes, and lenght of the rh~zomes as well as the number 

of shoots from the rhizome of bluestem (Ag. smlthii). He 

found that cheatgrass (B~ tectorum) affected all of these 

factors measured from bluestem and crested wheat-grass. However, 

no evaluation of the degree of competition was obtai.ned. 

Caputa (1948) as mentioned previously was the only one, 

to my knowledge, who reported on measurements of a "competi­

tion force" of folie spectes. However, as stated by the 

author no a'bsolute est:imatlons were obta~ned but merely measu­

rea that srould be relatlve to one another. He stud:i.ed 9 grasses 

and 4 legumes, almost ln all the combinat5.ons of two, and in 

pure stands and obtained sevan degrees "competit~on" on the 

basis of green we 4 ght yields collected durfng 2 years. A 

"competition force" was then calculated for each species ln 

each mLxture. 



24 
Comp~tition indices were givan to aach specias accordlng to a 

"productivity factor• which was also obteinad on a walght 

basis but of the pure stands. howavar. This was dona by 

aqusting sll the species in pure stands with the yield of rad 

elever in pure stands. Thus red elever in pure stand obtained 

e. "productivity factor" of 1.0. 

Thus to obtaln the "competitive force" the author calculated 

all possible ratios of avery species when 1t was associatad 

with another, on a 2 year average basis. These ratios were 

then grouped into sevan classes of ascending order from ·3 to 

+3; •3 meaning "completely suppressed to invaded" and +3 maaning 

"completely suppresa.tlig to invsding". On this basis then 

avery species was grouped with its sssociated species~: and a 

"comp.eti ti on force" va lue wa s assigned to the se. Thus for 

e~ample Lolium italicum headed one group; its green weight in 

p,roportion to the 12 spa ci es i t wa:s associated wi tb, gave 12 

ratios, and sccording to the class these ratios fitted,the 

species were given the corresponding "competition force 11value". 

With the competition inde~, obteinad as mentioned above, 

Caputa calculated S! "compati ti on force" of any species X 

with respect to a specias Y. This was dona simply by substract• 

ing from the competition index of species X, that of species Y. 

This then may have baen an "expected competition force• although 

this was not steted. Upon oomparing this "expected" with the 

actuel values obtained, the 3Uthor found that they did not 

always ag•ee, but concluded that this was of little significance. 
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It should be noted that despite the complexity of this 

axperiment and even though 9 replications were usad (these 

appear nonorthogonal) no statistica1 analysis whatsoever was 

performed on the resulta. 

Donald (1951) studied the influence of plant density, of 

the stage of growth, and of the nuttiant supp1y on intra-

specifie competition of 3 pasture species. Competition accord-

ing to the author became operative in danse swards shortly aftar 

seeding. Final yield was constant from moderate to high yields, 

but there was no reduction in the yields of danse swards. 

McCloud and Mott (1953) used pure stands of grasses and 

of legumes, and each species of the pure stands was associatad 

with each other species. They evaluated the interactions of 

species on a DM yield basis, as a percentage of the yield of 

the species in pure stands. Among other resulta, the authors 

report that "Lad1Do clover was benafitted by association with 

all species axcept bromegrass, and the extremely large benafit 

from association with birdsfoot trefoil is noteworthy" ! 

Knapp and Linskens (1952) studied, in Germany, the affects 

upon one another of grasses and clovers in rye-grass/white clover 

swards which they called "Lo1ieto-Cynosuratum typicum". 

Kubler (1954) made a contribution to the understanding of 

competition among meadow species. Willougby (1954) studied 

soma of the factors which are operative within a grass-clover 

relationship. Shallow cultivation, removal of clover from 
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mixed swards, nitrogen and phosphorus during two seasons of 

the year and continuous phosphorus over the years were 

imNestigated. The only data colleeted was yield of dry matter 

and the interrelationships of the resulta were discussed on 

tha t ba sis. Ys-walkar and Sebmid (1954} evaluated the per­

formance of birdsfoot trefoil alome and in competition with 

other speeies in pastures. They collaeted deta on hand 

separations, visuel estimations. and yield. Highest yields 

were obtained from mixtures with alfalf'a and the contribution 

made by B.T. was round to be small. Tuska and others (1955) 

cooducted an experiment on the Merlon bluegrass in the green-

house. They studied the affects of competition on this grass 

when seeded in mixtures, as well as heights of cutting and 

levels of nitrogen. The data collected were,the dry matter 

of the tops and the roots. 

In Spain, Alfonso and Gonzales (1956 and 1958) eonducted 

a series of competition studies with tell oatgrass and lucerne. 

In their first study the raw protein content of oatgrass was 

lower whan it was sown alone. However, lucerne appeared to 

yield less raw protein when in mixture than when alona. In 

the second study the total green weight ylelds of the mixtures 

were significantly higher than those of the pure stands. 

Blaser et el. (1956a and 1956b) strove to obtain basic 

information on seeding behavlour of perennial grasses and 

legumes on the basis of the cotp.patibility of the species in­

volved and their respective botanical composition. In the 
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first study they classified species or varetles into: non­

agressive, agressive and very agressive. In the second study 

they considered alfalfa when grown alone and in mixture with 

red c 1over and orchard-grass. They made stand counts, and 

obtalned welghts on the above-ground portions of the seedllngs. 

Hay yleld and root weights Jt:ere alsq reported. 

Wilson and Peake (1956) compared total production and 

seasonal growth trends of 3 grass specles grown singly and in 

mixtures with white clover. Botanical analysis and N deter­

minations wera made (crude protein). On this basls they 

evaluated the affects of competition of one species upon 

snother. According to these workers the growth of each specles 

ln s mixture depended on the importance of the factor for which 

lt was unable to compete. They claim that the attitude taken 

by many workers, namely• that the more diverse the characterlstlc 

of the component specles, the better they will grow in e.ssocla­

tion wlth each other is not justified on the basis of their 

flndings. They concluded that "the influence of one specles 

on another was such that none could fully express !ta individuel 

characteristlc." 

Donald (1956) ln an address given to the 7th International 

Grassland Congress e.t Palmerston. North,New Zeeland, raviewed 

the work dona on competition among pasture plants. He 

dlscussed the importance of the work dona on the llght penetra­

tion in pasture swards by Black, Brougham, Davidson and hlmself, 
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the studies of the supply of nutrients by Anderson, Willougby 

and others~ his own work on the interaction of competition for 

severa! factora (published since), plant density and "the 

effect of the grazing animal and plant competition". He 

suggested that if nutrients are found in sufficient quantity, 

so as n,ot to be limi ting, and if the seme applies for the 

water supply, then the rate of growth of a sward (of p~rticular 

genette composition) will depend on light and temperature only. 

He went on to say that "if growth is dependent on radiation 

and temperature and since temperature is not limiting in 

~uantity"~ light becomes the sole factor for which there is 

competition among plants. Rowever, it could be assumed with 

reasonable assurance that a micro-climate in pure standa is 

not similar to that of another specles in pure stand. And 

since such an environment can be thought of, as being inherent 

to that species, therefore the species may have developed a 

requirement for a certain micro-climate that is optimum 

for its maximum growth. It ls then questionable that an 

optimum temperature for this species, is also available in a 

mixture; probably to the contrary,. 1 t may be a limi ting factor. 

Further, Donald thinks it is possible that certain species 

auch as the grasses may have an: advm tage in the use of the 

incident light since their foliage is displeyed at rsndom 

a'ngles but not so for the clovers whi ch have a hori zontel 

ca·nopy. This eppeared to be in opposition to what other people 

have surmised. On densitp this worker related the difference 
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in optimam density of annuels versus perennials. He pointed 

out that the annuels give higher yields and early production, 

when sown, at high rates, whereas the perennials are too otten 

sown at rates that are well above the optimum. 

Further, Donald (1956) finds that there is little known 

on the relationship,. grazing animal/pasture, and that more 

work should be done on the multiple affects of grazing on the 

factors of competition. 

Johnson (1956) studied competition between legume and 

grass varieties in perennial . fôraga mixtures. Scholl and 

Staniforth (1957) showed that birdsfoot trefoil was a poor 

comp.etitor and that upon a·pplying herbicides or by removing 

the weeds by hand both the yields per plant and the dry matter 

yield per unit ares of birdstoot inoressed manifold. Baylor 

(1958) considered the mannar in which several factors of 

competitiom: affected the establishment and early development 

of birdsfoot trefoil. They found that the presence of 

lucerne or timothy had no affect on trefoil in the year of 

soeding. Competition from lncj~n• on trefoil was said to have 

started in the spring of the first year of crop. This worker 

also found that the top weight and root diameter were good 

indicstors of root development. 

Black (1958) investigated the problem of seed aize and 

its relationship with competition in subterreanean clover. 

He corroborated the evidence brought forth by Davidson and Donald, 

(.1952)~, tha t small seeded plants disappeared from:. 1 an rd be fore 
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the lsrge seeded ones. 

Chambles {1958), i.n an experiment to determine the 

relationships existtng between the above and below ground parts 

of an alfalfa-orchard-grass mixture, found th~t both species 

gave higher yield in mixed stands, whether they were partitioned 

with a metal sheet to a depth of 30 inches in the ground or not. 

Alfalfa rows gave higher yields when grown between orchard­

grass rows, than when grown between other rows of alfalfa. 

Donald (1958) set up an experiment using Lolium perenne 

and Phalaris tuberosa in such a mannar that he obtained treat­

ments where no compati tt_ on, compati ti on for 1 tght and competi­

tion for both li.ght and nutrlents occurred. The nutrient in 

this experiment was in the form of N. Competition was esttmated 

on the basis of yield of dry matter of the species, par cent 

nitrogen in the tops and tiller counts at the final harvest. 

The results obtatned lJy this worker indicated that rye-grass 

suffered only slightly from competi_tion for either ltght or 

nutrients alone, but when the competitton was operat~ng for 

both of these it did not yield s1gnificantly different from 

the pure stand. Phalaris 1r1as supressed when comps ting for ai thar 

light or nutrients, and when both factors were operative it 

suffered to such a degrea, axceeding the separate affects of 

beth factors. For Lollum the interaction was sa:ld to have 

been negative and for Phalaris positive. Thls experiment 

appeared to have been ideally conducted and wall planned. 
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Yet it is to be deplored that the author did not try to measure 

competition p;er se. This would have given real value to the 

findings obtained, more so than! qualitative conclusions. 

Krilcher and Heinrichs (1958) studied competition oceurr­

ing in swards of 3 grasses grown alone and in mixture with 

alfalfa. The grasses used were Agrop~on app. seeded pure 

in alternats rows with alfalfa: 1 as mixed rows with alfalfa, 

and in rows only of pure stands. Dry matter yields and hand 

separation data- were collected. At the end of the experiment 

ground cover was determined for each plot. The authors 

reported that the 3 groups displayed "changing degrees of 

response" whem seeded in different ways with alfalfa. They 

also suggested "that grasses should be tested under conditions 

in which they are most likely to be used". Yet, these workers 

1mplied that crested wheat-grass was the most competit1ve.of 

the grasses. on the beais that its ground cover in mixture 

with alfalfa: was nearly as great as whem: seeded alone. 

Krenzin (1958), Leith and Eilenberg (1958) in Germany, 

Mouat and Walker (1959) and Taw~ii (1959) all investigated 

the relationship e.xlsting between species or wlthin specles 

whe~ sown alone and in mixtures, with or without superimposed 

treatments. 

Gardner (1960) at the 8th International Grassland Congress 

st Reading,. England introduced a method by which he evaluated 

intercultivsr competition in grass species,. witb relative esse. 

This technique allowed hlm to identify positively grasses of 



similar appeerance when growing in an artificiel sward in 

which competition was present. A p;reconstructed wire mesh 

allowed the reconstitution of a sward with each grass in a 

p.redetermined square of the wire mesh. This latter wes placed 

permanently at ground leval. In this mannar avery plant, 

in avery square could be eut individually end the dry matter 

per plant recorded. It is obvious that such a technique is 

of great interest and could be used with even more ease in 

evaluating competition in swards of various complexlty. 

Norman (1960) in a series of experimenta studied the 

relationshlp between competition and defoliation in a permanent 

pasture. Under different grazing treatments, units (6" d1ameter) 

ot "no competition" were compared with units of "competition". 

Further research, according to the author, was dona "due to 

unusual resulta from competition tests in swards under periodic 

defoliation" (he referred to his first experiment), "two 

special affects upon species due to presence of surrounding 

herbage were lnvestigated." One of these experimenta consisted 

in replacing grazing by cutting treatments, of the "competition" 

and "no competition units",the other consisted of allowing a 

~competition period" and a "recovery perlod" according to 

specles in the two type of units described above. A fourth 

experiment was set up with two "no competition" and one 

"competition" treatments. Norman, then superlmposed treat­

ments, consisting of cutting all the plants of one series of 

"no competition"units at the seme height and the other, of 
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removing the same proportion of aoove-ground parts as in the 

"competition" units. A fifth experiment conslsted of cutting 

test species at 1 inch and 3 inch, in the "no competition" 

units compating with surroundlng herbage eut at 1 inch only 

and at 3 inches. This would then simulate the affects of 

selective grazing. The author concluded that factors of 

competition and defoliation whlch exerted "max5mum ~nfluence" 

upon a spacles sensitive to all the factors lnvestigatad would 

be (i) normal interactions of competition and defoliatlon, 

(ii) the affects of shading causing an erect habit, (iii) the 

affects of shading causing an increased top:root ratio {no 

mention was made of this measurement, (lv) the affects of 

preferentiel grazing. 

Yamada and Hortnchi (1960) at the 8th International Grass­

land Congress of Reading, England, su1nmarized a series of 

experimenta performed by the authors, in past years. They 

were concerned in studying tntraspecific cQmpetition in barley, 

soybean, red claver and wheat and between white claver and 

orchard-grass. They measured such quantitative characters as 

hetght of plant or culm, number of ti.llers, shoot weight, 

number of stolons, number of leaves, petiole length, length of 

stolon and internodes, length of longest stolon. They found 

that the number of tlllers and shoot weight was affected by 

compati ti on, wherea s the he:l.ght of plants and leaf length were 

not. In general, the authors suggested that characters of a 
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"quantitative nature" were affected by competition, while 

eharacters associated with elongation of tissue remained un­

affected. Furthermore, they stated that "the main characters 

whicb. govern the competitive ability of plants, auch aa plant 

heigb.t o~ root length ~re associated with tissue elongation 

and are tb.erefore unaffected by competition" and also that auch 

external quantitative characters as those concerned with water, 

nutrlent and light are measures of competitive ability. Sb.ould. 

this last statement be reasonably accurate, then it is conceiv­

able that da-ta whichaaain direct relation with water, light 

and nutrients should be collected to measure competition. 

De Witt and others (1960}, a lao at the International Congres a, 

proposed a theory on competition between plants within mixed 

crops and swards. As part of this tb.Bory they dlstinguished 

between .t'ive· modela of competition, based on the concepts which 

assume that plants witb.in a community are crowding for space. 

However, the fiftb. modal included detrimental affects of one 

specles on another due to toxic substances. Even though De 

Wltt et el .. con·.sider mainly the concept;.of crowding for space 

to be opera,tive when competition occurs,. they .t'ully recognlze, 

a's they state for model (iv) that compati ti on may occur "if' 

soma requis! te obta:ined t'rom the soil limi ts growth and Ol!œ 

speoles can explore the soil to a greater depth than the other". 

Thus accepting in this instance, that space la nbt limiting. 

Donald (1956) ststed qulte clearly the role of space ln 

competition work, and deplored the .t'act that this term is loosely 
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referred to in the literature (this author can only agree e.g. 

McCloud and Mott (19$3) stated that "forage yield of each 

componant of the mixture for the first se~son seemed to be 

~argely governed by space competition" P• 62# and many others). 

Donald we~t on to s~y that so far there appears to be no 

avidenca that this is a factor of competition as it occurs in 

pasture swards. No new evidence of this~ that seems to be 

conclusive has been advanced to this date. 



MATERIALS AND METHODS 

I. EXPEB.IMENT I 

Pa•ature Mixtures 'l'rial 1960 

A .• Materiels 

The research concerned with the data colle~ted for this 

experiment was carried out during the summer of 1960. This 

research was purely of an exploratory nature and for this 

reason was conducted on an early established pasture mixture 

tria:l.,. which wa,s seeded in the spring of 1958. 

The soil of the experimental area was of 2 types, 

differing mainly by the amount of clay present in their compo-

sition. They were Cha tea·uguay clay loam and shallow clay loam 

and St. Bernard loam. Oa:ts had been seeded es a compenion 

cr op e1t the ra te of one .and a he lf bus he ls par a cre, and wa s 

clipped regula!rly during the summer of the seeding year. 

An application of 0-16-8 fertili zer we:s done ert seeding 

time e·t the rate of 300 lb. to the acre and enother in the 

spring of 1959. 

The experiment was laid down as comp;lete randomized blocks 

in 4 replications. The treatments were 17 mixtures of grasses 

and legumes, in various combinations and complexity (see fig. 1). 

The specles seeded were as follows: 



Climax timotb.J 
Certified Larsalle red clover 
Californie Certified Ladino clover 
Empire birdsfoot trefoil 
vernal alfalfa 

Avon orchard gra~ss 
Reed trlUillS'ry g;rass 
A.lsike clover 
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Kentucky 31 Tell fescue 
Lincoln bromegrass 

Together with this pasture mixture trial- pure stand cuts were 

obtained from a timothy (heights of cutting)trial, and fro~ 

.t'iller plots of' es ch a brome gre ss varie ty trie'l and alfa lfa 

V8iriety trial. 

The size of each plot wss 51 x $ links, of which a strip 

of 40 :x: 5 links, was harvested or approximstely 8 square metres. 

The harvesting was dona wi th a salf-propèlled 0 Gra,vely" e"lipper·, 

having a 5-link cutting-ba~ and pan sttechmant, et & height of 

appro.rlma·tely li inches. 

A. point quadrst a:pparatus wi th a frame containing tan 

finely pointed needles or pins was used at an inclination of 

appro.x:imately 4if' , to collect da,ta· on ground cover. 

B. Methods 

a) Cutting 

The pa sture mixture wa·s eut 5 times in 1960 e't approxima tel y 

mom.thly intervals. However. the 4th eut of timothy had to be 

discarded due to droughty conditions and consequently gave 

insignificant:yield. eut 2 and 3 of alfalta and brome were 

l'lllOt available due to an error in procedure. 

b) Point Quadrat Analysis 

Before avery eut (2·3 waaks) a point quadrat analysis 



PASTURE MIXTURE TRIAL EXPERIMENT I 

Seedad May 6th, 1958 

Mixtures (Rates of seeding in 1b./acre) 
A 

Timothz ( 8) 1 Red C1.over { 6) 1 

Timoth;y: ~8lz Red Clover <hl a A1s1ke ( ;2) 2 

Timoth;y: ~ 8}z Red Clover { !~:> • Ladino {2) :2 
Timothz ~ 8) z Red Cl..over ~ !l:l 2 A1!'a1fa { 6) h: 
Timothz ~8} 1 Red C1over {hl z Birdstoot(5) 2 

Timothy {8)' Red C1over (4), A1!'a1!'a (3) 6 

Ladino (1} 

Timoth;y: ~8} 1 A1!'a1f'a ~8) 1 
Timothl ~8} 1 A1fa1!'e ( 6) 2 Birds!'oot (5} 8 

Timoth;y: {8) 1 A1fa1fa· ( 6) 2 A1sike (3) 9 

Timothz { 8}2 A1fa1!'a ~ 6) 2 Ladino (2) 10 

Timothz (8) 1 Ladino (2) 11 

Tlmothz ( 8)& Birdsfoot Trefoi1 (6) 1Z 

Bromesress ~12) 2 Birdsfoot Trefoil (6) lJ 

Reed Canarz (8) 1 Birdsroot ~ 6) l!l: 
Orchard Grass {6), Ladino {6) 12 

Fescue ,8} 2 Birdsfoot (6) 16 

Bromegrass (12) 1 A1fa1ta (8) 17 

B1ocks 
B c 

11 2 

12 1 

12 7 

2 h: 
1 19: 

8 11 

J 12 

l!l: 16 

2 8 

9 J 

11 10 

!l 11 

6 9 

1 6 

16 2 

10 1J 

1J 12 

Fig. 1. Plan E:h owl ng location or mixtures in blocks 
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was per:f'ormed on eech plot of' the mixtures •l'.l!d .pure stand's~ 

axee pt :f'or eut 1, :f'or whi ch no s uch data was made availab le. 

The point quadrat readings were taken at the rate of' 4 stations 

or· 40 needles per plot :f'or eut 2 and subsequently 5 stations 

par plot. For eut 5 the analysis was dona on blocks A and C 

only of' the pasture mixturea, but a:f'ter eut 5, an additional 

analysis was obtained on all plots of all blocks to give: 

resulta 5'(see calculations). 

c) Harvestins and Hand Separations 

A:f'ter each cutting of a plot, throughout the season, 2 

samples were eolleeted for dry matter evaluation and hand 

separations. Of eut 4 only blocks A and C were hand separated, 

and eut 2 of the pure stands was not hand separated either. 

The samples for dry matter evaluation were collected in 

drying trays and brought in to be weighed and dried. The 

samples for hand separation, obtalnad by pieking 2•3 handfuls 

of materiel just eut, were collected into small cotton baga. 

They were then stored in a re:f'rigerated room in whieh the 

temperature was kept approximately at a5°F. When time per-

mitted these samples were separated into their respective 

componants and "others". These components were than ovan­

dried to a constan~ moisture and weighed to the nearest gram 

The weighing of' the plot materiel, at cutting, was dona 

• 

on a· 50 kg. dairy spring type scala, to the nearest.50 gm. The 

samples and hand separated materiel were weighed on a "Mettler" 



electric scale in grammes. 

d) Calculations 

Dry matter was obtained in the usual mannar~ i.e.~ 

t'rom computation of the green and dry weights. Percentage 

composition of the mixtures and pure stands was determined tram 

the dry weights of the separated materiel. 

This percentage composition was then used in the determin• 

etions of the contribution of each species to the total yield. 

From the point quedrat analysis, the ground cover was caleuleted, 

as wall as the yield par unit ares of ground eover. (For 

more details see experiment :ti.) Also from; the point quadrat 

analysis. when the percentage composition was not available, 

it was calculated directly from the hits recorded for the species 

and others. 

With the pereentage composition values of eut 5 and the 

grou~d eover calculated from the point quadrat analysis obtained 

ai'ter cutting, a yie1d par unit ares of ground eover for a eut 

namad 5' wes calcu.latad. (The eut 51 was so mamed, because 

the seme dry matter y1e1ds wera used as in eut $.) 

EXPERIMENT II 

A. MBta:rla1s 

a) Pasture Mixtures and Pure Stands 

Experiment II was eonductad in 1961, it was the main pro­

ject for this thesis. It was carried out on 2 forage mixture 



trials, i.e.,. a hay end a pasture mixture triacl, established 

for mixture studies by the Agronomy department of Macdonald 

Collage, on their experimental land. 

1. Design 

The pasture mixture trial was set up in randomized blocks 

of 4 replications and of plot size 51 x 10 links. The b.arvest­

ed area was 40 x 5 links or approximately 8 square metres. 

In addition to the mixture trial, pure stands of each of 

the sepcies, except alsike. were established in randomized 

blocks of 2 replications only, but of same plot size and seeding 

rates. These and 3 complementary mixtures to the mixture 

trial were established next to the latter in the seme field. 

(See field plan fig. 2.) Limitations of the space available 

did not permit the replication of reed canary grass and 

Kentucky blue grass., nei ther did 1 t perm! t the establishment 

of a pure alsike stand. The two grasses mentioned were seeded 

as tillera on the West sida of the experimental are&; no tillera 

were seeded on the East sida. 

Random: tables: were used to randomize the mixtures and 

pure stands of blocks B, c, D and F. {See fig. 3 and 4.) 

2. Soil Characterlstics 

Three soil types were represented in the experimental 

ares. A amall patch of st. Bernard sandy loam was round on 

the West side of the area; Chicot light sandy loam made up all 



of the bl9cks A, C and E, as wall as a small aras of block B, 

and st. Benoit light sandy loam made up the remaindel!' of the 

erea, namely blocks B, D and F. (See fig. 2.) 

Two soils differed very little from each ether they ar& 

of the Chicot and St. Benoit types. Both of these have 

developed from sandy alluvial materiel. Their differences in 

the drainage was not apparent. Rather, blocks C and D were 

more droughty than A and B. st. Beraard was developed direct­

ly from the calcareous till underlying the whole area. 

3• Seeding and Management 

Oats wes used as nurse crop and was seeded at the rate of 

lt bushels to the acre over the whole experimental erea before 

the treatments were put in. These were seeded on the 2nd and 

3rd day of May under windy conditions, at the rates outlined on 

fig. 3 and 4• The treatments were 15 different mixtures of 

verious complexity for the mixture trial plus 3 complementary 

mixtures in blocks E and F. Four grass species and six legume 

species were used. 

in fig. 4• 

The names of the varieties are outlined 

A mixed fertilize~ 2•12-10 was applied at the time of 

seeding at the rate of 300 lb./A. over the whole ares. In the 

spring of 1961 a top-dressing 0-20-20 at the rate of 300 lb./A. 

wes applied to all plots. This was supplemented with 40 lb./A. 

of N, of the form of 33.3~ ammonium nitrate, in all pure stands 

of the species. 
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PASTURE MIXTURE TRIAL EXPERIMENT II 

Seeded May 3, 1960 

Mixtures (Rates of seeding in 1b./acre) 
A 

Timetby (8), Red Clover ($) 1 

Timothy (8), Red C1over ($), A1fa1f~ (5) 2 

Timothy (8), Red Clover (5), A1sike ($} j 

Timothy (8), Red C1over (5), Ladino (1) 4 

Timothy (8), Red C1over ($), A1fa1fa (5), 5 

Ladino (1) 

Timothy ( 8) 1 Red Cl.over {5),. Birdsfoot 

Trefoi1 (2) 

Timothy ( 8), A11'alfa· (5) 

Timothy (8), Alta1fg; ($),Ladino (1) 

Timothy (8), A1fa1f& (5), Birdsfoot 

Trefoil <2> 
Timothy (8), A1sike <2> 
Timothy (8), Birdsfoot Trefoi1 (2) 

Timothy (8), Ladino {1) 

Bromegrass (15), Birdsfoot Trefoi1 <2> 
Reed Canary grass (1$) 1 Blrdsfoot 

Trefoil (5} 

Kentucky b1uegrass (8), Birdsfoot 

Trefoi1 (5) 

6 

7 

a 
9 

10 

11 

12 

13 

14 

15 
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B1ocks 
B C D 

10 10 1 

12 1 1j 

14 1 

1 13 4 
8 5 10 

15 9 11 

6 8 s 
4 4 6 

13 12 12 

11 2 12 
9 15 9 

2 6 J 
11 1!t 

3 8 

1 1 2 

Fig. 3. Plan showlng location of mixtures ln b1ocks 
(Plot slze 51 x 10 links). 
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PASTURE MIXTURE TRIAL (Cont.) 

Bloc ka 
Trea·tments (Rates of seeding in lb./acre) E F 

Plot No. Plot No. 

Timothy (8) 

Red Clover (5) 

Alfalt& (5) 

Bromegrass (1$) 

Ladino (1) 

Birdsfoot Trefoil (5) 

Timothy (8), Birdsfoot Trefoil ($), 

Ladino (1) 

Timothy (8), Bromegrssa (15), Birdsfoot 

Trefoil (5), Ladino (1) 

Timothy (8), Bromegrass (1$), A1falfa- (5) 

1 

2 

3 

4 

$ 

6 

1 

8 

9 

Filler on West end of Block A 

F11ler on West end of Block B 

Reed Canary grass (1$) 

Kentucky Bluegrass (8) 

Climgx timothy 

s 
9 

1 

4 
3 

6 

8 

1 

2 

Timothy 

Red C~over 

Alfalfa 

Registered Lasalle red clover 

Vernal 

Bro:megrass 

Ladino Clover 

Birdsfoot Trefoil 

Reed Cenary grass 

Kentucky Bluegrass 

Alsike Clover 

Lincoln bromegrass 

Pilgrim Ladino clover 

Empire Birdsfoot Trefoil 

Common 

Common 

Com:mon 

Fig. 4• Plan showing location of pure stands and mixtures in 
blocks 
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In 1960# the oats and weeds were controlled by clipping 

the whole ares regularly. The weed problem became serious 

in the form of voluntary I~dino clover, which infested blocks 

A and B quite heavily, as wall as parts of C and D. The 

latter two blocks were weeded by hand in the spring of 1961, 

as much as was safely feasible. Also blocks E and F were 

cleaned of all their weeds. After the 3rd eut in August, 

lamb 1 s quar.tezs (Chenopodium alhrrri)was a problem in some of 

the pure stands, especially so ln the grasses. This was 

remedied by pulling a 11Weed-bar" over the plots. The rate of 

applic11tlon amounted to approximately 4 ounces per acre of 

liquid 2,4-D•ester. 

The harvesting was done with a "Gravely" tractor as described 

previously and the weighing was dona with the same scales as 

mentioned before. The green materiel was dried by forced air 

ovens which bring the moisture down to a constant level ln 

4-6 hours depending on the compactness of the material. 

b) Hay Mixtures and Pure Stands 

1. Establishment 

The experiment was set up in the same mannar as the pasture 

mixture trial. The mixtures were laid down as randomized 

blocks in replications of 4 and the pure stands in repltcations 

of 2 only and plot aize 51 x 8 lirtks. A timothy, red clover 

mixture was added in these twocblocks, to complement the mixture 

trial. The timothy pure stands were obtained of 2 Climax 
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timothy filler plots, on the East of blooks E and F. (See Fig.5.) 

The speoles that went into the mixtures were mostly hay 

species as can be sean in fig. p. The rate of seeding was 

common for the mixtures and pure stands or nearly so. (See fig.6). 

The soil type of the pure stands was St. Zotique silt loam 

a coumulated by erosl on or by other me ans. This soil is very 

ploorly-dralned and belongs to the ground water podzol greet 

soil group. The mixtures were on Cha·teauguay shallow clay 

loam~ a soil type a1ready described under the pasture mixtures. 

z. Seeding and Management 

Both the pure stands and the mixtures were seeded May 5th, 

1960 on a, calm, sunny day. As for the pasture mixtures, oats 

wereused as a nurse crop and seeded at a rate of li bushels 

par acre. At seedlng tl me a mixed fertili zer· of formula,, 

0~20-20~ was applied at the rate or 200 lb./A. The fo11owing 

spring the whole ares was givan a top-dresslng of 8-16•16 at 

the rate of 300 lb./A. 

During the saeding year, the weeds and the companion 

crop were eut regu1a•rly at 6-8" in heigb.t. During 1961 no 

specifie weed control was carried out. Dandellons (Taraxacum 

officinale) and black madic (Medicago lupulina) were removed, 

ws much as possible~ by hand, in the early sprtng. Also in 

the fgll of 1960 the whole experimental ares was eut to Ii 

inohas so as to remove the stubble 1eft by the companion crop. 

No data was gatherad from, the out .. 
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Timot~ variety trial between blocks A-B and E-F 

Soil types -

B 

A 

D 

c 

9 1 9 

Plot size : 8 x 51 links 
(not to eeale) 

Blocks E and F ~ St. Zotique silt loamaccumulated by erosion 
" A,B,C,D, : Chateauguay shallow clay loam 

Fig. 5. Field Layout. Hay Mixture Trial 
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HAY MIXTURE TRIAL 

Seeded Ma·y 5th, 1960 
Bloc ka 

Mixture a ( Ra·te's ot· eedins in lb.Lacre) A B c D 

A Tim. a! Red Cl. 3~ Alf. 5 1 9 a !1: 
Al Tim. a, Red Cl. J.t Alf • 2.t Lad. 1 2 6 6 2 

B Tim. al Re.d Cl. 2z Alsike J J a 2 9 

C Tim. 101 Red Cl. 2a Lad. 1 !1: 2 !1: 1 
Ev Tim. a, Red Cl. !1:& Vikin& Btt. 2 2 1 9 1 

Ee T1m. Ba Red Cl. !ta Em~lre Bft. 2 6 1 1 a 
Em Tim. al Red Cl. !1:1 Morshank Bft. 2 1 J 1 6 

G Brome 1,21 .ur. a 8 2 J 2 
J"f Tim. Ba Viking Bft. 2 9 4 2 3 

B1ocks 
E F 

Timothz Ba Red Clover 2 1 1 

Red Clwver 2 2 !:!: 

Alsike J J J 
Alfalfs a !t 2 

LB'dino 1 5 2 
Birdstoot Trefoil 2 (Vikins) 6 1 
Bromasrass 15 1 6 

Timothy a B a 

Fig. 6. Plan showing location of mixtures and pure stands 
in blocks 



B. Methods 

•> Pasture Mixtures and Pure Stands 

1. Hal~vesting 

50 

In the t•ll of 1960~ after the rest period of September· 

and October 1 a l.ate eut was obtained, for b1bth the removS"l of 

the stubbla of the companion erop end for datif purp.oses. All 

the harvesting wa·s done at a'pproximately one and one b.alf inches. 

In 1961 the p.lots were eut at intervals of 4-5 weeks,, 

thus giving 5 cuts for the whole season. Samples for dry 

matter evaluations and for hand separations were eollected 

st each cutting in the mannar already described. 

2:. Point Q,uadrs;t Analysis 

Point qut!l!drat readings were obtained for cuts 1, 2, 3 md 

5 of 1961 previous to cutting. For the fall eut of 1960, 

the anelysis nad to be performed efter the eut was teken, and 

therefore witb. practically no re-growth. The readings for 

eut 4 were. taken st the time of cutting, as well as some extra-• 

ordinary resdinga on eut 3. 

The time of recording had been determined by the stage 

of growth of the materiel. The stage of growth chosen, was 

that stage wb.en the materiel had recovered reasonably wall, but 

so that it was not too high for the point quadrat gpparatus 

used. This required that the plants had to be no higher than 

the lower transverse bar of the frame holding the pins of the 

instrument. However, for May, June and July unfaToreble 
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meteorologiea1l conditions, ra in and wind, did not perm! t a 

rigid co~ormation to auch a schedule. 

The point quadrat analysis of 1960, was performed at an 

angle arbitrarily set at 4$0 
• Otherwise1 for the part con-

cerned wlth the determinations of yleld per unit area or ground 

cover. i.e •• cuts 1, 2 and 3 the angle was chosea according to Warren 

Wilson (19$9). This work, whlch was done for the purpose of 

obtaining more reliable resulta in determining leaf area' index 

by point quadrat, wa s assumed to be equa lly a·ppli cable for 

ground oover.measurements. In it, Wilson f'ound that an angle 

of Z-9° inclination wi th a plane gave an error of' ± 11):-. An 

angle of 32 • .5° with which a factor of 1.1 was used was found 

to give an accuracJ to ± 10%. Nevertheless, the 29° angle 

was chosen, since no corrections were necessary and it was 

considered to be, sufficiently accurate. The angle of' 32.$ 0 

was. however, used without correction factor~ for soma special 

point quadrat analysis at the cutting of the )rd harvest. 

The first point quadrat analysis on the pasture mixtures 

and pure stands was dona after the fall eut of' 1960, as stated 

previously. An angle of inclination of' 4.50 was used and the 

number of' points amounted to .50 or .5 stations par plot. 

Only the f'irst hit on a species was recorded, the f'irst hit on 

"others" and bara ground. There was no re-growth whatsoever. 

Readings of all plots of blocks E and F, as wall as of 

the reed canary and Kentucky bluegrass pure stands, were obtained 

previous to the first eut of 1961. However, only blocks C 
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~md D of the mixture trial were analyz;ed. The inclination 

t t t 1 f 290. of the quadra frame was a a se ang a o 

While for block C only the first hit of a species and 

"others" was recorded in this flrst analysis#; for blocks D, 

and F all the other hits on avery species seeded in the respect-

ive mixtures were recorded. "Others" were considered as one 

spa cie s. 

The second point quadrat analysis was performed 15 days 

after the first eut or 20 da ys previous to the second eut. 

The first hit on the seeded species and 11 others" was reeorded 

on blocks A, B and c. and all the hits on every speeies and 

"others" on blocks D, E and F. The S8me inclination of angle 

was used •. 

The third analysis was obtained after 13 days of re-growth 

or 16 deys before cutting. Every hit on avery ae~ded species 

and "others" was recorded on all plots of blocks C, D, E and 

F and on the plots in A and B that were not too dense with 

volunteer Ladino clover. The angles of inclination used were 

29 ° , for blocks c. D. E. F and 45° for blocks A and B, as 

wall as for a second analysis of blocks E and F. The reason 

for the use of a different anglf on blocka A and B was that the 

materia.J~. waa too high for the 29° angle of inclination. 

For the analysis, as wall as for the hand s·e para ti ons of 

eut 3, 4 and 5 of mixtures{ix)of bloeks E and F, 'bromegrass 

and timothy were not distinguished from each other. A third 
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set of point quadrat readings was obtained for this eut 3, 

and that just before cutting. The pure stands of block F~ 

mixtures 1 of block c,. 6 of B,. and 1, 6, 13 of D were analyz-ad. 

The recording was dona with an improved point quadrat (see 

fig. 7 ) at an angle of 32.5° and wi th 30 points or 3 stations 

par plot. The point quadrat frame was improved by increasing 

lts overall height, which made lt more readily usable in 

materiel of 1.5-2.0 feet tall. This additional height waa 

obtained by fitting the frame wlth longer legs and needlas. 

The improvement alao consisted in calibrating it with angles 

of 52° , 45° ,. 32.5° and 29° • 

The plots were then eut, but after cutting, to complement 

the readings already obtained, as just mentionad, 10 stations 

of 1 needle were recorded on the remaining borders of the plots. 

(5 on each border.) The plots analyzed were 1 to 8 of block 

E,. 7 and 8 of block F and 1, 4, 6,. 8,. 9, 11, 12~ 13 of blocks 

C and D. The mixtures chosen were those that were conaldered 

to be more of the pasture typa. Mixture 10 was not analyzad 

since there was no pure stands available and mixtures 14 and 

15 were left out because their respective grass pure stands 

had been eut and discarded by error. 

A new lina of work was introduced slightly befora the 4th 

eut. This new approach was ln conjunctlon with the work of 

measuring leaf ares, index and net assimilation rate as will 

be described later. It was found necessary to bring ln this 

work at this moment to clarlfy the mannar ln which point quadrat 
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Original apparatus. Note 2" ~arkers on rod 

Improved apparatus. Note 2 11 markers on rod 

Fig. 7 Point Quadrat Apparatus 
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ana.lyais waa obtained 1n cuts 4 and 5. 

A sub•plot of one square metre was located at the end of 

the plot adjacent to the inner pathway. This was dona for 

the following mixtures: 1, 4, 6, 8, 9, 11, 12~ 13, 14, 15 of 

blocks C and D and of all pure stands and mixtures of blocks 

E and F. 

Measurement was dona with a square metre quadrat, made of 

stiff welding roda and strengthened by two rods across the 

centre. The location of the sub-plots waa made permanent by 

driving in two stakes at each inside corner of the sub-plots. 

(See fig. 8). A point quadrat analys!s was obtained at cutting 

tlme of the 4th harvest of each of these sub-plots. This analysis 
0 was done with an inclination of 45 , at one station or 10 points 

par sub•plot. Since it was considered that sufficient data 

had been gathered for yield par unit area of ground cover 

studies,. no analysis was performed on the remalnder of each 

plot. Twenty days after the 4th eut, i.e., around the 20th 

of September. half of each sub-plot, the western half, was eut 

for leafal"•ll in.dè.x stud1at:..At the seme time the point quadrat 

analysis was performed before cutting on this sub-plot. Again 

the inclination was 45° and 10 points per sub-plot. Four 

additional stations were recorded through the remainder of each 

plot thus glving 50 points or· 5 stations per plot as in cuts 

1, 2 and 3. These then were the last point quadrat readings 

recorded for the pasture mixtures and pure stands. 



b) Hay Mixtures and Pure Stands 

1. Harvesting 

This experiment was treated as hay and was therefore onù.y 

eut when the legume species were about one quarter in bloom. 

This permitted the collecting of 3 cuts during the season of 

1961. The methods used in harvesting the hay mixtures and the 

pure stands were the same as for the pasture mixtures. Samples 

for dry matter determinations and percentage composition were 

collected and processed similarly. 

The re-growth of alsike elever in the 3rd eut was so 

insignificant that it was not collected for data, when it was 

in pure stand. However, the mixture containing alsike was 

eut for data purposes. 

2. Point ~uadrat Analysis 

Again the methods employed in this case were very simllar 

to those of the pasture mixtures, although no extraordinary 

analysis was dona, neither was the improved point quadrat used. 

For eut 1, weather conditions and circumstances did not 

allow the analysis of all the blocks. The first hit on avery 

species and "others~ were recorded at an angle of 29° for 

blocks A, D, E and F. For eut 2, all blocks were analyzed 

for avery hit on each seeded species and "others". The 

inclination ot the frame was at 45° , because the materiel was 

too high for a lasser angle and eccording to Wàrren WtlsQh (1959) 

larger angles increase the error. 
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Fig. 8 Layout explaining sub-plots in Pasture Mixtures. 
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Methode for the Stud;y of Photosynthetie Area and 
Net Assimilation Rates 

The materiels used for:·thls study were the same as those 

used for yield par unit ares of ground cover studies in hay 

and pasture mixtures. However, not all the mixtures were used. 

In the pasture mixtures those that were more of the pasture 

tJI)e and in the ha ;y mixtures those tha t were moDe of the hay 

type were selected. Thus in pastures, mixtures 1, 4, 6, 8, 91 

11, 12, 13, 14 and 15 of blocks C and D and(v1i),{viii)of blocks 

E and F. All the pure stands were incl uded • In hay, mixtures 

1, 2, 4, 5, 8, 9 and(!)of blocks A, B, C, D, E and Fas wall 

as all the respective pure stands except alsike elever, for the 

resson mentioned above. Sub-plots were established on all of 

the se. 

For· harvesting the sub•plots, as described previously, 

the square metre quadrat was laid down over the 2 pegs and all 

the ares inside the quadrat was eut with a sickle. Thus for 

eut 4 the entire square metre sub•plot was harvested. After 

20 days of recovery the western half of the sub-plot was cl1pped 

and gave data for Sa. Th1rty-tb.ree days later or at the end 

of the complete re1!'grow~h period (53 days) eut Sc was obtained 

from the eastern half of the sub•plot. Thus eut 4, 5• and 

5c were collected for the pasture mixtures and pure stands .• 

Also sub•plots of eut 3 in the hay mixtures and pure stands 

wera harvasted. As soon as the materiel was eut, it was 
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stored in a raf'rigerated room until it could be hand separated. 

Whên this was dona, dises were punchad out from the leaves ot 

each species in' the mixtures but no:b from "otherstt. The 

oomponents were then oven dried and weighed, including "others". 

The dises were punched out in view of' the evaluation of' the 

photosynthetic areg index by the dise mehhod ~s used by other 

workers. These dises were eut out with cork•borers ranging 

in size !'rom 3.9 mm. in inside diameter to 11.9 mm., there were 

six different bores. 

The namber Qf dises punched out were determined quite 

arb1trar1ly, depending on the leaf' s1ze. For exemple on all 

clovers 50 dises of' the largest bore were used. For the 

other species the numbers ranged from 100 to 300 depending on 

the size of' the leaf' and the amount of materiel available. 

One exception in this procedure had to be made for the leaves 

of' Kentucky bluegrass. Due to the narrowness of' that species' 

leaf, dises could not be obtained and theref'ore about 50 

5 cm. segments were eut out. 

The dises that were so obtained were recovered in small 

pill•tins in which they were ovan driad. An ordinary thermo• 

stat controlled laboratory oven was used f'or this purpose. 

A number of' consecutive weighings indicated that the time 

required to obte-in a· constant moisture content was approximately 

12 hours. On this bas:ts. all the dises were weighed on a 

micro-balance to the closest milligrmm atter 12 hours of' drying. 
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d) Definitions and Calculetions 

1. Ground Cove~ 

This value refera to the portion of ground covered by 

a seeded speciaa. If a point could be so enlerged as to give 

area, the ground covered by a speciea would be a proportion 

of the total ares, covered by the sum of the ares of each seeded 

specles. "others" and bara ground. The following formula was 

used accordlng to Levy and Madden (1933): 

Number of first hits recorded of specles 
Ground cover = ----------------------------------------- x 100 Total number of pointa analyzed 

For this value only the first hlt on each species, as one 

needle want through the sward, was recordad. Thus, e.g. l:f'• 

~s in eut 2, the number of first hita on raad canary grsss 

ln the pure stand were 36, then the ground cover waa 

l2. x 100 ~ 72. 
50 

2. Yleld par Unit Are• of Ground Cover 

If the assumption (for this work) that a point can be 

enlarged to glve ares, is acceptad, then lt can alao be sald 

that a certain yleld can be obtalned from auch an ares, if it 

la covered by plants. Thus the yleld par unit ares of ground 

cover was defined as the amount of dry matter a unit ares of 

ground covar may yield in grama. For this atudy a plot of 

aize 400 square links., or 1/250 of an acre or approx1mately 

8 square metra was used. The formula developed was therefore: 



Yie1d par unit ares of ground cover = 

= Dry matter per plot of seeded sgecies 
Ground cover of this seeded species 
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The dry matter of a seeded species referred to in the text 

and in the tables aa nDM of component" was obtained by multi­

plying the hand separation percentage composition of a seeded 

species by the total yield of the mixture or pure stand in 

which the specles was round. Thus, e.g. if reed canary grass 

in eut 2 (1961) made up to 65.2~ of the pure stand sward and 

its DM was 2347 gm./plot. then the Y./u.A. off <r,.c..= 2347- 32.6 
72 

on & plot 1/250 of an acre. 

3• Densit;y 

Denslty in past work has been defined in various terms. 

Rare it is simply referred to as a function of all hits on a 

species and the total number of points recorded. This was 

referred to as the relative frequency of esch species by Levy 

and Mad den (1933). 
All hits recorded of one species 

Thus: Density= .x 100 
Total numbélLÔf .;points used 

4• Yield par Point "Density" 

This could be defined as the amount of dry matter obteined 

for ome point from a species of known ndensi ty". The calcu-

lations followed to give this value were of the same pattern 

es those of yield par unit area of ground cover. Thus: 

Yield par point density = Dry matter par plot of a species 
Density 

gm. 
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5. Averages 

The averages of the percent composition values for cuts 

have been calculated by taking the mean of the percent 

composition of each block. 

The averages of the yield par unit ares of ground cover 

have been calculated in the same mannar •n all cases. That is 

the dry matter contributed by a component of a m~xture or pure 

stand, to the total yield W9S summed up, and the sum of the 

ground cover of this component was also obtained. The average 

yield par unit area of ground cover was calculated by the 
Total DM of component 

formula described ahove, namely 
Total ground cover of component 

The averages of 2 blacks, or a complete eut, or of a series of 

cuts, e.g. the "seasonal average" of cuts 1, 2, 3, of the pas-

ture mixtures, were obtatned in this mannar. However, the 

analysis of varlance of the latter average as found in the 

appendix tables was based on the means of the yield par unit 

area of ground cover. 

6. The Comeetitlon Index 

Th1_s wa s defined as a measure of the ahili ty of a spec:ies 

to express its production potentiel of dry matter fn terms of 

grams par unit area of ground cover when in association with 

one or more forage species and in relati.on to i ts productlon 

ln pure stand. The index was obta~ned from a ratio of an 

observed yi.eld and an expected yteld. The obseved was the 

average yield per unit area of ground cover of a spectes when 

found in a mixture and the expected, lts average yleld per unit 
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ares when this spectes was seeded as a pure stand. 

Inde .,. __ Observed Y1/u.A. of G.c. 
Thus: Compati t'. on .... -

Expected Y./u.A. of G.c. 
e.g. Competition Index of reed canary grass in eut 2=~ = 0.24. 

32.6 
The competition index was also applied to mixtures in 

which case it simply measured the average competitiveness of 

species in a certain mixture. The calculations were: the 

ratio of the sum of the Y./u.A. of G.c. of the species in a 

mixture and the sum of the Y./u.A. of G.c. of these same 

species in individuel pure stands; e.g. the competition index 

for the pasture mixture 2 (from table 17) was the sum of the 

Y./u.A. of G.c. of timothy 9.9, of red clover 20.4, of alfalfa 

24.3 divided by the sum of the Y./u.A.of G.c. when these species 

were in pure sDand, i.e., 33.3 for timothy, 23.2 for red clover 

and 32.9 for alfalfa. 

Thus: 1 i I d Of 1 t 2 - 9. 9 + 20 ·4 + 24. 3 - 0 61 Compet t on n ex m x ure - - • • 
33·3 + 23.2 + 32.9 

Methode of Calculating PA, PAI, and NAR 

Photosynthetic ares (PA) and photosynthetic ares index 

(PA!) were used in the part of the project pertinent to them, 

instead of leaf ares, and leaf ares index. This was so, 

because the values for these expressions had been obtained, by 

the method of proportions, in which the weights of the dises 

punched from each species, the total ares of these dises and 

the total dry matter of the species per m2 sub-plot were the 



known variables. In eut 5a, 5b and 5e of the pasture mixtures 

the DM yield par half sub-plot was adjusted to a yield par m2 

sub-plot. 

The formula for PA was than: 

Weight dises {gm.) = Weight spaeies (gm./m2) 

Areâ of dises(dm2) PA 

transposing, PA: Weight of speeies (gm./m2) x Area1 of dises(dm2) 

Weight of dises (gm.) 

e.g. the pure stand of timothy gave 0.133 gm. of dise weight 

whose aras were 0.3495 dm2 and a yield of DM of 28 gm./m2• 

28 x 0.3495 
Then PA= 0 •133 = • 

The photosynthetie ares index (PAI) is the index obtained 

when the photosynthetie aras is expressad in the sama unit or 

maasuramant as the ares of ground fran which it has been 

For exemple in eut 5a, table Al67, the timothy pure 

stand of block E had a PA of 73.49 dm2 par square matre sub-
73.49 dm2 

plot and a photosvnthetic ares index of or 0 7349 4 ~ lOO dm2 • • 

The net assimilation rate (NAR) which has been frequently 

referred to, in the past by other workers as the effic!ency {E) 

of a plant hes been ealculated aecording to the formula from 

Watson (1952): 
W2 • W1 Loge t.2, •- log6 L1 

NAR =----·X----------
t2 - tl 
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where: wl = DM (gm) at ti me tl (weeks) 

w2 = DM (gm) at ti me t2 { weeks) 

Ll = PA ( dm2) at t:ime tl (weeks) 

L2 = PA (dm2) et time t2 (weeks) 

Th us for timothy (table Al07): 

28 - 0 loge 73.49 - loge 0 
NAR = x 

3.0 73.49 - 0 

28 4.2971 

= x = 0.546 gm./ dm2/week 

3 73.49 

Following thts NAR was then defined as the net amount of dry 

matter (in grams par square metre plot) produced by the total 

photosynthetic area (in dm2) par unit time {mweeks) once 

respiration has taken place from the entire plant. 

It is obvious that for cuts of the hay mixtures, eut 4, 

5a and 5c of the pasture mixtures, the formula above was 

greatly simplified since W1, L1 and t 1 were non-existent 

it12 X lou. e L2 and therefore equal to zero. Thus NAR = ~ • 
t?. L2 

8. Analysis 

The analysis of variance for a complete randomized 

block design has been used and the means were compared wtth 

Duncan• s Multiple Range Test accordlng to Robinson (1959). 
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METEOROLOGICAL CONDITIONS 

All the meteorological data' in the dissertation ware 

obtained from the "Annual Summary for Dorval Wea>ther Report" 

P·Ublished avery year by the Federal Department of Transport, 

Canada. In 1959 according to this Report, the annual mean 

meteorologieal conditions were approximately normal and that, 

all in all, 1959 could be considered a normal year. 

Meteorologi ca•l Conditions for the Growing Se a sons of 1960-1961 

Growing Sea'SOn 1960 

April. Temperature wise~ April averaged close to the 

expected values. The rainfall was heavier, i.e., 3·45" as 

compared to the normal of 3.04"• 

means of the periods 1942•1960.) 

(The normal is taken as the 

The last freezing temperaN 

ture occurred on the 26th. And only 0.4" of snow fall as 

eompared to the normal of 4.6". 

M&Ye The month of May was the warmast on record, with 

& mean of 6l.~F. as compared to the average of 55.1°Fe for 

the period of 1942-1960. The temperature never fell below 
0 

36.1 F. and the total rainfall for the month was above norma:l 

wi th .l.45" B'S compared wi th 3e04"• 

~· June was also above normal in temperature, with 

However, the 

warmest day experienced was only 86.4°F. ·Only 2.58" of 

rainfall were recorded as compared to the normal of 3.18". 



Table 1 Sumrnary of the Meteorological Conditions in 1960. 
Dorval, Que. 1960. 

Tempe rature °F. Precipitation 

Mean Mean Extreme Mean Mean 
Mon th (24 hourly Total No. Days 

Max. Min. values) Max. Min. 1942-1960 Monthly (Trace or more) 1942-1960 

Jan. 21.9 7·5 14.8 E1•2 -17·4 15.1 2.48 21 3·31 
Fe b. 28.3 14.6 22.2 •7 o.4 1~·5 6.90 24 2.83 
Mar ch 30., 1~.8 23·5 42·1 -8.2 2 .1 2-r 24 3.21 
Aprii 50. 3 .o ~·2 ~6.6 23·5 41.2 3· é 21 3·0ft May 71·5 51.1 1.5 s., ,6.1 s4.1 1. 16 2.9 
June 7~·0 56.0 66.1 86. 0.9 6 ·7 2.,8 il 3.18 
Ju1y ~ ·3 58·~ 6~-5 88.9 ,0.2. 70.1 3· 8 3.56 
Aug. o.l a5· 6 ·9 89.7 5·1 67.8 1.19 11 2.77 
Sept. 69·1 9.8 60.2 84·§ 33·4 49·7 2.27 18 3·23 
Oct. ,5.2 38·5 47·4 6 • 29.7 1·1 ~:~~ 15 2.99 
Nov. 6.1 3l~.5 40. 59·3 25·3 34·7 19 3·76 Dec. 27.6 10.5 20.2 55·6 -9.0 19.4 2. 1 23 3·55 
Year 52.9 35·6 44·7 89.9 -17·4 43·3 37-01 225 38.41 

~ 
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July. This was a rather cool month. therefore breaking 

the trend taken by the 3 previous months. The mean temper­

a>ture was 62.S'F. as compareà to the n<>rma'l of 70.1°F. No 

temperature above 88.9°F. was recorded. Rainfall was close 

to normal with 3.56" as compared to 3.48".on the 22nd a record 

of one hour rainfall of 1.07" was established. 

August. During this month dry seasonable temperatures 

were prevailing. The mean was slightly above normal. but 

none reached the 90oF. leval. There were only 8 deys of 

measurable precipitation giving a low total of 1.19" as com• 

pared to the normal of 2.77"• 

September. The temperatures were normal wlth a mean of 

60.ZOF. as compared to the normal of 59.~F. However, the 

highest temperature of the year was recorded on the 8th, 89.~F. 

The total rainfall was 2.27" wall below the normal of 3.23", 

making this the 5th consecutive month with a rainfall below 

the expected. It can be easlly deduced then, that the con• 

di tiona for establishing forage mixtures were most uhfavoràbl.e.. 

October. Seasonable temperatures prevailed with a mean 

of 47e5°F. as compared to the 1942-1960 average of 47•7°F. 

Howaver, the highest maximum temperature of 64.8°F. was wall 

below the normal maximum of 75.JlF. The first freezing temp• 

erature occurred on the !9th, a low of 29.~F. on the 2lst. 

The total rainfall of 4•34" was much above the normal of 2.99", 

thus giving the new seedlngs a chance to recover from the 

shortage of water during the previous 5 months. 
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Growing Season 1961 

The forage mixtures recovered fairly wall from a winter 

that seemed to be not too rigorous. November 1960 was a mild 

month with maximum delly temperatures of 4SOF. or above for 

20 dsya, and minimum delly temperatures of 3SOF. or less for 

22 daya. This seemed to be quite favourable for translocation 

of augers. December 1960 had a good snow cover especially on 

the coldest deys. Cold weather and below normal snowfall 

during the months of January and February and March, did not 

adversely affect the forage mixtures, although above freezing 

day temperatures and below freezing night temperaturea, were 

experienced quite frequently. 

April. Cool~ cloudy and wet weather prevalled with a 

mean of 41.2°F., and yet close to the normal of 42.7°F. Also 

6 deys of below freezing temperature were recorded. Pre ci pi-

tetions of 4.21" were wall ebove the normal of 2.92" and only 

4 deys were recorded as being partly cloudy or clear for the 

larger part of the day. 

Mal• This was the third consecutivé month with mean 

temperatures below the normal. Record low temperatures were 

experienced on 5 deys of which 3 were the lest deys of the month. 
0 

A killing frost in many areas, with 29.8 F. occurred on the 

31st of the month. The precipitations were close to normal 

with 24.6" vs 2.86". Only 3 days were clear and sunny. 



Table 2 Summary of the Meteorological Cond.i tions in 1961. 
Dorval, Que., 1961 

Temperature °F. Precipitation 

Mean Mean Extrema Mean Total Mean 
Mon th (24 hourly, No. Days 

Max. Min. values) Max. Min. 1942-1960 Monthly (Trace or more) 1942-1960 

Jan.(i) 16.0 -1.1 8.o 40·7 -17.1 15.1 1.32 12 3·31 
Fe b. 27.6 11.4 20.3 ~·1 -14.2 15·5 2.81 9 2.83 
Mar ch 

ié:§ 
17.9 27.2 5 .2 - 0.7 28.1 2.71 10 3.21 

April ~·1 41.2 66.8 27.2 42·7 ~:4~ 17 2.67 
May 3·0 sR.6 86.8 29.8 s6.o 12 2.86 
June 72.8 53:~ b .o 85.4 40., b5el 5·17 16 3e00 
July 78.6 b1e4 69·5. 8è.2 40. r0·5 3·07(ii) 16 3·59 
Aug. 77·6 59·5 68.b 8 .1 7·3 7·9 5·~1 10 2e77 
Sept. z5·9 45.2 65.6 88.1 37 .o 60.2 o. 3 5 3.22 
Oct. 0.5 1.6 51.1 ~~:6 2è.1 48.7 2.~5 12 2.86 
Nov. 43·2 3la1 37·2 1 ·3 35·7 2. b 16 3.41 
Dec. 30.2 18.6 24.4 4 ·9 1.6 20.0 3.41 15 3· 7 

(i) The last 13 days in January averaged just below zero temperatures, the longest cold 
spell of any month on 20 yr. record. 

(ii) Record at Dorval. 

-3 
t-' 
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June. The 4th consecutive month with temperatures below 

normal. It 

was a cool and wet month with 2.17" above the normal of 3.0"• 

The 29th and the 30th were probably the only deys that could 

have been called normal and sunny. 

July. The 5th consecutive month of below normal tempar• 

atures, i.a., 69.5°F. vs 70.5°F. 

normal too. with 3e07" YS 3.59"• 

Rainfall was a little below 

The amount of sunshine in-

creased considerably, but nevertheless was still below normal 

for this month. 

August. This is the first month since April to hava a 

temperature that was about normal. Nevertheless, the mercury 
0 feiled to reech 90 F. Predpltations were much above norma'l 

with a record high of 5.41" as compared to the normal of 2.73", 

and the previous record in 1959 of 5.22"• There were 12 deys 

of sunny and clear weather. 

Septamber. The mean temperature of this month, of 65.6°F. 

was above the normal of 6a.20p. Also the average minimum was 

a:bove normal. The ralnfall of 0.83" was only 25% of the 

normal for the month. 

October. October was mild with a mean temperature slightly 

above normal. The rainfall of 2.55" was 0.31" below normal. 
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EXPERIMENTAL RESULTS 

I ~eriment I. Pasture Mixtures Trial 1960 

1. Hand Separations and Point Quadrat Analysis 

The resulta obtained throughout the year or season 1960 

are quite characteristic of the exploratory nature of this 

work. Also for this resson the yields of dry matter of the 

mixtures are not reported anywhere, but the yields of indivi• 

dual components are round in the appendix. 

e) Pure Stands 

or the pure stands timothy was rather low yielding. 

Table Al (the letter A in this case refera to the appendix 

tables) gives the yields of dry matter of all the pure stands. 

in their respective availeble cuts. These exceptionally low 

yields of timothy were attributed to: a) a large amount of 

dandel1ons, which contributed a high percentage of the yield 

as sean in table Ala and b} drought conditions prevailed through• , 
out the summer. 

Similarly, the drought affected adversely the yields of 

brome and alfalfa pure stands. 

Table Ala indice tes the percentage compesi ti on and point 

qu~drat analysis of the pure standa. In this table, the low 

percentage of pure timothy and brome, seem to indicate a direct 

relationship, in all cuts with the high bare ground values. 

eut 2 of alfalfa had a high amount of weeds other than dandelions, 
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which resulted in a low bars ground. However, at eut 5, 

drought and frost had killed most of these weeds, leavlng a 

large amount of bare ground. 

The percentage composttion of timothy dropped from 42.3% 

at the heginning of the season to 23.2% at the 5th eut. That 

of pure brome increased from 70.6% to 91.4% and alfalfa also 

lncreased from 33. 31è to 96.0%. 

b) Pasture Mixtures 

In tables A2 to A7 of the appendix appear the percentage 

compositlon of the mixtures, as obtalned from hand separations, 

and their respective ground caver values. 

In all the mixtures where red claver or alsi.ke had been 

one of the components, the percentage tlmothy was relatively 

htgh for all cuts. The rea~on for this was that these two 

legumes had disappeared from the sward due to winter killing 

or other ressons, leaving only the grasses with or without 

other legumes and "others". 

Mixtures with alfalfa or birdsfoot alone showed almost 

the opposite trend, i.e.,these two legumes outyielded the 

various grasses with which they were associated. The excep­

tion to this was found in the first eut where timothy, brome 

and tell fescue contributed a higher percentage to the mixture 

yield than birdsfoot. These same ta~les mentioned above show 

the ground caver obtained for eut 2, 3, 4 and 5, as wall as the 

ground cover obtained from the analysis dona after eut 5 was 
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harvested. Ground cover was low in the mixtures in which 

red clover had disappeared and -also in a few of the simple 

mixtures. It was found to be as low as 28% in mixture 3 8~ 

eut 5. 
In general it appeared, that the mixtures of this trial 

had stabilized in favor of the more long-lived species. The 

net result, in terms of ground cover,was that the mixtures which 

originally had red clover, Ladino or alsike, gave much higher 

bara ground readings. 

2. Yield Par Unit of Ground Cover 

a) Pure Stands 

Table A8 shows the yield par unit area of timothy in cuts 2, 

3 and 51 and of brome, alfalfa in cuts 2, 5 and 51 • It is to 

be noted he re tha t the yi eléis per unit a rea of ground cover of 

timothy were extremeLy low in cuts 3 and 5•. This was attributed 

to heavy weed infestation in this pure stand. In eut 3 the 

yield par unit ares of timothy was only close to 1.0 gram. 

In eut 5 the yield was even lower; namely o.~o gram par unit 

are~ of ground cover or 10 grams for lOO% ground cover. Both 

brome and alfalfa had relatively similar high yields to timothy 

in eut 2. eut 5 and 51 for which the same yield but different 

ground cover were used, show a marked decline in yield par unit 

area. Brome went from 58.5 gm. par unit area of ground cover 

down to 3.2 gm./unit area of ground cover. Alfalfa went 

from 26.4 gm. to 6.0 gm. par unit ares of ground cover. The se 



yields, however·, were still markedly larger than those of 

timothy. 

b) Mixtures 

In tables A9 to Al4 appear the yield per unit ares of 

ground cover 6 of timothy, alfalfa and brome when round in mixtures 

of various complexities. 

The highest yie1d per unit areg., in eut 2, of timothy was 

obtained in mixture 11 where it was associated with Ladino. 

The lowest of timothy in this same eut, was when it was associ­

gted with red clover. alfalfs and L•dino in mixture 6. In eut 

-3 this order was changed to soma extent. The mixture in which 

timothy yielded most was number 12, where it was associated with 

birdsfoot trefoil. This however was followed closely by 

mixture 11. The lowast yield per unit ares of ground cover 

of timothy in this eut 3.- was round in mixture 7 when it was 

associated with alfalfœ. In eut 5 the highest yielding timo­

thy wg.s in mixture 5. when it was in mixture with red clover 

and birdsfoot trefoi1, (practically only the latter was present). 

The lowest yields of timothy in this eut were obtained when it 

w.as associated (theeretica·lly) with red clovar, red clover and 

alsike, or alsike alone. Since this was indicated previously, 

these legume specias had almost completely disappearad from 

the stand., it may ba prasumad that timothy was lacking thair 

beneficia! affect. 

The two mixtures which contained b-.rome, namely mixture 13, 
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where it was associated with trefoil and 17 with alfalfa,. 

showed that the yield par unit ares of hrome stayed relatively 

constant throughout the season. Brome with trefoil gave the 

higher value, in both eut 2·:and cu~ .. 5. 

The yields par unit area of ground cover of alfalf~ ln 

eut 2 were all relatively high. In this eut the highest yield par 

unitarea was obtained when it was in association with timothy 

and birdsfoot in mixture 8. In eut 5 the h~ghest yleld ob-

tained was when alf'alf'• had been associated with red clover 

and timothy. Alfalfa yielded leest in both cuts when associ• 

ated with brome alone. 

Table 3 is a summary of the yields par unit area of ground 

covar of' timothy, alfalf'a and brome in the mixtures as compared 

to thelr behaviour in pure stands. 

Since none of' the resulta of a.xperiment I were statisti• 

cally analyzed the axtent of the differences occurring cannot 

be judgad, except in cases where these differences ware large. 

Thus from taoJle 3 without calculating competition indices, 

1 t wa s obsarved tha t the gre sses in c ut 2' had an index of 

competition of less than 1.0,. whereas the only legume, alfalfa, 

had competition indices above 1.0 in all casas except for 

mixture 17. In eut 3 only timothy in mixture 7 yielded lwss 

than the pure stand • In eut 5' avery competition index of 

timothy was abova 1.0. However,. brome in the mixtures of 

eut 5•, yielded less than the pure stand. In eut 5 alfalfs 

was showing good competitive ability too. 

~·--·······~~~ ~~~ -~~~-



Table 3 Average Yield per Unit Ares. of Ground Cover of e. Species in 
Pure and Mixed Stands (in gm.} 1960 Pasture Mixtures. 

Experiment r. (2nd year of production) 

Species 

Timothz Alfalfa Brome Mixtures 
Mixt. Cüt eut eut Cût eut eut eut dut eut eut 

No. 2 3 5 5 2 5 5 2 5 5 
-

l 

~ 
2.0 1.03 o.so Timothy, Red C1over 

2 2.2 1.07 0.62 Timothy, Red C1over, A1sike 

4 1.9 2.94 0.59 Timothy, Red Clover, Ladino 
le7 1.62 0.57 31.1 18.8 9.1 Timothy, Red Claver, Alfa1fa 

t 3·2 8.50 1.é4 Tim., Red. Cl., B.T. 
2.3 1.31 o. 5 32·7 

~~=~ 
16.0 Tim., Red. Cl., Alfa1fa, Lad. 

è o.8 1.7~ 0.50 ~·1 9.2 Timothy, Alfalfa 
2.2 1.9 1.0~ .6 13.~ Timothy, Alfa1fa, B.T. 

9 1.2 1.04 o.a 28.~. 18.1 13. Timothy, A1falfa, A1sike 
10 • 2.6 1.92 1.15 29. 13.6 19.5 Timothy, Alfa1fe., Ladino 
ll ~ 4.1 1.83 0.79 Timothy, Ladino 
12 4·5 4·33 2.17 Timothy, B.T. 
13 ~ ~ ~ 

Brome, B.T. 
l? 2!t·~ 2•2 9.8 Brome, Alfa 1fa 

re 
Stands 37·1 0.96 -- .09 26.4 12.9 6.0 58·5 4·5 3·2 

Underscored values indicate a competition index of 1ess than 1.0. 

-J 
CD 
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' What was ealled eut 5~ had been calculated to find whether 

there existed a relatlonship between tt and eut 5. No suoh 

tendency was readily obaerved in timothy. However, upon 

calculating the coefficient of correlation in timothy~ it was 

found that "r" gave a value of .58, just significant at the 5% 

leval. It should be noted that a value of r =.58 aocounts 

only for 33.2% of the variability existing between these two 

w.ays of measuring yield per unit aree of ground caver. (See 

materiels and methods.) This was not considered sufficient, 

to say that Olille method is as good as the other~ for timothy. 

For alfalfa on the other hand a correlation factor r = .07 was 

obtained, which was obviously not significant. Therefore, 

in this case the two methods are definitely not the same. 

--·····-·~·~~····-~--~-



EXPERIMENT II 

Pasture Mixtures and thelr Pure Stands 1960-1961 

1. Yields of DM of the Pure Stands and J Mixtures 

1960-61 

80 

Tables Al5 to A20 show the green and dry weights of the 

pure stands and J mixtures. The analysis of variance of the 

f~ll eut of 1960 gave no signlficant differences between 

traatment(i} mean&., Wihlch included the 6 pure stands and 3 

mixtures. All other cuts, i.e.~ cuts takan in 1961, gave hlgh 

signlflcance for these same treatments except eut 5 ln which 

they were only significant to the 5% leval. In table 4 appear 

differences between treatment means in pounds per acre of the 

pure stands and 3 mixtures, but excluding the reed eanary and 

Kentucky blue grsss.es. Aecording to Duncan 1 s multiple range 

test all treatment meana with the same lower case latter do not 

dlffer significantly from each other. 

The mean yields of eut 1 show no significance between the 

yields of the pure stands of red clover, brome and L3d1no. 

Timothy gave the hlghest yield ln this eut and was signlfic­

antly different from all pure stands and the 3 mixtures except 

brome. Alfalfa yielded signifieantly less than any of the 

pure stands in both cuts 1 and 2. 

( 1) Treatment refers to sueh variables as mixtures, species 
a te. 



Table 4 Yields as Pounds of Dry Matter per Acre. 
Pure stands 1960-1961. Pasture Mixtures. Experiment II 

1960 eut 2 Cut2 Out 3 Out 4 Out 5 Total 

(i) Tim. 331 a 1623 a 3835 a 1zo c 259 c 335 c 6823 ab 
(ii) R.c. 510 a 1273 b 18~0 c 14 ~ab 820 b 659 ab 6106 ab 
(iii) Af. 394 a 493 c 7 9 d 111 be 12~7 a 768 ab ~~ég b

0 
(iv) Br. ,71 a 1401 ab 2405 be 1285 ab 2 0 c él3 c 
(v) Lad. 9~ a 1253 b 2189 be 1487 ab 9,3 b 53 ab 6Jl6 ab 
(vi) B.T. 43 a 726 c 25é3 b 1097 be és~ b 501 be 5 37. b 
(vii) T., Lad., B.T. R64 a 1172 b 

~~~~ 
b 1412 ab b é66 ab 6796 ab 

(viii)T.,Br.,Lad.,B.Te 77 a 1303 b be 1591 a 99é b 60 a 7206 a 
(ix) T.,Br.,Af. 249 a 631 c d 775 c 102 c 684 ab 3949 c 

s.n. 67.63 115·99 253·é7 158·57 90.48 117·58 438.70 
c.v. 13e51 11.66 12.21 20.35 8.14 
F. treat. 2.6 18.19*-i} 

12. é 
22.3 *~} 

1t:6;4{H~ 22.39-tH:· 5·15* 10.71i.~ 

Date Nov. 2 May 23 

Total does not include the 1960 eut 
S.D. in gm./p1ot x 1.1034 for 1b./A. 

June 26 Ju1y 26 Sept. 1 Oct. 25 

Means fo1lowed by the same lower case letters are not significantly different from each 
other at the 5% level. Duncan's Multiple Range Test. 

CD ..... 
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Considering the mixtures,in this comparison, it is noted 

that(vii)and(viii},which differed only in the presence or· 

arrsence of brome~ were not significantly different from each 

other throughout the testing season. Mixture (ix) together 

with the pure stand of alfalf~~ was the lowest yielder in 

cuts 1, 2.,. 3. In eut 4 and 5 both of these improved, so that 

mixture {ix) w~s not slgnificant1y different from mixtures 

(vii) and (vii'-) nor was it different fran red c1over·, Ladino 

and birdsfoot trefoil. However, a1falfa: was the best yielder 

in eut 4 and sigilif'icant1y different from all other• trea·tments. 

In the seasona1 meana, both of thesé: treatments. took the last 

rank, significantly different from a:ll others. 

Timothy and brome behaved simil&rly throughout the season. 

They were only significant1y different from each other in eut 

2 where brome yielded less than timothy and in eut 3 when the 

r~les were just the re~erse, timothy being among the lowest 

yie1ding of &11 treatments. In cuts 4 and 5 they were both 

the lowest yie1ders, significant1y so, except from trefoil in 

eut 5. 
Red c1over and Ladino never dlffered significantly from 

each other throughout the season. They ranked among the 

highest yielders towards the end of the season. Birdsfoot 

trefoil was qui te average,, wt times,. yielding significant1y 

less than the lowest yielding treatment. 

From the season's total it !s observed that the highest 

yie1da., but n-ot significant1y different, w:ere obtained from 
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timothy, red clover~ Ladino and mixtures (vii) and {viii). 

Only mixture {viii) however differed significantly from 

alfslfg~ brome. trefoil and mixture {ix). 

2. Yields of DM of the Pasture Mixtures Trial 1960•61 

a) Yields of DM 1960. In table A21 the yields of the eut 

ts,ken in the fall of 1960 are shown together· wi th differences 

that appeared between their means. Mixtures 1. 2, 3, 4, 5, 
6,. 7, 8, 9 and 12' 8'11 ga:ve me ens that were n·ot signifi cantly 

different from each other. Mixtures 2, 5 and 8 were signifie-

antly different from all others. Mixtures 1, 3, 4, 6 and 9 

were not significantly different from the lowest yielders, 

which were the simple mixtures. 

b) Yields of DM 1961. The green weights, percentage dry 

matter and the dry weights are found in tables A22 to A2..6 for· 

&11 5 cuta of 1961. An analysis of variance was done on 

avery eut. but since we were ~ot directly concerned with the 

yields par acre~ only a summary of Duncan's Multiple range 

test is reported for all cuts and the seasonal average. This 

summary, showing the behaviour· of mixture means throughout 

the sesson is sean in table 5. 

From eut 1 1 t can be se en that the h!ghest y!elding mix­

ture& which were not signifieantly different from each other, 

ware mixtures 2, 3, 4, 51 6, 8, 10 and 12. Of these only 

mixtures 5 and 8 were significantly different from the 7 
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remaining mixtures. The 4 lowest mixtures in this eut, 

which were mot significantly different from each other were the 

simple mixtures 11. 13, 14 and 15. Mixtures 14 and 15 yielded 

significantly less than any of the 11 remaining mixtures. 

From eut 2 it is sean that mixtures 2, 4, 5, 6. 8, 91 11, 12, 

1-3 and 14 were sll the highest yielding. But of these only 

mixture 14 was sign!ficantly higher yielding than the 5 remaln-

ing mixtures. Mixturea 1. 3. 10 yielded least with no signi-

ficant differences between them. Mixture 10~ in which alsike 

was associated with timothy, and which has very little ability 

to recover. yielded significantly less in this eut 2, than any 

other mixtures. excluding 1 and 3. This was also true in cuts 

3 and 4, although the mixtures that were not signiflcantly 

different from 1t.- varied. 

In ~ut 31 the highest yielding mixtures were 2, 4, 5. 7~ 
Mixture 8 was the only mixture to be significantly 

different from all other 9 mixtures. The lowest yielders were 

1, 10 and 11. Mixtures 10 and 11 were significantly different 

from all ethers except from 1. 

In eut 4, mixtures 2, 4, 5, 7, 8, 9 were the highest yield ... 

ing, with 7 and 9 being significently different from all ethers. 

There were ll.mixtures in this eut that ranked 2nd and no one 

mixture that yielded significantly less than all ethers. In 

eut 5 there was no significant difference within mixtures at 

the 5% leval. 

Thus to summarize these 5 cuts, there did not appear to be 
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any defini te tremda in the yields of the se 15 mixtures. The 

whole picture appeared to be rather confusing. As the season 

advanced the differences became less apparent. to finally not 

give any difference in the fall eut. This latter in this 

sense was very different from the fall eut of 1960. 

A trend that seemed to be of soma significance, was that 

mixtures 2, 4~ 5 and 8 appeared in all cuts as the highest 

yielders, and that mixtures 1. and 15 never appeared amomg the 

highest yielders, and that the simple mixtures, except mixture 

7. only yielded well in cuts 1 and 3. 

~~he season 1 s total showed just as little difference as 

cuts 2, 3, 4 and 5. Ther.e were 9 mixtures not significantly 

different from ea,ch other in rank one. Of these mixtures, 

2, 5, 8, 9 were significantly different from the ether 6 

mixtures. Ranking third and last were 10 mixtures which were 

not significantly different from each ether and all of which 

had the sama rank as in eut 4• Of these mixtures~ 10 yielded 

significantly less than the remaining 5. 
If mixtures 2, 4, 5 and 8 were the most persistent yielders, 

mixtures 2, 5, 8 and 9 were the top yieldera in this mixture 

trial. All of those were complex mixtures, a11 had alfa1fg 

in them except 4., and all had timothy. 

Among the lowest yie1ding mixtures, i.e., consistent1y so, 

mixtures 1. 10 were found in cuts 2, 3, 4 and mixture 11 in 

cuts 1,. 3, 4• Al1 3 of these were simple mixtures. Standard 

deviations from the errer mean have been ca1cu1ated for all cuts 



Table 5 Yields as Pounds of Dry Matter per Acre. Pasture Mixtures 1961. 
Experiment II 

Cuts 
Mixture No. eut 1 eut 2 eut 3 eut 4 eut 5 Total 

1. T.R.e. 1533 bcd 1937 cd 1216 def' 1266 bcd 716 a 6668 be 
2. T. R.e. Af. 2142 ab 2270 abc 1619 abc 1591 ab 1017 a 8638 a 
3. T. R.C. As. 2066 ab 1938 cd 1385 bede 1295 bcd 565 a 7249 abc 
4. T. R.e. L. 1995 ab 2190 abc 1607 abcd 1337 abcd 602 a 7731 abc 
5. T. R.C. Af. L. 2324 a 2276 abc 1665 ab 1460 abc 941 a 8666 a 
6. T. R.e. B.T. 2010 ab 2265 abc 1417 bede 1229 bcd 182 a 7704 abc 
7. T. Ar. 1633 be 2094 be 1760 ab 1675 a 948 a 8111 ab 
8. T. Ar. L. 2328 a 2326 abc 1817 a 1510 abc 717 a 8698 a 
9. T. Ar. B.T. 1590 bcd 2500 ab 1665 ab 1689 a 964 a 8408 a 

10. T. As. 2128 ab 1554 d 1008 f' 1021 d 616 a 6327 c 
ll. T. B.T. 961 de 2608 ab ll90 f' 1238 bcd 663 a 6660 be 
12. T. L. 1865 ab 2254 abc 1524 abcde 1309 bcd 633 a 7585 abc 
13. Br. B.T. 1158 ede 2332 abc 1537 abcde 1159 cd 605 a 6791 be 
14. R.ca.n. B.T. 834 e 2719 a 1235 ede 1305 bcd 608 a 6701 be 
15. K.B. B.T. 784 e 2162 be 1464 abcde 1283 bcd 956 a 6649bc 

'Xt:l690 ~-2228 xJ=l474 ~=1358 x;=756 X-7506 

S.D. 375.06 292.69 214.87 196.19 213.59 886.92 

c.v. % 22.19 13.13 14.58 14.45 28.25 11.15 
~'" ... :~~~~· ..:~~-;;~ 

3. 8i:·gr·gn. at 3.Œf~ign. at 3.38~ .. -:: F. treat. 6.64 Sign. at 3.10 Sign. at 1.93 
0.1% 1% 0.1% 1% Sign. at 

1% 

Date Cut May 23 June 26 July 26 Sept. 1 Oct. 25 

Means fo11owed by the same lower case letter are not significantly different from each other at 
the 5% level Duncan•s Multiple Range Test. 

a:> 
0'-



and the seasonal average, as wall as the coefficient of 

variahility. From the latter it can be observed that except 

in cuts 1 and 5~ the CV' s were all le as than 15%. 

of 28.2% was ohtained in eut 5. 

A high CV 

}. Percentage Comp.oai tior.r and Point ~uadi!at Analysis 

1960-61 

g) Pure Stands. In ta'('}les A27 to A32. appear hoth the percent .. 

age composition by weight as obtained from hand separations 

and the point quadrat analysis, of all cuts harvested on the 

pure stands. Averages were calculated of each of these, of 

aach table, and the resulta are sean in table 6. A point to 

note here is that whenever two grour.rd cover values were averag-

ed, the result is simply the total of all the number of hits 

entering in these two figures. This is quite clear when it 

1s cons1dered that the maximum number of h1ts on a species 1n 

two analyses 1s equal to 100 points, as only one hit on each 

of the 100 needles analy~ed was recorded. 

From table 6 it is seen that the eut of the fall of 1960 

gave a high percentage for 'others•. This was due to the fact 

that the stubble of the companion crop was incorporated into 

the eut materiel. These then, hsd to be accounted for as 

"others" in order to obtain the actuel weight of each component. 

The affects of the stubble was also reflected in the bare ground 

values, which were high throughout this eut, beceuse dead 

materiel was not recorded at all. 



Table 6 Average Percentage Composition and Ground Cover 
Pasture Mixtures and Pure Stands 1960-1961 

(Experiment II) 

eut 1960 eut 1 eut 2 Out 3 Cut 4 eut 5 
Components % Camp. G.c. % Camp. G.C. % Camp. G.C. % Camp. G.C. % Comp. G.C. % Comp. G.c. 

i Tim. 10.8 17 100 59 99.3 67 64.6 36 80.8 55 89.1 53 
others 89.2 3 tr 2 0.7 - 35.4 10 19.2 15 10.9 12 
B.G. 80 42 33 57 60 42 

ii R.C. 55.9 42 100 75 99.2 60 92.9 41 74.2 75 74.1 71 
others 44.1 2 - - 0.8 - 7.1 19 25.8 30 25.9 14 
B.G. ;6 25 40 47 20 21 

iii Af. 24.4 15 99.3 19 98.0 12 84.8 29 67.6 65 75.9 40 
others 75.6 5 0.7 - 2.0 - 15.2 44 32.4 95 24.1 45 
B.G. 80 81 88 39 - 31 

iv Br. ;.6 16 100 47 92.7 56 48.0 33 54.2 80 68.2 39 
Others 94.4 3 - - 7.3 12 52.0 22 45.8 40 31.8 21 
B.G. 81 53 37 52 15 46 

v Lad. 30.0 37 98.3 69 100 86 100 71 92.3 90 99.4 95 
Others 70.0 - 0.7 - - - - - 7.7 - 0.6 
B.G. 64 31 14 29 10 5 

vi B.T. 35.7 35 98.9 53 97.3 73 88.3 65 69.2 90 80.2 74 
others 64.3 4 1.1 3 2.7 1 11.7 9 30.8 35 19.8 24 
B.G. 61 44 27 31 10 14 

vii Tim. 2.9 7 11.9 25 20.4 25 1.7 9 0.7 (2) 3.0 4 
Lad. 21.4 30 54.3 54 71.9 62 97.2 64 97.5 100 75.4 93 en 
B.T. 15.9 13 31.4 21 7.2 29 1.1 18 1.7 ll 0.6 (.2) en 
others 58.8 - 2.4 - o.; - - - 0.1 - 21.0 
B.G. 52 25 19 27 - 5 



Table 6 eontinued. 

Cut 1960 eut 1 eut 2 eut 3 eut 4 eut 5 
eamponents % eomp. G.e. % eomp. G.e. % eomp. G .. e. % eomp. G.e. % eomp. G.e. % eomp. G.e. 

viii Tim .. 3.1 5 16.6 24 12.4 15 1.7 4 1.8 6 1.5 5 
Br. 5.2 10 1.7 10 0.6 9 0.1 4 0.6 6 2.0 5 
Lad. 19.5 14 51.2 49 77.1 68 96.4 58 95.7 95 95.5 92 
B.T. 17.6 13 29.1 42 9.5 35 1.8 10 1.9 6 1.0 3 
Othe re 54.6 - 1.4 - 0.4 
B.G. 62 17 17 32 5 7 

ix Tim. 8.1 13 23.1 33 39.1 45 12.0 23 6.5 9.8 
Br. 3.1 8 7.1 16 1.8 9 16 
Af. 19.2 5 68.7 10 58.1 3 82.0 4 69.8 75.4 
Others 69.6 4 1.1 - 1.0 - 6.,0 10 23.7 14.8 
B.G. 70 58 43 57 

R.ean. 3.7 8 100 24 85.2 72 (66) 66 93.2 70 91.7 68 
Others 96.3 34 0 - 14.0 - (34) 34 6.8 20 8.3 18 
B.G. 60 76 28 22 10 28 

K.B1ue 2.6 16 98.3 52 99.0 92 (91.7) 66 82.4 70 98.5 68 
Others 97.4 38 1.7 - 1.0 - (8.3) 6 17.6 - 1.5 
B.G. 4S 48 s 32 30 30 

Averages of B1oeks E and F exeept for K.B1ue and R.can. 
Ave. G.e. :Total hits of E & F. 

0::> 

"' 



However, according to the ground caver values, "ether" 

specles seemed to be rather p:uom.inènt ln the alfalfa p~ure 
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stands. But. when the percent composition of these is ~onsidered 

it is noted, that thelr contribution to the sward by welght was 

relatively small. Towards the end of the season~ ln cuts 3, 

4,. 5. weeds made up almost half of the total yield. 

The amount of bara ground at the beginning of the season 

was relatively high for timothy, alfalfa, brome and trefoil, 

none of which showed a very reguler stand. As the season 

progressed the bara ground decreased in the alfalfa and trefoll 

stands but dld not change ln the timothy and brome stands. 

Red claver and Ladino had fairly unlform stands,. but red claver 

probably lesa than Ladlno,. because it was thinned by disease. 

Ladino maintained 8 high ground caver throughout the season, 

gpproaching 100 in cuts 4 and 5. 

t)Percentage Composltion of the Pasture Mixtures 

The details of the perceotage composition and of the point 

quadr•t analysis of avery species, in avery mixture, in avery 

eut are found in tables A33 to A40. A summary of these tables, 

in the form of averages par eut la round in table 7 of the text. 

A general observation may be made at first, namely that 

the grasses as expected, contributed very little to the total 

yield in the flrst yaar of production. Also that the high 

percentages of "others" in soma of the mixtures, may be due 

solely to the invading ~dina claver in blacks A and B. 



Table 7 Average Pereentage Composition and Ground Cover 
Pasture Mixtures 1960-1961 

Experim.ent II 

eut 1960 eut 1 eut 2 eut 3 Cut 4 Cut ; 
Mixture % Comp. G.c. % Canp. G.c. % Comp. G.C. % Comp. G.c. % Comp. G.C. % Comp. G.c. 

1 Tim. 5.4 s.; 10 22 29 28.5 13 16 9 40 20 16 
R.c. 46.5 40.5 90 75 68 52 79 32 60 80 63 58 
others 48.1 6.; tr - 3 9.5 8 25 31 55 17 29 
B.G. 53 18 26 39.5 - 15 

2 Tim. 4.8 8 7 16 16 19.5 4 12 4 8 
R.C. 34.1 20.5 59 79 52 42 45 40.5 27 24 
Af. 18.0 7 29 13 23 19 36 12 43 48 
ethers 43.1 4.5 5 - 9 10.5 15 29 26 - 20 
B.G. 64 13 29.5 27.5 

3 Tim. 3.8 4.5 9 22 14 17 7 9 6 11 
R.c. 25.0 25.5 36 44 48 41 49 27 49 52 
As 31.0 13.5 44 63 13 30 2 ll tr 18 
ethers 40.0 5 ll - 25 19 42 37.5 45 19 
B.G. ;o.; 7 19.5 33 

4 Tim. 5.7 8 16 32 12 19.5 5 7 1 (2) 4 6 
R.C. 28.6 24 49 59 28 39 14 53.5 15 40 7 18 
Lad. 26.9 27 35 54 60 68 81 30 81 75 88 80 
others 38.8 1.5 tr - tr o.; tr 2 3 10 1 1 
B.G. 42.5 12 10 23.5 - 13 

5 Tim. 4.2 4.5 8 25 11 16 2 8 2 4 
R.C. 27.4 28.5 36 52 28 43.5 14 18 ll 5 '-0 

Af. 26.; 4.5 32 11 15 10.5 22 13 26 35 
..., 

Lad. 17.3 15.5 23 43 46 51.5 61 51.5 60 56 
othe ra 33.2 o.; 1 2 tr - 1 2 1 tr 
B.G. 76 9 17.5 22.5 



Table 7 continued. 

eut 1960 eut 1 eut 2 eut 3 eut 4 eut 5 
Mixture % eomp. G.e. % eomp. G.e. % eomp. G.C. % eomp. G.C. % eomp. G.c. % eomp. G.e. 

6 Tim. 4.8 5.5 10 32 15 24 7 13 7 45 16 24 
R.e. 3.3.8 23.5 75 73 67 54.5 64 48 54 65 54 60 
B.T. 7.6 ll.5 10 22 8 15.5 7 18 7 45 6 28 
others 53.8 5.0 5 - 10 12 22 22 32 30 24 6 
B.G. 52 5 20 25 - 17 

7 Tim. 9.1 n.5 16 46 29 39 6 23 5 7 
Af. 33.5 6.5 80 21 60 33 80 22.5 64 67 
Othe re 57.4 16 4 - ll 17 14 36.5 31 26 
B.G. 71.5 35 37 34 

8 Tim. 9.9 12 13 30 13 23 2 9 1 6 2 4 
Alf. 23.9 3 41 12 21 21 21 12 38 35 41 9 
Lad. 29.7 31.5 44 70 65 73.5 77 64 60 95 57 84 
Others 36.4 - 2 - 1 2 tr o.; 1 - tr 
B.G. 59.5 18 13.5 26.5 5 12 

9 Tim. 7.9 7 14 49 18 40 9 13.5 9 65 16 32 
Af. 23.7 7 55 14 43 23 54 22 63 50 62 14 
B.T. 19.0 ll 30 43 34 37 30 35 13 95 12 59 
Others 49.5 2 1 3 5 6 7 17 15 10 10 15 
B.G. 72 24 21 31 - ll 

10 Tim. 5.4 4.5 10 26 32 23 23 14 24 35 
Ais. 40.6 31.5 82 88 34 47.5 18 30 19 3 
Others 54.0 5.5 8 3 34 25 59 38 57 62 
B.G. 64.5 9 25.5 28 \,0 

1\.) 



Table 7 continued. 

-
eut 1960 eut 1 eut 2 eut 3 eut 4 eut 5 

Mixture % eomp. G.C. % eomp. G.C. % eomp. G.e. % eomp. G.C. % Comp. G.C. % Comp. G.e. 

11 Tim. 7.8 7 24 38 22 24.5 17 15 16 80 35 33 
B.T. 28.1 18 63 49 58 55 49 31.5 25 90 43 65 
Others 64.1 6 13 - 20 21 34 34 59 30 22 8 
B.G. 70 33 17.5 31.5 10 19 

12 Ti.m. s.o 9 20 32 20 23 5 B 4 6 5 8 
Lad. 47.6 27 'tlt79 76 80 77.5 94 66 95 95 93 90 
others 44.4 7.5 1 - tr - 1 0.5 1 - 2 
B.G. 57.5 13 12 29 - 10 

13 Br. 4.2 9 29 29 9 16.5 9 12 15 40 30 42 
B.T. 23.6 15 52 47 60 56.5 72 64 35 75 22 62 
others 72.2 14 19 - 31 23 19 27 50 45 48 20 
B.G. 62 36 21 22 15 12 

14 R.e. 2.0 2.5 4 4 1 4 2 4 3 6 13 4 
B.T. 32.0 21 75 56 65 55 69 55 31 lOO 24 48 
Others 66.0 14.5 21 - 34 34 29 23 66 75 63 38 
B.G. 63.5 44 23 35 - 24 

15 K.B. 2.0 5 18 26 5 29 16 23 28 80 40 36 
B.T. 25.4 23.5 58 43 49 61.5 69 57 32 65 15 51 
Others 72.6 11 24 - 46 lB 15 16 40 35 45 26 
B.G. 62.5 46 14.5 27 10 16 

Each eut is the average of the 4 blocks A, B, C and D for % composition 
Mixt. 14 and 15 eut 1 are a 3 block average. Il Il Il 

'-0 
Mixt. 13, 14, 15 eut 3 Il Il Il 11 11 Il Il Il ~ 
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In the fall eut of 1960 the contribution to the sward by 

th& aeeded speciea was relativaly small, as compared to 1961. 

This was due to both the high amount of invading Ladino clove.r 

and the stubble of the compenion crop as mentioned abova. 

The largest contribution to this eut was made by the clover-s 

and alfalfa. Birdsfoot trefoil yielded well on:·ly in mixture 

9 and in the simple mixtures 11, 13, 14 and 15• 

1961. In mixture 1 timothy did not contribute uniformly thr.ough• 

out the season. As expected red elover gave a high percant-

age at the beginning, and then declined as the season progressed. 

In mixture 2 timothy behaved es ebove, red clover decreesed 

from eut to eut and elfelfa increased. 

Timothy behaved similarly egain in mixture 3, red claver 

increesed after es:ch eut, which was in direct reletionship with 

the decrasse of alsike encountered efter eech eut. The con-

tribution of the latter was very high in.·the first eut, but 

inslgnificant in cuts 3 and 4• 
The sward of mixture 4, which wes dominated by Ladino 

claver. showed a marked decrasse of timothy as well as of red 

elever·. In mixture 5~ which was a complex mixture of 3 legume 

end one grass specles,. timothy contrlbuted less to the sward 

than in any other mixture. Red elever contributed wall at 

the beginnlng, but decreased to 5% only in eut 5. Ladino gave 

the highest percentage of the total yield in this mixture. 

Mixture 6 was very similar to mixture 1, in that the largest 

contribution was dona by red clover. Timothy and birdsfoot 
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trefoil were of little importance. 

Mixture 7 was a simple mixture of timothy, and alfalfa 

was similar to mixture 1 in percent composition of the corn­

ponants. Alfalfa contributed to most of the yield. 

In mixture 8 in which alfalfe was in mixture with Ladino, 

the latter made up most of the yield especially in cuts 2, 3, 4• 

Timothy deceeased rapidly towards the end of the season. The 

contribution of alfalfa was more uniform. 

The association of trefoll, with timothy and alfalfa as 

in mixture 9, had the affect of increasing the contributions of 

both timothy and alfalfa. Trefoil gave a good 36% of the yield 

in cuts 1, 2, and 3. 

Mixtures 10 to 15 were simple mixtures in which timothy 

was seeded with alsike, Ladino and birdsfoot, and in which tre• 

totl was seeded with brome, reed canary and Kentucky blue grass. 

As in mixture 3, a1sike in mixture 10 only contributed well to 

the first 2 cuts. Although timothy increased from eut to eut, 

it was not the major yielder, due to the high amount of volun­

tary Ladino in b1ocks A and B. 

Trefo11 was the biggest contributor in.mt~tur-è 11 ... and the 

timothy percentage was higher than in any other mixture. 

In mixture 12 Ladino was the major contributor throughout 

the season. The ttmothy percentage was 20% in cuts 1, 2,. but 

only 5% in 3, 4 and 5. 
Mixture 13 wes similar to mixture 11. Trefoil was most pre­

valent by yield, and brome gave 29% and 30% in cuts 1 and 5 

respectively. 
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Mixture 14 was somewhat disappointing, in that a poor 

establishment of reed canary did not result in as uniform ~ 

stand as could have been expected. Trefoil behaved similarly 

as in the ether simple trefoil mixtures. Reed canary con­

trlbuted an average of 2.5% of the compositJon in cuts 1 to 4. 

It was better in the 5th eut with 13%. 

Mixture 15 was a very untform mixture more so as the 

season progressed. This feature was character•stio in blacks 

C and D, which were relatively free from the voluntary Ladino 

elever. The percent of trefoil was somewhat less than in 

mixture 11, 13, 14 and that of Kentucky blue grass as good or 

better than that of timothy in 11, and brome ln 13. The high 

values of "ethers" were Ladjno claver. 

Table 6 referred to previously regardtng the pure stand,, 

also contains the 3 mixtures that complemented' the mixtures 

trial. 

Mixture (vil) and (viU.) were very mu ch alike since the ir 

only difference was the addition of brome in mixture (viii). 

The largest contri~ution to bath of these swards was made by 

Ladino elever. The percentage of Ladino had increased from 

20% to 95% from the fall 1960 to fall 1961. Trefoil yielded 

close to 30% in the lat eut of 1961 but fell to barely 1% in 

the fall of 1961. Timothy appeared to be somewhat better in 

its yield:tng abil:tty than brome, but beth made very little 

contribution to the sward. 

Mixture (ix) had a very clumpy stand throughout the season, 
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especlally due to alfalfg. The contributions of timothy and 

brome were relatively small. 

o) Point Quadrat Analysis of the Mixtures 

Tables A33 to A38 a·lso contain the point quadrat analysis 

of every mixture in every eut~ which includes the number of 

bits recorded on a component and its respective calculated ground 

cover. In table 6 also appears a summary of the average ground 

cover values for each eut of the 1960-61 season. In the case 

where only 2: blocks ( C and D) were ana lyzed wi th 5 s ta ti ons per 

plot or· 50 points, the average ground cover for the eut was the 

tota·l number of hi ts for the c ut. Where a 11 lt blocks were 

a,nalyzed, the average ground cover was half the total number 

of hits. Ground cover of eut 4 was not considered in the same 

light as all ether cuts, since the analysis was obtained in a 

mannar that was very different from the normal. Also in eut 

5 sorne of the mixtures had no analysis done on them for reasons 

stated previously. (Materiels and Methods.) 

Considering the resulta of eut 1, 2, 3 and 5 it was observed 

that the values of ground cover were related to sorne extent to 

the values of percent composition. This appeared to be true 

of the grasses, and clovers at any rate. It is not true for 

alfalfa in cuts 2 and 3 especially, for which correlations were 

calculated. In eut 2 a correlation coefficient of r -.17 

was obtained and in eut 3 of r .32, both of which were not 

significant. This tends to show that there is no relationship 
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between percent composition and ground cover in alfalfa. 

However it was striking to flnd that the ground cover for 

this specles was consistently lower than the percent compo­

sition. Another observation from table 7 is that the ground 

caver of alfalfa when it was associated wlth trefoi.l, was 

consistently lower than the latter, yet alfalfa contributed 

more to the sward than trefoil. 

Again in table 6 appear the ground caver values of mix­

tures {vii), (viii) and (ix). With respect to ground caver 

the mixtures (vii) and (viii) were much alike, as was found 

for percentage composition. The ground caver of Ladino 

increased as the season progressed and that of trefoil, which 

w"as low, decreased to insigniflcance. The grasses hsd very 

little ground caver toc. In mixture (ix) alfalfa had very law 

ground ccv er. 

Table A39 contalns all observations taken for denslty 

studies durlng the season of 1961. It is probably sufficient 

to say, for the moment, that relatively higher densities 

were obtained for the clovers and trefoil than for either 

alfalfa or the grasses. Further resulta related to density 

will be reported on later in the text. 

In table A40 appears the point quadrat analysis performed 

with the improved point quadrat. From this table it !s observed 

that a greater number of hits were obtai.ned than ~n previous 

analyses, a characteristic which was not due dlrectly to the 

point quadrat, but rather to the fact that the read1ngs were 
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obtalnad at cutting time. when both ground cover and dansity 

wera graater. 

4. Yiald par Unit Aras of Ground Covar. 

and Pure Stands. 1960-61 

~) Individuel Cuts 

Pasture Mixtures 

For this part of the dissertation, it was considered mora 

sppropriate, for reasons that will be obvious, that the pure 

stands and the mixtures ba reported simultaneously. 

Tables A41 to A48 show the detsiled calculations and 

resulta of the Jields par unit araa of ground covarl of sll cuts 

of the pure stands. Tables A49 to A65 show the details~ cal­

cula,tions and resulta of the mixture components, in all cuts. 

Also included wara resulta of denslties and point dansity 

yields, but none of these were averaged or included in a final 

summary. 

In most of thesa tables each block contalns dst~ under 

sevan different headings. No new headings were added but in 

soma instances, a few are absent. Thus column 1, headed 

"Mixt. No.", should be understood as denoting all specles enter• 

ad into the resulta, with the corresponding mixture numbe~ pre­

ceeded by the species name. The heading 2, "Total DM", 

should be understood as the total dry matter obtainad from the 

specifie mixture. Column 31 "% comp." was meant to be the 

proportion in percentages of a specifie species contributed to 
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the mixture. "DM of component" or DMof species in pure 

stands, should be read as the amount of dry matter in grammes 

per plot a species in mixtures or pure stand contributed to the 

sward as in column 4. Density and ground cover, columns #5 and 

#6 respectively, are the same as explained tn the materiels and 

methods. Column #7, which is only found in D of eut 2, 5.n C 

and D of cuts, 3, 4 and 5 headed "Y./Point density"· should be 

raad as the yield per point of dens1ty in grams per plot. 

The last column, that is 8, which was consldered the ultimate 

end of this study, and which is headed as uY./unt t areau should 

be understood as the yield per unit area of ground cover as 

explained and dèfined in the materiels and methods. 

To avold a long report on all individuel tables of avery 

eut the data is presented in a form of a summary for all cuts 

in tables 8 to 13. In these tables appear the average yields 

per unit area of ground caver obtained of blacks C,D for the 

species in the mixtures and of blocks E,F for their respective 

pure stands. (Reed canary and Kentucky blue pure stands were 

not replicated.) Blacks A and B were not included due to the 

volunteer Ladino problem. 

In these tahles, down the most left hand column, the 

mixtures with their respective numbers were reported. Along 

the top are found all species that entered into the various 

mixtures. And along the bottom appear the values of the 

respective pure stands. 

In table 8 the underscored resulta represent all these 



Table 8 

Kixt. 

Average Yie1d par Unit Area of Ground Cover 
of the Grass and Legume Components (gm.) 

Pasture Mixtures and Pure Stands 
Nov. 2nd, 1960. 

C o m p o n e n t s 

No. Timothy Brome R.canary Kent.Blue Red C1over Al:f'a1fa Ladino 

1 ,.8 6.3 
2 .1 9.6 hl 

' 
3·5 ~ ;.; 5·4 g 7~0 7·8 10.1 5·9 ;.a hl 

è ,.; ,;.8 
.2 6.8 5·0 

9 ;.4 12.8 
10 2.9 
11 4.1 
12 ;.1 7·7 

iR 2.2 
5·8 

1.8 15 
vii ~ ~ Viii 2.4 
ix 1.4 0.9 a.s 
ure 

Stands 1.9 1.2 1.; 1.0 6.2 6.0 ;.6 

Ave. of blocks C, D and E,F. 
Underscored values indicate a competition index of less than 1.0. 

Bf.trefoil 

hl 

7·0 

10.8 

7·1 
7·0 r .2 
·4 

4.0 

A1sike 

6.6 

5·6 

1-' 
0 
1-' 
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species that gave a Y./u.A. smaller than their respective pure 

stands. A ratio of 1.0 between tne Y./u.A. of tne species in 

the mixture and the Y./u.A. wnen in pure stand, indicated that 

the mixture did not suffer from competition, nor did it benefit 

from the associated species. Competition indices (see materiels 

and methods) were calculated for all species {except alsike 

elever) in all cuts. The resulta appear in table A66 to A71• 

Then from table 8 it can be noted that most species yielded 

appreciably more in mixed stands than in pure stands, and there­

fore all these for which this is true the competition index was 

more than 1.0. However, alfalfs in mixture with timothy and 

red elever, red elever in association with alsike clover and 

timothy, red elever and tref'oil in associstion wlth timothy, 

timothy and Ladino mlxed with tref'oil and f'inally timothy, brome 

in association wlth alfalfa~ were the exceptions, and gave 

competition indices of less than 1.0. 

In table 9, which is the summary of the f'irst eut of 1961, 

the underscored values represent those species, in mixtures, 

that yielded more than their respective pure stands. It is 

quite apparent from this table that the yield trends were just 

reversed in eut 1. Few of the species when f'ound in mixtures, 

yielded more than their respective pure stands, and therefore 

moat gave a competition index of less than 1.0. In this 

ca:tegory, were round all the gresses, all of which appeared to 

be much suppressed by their associated legumes. 

In this first eut red elever in mixtures 1, 2, 5 and 6, 



Table 9 Average Yield per Unit Area of Ground Cover of the 
Grass and Legume Components (gm.) 

Pasture Mixtures and Pure Stands, eut 1, 1961. 

C o m p o n e n t s 
Mixt. 

No. Timothy Brome R.canary Kent.Blue Red Clover Alfalfa Ladino Bf.trefoil Alsike 

1 4.8 i~:~ 2 é•9 14·7 

' 
r;-;r 16.8 

5:é 15.2 7·6 

~ 7·1 il:~ 
2::S.c; 9.1 

4-4 
~ 8.6 

é 3·0 -
~ 8.0 13.4 

9 2.9 11.3 
10 r 17e2 
11 .o 10.8 
12 ·9 16.6 

iR 6.9 -- 11.7 
15.8 

~ 15 4.6 
vii 5·5 10.8 • 
viii 9.2 1.8 11.9 • 
ix 2•8 2.!! /!0!1 
Pure 
Stands 24.9 26.4 36.6 15·5 15.4 23.4 16.2 12.3 

Ave. of Blocks c, D, and E, F. 
Underscored values in this and the following four tables indicate a competition ..... 

index greater than 1.0. 0 
\>1 
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~lfalfa in mixtures 5, 7, 8 end (lx), lAdino in mixture 12, 

trefoil in mixture 14 and {vii) com:peted fgvor-a,bly wi th the ir 

assoclated species. 

In eut 2, table 10, the competition pressure that the 

species were exerting on each ether was even more apparent. 

Only 3 species in 5 different mixtures were able to assert them-

selves and produce more par unit a~ea of ground caver than thetr 

respective pure standa. Of these, again, there were D'One of 

the grass species. Red clover in mixture 1 only~ elfalfa in 

mixtures 9 and (ix) and Lgdino in mixtures (vii) and (viii), 

were able to attain a competition index of more ths:n 1.0. 

However, it is of seme interest to note that grasses in the 

m1.xtures,. wi th seme e.x:cepti on. doubled or tri.pled the ir yields 

per unit a rea;. At the same time though soma of their respect-

ive pure stands also increased their Y./u.A.• Reed canary and 

timothy actually decreased in Y./u. A.• 

Table 11 relates the average Y./u.A. of eut 3, obtained 

by 2 slightly different methods. The values under (b) represent 

thase obtained from a point quadrat analysis taken at cutting 

time. Then, if the yields of (a) were representative of • 

unit &rea of ground caver after g week or two of regrowth, those 

under (b) represented yields per unit ares of a ground caver, 

which at the time of cutting appeared to be near a maximum, 

for certain species. Then, in other words, whereas in the 

first instance,. the resulta indicated, to sorne extent, the 

ability of a species to yield• when having a certain ground 



Table 10 Average Yield per Unit Area of Ground Cover of the 
Grass and Legume Components (gm.) 

Pasture Mixtures and Pure Stands, eut 2, 1961. 

C o m p o n e n t s 
Mixt. 

No. Timothy Brome R.canary Kent.Blue Red Clover Alfalfa Ladino 

1 12.2 ~ 2 8.4 28.0 

4 14.4 25·5 
9·4 1~.) 16.1 

~ 9·5 1 .2 4.2 19·5 
18.9 27.1 

â 10.8 ?5·8 
9·9 22.8 18.9 

9 12.6 s8.o 
10 16.9 
11 ~·9 12 .o 20.5 

i4 9·? 
7·8 

15 2.9 
Vii lé•' ~5:§ v111 1

6:4 
1.4 

1x 1.fi 162.3 
Pure 
Stands 51·7 ;6.4 32.6 44.8 28.3 55·6 23.1 

Ave. of Blooks C, D, and E, F. 

Bf.trefoi.l 

14.2 

22.8 

2).5 

22.0 
29.6 
21.8 
s.8 
t>.o 

31·5 

Als1ke 

9.1 

11.7 

1-' 
0 
\JI 



Table 11 Average Yield per Unit Area of Ground Cover of the 
Grass and Legume Components {gm.) 

Pasture Mixtures and Pure Stands, Out 3, 1961. 

M.ixt. Tim. Br. R.can. K.E. R.c. Af. Lad. 
No. a b a b a b a b a b 

1 5•4 1.9 29·3 12.5 
2 3· 20.0 ~ 

~ 
b.2 24.2 
6.1 1.0 9·7 4.8 ~ 12.7 

g 4.8 1é.o 24.0 
7·2 2.4 1 .8 9·3 

é 1.9 

~~=~ ~·8 o.z 7·4 21.6 11.9 
9 .a 2. 19.9 -

10 i6:~ 11 2.0 
12 4.1 1.3 23.2 13·7 

iR 6.9 3·4 
7·1 

15 8.o 
Vii 2.~ 0.9 ~ 12.4 
Viii 5· o.6 0.9 0.2 13e9 
ix 2.1 2.2 144.9 
Pure 
Stands 12.6 5·6 16.7 6.6 -- -- 30.1 14·3 29.6 13.6 18.7 14.0 

Av---e;-or b1ocks c; D and E~ F except for R~ canary which is from B and n. 
a represent ave. from the standard method. 

B.T. 
a b 

7·3 2.8 

12.4 6.1 

17.6 6.7 

~ 9·9 

~ o.~ 
2.4 . o. 

13.6 8.8 

b represent ave. when point quadrat analysis was done at the time of cutting. 

As. 

2.3 

4·3 

1-' 
0 
0" 
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cover, in the 2nd instance the yield of a species. is related 

to a maximum ground cover. 

On observing the yield per unit area of ground cover under 

(a) of the resulta of table 11~ it ts noted that, alfalf•, 

Ladino clover and trefoil in certain mixtures were less subject 

to adverse affects of the associated species, then in previous 

cuts. Thus alfalfa in mixture 2, Ladino in mixtures 4 and 5, 
alfalfa in mixture 7, alfalfe and Ladino in mixture 8, alfalf8 

in mixtures 9 and (ix), trefoil in mixture 11, Ladino in 12, 

trefoil in 13, 14, and ladino in (vii) and (viii), all of these 

gave a compati tion index grea ter than, 1.0. Red clover in 

mixture 1, had an index just slightly less than 1.0 and there­

fore was not much different than in the prevfous cuts. 

The gra.sses, con·trary to their behaviour in eut 2 showed 

~!l'ml overall decrease in both the mixtures and the pure stands, 

therefore showing little change in their competition index. 

An exception to this was timothy in mixture 10, which despite 

a decrasse, gave an index greater than 1.0 

In table 12 appear only a fraction of the mixtures of the 

experiment (see materiels and methods), with the average ylelds 

par unit area of ground cover. This table was obtained from 

tables A62 and A63. In these, the unseparated part of the 

sub-plot was recorded as grams per square metre, and left as 

such. Since the entire sub-plo~ WB's separated,. there were no 

percent composition to be entered. The contribution to the 

mixtures by the individuel species, however, was recorded in 



Brome-trefoi1 and timothy-a1fa1fa­
trefoil mixtures. B1ock C Ju1y 25.1961 

Kentucky b1uegrass-trefoi1 
mixture. B1ock c. Ju1y 25.1961 

Timothy-red c1over-trefoi1 mixture 
Block C. Note improved PQ. Ju1y 25.1961 

108 
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grams par plot, which was obtained in multiplying by the figure 

8. {1 sub-plot= 1/8 of e plot approx.). This was dona to 

bring the ylelds per unit ares to gm/point/plot, as in previous 

cuts. 

The resulta of table 12, of the 4th eut were obtained ln 

the seme manne~ as the (b) values of eut 3, i.e., the ground 

cover data were obtained from an analysis done at cutting time. 

In this eut timothy gave competition indices greater than 

1.0 in three instances, i.e., in mixture 4, 6 and (viii). 

Fewer of the legumes were able to yield more in mixtures than 

in pure stands. Of these, red elever in mixture 9, Ladino 

in mixture 4 and 12 gave a competition index greater than 1.0. 

However red elever in mixture 1, alfalfa ln mixture 9 and ladino 

elever in mixture (viii), were very close for an index of 1.0. 

Trefoil ln all mixtures appeared to have been set beek by the 

assoeiated species, {or itself). 

The resulta of table 13, eut 5, were obtained in the 

reguler mannar. It is worthwhi_le to note from this table that 

the grasses improved ln their abillty to yield. So much so 

that timothy in 5 different m:i.xtures, as well as reed canary 

and Kentucky blue grass were able to give competition indices 

greater than 1.0. 

11 and (vii). 

This was the timothy ln mixtures, 1, 6, 9, 

Also red: elever in mixture 6 and alfalfa ln mixtures 8 

and 9 competed .favorably wi th the ir associa,ted species" ladino 

in mixture 4 was the only one to give am. index of 1.0, but 

ladino in mixture 12 and (viii), was not very much below 1.0. 



Table 12 

Mixt. 
No. 

1 

~ 
8 
9 

11 
12 

iR 
15 
vii 
viii 
PUre 
Stands 

Average Yield per Unit Area of Ground Cover of the 
Grass and Legume Components (gm.) 
Pasture Mixtures, Cut 4, 1961. 

C o m p o n e n t s 

Timothy Brome R.canary Kent.Blue Red C1over A1falfa 

2.2 

~ 
3·2 
2.6 
2.9 

3·4 
4·5 

3·2 4.6 2.4 4·7 

4.0 3·6 9.0 8.3 

7·7 
3·0 g 

7·9 

L..7 
6.o 

6.2 

Ave. of blooks o, D andE, F. (obtained at cutting time) 

Ladino Bf.trefoil 

11.,.5. 

9·6 

11.3 

8.9 
10.7 

10.8 

3·8 

6.7 
8.1 

9.8 
7·7 
7·5 
1.9 
1.2 

11.0 

..... ..... 
0 



Table 13 Average Yield per Unit Area of Ground Cover of the 
Grass and Legume Components (gm,) 
Pasture Mixtures, CUt 5, 1961, 

-
C o m p o n e n t s 

Mixt. 
No. Timothy Brome R,canary Kent.B1ue Red C1over A1fa1fa Ladino 

--
1 

~ 7·3 

ï 4.s 8.8 

f:j hl 
8 

~ 6.4 
9 • 

11 ~ 12 8.o 

iR 4.3 
.2.!.!. 

ll~6 15 
vii ~ 7·2 
viii 3·9 a.o 
Pure 
Stands 5·1 5·5 8.4 7·5 8.1 15·5 8.1 

Ave. of b1ocks C, D and E, F. 

Bf.trefoi1 

2,5 

2.8 
2.8 

3·2 
2.7 
2.9 
2,5 
1.9 

4·9 

1-' 
1-' 
1-' 
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None of the trefoils yielded wall. 

b) Seasonal Averages, cuts 1, 2, 3 

In Table A72 appears the analysis of variance of the pure 

stands, in A73 of grasses, includtng the pure stands of timothy 

and brome, and in A74 the ana1ysis of vartance of the legumes 

also including the:ir respect'ive pure stands except alslke. 

These analyses of var~ance were performed on the data of 

tahles 14, 15 and 16. 

No signiflcant F value was obta5ned for species ln the 

pure stands, and a high coefficient of variabtlity. An F 

significant to the 1% leval was obtained for grasses and a CV 

of 46.6% which is rather high. Significance for both legume 

species and replications was obtained in the analysis of the 

yleld par unit area of the legumes, and the CV (21.8%) was 

laas than half of the one of the grasses. 

Followlng the analysls of variance "Duncan 1 s Multtpla 

Range" test was applied on both the grasses and legumes with 

their respective pure stands. 

The resulta are reported in table 17. As expected the 

pure stands showed relatively high values in the grasses and 

were slgn!ftcantly different than all the grasses in mixtures. 

There ware little slgnif~ cant d.tfferences between the grasses 

ln mixtures. Brome in mixture (viii} and (lx) was much sllp­

pressed but was signiflcantly different from timothy in 

mixture 12. 



Table 14 Seasonal Average Yield per Unit Area of Ground Cover 
of the Pure Stands ( gm.) 

Pasture Mixture Out 1, 2, 3 1961 

Blocks 
E 

Total Total Ave. Yield Total 
Total Ave. % DM of Grmmd per Total Ave. % DM of 

Species DM Comp. Species Cover Unit Area DM Comp. Species 

Tim. 5475 95.0 5203 164 31.7 5815 95 .. 8 5572 

R.C. 4325 97.0 4197 164 25.6 4063 98.0 3980 

At 1803 91.3 1646 46 35.8 2475 92.8 2298 

Br. 4358 18.8 3435 174 19.7 4872 87.9 4281 

Lad. 4640 99.7 4628 226 20.5 4297 99.3 4266 

B.T. 4215 96.0 4046 222 18.2 3753 96.3 3614 

R.can 3633 88.9 3225 96 33.6 

K.B1ue 4981 98 .. 9 4925 144 34 .. 2 

R.can & K.B1ue ave. of eut 1 & 2 an1y 

F 

Total 
Ground 
Cover 

160 

188 

74 

lOO 

226 

160 

Ave. Yield 
per 

Unit Area 

34.8 

21.2 

31.1 

42.8 

18.9 

22.,6 

..... ..... 
'Vi 



Table 15 Seasona1 Average Yield per Unit Area of Ground Cover of the Grass Camponents {gm) 
Pasture Mixtures eut 1, 2, 3 1961 

Blocks 
c D 

Total DM Total Ave. Yield Total DM Total Ave. Yield 
Mixture Total Ave. % of Com- Ground per Total Ave. % of Com- Ground per 

No. DM Comp. ponent Cover Unit Area DM Comp. ponent Cover Unit Area 

Tim. 1 4588 8.6 394 46 8.6 4534 12.3 559 62 9.0 
2 5010 10.9 544 52 10.5 4462 11.3 505 54 9.4 
3 4449 u.; 512 44 u.6 4550 12.5 569 64 8.9 
4 4869 8.a 427 76 5.6 5036 9.1 456 46 9.9 
5 5135 7.0 362 56 6.5 5009 8.5 424 44 9.6 
6 4700 11.7 548 74 7.4 4591 13.7 627 72 8.7 
7 2614 28.0 732 120 6.1 5635 9.1 513 102 ;.o 
8 5112 10.3 529 46 11.5 5596 7.0 391 62 6.3 
9 4181 18.5 773 88 8.8 4139 16.5 681 ll2 6.1 

10 4540 9.2 417 48 8.7 3482 20.2 702 58 12.1 
ll 3927 15.8 620 76 8.2 3582 22.9 821 88 9.3 
12 4641 14.4 667 94 7.1 5267 14.0 740 36 20.6 

vii 4675 14.9 695 64 10.9 4702 12.4 585 54 10.8 
viii 4732 11.7 556 44 12.6 4963 9.8 487 42 ll.6 

ix 2600 21.0 546 llO 5.0 1543 24.8 382 92 4.2 

Br. 13 4117 n.o 453 54 8.4 3616 13.6 493 70 7.0 
viii 4675 0.3 15 16 0.9 4963 1.1 53 30 1.8 

ix 2600 3.1 80 38 2.1 1543 5.9 91 44 2.1 
R.can 14 B4306 1.8 78 14 5.6 3972 4.5 179 14 12.8 
K.B1 15 4084 u.a 482 86 5.6 2332 16.0 373 8o 4.7 

t-J 

~ 



Table 16 Seasonal Average Yield per Unit Area of Ground Cover of the Legume Components (gm) 
Pasture Mixtures eut 1, 2, 3 1961 

--
Blocks 

c D 
Total DM Total Ave. Yield Total DM Total Ave. Yield 

Mixture Total Ave. % of Com- Ground per Total Ave. % of Com- Gro\Uld per 
No. DM Canp. ponent Cover Unit Area DM Comp. ponent Cover Unit Area 

R.c. 1 4588 91.2 4185 162 25.8 4534 85.1 3860 164 23.5 
2 5010 71.3 3570 192 18.6 4462 80.1 3575 158 22.6 
3 4449 52.6 2342 126 18.6 4550 51.5 2343 104 22.5 
4 4869 39.8 1936 144 13.4 5036 37.9 1910 142 13.5 
5 5135 35.8 1839 102 18.0 5009 39.5 1978 140 14.1 
6 4700 74.6 3505 176 19.9 4591 74.7 3428 178 19.3 

Af. 2 5010 14.1 705 22 32.0 4462 8.2 366 22 16.6 
5 5135 9.8 501 16 31.3 5009 6.1 306 28 10.9 
7 2614 57.3 1497 22 68.0 5635 88.2 4970 110 45.2 
8 5112 18.4 942 30 31.4 5596 27.9 1560 44 35.5 
9 4181 14.7 615 14 43.9 4139 27.8 1149 36 31.9 

ix 2600 74.4 1934 22 87.9 1543 64.9 1001 12 83.4 

Lad. 4 4869 51.5 2507 138 18.2 5036 51.7 2603 182 14.3 
5 5135 47.1 2420 134 18.1 5009 45.2 2265 152 14.9 
8 5112 69.0 3529 196 18.0 5596 64.5 3609 206 17.5 

12 4641 85.2 3955 194 20.4 5267 85.9 4526 234 19.3 
vii 4675 76.0 3554 182 19.5 4702 73.9 "3477 178 19.5 

viii 4732 74.8 3540 166 21.3 4963 ?7.4 3839 184 20.9 

B.T. 6 4700 12.6 593 62 9.6 4591 11.3 519 50 10.4 
9 4181 64.6 2701 158 17.1 4139 53.6 2220 146 15.2 1-' 

1-' 
11 3927 82.4 3236 144 22.5 3582 73.7 2639 152 17.4 V1 



Table 16 continued. 

0 
Total DM Total 

Mixture Total Ave. % of Corn- Ground 
No. DM Comp. ponent Cover 

B.T. 13 4117 81.5 3355 160 
14 B4306 8;.o 3662 198 
15 4084 84.3 3443 166 

vii 4675 8.1 380 82 
viii 4732 11.7 555 106 

As 3 4449 34 .. 1 1520 154 
10 4540 37.6 1705 156 

Blocks 

Ave. Yield 
per Total Ave. % 

Unit Area DM Oomp. 

21.0 3616 81.0 
18.5 3972 71.0 
20.7 2332 74.9 
4.6 4702 13.0 
5.2 4963 11.8 

9.9 4550 33.2 
10.9 3482 77.7 

D 
Total DM Total 
of Com- Ground 
ponent Oover 

2930 208 
2821 148 
1746 148 
610 54 
586 68 

1509 lill 
2706 196 

Ave. Yield 
per 

Unit Area 

14.1 
19.1 
11.8 
11.3 
8.6 

14.5 
13.8 

..... 

..... 

"' 
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In the legumes more striking differences were obtained. 

The pure stand of alfalf& was significantly different from 

both the trefoil and Ladino pure st~md,. but not so from the red 

clover. This difference however did not show in the analysis 

of variance of the pure stands alone. The mean yields par 

unit &!rea of ground cover of alfalfa in mlxtures 7 and (ix) were 

significantly different from each other. Also both of thes& 

yielded signifi cantly more tha·n the re spa cti va pure stand. 

Furthermore a lfalfa-, in mixtures 7, 8, 9, (ix) ylelded signi-

ficantly mora than any other pure stand except red clover, and 

more than any other species in mixtures except alfalfa in 

mixture 2 and rad clover in mixture 1. 

Red clovers in mixtures were not signifi cantly different 

from the pure stands,. nel thar were they different between each 

other. 

Similarly there was no significant difference hetween 

Ladino in pure stands And Ladino in mixtures, neither was 

there a significant difference between the Ladino in mixtures. 

The yield par unit ares of trefoil pure stand was significantly 

different only from the leest yielding trefoils in mixture& 

(vii) and (viii). 

Since alsike did not have a pure stand, it was not compared 

in that mannar. Yet it is worth noting that its yield par 

unit area in mixture 3 and 10 was only significantly different 

from red clover in mixture 1 and was not significantly different 

from alfalfa' in mixture 5. Also alsike in mixture 3 did not 
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Table 17. Seasonal Mean Yield per Unit Area of Ground 
Cover of Grasses and Legumes in Mixtures and 
in Pure Stands. Cut 1, 2, 3 1961. 
Duncan's Multiple Range Test at the 5% Level. 

Grasses Legumes 

Pure Tim. 33.25 a 
Pure Br. 31.25 a R.C. 1 24.65 de 

Tim. 1 8.8 be 2 20.60 efg 
2 9.95 3 20.55 efg 
3 10.25 4 13.45 efghi 
4 7.75 5 16.05 efghi 
5 8.05 6 19.60 efgh 
6 8.05 Pure R.C. 23.40 def 
7 5-55 Pure Af 33.45 cd 
8 8.90 Af 2 24.30 def 
9 7.45 5 21.10 efg 

10 10.40 7 56.60 b 
11 8.75 8 33.45 cd 
12 13.85 b 9 37.90 c 

vii 10.85 be ix 85.65 a 
viii 12.10 Pure Lad. 19.70 efgh 

ix 4.60 Lad. 4 16.25 efghi 
Br. 13 7.70 5 16.50 efghi 

viii 1.35 c 8 17.75 efghi 
ix 2.10 c 12 19.85 efgh 

R. canl4 9.20)not vii 19.50 efgh 
K.Bl.15 5.15)tested viii 21.10 efg 

Pure B.T. 20.40 efg 
B.'I'. 6 10.00 ghi 

9 16.15 efghi 
11 19.95 efgh 
13 17.55 efghi 
14 18.80 efghi 
15 16.25 efghi 

vii 7.95 hi 
viii 6.85 i 

As. 3 12.20 fghi 
10 12.35 ghi 

Means with the same lower case 1etter(s) are not 
significantly different at the F .05 1evel. 
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yiald significRntly lass than altalf~ in mixture 2. 

In tabla 18 appearsc the saasonal average of the yialds 

par unit area of ground cover, of all the specias obtainad from 

cuts 1, 2, 3 1 and as calculated in tables 14, 15, 16. Tablla 19 

shows the average competition indices of each species as wall 

as those of each mixture. 

From tabla 18 i t can be observed that none of the grass 

species gave a mean yield for cuts 1, 2 and 3 that was greata~ 

than the mean Y./u.A. of· their raspectiv& stands. Of the red 

clover· only the one in mixture 1 yialdad more than the pure 

stand. This was apparent from ell cuts; however the difference 

was not significant. Alfalfa in 4 of the mixtures had a com-

petition tndax greatar than 1.0. But only alfalfa in 7 and 

(ix) was significantly greater than the pure stand. Ladino 

in mixtures 12 and (viii) gave an index greater than 1.0, 

Ladino in (vii) came ~losa to one. Birdsfoot trefoil did not 

have any competition index equal to 1.0. But trafoi1 in mixture 

11 gave a~ index of .98 and in mixture 14 of .93. 

The competition indices of tabla 19 show that mixture (ix) 

ga·ve the highest comps tabili ty between species wi th an index of 

.98. This mixture was followed by (vii) w1th .82 and by #8, 

9 with indices of .70 and .68 respectively. However, the 

slgnificances of the differences were not established. 



Table 18 

Mixt. 

Seasonal Average Yield per Unit Area of Ground Cover 
of the Grass and Legume Components (gm.) 

Pasture Mixtures and Pure Stands, Cuts 1, 2, 3· 1961. 

C o m p o n e n t s 

No. Timothy Brome R.canary Kent.Blue Red Clover Alfalfa Ladino Bf.trefoil Alsike 

1 
2 

' ~ 
é 
9 

10 
11 
12 
13 
14 
15 
vii 
Viii 
ix 
Pure 
Stand 

8.8-
9·9-

lo.o-
7·2-
7·9-
8.0-
s.6-
B.5-
7·3" 

lO.é>-
8.9· 

10.1-

10.8-

7·6-
9·2 

5·2 

~ 
20.4 
13.!i. 
15.8 
19.6 

24.3 

18.3 

;i:r 

12.1 1.5- 86.3+ 4.6- 2.1-

33·3 28.2 33·6 34.2 2~.2 32.9 

Underscored values indicate a competition index greater tnan 1.0. 

16.o 
16.4 

17.8 

19.8 

19.5 
21.1 

l9e7 

9·9 

16.2 

19.8 

17.1 
18.7 
16.5 
7·3-
6.é>-

20.1 

+ indicates values significantly greater than tnose of the respective pure stands. 
Duncan•s test at the 5% level. 

~ indicates values significantly smaller than those of the respective pure stands. 
Duncan 1 s test at the 5% level. 

11.7 

12.5 

...... 
1\,) 
0 



Table 19. Àverage ComEetition Indices 
Pasture Mixtures. Cut 1, 2, 3. 

Mixt. No. Tim. Br. R.Can. K.Blue R.C. Af Lad. B.T. Mixtures 

1 .26 1.06 .59 
2 .39 .88 .74 .61 
3 .30 .88 ( • 76) 
4 .22 • 58 .81 .48 
g .24 .68 .56 .83 .54 

.24 .84 .49 .49 
7 .17 1.49 .82 
8 .25 1.03 .90 .70 
9 .22 1.07 .81 .68 

10 .32 (.50) 
11 .27 .98 .54 
12 .30 1.00 .56 
13 .27 .85 .51 
14 .27 .93 .52 
15 .15 .82 .40 

vii .33 .99 .36 .51 
viii .36 .05 1.07 .33 .41 

ix .14 .07 2.63 .98 

Indices of mixtures 3 and 10 were obtained by giving alsike a 
competition index of 1.0 

t-' 
1\.) 
t-' 
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III. Hey Mixtures and their Pure Stands 

1. Ylelds of Dry Matter 

a) Pure Stands 

Table A75 shows the yields of DM of each individual species. 

ln avery block of ea·ch 3 cuts obtalned. An ana lys1 s of 

variance hss be en performed on ea ch eut and on .the se a son 1 s 

total. Differences existing between species have been analyzed 

with Dunc~n 1 s multiple range test, and the summary of these ls 

presented ln table 20 of the téxt. 

For all cuts, as wall as the season's total a highly 

signiflcant F value for treatments was obtained. Cuts 2 and 

3 gave standard errors of their respective means that were twice 

as great as these of eut 1 and the season's total. 

2 and 3 had the ~owest coefficient of variability. 

Yet cuts 

The pure stand of alfalfa, which was the hlghest ylelding 

species in avery eut, ranked first and was slgnificantly differ• 

ent from all other species on a seasonal average~ which was 

based on the average of 3 cuts obtained during the season. 

However it was not significantly different from mixture (1), 

which was included in blocks E and F, nor from the red clover 

and alslke pure stands ln eut 1. It was significantly different 

from all in eut 2~ but not from mixture {1), red clover and 

trefoil in eut 3. 

Ladino was the lowest yieldlng species almost throughout 



Table 20. Yields as Pounds of Dr! Matter Eer Acre. Pure Stands 1261 
Ha! Mixtures. Experiment II 

Treatment Cut 1 Cut 2 Cut 2 Total 

i Tim.R.C. 5730 a 1748 b 1820 ab 9298 b 
ii R.C. 5459 abc 1845 b 1702 ab 9006 b 

iii As. 5622 ab 890 d - - 6512 cd 
iv Af. 6423 a 2651 a 1942 a 11016 a 

v Lad. 3315 d 1576 be 214 d 5105 d 
vi B.T. 4204 d 2025 b 1727 ab 7956 b 

vii Brome 4453 bcd 1103 cd 1385 be 6941 c 
viii Tim. 4392 cd 1163 cd 1059 c 6614 cd 

SEx (lb/ A.) 339.49 148.50 140.80 467.08 
cv 9.7% .. " 12.9% .... 14 .2%~'-* 8. 5~~ .. ~~~ 

Treat. F 9 .02"'~ ... - 14. 54~ ... ')~ 18.42" 16.46" ·: 

Means fo11owed by t~e same 1ower case letter are not significantly different from 
each other at the 5% level. Duncan's Multiple Range Test. 

J-1 
1\) 

\,).! 
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the season. It was not, however, significantly different in 

yield from trefoil, brome and timothy in the first eut. Its 

performance w~s better in the 2nd eut, when no signiflcant 

difference was obteined between it and mixture (1}, red clover, 

trefoil, brome and timothy. In the 3rd eut it yielded signi• 

ficantly less than any other species except alsike, whieh had 

so little regrowth thst it was not eut. On a seasonal basis 

lBdino gave the leest amount of dry matter per acre, yet this 

was not significantly different fran alslke and timothy. 

The timothy, red clover mixture and the red clover pure 

stand yielded similarly throughout the season. Both of these, 

and birdsfoot trefoil were not significantly different and csme 

second in rank. Also, brome and timothy gave a pattern of 

dry matter production that was similar. 

they were never significantly different. 

Throughout the seaaon 

Alsike yielded only 

wall in the first eut, when it was among the top producers. 

b) Hay Mixtures 

In tables A76 to A78 eppear the DM yields of the hay mixtures, 

obtained for esch block in avery eut. Analysis of variances 

ware done on each eut and the total yields of the season. 

Duncan's test was also used to compare differences existing 

between means, and the summary appears in table 21. The var• 

iance for treatment was signlficant at the 5% leval in eut 1, 

at the 1% leval in eut 2 and not significant in eut 3. The 

saason 1 s totals gave anF value for treatments that was highly 



Table 21. Yields as Pounds of Dry Matter per Acre. Hay Mixture 1961. 

Experiment II 

rvlixtures Cut 1 Cut 2 Cut :2 Total 
1. Tim.,R.c.,Af. 6238 b 3277 a 2156 a 11947 ab 
2. Tim. ,R.C. ,Af. ,Lad. 6282 b 3166 a 2145 a 11593 abc 
3 • T im. , R. C • , As • 6162 b 2062 b 2319 a 10544 de 
4. 'rim. ,R.C. ,Lad. 5928 b 2214 b 2030 a 10172 e 
5. Tim.,R.C.,B.T.v. 6457 ab 2445 b 2392 a 11294 bcd 
6. Tim.,R.C.,B.T.e. 6046 b 2185 b 2327 a 10559 de 
7 • T im. , R • C • , B • T • m. 6302 b 2346 b 2277 a 10925 ede 
8. Brome,Af. 7103 a 3072 a 2233 a 12408 a 
9 • T im • , B • T • v • 5965 b 2439 b 2289 a 10693 ede 

SEx (lb/ A.) 206.79 157.35 73.90 315.44 
cv 6.6% .. l'"' 2(!/ 6.6% 5.7%** 1::.. /' 

Treat .F. 3 .07··· 8. 70 -:;·ii- 2.3l(F.05:2.36)5.48 

Means followed by the same lower case letters are not significantly 
different from each other at the 5% level. Duncan's Multiple Range Test. 

f-1 
1\) 

V1 
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significant. 

From table 21 it can be noted that the alfalfa-brome 

mixture in eut 1 gave the highest yield, but this was not signi• 

ficantly different from mixture 5. In eut 2 this was also the 

case, but the difference between its yields and those of mixture 

1 and 2 was not signlflcant. 

On a seasonal basls the performance of mixture 8, was out• 

standing and the dry matter yleld obtained for the 3 cuts were 

signiflcantly hlgher than those of all other mixtures, except 

mixtures 1 and 2. Mixture 1, 2 and 5 did not give differences 

among each other that were statistically significant, and neither 

did mixtures 2, 5, 7 and 9, although mixture 2 was yielding 

significantly more than mixtures 3, 4, and 6. Mixture 4 was 

the lowest yielding, but was not significantly different from 

3, 6, 7 and 9. 

2. Percentage Composition and Point Quadrat Analysis 

a) Pure Stands 

Tables A79 to A81 relate the resulta obtained from hand 

separations and point quadrat analysis of the pure stands and 

one supplemental mixture. The same data as for pasture mixtures 

is presented, i.e., percentage composition, hits, ground cover 

and densi ty for the lieeded species and "others" • A st.:unmary of 

these data is presented in table 22, in which the resulta appear 

in the form of averages of each eut. 

The percentage contribution to the total yield, of these 
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Table 22. Percentage ComEosition and Point Quadrat 
Analysis. Pure Stands 1961. Hay Mixtures. 

ExEeriment II 

Cuts 
I 2 ~ ro Ground 9;, Ground 

Species Comp. Caver ComE• Caver Density ComE• 

i Tim. 21.8 16 23.6 12 16 22.4 
R.C. 77.8 64 73.9 25 40 71.4 
Others 0.4 tr. 2.5 1 1 6.2 
B.G. 28 43 43 

ii R.c. 92.8 74 95.4 33 54 87.8 
Others 7.2 tr. 4.6 5 5 12.2 
B.G. 26 63 63 

iii As 98.6 79 12.0 14 18 
Others 1.4 tr. 88.0 2 2 
B.G. 21 84 84 

iv Af. 99-5 59 98.1 36 46 98.7 
Others 0.5 tr. 1.9 4 4 1.3 
B.G. 41 61 61 

v Lad. 94.8 77 97.3 87 142 84.0 
Others 5.2 tr. 2.7 1 1 16.0 
B.G. 23 13 13 

vi B.T. 87.2 47 88.2 33 41 83.6 
Others 12.8 tr. 11.8 9 9 16.4 
B.G. 53 60 60 

vii Br. 92.8 50 86.4 24 31 88.2 
Others 7.2 tr. 13.6 21 21 11.8 
B.G. 50 59 59 

viii Tim. 84.1 48 92.8 21 29 77-7 
Others 15.9 tr. 7.2 14 14 22.3 
B.G. 52 65 65 
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pure stands treated as hay remained high throughout the season. 

The percentage composition of alsike, which was as low as 12% 

in the 2nd eut and ins:i.gn1f1cant in the 3rd eut, was the only 

exception to this generality. I t i s ob vi ous then tha t ttothers" 

did not add much to the sward, and the weeds were therefore no 

p,roblem. 

The ground cover of the pure stands in proportion to that 

of" others."wgs smaller them would be indi ca ted by the percentage 

composition. This was a direct consequence of the large amount 

of bara ground obtained for certain species. In the .first eut 

the numoer of hits on bara ground in alfalfa, trefoil, brome 

and timothy stands amounted to about the same number as the hita 

on these specles themselves. In no case, in this eut was there 

any ground cover recorded for "others". 

In the 2nd eut the bare ground increased considerably in 

the red clover and alsike stands which was probably the direct 

result of disease in red clover and poor recovery of alsike. 

Also the ground cover of alfalfa, brome, trefoil and timothy 

decreased to soma extent. This was accompanied by an incregse 

ln "others" in the a ta nd of both of the se spa ci es. 

Data on density was obtained only in eut 2. It can be 

sean that the magnitude of the density values was dependent on 

the type of species involved, i.e., relatively high for the 

legumes and low for the grasses. Ladino gave a density of 142, 

timothy one of 29. Alsike with a density of 18 was the except1.on. 

No point quadrat analysis was performed on eut 3. 
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b) The Hay Mixtures 

The detailed results from the hand separations 8nd point 

qugdrat analysis of the mixturesare presented for avery eut 

in tablas A~ to A85. A summary of these results appears in 

table 23 in the form of averages. 

The percentaga contributed by aach species to the total 

yield of the mixture was relatively constant throughout the 

season. except the contribution made by alsika to mixture 3, 

which decreased from 37% to 1% in eut 2 and only a trace in eut 3• 

The grasses contributed relatively little in the complex 

mixtures, but were yia1ding better in the cuts 1 and 2 of the 

simple mixtures 1, 7 and 8. Timothy in all cuts of mixture 

(i) made up a little over 20% of the stand. In mixture 9 it 

contributed 35% in the first eut, 25% in the 2nd and 14% in 

the 3rd eut. It averaged approximately 13% of the total yleld 

in mixture 7, 14% in mixture 6 and close to or more than 8% in 

mixtures 5, 4 and 3. It was insignificant in mixtures 1 and 

2:. Brome in mixture 8 had a percentage of 39, 18 and 38 in 

cuts 1, .. 2 arro 3 respectively. 

When red elever was not in association with alfalf8, i.a., 

in mixtures 3, 4, 5, 6 and 7 it contributed, on an average, 

close to 80% of the yield. In mixtures 1 and 2 this decreased 

to less than 10% on an average basis. A1fa1fa supplied 80% 

or more of the yield in its respective mixtures. Birdsfoot 

trefoi1 yielded wall, only in the simple mixture 9, in which 

its mean percentage was close to 68%. for the season. Of the 



Table 23. Percentage ComEosition and Point Quadrat 
Analysis. Hay lwlixtures 1961. 

Experiment II 

Cuts 
l 2 + % Ground ro Ground 

!VIixtures Comp. Cover Comp. Cover Density Comp. 

1. Tim. 3 6 4 4 4 0.22 
R.C. 25 57 11 18 22 l 
Af. 71 61 82 30 36 97 
Others 1 7 3 3 3 2 
B.G. 7 52 52 

2. Tim. 6 12 3 6 6 1.82 
R.C. 23 44 12 12 18 0.5 
Af. 66 63 80 20 24 96 
Lad. 5 34 4 12 14 2 
Others tr. 3 1 5 5 tr. 
B.G. 56 56 

3. 'l'im. 5 3 12 3 3 7 
R.C. 55 75 82 32 43 84 
As 37 58 2 6 6 tr. 
Others 3 5 4 2 2 9 
B.G. 7 61 61 

4. Tim. 5 8 10 4 4 8 
R.C. 82 69 71 38 54 73 
Lad. 11 51 17 20 32 16 
Others 2 21 2 1 1 3 
B.G. 7 34 34 

5. Tim. 6 16 11 5 7 6 
R.C. 86 82 84 50 88 83 
B. T.v. 6 42 3 3 4 8 
Others 2 18 2 1 1 3 
B.G. 3 44 44 

6. Tim. 14 13 13 4 6 14 
R.C. 79 84 81 39 60 80 
B.T.e. 3 31 3 2 3 1 
Others 4 7 3 2 2 5 
B.G. $ 55 55 

continued/ 
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Table 23. continued 

Cuts 
1 2 ~. % Ground 1o Ground % 

Ivlixtures Comp. Cover Comp. Cover Density Comp. 

7. Tim. 12 14 13 12 13 15 
R.C. 77 73 78 40 62 79 
B.T.m. 7 47 5 6 6 3 
Others 4 10 4 tr. 1 3 
B.G. 3 46 46 

8. Br. 39 44 18 33 38 2 
Af. 61 69 82 28 32 98 
Others tr. 6 tr. 2 2 tr. 
B.G. 15 42 42 

9. Tim. 35 39 25 22 27 14 
B. T.v. 50 55 73 42 56 83 
Others 15 32 2 3 4 3 
B.G. 20 40 40 

B.T.v.: Variety Viking; B.T.e.: Variety Empire; 
B.T.m.: Selection of Morshansk. 
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three varieties used in mixture with red elever and timothy, 

Viklng produced most with approximately 8% of the total yleld. 

In the first eut, averages obtained from the point quadrat 

analysis, of blocks onl,y, indicated a ralatively low bara ground. 

It appears that in general the ground cover of the species 

in the various mixtures followed a distribution which was simi-

lar to that of the percentage composition. An exception to 

this, was trefoil which had ground cover of 42, 31, 47 in mix• 

tures 5, 6, and 7, whereas its contribution to the dry matter 

of the sward was less than 8% in all 3 cases. 

In eut 2 a general decrease in ground cover was experienced. 

This drop may have been due, either to dlsease in certain species 

or due to the fact that not rouch regrowth had taken place at 

the time of analysis. 

In mixture (i) of the lst eut red elever covered 4 times 

as much ground as timothy, in eut 2 this was changed to half as 

mu ch. In mixture 1 red elever covered nearly as much ground 

as alfalfa, in eut 2 it was little more than half of that of 

alfalfa. In mixture 2 the ground cover of red elever, alfalfa 

and Ladino was approximately in the proportion 1: 1.5: 0.75 

in the 2nd this changed to 1: 2: 1 approximately. In eut 3 

red elever decreased from 75% to 32% ground cover~ but alsike 

experienced an even worse decline, i.e.~ from 58% to 6%. 
In mixture 4 the proportion of red e1over:Ladino was in 

the order of 1.3: 1 gppro2imately in the first eut and 1.9 : 1 

in the 2nd eut. In mixtures $, 6 and 7 as already reported 
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the ground cover of trefoil was relatively high ln the first 

eut only. The proportion of red clover - trefoil was on the 

œverage 2 : 1 in the first eut and 11 : 1 in the second eut. 

In mixture 8 alfalf~ decreased considerably in ground cover 

after the first eut when it was 69%, a-s to 44% for brome. In 

the second eut this had changed to 28% for alfalfa and 33% for 

brome. 

Also mixture 9 decreased in ground cover yet the p,roportion 

of the 2 species, i.e., timothy, trefoil stayed very much the 

same. 1 : 1.4, from the first eut to the 2nd eut. 

3. Yield per Unit Area of Ground Cover in Hay Mixtures 

and Pure Stands 

It should be noted once more that yields under this heading 

refer to yields per unit area of ground cover. 

In table A86 appear the calculations and resulta of the 

pure stands in eut 1 and 2. In tables A87 to A92 appear thoae 

of the grasses and legumes, when in mixture, of cuts 1 and 2, 

and table A93 shows a summary of the average yields of the 

grasses and legumes in eut 2. The calculations of the seasonal 

averages of the pure stands, gr~sses and legumes are presented 

in table A96. 

A summary of the average yields of beth eut 1 and 2, of 

the grasses, legumes and pure stands appears in table 24. 

This table, which was organized in the same mannar as these 

of the pasture mixtures, shows in one column the Y./u. A. ot 



Mixt. 
No. 

(i) 
l 
2 
3 
4 
5 
6 
7 
8 
9 

Pure 
Stands 

Table 24. Average Yield per Unit Area of Ground Cover 
of Hay Mixtures and Pure Stands 1961. 

(Cut l and 2) (gm) 

Components 
nBirdsfoot 

Timothy Brome Clover Alfalfa Ladino trefoil Alsike 
Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2 Cutl Cut2 

1.hl 31.4 64.1 ~ 
50.9 23.9 21.0 11.5 70.1 53.2 
31.1 11.0 33.1 19.3 45.3 ~ 14.8 6.3 

115.7 ~ 38.2 55~Q 34.8 6.1 
40.2 47.0 62.7 34:0 10.6 14.8 
38.3 46.0 58.9 36.2 9.2 21.0 
33.5 ~ 66.5 ~ 4.9 21.2 
41.3 22.5 60.5 ~ 9.7 17.9 

60.5 10.8 58.3 59.4 
~1.1 24.2 45.0 36.2 

68.7 46.5 74.9 35.8 65.1 37.4 97-3 65.4 37.0 16.0 71.9 49.0 63.7 6.9 

Cut l is average of blocks A and D only. 
No significant differences in the grasses of both cuts. 

..... 
\.:N 
+="" 
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eut 1 and in the other Y./u.A. of eut 2. The competition in­

dices appear in tables A94 and A95r for cuts 1 and 2 respeati­

vely. 

From table 24, it can be observed that timothy in the first 

eut of mixtures (i) and 3 yielded more than the pure stand. 

In mixture 3 this was 115.7 gm. per unit are~ of ground cover, 

which gave an index of 1.87. In eut 2 of mixture (i) it 

yielded lesa than the pure stand, but it yielded close to or· 

more than the pure stand in mixture 3, 4, 51 6 and 7• Brome 

in both cuts produced lesa dry matter par unit ares of ground 

cove• than the pure stand. 

It should be noted here that an analysis of variance on 

the gr8lsses, tables A99 and AlOO, did not show any slgnificanee 

for· treatments in either eut • A high arro~ warianca and 

therefore high coefficients of· variabili ty, 84.8% and 94.3% 

respectively were obtained in eut 1 and 2. This may be attri-

buted to large variabilities in both hand separations and point 

quadrat analysis where extremely low populations are encountered, 

which was the case for the grasses in these hay mixtures. 

Red clover. in mixture 6, was the only legume species to 

yield more than the pure stand in eut 1. However in eut 2, 

when it was found in mixtures (1), 3, 6 and 7, it was superior 

to the pure stands, and ln mixtures 4 8nd 5 came close to it. 

Alfalf8l in mixture 1 of eut 1, gave a relatively high yield, 

in mixture 2 of eut 2 it produced more than the pure stand. 

In no case did ladino, trefoll and alsike yield more than 



their respective pure stands. Trefoil in mixtures 5, 6 and 

7 appears to have suffered heavily from competition of the 

associated species. The composition indices were .13, .07 

and .14 respectively for Viking, Empire and Morshansk, in eut 1. 

In eut 2 they were .43, .54 and .28 respectively. 

Alsike ln eut 2 gav~ an index close to 1.0, wh1ch was not 

quite as expected. 

A summery of the average performance, for the season, of 

the pure stands, grasses and legumes obtained from table A96 

is shown in table 25. The respective competltion indices 

appear in table 26. 

That only timothy in mixture 3 and red elever in mixture 

(1) yielded more than thelr respective pure stands is outstand• 

ing from this table. However, the Rnalysis of variance, 

table A98., performed on the grasses,. shows once more no signi• 

ficance between treatments. A high errer variance And high 

CV of 70.4% w.ere obtained. 

Timothy ln mixture (i) produced approximately the same 

amount of dry matter par unit area of ground cover, as the pure 

stand. Very little difference can be observed when it was in 

mixtures 4, 5 and 6. It gave the lowest index when lt was in 

association with red elever and Morshansk trefoll in mixture 

7• Brome was very similar to the latter in mixtâre 8. 

The highest ytelding red clover wa s obtained when 1 t wa·s 

associated with timothy alona. In mixtures 3, 4, 5, 6 and 7 

the competition indices that wera calculated wera much the aame. 
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Ivlixt. 
No. Tim. Brome R.C. Af. Lad. B.T. As. 

(i) 56.$ ad 
1 33.2 17.3- 61.( 
2 21.7 2$.1- 55.8 11.3 
3 l§:~ 45.9 30.2 
4 48.0 12.5 
5 41.2 46.4 10.7-
6 44.3 52.6 7.2 -
7 29.4 50.1 11.2-
$ 29.2 58.$ -
2 

Pure 
22.$ ~2 .:z -

Stands 61.9 62.2 57.0 $5.2 25.9 62.4 54.7 

Underscored values indicate a competition index grea ter 
than 1.0 
(-~ndicates values significantly smal1er than these~of 
the respective Pure Stands. Duncan's Test at the 5% 
level. 

Table 26. Average Gom2etition Indices of Hay .iVIixtures. 
Cut 1, 2 1 1961. 

JYiixt. 
No. Tim. Brome R.C. Af. Lad. B.T. As .M.ixture 

{i) .92 1.04 .9$ 
1 .54 .30 .72 .55 
2 .3 5 .49 .65 .44 .51 
3 1.54 .$0 .55 .99 
4 .70 .84 .48 .72 
5 .67 .81 .17 .54 
6 .72 .92 .12 .57 
7 .47 .$$ .18 .50 
8 .47 .69 .60 
2 ·2:2 .6~ ·28 
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The lowest yielding red clover was recorded when it was found 

wlth timothy and alfalf~. 

In mixture 2 the ad di ti on of led ino se ems to have boosted 

red c1over to soma extent, i.e., from a yield of 17.3 gm. in 

mixture 1, it increa:sed to 28.1 gm. in mixture 2. 

Although the alfalfa was found to achieve the bighest 

yields per unit ares under a hay management, it did not ln any 

mixture outyie1d its pure stand. It gave the highest amount 

of dry matter per unit area of ground cover in mixture 1, 

which would probab1y explain the lowest yield of red clover 

recorded in the mixture. 

Ladino yielded very poorly as a resu1t of its association 

in mixtures 2 and 4• Its competition indices were even lower 

than that of a1s1ke, which was .55. 
As in each individua1 eut the poor ability of trefoi1 to 

compete was also reflected in the 8verage of the 2 cuts. The 

highest production of trefoil per unit ares of ground cover was 

attained when it was seeded with timothy. The lo~est yie1d 

was experienced when Emp~re trefoil was in mixture 6, thus 

gi ving an index of compe ti ti on of' .12. Viking and Morshansk 

had an index of .17 and .18 respectively. 

The competition index of a mixture as a who1e is also shown 

on table 26. It can be noted from these indices that mixtures 

(1) and 3 were highest with .98 and .99 respectively. It may 

therefore be assumed thet the compatibility between the species: 

involved" in these 2 mixtures was nearest to the ideal for· hay 
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mixtures. This however may not necessarily indicate that such 

mixtures will be the highest yielding, since mixture 4 which 

had an index of .71, gave the lowest yield par acre. All 

other mixture indices ranged between a low of .50 and .6o. 

Table A97 and AlOI show the analysis of variance performed 

on the total yield par unit are~ of ground for the season, of 

the pure stands 8nd legumes respectively. For both, signifi­

oance between treatments was obtained. The CV's were 13.2% 

and 21.3% respectively. Fran these,. it appears thgt the varia­

tion due to error in the legumes. was about of the same magni• 

tuda as in the pasture mixtures. 

Duncan's test which is found ln table 27 shows, differences 

existing_between species. From the pure stands alone it is noted 

that the significant differences existing between the legumes 

were of the same order as whe~ these pure stands were incorpor­

a·ted among the "legumes" in mixtures. On tal;lle 26 un der "Pure 

Stands" it is sean that alfalfa yielded significantly more than 

red clover~ alsike and Ledino, but was not significantly different 

from trefoil. Red clover was not signlficantly different from 

trefoil and alsike, but produced significantly more than Ladino. 

The latter two were not significantly different from each other. 

Brome and timothy in pure stands yielded significantly 

less than alfalfa, but not less than red clover or trefoil. 

They yielded signlficantly more than alsike or Ladino. 

Of the legumes in pure stands and in mixtures, alfalfa 

seeded alone gave an outstandingly high yield. Tt produced 



Table 27. Mean Seasonal Yield per Unit Area of Ground Cover 
of Pure Stands and Legumes. Hay ~Iixtures. 

Cut l and 2, 1961. 

Pure Stand Legumes 
l'v1ixture No. Y.LUnit Area 

Timothy 115.25 b Pure Red Clover 103.15 ede 
Red Clover 103.15 be tl i 112.50 bede 
Alfalfa 162.80 a Il l 38.05 gh 
Brome 112.05 b " 2 45.80 fgh 
Ladino 52.95 d " 3 102.75 ede 
Birdsfoot trefoil 132.25 ab n 4 103.55 bede 
Alsike 70.50 cd T! 5 103.05 ede 

ft 6 105.55 bede 
Means followed by the same " 7 106.00 bede 
lower case letter are not Pure Alfalfa 162.80 a 
significantly different from ff l 114.10 bcd 
each other at the 5% level. tt 2 146.10 ab 
Duncan's Multiple Range Test. n 8 115.85 bcd 

Pure Ladino 52.95 fgh 
tt 2 26.20 h 
tf 4 28.40 h 

Pure B.T. 132.25 abc 
" 5 32.40 gh 
" 6 14.75 h 
ft 7 37-90 gh 
tf 9 84.55 def 

.Pure Alsike 70.50 efg 
" 3 39.65 fgh 

Mean total for this analysis was obtained 
of blacks A and D only. 

1-1 
+ 
0 
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significantly more drE matter per unit are~ of ground cover 

than any legume spe cie s ln pure or mixttdre ~form, ether than the 

alfalf5 in mixture 2- and trefoil alone. 

The following were not significantly different in their 

yields: pure trefoil, pure red elever, red elever in mixture& 

(1), 31 4, 5, 6, 71 alfa1f~ in mixtures 1 and 8. Blrdsfoot 

trefoil in mixture 9, was significantly different from any of 

the a~ove, except from its pure stand. It was not significantly 

different either from red elever in mixture 2, pure Ladino, pure 

alsike and alsike in mixture 3. However red elever in mixture 

1, Ladino in 2 and 4, trefoil in 5, 6 and 7 yielded significant1y 

lesa than al1 ether specles in the various mixtures, but not 1ess 

than pure Ladino, pure a1sike, a1sike in mixture 3 and red elever 

in mixture 2. 

If the comparison is made within a species on1y it was 

found that red elever in pure stand yie1ded significantly more 

than red elever in mixture 1 and 2 only, that alfalfa yielded 

significantly more, when in pure stRnd than alfalfa in mixture 1 

and 8, that pure Ladino did not yield significantly more than 

Ladino in mixtures, neither did alsike, and that the yields per.' 

unit area of ground cover of the pure trefoil was significantly 

greater than any of the yie1ds of trefoil in mixtures. 



IV .A Study of Relationships Existing in Ground Cover Density 
Y./u.A. in Different Cuts and at Different Angles of 

P. g. Inclinations. Pasture Mixtures and Pure Stands 

Correlation coefficients were calculated for ground cover, 

density and Y./u.A. between cuts, blocks (i) and angles of 

inclination of the point quadrat. This was dons for the pasture 

mixtures and their pure stands only. The objective was to 

evaluate the relationships that could exist among these variables, 

between cuts, blocks and angles of inclination. 

coefficients o~tained are reported in table 28. 

All correlation 

1~ Between Cuts. a) Ground Cover. In this study pure stands, 

gresses and legumes were compared individually. Significant 

correlations were obtained in gll three cases when comparing the{i) 

fâll eut of 1960 and the first eut of 1961. When this fall 

eut was correlated with the fall eut of 1961 no real correleFtion 

was ohtained. Cuts 1 and 2 and cuts 1 and 3 gave significant 

correlations tor grasses and legumes, 

significence between eut 1 and eut 5. 

Only:.legumes showed 

The relationship of eut 

a and eut J was significant for grasses and legumes, and of eut 

2 and eut 5 for p.ure stands 1:1nd legumes. A significant coefficient 

W5S oè'tained for pure stands, grasses and legumes. whetm eut 3 and 

eut 5 a:t an angle of inclinatlon of 45° were correlated. 

The inferences that could be made from these correlation 

( i) 
differences in soil types ex5sted between blocks. 
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Table 28. Correlations in Pasture Mixtures. 
{Reps. E, F, Ç and D) 

Between Cuts 

{i) Ground Cover P.s. Gr. Leg. 

Fa11 1960 vs Spring 1961 n:8 .79*'n:20 .56*' n:26 • 50%"* 
Fa11 1960 vs Fa11 1961 " .64 n:13 .03 n:16 .47 
Cut 1 vs Cut 2 " .56 n:20 .65"" *n: 26 .81 * * 
Cut 1 vs Cut 3 " .54 n:18 .53'* n:26 • 72 * * 
Cut 1 vs Cut 5 n .56 n:13 .50 n:16 .6T* ~ 
Cut 2 vs Cut 3 tt .45 n:18 • 70*>r- n: 26 • 90* .t 

Cut 2 vs Cut 5 rr .72ln:13 .49 n:16 .65* * 
Cut 3 (45°} vs Cut 5 45° " .94*~:13 .84~~n:16 .88*'* 

(ii) Density 

Cut 2 vs Cut 3 n:8 .70 n:l8 .45 n:26 • 72 ~ 
Cut 2 vs Cut 5 " • 75" n: 13 .47 n:16 .52* 
Cut 3 (45°) vs Cut 5{45°) n:6 .71 n:13 .80lf: n:16 .82 * 
(iii) Yie1d Eer Unit Area of Ground Cover 

Fa11 1960 vs Spring 1961 n:8-.44 n:20 .53l n:26 • 79 * * 
Fa11 1960 vs Fal1 1961 " .55 n:13 .16 n:16 .87 'J(. t 

Cut 1 vs Cut 2 " .23 n:20 .24 n:26 .42* 
Cùt 1 vs Cut 3 " .07 n:18-.08 n:26 • 72 *"' 
Cut 1 vs Cut 5 tt .16 n:13 .10 n:16 .87"' )f: 

Cut 2 vs Cut 3 ff .07 n:18 .28 n:26 • 84' ;t 
Cut 2 vs Gut 5 " .40 n:13 .31 n:16 .38 
Cut 3(45°) vs Cut 5(45°} n:6 .97*n:13 .26 n:16 • 87 Jl ;t 

(iv) ComEetition Index of i~Iixtures 
Fa11 1960 vs Spring 1961 • 72 '* * n:16 
Fal1 1960 vs Cut 2 1961 -.19 tt 

Fa11 1960 vs Cut 3 1961 .3 5 tl 

Cut 1 vs Gut 2 .004 " Cut 1 vs Cut 3 .07 n 

Cut 2 vs Cut 3 .68 )\<. * " 

One and 2 asterisks mean significant at the 5% and 
1% 1eve1. 

continued/ 
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coefficients obtained are, that recording the first hit on each 

species to obtain a ground cover value by the point quadrat 

method was fairly reliable, for legumes especially since a large 

amount of variability wus accounted for in many instances, that 

ground cover from eut to eut was very consistent for legumes 

and lesa so for grasses and therefore that other factors auch 

as soll differences, differences ln establishment, changes in, 

and low populations etc. played a more important role in grasses 

than in legumes. 

b) Density. As mentioned soma time prior to this density 

was not recorded in all cuts and of avery block. For this 

resson correlation coefficients were only obtained in cuts 2, 3, . 

and 5. Significant correlations were obtatned in all 3 cases .. 

of the legumes. The pure stands gave a statistically real 

correlation in comparing cuts 2 and 5 and also the grasses, {sos 

for ground cover. in out 3 .. 5 e>t 45°.) This latter correlation 

may imply that S' 45s angle is much more appropriate for grasses 

since significant correlations that account for more than 64~ 

of the variab!lity can be obtained. Since good correlations were 

again obtained for legumes, density may be considered a reliable 

me~surement for legumes. 

o) Yield par Unit Area of Ground Cover. In the )rd part of 

this first study the relationship that axisted between cuts in 

Y./u.A. was determined. All legume cuts gava significant 

correlations except the compar1son eut 2 and 5. 



Only the fall 1960 eut rel&ted to the sprlng eut of 1961 

w~s significant in grasses, and eut 3 and 5 at 45° for pure 

stands. 

Since there exists a good relationship in the Y./U.A. between 

cuts in legumes, the implication would be that the Y./u.A. method 

may be used with a certain amount of confidence for the legume 

spe cie s. As for the grasses the same inference cannet be made, 

but it could be that the variability observed may be due to 

ether factors, than the inadequacy of the methods used to evalu-

ete the gra·ss spe oies. 

The basis for this statement being that significant eorrela-

tiens were obtained in soma instances. 

d) Competition index of mixtures. The relationship existing 

between mixturetcompetition indices of different cuts was tested 

with 16 mixtures. Significant correlations were obtained between 

fall 1 60 eut and the spring 1 61 eut, and eut 2 vs eut 3. 

These results exclude variabilities due to soil 1 environ­

ment,establishment etc. since they existed in beth pure stands 

and mixtures and both of these gave the competitlon indices 

(see materiels and methods). On this basis than, no corrals-

tiens between cuts may imply that different trends of competition 

acted in different cuts, that inherent variability existed 

either for mixtures or pure stands alone and did not appear in 

all cuts. 

A significant relBtionship may indicate that the competltion 

varied in the seme mannar in avery mtxture from eut to eut. 



2, Batween Blocks 

eut 1. A si.gnificant correlation was obtained in comparing 

the ground cover of legumes in blocks C vs D. The dry matter 

the gra-sses contributed to the sward was also stgnif1.cant, which 

seems to exclude variation due to soil, microclimete etc. as 

being the resson of not obtaining a significant correlation ot 

ground cover in block e vs D, in grasses. However the variabil­

ity accounted for by this correlation ts too small to be really 

confident in this statement. 

eut 2. In this eut the same result~ as above were obtained, 

which may ccnfirm the suspicions that were ~roused prevlously, 

namely about the adequacy of the ground cover measurement 

obtained for gr~lsses. 

3· Between Angles 

This study was mostly done in pure stands and from the cor• 

relation coefficients that have be en obtained, table 28, 1 t appears 

that ln taking ground cover measurements the angles 29°, 32.5° 
and 45° are all equally satisfactory. That for density and 

yield per unit a rea· the inclina ti ons of 29° and 32.5° were 

especially suitable, for legumes. It seems that these resulta 

can be considered with confidence since in most cases 64% of 

the variability was accounted for. 

This study indicated that grasses gave the leest consistent 

mea·surements of ground cover, density and yield per unit area, 

that density and ground cover were more instrumental in showing 



Table 28. continued 

2. Between Blocks 

(i) Cut 1 

Ground Cover Cut 1 c vs D n:l4 
DM of Components tf " n:l4 
Total DM tf " n:l4 

(ii) Cut 2 

Ground Cover Cut 2 tf n:l4 
DM of Components tf " n:l4 
Total Dlvl " " n:l4 

2· Between Angles 

(i) Ground Cover 29° VS 450 n:6 .85 * 
29° vs 32.5° n:6 .88,.. n:ll 

32.50vs 450 n:6 .84 * 

(ii) Density 290 vs 45° n:6 -44 
29° vs 32.5° n:6 .82 JI: n:ll 

32.5°vs 45° n:6 .64 

(iii) Y./U.A. 29° vs 45° n:6 .73 
29° vs 32.5° n:6 .85 * n:ll 

32.5°vs 450 n:6 -49 

The correlations 290 vs 32.50 could also read: 
"point quadrat readings taken between 2 cuts vs 
at cutting time". (in Cut 3) 

.15 n: 21 
• 56* 
.42 

.30 n: 21 

.55* 

.17 

.55 n:l6 

.51 n:l6 

.58 n:l6 

"n" refers to the number of pairs used in calcu­
lating the coefficient of correlation. 

One and 2 asterisks mean significant at the 5% 
and 1% level respectively. 

.80 "* 

.86 "'* 

.94* 

.94~~ 

.69:1<'* 
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this inconsistency# but that significant correlations can be 

obtained with esse in legumes for all 3 types ot evaluations of 

the sw~rds (stands) and 5lso in the grasses# in soma instances. 

V. Rel8'tionshipa Existing Be:tween Grasses and Legumes in 

Ground Cover. Density and Y./u.A~Ground Cover 

H~y and Pasture Mixtures 

The correl~tion coefficient obtained from the relationships 

existing in density. ground cover and Y./u.A. between grasses 

and legumes are shown in table 29. 

Only one stgnificant correlatton was obtained under the 

hay mgnagement, and that was in comparing the ground cover of 

the grasses versus the legumes in eut 1. 

In the pasture mixtures significant correlations were 

obtained in denstty and ground cover of eut 1. in ground eover 

of eut 3, in density of eut 5 and in ground cover of the fall 

1960 eut. 

It is apparent from these correlations that there exista e 

negative relationship between the grasses end legumes, under 

both hay and pasture management. in density and ground cover. 

This would indicate then that a dense stand of legume resulted 

into a thin stand of grass and that a dense grs,ss stand may be 

due only to a poor establishment of the legume specles. 

No definite trend was apparent from the correlations obtained 

of the Y./u.A. • A negative correlatlon may suggest that as 

the yield of the legume spectes goes up that of the grasses 



Table 29. 

Ave. Ave. Ave. No. of 
Densitx Ground Cover Y.LV.A. of G.C. Pairs 

"r" 
Hay Cut 1 -.80 -l< -.10(A83,A84) 10 

Cut 2 -.430 -.30 .02(A85-A88) 10 

Pasture 
Cut 1 -.843*" -. 75 .y:* .3l(A5l,A52) 12 
Cut 2 -.312 -.50 -.38(A54,56) 12 
Cut 3 -.525 -.60* -.51(A58,A60) 12 

(Grasses) 
Cut 4 -.321 -.22 -.19(A62,A63) 11 

" Cut 5 -.777*" -.30 .02(A64,A65) 13 
Fall 1960 -.58* .28(A49,A50) 13 

Figures in brackets refer to the appendix table from 
which the correlation coefficients were calculated. 

One and 2 asterisks mean significant at the 5% and 1% 
1eve1 respectively. 

Table 30. Correlations of Number of Components in the 
Mixtures vs Competition Indices of the Hay 

and Pasture Mixtures. 

"r" No. of pairs in ttr" 
Hay Cut 1 -.51 10 

Cut 2 .12 10 

Pasture Cut 1 -.14 16 
Cut 2 -.06 16 
Cut 3 -.12 16 
Cut 4 -.10 12 
Cut 5 .01 12 

Fall 1960 -.22 12 

149 

in 



goes down., the reverse· being not ne cessarily true. 
150 

Also thtrt 

an increase in the yield per unit ares of ground cover in the 

legumes., may result in an increase of the competition affects 

on the gr~rsses. 

Whether a positive correlation was a result of a beneficia! 

affect of the legumes on the grasses cannot be implied. However 

it may indicate that the ability to compete of the grasses was 

enhanced by soma factors not related to their inherent competi­

tiveness. 

VI. Relationships Existing Between the Number of Components 

in a Mixture and the Respective Compati_ ti on Index.. 

Hay and Pasture Mixtures 

The object of this study was to determine whether the number 

of components in a mixture had any affect on the; competition 

index. of that mixture. Table 30 shows the correlation co-

efficients that were obtained. 

There were no significant correlations in either the hay 

or the pasture mixtures. This would indicate that the number 

of components in e mixture did not affect the competition index 

to any great extent. However there appeared to be a trend., 

suggesting that an increase in the number of components would 

have the affect of decreasing the compatibility of the species 

involved., since the competition indices of the mtxtures would 

de crea se. This trend was indicated by the fect that most 

coefficients were negative. 
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VII. Resulta on Photosygthetic Ares Index and Net 

Assimilation Rate 

A. Pasture Mixtures. Point Quadrat Method 

a) eut ~· Just before the )rd eut was harvested some point 

quadrat readings were obtained on certain pasture mixtures with 

the improved PS apparstus. This analysis was done at an angle 

of inclination of 32.5° and every bit was recorded. This 

permitted the calculation of a photosynthetic area index, which 

is similar to the leaf ares index obtained by Warren Wilson 

(1959). However the correction factor 1•1 proposed by Warren 

Wilson was not applied. (Table Al02). 

It should be mentioned that the PA in this instance was 

equal to the density as used previously and that the PAl was 

equal to the density/100 • 

From the PA thus calculated and the yie1d of a species in 

pure stand or in mixture, a value for NAR was evaluated. The 

d&ta and resulta are reported in table Al 0.2 In table 31 appeai's 

the summary of the PAI and NAR values, togethei' with the res­

pective Y./u.A. of G.c. values obtained in eut 3, table 11. 

Although a I'estricted number of resulta were secured for this 

little study, table 31 shows certain trends in the different 

ways of measuring competition. It may be noted that in the 

three methods the grasses in the mixtures gave relatively low 

values as compared to their respective pure stands. Also 

the red clover in mixture 1 had competition indices that were 



Table 31 (i) Average Values. Y/U.A., PAI, NAR. 
Pasture Mixtures Cut 3 

Mixt. Yield/Unit Area G.c. PAI (ii) 
No. Tim. Br. R.c. B.T. Tim. Br. R.C. B.T. 

1 1.9 12.5 0.41 2.14 

6 2.4 9.3 2.8 0.40 2.34 o.6s 

13 3.1 ... hl 0.55 3.28 

Pure 5.6 6.6 14.3 8.8 2.30 2.24 2.61 3.50 Stands 

Competition Indices 

1 .34 .87 .18 .82 

6 .43 .65 .32 .17 .90 .19 

13 .52 1.12 .25 .94 

(i) Averages of blocks C and D. 
(ii) Values obtained from table A 102. 

NAR (ii) 
Tim. Br. R.C. 

.143 .550 

.230 .478 

.176 

.255 .304 .616 

.56 .89 

,90 .78 

.58 

B.T. 

.178 

~ 

.344 

.52 

1.21 

....... 
V1 
1\) 
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much alike and that trefoil in mixture 13 had a competition 

index of close to or more than 1.0 in the methods used. 

b) eut: 3. A similar but more extensive study w~rs done on the 

regrowth of the 3rd eut. Photosynthetic ares values were obtain-

ed from PQ readings taken on the uncut borders of the plots; 

The net assimilation rates were calculated for each species in 

the mixtures. (Table Al03.) 

In table 32 appear the averages of two blocks of the PAI 

and NAR values. It will be noted that of the two methbds used, 

in none of the mixtures did the grasses reach a competition index 

of 1.0, neither did red clover or alfalfa. Ladino in mixtures 

8, 12, (vii} and (viii) had a PAI greate~ than the pure stands, 

whereas the NAR in mixtures 4, 31 12 and (viii) was greater than 

the NAR of the pure stand. The PAI of trefoll in mixture 9 was 

greater than that of the pure stand, but this was not so for the 

NAR. The NAR of trefoll in mixture 13 was greater than that of 

the pure stand. 

When, as for study (a) the PAI and NAR methods of studylng 

competition are compared to the values of Y./u.A. of G.c. of 

eut 3, table 11, then it is sean that there exist consistent 

trends. Thus ln all three methods none of the grass species 

under study produced a competition of 1.0 or greater,. nelther 

did the red clover. Also thet timothy ln mixtures 6, 9, end 

11 and red clover ln mixture 1, gave the highest competition 

indices in a'll three methods. 



Table 32 Average PAI and NAR of Species in Mixtures and Pure Stands and their 
Respective Competition Indices. Pasture Mixtures Cut 3 1961 

(Obtained by PQ Method) 

PAI NAR 
Mixture Tim.. Brome R.c. At. Lad. B.T. Tim.. Brome R.c. At. Lad. B.T. 

1 0.50 2.35 .130 .508 
4 0.35 0.95 2.45 .074 .279 ~ 
6 0.50 2.25 0.80 .20S .496 .. 190 
8 .40 0.55 2.& .068 .506 ·200 
9 .65 0.40(i) .lt..2i .228 .676{i) .283 
ll 1.00 3.20 .172 .274 
12 .40 3.30 ,.082 ·2~ 
13 .40 3.15 ,229 .426 

vii .30 3.60 0.30 .068 .480 ,037 
viii .55 .25 3.30 0.50 .039 .015 .584 .072 

Pure 
2.30 2.24 2.61 1 .. 2o(ii) 3.10 3.50 .255 .304 .616 .845(ii) .492 .344 Stands 

ComEetition Indices 
1 .22 .90 .51 .82 
4 .15 .36 .79 .29 .45 1.19 
6 .21 .86 .23 .82 .81 .55 
8 .17 .46 1.05 .27 .60 1,.02 
9 .28 .33 1.01 .89 .80 .82 
ll .43 .91 .67 .80 
12 .17 1.06 .32 1.09 
13 .18 .90 .75 1.24 

vii .13 1.16 .09 .27 .98 .n 
viii .24 .11 1,.06 .14 .15 .05 1.19 .21 

(i) Not averages. 
...... 

Obtained from. D onl;y. I,JI 

(ii) ft Il Il 11 F only. +=-
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A1fa1fa in mixtures 8 and 9 did not follow such a consis­

tent tr~d since it had obtained e competition index greater 

than 1.0 when measuring Y./u.A. of G.c. and not so when measuring 

PA! or NAR by PQ. Ladino except in mixture 4 and (vii) obtained 

competttion indices greater than 1.0 by all three methods. 

The competition indices for birdstoot were rouch the same when 

obtained by all three methods. 

B. Pasture Mixtures. Dise Method 

The "dise method" as used in the heading, refers to the 

way which was used to obtain the PA! in this study, so as to 

differantiate from the PQ method used above. 

The resulta obtained for the 4th eut are shown in tables 

Al04 - Al06. A summar·y of these, is presented in the same 

mannar as for Y./u.A. of G.c. in table 33. However in this 

series the competition indices are shown in the same table, which 

permits a better interpretation of the PA! and NAR values as 

obtained for the species in the mixtures in comparison to the 

values of the pure stands. 

Analyses of variance of the grasses and legumes allowed the 

use of Duncan's multiple range test, (Robinson 1959), to compare 

the means. The results of these are found in tables All3 - A116, 

4121 and Al23• 

It might be stated here that this form of analysis was 

dona on all data concerning PA! and NAR of hay and pasture 

mixtures as obtained by the "dise method". It perm:J.tted a 

direct statistical comparlson of the values secured for the species 



Table 33 Average PAl and NAR of Species in Mixtures and Pure Stands, and their 
Respective Competition Indices. Pasture Mixtures Out 4 1961 

PAl NAR 
Mixt. Tim. Brome R.can. K.Blue R.o. Af. Lad. B.T. Tim. Brome R.can. K.B1ue R.O. Af. Lad. B.T. 

1 .34 2.46 .283 .428 
4 .62 0.5o- 3.47 .142- .29s- .454 
6 .50 2.36 .62- .302 .437 .354-
a .52 .60 4.61 .098- .350- .37S 
9 .80 1.01 2.20 .354 .42S .490 
ll .57 2.84 .468 .452 
12 .os 5.14+ .132- .408 
13 .42 2.38 .378 .526 
14 .16 2.84 .130 .479 
15 2.08 2.04- .324 .402-

vii .03 3.52 0.66- .o6s- .466 .154-
viii .10 .06 4.22 0,22- .133- .~ .453 .165-

Pure .68 .a9 2.7 1.8 2.17 1.22 3.61 3.34 .390 .447 .408 .526 .456 .494 .498 .538 Stands 

Competition Indices 

1 .50 1.13 0.73 .94 
4 .91 .23 0.96 .36 .65 .91 
6 .74 1.09 .19 .77 .96 .66 
8 .76 0.49 1.28 .25 .71 .76 
9 1.18 0.83 .66 .91 .87 .92 
ll .84 .85 1.20 .84 
12 .12 1.42 .34 .82 
13 .47 .71 .85 .98 
14 .o6 .85 .32 .89 
15 1.16 .61 .62 .75 

vii .04 0.98 .20 .17 .94 .29 ..... 
VI 

viii .14 .(f'f 1.17 .07 .34 .20 .91 .31 ()', 

+ indicates values significant1y greater than those of the respective pure stands, Duncan 1s 
Test at the 5% 1eve1. 

- indicates values significant1y sma11er than those of the respective pure stands, Duncan's 
Test at the 5% 1eve1. 



157 
in mixtures with thelr respective pure stands. Thos photo-

synthetic ares and nat assimilation rate indices of species 

ln mixtures followed by a (+) or (-) were significantly 

dlfferent from their pure stands and did not, therefore, 

occur in the seme grouping. They were either significantly 

greater or smaller than their respective pure stands. 

In table 33 it can be observed that the PAI of red clover 

in mixture 4, of trefoil in mixtures 6, 15, (vii) and (viii) 

were significantly smaller than PAI of their pure stands. 

Ladino in mixture 12 gave a PAI that was significantly greater 

than its pure stand which was not shown by the correspond~ng 

NAR. This would suggest that Ladino, in its association with 

timothy is favored in the production of photosynthetic ares, 

but suppressed in lts rate to produce dry matter, i.e., 

depressed ln its efficiency. 

None of the PAI 1 s obtained for grasses differed signifi­

cantly from their pure stands, but the net asslmilation rates 

of timothy in mixtures 4, 8, 12, (vil) and (viii) were signi­

ficantly smaller than the NAR of the pure stand. It is of 

interest to note that in all five cases, timothy was associa­

ted with Ladino alone or Ladino plus another species, and that 

this legume had a depresaing affect on timothy in this expert­

ment. It is probable that the high CV {72.3%) obtained in 

the analysis of variance of the PAI values for grasses, 

explains the absence of significance between the pure stands 

and the species in the mixture. The CV of the NAR values 

for grasses was only 23.5%. 
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Similarly the NAR of red claver in mixture 4, elfalfe in 

mixture 8, trefoil in {vii) and {viii) appears to have bean 

suppressed by ladino, since it was significantly smaller than 

the NAR of the respective pure stands. However, trefotl in 

mixtures 6 and 15 b.ed also en NAR tha t wa s slgnifi cantly smaller 

than that of the pure stand. Red claver and Kentucky blue 

grass m~y have a similar deprassing affect on the efficiency 

of trafoil. 

The underscored values indicRta competition indices greater 

than 1.0. Thus, by measuring the PA, timothy in mixture 9 had 

a competition index of 1.18, Kentucky blue grass in 15 of 1.16, 

red claver in 1 and 6 of 1.13 and 1.09 respectlvely, ladino in 

8, 12 and (viii) of 1.28, 1.42, and 1.17 respectivelyo By 

measuring NAR, only timothy associated withtrefoil gave a 

competition index greater than 1.0, namely 1.20. 

eut 5a. The data to obtain the PAI•s and NAR's and the 

resulta of these for eut 5a are round in the appendix tables 

Al03 to A105o The analyses of variance reported are in tables 

All3 to All6 and Duncan's test, as applied to the means of the 

PAI and NAR values of this eut are round in tables A121 for 

the grasses and All9 for the legumes. 

The summary of thase resulta is prasentad in tabla 34• 

A first glanee on this tq~la givas the impression that compati-

tion in this eut wes qulte severe for the grasses. Thus both 

PAI and NAR for timothy in mixtures, 1, 4, 6, 8, 12, (vii) and 

(viii) and brome in (viii) wera significantly smaller than the 



Table 34 Average PAI and NAR of Species in Mixtures and Pure Stands and their 
Respective Competition Indices. Pasture Mixtures Cut 5a 1961 

PAI NAR 
Mixt. Tim. Brame R.can. K.B1ue R.c. Af. Lad. B.T. Tim. Brame R.can. K.Blue R.C. Af • Lad. B.T. 

1 .22- 1.50 • 374- .489 
4 .œ- .32- .lJd. .184- .298- .530 
6 .4o- 1.60 .25 .41o- .530 .341-
8 .04- .30 2.92 .12s- .296- .528 
9 .sr .58 .54 .472- .44?- .447 

11 .52 ~ .585 ~ 
12 .06- 4.12+ .121- .541 
13 .51 .96 .514 .572 
14 .04 .40 .135 .504 
15 .67 M .454 .:..ill. 

vii .03- 2.75 .072- ~ viii .06- .02- 2.93 .03 .26() .Iso- .5 .on-
Pure 

.69 .68 1.30 1.11 1.53 o.6s 3.06 0.34 .600 .642 .498 .551 .500 .642 .558 .510 Stands 

ComEetition Indices 
1 .32 .98 .62 .98 
4 .12 .21 1.03 .31 .60 .95 
6 .58 1.05 .74 .68 1.06 .95 .67 
s .o6 .44 .95 .21 .46 
9 .83 .85 1.59 .79 .70 .ss 

11 .75 1.53 .98 .97 1.05 
12 .09 1.35 .20 
13 .75 2.82 .80 1.12 
14 .03 1,.18 .27 .99 
15 .60 1.41 .82 1.08 

vii 0.04 .90 .12 1.02 
viii 0.09 .03 .96 .09 .43 .280 .94 .14 1-1 

V1 

:t Refer to table 33 for explanation. "' 
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PAI and NAR of the timothy and brome in pure stand. 

Also red elever in mixture 4 had a PAI and a NAR that was 

significantly smaller than that of the pure stand. The effi­

ciency of alfalfa in mixture 8 and 9 and of trefoil in mixture 

(viii) was significantly lasa than that of the respective pure 

stands. 

Measuring compet:ttion with the P.AI, red elever in mixture 

6 had a competition index of 1.05, Ladino in 4 of 1.03 and in 

12 of 1.35. In the latter the PAI was significantly greater 

than the PAI of the Ladino pure stand. Also trefoil in 9, 11, 

13, 14, 15 gavè indices that were greater than 1.0, when the 

PAI was used to measure competition. 

When the NAR was used, red clover in mixture 6 gave an 

index of 1.06, ladino in 7 of 1.02, trefoil in 11, 13, and 15 

of 1.05, 1.12, 1.08 respectively. Thus of the specles mentioned, 

red clover in mixture 6, trefoil in mixture 11, 13 and 15 showed 

no competition affects of the associated species, by either 

method. 

eut 5b. In tables AllO to Al12 appear the dst~ and resulta 

of PAI 1 a and NAR 1 a of eut 5 (band c). 

As mentioned previously eut 5b represented the regrowth 

that had taken place from the 20th day to the 53rd day of the 

recovery period which gave eut 5 in the pasture mixtures. 

It was obtained by calculating the difference between the re• 

growth of the entire 53 day period and that of the first 20 

days, which gave eut 5a. The 53 day recovery period was oalled 
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eut 5c, and therefore representa the seme type of study as 

eut 4• 
The analyses of variance for grasses and legumes of 5b 

a,ppear in tables A.ll3 to All6. As regards the procedure used 

in eomputing negative values it should be mentioned that when 

these ooeurred rarely in any one table, they were eonsidered 

as zero (0). However, in the PAI's of the legumes of eut 5b 

many negative values were obtained. These were made positive 

by increasing them and all the other PAI's of this eut by 0.5. 

This however did not change the resulta of the analysis of 

variance. 

It should be explained that a negative PAI in this eut 

can be accounted for by the fact that there may have exiated 

large variations between the haïves of the aub-plotso And 

also that due to frost, a losa of green materiel, auch as leaves, 

had occurred, towards the end of the season. 

From what has been said, Dunoan's test was only applied 

to the PAI means of the grasses in eut 5b. These and the 

other meens from this eut appear in tables Al21 and Al23. 

The summary is shown in table 35. From this table it is 

seen that all the PAI means of the grasses in mixtures were 

significantly smaller them the pure stand PAI of timothy and 

brome. 

Considering competition in this eut, it is observed that 

when measured by both PAI and NAR, red clover in mixture 6, 

Ladino in mixture 8 and (viii) gave an index greater than 1.0, 



Table 35 Average PAI and NAR of Species in Mixtures and Pure Stands, and their 
Respective Competition Indices. Pasture Mixtures Cut 5b 1961 

PAI NAR 
Mixt. Tim. Brome R.can. K.Blue R.C. Af. Lad. B.T. Tim. Brome R.can. K.Blue R.c. Af. Lad. B.T • 

1 .15- • so .047 .032 
4 .o4- 0 .40 .066 .003 .021 
6 .15- 1.08 .10 .045 .047 .026 
8 .lo- .os .96 .052 .050 .065 
9 .56- .22 .30 .073 .048 .~7 

11 .16- .42 .046 .066 
12 .or .50 .054 .001 
13 .o6- .12 .038 .025 
14 .13 .34 .116 .032 
15 .48 .06 .050 0 

vii .o;- .47 .02 .126 .042 .046 
viii .04- .11- .70 .01 .030 .058 .033 .030 

Pure 
Stands 1•17 0.92 .53 .52 .92 .28 .52 .92 .108 .~2 .057 .044 .042 .052 .022 .128 

Competition Indices 
1 .13 .87 .44 .76 
4 .03 0 .77 .61 .07 .95 
6 .13 1.17 .42 1.12 .20 
8 .09 .29 1.S5 .4S .96 2.95 
9 .48 .79 .68 .92 .37 

11 .14 .43 .52 
12 .o6 .96 .50 .05 
13 .07 .90 .20 
14 .25 2.~ .25 
15 .92 1.14 0 

vii .~ .90 1.17 1.91 .36 
viii .03 .12 1.35 .2S 1.38 1.50 .23 ....., 

C1' 
r'ù 

_ refer to table 33 for explanation. 
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i.e.~ red clover and Ladino in these mixtures behaved similarly 

to their pure stands. 

Anothar observation that can ba made from table 35 is 

that according to the PAI'a obtainad, there was very little 

growth in the last 33 days of this recovery period. Also that 

the efficiency of the plants had decreased considerably, with 

respect to dry matter production in the above-ground parts of 

the plants. 

Cut 5c. The PAI means and the NAR means of 5c ware compared 

with Duncan's test. This is shown in tables Al23 and Al24. 

A summary is prasented in table 36. From it, it is notad that 

both the PAI and NAR of timothy in mixtures 1, 4, 8, 12, (vii) 

and (viii) and of brome in (viii) wera slgniflcantly smallar 

than the PAI and NAR of the pure stand. This was so too of 

the PAI of timothy in mixtures 6, 9 and 11 and of brome in 13. 

Similerly rad clover in mixture 4, trefoil in (vii) and {viii) 

gave PAI and NAR values that were significantly lesa than those 

of the pure stands. Also the NAR of trefoil in mixtures 6, 

lh, 15 were significantly smaller. 

Looking at the competition indices, it is round that both 

methods the PAI and the NAR, showed an index greatar than 1.0. 

for red elever in mixture 6, Ladino in 8, 12 and (viii). 

However by using the NAR, an index greater than 1.0 was also 

obtained for brome in 13, red clover in 1, alfalfa in 9 1 

Ladino in 4, and (vii}. 

In comparing eut 4 and 5c, which ara both represantlng a 



Table 36 Average PAI and NAR of Species in Mixtures and Pure Stands and their 
Respective Competition Indices. Pasture Mixtures Cut 5c 1961 

PAI NAR 
Mixt. Tim, Brome R.can. K.Blue R.C. Af. Lad. B.T. Tim. Brame R.ean. K.Blue R.c. Af. Lad, B,T. 

1 0.38- 2.23 .183- ~ 
4 .os- .26- 3.31 .098- .w- .272 
6 .54- 2,66 .30 ,226 ,262 .177 
8 .14- .30 3.88 .loo- .214 .271 
9 1.œ- .72 .84 .280 .270 .234 
li .68- .95 .292 .250 
12 .u- 3.72 .094- .272 
13 .56- 1.os .280 .278 
14 .17 .74 .122 .19T 
15 1.14 .39 .220 .181 

vii .os- .3.22 .04- .u6- .316+.07~ 
viii .11- .14- ~ .. 04- .104- .101- .280 .05s-
Pure 
Stands 1,86 1,60 1.84 1.63 2.44 0.95 3.57 1.26 • .323 .238 .302 .275 .238 .240 ,216 .,284 

ComEetition Indices 
1 ,20 .91 .57 1.0.3 
4 .04 .u .9.3 .30 .60 1.26 
6 .29 1.09 .24 .70 1.10 .62 
8 .os .32 1.09 • .31 .89 1,25 
9 .58 .76 .67 .87 1,12 .S2 
ll • .37 .75 .90 .ss 
12 .06 1.04 ,29 1,26 
1.3 .35 .86 1.18 .98 
14 .09 .59 .40 .68 
15 .70 .31 .so .64 

vii .04 .90 .03 .36 1.46 .25 ..... 
viii .06 .09 1.02 .03 .32 .42 1.89 ,20 ~ 

! refer to table 33 for exp1anation. 
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complete regrowth period, it is sean that in eut 5c there were 

more PAI's and NAR values that were significantly smaller then 

the values of the pure stand. It is also sean that if the PAI 

of the species in pure stands had not changed very much between 

the two harvests# the NAR of eut 5c had decreased to nearly 

half of those of eut 4• This would explain the greater number 

of competition indices greeter than 1.0 in eut 5c. 

Totale of eut 4 and 5c. Following the Analyses of each 

individuel eut, the total of eadh species in mixture and pure 

stand for eut 4 and 5c was considered. The analyses of vari• 

ance of this appear in table All7, and the means of the totals 

were compared with Duncan's test. The resulta of this test are 

shown in table Al22 and Al24. The summary of the mean is 

presantad in table 37• 

From this summary it is sean that as in eut 4, 5e and 5c, 

the PAI and the NAR of timothy in mixtures 4, 8, 12 and (vii) 

were significantly smaller than the PA! and NAR of the timothy 

pure stands. Also that red elover in mixture 4, trefoil in 

6# 15, (vii) and (viii) gave PAI and NAR values that were 

signifieantly smaller than those of the respective pure stands. 

From the competition indices it is noted that red elever 

in mixture 6, on an average of thase 2 cuts was the only one 

to give an index graater than 1.0 by both methods. However 

rad elever in mixture 1 had an index of 1.02 by the PAI method 

and 0.97 by the NAR method. Ladino in 4 had an index of 0.94 

by the PAI and 0.95 by the NAR method. In mixture 8 this was 



Table 37 Average PAI and NAR of Species in Mixtures and Pure Stands and their 
Respective Competition Indices. Pasture Mixtures Cut 4 and 5c 1961 

PAI NAR 
Mixt. Tim. Brome R,can. K.Blue R.c. Af. Lad. B.T. Tim. Brame R.can. K.Blue R.C • 

1 0.72- 4.70 .237 • 673 
4 0.7o- 0.76- 6.78 .128- .439-
6 1.04- 5.02 0.92- .287 .699 
8 0.66- 0.90 8.48 .llCï 
9 1.88 1.74 3.03 .352 

11 1.24- 3.79 .423 
12 o.2o- 8.s; .082-
13 0.98- 3.46 .329 
14 .32 3.58 .162 
15 3.22 2.43- .291 

vii O.lCï 6.73 o.6~ .o9r 
viii 0.22- .2o- 7.86 0.26- .206 .174 

Pure 
Stands 2•51 2.52 (4.55)(3.43(i34.62 2.16 7.18 4.60 .373 .348 (. 710) (.SOl) .694 

ComEetition Indices 
1 .29 1.02 .64 .97 
4 .28 .16 .94 .34 .63 
6 .41 1.09 .20 .77 1.01 
8 .26 .42 1.18 .29 
9 .75 .81 .66 .94 

11 .49 .82 1.13 
12 .os 1.23 .22 
13 .39 .75 .95 
14 .07 .78 .23 
15 .94 .53 .36 

vii .04 .94 .15 .27 
viii .09 .os 1.09 .o6 .55 .;o 

(i) Figures in ( ) are totals, since these grasses were not rep1icated. 
- Refer to table 33 for exp1anation. 

~------------------------------------------------------

Af. Lad. B.T. 

.726 
.;.32-

• 564 .648 
.698 .724 

.702 
.680 

.804 

.672 

.;82-
.783 .226-
.733 .222-

.734 .765 .822 

.95 
.65 

.77 .s; 

.95 .as 
.s; 

.89 
.98 
.82 
.71 1-' 

1.02 .27 0'-

.96 .27 0'-
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for L.adino, 1.18 and o.BS respectively; in mixture 12, 1.23 

and 0.89, in (vii} · 0.94 and 1.02 and in (viii) 1.09 and 0.96. 

c. Hay Mixtures. Dise Method 

The same procedure to evaluate competition by the PAI 

and NAR methods wes used in eut 3 of the hay mixtures as in the 

pasture mixtures just reported. 

The data for this study appear in the table AllB. 

Analyses of variance of each of the grasses, legumes and pure 

stands were obtained and also with the pure stands incorporated 

into the grasses and legumes. It may be noted here that the 

analyses of variance of the grasses and legumes without the 

pure stands was dona on the basis of four 'replications gnd 

that when these pure stands were incorporated into the grasses 

and legumes two replications only could be used for the analyses 

of variance since the pure stands were seeded in two blocks. 

BlocksA and D were picked randomly for these latter analyses 

of variance. 

From the various analyses of variance, tables All9 and Al20, 

the NAR values of the grasses and legumes alone were significant 

at the 5 and 1~ leval respectively. The PAI values of the 

pure stands and legumes were also significant at the 5 and 1% 
leval respectively. Duncants test was not applied to the 

means of these. When the pure stands were analyzed together 

with the grasses and legumes, the PA!'s end the NAR values of 

the grasses were both significant et the 5% leval. The PAits 
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of the legumes were significent at 1% and the NAR values showed 

no significance. 

The comparisons of the various means are shown in table 

Al25. A summary of this eut 3 is presented in table 38. 

At flrst glanee on this table it is striking to note the 

high PAI's of the legumes and their respective low NAR. 

The PAI of brome and red clover was the only one to be signifi• 

cantly smaller than the PAI of the pure stands, and that when 

they were in mixtures 8 and 1 respectively. Timothy in mixtures 

1, 4, 5, and brome in 8 gave an NAR value that was significantly 

amaller than that of the timothy and brome pure stand. 

Looking at the competition indices it is seen that red 

clover in mixture 5, elfalfœ in mixture 8 and trefoil in mixture 

9 gave an index of, 1.14, 1.10 end 1.40 respectively by the 

PAI method and 1.05, 1.05 and 1.27 respectively by the NAR 

method. Red clover in 4 and alfa1fe in 1 a1so gave an index 

greater than 1.0 by the PAI method, and close to 1.0 by the NAR 

method. 



Table 38 (i)Average PAI and NAR of Species in Mixtures and Pure Stands 
and their Respective Competition Indices 

Hay Mixtures eut 3 1961 

PAI NAR 
Mixt. Tim. Brome R.C. Af. Lad. B.T. Tim. Brome R.C. Af. Lad. B.T. 

i 1.64 3.33 .176 .152 
1 0.29 0.16- 6.40 .osa- .063- .176 
4 0.72 5.17 1.16 .147- .174 .131 
5 0.96 5.18 o.;o .124- .184 .160 
8 1.oo- 5.~ .170 .219 
9 1 .. 12 3.16 .096- .cl2. 

Pure 
2.28 3.91 4.54 4.59 1.38 2.26 .239 .220 .176 .208 .141 .185 Stands 

ComEetition Indices 

i .72 .73 .74 .86 
1 .13 .04 1.39 .37 .36 .85 
4 .32 1.14 .84 .62 .99 .93 
5 .42 1.14 .22 .52 1.05 .86 
8 .49 1.10 .71 1.05 
9 .26 1.40 .44 1.27 

(i) Averages have been obta.ined of the 2 b1ocks, A, D for mixtures and E,F for pure 
stands. 

- Refer to table 33 for expla.nation. 
1-' 
a--
\0 
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DISCUSSION AND CONCLUSIONS 

The resulta obtsined for experiment I during the year of 

1960 reflected the unfsvorable, dry conditions thst prevsiled 

during the summer, the weed problem encountered in certain 

pure stands, and the lack of relation between the pure stands 

sëlected and the pasture mixtures studied. 

In the second eut which were the first data available, 

for 1960, the yieldsper unit ares of ground cover of timothy, 

brome and alfalfa pure stands were relatively large. Und er 
~ 

competition conditions, the yields of brome and timothy, when 

associated with other species, were considerably lower thsn 

the yields of the pure stands. This was especially the case 

in the mixture in which the legume species were still present, 

as for exemple, alfalfa, trefoil and Ladino. However birds-

foot trefoil in soma mixtures appeared to have had a beneficial 

affect on timothy and brome. 

It wss rather difficult from table 3 to find any trends 

from the yields par unit ares obtained during this first year 

of work. Whether certain species in certain mixtures yielded 

leest or. most, none did consistently so in the various cuts 

obtained. Except brome, which however occurred in only 2 

mixtures. When it was associated with trefoil it consistently 

produced a larger amount of dry matter par unit ares, than 

when it was associated with alfalfa. 

The resulta of the small study pertainlng to the tLme 
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of doing the point quadrat snalysis 1 in eut 51 were not suffi-

ciently conclusive. Although the correlation coefficient 

obtained for timothy was significant at the 5% level 1 the 

coefficient wss not large enough to formulata recommandations 

in the sense that P~ resdings taken before cutting were no 

different from PQ readings taken efter cutting. The vari-

ability accounted for was only 33~. Alfalfa gave a correlation 

coefficient which suggested that there was no relation between 

the two times of taking PQ readings. 

Thus in 1961 the time of performing the analysis of the 

swsrd by PQ wss chosen on the bssis of the stage of growth 

that would give the best estimate of ground cover 1 which ground 

cover would then give the best estimate of the yield par unit 

ares. Thus for 1961 it was decided that the PQ resdings taken 

efter a week or ten dsys of regrowth would give the bast 

estimate of ground cover for the eut following the analysis. 

A. Experiment II. Pasture Mixtures and Pure Stands 

a) DM. Botsnical Composition and PQ Analysis. In this 

experiment the pure stands of timothy and brome gave the largest 

yields (table 4). For the second half of the season1 that 

is in cuts 3, 4., 5 for timothy and 4, 5 for brome, these 2 

grasses were the lowest in yields. The explanation or such 

a behevLour, may be sought in the combined adverse affects 

of the wea,ther and the weedicide used on these plots. 
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Among the legume pure stands the largest amount of dry 

matter was produced by IJadino clover, however red clover was 

not very different in its dry matter production. A poor 

establishment of the alfalfa stand was the resson for the low 

yields of this species at the beginning of the season. An 

improved stand, i.e., greater ground cover due to further 

germination during this season, permitted the alfelfa to y~eld 

as rouch as red clover, Ladino or birdsfoot trefoil in cuts 4 
and 5. 

Of the mixtures that occurred in blocks E and F, number· 

(vii} and (viii} were yielding very much alike throughout 

the season. The only difference existing in these mixtures 

was the presence or absence of brome, which contributed very 

little to the sward. 

Among the pasture mixtures, table 5, mixture 2, 4, 5 and 

8 consistently produced soma of the highest ylelds. Of these 

number 2, 4, 8 plus 9 produced the highest total yield of DM 

for the entire season. It may be of interest to note that all 

of these were made up of at least three specles, i.e., one 

grass (timothy} and two legumes. 

On a statistical basls, however, they were not slgnifi-

cantly different from mixtures 3, 6, 7 and 12. The last two, 

being simple mixtures, were the only simple mixtures, out of 

8 which were as productive per plot as the more complex 

associations. 

The large apparent differences that existed between blocks 
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were attributed to unfavorable soil moisture conditions in 

the year of establishment, differences in soil types and the 

volunteer L1dino elever problem. 

The data obtained from hand separations and PQ analyses, 

which in turn gave the resulta of botanical composition and 

ground cover of each species were merely a means to an end in 

view of studying methods to measure competition. For this 

resson the results were presented in the form of a summary in 

tables 6 end 7. It was considered that a detailed dlscussion 

on these was unnecessary and it was judged to be sufficient 

to elaborate only on the more salient points of these data. 

In the first eut thè species in pure stands contributed 

the major portion of the stand, but as the season progressed, 

the weeds took relatively more importance in most swards except 

in trefoil And L3dino. However this never became a problem 

since the undesirable species were controlled rather effecti­

vely. 

Timothy, alfalfa, brome and trefoil had a relatively high 

bare ground at the first eut, which however decreased con­

siderably in following cuts of the trefoil and alfalfa stRnds. 

Red elever had a uniform stand during the season, but lncreased 

lts bare ground in the second and third eut. During the end 

of the first growing period and through the recovery period 

of the first aftermath, the red elever stand was greatly thin­

nad by disease which explains this increase in bare ground. 
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Ladino b.ad a very uniform stand w:i. th little ba re ground 

and low population of undesirable specles at all times or the 

1961 season. The non-replicated Kentucky blue and reed can-

ary grass behaved quite similar, except that the former had 

e more uniform stand and obtained a higher yield. 

In the mixtures, the grasses made only a small contribution 

to the final yield, especially timothy in the more complex 

mixtures. From table 7 it may be noted that timothy made its 

largest contribution, when i t was assod.ated wi th alfalfa and 

trefoil, with either of these two specles alone or with Ladino 

alone. However in mixture 10, in association with alsike, 

timothy produced in eut 2 and 5, 32 and 35~ of the dry matter 

respectively, but from table 15 it can be sean that the total 

production was much less than when it was round in other mixtures. 

On a dry matter basis timothy produced leest when it was associ• 

ated with red clover alone, red clover and Ladino, alfalfa and 

Ladino. It was surprising to find that i t produced close to 

one seventh of the total dry:.:màtter or mixtures (vii) :md (viii). 

Brome did not establish wall in the complex mixtures, 

(viii) and (ix) which is reflected in both the ground cover 

and botanical composition. .In association wlth trefoil, it 

behaved much better, but did not reach as high dry matter yields 

as when timothy was in mixture with thisspecies. Reed canary 

grass contrlbuted very little to the total sward, on a percent-

age composition beais. Kentucky blue gave a low botanical 

composition too, but was distributed very uniformly tbroughout 
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the stand. 

Among the legumes, the highest botanical composition was 

obtained from red clover when it was associated with timothy 

alone. The next highest percentage of red clover was achieved 

when it was in mixture with alsike and timothy. It yielded 

least, like alfalfa and Ladino, in the complex mixture 5. 
In eut 1 and 3 alfalfa contributed 80% to the total DM of 

mixture 11 when its only associated species was timothy. 

Ladino made its greatest contribution when it was with timothy 

alone, end trefoil when it was in mixture with reed canary only. 

The highest total ground caver values for timothy were 

obtained when this species was associated with alfalfa in mix­

tures 11 (ix) and 9 and with Ladino in mixture 12. Red claver 

achieved its greatest ground cover when it was with timothy 

either alone or plus alfalfa or trefoil. Alfalfa had most 

ground caver when it was with timothy alone and so did Ladino. 

However L9dino had also a large ground cover when it was associ­

ated with both timothy and alfalfa. Trefoil had most ground 

cover when it was associated with any of the grasses alone and 

also in mixture 9. 

b) Hay Mixtures and Pure Stands. The ranks achieved by the 

pure stands under a hay management were relatively consistent 

throughout the season. As would be expected alfalfa yielded 

most• Birdsfoot trefoil which produced little in the first 

eut gave a similar total yield as red clover. Ladino and 

alsike were the seme. Timothy and brome were average in their 



dry matter production. 

The dry matter per plot of the mixtures did not vary 

greatly from stand to stand or from eut to eut. However 

from table 21 it is sean that exjsting differences were shown 

in the season's total. Thus the highest yield was obtained 

from the simple mixture timothy-alfalfa, which was outstanding. 

This was followed by other mixtures conteining alfalfa. The 

association of timothy -wi th red elever and L'~dino cannot be 

recommended, on the beais that it gave the lowest yield of 

dry matter per plot. 

A conclusion that may be drawn from the dry matter yields 

par plot of mixtures and pure stands, under beth hay and pasture 

management is that the hay management gives the h1ghest yields 

and that alfalfa appears to be the dectding component to schieve 

this. 

The botanicel composition of the hay species in pure stand 

was high throughout the season, as there was little or no -weed 

problem. The one exception to this was alsike which after 

the first eut contributed only 12% to the sward in the second 

eut and practic~lly nothing ln the third eut. 

The ground cover of the pure stands wss relatively high 

in the first eut, but less.so in the second. 

obtained on the regrowth of the third eut. 

No data were 

The percentage composition of the legumes in the mixtures 

-was greatest, -with grasses produclng only little except in 

mixture 8 and 9. It should also be outlined that the trefoil 
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varieties used in mixtures 5, 6 ~nd 7 contributed so little 

that the differences were insignificent. 

There wes no consistent trend in ground cover in eut 1 

and 2 of the hay mixtures. The values of eut 2 were smaller 

than these of eut 1 which would be meinly due to the fact that 

the PQ analysis was obtained at an earlier stage of growth of 

the aftermath. Also disease, slower recovery for certain 

species could have been other factors for this. 

In conclusion to this part of the discussion, soma con­

siderations on botanical composition, and PQ use are in order. 

Thus hand separations are only of value if the sampling in 

the field is dona with great cere, and with a sufficient number 

of pickings from the eut materiel, so as to have a representa­

tive sample of the whole plot. 

It is realized that this cannet always be achieved, and 

is often neglected. Thus it is proposed that hand separations 

be replaced by a botanical analysis obta!ned by PQ. It has 

been shown by workers in the past (see literature review) and 

by this author in a study not reported, that good estimates 

can be obtained by the PQ method, and this with greater esse 

and lesa time. However it appears that one of the main require-

ments is that a sufficient number of points be analyzed, 

especially in stands where one of the species occurs only in 

small proportions. 

During the 1961 season, large variations were observed in 

ground cover values obtained from the P~ analysis. As was 
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shown in the resulta, some of these were due to variations 

that were inherent to the mixtures in individuel plots. However 

it is suspected that the number of points analyzed and the stages 

of growth at which the analyses were obtained were also factors 

contrlbuting to these variations. 

Thus it is proposed that for those species occurring in 

small proportions, the number of points analyzed should be in• 

creased to auch an extent to obtain at les·st 5 hi ts. The 5 

here is just an arbitrary number, whioh would exclude personnel 

and chance factors. 

Also that the P~ readings should be obtained either 

immediately after cutting in which case it would apply to the 

out just obtained, or not more than 3•5 deys after cutting in 

which case it would apply to the eut following the analyais. 

The second method is favored by this author in view of the fact, 

that in May and June regrowth is so fast, that the new shoots 

will bias the analysis as applied to the eut just obtained. 

B. Yield per Unit Area of Ground Cover Study 

Before proceed:tng with the discussion it was judged 

appropriate to re-state briefly the hypothesis used in this 

study and theory supporting the hypothesis. From the math-

ematical concept of the homogaEity of a unit ares as represented 

by a point, 1t was assumed that a unit ares of ground covered 

by a speciea in pure stands would produce the seme amount of 

dry ma·tter as a unit ares of ground covered by the seme specias 
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in mixtures. Therefore the hypothesis, that if this wera true 

there would be no competition. 

In table 8, it can be sean that the yiald par unit are~ 

of the pure stands,, "unit aras" re:f'arring at all times in the 

discussion to follow, to "unit area of ground cover", ware 

considerably smaller than thasa of the spacias in the mixtures. 

Thus of the 45 values obtained, 8 only were smallar yielda per 

unit area than those of the pure stands. This m~y suggest 

that either the competition from the nurse crop or the weèds 

is graater in pure stands than in mixtures or that thase have 

a beneficia! affect on the mixtures. It may also be thought 

that intraspecific competition in pure stands was greater than 

intarspecific competttion in mixtures. 

In table 9, representing the first eut of 1961, the situa­

tion was almost completely reversed with respect to the 1960 

eut. Especially so for grasses which appeared to have been 

greatly affected by competition. In 11 mixtures, the legumes 

had yialds that were graater than those of the respective pure 

stands. The yialds par unit area of al:f'alfa were espec1ally 

large, as for exemple whan it was associated with timothy alone. 

There it produced 45.4 gm. of dry matter par unit area as com­

parad to 23.4 gm. in pure stand. The competition index obtainad 

was 1.94 or ju~t ,abbut 2.0. This would ce,rtainly suggast that 

in this instance that intraspecifio compatitton was actively 

operating in the pure stand and aven that alfalfa must have 

benefittad from its assoctation with timothy. The other 
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legume species yielded very much alike, and most were evolving 

around a competition index of 1.0. 

In this eut 1, then, the grasses appeared to have greatly 

suffered from interspecific competltion and the legumes except 

in a few instances, less so. 

In eut 2, table 10, interspecific competition was even more 

apparent than in eut 1. Yat the yiélds par unit ares of both, 

species in mixtures and in pure stands wera gra~ter and at a 

few occasions had mora than doubledfrom the pravious eut. Only 

in 5 mixtures did legume species reach a compettt•on index of 

1.0 and the grasses ln none. It ls of lnterest to note that 

each time a legume species gave a yield per unit ares· that was 

greater when it was in mixture than as a pure stand, it was 

associated wlth a specles thet did not offer any competition. 

Thus it was for L~dino ln mixtures (vii) and (viii) and alfalfa 

in mixture {ix). For exemple, alfalfa in the latter mixture 

produced a yield per unit ares of 162.3 gm. or almost three 

times that of the pure stand. It is suspected due to the nature 

of the stand throughout the season, that alfalfa behaved as a 

single, sufficiently spaced,plant. Under auch condition it 

has the ability to produce a large amount of dry matter par unit 

are a • . 

In eut 3, table 11, only the values under (a) were an 

integral part of this study. The values under (b) were merely 

of a passing interest, to determine if the yields per unit araa 

obtained from the PQ analysis taken at cutting time compared 
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favorably with the yields per unit area. 

In this eut 3 more species in mixtures yielded more than 

the pure stands, than in the previous 2 cuts. Howevar thera 

was an overall decrasse in yield per unit are8.. This may be 

explalned on the general observation, that the yields per plot, 

therefore the ylelds per plant decrease as the season progressas, 

due to e number of factors. Although, as mentioned previously, 

the stage of growth at which ground cover was obtained has also 

its affects on the yields per unit ares. 

In this eut the compet:i.tion on the grasses appeared to be 

less severe for certain mixtures in which timothy occurred. 

Thus in associatlon with alsike this species had a competition 

index greater than 1.0, and with trefoll it came close to 1.0. 

In 15 different associations the legume species yielded 

more than their pure stands and among these wa.s L.3dlno,. which 

did so ln avery mixture ln whlch lt occurrad. Red clover 

achieved this characteristic in none, but came close to an index 

of 1.0 in mixture 1. It should also be noted thattrefoil gave 

a competition index greater than 1.0 in avery simple mixture. 

Thus in the second aftermath, a decline in interspecific 

competition was observed or conversely an lncrease ln intra -

specifie competitlon. Howaver it should be remembered that 

the adverse affect of the weedicide on the timothy and brome 

grass could have bean the cause of a low production in these 

pure stands. 

The discussion on the 4th eut, table 12, will only be 

brief, sinca this eut is not comparable to the previous cuts. 
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Yet it is of interest to note, as under (b) in eut 31 that in 

most instances the same spedes yielded more per unit area 

than the respective pure stands or yielded close to the values 

obtained in pure stands, as in previous cuts. Due to the fact 

that the PQ readings were taken at cuttlng time, the yields pel"' 

unit area were considerably sma1ler; this was also shown in eut 

3. Also unlike in eut 1, 2, 3, t:lmothy in mixtures 4, 6 and 

(viii) yielded more than the pure stand. Upon 1ooking at 

table 13, it is seen that this a1so happened in eut 5. There• 

fore this may indicate that towards the end of the season there 

is a declining competitive affect among the grasses in mixtures. 

Had this only occurred in eut 4, it may have been attributed 

simply to the method or mannar by which ground cover was obtained. 

In eut 5 also Kentucky blue grass and reed canary yielded more 

than their pure stands. 

Among the legumes of eut 5, there was no great change from 

the trend obtained in previous cuts, i.e., red elever in mixture 

1 and 6, alfalfa in 8 and 9, Lgdino in 4, 12 and (viii), 

trefoil in 13 still revolved around a competition index of 1.0. 

The amount of dry matter per unit area had decreased again, 

which may be attributed to the slow growth which took place 

af.ter the 20th September, as shown by the PAI and NAR values 

obtained in another part of this dissertation. This slow growth 

was not necessarily accompanied by a decrease in grotmd cover, 

since the plants, especially the legume species have a tendency 

to form a rosette in the late seeson. 
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In conclusion, a comparison of cuts 1, 2, 3 permitted, 

the evaluation of the method used to measure yield par unit 

ares and therefore competition. The means of cuts 1, 2 and 3 

subjected to Duncan's test, allow one to assess to what extent 

the yield per unit are8 of a species in a mixture differed 

from that of the seme species in pure stand. Consequently 

the extent of competition as measured by the index could be 

judged. 

Looking at tables 9, 10, 11, it is seen that the grasses 

behaved ln a like mannar, i.e., none could produce as much as 

the pure stands. The exception occurred only in eut 4 and 5. 

Yet the order of importance of the yields per unit ares, judged 

quantitatively, did not follow a definite trend from eut to eut. 

This characterlstic was most likely governed by the variations 

due to the point quadrat and probably also by the associated 

species. Thus, e.g., timothy wlth alsike increased its yleld 

per unit area from eut to eut, whereas timothy with alfalfa 

increased, then decreased it. The only consistent trend 

was shown by the small yields per unit !rea of brome in mixtures 

(viii) and (ix). 

The legume species permitted a more favorable evaluation 

of the method. Alfalfa in mixture (ix) gave consistently 

a high competition index, in mixture 5 it never gave a high 

yield per unit ares, i.e., it was never able to achieve the 

productivity level of the pure stand. Ladlno in mixture 12, 

yielded more than its pure stand in all 3 cuts. Trefoil was 
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again more like the grasses, in that it did not show any clear 

trend, except that in mixtures 6, and (viii) it was consistently 

low yielding. 

From this, it ls this worker's conviction, that this method 

has marit, and can be used with soma confidence to evaluate 

the productivity of pasture species both in mixtures and pure 

stands. 

The average of the specles at cuts 1, 2, 3 in table"l8, or 

the means of these in table 17, permitted one to test the 

validity of the hypothesis put forth. 

It was shown that none of the grasses in mixtures were able 

to yield as much par unit area as the pure stands, on an aver­

age of thrae cuts. More outstanding yat, was the fact that 

all the grasses in mixtures yielded significantly less than the 

grasses in pure stands, thus showlng that there wasan 3dverse 

affect on the grasses in mixture which was not found when these 

were ln pure stand. In the legumes the evaluation of competi­

tion was not as clear as in grasses. Eight mixtures had legume 

species that yielded more than the pure stands, but of these 

on~alfalfa in mixture 7 and (ix) were s1gn1f1cantly greater 

than the pure stand. Trefoil in mixture 7 and 8 yielded 

slgnificantly lesa than the pure stand, whlch tends to invali-

date' the original assumption in four instances. However all 

other resulta do not necessarily credit the hypothesis with 

tru th. 

It is this author's conviction that the differences in 
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yield per unit area between a pure stand and mixture are real, 

that a more sensitive experiment may prove this. 

The yields per unit area of the hay mixtures were con• 

siderebly greater than those of the pasture mixtures. This 

followa from the fact that the yields per plot and therefore 

the ability of the species to produae dry matter is greater 

under a hay management than a pasture management. 

It is also of interest to note that the ground cover appears 

to change little whether a hay or a pasture management is used. 

From table 23, it is seen that timothy performs much better in 

hay mixtures than in pasture mixtures. Thus in 2·m1xtures 

out of 8 it yielded more than the pure stand in the first eut, 

and in the second eut this occurred in 3 mixtures. In a fourth 

mixture, i.e., number 5, its yield per unit ares was only a 

little lesa than that of the pure stands. 

Among the legumes only red clover in mixture 6 yielded 

more than the pure, in eut 1. However in eut 2, its yield 

per unit ares was greater than that of the pure stand in mixtures 

1, 3, 6 and 7. For alfalfw this happened when it was in 

mixture 2. It should be noted that the discrepancy between 

eut 1 and eut 2 ia not as great as it appears. For exemple 

the competition index of red clover in mixture 1 eut 1 was 

only 0.97 and that in eut 2 was slightly more than 1.0. The 

same relation can also be shown for red clover in mixture 7. 

The magnitude of the differences and the extent of 

competition, that existed between species in mixtures and pure 

\ 
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stands, are shown in tables 25 and 26 respectively. Thus 

the grass species have not shown any real differences between 

mixtures and pure stands. Therefore in the light of what 

has been said above for pasture mixtures, the hypothesis under· 

test has not been disproven stati.stically. In legumEl>,compet1-­

tion between species in mixtures that appears to be real has 

occurred in soma instances, but also instances have been shown 

where this was not so. Thus red clover yielded significantly 

lesa than the pure stand in mixtures 1 and 2, alfalfa in mixtures 

1 end 8, and trefoil in all mixtures in which it occurred. 

It is of interest to note that alfalfa and trefoil yielded 

significantly lesa tharr the pure stand when they were associated 

with a grass alone and yet mixture 8 was the highest yielding 

mixture on a per plot basis for the entire season. This would 

suggest that the ability to compete of these two legumes is no 

greater than that of the grasses with which they were associated. 

From this whole study the following considerations are 

worth investigating: 

a) Would part of the variations obtalned, be alimlnated, if 

a yield per point were measured on the basls of obtaining the 

PQ analysis by the second alternative suggested earlier and re• 

cord only these hits that promise to be contributing to the 

yield of the point, no matter how much or how little? 

b) On the ba sis of the high yields :. bbtained by alfalfa 

in mixture (lx) under a pasture menagement, use a method of 

planting that would elther elimlnate or permit the estimation 
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of intraspecific competition. If alfalfa as ln this mixture 

(ix) i s capable of ob ta lning su ch h 'gh yields par unl t a rea, 

then it is reasonable to suspect that constderable intraspec~fic 

compati ti on occured ln the pure ::;tend used in this study. 

c) IJ.1 he competttlon indices obta~ned for certain species have 

indicated that very unfavorahle condltions for the production 

of dry matter per unit area prevailed for these species. In 

the light of this it is suspected that optimum rates of seeding 

were not employed, resulting jn ill-balanced forage mixtures~ 

C. PAI and NAR Studies 

The objective of thls part of the dissertation was to 

evaluate the feasibility of measuring competition by other 

means than the yield per unit area of ground cover. If the 

point quadrat is used to obtain the PA, as in eut 3 of the 

pasture mixtures, then the assumptlon that a point hlt in 

pure stand representa a point hit ln mixture is valid on the 

hasls that, mathematically, a unit ares as represented by a 

point is homogeneous. Thus the assumption that the PAI of a 

species in mixture is the same as that of the seme species in 

pure stand ls the hypothes1 s to be tested. 

Justification in the use of the total photosynthetic 

ares to measure NAR, might be obtained in view of the fact that 

if NAR measures the net amount of dry matter accumulated par 

unit area of photosynthesizing materiel par unit time once 

respiration has taken place then the total PA should be used 
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to measure this NAR since respiration takes place throughout 

the plant at any time. 

Comparing the results of the thlrd eut of the pasture 

mixtures as obtained by PQ, the Y/u.A. of G.c., the PAI and 

the NAR gave competition indices which evaluated the ability 

of the speciesto compete, with relatively good consistency. 

That is, high as wall as low indices were obtained for the same 

species, in the seme mixtures. However since the P~ was used 

to obtain the three measurements, this could have been expeetad. 

In the following study of eut 4, 5s, 5b, and 5c, the 

"dise method" was used to obtsin the total PA, and therefore 

the NAR of eaeh species, in avery mixture eonsidered. For 

this resson it is suspected that the hypothesis to be tested, 

i.e.~ the one used in avery previous investigation, is not 

directly applicable to the discussion following. However, 

if an assumption is made, stating that whatever factor govern• 

ing the growth and development of a plant in pure stand is alao 

governing that of a plant in mixtures, then it eould be hypo­

thesized that a species in mixture can reach the same PAI as 

in a pure stand and similarly for the NAR. 

Pasture Mixtures. In eut 4 the range of PAI values obtained 

in mixtures, was from a low of 0.03 for timothy when it was 

associated with ladino and trefoil to a high of 5.14 for Ladino 

in mixture 12. (Table 33}. The net assimilation rates ranged 

from o .. o€8 grams per dm2 per week for this same timothy to 

0.526 gm/dm2/week for trefoil in mixture 13. ÏD this eut 
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red clover in mixture l and 6, Ladino in 8, 12 and (viii) 

appeared to be unaffacted by 1nterspec1f1c competi.tion as 

measurad by the P~method end only ralatively little as maasured 

by the NAR method. 

In eut Sa, tabla 34, the differences that extsted batween 

the species in the mixtures and those in pure stands were much 

more apparent, since many more of the former were significantly 

different from the latter in both PAI and NAR. The values 

obtained for PAI in mixtures rangad from 0.02 for brome in 

mixture (viii) to 4.12 for Ladino in 12. The range of the NAR 

values was from 0.072 gm/dm2/week for both timothy in mixture 

(vii) and trefoil in mixture (viii) to o.S72 gm/dm2/week 

for trafoil in mixture 13. In this eut the grasses continued 

to show little ability to compete. This was obtainad through 

both the PNand NAR measuremants. Likewlse red clover in 

mixture l and 4, Ladino ln 4, 8, 12, (vii) and (viii) and tre­

foil in 9, 11, 13, 14 and lS, follow the trend taken in eut 4, 

i.e., the competition indices obtained from the PAiand NAR 

maasurements show the ability these species have to compete 

for water~ nutrlent and light when found in the mixtures mantioned. 

The resulta of eut 4 and Sa' also show that red clovar and 

alfalfa tend to be suppressed when they are associated with 

L''ldino. 

The resulta of eut Sb, table 3S 1 indicate that the growth 

of plants decreased conspicuously after the 20th of September. 

The analyses of variance performed on this eut showed only 
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This in di ca tad 

that the grasses wara also suppressed in this part of the recov• 

ary pariod. 

The range of the PAI 1 s was from 0.01 for trafoil in mixture 

(viii) to 1.08 for rad elever in mixture 6, i.a., a drop of 

approximataly 3.0 from the pravious cuts. The range of NAR 

was from 0 gm of DM/dm2/weak in trafoil in mixture 15 to 0.126 

gm/dm2/waak for timothy in mixture (vii). This was complete1y 

the reverse situation to eut 5s where trafoil had the highest 

NAR and timothy the 1owast, however trefoil was not in the same 

mixture. This may indicate that timothy in mixture (vii) 

accumulatad its dry matter only towards the end of the 4th 

aftermsth regrowth. 

The trend taken by the competition indlces rasppeared in 

this eut 5b, even though the NAR method gave greater competi­

tion indices for grasses, than the PAl. For axample brome in 

mixture 13 had an index of 0.07 as measured by the PAiand 0.90 

as obtained by the NAR. Explanations for such discrepancias 

might be sought on a physio1ogical basis, but also from the 

variations that existed in the plant population between half 

sub-plots. Thus no increment may be shown in PA, yet the 

nat assimilation rate may still be measured. 

The rasults obtained from eut 5c, table 36, show the PAI 

and the NAR values obtained from the entire regrowth period. 

Thus eut 5c representa the trends taken by the different 

species in each mixture, during the 53 day recovery period. 
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As shown in eut 5a, the resulta of the entire period were 

mostly governed by the first 20 days of recovery. Most of 

the PAI's and NAR 1 s of species in mixtures that were signifi­

cantly different from the pure stands in eut 5s, were also 

significantly different in eut 5c. Thus most of the highest 

competition indices of eut 5a were also recurring in eut 5c. 

This would indicate that to measure competition one set of 

measurements,obtained at the end of the recovery period,are 

sufficient. 

The averages of the resulta of eut 4, and 5o indicated 

the trend competition has taken in pasture mixtures, for the 

species evaluated. Thus from an average of the 1ast three 

months of the growing season, it is observed that by measuring 

both the PA and NAR the same extent of competition was measured 

for species in certain mixtures. Thus timothy in mixtures 

4, 8, 12 and (vii), red clover in mixture 4, trefoil in mixtures 

6, 15, (vii) and (viii) had PAI 1 s and NAR's thet were signifi­

cantly smaller than these of their respective pure stands • 

Upon comparing the yie1ds par unit area of ground cover 

of eut 5, the PAI's and the NAR'a of eut 5c, it was round 

that common high and low competition indices were found with 

the three methods. For examp1e, common high competition indi.ees 

were obtained for timothy in mixtures 6, 9, 11, for red clover 

in mixtures 1 and 6, a1fa1fa in 9, for L~dino in a11 mixtures 

analyzed, and for trefoi1 in mixture 13e Common low competi­

tion indices were obtained for timothy in mixtures 1-t, 12 and 
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(viii)~ for brome in mixture (viii)~ for red clover in 4 and 

for trefoil in mixtures 6~ (vii) and (viii). 

Thasa resulta than indicata that competition can ba 

maasurad~ and that similar affects of competition may ba obtained 

by thraa mathods usad in this study, of species undar a pasture 

management. Howevar it may be pointed out that the extent of 

canp:tition was not evaluated by the three methods and compared. 

This could be the objective of a future investigation. Also 

the magnitude of the competition index was not absolute for 

the thrae methods. Yet relative to each other, within a mathod, 

the competition indices showed the seme trend for species in 

different mixtures, from eut to eut, and from one method to 

another, under a pasture management practice. 

Hay Mixtures. Table 36 shows the resulta of PAI 1 s and 

NAR's of the third eut obtainad from the hay mixtures. Very 

high PAI's and low NAR 1 s were obtained. The PAI's ranged from 

0.16 for red elever in mixture 1 to 6.40 for alfalfa in the 

seme mixture. The range of the NAR's was from 0.063 gm. of 

DM/dm2/week~ for red clover in mixture 1 to 0.235 gm/dm2/week, 

for trefoil in mixture 9, and 0.235 gm/dm2/week for tlmothy 

in pure stand. 

According to the measurments of PAI and NAR obtained in 

this eut, competition was severe for timothy, brome and red 

elever when these were associated with alfalfa. It was not 

present for red elever, alfalfa 1 and trafoil, whan these were 

in mixtures 4 and 5, 1 and 8, and 9 respeetively. 
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In conclusion to the PAI and NAR study, it may be indicated 

that these methods have merit insofar as giving a measure of 

competition in forage mixtures. They appear to give the same 

sort of results as the yield per unit area. However the 

latter is easily applicable, more so than the other two methods 

when these are based on the dise method. Yet if a study is 

undertaken to measure competition, gnd has also as objective 

to investigate the recovery pattern of every species in diff­

erent mixtures, than the PAI And the NAR is most _likely to be 

of more value. 

This whole study has made an attempt to show the feasibility 

of measuring competition. Trends of a competition pattern, 

have been demonstrated for various forage species as they exist 

in hay and pasture mixtures. The reliability of the point 

quadrat, to giva a yield per unit area of ground cover, and a 

total photosynthetic area index which measuroo competition 

satisfa1ctorily, has been shown. Total photosynthetic ares index 

and net assimilation rate as obtained by the "dise method" 

was found to be equally satisfactory, but more time, consuming, 

to give a measure of competition. 

It is realized that either of these methods, have yet to 

be proven thoroughly by sensitive statistical means. But it 

ls my ftrm convictlon that future assessment of forage mixtures 

may only be reliable if a wall established measure of compati­

t 1 on i s us e d • 
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SUMMARY 

A study undertaken at Macdonald Collage in 1960 and 

1961 on hay and pasture mixtures and the respective species 

in pure stands gave the following findings: 

1) The re &ppeared to be little or no rel a ti onship in the 

measurements of yield per unit ares of ground cover, when the 

PQ analyses were taken either before or immediately after a 

harvest had been obtained, in pasture mixtures. 

2) PQ recordings obtained 10 to 15 days after cutting of the 

plots proved to be sa•tisfactory, but not ideal, for the 

measurement of yield par unit ares of ground cover. 

3) The PQ appears to be a reliable method to measure ground 

cover, but more so for legumes than for grasses. 

1-t) The 3 angles of inclination of the PQ, i.e., 29°, 32.5° 

and 45° appear to be equally satisfactory to give estimations 

of ground cover, density, and indirectly yield per unit area 

of ground cover, in legumes. 

5) The angle of inclination of 45° appears to be more 

appropriate to study grasses, as shown by the high correlation 

coefficients obtained between eut 3 and eut 5for ground cover 

and density. 
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6) In mixtures with low population of certain apeciea auch 

as the grs saas, ls,rge varia ti ons were obtained for yield per 

unit ares, PAI and NAR. cv•s in the order of 70-80% were 

obtained. 

7) Competition indices for mixtures did not appear to be 

related between cuts. 

8) The legumes had a depreaaing affect on the grasses, as 

meaaured by ground cover, density and yield per unit ares of 

ground cover. 

9} A trend was obtained, indicating an inverse relation 

between the number of components in a mixture and the 

competition index of these mixtures. 

10} There was relatively good consistency in the competition 

indices obtained by Y./u.A. of G.c., PAI and NAR in pasture 

mi:atures. 

11} In both hay and pasture mixtures, the grasses in general 

and trefoil ln aome instances obtained very 1ow competition 

indices. These species have been considered as having little 

ability to compete under the conditions of this study. 

12) Ladino and alfalfe' in general obtained high compati ti on 

indices, red clover in soma instances too, and trefoil was 

only average. 
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13) Good evidence was obtained that the hypothesis formulated 

may not be true for forage species in hay gnd pasture mixtures, 

and their respective pure stands. 
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Table A 1 

Species 

Timothy 
Brome 
Alfalfa 

APPENDIX 

Yielqs of Dry Matter per Plot of Pure Stands (gm/plot) 
Experiment I 1960 

eut 1 eut 2 eut 3 eut 4 

1967 238 146 -
2487 - - 216 
1932 - - 424 

eut 5 

3 
69 

188 

nJ::itinn ::lnn Pnint 011adrat Analvsis of the Pure Stands Percenta~e _ c __ _ ___ __ _ ____ , _ , 

Table Al
8 

'~ • • ~ ~ ~>-

Cuts 
eut 2 eut 4 (after cutting) eut J 

Spec.::. % Hits % Hits 
eut 2 

~ Hits % Hits Hits 
ies 
Tim. 
Oth. 
B.G. 

Br. 
Oth. 
B.G. 

Af. 
Oth. 
B.G. 

~ • 
57.2i 

70.6Î 
29.4 

i 33.3. 
66.7~ 

G.C. Camp. G.C. 
1224 15.6 12~ 

16 32 84.4 17 34 
25 50 26 52 

12 30.0 

2~ 12.5 
60.0 

10 25.0 
20 50.0 
11 27.5 

Compl __ G.C. Camp. __ G.C. G.C. 
25.0 6 12 23.2 - --r;-a-
75.oi 13 36 76.8 17 34 

27 54 30 60 

60.0 91.4 7 14 10 20 
40.0 8.6 2 4 13 26 

41 82 27 54 

94.9 96.0 7 14 5 10 
5.1 4.0 12 24 ~é 30 

31 62 76 
Only 4 ·stations ·per j;)lof were taken of the Alfalfa and Brome pure stands of eut 1: 

5 11 " 11 11 11 at all other times. 
% Camp ... Percenta:~e by hand separation. 
Ground Caver • G.C •• as described in materials and methods. 
Bare Ground, abbreviated as B.G. 

(i) These values have been obtained from the point quadrat re in~ since Cut 1 & 2 H 

were not hand separated. 



Il 

Percentage Composition 
(Experiment 1) 

eut 1 Hay 26, 1960. 

Table A ;_ Blocks 
A B c D A B c D 

.Hix- Hix-
t:u.!:e§ tures 
1 Tim. 85.7 81.8 71.0 88.1 9 Tim. 27.7 21.7 13.8 18.3 

R.C. 3.4 0.8 2.4 2.9 Af. 70.9 75.5 85.4 81.7 
Oth. 10.9 17.4 26.6 9.0 As. 0.7 -tr tr tr 

Oth. 0.7 2.8 0.8 tf 

2 Tim. 89.1 79.7 82.1 86.8 10 Tim. 39.2 29.8 26.4 22.8 
R.C. 2.0 5.9 1.1 4.4 Af. 56.8 64.5 72.9 74.3 
As. - 0.6 - Lad. 2.0 1.4 0.7 
Oth. 8.9 14.4 16.2 8.8 Oth. 2.0 4.3 4. 2.9 

3 Tim. 92.6 76.4 83.1 84.5 11 Tim. 90 • .3 84.4 68.4 84.8 
R.C. 0.6 0.8 1.1 tr Lad. 6.4 8.2 9.4 1.9 
Lad. 2.5 10.2 1.8 4.3 Oth. 2.8 7.4 22.2 13.3 
Oth. 4.3 12.6 14.0 11.2 

12 Tim. 50.0 49.0 47.3 44.8 
4 Tim. 31.5 15.0 18.3 25.8 B.T. 37.7 44.8 42.8 55.2 

R.C. - tr tr tr tr Oth. 12.3 6.2 9.9 
Af. 65.4 82.7 80.2 73.4 
Oth. 3.1 2.3 1.5 0.8 13 Br. 78.6 82.8 64.3 67.3 

B.T. 20.3 15.8 30.4 29.9 
5 Tim. 63.3 52.8 55.0 48.4 Oth. 1.1 1.4 5.3 2.8 

R.C. 1.7 6.6 0.8 1.6 
B.T. 31.7 34.9 36.6 46.3 14 R.Can 30.7 50.4 31.6 47.6 
Oth. 3.3 5.7 7.6 3.2 B.T. 47.4 32.2 46.9 42.9 

Oth. 21.9 17.4 21.5 9.5 
6 Tim. 47.2 27.2 29.2 27.1 

R.C. 0.8 tr tr tr 15 o.rr. 97.0 97-3 98.4 98.1 
Af. 47.2 71.4 67.4 72.0 Lad. 0.5 1.5 0.8 tr 
Lad. 3.2 0,7 1.1 Oth. 2.5 1.2 0.8 1.9 
Oth. 1.6 0.7 2.3 0.9 

16 T.Fe. 46.9 64.8 47.8 65.1 
7 Tim. 19.9 17.1t 8.8 20.0 B.T. 26.2 22.9 34.? 27.1 

Af. 78.8 81.7 89.5 78.7 Oth. 26.9 12.3 17.7 7.8 
Oth. 1.3 0.9 1.7 1.3 

8 Tim. 15.2 14.2 17.4 16.4 17 Br. 19.6 36.1 19.7 29.7 
Af. 81.3 84.9 78.0 81.0 Af. 79.7 63.1 79.6 69.7 
B.T. 2.8 0.9 2.3 2.6 Oth. 0.7 0.8 0.7 0.6 
Oth. 0.7 tr 2.3 tr 

No point quadrat ana1ysis was taken 
before eut 1 



eut 2 
June 22,1960 

Table A 3 
Blocks 

Reps. A B c D 
11ix- % Hits % Hits % Hits % Hits 
tures Comp. G.C. ComE• G.C. ComE• G.C. Com,12. G.C. 

1 Tim. 94.4 21 52.5 94.4 15 37.5 88.9 15 37.5 94.2 21 52.5 
R.C. l.lt - - 0.9 - - 2.6 2 5.0 2.9 
Oth. 4.2 8 20.0 4.7 7 17.5 8.5 9 22.5 2.9 6 15.0 
B.G. 18 45.0 18 45.0 16 40.0 16 4o.o 

2 Tim. 84.61 22 55.0 89.4 18 45.0 88.2 15 37.5 93.3 28 70.5 
R.C. - - 6.5 5 12.5 3.4 1 2.5 2.5 1 2.5 
As - - 0.8 - - - - tr -
Oth. 15.41 4 10.0 3.3 2 5.0 8.4 9 22.5 4.2 4 10.0 
B.G. 14 35.0 18 45.0 16 4o.o 10 25.0 

3 Tim. 96.2 16 4o.o 79.2 22 55.0 93.7 23 57.5 85.5 21 52.5 
R.C. 0.8 - - tr 1 2.5 0.8 1 2.5 4.0 
Lad. 1.5 4 10.00 16.6 12 30.0 5.5 11 27.5 6.5 11 27.5 
Oth. 1.5 1 2.5 4.2 1 2.5 - 7 17.5 4.0 2 5.0 
B.G. 19 47.5 10 25.0 6 15.0 11 27.5 

4 Tim. 15.1 9 22.5 11.9 12 30.0 11.1 13 32.5 10.4 10 25.0 
R.C. tr 3 7.5 0.8 - - tr 1 2.5 0.4 -
Af. 82.6 11 27.5 87.3 13 32.5 88.9 20 50.0 88.4 14 35.0 
Oth. 2.3 c; 12.5 - - - - - - 0.8 4 10.0 / 

B.G. 8 20.0 17 42.5 13 32.5 18 45.0 

5 Tim. 52.9 14 35.0 47.3 25 62.5 41.7 19 47.5 52.1 17 42.5 
R.C. 2.4 - - 6.4 2 5.0 tr 3 7.5 1.4 - -
B.T. 42.3 9 22.5 44.5 11 27.5 56.9 16 40.0 45.1 21. 52.5 
Oth. 2.4 2 5.0 1.8 - - 0.4 - - 1.4 7 17.5 
B.G. 14 35.0 8 20.0 9 22.5 7 17.5 

1-' 
1-' 
1-' 



Percentage Com2osition and Point guadrat Anallsis eut 2 
(P.Q. Analysis taken June 4,1960) (Experiment I) June 22,1960 

Table A 3 
Blacks 

Reps. A B c D 

Mix- % Hits % Hits % Hits % r:Ii ts 
tures Com2. G.C. Cam~. G.C. ComE• G.C. ComE• G.C. 

6 Tim. 17.2 22 55.0 21.2 17 42.5 15.2 12 30.0 13.8 18 45.0 
R.C. 1.0 - - tr 1 2.5 tr - - tr 
Af. 76.8 6 15.0 76.3 14 35.0 83.9 13 32.5 85.4 8 20.0 
Lad. 4.0 8 20.0 0.8 1 2.5 0.9 - - tr 7 17.5 
Oth. 1.0 - - 1.7 - tr 3 7.5 0.8 2 5.o 
B.G. 13 32.5 10 25.0 16 4o.o 9 22.5 

7 Tim. 5.6 9 22.5 11.0 10 25.0 8.7 15 37.5 9.4 5 12.5 
Af. 94.4 14 35.0 39.0 15 37.5 89.6 16 40.0 90.6 23 57.5 
Oth. tr 1 2.5 tr 4 10.0 1.7 3 7.5 tr 2 5.0 
B.G. 18 45.0 12 30.0 11 27.5 12 30.0 

8 Tim. 10.6 16 4o.o 9.3 12 30.0 11.5 19 47.5 13.5 15 37.5 
Af. 82.3 7 17.5 86.7 13 32.5 85.4 17 42.5 81.2 10 25.0 
B.T. 6.2 2 5.0 3.3 6 15.0 3.1 2 5.0 4. 5 7 17.5 
Oth. 0.9 4 10.0 0.7 - - tr 2 5.0 0.8 4 10.0 
B.G. 16 40.0 16 40.0 10 25.0 11 12.5 

9 Tim. 12.9 17 42.5 8.9 10 25.0 15.8 11 27.5 11.8 14 a5.0 
Af. 87.1 11 27.? 89.3 14 35.0 83.3 22 55.0 89.0 18 5.o 
As. - - - - 1 2.5 - - - - 1 2.5 
Oth. tr 2 5.0 1.8 1 2.5 0.9 13 a2.5 - 7 17.5 
B.G. 13 32.5 17 42.5 16 o.o 8 20.0 

10 Tim 22.4 11 27.5 4.7 11 27.5 11.9 8 20.0 6.0 10 25.0 
A:f. 74.8 7 17.5 94.0 16 40.0 85.7 2 52.5 94.0 19 47.5 
Lad. 2.8 5 12.5 tr 1 2.5 1.6 10 25.0 tr 9 22.5 
Oth. tr 5 12.5 1.3 - - 0.8 3 7.5 tr 1 2.5 
B.G. 17 42.5 11 27.5 15 37.5 8 20.0 H 

< 



eut 2 
June 22,1960 

Table A 3 
Blocks 

Reps. A B c D 

Mi x- % Hits % Hits % Hits % Hits G.C. 
tu res Comp. G.C. Comp. G.C. Com2. G.C. COmJ2. 

11 Tim. 82.0 18 lt5. 0 82.7 19 47.5 79.3 15 37.5 93.0 17 42.5 
Lad. la.; 11. 27.5 12.2 17 42.5 14.9 21. 52.5 2.6 10 25.0 
Oth. .5 12 30.0 5.1 1 2.5 5.8 - - 4.4 6 15.0 
B.G. - - 6 15.0 18 45.0 7 17.5 

12 Tim. 36.2 10 25.0 42.7 15 a7·5 32.1 17 42.5 60.8~ 25 62.5 
B.'r. 63.8 23 57.5 56.4 17 2.5 63.1 23 57.5 29.21 16 4o.o 
Oth. tr 5 12.5 0.9 3 7.5 4.8 2 5.0 tr 
B.G. 6 15.0 13 32.5 7 17.5 6 15.0 

13 Br. 40.0 9 22.5 38.5 23 57.5 27.3 13 32.5 32.3i 10 25.0 
B.T. 56.0 7 17.5 58.9 23 57.5 67.5 25 62.5 54.8~ 17 42.5 
Oth. 4 4 10.0 2.6 4 10.0 5.2 4 10.0 12.91 4 10.0 
B.G. 18 45.0 10 25.0 8 20.0 15 37.5 

14 R.Can. 25.0 14 35.0 23.7 15 37.5 20.6 22 55.0 31.8 17 42.5 
B.T. 69.3 10 25.0 69.5 14 35.0 72.9 15 37.5 66.7 22 55.0 
Oth. 5.7 5 12.5 6.8 4 10.0 6.5 8 20.0 1.5 3 7.5 
B.G. 17 42.5 10 25.0 7 17.5 10 25.0 

15 O.Gr. 92.5 21 52.5 9Q.2 24 60.0 92.6 20 50.0 96.4 29 72.5 
Lad. a·3 2 5.0 8.1 2 5.o 6.2 12 30.0 1.2 2 5.0 
Oth. .2 1 2.5 1.7 - 1.2 - - 2.4 2 5.0 
B.G. 16 40.0 15 37.5 - - 2 5.0 

< 



.q 
H 



Percentage Com osition and Point uadrat Anal sis eut 3 

Table A 4 
_P.Q. Analysis taken July 7, 19 0 Experiment I) July 22,1960. 

Blocks 
Reps. A B c D 
1q:ix-

Co~Q 1 
Hits 

Co~:e. 
Hits 

Co~E• 
Hits 

CO~E• 
Hits 

tu res G.C. G.C. G.C. G.C. 
1 Tim. 55.8 11 22 25.9 10 20 22.0 18 36 15.6 14 28 

R.C. 1.9 - - 3.7 - - 1.7 1 2 4.4 3 6 
Oth. 42.3 11 22 70.4 15 30 76.3 13 26 80.0 14 28 
B.G. 29 58 25 50 23 46 24 48 

2 Tim. 76.6 13 26 29.0 11 22 37.8 19 38 28.2 16 32 
R.C. 4.4 2 4 35.5 6 12 4.4 1 2 10.3 1 2 
As. - - - - - - - - -
Oth. 20.0 8 16 37.1 8 16 57.8 19 38 61.5 11 22 
B.G. 27 54 25 50 18 36 24 48 

3 Tim. 85.0 16 32 33.3 21 42 21.7 19 38 41.2 15 30 
R.C. tr 1 2 3.3 - - 2.2 - - - 1 2 
Lad. 5.0 13 26 45.0 6 12 13. ') 4 8 23.5 14 28 
Oth. 10.1) 6 12 18.3 3 6 63.1 12 24 35.3 8 16 
B.G. 20 40 20 40 10 20 16 32 

4 Tim. 3-7 7 14 3.0 12 24 2.9 7 14 5.4 12 24 
R.C. 1.2 2 4 0.9 1 2 1.0 - - tr 1 2 
Af. 95.1 24 48 95.0 19 38 94.2 25 50 92.4 21 42 
Oth. tr 4 8 1.1 1 2 1.9 11 22 2.2 10 20 
B.G. 16 32 19 38 15 30 19 38 

5 Tirn. 9.9 13 26 15.1 10 20 15.1 17 34 11.5 6 12 
R.C. 4.2 5 10 8.6 1 2 0.9 - - 3-3 1 2 
B.T. 80.3 30 60 73.1 31 62 77.8 32 64 80.3 34 68 < 
Oth. 5.6 3 6 3.2 7 14 6.2 5 10 4.9 5 10 H 

H 
B.G. 9 18 8 16 7 14 9 18 



Percentage Com12osition and Point ~uadrat Ana1lsis eut 3 
A (P.Q. Ana1ysis taken July 7,1960) (Experiment I) Ju1y 22,1960. 

Table 4 
Blocks 

Reps. A B c D 
- Hits Hix- % Hits % Hits % Hits % 

tures ComJ2.!_ G.C. Com12. G.C. Com12. G.C. COIDJ2. G.C. 
6, Tim. 5.2 13 26 6.6 10 20 12.3 16 32 5.8 11 22 

R .. C. tr 1 2 1.6 - - - - - tr 1 2 
Af. 89.6 11 22 89.0 13 26 85.2 14 28 89.6 24 48 
Lad. 3.9 4 14 0.6 - - tr 3 6 2.3 2 4 
Oth. 1.3 8 2.2 8 16 1.5 8 16 2.3 5 10 
B.G. 21 42 23 46 16 32 13 26 

7 Tim. 2.7 11 22 1.1 9 18 1.1 16 32 2.0 10 20 
Af. 97.3 3a 66 98.6 30 60 77.8 29 58 98.0 26 52 
Oth. - 8 .2 5 10 21.1 7 14 tr 3 6 
B. G. 8 16 11 22 9 18 15 30 

8 Tim. 3.7 2 4 2.0 6 12 4.1 9 18 1.9 7 14 
Af. 90.4 17 34 93.9 26 52 93.1 21 42 93.3 28 56 
B.T. 4.8 17 34 3.1 6 12 2.4 2 4 2.9 la 26 
Oth. 1.6 8 16 1.0 3 6 0.4 7 14 1.9 8 
B.G. 13 26 17 34 16 32 9 18 

9 Tim. 1.7 9 18 3.3 7 14 3.1 14 28 1.1 8 16 
Af. 98.3 23 46 96.1 17 34 96.3 27 54 97.8 28 56 
As. tr - - - - - - tr 
Oth. tr 1 2 .6 9 18 .6 5 10 1.1 6 12 
B.G. 17 3lt 20 40 10 20 12 24 

10 Tim. 3.6 9 18 3.9 7 14 6.5 4 8 2.5 8 16 
u .. 91.? 10 20 93.8 21 42 88.0 25 50 95.0 24 48 
Lad. 4.7 8 16 1.9 1 2 3.3 8 16 1.3 8 16 < 
Oth. tr 5 10 .4 6 12 2.2 6 12 1.2 14 28 H 

H 

B.G. 25 50 12 24 13 26 10 20 H 



Percenta~e Composition and Point Qu.adrat Ana1ysis Cut 3 

Table A 4-
(P.Q. Analysis taken July 7, 1960) (Experiment I) Ju.1y 22,1960. 

Blocks 
Reps. A B c D -
J.'vlix- % Hits % Hits % Hits % Hits 
tures Comp. G.6. Comp. G.C. Comp. G.C. Co~. G.C. -

11 Tim. 31.9 6 12 67.9 12 24 20.3 15 30 36.1 10 20 
Lad. 38.3 14- 28 23.2 15 30 48.4 19 38 13.9 8 16 
Oth. 29.8 5 10 8.9 3 6 31.3 9 18 50.0 13 26 
B.G. 25 50 23 46 16 32 20 40 

12 Tim. 12.2 13 26 17.2 8 16 16.1 12 24 11.1 9 18 
B.T. 81.7 29 58 75.9 28 56 77.4 31 62 82.2 39 78 
Oth. 6.1 11 22 6.9 5 10 6.5 6 12 6.7 5 10 
B.G. 9 18 15 30 10 20 5 10 

13 Br. 2~. 5 15 ~g 23.4 13 26 14.3 10 20 20.6 12 24 
B.T. 5 • 8 21 71.9 3a 66 81.6 42 84 63.2 43 86 
Oth. 17.7 16 32 4.7 8 4.1 8 16 16.2 10 20 
B.G. 12 24 10 20 3 6 3 6 

14 R.Can. 15.7 12 24 14.0 ~a 26 14.a 22 44 15.8 21 42 
B.T. 78.6 31 62 76.7 68 71. 44 88 72.4 34 78 
,Oth. 5.7 9 18 9.3 7 14 14.3 12 24 11.8 8 
B.G. 10 20 7 14 1 2 5 10 

15 O.G. 75.0 20 40 90.6 25 50 80.7 21 22 73.5 18 36 
Lad. 1.8 4 8 8.2 6 12 7.9 4 10 2.0 7 14 
Oth. 23.2 2 4 1.2 - - 11.4 8 24.5 8 16 
B.G. 31 62 20 40 21 22 20 40 H 

1>4 
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PercentaPe Com osition and Point uadrat Anal sis eut 3 

Table A l.r 
_P.Q. Analysis taken July 7, 19 0 Experiment I) July 22, 1960. 

Blocks 
Reps. iÂI. B c D 

M'Ix- % Hits % Hits % Hits % Hits 
tures Comp. G.C. Comp. G.C. Comp. G.C. Comp. G.C. 

16 T.Fe. 38.2 18 36 36.6 18 36 30.5 22 l.rl.r 27.6 33 66 
B.T. 54.6 17 3'+ 5'+.9 15 30 63.0 34 68 65.8 25 50 
Oth. 7.2 l.r 8 8.5 6 12 6.5 3 6 6.6 7 14 
B.G. 15 30 13 26 6 12 5 10 

17 Br. 3-3 7 llr 7.'+ 12 14 8.7 10 20 5.6 10 20 
Af. 95.6 29 58 92.6 21 22 89.4 29 58 92.2 25 50 
Oth. 1.1 4 8 7 14 1.9 11 22 2.2 19 38 
B.G. 14 28 14 28 6 12 6 12 

~ 



Percentage Com2osition and Point Çuadrat Ana1lsis eut 4 

Table A 5 
(P.Q. Analysis taken Aug. ~ 1960) (Experiment I) Au~ust 25, 1960. 

B1ocks 
Reps. A B c D 
Mi x- % Hits % Hits % Hits %-· Hits 
tures Comp. G.C. Comp. G.C. ComQ. G.C. Com2. G.C. 

1 Tim. 57.1 18 36 11 22 22.2 13 26 12 24 
R.C. 8.6 1 2 - - 5.6 - - 1 2 
Oth. 34.2 12 24 12 24 72.2 13 26 21 42 
B.G. 33 66 29 58 25 50 18 36 

2 Tim. 65.7 13 26 11 22 26.3 11 22 11 22 
R.C. 3.0 2 4 1 2 10.5 1 2 
As. 1.5 1 2 - - 10.5 - - 1 2 
Oth. 29.8 14 28 18 36 52.6 16 32 21 42 
B.G. 20 40 22 24 25 50 18 36 

3 Tim. 70.0 13 26 6 12 13.8 10 20 7 14 
R.C. 5.0 1 2 - - 3.4 2 4 - -
Lad. 10.0 13 26 13 26 20.7 1 2 17 34 
Oth. 15.0 7 14 11 22 62.1 19 38 8 16 
B. G. 18 36 23 46 18 36 20 40 

4 Tim. - 10 20 6 12 2.7 4 8 5 10 
R.C. 2.5 2 4 1 2 tr - - - -
Af. 95.0 18 36 12 24 97.3 19 38 19 38 
Oth. 2.5 6 12 15 30 tr 11 22 8 16 
B.G. 21 42 24 48 20 40 22 44 

5 Tim. 9.4 7 14 8 16 10.8 7 14 4 8 
R.C. 3-9 tr - - 10.8 tr -
B.T. 77.2 40 80 32 64 62.2 36 72 30 60 
Oth. 9.4 4 8 4 8 16.2 7 14 7 14 1>4 

H 

B.G. 8 16 9 18 9 18 13 26 



Percenta~e Com2osition and Point ~uadrat Anallsis eut 4 

Table A 5 
(P.Q. Analysis taken Aug. 5, 1960 (Experiment l) August 25, 1960. 

Blocks 
Reps. A B c D 

--- -· lliix- % Hits % Hits % Hits % Hits 
tures Com,E. G.C. Com12. G.C. COIDQ. o.c. CoroQ. o.c. 

6 Tiro. 6.8 9 18 5 10 2.6 6 12 3 6 
R.C. tr 1 2 2 4 tr - - 1 2 
Af. 86.4 11 22 13 26 92.3 17 34 11 22 
Lad. 3.8 12 24 3 6 - 1 2 6 12 
Oth. 3.0 6 12 12 24 5.1 11 22 7 14 
B.G. 19 38 19 38 17 34 24 48 

7 Tim. 3.2 10 20 8 16 0.8 4 8 2 4 
Af. 95.2 22 44 24 48 95.9 27 54 23 46 
Oth. 1.6 8 16 7 14 3.2 11 22 10 20 
B.G. 16 32 14 28 14 28 16 32 

8 Tiro. 3.2 5 10 6 12 3.0 7 14 4 8 
Af. 87.0 17 34 18 36 90.9 17 34 21 42 
B.T. 1.1 15 30 12 24 3.0 5 10 13 26 
Oth. 8.7 8 16 la 6 3.0 10 20 5 10 
B.G. 13 26 28 21 42 15 30 

9 Tiro. 2.6 11 22 8 16 3.2 2 4 4 8 
Af. 96.1 19 38 20 40 92.5 26 52 25 50 
As. tr 1 2 - - - - - -
Oth. 1.3 6 12 9 18 4.3 8 16 8 16 
B.G. 17 34 15 30 17 34 17 34 

10 Tim. 3.1 9 18 8 16 1.9 2 4 9 18 
A:f. 92.3 12 24 10 20 88.3 22 44 14 28 
Lad. 1.5 r:::; 10 4 8 4.9 2 4 9 18 to< 

,1 H 
Oth. 3.1 8 16 8 16 4.9 8 16 6 12 H 

B.G. 18 36 23 46 18 36 18 36 



Percentage Com2osition and Point ~uadrat Ana1lsis eut 4 

'.rab1e A 5 
(P.Q. Ana1ysis taken Aug. 5, 1960 (Experiment I) August 25,1960. 

B1ocks 
.. -·-

Reps. A B c D 

lvi iX- ·~ Hits % Hits % Hits % Hits 
tures Comp. G.C. _..Q.OrnP·--·- Q:.C •.. _Ç()mp. G-G~ _ Çornp. G.C. 

11 Tim. 21.0 13 26 8 16 5.3 10 20 13 26 
Lad. 63.2 14 28 14 28 52.6 25 50 7 14 
Oth. 15.8 2 4 8 16 42.1 2 4 13 26 
B.G. 25 50 22 44 15 30 21 42 

12 Tim. 10.7 8 16 6 12 7.8 5 10 ... 9 18 
B.T. 85.7 40 80 36 72 80.4 36 72 40 80 
Oth. 3.6 8 16 6 12 11.8 12 24 1 2 
B.G. 4 8 6 12 7 14 5 10 

13 Br. 27.3 6 12 7 14 14.7 1 2 5 10 
B.T. 63.6 20 40 18 36 61.8 28 56 27 54 
Oth. 9.0 8 16 3 6 23.5 11 22 9 18 
B.G. 17 34 25 50 7 14 11 22 

14 R.Can. 23.9 7 14 7 14 23.5 11 22 4 8 
B.T. 71.6 33 66 32 64 64.2 35 70 33 66 
Oth. 4. 5 7 14 8 16 11.8 12 24 3 6 
B.G. 9 18 10 20 12 24 6 12 

15 O.G. 78.6 20 40 24 48 79.0 16 32 19 38 
Lad. 3.5 3 6 10 20 10.5 6 12 2 4 
Oth. 17.9 

2' 
10 1 2 10.5 5 10 6 12 !>.; B.G. 48 17 34 26 52 27 54 J-I 

J-I 
J-I 



Percenta~e ComQosition and Point ~uadrat Anallsis 

Table A 5 
(~.Q. Analysis taken Aug. 5, 1960 êExperiment I) 

Blocks 

Reps. A B c 
Mix- % Hfts % Hits % Hits % 
tures Comp. G.C. ComE• G.C. ComQ. G.C. COmQ. 

16 T.F. 37.9 17 34 15 30 53.8 13 26 
B.T. 51.7 23 46 26 52 38.5 24 48 
Oth. 10.4 7 14- 2 4- 7.7 3 6 
B.G. 10 20 13 26 15 30 

17 Br. ~·0 5 10 
2a 

6 13.2 3 6 
Ar. 9 .o 20 40 48 83.5 26 52 
Oth. 3.0 14 28 8 16 3.3 7 14 
B.G. 16 32 18 36 19 28 

Blocks B and D were not hand separated. 

eut 4 
August 25, 1960. 

D 

Hits 

16 
30 
3 

13 

6 
25 
13 
11 

G.C. 

32 
60 
6 

26 

12 
50 
26 
22 

>4 
H 
<: 



eut 5 
Oct. 1960. 

Table A 6 
Blacks 

Reps. A B c D 

Mix- % Hits % Hits % Hits % Hits 
tures Com:e. G.C. Com:Q. G.C. ComQ. G.C. Com.e. G.C. 

1 Tim. 68.5 10 20 75.0 36.0 6 12 57.6 
R.C. - 3 6 7.7 tr tr 
Oth. 31.5 11 22 17.3 64.0 11 22 42.4 
B.G. 26 52 33 66 

2 Tim. 75.6 7 14 30.1 24.4 8 16 30.8 
R.C. - 1 2 
As. - tr tr - tr tr 
Oth. 24.4 16 36 69.9 75.6 17 34 69.2 
B.G. 27 54 25 50 

3 Tim. 42.0 10 20 25.0 32.2 4 8 18.7 
R.C. 1.0 tr tr 
Lad. 56.0 5 10 75.0 67.8 3 6 81.3 
Oth. 1.0 6 12 7 14 
B.G. 31 62 36 72 

4 Tim. 5.0 6 12 2.6 2.6 2 4 3.7 
R.C. 0.5 tr tr - - 1 2 -
Af. 93.8 8 16 96.8 96.8 8 16 95.8 
Oth. 0.7 7 14 0.6 0.6 8 16 0.5 
B.G. 30 60 31 62 

5 Tim. 42.9 2 4 32.1 29.4 tr tr 25.0 
R.C. 3.9 1 2 3.6 tr tr 
B.T. 39.1 24 48 41.4 70.6 27 54 57.6 
Oth. 14.1 tr tr 22.9 3 6 17.4 
B.G. 24 48 21 42 ~ 



Percenta~e Compositi~n and Point Quadrat Analysis eut 5 
~P.Q. Ana1ysis taken Sept. 8, 1960) (Experiment 1) Oct. 1960. 

Table A 6 
BLOCKS 

Reps. A B c D 

Mi x- % Hits % Hits % Hits % Hits 
tures Comp. G.C. COm.J2. G.C. Comp. G.C. Comp. G.C. 

6 Tim. 7.0 8 16 4.0 5.5 5 10 2.3 
R.C. 3.5 tr tr - - - - -
Af. 73.9 ? 10 9?.5 93.4 13 26 96.0 
Lad. 14.8 6 12 0.5 1.1 - - 1.7 
Oth. 0.8 2 4 - 8 16 
B.G. 29 58 28 56 

7 Tim. 3.1 2 4 4.3 3.6 4 8 3.5 
Af. 96.9 la 26 95.7 96.4 11 22 96.5 
Oth. - 8 - - 2 4 
B.G. 31 62 33 66 

8 Tim. 5.9 5 10 3-3 7.7 4 8 2.1 
Af. 91.1 7 14 94.2 91.6 8 16 97.9 
B.T. 3.0 8 16 2.5 0.7 5 10 tr 
Oth. - 2 4 tr 
B.G. 29 58 

9 Tim. 5.2 8 16 2.4 4.3 5 10 2.4 
Af. 94.8 5 10 96.9 94.5 10 20 97.6 
As. - - - - 1.2 -
Oth. - 1 2 0.7 8 16 
B.G. 36 72 27 54 

10 Tim. 9.3 4 8 2.7 4.6 8 16 2.4 
Af. 74.8 11 22 90.3 93.7 9 18 95.7 ~ Lad. 14.8 3 6 6.7 1.8 1 2 - H 
Oth. 1.1 6 12 0.3 4 8 1.9 
B.G. 30 60 29 58 



eut 5 
I) Oct. 1960. 

Table A 6 
B1ocks -

Reps. A B c D 

Mix- % Hits % Hits % Hits % Hits 
tures ComJ2. G.C. ComQ. G.C. ComQ. G.C. ComQ. G.C. 

11 Tim. 15.1 9 18 35.0 8.7 3 6 23.1 
Lad. 81.0 7 14 61.5 91.3 11 221 76.9 
Oth. 3.9 6 12 3.5 - 5 10) 
B.G. 28 56 33 66 

12 Tim. 29.1 4 8 42.0 44.4 2 4 38.3 
B.T. 60.6 23 46 52.3 55.6 22 44) 61.7 
Oth. 10.3 1 2 5.7 1 2) 
B.G. 24 48 25 50 

13 Br. 59.6 8 16 71.6 52.7 3 6 a6.7 
B.T. 29.8 18 36 22.9 28 56) 3.3 
Oth. 10.8 6 12 5.5 47.3 2 4) 
B.G. 18 36 18 36 

14 R. can. 1 2 6 12 
B.T. 24 48 23 46 
Oth. 4 8 3 6 
B.G. 23 46 20 40 

15 O.G. 11 22 10 20 
Lad. 1 2 7 14 
Oth. 4 8 2 4 
B.G. 34 68 33 66 

::.1 <;; 
1-1 
H 



Table A 6 

Reps. 

Percenta~~ Composition and Point Quadrat Analysis 
(P.Q. Analysis taken Sept. 8, 1960) (Experiment 1) 

Blocks 
A B c 

eut 5 
Oct. 1960. 

D 

Hix- % -Hits % Hi~ ~ Hits % Hits 
tures Comp. G.C. Comp. G.C. Comp. G.C. Comp. G.C. 

16 T.F. 
B.T. 
Oth. 
B.G. 

17 Br. 
Af. 
Oth. 
B.G. 

6 12 
1~ 26 

8 
30 60 

8.2 3 6 9.8 9.7 
91.1 11 22 90.2 90.3 
0.7 5 10 - -

32 64 

No point quadrat ana1ysis of B or D 

8 16 
14 28 

1 2 
27 54 

1 2 6.7 
12 24 93.3 

6 12 
31 62 

~ 
H 
H 
H 





Percentage Com2osition and Point ~uadrat Anallsis eut 5 
(P.Q. Analysis taken Oct. 22, 1960) (Experiment I) Oct. 1960. 

Table A 7 
Blacks 

Reps. A B st~tions c D stations 
Mix- % Hits % Hits % Hits % Hits 
tures Comp. ~ G.C. Comp. G.C. Camp. G.C. 

6 Tim. 7.0 10 20 4.0 8 26.7 5.5 10 20 2.3 5 16.7 
R.C. 3.5 tr tr - 1 3.3 -
Af. 7a.9 9 18 95.5 4 13.3 93.4 5 10 96.0 

a 
10.0 

Lad. 1 .8 4 8 0.5 - - ) 1.1 3 6) 1.7 13.3 
Oth. o. a 7 14 - 1 3.3) 8 16) 2 6.7 
B.G. 23 46 16 53.3 27 54 16 53.3 

7 Tim. 3.1 13 26 4.3 4 13.3 3.6 8 16 3.5 4 13.3 
Af. 96.9 16 32 95.7 9 30.0 96.4 17 34 96.5 10 33.3 
Oth. - 10 20 - 1 3.3 - 3 6 - 1 3.3 
B.G. 23 46 17 56.7 22 44 16 53.3 

8 Tim. 5.9 9 18 a·3 2 6.7 7.7 ~ 16 2.1 5 16.7 
Af. 91.1 8 16 9 .2 4 13.3 91.6 10 20 97.9 9 30.0 
B.T. 3.0 11 22 2.5 6 20.0 0.7 7 14 tr 2 6.7 
Oth. - 9 18 - 3 10.0 4 8 2 6.7 
B.G. 14 28 17 56.7 24 48 15 50.0 

9 Tim. 5.2 12 24 2.4 7 23.3 4.3 9 18 2.4 4 13.3 
Af. 94.8 10 20 96.9 8 26.7 94.5 10 20 97.6 11 36.7 
As. - - - - - - - - -
Oth. - 6 12 0.7 2 6.7 1.2 4 8 - 10 33.3 
B.G. 25 50 14 46.7 27 54 8 26.7 

10 Tim. 9.3 12 24 2.7 6 20.0 4.6 8 16 2.4 4 13.3 
Af. 74.8 6 12 90.3 4 13.3 93.7 8 16 95.7 2 6.7 
Lad. 14.8 8 16 6.7 4 13.3 1 2 - 4 13.3 
Oth. 1.1 3 6 0.3 9 30.0 1.8 7 14 1.9 3 10.0 ~ B.G. 24. 48 10 33.3 29 58 18 60.0 



eut 5 
Oct. 1960. 

Table A ? 
B1ocks 

Reps. A B st~tions c D st~tions 
l"iix- Hits Hits Hits Hits 
tures Com~::. G.C. Com_E. G.C. ComE• G.C. ComQ. G.C. 

11 Tim. 15.1 17 34 35.0 13 43.3 8.7 11 22 23.1 10 33.3 
Lad. 81.0 9 18 61.5 4 13.3 91.3 1? 34 4 13.3 
Oth. 3.9 8 16 3.5 2 6.7 - 6. 12 76.9 - -
B.G. 20 40 14 46.7 20 4o 17 56.7 

12 Tim. 29.1 5 10 42.0 9 30.0 44.4 7 14 38.3 6 20.0 
B.T. 60.6 18 36 52.3 15 50.0 13 26 10 33.0 
Oth. 10.3 12 24 5.7 - - 55.6 9 18 61.7 8 26.7 
B. G. 17 34 9 30.0 23 46 9 30.0 

13 Br. 59.6 11 22 71.6 6 20.0 52.7 9 18 56.? 2 6.7 
B.T. 29.8 15 30 22.9 13 43.3 15 30 9 30.0 
Oth. 10.3 13 26 5.5 3 10.0 47.3 11 22 7 23.3 
B.G. 16 32 10 33.3 22 44 13 43.3 

14 R.Ca.n. 
B.T. No 
Oth. 
B.G. Record 

15 O.G. Kept 
Lad. 
Oth. of 
B.G. This. 

~ 
1-1 



Table A 7 

Percenta.~e Com2osition and Point Quadrat Analysis Cut 5 
(P.Q. Analysis taken Oct. 22, 1960) (Experiment I) Oct. 1960. 

_ Blocks 
Reps.------ A B -;-tTtio~ ···--c-- D st~tions 

Mix- Hits Hits Hits Hits 
tures Comp. G.C~ Çomp. G.C. Comp. G.C. Comp. G.C. 

16 T.Fes. No 
B.T. Record 
Oth. Kept 
B.G. of This 

17 Br. 8.2 9 18 9.8 4 13.3 9.7 10 20 6.7 7 23.3 
Af. 91.1 8 16 90.2 10 33.3 90.3 4 8 93.3 9 30.0 
Oth. 0.7 13 26 - 2 6.7 - 7 14 - 5 16.7 
B.G. 21 42 17 56.7 28 58 9 30.0 

Only 30 points recorded on B or D 

~ 
fo--l 
H 



Spec-
ies 

Tim. 

Br. 

Af. 

Yield ~er Unit Area of Ground eover of the Pure 
(Pasture Mixtures - Experiment 1 

Table A 8 

CUt2 CUt3 eut 4 eut 5 eut 5 r 

D. M. G. Yield D.M. G .• Yield D.M. G. Yield D.M. G. Yield D.M. G. Yield 
per c. per par c. per per c. per per c. per per e. per 
Plot Unit Plot Unit Plot Unit Plot Unit Plot Unit 

Are a Are a Are a Are a Are a 

842i 24 37.1 23 24 0.96 - 12 - 0.7 - - 0.7 8 0.09 

1755i 30 58.5 - - - 130 - - 63 14 4.5 63 20 3.2 

66li 25 26.4 - - - 402 - - 180 14 12.9 180 30 6.0 

(i)- represents yields of eut 1 and the percentage composition as determined 
from Point quadrat analysis of eut 2. 

D.M./Plot is the total plot yield minus the others. 
eut 3 4 Brome and Alfalfa were discarded by error 
eut 4 discarded due to drought conditions. 
eut 5 ' Yield per Unit Area obtained with Ground eover being calculated 

from a point quadrat analysis taken after cutting. 

~ 
H 
H 
H 



Yie1ds of Timothy" per Unit Area of Ground Cover in a lvfixture Stand 
- (in ~ms) 

eut 2 June 22! 1260 (Experiment 1) 
Table A 9 

B1ocks 
A B c D 

Ave. 
!'Iixt. D.M. G.C. Yie1d D.H. G.C. Yield D.M. G.C. Yie1d D.H. G.C. Yield Yie1d 

No. 1 % 1 1 % 1 1 % 1 1 % 1 1 
Plot Unit Plot Unit Plot Unit Plot Unit Unit 

.Are a Are a Are a Are a Are a - -- - -- - -
1 6081 52.5 11.6 672 37.5 17.9 536 37.5 14.3 477 52.5 9.1 12.7 
2 572 55.0 10.4 795 45.0 17.7 535 37.5 14.3 734 70.5 10.4 12.7 
3 710 40.0 17.8 735 55.0 13.4 621 57.5 10.8 639 52.5 12.2 13.2 
4 243 22.5 10.8 168 30.0 5.6 146 a2.5 4. 5 122 25.0 4.9 6.2 
5 503 35.0 14.4 422 62.5 6.8 332 7.5 7.0 504 42.5 11.9 9.4 
6 182 55.0 3-3 242 42.5 5.7 156 30.0 5.2 156 45.0 3.5 4.3 
7 84 22.5 ~-7 180 25.0 7.2 151 ~7-5 4.0 134 12.5 10.7 4·6 8 181 40.0 .5 158 30.0 5.3 177 7.5 ~·-7 182 37.5 4.9 .5 
9 181 42.5 4.3 146 25.0 5.8 225 27.5 .2 130 35.0 3.7 5.2 

10 253 27.5 9.2 87 27.5 3.2 203 20.0 10.2 71 25.0 2.8 6.1 
11 657 45.0 14.6 616 47.5 13.0 579 a7-5 15.4 668i 42.5 15.7 14.6 
12 368 25.0 14.7 400 37.5 10.7 264 2.5 6.2 517 62.5 8.3 9.3 

i Values obtained by using % composition ~ith point quadrat. 

~ 
l-I 
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Yie1ds of •rimothy oer Unit Area -of Ground Cover 

QBt .3 July 22., 1960 (Experiment 1) 

Table A 10 Blocks 

A B c D 
Ave. 

Ivlixt. D.N. G.C. Yie1d D.N. G.C. Yield D.lVl. G.C. Y ield D.H. G.C. Yie1d Yie1d 
No. 1 % 1 1 % 1 1 % 1 1 % 1 1 

Plot Unit Plot Unit Plot Unit Plot Unit Unit 
Are a .Are a Are a Are a Are a - -

1 118 22.0 5.4 33 20.0 1.6 38 36.0> I.,;l. 23 28.0 0.8 2.0 
2 111 26 4.3 54 22 2.5 50 38 1.3 ~ 32 1.6 2.2 
3 92 32 2.9 60 42 1.4 44 38 1.2 71 30 2.4 1.9 
4 28 14 2.0 26 24 1.1 25 14 1.8 47 24 2.0 1.7 
5 38 26 1.5 99 20 5.0 102 34 3.0 52 12 4.3 3.2 
6 31 26 1.2 51 20 2.6 98 32 3.1 52 22 2.4 2.~ 
7 27 22 1.2 11 18 0.6 11 32 0.3 20 1.0 o. 
8 28 4 7.0 19 12 1.6 41 18 2.3 20 14 1.4 2.2 
9 16 18 0.9 33 14 2.4 34 28 1.2 10 16 0.6 1.2 

10 27 18 1.5 30 14 2.1 66 8 8.2 25 16 1.6 2.6 
11 48 12 4.0 219 24 9.1 36 30 1.2 46 20 2.3 4.1 
12 72 26 2.8 107 16 6.7 118 24 4.9 78 18 4.3 4.5 

~ 



Yields of_:I'imothz.per lTnit Area of Ground Cover in a Hixture Stand 
(in o:ms) 

eut 5 October 2 1960 (Experiment I) 
Table A 11 

Blocks 
A B c D 

Ave. 
Mixt. D.M. n:c. Yielâ D.H. .-c: Yie-lâ D.1i1. • Yield D.H. G.C. Yield Yrè1d 

No. 1 % ' 1 % 1 1 1 1 % 1 1 
Plot Unit Plot Unit Plot Unit Plot Unit Unit 

A rea Are a Are a Are a Are a - - - --
1 24 20 1.2 32 9 12 0.8 16 1.03 
2 22 14 1.6 10 10 16 0.6 14 1.07 

~ 23 20 1.2 20 24 8 3.0 17 2.94 
19 12 1.6 8 7 4i 1.8 11 1.62 

5 29 4 7.2 22 22 2 11.0 9 8.50 
6 21 16 1.3 14 13 10 1.3 12 1.31 
7 9 4 2.2 22 12 8 1.5 13 1.7, 
8 18 10 1.8 11 17 8 2.1 5 1.9 
9 16 16 1.0 9 11 10 1.1 6 1.04 

10 32 8 4.0 7 14 16 0.9 10 1.92 
11 30 18 1.7 37 14 6 2.3 15 1.83 
12 28 8 3.5 37 24 4 6.0 24 4.33 

(i) Assumed 1 hit in the place of o per plot as recorded 

~ 
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Yie1ds of Timothl 12er Unit Area of Ground Caver in a Mixture Stand 

Table A 12 eut 5' October, 1260 
(in gms) 

(Experiment I) 

Blacks 
A B c D 

A,ve, 
Mixt-: D.H. G.C.Yield D.M. G.C. Y ield D.l'-1. G.C. Yield D.H. G.C.Yield Yie1d 

No. 1 % 1 1 % 1 1 % J' 1 % 1 ; 
Plot Unit Plot Unit Plot Unit Plot Unit Unit 

Are a Are a Are a Are a Are a ---
1 24 42. 0.6 32 26.7 1.2 9 24. 0.4 16 26.7 0.6 0.50 
2 22 24. 0.9 10 30.0 0.3 10 28. 0.4 l'+ 4o.o 0.4 0.62 

a 23 48. 0.5 20 40.0 0.5 24 32. 0.8 17 30.0 0.6 0.59 
19 28. 0. 7 8 30.0 0.3 7 18 o.4 11 20.0 0.6 0.57 

5 29 20. 1.4 22 60.0 0.4 22 18 1.2 9 13.3 0.7 1.34 
6 21 20. 1.0 14 26.7 0.5 13 20 0.6 12 16.7 0.7 0.85 
7 9 26 0.3 22 13.3 1.7 12 16 0.8 13 13.3 1.0 o. 50 
8 18 18 1.0 11 6.7 1.6 17 16 1.1 5 16.7 0.3 1.oa 
9 16 24 0.7 9 23.3 0.4 11 18 0.6 6 13.3 0.5 0.8 

10 32 24 1.3 7 20.0 0.4 14 16 0.9 10 13.3 0.8 1.15 
11 30 34 0.9 37 43.3 0.9 14 22 0.6 15 33.3 0.5 0.79 
12 28 10 2.8 37 30.0 1.2 24 14 1.7 24 20.0 1.2 2.17 

eut 5' obtained with ground cover being ca1cu1ated of point quadrat 
ana1ysis taken after cutting. 
Rep. B & D Ground caver obtained from 30 point on1y per plot 

s 
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-
Yield of Brome per Unit Area of Ground Caver in a Mixture Stand 

(in gms/plot) 
Table A 13 1960 (Experiment I) 

Blocks 
A B c D 

Ave. 
l'1ixt. ]).M. G.C. Yieiêi D.IVI. G. c. Yield D.M. G.C. Yield D.M. G.C. Yield Yield 

1 % 1 1 % 1 1 % 1 1 % 1 1 
Plot Unit Plot Unit Plot Unit Plot Unit Unit 

Are a Are a Are a Are a Are a --
CUT 2 
13 222 22.5 9.9 204 57.5 3.5 141 32.5 4.3 162 25. 6.5 5.3 
17 47 20.0 2.4 51 20.0 2.6 51 22.5 2.3 135 10. 13.5 3.9 

C!IT....2 
13 72 16. 4.5 57 44 6. 7.4 40 5.3 
17 21 6. 3.5 25 21 2. 10.5 17 5.2 

CUT 2' 
40 13 72 22 3.3 57 20. 28.5 44 18. 2.4 6.7 6.0 2.9 

17 21 18 1.2 25 13.3 1.9 21 20. 1.0 17 26.7 0.6 1.1 
-

eut 5' obtained with Ground Cover being calculated from a point quadrat 
analysis taken after cutting. 

eut 5 Rep. B & D Ground Caver obtained from 30 points only per plot. 

~ 
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Yield of Alfalfa Eer Unit Area of Ground Cqver in a Mixture Stand 
1960 (Experiment I) (in ~ms) 

Table A 14 
Blacks 

A B c D 
Ave. 

Mixt. D.M. G.C. Y~eld D.M. G.c. Yield D.M. G.C. Yield D.M. G. C. Yield Yield 
No. 1 % 1 1 % 1 1 % 1 1 % 1 1 

Plot Unit Plot Unit Plot Unit Plot Unit Unit 
Are a Are a Are a A rea Are a - -- -- -- -- -- -- -CTJT 2 

~ 1151 27.5 41.9 1229 32.5 37.8 1166 50.0 23.3 959 35.0 27.4 31.1 
6 766 15.0 51.1 807 35.0 23.1 863 32.5 26.6 914 20.0 45.7 32.7 
7 1412 35.0 40.3 1457 37.5 as.9 1299 40.0 32.5 1287 57.5 22.4 a2.1 
8 1294 17.5 7a-9 1366 32.5 2.0 1313 42.5 30.9 1034 25.0 41.4 2.6 
9 1225 27.5 4 .5 1220 35.0 34.9 1122 55.0 20.4 1053 45.0 23.4 28.4 

10 844 17.5 48.2 1362 4o.o 34.0 1368 52.5 26.1 1117 47.5 23.5 29.8 
17 1413 40.0 35.3 1120 40.0 28.0 1278 52.5 24.3 998 65.0 15.4 24.3 

CU[ 5 
353 16.0 22.1 298 248 16.0 15.5 282 18.8 

6 221 10. 22.1 338 226 26. 8.7 496 12.4 
7 296 26. 11.4 476 314 22. 14.3 360 12.7 
8 276 14. 19.7 314 206 16. 12.9 225 16.1 
9 298 10. 29.8 386 245 20. 12.2 255 18.1 

10 255 22. 11.6 251 290 18. 16.1 385 13.6 
17 238 22. 10.8 234 192 24. 8.0 238 9.3 

~ 
H 
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Yie1d of A1falfa per Unit Area of Ground Cover in a Mixture Stand 

•rab1e A 14 
1960 (Experiment I) (in gms) 

-.. B1ocks 

Mixt. 
No. 

CUT 5' 

D.lvi. 
1 

Plot 

4 353 
6 221 
7 296 
8 2?6 
9 298 

10 255 
17 238 

A 

G.C. Yield 
% 1 

Unit 
Are a 

32.0 
18. 
32. 
16. 
20. 
12. 
16. 

11.0 
12.2 

9.2 
1?.2 
14.9 
21.2 
14.9 

D.H. 
1 

Plot 

298 
338 
4?6 
314 
386 
251 
234 

B 

G.C. Yield 
% 1 

Unit 
Are a 

23.3 
13.3 
30.0 
13.3 
26.? 
13.3 
33.3 

12.8 
25.4 
15.9 
23.6 
14.5 
18.9 
7.0 

c 
D.M. 
1 

Plot 

G.C. Yield D.M. 
% 1 1 

Unit Plot 
Are a 

248 34.0 
226 10. 
314 34. 
206 20. 
245 20. 
290 16. 
192 28. 

?.3 
22.6 
9.2 

10.3 
12.2 
18.1 
6.9 

282 
496 
360 
225 
255 
385 
238 

D 

G.C. Yield 
% 1 

Unit 
Are a 

16.? 
10.0 
33-3 
30.0 
36.? 
6.7 

30.0 

-
16.9 
49.6 
10.8 
?.5 
6.9 

57.5 
7.9 

Cut 5' obtained with Ground Cover being calculated of point quadrat 
analysis taken after cutting. 

Rep. B & D Gro 1.md Cover obtained with 30 points only per plot. 

Ave. 
Yield 

1 
Unit 
Are a 

9.1 
16.0 

9.2 
13.4 
13.6 
19.6 
9.8 

a 



XXXI 

Yield of D.M./Plot of Pure Stands and 
Pasture Mixtures 1960- 1 

Table A 15 eut 1960 
Blacks 

E F Ave. 
Mixt. Green % Dry Green % Dry 

No. Weight D.M. Weight Weight D.H. Weight D.Wt. 
1 500 62.8 314 450 63.6 286 aoo 

11 1500 37.7 566 950 37.8 359 62 
11:1. 550 61.0 3~6 600 63.0 378 357 
iv 600 64.8 3 9 400 71.1 284 336 
v 1100 39.6 436 1150 40.0 460 448 

vi 850 49.6 422 750 49.6 372 397 
vii 850 45.0 382 650 42.7 278 ~30 viii 900 42.4 382 1300 37.0 481 32 
ix 400 50.7 20~ 450 55.0 248 226 

K. B. 1100 38.0 41 418 
R.Can. 1000 40.1 401 401 

Table A 16 eut 1 1261 
i 9450 15.9 1502 9500 15.3 1440 1471 

ii 8800 14.a 1258 6400 16.4 1050 1154 
iii 1700 18. 313 3300 17.6 581 447 
iv 7500 16.6 1245 7700 16.8 1294 1270 
v 9000 12.0 1080 10650 11.2 1193 1136 

vi 4000 15.0 600 5000 14.3 715 658 
vii 8000 13.6 1088 7400 14.0 1036 1062 

viii 8200 13.6 1114 9100 13.7 1247 1181 
ix 3700 18.5 68 2400 19.2 461 572 

K. B. 3900 21.0 820 
R.ean. 5600 15.7 879 

Table A 1Z eut 2 
i 17800 19.1 3400 18500 19.2 3552 3476 

ii 13700 13.1 1795 10800 15.1 1631 1713 
iii 2750 19.8 544 4500 18.1 814 679 
iv 11800 15.6 1841 17500 14.4 2520 2180 
v 17000 12.3 2091 15,00 12.1 1876 1984 

vi 18900 12.8 2419 18 00 12.2 2245 2332 
vii 18800 12.2 2294 17500 13.7 2398 2346 

viii 16600 13.5 2241 17800 12.4 2207 2224 
ix 5400 20.3 1096 2400 20.8 499 798 

K. B. 20600 20.2 4161 
R.ean. 18000 15.3 2754 



XXXII 

Yield of D.M./Plot of Pure Stands and 3 Mixtures ~gm/J210tl 
Pasture Mixtures 

Table Al8 Blocks 
E F 

Mixt. Green % Dry Green % Dry 
No. Weight D.M. Weight Weight D. I'f. Weight D.Wt. 

Table A 18 eut 3 
i 2800 20.5 573 4100 20.1 823 698 

ii 7800 16.4 1272 8700 15.9 1382 1327 
iii 4750 19.9 946 5300 20.4 1080 1013 
iv 7650 16.6 1272 5900 17.9 1058 1165 
v 9200 16.0 1469 6400 19.2 1228 1348 

vi 7900 15.1 1196 5300 15.0 793 994 
vii 7100 18.2 1293 7500 16.9 1268 1280 

viii 7800 17.6 1376 8700 17.3 1509 1442 
ix 4000 20.5 820 2800 20.8 583 702 

Table A 12 eut 4 
i 750 25.4 219 900 24.3 251 235 

ii 3950 19.3 871 3600 17.4 615 743 
iii 4700 21.8 1159 4600 21.9 1102 1130 
iv 500 24.0 212 900 27.8 295 254 
v 5000 16.0 940 4000 16.2 751 846 

vi 3800 17.6 835 4100 17.4 869 852 
vii 4300 15.2 778 4250 15.7 774 776 

viii 4750 14.9 847 5200 15.8 962 904 
ix 4650 21.6 1004 4ooo 21.5 860 932 

K. B. 3300 23.8 867 867 
R.Can. 3100 20.6 724 724 

Table A 20 eut 5 
i 550 32.5 266 725 34.0 341 304 

ii 1625 26.4 513 2350 24.4 681 597 
iii 2525 25.2 713 2a5o 25.5 678 696 
iv 725 31.5 325 00 34.0 244 284 
v 2700 24.3 786 2600 24,9 760 77a vi 1600 23.6 470 1650 2a.1 439 45 

vii 2425 24.6 750 2100 2 .7 639 694 
viii 2900 24.1 851 2300 25.0 707 ?79 

ix 2600 25.8 671 2100 2?.1 569 620 
K. B. 500 35.5 504 
R.Can. 2000 28.7 662 

In eut 4 and 5 the sub-plot dry weights have been addedl 



Yields as (}rammes of D.H./Plot Pasture lv.Iixtnres 1260 
(Experiment II) eut Nov. 2, 1960 

Table A 21 Blocks 
l"iixture A B c D Mean No. -

l. T. R.C. 715 699 451 739 651 abc 
2. 'r. R.C. Af. 993 954 663. 549 790 a 
3. T. R.C. As. 750 690 395 609 611 abc 
4. T. R.C. L. 743 628 542 704 654 abc 
5. T. R.C. Af. L. 819 947 652 689 777 a 
6. T. R.C. B.T. 642 642 413 524 555 be 
7. ·r. Af. 875 939 253 774 710 ab 
8. T. Af. L. 874 1032 426 759 773 a 
9. T. Af. B.T. 835 926 343 473 644 abc 

10. T. As. 589 525 439 363 479 c 
11. T. B.T. 514 642 aas 503 512 c 
12. T. L. ~69 756 98 651 619 abc 
la· Br. B.T. 88 785 394 339 ,02 c 
1 • R. Can. B. •r. 491 458 407 513 67 C. 
15. K.B. B.T. 463 631 350 500 486 c 

x = 615 

S.D. • 113.3 
c.v. = 18.41 

gm of D.M./plot x fact. 1.1034 - 16/acre. F Treat. • 3. 9[!11 

·--··------------

>:: 
~ 
H 
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Yield of D.M./Plot ~f Pasture Mixtures eut 1 

1'-iay 23 , 1961. 
Table A 22 

Blacks 
A B c D 

Mixt. G. \vt. % D.M. G.Wt. % D.M. G.Wt. % D.M. G.Wt. % D.M~- Total 
No. D .IJ!. D .1~<1. D. I-1. D.N. D.H. - - -

1 8600 13.3 1144 10700 13.3 1423 10700 14.0 1498 10150 14.7 1492 5557 
2 20200 12.3 2485 14800 13.4 1983 12500 la·' 1688 11250 14.3 1609 7765 

a 18400 11.3 2079 14600 11.8 1723 11100 1 .9 1654 15650 13.0 2034 7490 
17200 11.5 1978 17850 11.6 2071 10800 13.5 1458 13700 12.6 1726 7233 

5 20800 11.6 2413 20400 12.5 2550 12100 12.6 1525 15500 12.5 1938 8426 
6 19050 11.6 2210 14800 14.0 2072 9950 13.9 1383 11600 14.0 1624 7289 
7 7600 15.6 1186 18200 13.7 2493 2350 18.6 437 11650 15.5 1806 5922 
8 20500 11.5 2358 21500 12.1 2602 12550 13.2 1657 14700 12.4 1823 8440 
9 12400 14.5 1798 14850 14.9 2213 4650 16.2 75a 6450 15.5 1000 5764 

10 19100 11.2 2139 15650 13.0 2034 12600 14.0 176 12600 14.1 1777 7714 
11 11800 12.2 1440 4450 15.1 672 3400 16.5 561 5a5o 15.2 813 3486 
12 1,300 11.4 1744 18550 11.1 2059 9700 12.7 1232 14 00 12.0 1728 6763 

îa 000 16.0 640 16550 12.4 2052 4850 16.0 776 4600 15.9 731 4199 
12200 11.3 1379 3800 14.4 547 2100 14.8 311 5500 14.3 786 ao23 

15 1300 15.8 205 12900 12.0 1548 4150 15.6 647 2900 15.3 444 2844 

1. T. R.C. 6. T. R.C. B.T. 11. T. B.T. 
2. T. R.C. Af. 7. T. M. 12. T. L. 
3. T. R. C. As. 8. T. Af. L. 13. Brome B.T. 
4. T. R.C. L. 9. T. Af. B.T. 14. R.Can. B.T. a 5. T. R.C. Af. L. 10. T. As. 15. K.B1ue B.'T. 

H 
<: 



Deld of D.H./Plot of Pasture Hixtures eut 2 1261 
~ln ~rns) 

June 27, 1961. 
Table A 23 

Blacks -· -
A B c D 

lviixt. a:tit.- % D .lvi. G.Wt. % D.H. G • ~tt • ---r;- D • fvf. G.Wt. % D.H. Total 
No. D.N. D.H. D.l·'l. D. J\1. D.M. -- -- ---
1 6500 15.9 1033 12900 15.2 1961 13300 14.8 2042 13300 14.4 1987 7023 
2 15600 14.3 2231 14800 14.8 2190 14500 14.3 2074 11800 14.7 1735 8230 

a 13300 13.7 1822 14600 13.0 1898 12400 14.3 1773 10300 14.9 1535 7028 
15000 13.5 2025 15000 12.9 1935 16000 13.1 2096 14500 13.0 1885 7941 

5 15900 13.0 2067 15700 i~:~ 2088 17400 1a.3 2314 13300 13.4 1732 8251 
6 16100 12.9 2077 14800 2131 14700 1 .2 2087 12700 15.1 1918 8213 
7 12300 16.6 2042 15800 14.4 2275 6400 19.8 1267 12400 16.2 2009 7593 
8 17400 12.2 2123 18300 11.5 2104 15300 1a.a 2111 16900 12.4 2096 8434 
9 16000 15.1 2416 14900 15.1 2250 16500 1 .3 2360 14350 14.2 2038 9064 

10 9700 14.9 1445 8000 15.9 1272 13200 
ia:a 

1746 7300 15.9 1161 5634 
11 20400 13.0 2652 16700 14.3 2388 16300 23 7 15100 13.7 2069 9456 
12 16500 12.5 2062 14600 12.5 1825 16100 13.7 2206 16500 12.6 2079 8172 
13 17000 14.9 2533 17900 11.8 2112 15900 13.0 2067 13000 13.4 1742 8454 
14 17500 11.8 2065 22400 12.0 2688 21600 13.4 2894 17700 12.5 2212 9859 
15 18700 13.8 2581 17350 12.0 2142 16300 13.2 2152 7300 13.2 963 7838 ,_ .. _____ 

~ 



Yield of D.~./Plot of Pasture Mixtures eut J 1261 
(in gms) 

Table A 24 
July 26, 1961. 

Block.:L 
A B c D 

Hixt-;: G.\Vt. % D.Ivl. G.Wt. % D.lvl. G.Wt. % D .M. m.wt. % D.H. TOtai 
No. D.H. D.H. _ D.M. D.I>1. D.M. - - --

1 6800 16.5 112a 6800 17.4 1184 5900 17.8 1048 6300 16.7 1055 4410 
2 12900 la.s 178 10200 16.9 1722 7700 16.2 1248 6200 18.0 1118 5872 

a 10500 1 • 3 1505 10800 14.0 1515 5700 17.9 1022 5700 17.2 981 5023 
10500 14.2 1486 10750 14.9 1601 7600 17.3 1315 8900 16.0 1425 5827 

5 11950 14.0 1679 1~00 14.8 1774 7800 16.6 1296 7900 16.~ 1289 6038 
6 11500 14.1 1618 7500 16.6 1241 7350 16.7 1230 5900 17. 1049 51~8 
7 10600 16.7 1767 11750 16.1 1886 4650 19.6 910 10000 18.2 1820 63 ~ 8 12600 13.8 1739 12750 14.3 1828 7650 17.6 1344 10000 16.8 1677 658 
9 11700 16.5 1930 11200 17.3 1937 6000 17.8 1068 6400 17.2 1101 6036 

10 7600 16.7 1269 4300 19.1 821 5500 18.5 1020 2600 20.9 544 a654 11 9350 16.0 1496 7000 15.7 1098 6200 16.4 1019 3900 18.0 700 313 
12 9400 1~. 5 1455 9200 15.3 1409 6750 17.8 120a 9450 15.4 1460 5527 

îa 9200 1 .9 1a71 12500 14.3 1786 8000 15.9 127 6800 16.8 114a 5574 
8ooo 17.9 1 32 7300 14.7 1071 6600 15.2 1000 5800 16.8 97 4477 

15 7700 16.0 1229 11700 16.0 1870 6900 18.6 1285 5650 16.4 925 5309 

ij 
H 



Yie1d of D.1•1./P1ot of Pasture l'iixtures 

Sept. 1, 1961. 
Table A 25 

Blacks -
A B c 

Hix~ G.Wt. % D.M. G.wt. % 0.1'1. a.wt. % D.M. 
No. D.M. - D.H. - D .. lvl. __ 
1 7200 17.3 1246 6850 18 .. 8 1289 4000 19.6 898 
2 10600 15.3 1622 10700 17.3 1851 7100 18.0 1278 

a 8900 1,.2 1353 8500 16.1 1368 5000 18., 925 
8800 1 .6 1285 9050 15.7 1421 5200 15. 918 

5 10100 15.5 1566 11800 15.5 1829 6500 15.7 1020 
6 8400 15.2 13Ç3 7150 17~6 1258 4550 17.? 925 
7 10 00 17.7 18 1 9000 16.0 1440 4700 20.4 959 
8 10100 15.2 i~a4 9900 16.1 1594 6000 15.7 1082 
9 10800 18.0 10700 17.5 1873 5100 18.1 1079 

10 7600 17.1 1300 5550 19.3 1071 4800 16.3 782 
11 ?200 16.4 1181 8300 17.0 1411 4100 17.6 857 
12 7700 15.5 1194 7950 15.3 1216 4600 20.4 1075 

îa 7900 16.6 1311 9000 15.1 1359 3950 17.9 838 
5900 16.1 1139 7700 16.1 1437 5100 16.0 1005 

15 7100 17.0 1207 7150 16.5 1180 3200 19.9 778 

Cu!_4 1261 
(in gms) 

D 
G.Wt. % 

D.M. 
5300 19.1 
5350 19.0 
5500 19.1 
7500 14.5 
5750 15.3 
4350 18.1 
9750 18.8 
?200 15.? 
5700 18.6 
2600 21.1 
4700 19.3 
7500 15.0 
3000 13.7 
5700 20.2 
7800 16.9 

D.l\1. 'rotai 

1158 4591 
1016 ,767 
1050 696 
1223 4847 

880 5295 
920 4456 

1833 60?3 
1265 54?6 
1228 6124 

549 3702 
1040 4489 
1262 4747 

693 4201 
1151 4732 
1487 4652 

~ 
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Yield of D.MJPlot of Pasture Hixtures 

Table A 26 
Oct. 25, 1961. 

Blocks 
A B c 

Hixt. m.wt. % D.l1. d.wt. % D.M. G.Wt. % D.H. 
No. D.M. _ D.M. __ D.M. _ 

1 3000 25.9 885 2250 26.5 596 2150 26.2 629 
2 3400 25.6 870 4150 24.7 1025 4300 24.1 1036 

~ 2100 26.2 550 1000 28.2 282 2350 26.0 611 
1300 26.9 350 750 28.5 214 3150 23.3 801 

5 1850 27.8 514 3950 24.6 972 3900 24.1 940 
6 2000 27.2 544 2775 24.8 688 2850 25.3 792 
7 3650 25.8 942 2500 25.6 640 2700 27.9 ~53 8 1800 27.2 490 1~75 27.7 381 3600 20.8 26 
9 3900 25.3 987 4 50 24.9 1108 2250 26.4 667 

10 2900 27.1 786 1850 29.8 25~ 3550 24.9 884 
11 2500 26.0 650 2650 28.6 75 1850 25.6 521 
12 2500 24.7 618 675 27.8 188 2450 25.1 689 
13 3600 26.2 943 950 28.2 268 1600 25.6 459 
14 2700 26.0 702 1150 25.4 329 3000 24.1 781 
15 3500 25.8 903 2775 33.6 932 2500 29.0 780 

G.Wt. 

1700 
2950 
2550 
3250 
4200 
~000 

650 
3625 
2600 
1000 
1600 
3000 
1900 
1500 
3200 

D 

% D.M. Total 
D.l'1. _ Ji2.Ivf. 
25.8 487 2597 
25.6 755 3686 
25.7 655 2048 
23.3 818 2183 
23.5 927 3413 
25.1 813 2837 
23.7 1102 3437 
22.8 901 2598 
26.3 735 3497 
31.2 a12 2235 
27.4 74 2403 
24.7 799 2294 
25.6 52Ç 2195 
26.3 39 2206 
26.7 901 3466 

§ 
H 
H 
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lLI 

Percentage Composition and Point Quadrat Ana1ysis 
Pasture Pure Stands and Mixtures 1 61 

Experiment II 

Date Recorded May 9 Angle 29° Cutl 
May 23, 1961 

Table A 28 
Blacks 

E F 

Compon- % Dens-ents Camp. Hits G.C. Camp. Hits G.C. ity 

1 Tim. 100.0 35 70 100.0 24 48 68 
Oth. 0 o. 2 4 4 
B.G. 15 30 27 54 54 

ii R.C. 100.0 35 70 100.0 40 80 162 
Oth. 0 0 
B.G. 15 30 10 20 20 

iii J.f. 99.0 6 12 100.0 13 26 36 
Oth. 1.0 - - 0 - -
B.G. 44 88 37 74 74 

iv Br. 100.0 32 64 100.0 15 30 46 
Oth. 0 0 -
B.G. 18 36 35 70 70 

v Lad. 98.9 34 68 97.4 35 70 124 
Oth. 1.1 2.6 -
B.G. 16 32 15 30 34 

vi B.T. 100.0 34 68 98.7 19 38 52 
Oth. 0 3 6 1.3 
B.G. 13 26 31 62 62 

vii Tim. 17.0 17 34 8.5 8 16 20 
Lad. 57.4 27 54 52.3 27 54 92 
B.T. 21.3 9 18 38.1 12 24 28 
Oth. 4.3 - 1.1 
B.G. 14 28 11 22 22 



XLII 

Percentage Composition and Point Quadrat Ana1ysis 
Pasture Pure Stands and Mixtures 1261 

Recording Date: May 9 Angle 29° CUtl 
May 23, 1961 

Table A 28 (Experiment Il) 

Blocks 
Reps. E F 

Compo- % Den-
nents Comp. Hits G.C. Comp. Hits G.C. sity 

viii Tim. 25.9 13 26 12.2 11 22 30 
Br. 0.9 5 10 2.1 5 10 12 
Lad. 43.1 25 50 55.1 24 48 74 
B.T. 2,.8 26 52 30.6 16 32 40 
Otb.. .3 4 
B.G. 4 8 13 26 26 

ix Tim. 20.0 18 36 25.3 15 30 36 
Br. 5.7 9 18 8.1 7 14 14 
At. 72.9 6 12 65.8 4 8 10 
Oth. 1.4 - 0.8 
B.G. 27 54 31 62 62 

R~Can. 100.0 12 24 
Oth. 0 -
B.G. 38 76 

K.Bl. 98.3 26 52 
Oth. 1.7 - -
B.G. 24 48 



XLIII 

Percentage Composition and Point Quadrat Analysis 
Pasture Pure Stands and Mixtures 1261. 

Recording Date: June 7 Angle 29° Cut2 
June 27,1961 

Table A 29 (Experiment II) 

Blocks 
Reps. E F 
Comp~ % Dens- % Dens-
nents comn. Hits G.C. itz Com:g. Hits G.C. itl 

i Tim. 99.3 28 56 94 100.0 39 78 136 
Oth. 0.7 - - 0 
B.G. 22 44 44 11 22 22 

ii R.C. 99.1 29 58 92 99.4 31 62 90 
Oth. 0.9 - - 0.6 -
B.G. 21 42 44 19 38 38 

iii Af. 97.5 6 12 22 98.8 6 12 _,If 
Oth. 2.5 - - 1.2 - - -
Bo.G. 44 88 88 44 88 88 

iv Br. 90.3 31 62 84 9~.8 25 50 72 
Oth. 9.7 12 24 30 .2 - - -
B.G. 12 24 24 25 50 50 

v Lad. 100.0 44 88 164 100.0 42 84 156 
Oth. 0 0 
B.G. 6 12 12 8 16 16 

vi B.T. 97.9 40 80 158 99.1 33 66 102 
Oth. 2.1 1 2 2 0.9 - -
B.G .• 10 20 20 17 34 34 

vii Tim. 21.7 9 18 34 19.4 16 ~~ 44 
Lad. 72.6 38 76 126 71.3 24 64 
B.T. 5.7 15 30 46 8.5 14 28 36 
Oth. 0.8 
B.G. 8 16 16 11 22 22 



XLIV 

Percentage Composition and Point Quadrat Analysis 
Pasture Pure Stands an~ Mixtures 1261. 

Recording Date: June 7 Angle 29° eut 2 
June 27, 1961 

Table A 29 {Experiment II) 

B1ocks 
Reps. E F 

Compo- % Dens- % Dens-
nents Com:g 1 Rits ~ it:t ~om12 1 Rits ~ it:t 

viii Tim. 10.6 8 16 18 1~.~ 7 1~ 18 
Br. 0.2 2 ~ ~ 1.0 7 1~ 1~ 
Lad. 77.7 33 66 102 76.3 35 70 98 
B.T. 10.6 23 ~6 62 8.3 12 2~ 34 
Oth. 0.9 
B.G. 8 16 16 9 18 18 

ix Tim. 32.1 2a ~6 60 ~5.1 22 ~4 ~6 
Br. 1.5 8 14 12.0 5 10 14 
Af. 65.6 2 ~ 6 51.6 1 2 2 
Oth. 0.8 1.3 
B.G. 25 50 50 18 36 36 

R. Can. 85.2 36 72 110 
Oth. 1~.8 - - -
B.G. 1~ 28 28 

K.B1. 99.0 46 72 
Oth. 1.0 
B.G. 4 8 



Percentage Composition and Point Quadrat Analysis Pasture Pure Stands and 
Mixtures 1261 

(Experiment II) 

Date Recorded July 10 Angle 45° eut 3 July 26, 1961. 

Table A 30 
Blacks 

Ang~e 1+5 8 
E F a.c.iuiy IG: 

Compon- % Den- % Den- Den- Den-
ents ComQ. Hits G.C. sity COmJ2. Hits G. c. sity G.C. sity G.C. sity 

i Tim. 56.7 19 38 46 70.5 17 34 44 28 46 44 54 
Oth. 43.3 4 8 8 29.5 6 12 12 20 20 26 8 
B.G. 28 56 56 29 58 58 58 58 52 52 

ii R.C. 91.2 18 36 42 94.7 23 46 64 74 122 76 12'+ 
Oth. 8.8 10 20 20 5.3 9 18 22 4 6 16 18 
B.G. 25 50 50 22 4'+ 4'+ 26 26 14 l'+ 

iii Af. 85.2 11 22 30 84.5 18 a~ 58 22 22 22 26 
Oth. 1'+.8 21 42 56 15.5 23 58 42 52 48 ~ B.G. 23 46 46 16 32 32 46 46 40 

iv Br. 41.5 24 48 62 54.2 9 18 24 34 44 36 46 
Oth. 58.5 17 34 42 45.8 5 10 12 36 54 12 12 
B.G. 16 32 32 36 72 72 42 42 54 54 

v Lad. 100.0 35 70 102 100.0 36 72 118 88 141 78 158 
Oth. - - - - - - - - ~ 
B.G. 15 30 30 14 28 28 12 12 22 22 

vi B.T. 90.1 37 74 168 86.1 28 56 84 76 154 68 114 
Oth. 9.9 2 4 4 13.9 7 14 16 10 10 4 4 

~ B.G. 12 24 24 19 38') 38 20 20 32 32 < 



Percenta~e Composition and Point Quadrat Ana1ysis Pasture Pure Stands 
and_Mixtures 1961 

Date Recorded July 10 Angle 45° Cut 3 July 26, 1961. (Experiment II) 

Table A 30 Blocks 

E F 
Comp~on- % Den- % Den-
ents Com,E. Hits G.C. sity ComQ. Hits G.C. sity 
vii Tim. 0.9 6 12 14 2.5 3 6 6 

Lad. 97.8 26 52 76 96.6 38 76 112 
B.T. 1.3 17 34 34 0.9 1 2 4 
Oth. - - -
B.G. 18 36 36 9 18 18 

viii Tim. 2.1 (1) (2) (2) 1.1 3 6 6 
Br. 0.1 1 2 2 0.3 3 6 6 
Lad. 95.8 25 50 86 97.a 33 66 90 
B.T. 2.0 4 8 10 1. 6 12 16 
Oth. - - -
B.G. 21 42 42 11 22 22 

ix Tim. ) 9.9 14 28 36 ) 14.4 9 18 26 
Br. ) 6 12 16 ) 10 20 24 
Af. 87.3 3 6 6 76.0 1 2 2 
Oth. 2.8 4 8 8 9.6 6 12 14 
B.G. 28 56 56 29 58 58 

R.C.) Dis- 33 66 146 
Oth.) carded 17 34 42 
B.G.) 11 22 22 

K.B1.) Dis- 33 66 126 ~ Oth. ) carded 3 6 6 < 
B.G. ) 16 32 32 H 



XLVII 

Percentage Composition and Point Quadrat Analysis 
Pasture Pure Stands and Mixtures 1261 

(Experiment II) 

Date Recorded Aug. 30 Angle 45° (Improved) 
cut4 Sept. 1, 1961 

Table A 31 
Blocks 

E F 
Compon- % Den- % Den:.. 
ents Comp. Hits G.C. sity Gom;,e. Hits G.C. sity 

i Tim. 77.3 6 60 80 83.6 5 50 90 
Oth. 22.7 - 16.4 3 30 30 
B.G. 4 40 40 3 30 30 

ii R.C. 66.9 8 80 160 87.3 7 70 210 
Oth. 33.1 6 60 60 12.7 
B.G. 1 10 10 3 30 20 

iii Af. 61.0 6 60 140 71.4 7 70 130 
Oth. 39.0 10 lOO 100 28.6 9 90 90 
B.G. 

iv Br. 23.1 9 90 120 77.3 7 70 130 
Oth. 76.9 6 60 60 22.7 2 20 20 
B.G. 1 10 10 2 20 20 

v Lad. 100.0 9 90 320 92.3 9 90 170 
Oth. 0 7.7 
B.G. 1 10 10 1 10 10 

vi B.T. 57.1 10 lOO 350 64.9 8 80 180 
Oth. 42.9 2 20 20 31.1 5 50 50 
B.G. 1 10 10 

vii Tim. 1.0 (. 2) (2) (2) 0.6 (. 2) (2) (2) 
Lad. 97.9 10 100 280 97.3 10 100 270 
B.T. 1.1 2 (2) 20 1.9 (. 2) (2) (2) 
Oth. 0.2 
B.G. 



XLVIII 

Percentage Composition and Point Quadrat Analysis 
Pasture Pure Stands and Mixtures 1261 

(Experiment II)-· 

Date Recorded Aug. 30 Angle 45° (Improved) 
Cut 4 Sept. 1, 1961 

Table A 31 
Blocks 

E F 

Compon- % Den- % Den-
ents Comp. Hits G.C. sity Comp. Hits G.C. sity - -

viii Tim. 4.3 (. 2) (2) (2) 1.4 1 10 10 
Br. 0.9 (. 2) ( 2) (2) 0.6 1 10 10 
Lad. 87.2 9 90 330 97.1 10 lOO 250 
B.T. 7.7 ( .2) (2) (2) 0.9 1 10 10 
Oth. 
B.G. 1 10 

ix Tim. 5.6 7.9 
Br. 
Af. 84.9 48.3 
Oth. 9.5 43.8 
B.G. 

R.Can.93.2 7 70 180 
Oth. 6.8 2 20 20 
B.G. 1 10 10 

K.Bl. 82.4 7 70 120 
Oth. 17.6 
B.G. 3 30 30 



XLIX 

Percentage Composition and Point Quadrat Analysis 
Pasture Pure Stands and Mixtures 1 6~1 _______ 

xperiment II 

Date Recorded Sept. 20 Angle Y-5° eut 5 
Oct. 25,1961 

Table A 32 
Blocks 

E F 
Compon- % Den- % Den-
ents ComE. Hits G.C. sity Como. Hits G.C. sity 

i Tim. 81.f..lt 23 46 52 94.1 30 60 90 
Oth. 15.6 6 12 12 5.9 6 12 12 
B.G. 24 48 48 18 36 36 

ii R.C. 90.9 31 62 lolt 99.5 40 80 160 
Oth. 9.1 14 28 28 0.5 
B.G. 11 22 22 10 20 20 

iii Ar. 88.9 16 32 46 89.1 2lt 48 76 
Oth. 11.1 26 52 66 10.9 19 38 42 
B.G. 16 32 32 15 30 30 

iv Br. 61.1 23 lt6 62 79.4 16 32 40 
Oth. 38.9 11 22 32 20.6 10 20 20 
B.G. 19 38 38 27 54 54 

v Lad. 99.0 50 lOO 250 99.7 45 90 190 
Oth. 1.0 0.3 
B.G. 5 10 10 

vi B.T. 77.4 35 70 140 82.1 39 78 150 
Oth. 22.6 15 30 38 17.9 9 18 22 
B.G. 7 14 14 7 14 14 

vii Tim. 2.0 2 4 l.f. 4.9 2 4 6 
Lad. 97.5 4lt 88 160 93.7 49 98 170 
B.T. 0.5 (. 2) (. 4) ( .4) 0.9 ( .2) ( .4) ( .4) 
Oth. 0.4 
B.G. 4 8 8 1 2 2 



L 

Percentage Composition and Point Quadrat Analysis 
Pasture Pure Stands and Mixtures 1 61 

Experiment II 

Date Recorded Sept. 20 Angle 45° eut 5 
Oct. 25, 1961 

Table A 32 
B1ocks -

E F 
Compon- % Den- % Den-
ents Comp. Hits G.C. sity Comp. Hits G.C. sity -- -

viii Tim. 0.9 3 6 8 2.1 2 4 4 
Br. 2.1 2 4 8 1.9 3 6 6 
Lad. 96.0 48 96 230 95.2 44 88 150 
B.T. 1.0 3 6 6 0.8 (. 2) (. 4) ( .4) 
Oth. 
B.G. 1 2 2 6 12 12 

ix Tim.) 8.3 12.6 
Br. ) 
A:f. 80.3 65.9 
Oth. 11.4 21.6 
B.G. 

R.,Can. 91.7 34 68 96 
Oth. 8.3 9 18 18 
B.G. 14 28 28 

K.B1. 98.5 34 68 110 
Oth. 1.5 
B.G. 15 30 30 

-



Table A 33 

Reps. A B c D 
Mix- % ~ 
tures Comp. Hits ~ Camp. Hits G.C. Comp. Hits G.C. Camp. Hits G.C. 
1 Tim. 6.8 --s-a·3 5.9 --r;- 4.5 --r;- -8- 4.6 -- r;-2 3 

R.C. 45.5 22 37 52.9 18 36 45.5 21 42 41.9 20 40 
Oth. 47.7 9 15 41.2 1 2 50.0 - - 53.5 3 6 
B.G. 25 42 30 60 26 52 25 50 

2 Tim. 3.5 3 6 5.9 6 12 4.6 3 6 5.1 4 8 
R.C. 24.6 9 18 29.4 6 12 41.9 13 26 40.5 13 26 
Af. 29.8 3 6 35.3 7 14 4.6 3 6 2.2 1 2 
Oth. 42.1 6 12 29.4 1 2 48.8 2 4 52.3 - -B.G. 31 62 31 62 3Q 60 33 66 

3 Tim. 2.4 2 4 7.1 3 6 2.8 3 6 2.8 1 2 
R.C. 24.4 16 32 31.0 12 24 11.1 10 20 33.3 13 26 
As. 34.2 6 12 28.6 6 12 44.4 12 24 16.7 9 18 
Oth. 39.0 8 16 33.3 2 4 41.7 - - 47.2 - -
B.G. 21 42 27 54 26 52 27 54 

4 Tim. 6.0 4 8 8.3 4 8 3.8 5 10 4.6 3 6 
R.C. 30.0 6 12 20.8 13 26 30.8 17 34 32.6 12 24 
Lad. 32.0 20 40 41.7 14 28 15.4 7 14 18.6 13 26 
Oth. 32.0 1 2 29.2 2 4 50.0 - - 44.2 
B.G. 19 38 19 38 22 44 25 50 

5 Tim. 5.7 3 6 3.0 1 2 4.3 3 6 3.8 b) 2 2 
R.C. 22.9 10 20 24.2 10 20 27.7 14 14 34.6 23 26 
Af. 17.1 2 4 42.4 3 6 8.5 3 3 3.8 1 1 

t-t Lad. 25.7 2 4 15.2 6 12 12.8 7 7 15.4 16 18 H 

Oth. 28.6 1 2 15.2 - - 46.8 - - 42.3 
B.G. 25 50 31 62 26 52 50 56 



Percentage Composit~on and Point Quad~at Analysis Pasture Mixture 1960 
Recorded: Nov.~ Angle ij5 Cut Nov. 2, 1960. 

(Experiment 11) 
Table A .3.3 Blocks 

Reps. A B c D 

Mi x- ~ ~ -% ~ 
tures Comp. Hits G.C. Comp. Hits G.C. Comp. Hits G.C. Comp. Hits G. G. -- - - -6. Tim. 7.5 3 6 4.5 3 6 3.8 3 6 3.4 2 4 

R.C. 37.5 15 30 31.8 15 30 32.1 13 26 33.9 16 32 
B.T. 5.0 7 14 9.1 4 8 7.6 8 16 8.5 4 8 
Oth. 50.0 6 12 54.6 4 8 56.6 - - 54.2 - -
B.G. 23 46 26 52 27 54 28 56 

7. Tim. 9.6 5 10 9.0 6 12 11.1 7 14 6.7 5 10 
Af. 34.6 3 6 39.3 4 8 11.1 1 2 48.9 5 10 
Oth. 55.8 18 36 51.7 7 14 77.8 7 14 44.4 - -
B.G. 34 68 33 66 36 72 40 80 

8. Tim. 13.8 9 18 10.0 4 8 8.0 4 8 7.8 7 14 
Af. 24.1 2 4 27.5 1 2 16.0 2 4 28.1 1 2 
Lad. 34.5 14 28 35.0 20 40 26.0 17 34 23.4 12 24 
Oth. 27.6 - - 27.5 - - 50.0 - - 40.6 
B.G. 25 50 26 52 28 56 30 60 

9. Tim. 13.3 5 10 4.4 1 2 8.1 5 10 5.7 3 6 
A:f. 26.7 5 10 51.1 6 12 2.7 2 4 14.3 1 2 
B.T. 16.7 4 8 8.9 3 6 21.6 7 14 28.6 8 16 
Oth. 43.3 3 6 35.6 1 2 67.6 - - 51.4 
B.G. 32 64 39 78 38 76 35 70 

10. Tim. 8.0 3 6 6.8 1 2 2.3 1 2 4.4 4 8 
As. 40.2 12 24 36.4 17 34 46.5 17 34 39.1 17 34 
Oth. 51.7 6 12 56.8 - - 51.2 5 10 56.5 - - t'1 B.G. 31 62 31 62 28 56 39 78 H 

H 



Percenta~e Com osition and Point uadrat Anal sis Pasture Mixture l 60 
Recorded: Nov. Angle eut Nov. 2, 19 O. 

Table A 33 (Experiment 11) 
Blocks 

Reps. A B c D 
Mix- % v li % 
tures Comp. Hits G.C. Com~. Hits G.C. Com~. Hits G.C. Com_Q. Hits G.C. 

ll.Tim. 10.0 2 4 8.3 4 8 8.2 5 10 4.7 3 6 
B.T. 17.5 13 26 29.2 9 18 24.5 9 18 41.1 5 10 
Oth. 72.5 5 10 72.5 3 6 67.3 1 2 54.2 3 6 
B.G. 32 64 34 64 36 72 38 76 

12. Tim. 10.3 4 8 10.3 4 8 7.1 6 12 4.1 4 8 
Lad. 35.9 14 28 65.5 6 12 38.1 13 26 41.0 21 42 
Oth. 53.8 - - 24.1 15 30 54.8 - - 4.9 
B.G. 31 62 26 52 33 66 25 50 

13.Br. ~·7 4 8 6.9 4 8 2.6 7 14 3.5 3 6 
B.T. 1 • 8 8 16 17.2 6 12 29.0 9 18 33.3 7 14 
Oth. 81.5 11 22 75.9 15 30 68.4 1 2 63.2 1 2 
B.G. 27 54 26 52 34 68 37 74 

14.R.Can. 1.2 2 4 1.6 l 2 3.3 1 2 2.0 1 2 
B.T. 20.0 6 12 39.1 13 26 26.7 6 12 42.0 17 34 
Oth. 78.8 19 38 59.4 l 2 70.0 7 14 56.0 2 4 
B.G. 24 48 36 72 36 72 31 62 

15.K.Bl. 1.8 1 2 2.0 4 8 2.4 3 6 2.0 2 4 
B.T. 21.8 9 18 21.6 13 26 26.2 9 18 32.0 16 32 
Oth. 76.4 10 20 76.5 5 10 71.4 1 2 66.0 6 12 
B.G. ,31 62 22 28 32____24 28 _26 

a) 6 stations/plot t:"i 
b) 9 " Il H 

H 
Others in this fall eut include all stubles of the companion crop. H 



adrat Ana1lsis Pastures Mixtures 1261 

Table A 34 (Experiment 11) 
May 23, 1961. 

Blocks 
Reps. A B c D 

Mix- % ~ % ----,& 
tu res Comp. Hits G.C. ComE• Hits G.C. COIDJ2. Hits G.C. ComE• Hits G. C. 

1 Tim. 16.3 10.3 7.1 10 20 7.1 12 24 
R.C. 83.7 89.7 92.9 37 7'+ 91.1 38 76 
Oth. tr tr - - - 1.8 
B.G. 10 20 8 16 

2 Tim. 3.5 8.8 6.2 11 22 9.2 5 10 
R.C. 22.8 52.9 77.1 37 74 8'+.6 42 84 
M. 54.3 38.3 16.7 4 8 6.2 9 18 
Oth. 19.3 tr - - - e 
B.G. 7 14 6 12 

3 Tim. 8.6 9.3 8.9 6 12 11.1 16 32 
R.C. 46.6 37.0 28.6 26 32 33.3 18 36 
As. 24.1 35.2 62.5 35 70 53.3 28 56 
Oth. 20.7 18.5 0 - - 2.3 -
B.G. 3 6 '+ 8 

4 Tim. 21.3 17.8 11.3 24 48 11.9 8 16 
R.C. 42.6 40.0 53.0 21 l.t-2 59.3 38 76 
Lad. 36.1 42.2 35.7 25 50 27.1 29 58 
Oth. tr tr tr - - 1.7 
B.G. 9 18 3 6 

5 Tim. 9.0 3.1 1o.a 13 26 10.3 12 2'+ 
R.C. 21.0 23.2 41. 20 40 58.6 32 64 
At. 37.6 57.4 20.7 5 10 10.3 6 12 
Lad. 31.6 15.5 27.6 25 50 19.0 18 36 
Oth. 0.8 0.8 tr - - 1.8 2 4 
B.G. 4 8 5 10 ti 

H 
<l 



sis Pasture Mixtures 1961 

Table A 34 - May 23, 1961. 

Reps. A B c D 
Mi x- ---,; 
tures Com2. Hits G.C. Comp. Hits G.C. ComE• Hits G.C. ComE• Hits G.C. 
6 Tim. 9.1 11.9 10.5 19 38 8.3 13 26 

R.C. 65.9 78.0 73.7 34 68 81.7 39 78 
B.T. 2.3 10.1 15.8 12 24 10.0 10 20 
Oth. 22.7 tr tr - - tr 
B.G. 4 8 2 4 

7 Tim. 13.6 11.0 27.6 20 40 10.0 26 52 
Af. 85.7 73.0 71.7 2 4 88.3 19 38 
Oth. 0.7 16.0 0.7 - - 1.7 -
B.G. 20 40 15 30 

8 Tim. 15.6 10.3 15.2 15 30 12.4 15 30 
Af. 53.1 53.8 19.6 3 6 37.2 9 18 
Lad. 31.3 35.9 58.7 33 66 49.6 37 74 
Oth. - - 6.5 - - 0.8 
B.G. 12 24 6 12 

9 Tim. 10.3 10.7 19.6 23 46 13.6 26 52 
A:f. 84.6 85.7 23.5 3 6 29.5 11 22 
B.T. 5.1 1.8 56.9 21 42 54.5 22 44 
Oth. - 1.8 tr - - 2.4 3 6 
B.G. 16 32 8 16 

10 Tim. 13.5 10.3 9.1 13 26 5.9 13 26 
As. 78.4 84.6 70.9 42 84 94.1? 46 92 
Oth. 8.1 5.1 20.0 3 6 
B.G. 6 12 3 6 t:-1 

< 



sis Pasture Mixtures 1261 
May 23, 1961. 

Table A 34 
Blocks 

Reps. A B c D - . 
% % % Mix- 0 

tures Comp. Hits G.C. Comp. Hits G.C. Comp. Hits G.C. Comp. Hits G.C. 

11 Tim. 25.0 2,.3 28.6 18 ~~ 17.7 20 40 
B.T. 22.9 7 .7 71.4 23 81.4 26 52 
Oth. 52.1 - 0 - - 0.9 - -
B.G. 19 38 14 28 

12 Tim. 22.9 25.3 20.4 24 48 11.1 8 16 
Lad. 75.0 73.4 79.6 34 68 88.9 42 84 
Oth. 2.1 1.7 tr - - 0 
B.G. 7 14 6 12 

13 Br. 37.7 23.7 25.0 10 20 28.6 19 38 
B.T. 50.9 13.2 75.0 20 40 70.5 27 54 
Oth. 11.4 63.1 0 - - 0.9 
B.G. 21 42 15 30 

14 R.C. 0 1.7 1 2 10.9 2 4 
B.T. 4.0 96.6 17 34 87.3 23 46 
Oth. 6.0 1.7 - - 1.8 
B.G. 33 66 26 52 

15 K.B1. 6.9 14.8 16 32 32.4 10 20 
B.T. 24.1 85.2 26 52 64.7 17 34 
Oth. 69.0 tr - - 2.9 
B.G. 16 32 30 60 

~ 
< 
H 

---



Percentage ComEosition and Point çuadrat Anallsis Pasture Mixtures 1261 
Recorded: June 7 Angle 29 eut II June 27, 1961 

Table A 35 (Experiment 11) 
Blocks 

Reps. A B c D 

Mix- ~ % 
tures C5Sp Hits G.C. Comp. Hits G.C. ~ Hits G.C. ~ Hits G.C. 
1 Tim. 12 21; 29.0 19 38' • 11 22 1 • 15 30 

R.C. 37.0 22 44 66.7 26 52 88.4 28 56 81.2 28 56 
Oth. 5.0 10 20 4.3 6 12 - - - - 3 6 
B.G. 15 30 8 16 19 38 10 20 

2 Tim. 11.5 4 8 15.6 14 28 18.8 11 22 17.1 10 20 
R.C. 27.1 10 20 33.8 21 42 69.3 34 68 76.2 19 38 
Af. 31.2 19 a~ 48.0 14 28 7.9 4 8 6.7 1 2 
Oth. 30.2 20 2.6 - - 4.0 1 2 - - -
B.G. 20 40 10 20 9 18 20 40 

3 Tim. 9.8 6 12 12.5 9 18 16.0 11 22 17.2 8 16 
R.C. 35.9 25 50 41.3 20 4o 55.6 18 36 58.6 19 38 
As. 2.2 8 16 1.2 7 14 25.7 29 58 23.4 16 32 
Oth. 52.1 20 40 45.0 18 26 2.7 - - 0.8 - -
B. G. 6 12 9 18 7 14 17 34 

4 Tim. 14.4 8 16 9.4 7 14 11.3 11 22 11.4 13 26 
R.C. 1 .7 12 21;. 18.7 15 30 38.7 29 58 lto.o 22 1;.4 
Lad. 67.9 36 72 71.9 39 78 50.0 30 60 48.6 31 62 
Oth. 0 - - - - - - - - - 1 2 
B • (i;. 6 12 5 10 2 4 1 2 

5.'rim. 17.3 6 12 7.2 6 12 7.6 13 26 11.5 7 14 
R.C. 18.3 14 28 21.7 21 42 37.1 22 44 31t.5 30 60 
M. 13.5 5 10 43.4 10 20 1.9 1 2 0.4 5 10 
Lad. 50.9 24 48 27.7 23 46 53.3 27 54 53.6 29 58 
Oth. 0 - - 0 - - - - - - t"i 
B.G. 11 22 10 20 8 16 6 12 <: 

H 
H 



Percenta e Com osition and Point uadrat Anal sis Pasture Hixtures .1..2Ql 
Recorded: June 7 Angle 29 eut li June 27, 19 1 

Table A 35 (Experiment II) 
Blocks 

Reps. A B c D 
111x- % % 7l 
tures Comp. Hits G.6. Comp. Hits G.C. Comp. Hits G.C,. Comp. Hits G.C. 

6 Tim. 14.Y. 6 12 12.1 11 22 15.4 11 22 18.7 15 30 
R.C. 49.5 24 48 77.3 28 56 71.4 31 62 69.2 26 52 
B.T. 2.1 2 4 9.1 12 24 12.1 10 20 12.1 7 14 
Oth. 34.0 20 40 1.5 2 4 1.1 2 4 
B.G. 9 18 11 22 9 18 11 22 

7 Tim. 32.9 20 40 25.0 19 38 44.3 23 46 14.0 16 32 
Af. 59.1 15 30 66.7 24 48 32.1 6 12 83.0 21 42 
Oth. 8.0 8 16 8.3 23 46 23.6 2 4 3.0 1 2 
B.G. 14 28 12 24 25 50 23 46 

8 Tim. 14.3 14 28 19.8 12 24 11.5 7 14 7.3 13 26 
Af. 18.7 11 22 22.8 11 22 18.0 10 20 25.4 10 20 
Lad. 67.0 38 76 57.4 33 66 70.5 42 84 66.4 34 68 
Oth. - - - - 2 4 - 2 4 0.9 
B.G. 5 10 7 14 7 14 8 16 

9 Tim. 16.3 23 46 15.7 21 42 21.6 18 36 19.4 18 36 
Af. 70.7 17 34 67.5 23 46 6.7 3 6 26.4 3 6 
B.T. 5.4 6 12 8.4 8 16 70.2 31 62 52.8 29 58 
Oth. 7.6 7 14 8.4 1 2 1.5 1 2 1.4 3 6 
B.G. 12 24 11 22 8 16 11 22 

10 Tim, 33.8 14 28 46.2 14 28 12.1 7 14 34.3 11 22 
As. 7.0 17 34 43.1 29 58 24.1 24 48 62.7 25 50 1:-4 
Oth. 59.2 14 28 10.7 4 8 63.8 25 50 3.0 7 14 <i 

H 
B.G. 15 30 13 26 7 14 16 32 H 

H 



Percentage Compos.itiog. and Point gua§r.§.t Ana1ysis Pasture 1~1ixtures 1961 
Recorded: June 7 Angle 29 Cut Il June 27, 1961 

Table A 35 (Experiment 11) 
B1ocks 

Reps. A B c D -- % Mix- % % 
tures Com.l?..:.. Hits G.C. Comp. Hits G.C. Comp. Hits G.C. Corop. Hits G.C. - - - - - -
11 Tiro. 25.0 14 28 22.2 16 32 16.1 12 24 23.4 17 34 

B.T. 10.5 11 22 64.5 25 50 83.9 38 76 72.7 36 72 
Oth. 64.5 34 68 13.3 8 16 - - - 3.9 - -
B.G. 5 10 11 22 10 20 9 18 

12. Tiro. 23.3 16 32 13.9 5 10 17.2 17 34 25.0 8 16 
Lad. 76.7 34 68 86.1 39 78 82.0 39 78 75.0 43 86 
Oth. - - - - - - 0.8 -
B.G. 5 10 10 20 3 6 6 12 

13 Br. 17.4 14 28 1.6 1 2 7.4 7 14 10.5 11 22 
B.T. 57.4 34 68 6.5 6 12 88.2 32 64 86.0 41 82 
Oth. 25.2 12 24 91.9 38 76 4.4 3 6 3.5 3 6 
B. G. 14 28 8 16 13 26 7 14 

14 R.C. 0.2 (1) (2) 1.4 3 6 0.3 Not recorded 2.4 2 4 
B.T. 9.4 17 34 90.4 37 74 92.0 67.0 29 58 
Oth. 90.4 33 66 8.2 9 18 7.7 30.6 9 18 
B.G. 11 22 10 20 14 28 

15 K.Bl. 3.3 10 20 6.9 19 a~ 5.0 12 24 6.2 17 34 
B.T. 90.2 35 70 13.8 22 93.3 31 62 90.7 35 70 
Oth. 6.5 2 4 79.3 30 60 1.7 2 4 3.1 2 4 
B.G. 9 18 4 8 9 18 7 14 t-' 

H 
>< 



Pasture Mixtures 1261 . C & D July 11, Angle 290 
July 26, 1961. 

- Blocks 
Reps. A B c D 

- % ---Mi x- 0 

tures ~ Hits G.C. ~ Hits G.C. COIDJ2. Hits G.C. ~ 
Hits G.C. 

1 Tim. 9 2r "'"1f2 3. ~ 12 4.9 -2- ~ • If -a-
R.C. 56.4 14 28 81.3 18 36 94.4 16 32 84.2 16 32 
Oth. 16.7 21 42 ?.7 16 32 0.7 4 8 8.3 9 19 
B.G. 8 16 18 36 29 58 24 48 

2 Tim. 4.1 2 4 ~-6 6 12 3.9 4 8 5.4 12 24 
R.C. 8.2 13 26 2 .7 25 50 66.7 25 50 79.8 18 36 
Af. 4?.4 7 14 65.1 13 26 20.9 3 6 13.4 (1) 
Bth. 42.3 3§ 70 6.7 6 12 8.5 9 18 1.4 8 16 
B.G. 16 14 28 13 26 20 4o 

3 Tim. 7.4 2 4 6.1 3 6 7.9 5 10 8.1 8 16 
R.C. 14.8 14 28 15.8 6 12 86.4 19 38 78.1 15 30 
As. - - - - (1) 2.9 13 26 6.7 8 16 
Oth. 77.8 37 74 78.1 33 66 2.9 1 2 7.1 4 8 
B.G. 11 22 13 26 18 36 24 48 

4 Tim. 5.6 2 4 8.7 7 14 1.9 3 6 2.5 2 4 
R.C. 6.7 41 82 12.7 3~ 66 26.8 22 44 9.3 11 22 
Lad. 87.8 7 14 77.8 16 71.3 14 28 85.6 31 62 
Oth. - 1 2 0.8 3 6 - - - 2.5 - -
B.G. 9 18 7 14 17 34 14 28 

5 Tim. 3.0 6 12 1.5 5 10 2.2 2 4 1.5 ~ 6 
R.C. 6.4 8 16 5.9 11 22 27.0 9 18 17.7 16 
Af. 18.1 6 12 52.6 15 30 10.9 2 4 7.7 3 6 
Lad. 72.4 34 68 39.2 25 50 59.9 15 30 73.1 29 58 
Oth. 0.1 - - 0.8 4 8 
B. G. 8 16 8 16 26 52 13 26 ~ 

>4 



~ e .ttecoraea; A a .o cJU.LY .L'T' aug.L~ '"t/ .~...ocu - cJU.L.Y ..L.L' aug..Lt:: .::~ 

(Experiment li) Cut 3, July 26, 1961. 
:!:able A a6 

Reps. A B c D 
Mix- % % % 
tures Comp. Hits G.C. Co476 Hits G.C. Co6:; Hits G.C. c12:; Hits G.C. 
6 Tim. 2.0 --t+" -a- --.,- 11+ -.,- 11+ -a- lb 

R.C. 20.6 15 30 82.7 24 48 81.0 23 46 74.0 24 48 
B.T. 0.8 2~ 6 6.0 16 32 10.0 9 18 11.8 8 16 
Oth. 76.6 56 6.7 12 24 2.3 2 4 1.5 2 4 
B.G. 11 22 9 18 15 30 15 30 

7 Tim. 10.1 14 28 4.6 6 12 5.5 17 34 2.8 9 18 
Af. 72.7 13 26 68.7 14 28 85.4 3 6 93.8 15 30 
Oth. 17.3 23 46 26.7 25 50 9.1 15 30 3.4 10 20 
B.G. 11 22 16 32 19 38 22 44 

8 Tim. 2.0 10 20 2.0 4 8 2.5 1 2 0.7 3 6 
Af. 16.8 6 12 28.8 13 26 17.8 2 4 20.9 3 6 
Lad. 81.2 38 76 68.9 35 70 79.5 23 46 78.3 32 64 
Oth. - - - 0.3 1 2 0;2 - - - -
B.G. 8 16 6 12 25 50 14 28 

9 Tim. 4.4 4 8 5.6 8 16 10.8 3 6 13.6 12 24 
Af. 79.4 14 28 79.9 25 50 26.2 (1) (2) 28.7 4 8 
B.T. 4.1 9 18 3.5 12 24 57.6 27 54 54.a 22 44 
Oth. 12.0 14 28 11.1 13 26 5.4 5 10 3. 2 4 
B.G. 18 36 7 14 20 40 17 34 

10 Tim. 18.7 6 12 32.1 13 26 4.4 4 8 36.6 5 10 
As. 2.0 11 22 12.5 20 40 3.0 12 24 56.3 27 54 
Oth. 79.3 27 54 55.4 9 18 92.6 33 66 7.1 7 14 

~ B.G. 14 28 13 26 9 18 20 4o 
H 

---



• 

Table A 36 
eut 3, 

Blocks 
Reps. A B c D 

Mix- % % 
tures ComE.!_ Hits G.C. Comp. Hits G.C. Comp. Hits G.C. Comp. Hits G.C. -- -- --
11 Tim. 4.2 5 10 22.5 10 20 12.2 8 16 27.6 

14 
14 

B.T. 1.3 2 4 41.6 23 46 85.0 24 48 67.6 28 
Oth. 94.5 42 84 35.9 13 26 2.8 4 8 4.8 9 18 
B.G. 5 10 13 26 18 36 27 54 

12 Tim. 6.0 t; 10 8.1 3 6 3.1 6 12 1.9 2 4 / 

Lad. 91.8 40 80 90.7 36 72. 96.8 24 48 98.0 32 64 
Oth. 2.2 1 2 1.3 - - 0.1 - - 0.1 
B.G. 1 2 13 26 23 46 15 30 

13 Br. 11.1 3 6 8.3 10 20 8.9 5 10 
B.T. 53.1 32 64 No data obtained 83.3 28 56 80.2 36 72 
Oth. 35.8 18 36 8.3 14 28 10.9 8 16 
B.G. 10 20 12 24 11 22 

14 R.C. 2.9 2 4 0.2 (1) (2) 4.1 3 6 
B.T. No data obtained 65.7 29 58 73.2 27 54 67.0 22 44 
Oth. 31.4 7 14 26.6 17 34 28.9 10 20 
B.G. 19 38 13 26 20 40 

15 K.B1. 9.1 7 14 21.6 15 30 18.3 13 26 
B.T. 75.0 38 76 No data obtained 68.8 26 52 63.4 22 44 
Oth. 15.9 7 14 9.6 9 18 18.3 8 16 
B.G. 10 20 15 30 16 32 

t;-i 
>< 
1-1 
H 



Percenta~e Co.!!œ.osition and Point uadrat Anal sis Pasture Mixtures 1261 
Date Recorded: Aug. 30 Angle Improved P.Q.) Cut Sept. 1, 1961. 

(Experiment II) 
Table A 37 B1ocks -Reps. A B c D 

Mix- Q 
, 

tures Comp. Hits G.C. Comp. Hits G.C. Comp. Hits G.C. Cob:Î Hits G.C. 
1 Tim. 1?.1 6.1 -- 8.3 -y ""jj -,- ?0 

R.C. 43.9 73.0 63.9 10 100 58.5 6 60 
Oth. 39.0 20.9 27.8 2 20 35.5 9 90 
B.G. 

2 Tim. 1.0 1.1 3.2 10.0 
R.C. 8.5 12.8 39.9 46.7 

M. 49.5 75.5 31.9 16.7 
Oth. 41.0 10.6 25.0 26.6 
B.G. 

3 Tim. 2.0 4.9 5.9 9.3 
R.C. 28.6 30.9 75.4 59.1 
As. - - 0.3 0.8 
Oth. 69.4 64.2 18.4 30.8 
B.G. 

4 Tim. 0.4 1.7 0.3 ( .2) (2) 2.0 ( .. 2) (2) 
R.C. 8.1 9.5 32.6 5 50 11.7 3 30 
Lad. 91.5 86.0 66.8 7 70 80.1 8 80 
Oth. - 2.8 0.3 - - 6.2 2 20 
B.G. 

5 Tim. 0.1 0.1 2.4 3.5 
R.C. 13.6 9.3 11.9 10.7 
M. 15.9 46.5 29.8 12.0 
Lad. 70.0 42.6 54.8 72.6 
Oth. 0.4 1.5 1.2 1.2 t"'l 

>< B.G. H 
H 
H 



Percenta~e Com osition and Point uadrat Anal sis Pasture Mixtures 1261 
Date Recorded: Aug. 30 Angle Improved P.Q. eut 4 Sept. 1, 1961 

(Experiment 11) 
Table A 3Z Blacks 

Reps. A B c D 
Mi x- % % % 
tures «omp. Hits -- G.C. Comp. Hits G.C. Comp. Hits G.C. Comp. Hits G.C. 
6 Tim. 0.3 6.6 4.3 4 40 18.1 5 50 

R.C. 27.0 50.3 76.1 ~ 50 61.7 8 80 
B.T. 1.3 12.0 4.3 40 11.5 5 50 
Oth. 71.4 31.1 15.2 3 30 3.8 3 30 
B.G. 

7 Tim. 9.0 1.2 8.3 0.9 
M. 65.7 69.0 46.7 95.4 
Oth. 25.3 29.3 45.0 3.7 
B.G. 

8 ~im. 0.1 0.1 1.7 (. 2) (2) 0.3 1 10 
Af. 37.5 36.5 31.7 2 20 45.9 5 50 
Lad. 59.6 62.5 66.2 9 90 53.6 10 100 
Oth. 2.8 0.9 0.4 - - 0.3 
B.G. 1 10 

9 Tim. 1.4 4.0 14.9 3 30 14.8 10 lOO 
Af. 68.7 88.9 37.6 7 70 57.2 3 30 
B.T. 1.9 4.9 21.8 10 lOO 21.7 9 90 
Oth. 28.0 2.2 25.7 - - 6.3 2 20 
B.G. 

10 Tim. 11.9 21.2 20.9 40.0 
As. - 0.1 63.8 12.7 
Oth. 88.1 78.7 15.3 47.3 
B.G. t-t 

H 
H 
< 



Percenta~e Com2osition and Point Quadrat Ana1lsis 
Date Recorded: Aug. 30 Angle 45e (Improved P.Q. 

(Experiment II) 
Table A 32 Blocks 

Reps. A B c D 

Mix- 0 ~ 
tures Com,2. Hits G.C. Com,2. Hits G.C. Com,2 .. Hits G.C. Com2. Hits G.C. 

11 Tim. 3.1 29.5 10.2 8 80 26.1 8 80 
B.T. 1.8 45.9 - 9 90 52.2 9 90 
Oth. 95.1 24.6 89.8 3 30 21.6 3 30 
B.G. 1 10 1 10 

12 ·r1m. 7.9 3.1 2.5 1 10 1.6 (. 2) (2) 
Lad. 87.9 96.3 97.5 10 100 97.6 9 90 
Oth. 4.2 0.6 - - - 0.8 
B.G. 

13 Br. 22.7 0.1 13.3 5 50 22.4 3 30 
B.T. 36.1 0.2 51.7 8 80 53.5 7 70 
Oth. 41.2 99.7 34.5 3 30 24.1 5 50 
B •. G. 2 20 1 10 

14 R.Can. - 1.9 (. 2) (2) 0.9 1 10 8.7 
B.T. 0.3 45.2 10 100 42.3 10 lOO 35.1 
Oth. 99.7 53.0 8 80 56.8 7 70 56.2 
B.G. 

15 K.B1. 11.4 10.2 49.1 7 70 41.5 9 90 
B.T. 57.0 0.4 32.2 6 60 36.9 4 70 
Oth. 31.6 89.4 18.6 3 30 21.6 '+0 
B.G. 2 20 

1:'"' 

~ 



1961 
1961. 

(Experiment II) 
Table A 38 , __ 

Reps. A B c D 
-1-iix- % 0 % ~ 
tures ComE• Hits G.C. Como. Hits G.C. ComE• Hits G.C. ComE• Hits G.C. 
1 Tim. 17.5 29.3 15.7 11 22 16.0 5 10 

R.C. 41.3 61.9 81.2 31 62 68.2 27 54 
Oth. 41.2 8.8 3.0 10 20 15.8 19 38 
B.G. 7 14 8 16 

:2 Tim. 1.6 5.0 8.0 17.1 
R.C. 5.8 11.5 32.9 44.3 
Af. 55.6 72.7 45.1 2010 
Oth. 37.0 10.8 14.0 18.6 
B.G. 

3. Tim. a-9 10.8 1~.8 14.1 
R.C. 2 . 9 18.4 7 .2 84.7 
As. - - 1.1 1.0 
Oth. 71.2 70.8 6.9 0.2 
B.G. 

4 Tim. 1.7 12.2 1.9 4 8 2.1 2 4 
R.C. 5.3 1.6 18.4 11 22 a·l 7 14 
Lad. 93.0 82.2 73.8 37 74 9 .8 43 86 
Oth. - 3.9 1.0 1 2 
B.G. 8 16 5 10 

5 Tim. 2.1 0.5 7.1 5.7 
R.C. 2.5 3.4 9.1 4.0 
Af. 41.5 64.1 15.9 19.2 
Lad. 53.9 32.0 65.9 71.0 t-i 

Oth. - - 2.0 - ~ 
H 

B.G. 



Percenta1e Composition and Point Quadrat Analysis Pasture Mixtures 1961 
Recorded: Sept. 20 Angl~45° Cut 5 Oët: 25, 1961. 

(Experiment Il) 
Table A 38 Blocks 

Reps. A B c D 

Mi x- % -
~ 

tures ComQ. Hits G.C. ComQ. Hits G.C. Com12. Hits G.C. Com12. Hits G.C. 
6 Tim. 4. 5 17.0 11.3 8 16 30.6 16 32 

R.C. 14.6 65.9 80.5 33 66 55.9 27 54 
B.T. - 6.3 5.1 15 30 12.4 13 26 
Oth. 80.9 10.7 3.1 - - 1.1 6 12 
B.G. 8 16 9 18 

7 Tim. 6.7 2.4 14.4 3.3 
Af. 67.5 68.3 48.0 85.1 
Oth. 25.8 29.3 37.6 11.6 
B.G. 

8 Tim. 1.1 0.8 3.1 2 4 1.4 2 4 
Af. 37.8 56.2 31.7 2 4 38.2 7 14 
Lad. 61.1 42.2 65.2 42 84 60.4 42 84 
Oth. - 0.8 
B.G. 7 14 5 10 

9 Tim. 3.7 4.3 32.4 14 28 24.4 18 36 
Af. 84.3 82.6 29.7 4 8 50.9 10 20 
B.T. 0.1 0.1 29.7 31 62 18.5 28 56 
Oth. 11.9 13.1 8.1 7 14 6.1 8 16 
B.G. 6 12 5 10 

10 Tim. 34.8 42.9 6.8 54.7 t-t 
As. - - - 12.4 x 
Oth. 65.2 57.1 93.2 32.9 <: 

H 

B.G. H 



Percenta~e ComQosition and Point Quadrat Anallsis Pasture Mixtures 1261 
Recorded: Sept. 20 Angle 

Table A 38 -
Reps. A B c D 
Mix- 17 è} 

, 
tures Comp. Hits G.C. Camp. Hits G.C. ComQ. Hits G.C. Camp. Hits G.C. -

11 Tim. 8.7 38.0 36.4 11 22 58.5 22 44 
B.T. 87.5 12.5 50.0 37 74 22.4 28 56 
Oth. 3.8 49.5 13.6 ~ 6 19.1 5 10 
B.G. 16 11 22 

12 Tim. 4.1 10.0 4.7 7 14 1.7 1 2 
Lad. 95.5 90.0 94.0 45 90 98.3 45 90 
Oth. 0.4 - 1.3 
B.G. 5 10 5 10 

13 • 39.1 5.7 33.7 20 40 lto.o 22 44 
B.T. 7.8 0.6 46.6 31 62 34.3 31 62 
Oth. 52.1 93.7 19.7 9 18 25.7 11 22 
B.G. 8 16 4 8 

14 R.Can. 2.1 15.9 3 6 2.7 1 2 29.7 
B.T. o.lt 19.2 21 42 25.0 27 54 49.5 
Oth. 97.5 64.9 13 52 72.3 25 50 20.8 
B.G. 16 64 8 16 

15 K.B1. 38.2 21.0 57.5 20 40 43.2 16 ~~ B. jr. 26.5 . 0.8 24.9 29 58 10.8 22 
Oth. 35.3 78.2 17.6 7 14 45.9 19 38 
B.G. 8 16 8 16 1:-1 

~ 
1--1 
H 
1--1 



LXIX 

Densit from Point 

Table A 32 -Blocks 1 2 3 4 5 
Mix D D A B c D c D c D tures 
1 Tim. 30 32 --;2 lb --r; -=s ,-o 70 21+ 12 

R.C. 172 96 a~ 46 42 34 260 90 92 76 
Oth. 8 42 8 20 20 90 20 44 
B. G. 16 20 16 36 58 48 14 16 

2 Tim. 10 28 12 8 a~ R.C. 158 56 58 66 
Af. 22 2 32 6 (2) 
Oth. - 12 18 18 
B.G. 12 40 28 26 40 

3 Tim. 38 20 6 12 20 
R.C. 52 54 18 46 38 
As. lOO 50 (2) 28 20 
Oth. - 90 2 8 
B.G. 8 34 26 36 48 

4 Tim. 20 26 6 4 (2} (2} 8 4 
R.C. 156 60 54 24 llO 30 26 18 
Lad. 94 84 36 76 120 210 128 164 
Oth. 2 - 20 2 
B.G. 6 14 34 28 16 10 

5 Tim. 32 14 12 4 6 
R.C. 126 llO ag 24 18 
Af. 12 12 4 6 
Lad. 54 84 74 38 84 
Oth. 4 8 
B.G. 10 12 16 32 26 

6 Tim. 34 36 16 16 22 40 80 16 4o 
R.C. 162 84 74 64 62 lOO 170 104 80 
B.T. 24 20 44 24 18 80 70 32 36 
Oth. 26 4 4 4 30 12 
B.G. 4 22 18 30 30 16 18 

7 Tim. 68 40 36 12 54 22 
Af. 52 60 34 30 6 44 
Oth. 2 60 62 38 22 
B.G. 30 46 22 32 38 44 



LXX 

Densit from Point 

Table A .J2 
B1ocks 1 2 3 4 ' Hix- D D A B c D c D c D tures 
8 Tim. 32 32 ~ b m 10 --r;: --r;: 

A!. 20 30 4 6 20 30 4 18 
Lad. 134 108 54 84 230 230 164 156 
Oth. -
B.G. 12 16 50 28 10 14 10 

9 Tim. 74 48 8 18 6 32 50 230 40 52 
Af. 22 8 30 62 (2) 8 100 90 8 28 
B.T. 58 108 24 28 102 66 240 260 88 98 
Oth. 6 6 32 40 10 8 20 18 18 
B.G. 16 22 36 14 40 34 12 10 

10 Tim. 30 24 16 30 10 10 
As. 220 92 30 64 32 78 
Oth. 14 74 18 84 20 
B.G. 6 32 28 26 18 40 

11 Tim. 56 50 22 22 14 120 90 28 56 
B.T. 74 142 58 74 36 210 190 108 76 
Oth. 28 8 26 30 40 6 12 
B.G. 28 18 26 36 54 10 10 16 22 

12 Tim. 24 18 12 4 10 (2) 14 2 
Lad. 152 180 70 92 260 200 150 166 
Oth. -
B.G • 12 12 46 30 10 10 

13 Br. 48 24 6 24 10 120 30 48 58 
B.T. 68 196 102 80 118 250 130 92 116 
Oth. 6 38 34 20 30 50 18 30 
B.G. 30 14 20 24 22 20 10 16 8 

14 R.Can. 4 4 4 (2) 6 10 (2) 2 6 
B.T. 74 100 58 76 58 290 360 84 74 
Oth. 18 14 38 22 70 80 78 28 
B.G. 52 28 38 26 40 16 32 

15 K.Bl. 28 40 14 34 34 80 120 44 36 
B.T. 50 122 136 82 60 100 1ao 72 60 
Oth. 4 16 22 18 30 0 16 44 
B.G. 60 14 20 30 32 20 16 16 





LXXII 

Point guadrat Analzsis with imEroved P.ç. at 32.5° Angle 
Pure Stands July 27, 1961. 

Table A 40a Blocks 
E F 

Compo-
nents Hits G.C. ~ Hits G.C. .12..:. 

i Tim. 8 80 250 25 83 210 
Oth. 3 30 40 12 40 57 
B.G. 1 10 10 3 10 10 

ii R.C. 8 80 220 28 93 303 
Oth. 9 90 140 20 67 lOO 
B.G. 1 3 3 

iii Af. 20 67 120 
Oth. 27 90 90 
B.G. 2 7 7 

iv Br. 8 80 230 29 87 227 
Oth. 7 70 170 17 57 127 
B.G. 2 7 7 

v Lad. 10 lOO 350 28 93 270 
Oth. 
B.G. 2 7 7 

vi B.T. 10 lOO 370 30 lOO 330 
Oth. 2 20 20 7 23 33 
B.G. 

vii Tim. 4 40 40 1 10 20 
Lad. 10 lOO 310 10 lOO 410 
B.T. 3 30 30 3 30 30 
Oth. 
B. G. 

viii Tim. 4 40 60 4 40 50 
Br. 3 30 40 l 10 10 
Lad. 10 lOO 300 10 lOO 360 
B.T. 5 50 90 1 10 10 
Oth. 1 10 10 
B.G. 

10 points with Pure Stands: 30 points 
1 station with 3 stations 

Mixtures: 10 points 
with 1 station 



Yield per Unit Area of Ground Cover of Pure Stands (gm/plot) 

Pasture ~1ixtures 1960 - 61 
Table A41 eut 1,260 Blocks 

Block E F 
Spec- T.otal % D.M. of Den- Y/Unit Total D.M. D.M.of Den- Y/Unit 
ies D.l>i. Comp. Species sity G.C. Are a D.M. Comp. Species sity G.C. Are a 
1 2 3 4 _L__Q_ 8 2 _1_ 4 _L_ _6 _ 8 

Tim. 314 10.5 33.0 20 1.6 286 11.1 31.8 17 2.2 
R.C. 566 57.8 327.2 34 9.6 359 ?4.0 143.1 42 3.9 
Af. 3~6 11.4 38.3 12 3.2 378 37.5 1 1.8 15 7.8 
Brome a3~ 6.2 24.1 12 2.0 284 5.1 14.? 16 0.7 
Lad. 37.5 163.5 38 4.3 460 22.6 104.0 37 2.9 
B.T. 422 34.7 146.4 36 4.1 372 36.7 136.5 35 4.0 
R.Can. 401 2.6 10.4 8 1.3 
K.Blue 418 3.7 15.5 16 1.0 

Table A42 eut 1961 

Tim. 1502 100 1502 70 21.5 1440 lOO 1440 68 48 30.0 
R.C. 1258 100 1258 70 18.0 1050 lOO 1050 162 ao 13.1 
Af. 313 99.0 310 12 25.8 581 lOO 581 a~ Z6 22.4 
Br. 1245 100 1245 64 19.4 1294 lOO 1294 32 40.4 
Lad. 1080 98.9 1068 68 15.7 1193 97.4 1162 124 70 16.6 
B.T. 600 lOO 600 68 8.8 715 98.7 706 52 38 18.6 
R.Can. 879 100 879 30 24 36.6 

t-f K.Blue 820 98.3 806 68 52 15.5 a 
H 
H 



Table A 43 Yield per Unit Area of Gronnd Cover and per Point Density of the 
Pure Stands 1961 _lgm/plot) 
Pasture Mixtures 

CUT 2 1961 Blocks _,_ 
E F 

Spec- TOtal % DÇM. or-Den- - Y/Point Y/Unit Total % -D.~of Den- Y/Point Y/Uriit 
ies D.M. Comp. Species sity G.C. Density Area D.M. Comp. Specie~ sity G.C. Density Area 
L 2 3 4 _2__6_ 7 8 2 3 4 __2__6_ 7 8 

Tim. 3400 99.3 3376 94 56 35.9 60.3 3552 100.0 3552 136 78 26.1 --+4"~""""'"4.-=5-
R.C. 1795 99.1 1779 92 58 19.3 30.7 1631 99.4 1621 90 62 18.0 26.1 
Af. 544 97.5 530 22 12 24.1 44.2 814 98.8 804 14 12 57.4 67.0 
Br. 1841 90.3 1662 84 62 19.8 26.8 2520 95.8 2414 72 50 33.5 48.3 
Lad. 2091 100.0 2091 164 88 12.8 23.8 1876 100.0 1876 156 84 12.0 22.3 
B.T. 2419 97.9 2368 158 80 15.0 29.6 2245 99.1 2225 102 66 21.8 33.7 
R.Can.2754 85.2 2346 110 72 21.3 32.6 
K.B1ue4161 99.0 4119 92 92 44.8 44.8 

Table A 44 eut 3 1261 
Tim. 573 56.7 325 46 38 7.1 8.6 823 70.5 580 44 34 13.2 17.1 
R.C. 1272 91.2 1160 42 36 27.6 32.2 1382 94.7 1309 64 46 20.5 28.4 
Af. 946 85.2 806 30 22 26.9 36.6 1080 84.5 913 58 36 15.7 25.4 
Br. 1272 41.5 528 62 48 8.5 11.0 1058 54.2 573 24 18 23.9 31.9 
Lad. 1469 100.0 1469 102 70 14.4 21.0 1228 100.0 1228 118 72 10.4 17.1 
B.T. 1196 90.1 1078 168 74 6.4 14.6 793 86.1 683 84 56 8.1 12.2 
R.Can. 63 33 
K.B1ue 63 33 

t-4 

~ 
H c::: 



Yield per Unit Area of Ground Cover and per Point Density of Pure Stands 
with Point Quadrat (gm/plot) 

Readings Taken at Different Angles eut 3 1961 

Table A 42 P.g. inclined at 42° Blocks 
E F 

Spec- Total % D.M. of Den- Y/Point Y/Unit Total % D.lVI. of Den- Y/Point Y/Unit 
ies D.M. Comp. Species sity G.C. Density Are a D.H. Comp. Species sity G.C. Density Area 
1 2 3 4 5 6 7 8 2 3 4 5 6 7 8 --- --- 54:" 44 -

Tim. 573 56.7 325 46 28 7.1 11.6 823 70.5 580 10.§ 13.2 
R.C. 1272 91.2 1160 122 74 9.5 15.7 1382 94.7 1309 134 76 9. 17.2 
M. 946 85.2 806 22 22 36.6 36.6 1080 84.5 913 26 35.1 41.5 
Br. 1272 41.5 528 44 34 12.0 15.5 1058 54.2 573 46 36 12.5 15.9 
Lad. 1469 100. 1469 144 88 10.2 16.7 1228 lOO. 1228 158 78 7.8 15.7 
B.T. 1196 90.1 1078 154 76 7.0 14.2 793 86.1 683 114 68 6.0 10.0 

Table A 46 P.Q.incl:ined at 32.5° at cutting time 
Tim. 573 56.7 325 250 80 1.3 3.1 823 70.4 580 210 83 2.8 7.0 
R.C. 1272 91.2 1160 220 80 5.3 14.5 1332 94.7 1309 303 93 4.3 14.1 
M. 946 85.2 806 - - - - 1080 84.5 913 120 67 7.6 13.6 
Br. 1272 41.5 528 230 80 2.3 6.6 1058 54.2 573 227 87 2.5 6.6 
Lad. 1469 100. 1469 350 100 4.2 14.7 1228 lOO. 1228 270 93 4.5 13.2 
B.T. 1196 90.1 1078 370 100 2.9 10.8 793 86.1 683 330 lOO 2.1 6.8 

t;-i 

~ 



Yield per Unit Area of Ground Cover and per Point Density of Pure Stands (gm/plot) 

Pasture Mixtures 1961 

Table A 47 eut 4 1961 - Blocks .. _ 
E F 

Spec- Totar· % D.r~. of Den- Y/Point Y/Unit Total % D. M. of Den- Y/Point Y/Unit 
ies D.M. Comp. Species sity G.C. Density Are a D.M. Comp. Species sity G.C. Density Area 
1 2 3_ ~-- 4 __ _L _L z 8 2 3 4 _L_L 7 8 

Tim. 29 184 80 60 2.3 3.1 33 216 90 50 2.4 4.3 
R.C. 109 472 160 80 3.0 5.9 89 712 210 70 3.4 10.2 
Af. 134 528 140 60 3.8 8.8 95 280 130 70 2.2 4.0 
Br. 92 320 120 90 2.7 3.6 45 248 130 70 1.9 3.5 
Lad. 140 1120 320 90 3.5 12.4 103 824 170 90 4.8 9.2 
B.T. 166 1040 350 100 3.0 10.4 156 944 180 80 5.2 11.8 
R.Can. 85 632 180 70 ~· 5 9.0 
K.Bl. 82 584 120 70 .9 8.3 

·r able A 48 eut 2 1961 
Tim. 266 84.4 225 58 46 3.9 4.9 341 94.1 321 90 60 3.6 5.4 
R.G. 513 90.9 466 104 62 4.5 7.5 681 99.5 678 160 80 4.2 8.5 
Af. 713 88.9 634 46 32 13.8 19.8 67B 89.1 604 76 48 7.9 12.6 
Br. 325 61.1 199 62 46 3.2 4.3 244 79.4 194 40 32 4.8 6.1 
Lad. 786 99.0 778 250 lOO 3.1 7.9 760 99.7 758 190 90 4.0 8.4 
B.T. 470 77.4 364 140 70 2.6 5.2 439 82.1 360 150 78 2.4 4.6 
R.Gan. 662 91.7 570 94 68 6.4 8.4 
K.Bl. 504 98.5 496 llO 66 4.5 7.5 

t-' 

~ 
H 



Yield per Unit Area of Ground Cover of the Grass Components (in gm/plot) 
Pasture Mixture 1960 (Experiment II) 

Table A 49 Blo_g!ç~.;;;.s _______________ ~----
A B C D 

R!Xt. D.M. of G.C .• Y/Unft D.M. of G.C. Y/Unit D/.M. or G.C. Y/Unit D.M. or G.C. Y/Unit 
No. Component Area Component Area C'omponent Area ComJ?tr>ne.nt. . Area ---r 4 {) 8 4 {) 8 4 -e;- 8 4 {) 8 

Tim.l If9 13.0 J:l3 1+1 1+.0 1~ ~ B:0 ~ JI+ b.O ?."7 
2 35 6.0 5.8 56 12.0 4.7 30 6.0 5.0 27 8.0 3.5 
3 18 4.0 4.5 49 6.0 8.2 11 6.0 1.8 17 2.0 8.5 
4 45 8.0 5.6 52 8.0 6.5 21 10.0 2.1 32 6.0 5.3 
5 47 6.0 7.8 28 2.0 14.0 30 6.0 5.0 26 2.0 13.0 
6 48 6.0 8.0 29 3.0 9.7 20 6.0 3-3 18 4.0 4.5 
7 84 8.0 10.5 84 12.0 7.0 28 14.0 2.0 52 10.0 5.2 
8 121 18.0 6.7 103 8.0 12.9 34 8.0 4.2 59 14.0 4.2 
9 111 10.0 11.1 41 2.0 20.5 28 10.0 2.8 27 6.0 4.5 

10 47 6.0 7.8 36 2.0 18.0 10 2.0 5.0 16 ?.0 2.3 
11 51 4.0 12.8 53 8.0 6.6 41 10.0 4.1 24 6.0 4.0 
12 59 8.0 ?.4 78 8.0 9.8 35 12.0 2.9 27 8.0 3.4 

VIl 13 6.0 2.1 7 8.0 0.8 
VIII 13 2.0 6.3 14 8.0 1.7 

IX 17 16.0 1.0 20 10.0 2.0 
Br.l3 18 8.0 2.2 54 8.0 6.8 10 14.0 12 6.0 2.0 

VIII 13 10.0 1.3 34 10.0 3.4 
IX 7 8.0 0.9 7 8.0 0.9 

R.Can. 14 6 4.0 1.5 7 2.0 3.5 
K.Bl.l5 8 2.0 4.0 13 8.0 1.6 1~ 2.0 6.5 10 2.0 5.0 

6.0 1.3 10 4.0 2.5 
-

t'"' a 
H 
H 



Yield per Unit Area of Ground Cover of the Legume Components {gm/plot) 
Pasture Mixture 1960 (Experiment II) 

Table A 20 B1ocks 
A B ····-c Il 

Mm. D.M. of G.C. Y/Unit D.M. of G.C. Y/Unit D).M. ot G:.C. Y/Unit D.M. or G.C.mY/Unit 
No. c:om,Eonent Are a c:om,Eonent Are a Com,12onent Are a Component Area --r 4 e- 8 4 --;-- 8 4 -r- 8 4 -r- ---g 

R.C .• l m Yr.o o.? 370 '!b.o !0:3 20; 1+2.0 ï+:"9 310 '40:"0 7.8 
2 18.0 13.6 280 12.0 23.3 2?8 26.0 10.? 222 26.0 8.5 

~ 183 32.0 5.? 214- 21.t-.o 8.9 44 20.0 2.2 203 26.0 ?.8 
22~ 12.0 18.6 131 26.0 5.0 16? 34-.o 4.9 230 24.0 9.6 

5 18 20.0 9.4 229 20.0 11.4 181 28.0 6.5 238 26.0 9.2; 
6 241 30.0 8.0 204 30.0 6.8 133 26.0 5.1 1?8 32.0 5.6 

At. 2 296 6.0 49.3 a3? 14.0 24.1 30 6.0 5.0 12 2.0 6.0 
5 140 4.0 35.0 02 6.0 6?.0 55 6.0 ~-2 26 1.1 23.6 

~ 303 4·0 60.6 364 8.0 46.1 28 2.0 1 .o 3?8 10.0 3?.8 
211 .o 52.8 28 2.0 142.0 68 4.0 1?.0 213 2.3 106.5 

9 223 10.0 22.3 4~~ 12.0 39.4 9 4.0 2.2 68 2.0 34.0 
IX 51 4.0 12.8 6.0 5.? 

Lad.4 238 4o.o 6.0 262 28.0 9.4 ~a 14.0 5.9 131 26.0 5.0 
5 210 20.0 10.5 144 12.0 12.0 14.0 6.0 106 18.0 5.9 8 302 28.0 10.8 a61 4o.o 9.0 111 34.0 3.3 1?8 24.0 ?.4 

12 204 28.0 ?.3 95 12.0 41.2 190 26.0 ?.3 332 42.0 ?.9 VII 64 24.0 2.? ?3 36.0 2.0 
VIII 89 16.0 5.6 5? 12.0 4-.? 

B.T.6 32 14.0 2.~ 58 8.0 ?.2 31 16.0 1.9 44 8.0 '·Z 9 139 8.0 1?. 82 6.0 13.? ?4 14.0 5.3 135 16.0 8. 
11 90 26.0 ~·5 18? 18.0 10.4 95 18.0 5.3 206 10.0 20.6 
ia ?2 16.0 .; 135 12.0 11.2 114 18.0 6.3 113 14.0 8.1 

92 12.0 ?.? 1?9 26.0 6.9 109 12.0 9.1 215 34.0 6.3 
15 101 18.0 5.6 136 26.0 5.2 92 18.0 5.1 160 32.0 5.0 VII ?6 8.0 9.5 33 18.0 1.8 t-t 

VIII ?6 8.0 9.5 91 18.0 5.1 ~ As. 3 256 12.0 21.3 197 12.0 16.4 145 24.0 ?.3 102 18.0 5.7 H 
10 237 24-.o 10.0 191 34.0 5.6 204 34.0 6.0 142 28.0 5.1 H 

H 



Yie1d per Unit Area of Ground Cover of the Grass Components (gm/p1ot) 
Pasture Mixture 1961 eut I 

Table A51 B1ocks 
c D 

Mixt. Total % D.M. of G.C. Y/Unit Total % D.M. of G:. c. Y/Unit 
No. D.M. Comp. Com.ponent Density Are a D.M. Comp. Component Density Area 
2 _g_ _J_ 4 l -r 8 _g_ _.L 4 l 6 ---g 

T1m. 1 1498 ?.1 106 20 ~:~ 1492 ?.1 106 30 24 4.4 
2 1688 6.2 105 22 1609 9.2 148 10 10 14.8 

~ 1654 8.9 14? 12 12.2 2034 11.1 226 38 32 ?.1 
1458 11.3 165 48 3.4 1?26 11.9 205 20 16 12.8 

5 1525 10.3 15? 26 6.0 1938 10.3 200 32 24 8.3 
6 1~83 10.5 145 ~g 3.8 1624 8.3 1~5 34 26 5.2 
? 3? 2?.6 121 3.0 1806 10.0 1 1 68 62 3.5 
8 165? 15.2 252 ~~ 8.4 1823 12.4 226 32 30 ?.1 
9 ?5~ 19.6 148 3.2 1000 13.6 136 ?4 52 2.6 

10 1?6 9.1 160 26 6.2 1??? 5.9 105 30 26 4.0 
11 561 28.6 160 ~~ 4. 5 81~ 1?.? 144 56 40 3.6 
12 12~2 20.4 251 5.2 1?2 11.1 192 24 16 12.0 

Vll 10 8 1?.0 185 34 5.4 10~6 8.5 88 20 16 5.5 VIII 111~ 25.9 289 26 11.1 12 ? 12.2 152 30 22 6.9 
lX 68 20.0 13? 36 3.8 461 25.3 11? ~~ 30 3.9 

Br. 13 ??6 25.0 194 20 9.? ?~1 28.6 209 38 5.5 
VIII 11M 0.9 10 10 1.0 12 ? 2.1 26 12 10 2.6 

IX 6 5.? 39 18 2.2 461 8.1 3? 14 14 2.6 
R. Can.l$ ·54? 1.? 9 4 2.2 ?86 10.9 86 2 2 43.0 
K.Bl.15 64? 14.8 96 32 3.0 444 32.4 144 28 20 ?.? 

t"' 

~ 
H 
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Yield per Unit Area of Ground Cover of the Legume Components (gm/p1ot) 
Pasture Mixture 1961 eut I 

Ta ble A52 Blocks 

c D 
'Ml'XT. Total % - D~M.or--·~ -- . - .dÇê. Y/Unit Tbta1 % n:.M. of G.C. Y/Unit 

No. D.M. Comp.Component Density Area D;.M. C:omp. Component Density Area 
1 .L-L 4 :2:-ra 2 ....L 4 l -r-o 

R.C. 1 1498 92.9 1391 74 18.8 1492· 91.1 1359 176 76 17.9 
2 1688 77.1 1ao1 74 17.6 1609 84.6 1361 158 84 16.2 

a 
1654 28.6 73 4~ 9.1 2034 33.3 677 52 36 18.8 
1458 43.0 773 18.4 1726 59.3 1023 156 76 13.5 

5 1525 1.4 631 4o 15.8 1938 58.6 1135 126 64 17.7 
6 1383 73.7 1019 68 15.0 1624 81.7 1326 162 78 17.0 

Af. 2 1688 16.7 282 8 35.2 1609 6.2 lOO 22 18 5.6 
5 1525 20.7 316 10 31.6 1938 10.3 200 12 12 16.7 
7 437 71.7 313 4 78.2 1806 88.3 1595 52 38 42.0 
8 1657 19.6 325 6 54.2 1823 37.2 678 20 18 37.7 
9 75a 23.5 177 6 29.4 1000 29.5 295 22 22 13.4 

IX 68 72.9 l.t-99 12 41.6 461 65.8 ao3 10 8 37.9 Lad. 4 1458 35.7 521 50 10.4 172~ 27.1 67 94 58 8.0 
5 1525 27.6 411 50 8.2 193 19.0 368 54 36 10.2 
8 1657 58.7 973 66 14.7 1823 49.6 90'+ 134 74 12.2 

12 1232 79.6 981 68 14.4 1728 98.9 15a6 152 84 18.3 
VII 1088 a7.4 624 54 11.6 10a6 52.3 5 2 92 ~~ 10.0 

VIII 1115 3.1 481 50 9.6 12 7 55.1 687 74 14.3 B.T. 6 1383 15.8 218 2l.t- 9.1 1624 10.0 162 24 20 8.1 
9 753 56., 428 42 10.2 1000 54.5 545 58 44 12.4 

11 561 71. 4o1 46 8.7 813 81.4 662 74 52 12.7 
ia B 

776 75.0 582 40 14.6 731 70.5 515 68 54 9.5 t;-4 
547 96.6 528 66 8.0 786 87.3 686 74 46 14.9 a 15 647 85.2 551 52 10.6 444 64.7 287 50 34 8.4 VII 1088 21.3 232 18 12.9 10a6 38.1 395 28 24 16.4 

VIII 1115 25.9 289 46 6.3 12 7 30.6 382 40 32 11.9 
As. 3 1654 62.5 1034 70 14.8 2034 53.3 1084 100 56 19.4 

10 1764 70.9 1251 84 14.9 1777 94.1 1672 220 92 18.2 



YIELD per Unit Area of Ground Cover of the Grass Component 
Pasture Mixture 1961 Cut 2 

Table A53 B.locks 
A B 

Mlxt. Total % D.M. of G.C. Y/U.A. Total % D.M. ot G.C. Y/U.A. 
No. D.M. Cojp• Component Density of G.C. D.M. Cojp. Component Density of G.C. -,-- 2 4 l b 8 2 4 l t)(J 

Tim 1 1033 5.a.o 599 24 25.0 1961 29.0 569 38 15.0 
2 2231 11.5 257 8 32.1 2190 15.6 342 28 12.2 

34 1822 9.8 179 12 14.9 1898 12.5 237 18 13.2 
2025 17.4 352 16 22.0 1935 9.4 182 14 13.0 

5 2067 17.3 358 12 29.8 2088 7.2 150 12 12.5 
6 2077 14.4 299 12 24.9 2131 12.1 258 22 11.7 
7 2042 32.9 672 40 16.8 2275 25.0 z69 38 15.0 
8 2123 14.3 304 28 10.8 2104 19.8 17 24 17.4 
9 2416 16.3 a94 46 8.6 2250 15.7 353 42 8.4 

10 1445 33.8 88 2S 17.4 1272 46.2 588 28 21.0 
11 2652 25.0 663 28 23.6 2~88 22.2 530 32 16.6 
12 2062 23-a 480 32 15.0 1 25 13.9 254 10 25.4 

Bromel3 2533 17. 441 28 15.7 2112 1.6 34 2 17.0 
R.Can.14 2065 0.2 4 2688 1.4 1~~ 6 6.3 
K.B1ue15 2581 3.3 85 20 4.2 2142 6.9 38 3.9 

§ 



Yield per Unit Area of Ground Cover of the Grass Components Cut 2 (gm/plot) 
Pasture Mixtures 1961 

Table A 54 Blocks 
c D 

Mixt. Total~-% D.M. of Den- Y/Unit Total % D.M. of Den- Y/Point Y/Unit 
No. D.M. Comp. Component sity G.C. Are a D.M. Comp. Component sity G.C. Density Area 
1 2 J 4 __L _§_ 8 2 3 4 __L _§_ z 8 

Tim. 1 2042 11.6 237 22 10.8 1987 18.8 374 32 28 11.7 1a.4 2 2074 18.8 390 22 17.7 1735 17.1 297 28 2!:.). 10.6 1 .8 
3 1773 16.0 284 22 12.9 1535 17.2 264 20 16 13.2 16.5 
4 2096 11.3 237 22 10.8 1885 11.4 215 26 26 8.3 8.3 
5 2313 7.6 176 26 6.8 1782 11.5 205 14 14 14.6 14.6 
6 2087 15.4 321 22 14.6 1918 18.7 359 18 15 19.9 23.9 
7 1267 44.3 561 46 12.2 2009 14.0 281 40 32 7.0 8.9 
8 2111 11.5 243 14 17.3 2096 ?.a 153 32 26 4.8 5.9 
9 2360 21.6 510 36 14.1 2038 19. 395 48 36 8.2 11.0 

10 1756 12.1 212 14 15.2 1161 34.a 398 24 22 16.6 18.1 
11 2347 16.1 378 24 15.7 2069 23. 484 50 34 9.7 14.2 
12 2206 17.2 a79 34 11.2 2079 25.0 520 18 16 28.9 32.5 

vii 2294 21.7 98 34 18 27.7 2398 19.4 465 44 32 10.6 14.5 
viii 2241 10.6 238 18 16 14.8 2207 14.4 318 18 14 17.7 22.7 

ix 1096 32.1 352 60 46 7.6 499 45.1 225 46 44 4.9 5.1 
Br. 13 2067 7.4 15~ 14 10.9 1742 10.5 183 24 22 7.6 8.3 

viii 2241 0.2 4 4 1.0 2207 1.0 22 14 14 1.6 1.6 
ix B)1096 1.5 16 14 8 2.0 499 2.0 10 14 10 0.7 1.0 

R.Can. 14 2688 1.4 38 6 6.3 2212 2.4 g6 4 4 1.3 13.2 
K.B1. 15 2152 5.0 108 24 4.5 963 6.2 40 34 1.5 1.8 

t-4 

§ 
H 



Yield per Unit Area of Ground Caver of the Legume Components eut 2 
Pasture Mixtures 1961 

Table A 2.2_ Blacks 
A B 

Mixt. Total % D.M. of Den- Y/U.A. Total % D.M. of Den- Y/UQ.A. 
No. D.M. Comp. Component sity G.C. of G.c. D.M. Comp. Component sity G.C. of G.C. 
.L_ 2 3 4 _L_L 8 2 3 4 _L ....L __j! 

R.C. 1 1033 37.0 382 44 8.7 1961 66.7 1307 52 25.1 
2 2231 27.1 6oz 20 30.2 2190 ~3.8 740 42 17.6 

a 1822 35.9 65 50 13.1 1898 1.3 784 40 19.6 
2025 14.7 298 24 12.4 1935 18.7 ~62 ~g 12.1 

5 2067 18.3 378 28 13.5 2088 21.7 53 10.8 
6 2077 49.5 1028 48 21.4 2131 77.3 1647 56 29.4 

Af. 2 2231 31.2 696 38 18.3 2190 48.0 1051 28 a7-5 5 206f: 13.5 279 10 27.9 2088 43.4 906 20 5.3 
7 2042 59.1 1207 30 40.2 2275 66.7 1,17 22 69.0 
8 2123 18.7 397 22 18.0 2104 22.8 80 22 21.8 
9 2416 70'~·7 1708 34 50.2 2250 67.5 1519 46 33.0 

Lad. 4 2025 67.9 1375 72 19.1 19~5 71.9 1391 60 23.2 
5 2067 50.9 1052 48 21.9 20 8 27.7 578 46 12.6 
8 2123 67.0 1422 76 18.7 2104 57.4 1208 66 18.3 

12 2062 76.7 1582 68 23.3 1825 86.1 1571 78 20.1 
B.T. 6 2077 2.1 44 4 11.0 2131 9.1 194 24 8.1 

9 2416 5.4 130 12 10.9 2250 8.4 189 16 11.8 
11 2652 10., 278 22 12.7 2388 64., 1540 50 30.8 

t~ 2533 57. 1454 68 21.4 2112 6. 135 12 11.3 
2065 9.4 194 34 5.7 2688 90.4 2430 74 32.8 

15 2581 90.2 2328 70 33.3 2142 13.8 296 44 6.7 
As. 3 1822 2.2 40 16 2.5 1898 1.2 23 14 1.6 

10 1445 7.0 101 34 3.0 1272 43.1 548 58 9.4 

·a 
~ 
1--1 

-----



Yield per Unit Area of Ground Caver of the Legume Components eut 2 (gm/plot) 
Pasture Mixtures 1961 

Table A 26 Blacks 
c D 

Mixt. Total-~ D.M. of Den- Y/Unit Total % D.M. of Den- Y/Point Y/Unit 
N2.:_ D.M. Camp. Camponent sitl G.C. Are a D.M. Camp. Campanent sity G.C. Density Area 

1 2 ah 4 _L_L 8 2 3 4 _2__6 _ z 8 
R.C.l 2042 1805 56 32.2 1987 81.2 1613 96 56 16.8 28.8 

2 2074 69.3 1437 68 21.1 1735 76.2 1322 56 38 23.6 34.8 

a 
1?73 55.6 986 36 27.4 1535 58.6 900 54 38 16.? 23.7 
2096 38.7 811 58 14.0 1885 4o.o 754 60 44 12.6 17.1 

5 2314 37.1 858 44 19.5 1782 34.5 615 110 60 5.6 10.2 
6 208? 71.4 1490 62 24.0 1918 69.2 1327 84 42 15.8 31.6 

Af. 2 2074 ?.9 164 8 20.5 1735 6.7 116 2 2 58.0 58.0 
5 2314 1.9 44 2 22.0 1782 0.4 ? 12 10 0.6 0.7 
7 1267 32.1 407 12 33.9 2009 83.0 1668 60 42 27.8 39.7 
8 2111 18.0 380 20 19.0 2096 25.4 532 30 20 17.7 26.6 
9 2360 6.7 158 6 26.3 2038 26.4 538 8 6 6?.2 89.7 

ix 1096 65.6 719 6 4 179.7 499 51.6 255 2 2 127.5 127.5 
Lad.4 2096 50.0 1048 60 17.5 1885 48.6 916 84 62 10.~ 14.8 

5 2314 53.3 1233 54 22.8 1782 53.6 955 84 58 11. 16.5 
8 2111 70.5 1488 84 17.7 2092 66.4 1392 108 68 12.9 20.5 

12 2206 82.0 1809 78 23.2 2079 75.0 1559 180 86 8.7 18.1 
vii 2294 72.6 1665 126 76 21.9 2398 71.3 1710 64 48 26.7 35.6 

viii 2241 77.7 1741 102 66 26.4 2207 76.3 1684 98 70 17.2 24.1 
B.T.6 2087 12.1 252 20 12.6 1918 12.1 232 20 14 11.6 16.6 

9 2360 70.2 1657 62 26.7 2038 52.8 1076 108 58 10.0 18.6 
11 2344 83.9 1969 76 25.9 2069 72.7 1504 142 72 10.6 20.9 
îa 

206? 88.2 1712 64 26.7 1742 86.0 1498 196 82 7.6 18.3 
2894 92.0 2662 74 36.0 2212 67.0 1482 lOO 58 14.8 25.6 

15 2152 93.3 2008 62 32.4 963 90.7 87a 122 70 7.2 12.5 § vii 2294 5.7 131 46 30 4.4 2398 8.5 20 36 28 5.? 7.3 viii 2241 10.6 238 62 46 5.2 2207 8.3 183 34 24 5.4 7.6 ~ As. 3 1773 25.7 456 58 7.9 1535 23.4 359 50 32 7.2 11.2 
10 1756 24.1 423 48 8.8 1161 62.7 728 92 50 7.9 14.6 



Yield per Unit Area of Ground Cover of the Grass Components eut 3 
Pasture Mixtures 1961. 

Table A 2Z Blacks 
A B 

Mixt. Total % D.M. of Den- Y/U.A. Total % D.M. of Den- Y/U. I. 
No. D.M. ~ ComEonent sgty G.C. of G.C. D.l'-1. Comp. Component sgty G.C. of G.C. r- 2 '+ -r- 8 2 3 4 -r- 0 -

Tim 1 1123 26.9 302 52 42 7.2 1184 13.0 154 16 12 12.8 
2 1784 4.1 73 4 18.3 1722 3.6 62 12 12 5.2 
3 1~05 7.4 111 4 27.8 1515 6.1 92 6 6 15.4 
4 1 86 5.6 83 4 20.8 1601 8.7 139 14 10.0 
5 1679 3.0 50 12 4.2 1774 2.2 39 12 10 a-9 6 1618 2.0 32 8 4.0 1241 4.6 57 16 14 .1 
7 1767 10.1 178 36 28 6.4 1886 4.6 87 12 12 7.2 
8 1739 2.0 ~§ 20 1.7 1828 2.0 37 12 3.0 
9 1930 4.4 8 8 10.6 1937 5.6 108 18 16 6.8 

10 1269 18.7 237 16 12 19.8 821 32.1 263 30 26 10.1 
11 1496 4.2 63 10 6.3 1098 22.5 247 22 20 12.4 
12 1455 6.0 87 10 8.7 1409 8.1 114 6 19.0 

Br.l3 1371 11.1 152 6 6 25.4 1786 
R.Can.l4 1432 1071 2.9 31 4 4 7.8 
K.Bl. 15 1229 9.1 112 14 14 8.0 1870 

§ 



Yield per Unit Area of Ground Cover of the Grass Components Cut 3 (gm/plot) 
Pasture Mixtures 1961 

Table A 58 Blocks 
c D 

MIXt;. Totar % D.M. of Den- Y/Point Y/Unit Tot ai % D.M. of Den- Y/Poin'fYTUnit 
N2.!_ D.M. Comp.Component sity G.C. Density Are a D.N. Comp.Component sity G.C.Density Area 

1 2 
-+.-9 

4 ~---\-- z 8 2 __l_ 4 ~~ z 8 
Tim 1 1048 

'~ 
12.8 12.8 1055 7.5 79 9.9 9.9 

2 1248 3.9 8 8 6.1 6.1 1118 5.4 60 32 24 1.9 2.5 

a 1022 7.9 81 12 10 6.7 8.1 981 8.1 79 20 16 4.0 5.0 
1315 1.9 25 6 6 4.2 4.2 1425 2.5 36 4 4 8.9 8.9 

~ 1296 2.2 29 4 4 7.1 7.1 1289 1.5 19 6 6 3.2 3.2 ,/ 

6 1230 6.7 82 16 14 5.2 5.9 1049 12.7 133 22 16 6.1 8.~ 
7 910 5.5 50 54 34 0.9 1.5 1820 2.8 51 22 18 2.3 2. 
8 1344 2.5 34- 2 2 16.8 16.8 1677 0.7 12 6 6 2.0 2.0 
9 1068 10.8 115 6 6 14.2 19.2 1101 13.6 150 32 24 4.7 6.2 

10 1020 4.4 1~4 10 8 • 5 5.6 54-4 36.6 199 10 10 19.9 19.9 
11 1019 12.2 22 16 5.7 7.8 700 27.6 193 14 14- 13.8 13.8 
12 1203 3.1 3? 12 12 3.1 3.1 1'+60 1.9 28 '+ 4 6.9 6.9 

vii 1293 0.9 12 14 12 0.9 1.0 1268 2.5 32 6 6 5.3 5.3 
viii 13?6 2.1 29 (2) (2) 1'+.5 1'+.5 1509 1.1 1? 6 6 2.8 2.8 

ix 820 6.9 57 36 28 12.9 a.o 583 6.8 4o 26 18 1.5 2.2 
Br.13 127'+ 3.1 106 24 20 4.'+ 5.3 11'+3 8.9 101 10 10 10.2 10.2 
viii 1376 0.1 1.'+ 2 2 0.7 O.? 1509 0.3 5 6 6 o.a 0.8 

i 820 3.0 25 1~ 12 1.6 2.1 58~ 4·6 44 24 20 1.8 2.2 
R.Can.1i!B)1071 2.9 21 '+ 0.1 ?.8 9? .1 40 6 6 6.? 6.? 
K.B1. 15 1285 21.6 2?8 34 30 8.2 8.2 925 18.3 169 34 26 5.0 6.5 

t-t 

ij 
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Yield per Unit Area of Ground Cover of the Legume Components eut 3 
Pasture Mixtures 1961 

Table A 59 Blocks 
A B 

Mixt. Total % D.M. of Den- Y/U.A. Total % D.M. of Den- Y/U~A.. 
N.2.!...._ D.M. Comp. Components sity G.C. of G.C. D.M. Comp.Components sity G.C. of G.C. 
1 2 3 4 .....L _6_ 8 2 3 4 _L 6 8 

R.C. 1 1123 56.4 633 38 28 22.6 1184 81.3 1531 23 18 85.1 
2 1784 8.2 146 26 5.6 1?22 24.? 425 58 50 8.5 
3 1505 14.8 223 28 8.0 1515 15.8 239 18 12 19.9 
4 1486 6.7 lOO 14 7.1 1601 12.7 203 16 12.7 
5 1679 6.4 10? 16 6.7 1?74 5.9 105 30 22 4.8 
6 1618 20.6 333 30 11.1 1241 82.7 1026 74 48 21.4 

Af. 2 1784 45.4 810 14 57.9 1722 65.1 1121 a~ 26 43.1 
5 1679 18.1 304 12 25-a 1774 52.6 933 30 31.1 
7 1767 72.7 1284 34 26 49. 1886 68.7 1296 30 28 43.6 
8 1739 16.8 292 12 24.3 1828 28.8 526 26 20.2 
9 1930 79.4 1532 30 28 54.? 1937 79.9 1548 62 50 31.0 

Lad. 4 1486 8?.8 1305 82 15.9 1601 77.8 1246 66 18.9 
5 1679 72.4 1216 68 17.9 17?4 39.2 695 74 50 13.9 
8 1739 81.2 1412 76 18.6 1828 68.9 1259 70 18.9 

12 1455 91.8 1336 80 16.7 1409 90.7 1278 72 17.7 
B.T. 6 1618 o. a 13 6 2.2 1241 6.0 74 44 32 2.3 

9 1930 4.1 79 24 18 4.4 1937 3.5 68 28 24 2.8 
11 1496 1.3 19 4 4.9 1098 41.6 457 58 46 9.9 
ia 1a71 53.1 728 102 64 11.4 1786 

1 32 1071 65.7 704 80 54 13.0 
15 1229 75.0 922 136 76 12.1 1870 

As. 3 1505 (1.9) 19 (2) (2) 9.5 1515 (2.3) 39 (2) 19.5 l:"'f 
10 1269 2.0 25 30 22 1.1 821 12.5 133 64 4o 3.3 a 

H 
H 



Yie1d per Unit Area of Ground Caver of the Legume Components Cut 3 (gm/p1ot) 
Pasture Mixtures 1961 

Table A 60 Blacks 
c 

Mixt. Total~ -,;- D~l'1. ot Den- Y/Pofn~Y/Unit 
No. D.M. Comp.Component sity G.C. Density Area 

1 2 __}_ 4 5 6 7 8 
a.c.1 lo48 ~4 989 ~ ~ 23.6 ~-9 

2 1248 66.7 832 66 50 12.6 16.6 
3 1022 86.4 883 46 38 19.2 23.2 
4 1315 26.8 352 36 28 9.8 12.6 
5 1296 27.0 350 24 18 14.6 19.4 
6 1230 81.0 996 64 46 15.6 21.7 

Af. 2 1248 20.9 261 6 6 43.5 43.5 
5 1296 10.9 141 4 4 35.3 35.3 
7 910 85.4 777 6 6 129.5 129.5 
8 1344 17.8 239 4 4 59.8 59.8 
9 1068 26.2 280 2 2 140.0 140.0 

ix 820 87.3 716 6 6 119.3 119.3 
Lad.4 1315 71.3 938 54 44 17.4 21.3 

5 1296 59.9 776 38 30 20.4 25.9 
8 1344 79.5 1068 54 46 19.8 23.2 

12 1203 96.8 1165 70 48 16.6 24.3 
vii 1293 97.8 1265 76 52 16.6 24.3 

viii 1376 95.8 1318 86 50 15.3 26.4 
B.T.6 1230 10.0 123 24 18 5.1 6.8 

9 1068 57.7 616 102 54 6.0 11.4 
11 1019 85.0 866 74 48 11.7 18.0 
13 B)1274 83.3 1061 80 56 13.3 19.0 
14 1071 65.7 704 80 54 13.0 8.8 
15 1285 68.8 884 80 52 10.8 17.0 

vii 1293 1.3 17 34 34 0.5 0.5 
viii 1376 2.0 28 10 8 2.8 3.4 

As. 3 1022 2.9 30 28 26 1.1 1.2 
10 1020 3.0 31 32 24 1.0 1.3 

D 
Total % D.M. of-Den::-- Y/Poirit-Y/Unit 

D.M. Comp.Component sity G.C.Density Area 
2 __}_ 4 5 6 _2___ 8 

1055 ~2 888 ~ ~ ~ 27.8 
1118 79.8 892 46 36 19.4 24.8 

981 78.1 766 38 30 20.2 25.5 
1425 9.3 133 24 22 5.5 6.0 
1289 17.7 a28 18 16 12.7 14.3 
1049 73.9 775 62 48 12.5 16.2 
1118 13.4 150 (2) (2) 75.0 75.0 
1289 7.7 99 6 6 16.5 16.5 
1820 93.8 1707 44 30 56.9 38.8 
1677 20.9 350 6 6 58.4 58.4 
1101 28.7 316 8 8 39.5 39.5 

583 76.0 443 2 2 221.5 221.5 
1425 85.6 1220 76 62 16.0 19.7 
1289 73.1 942 84 58 11.2 16.2 
1677 78.3 1313 84 64 15.6 20.5 
1960 98.0 1431 92 64 15.6 22.4 
1268 96.6 1225 112 76 10.9 16.1 
1509 97.3 1468 90 66 16.3 22.2 
1049 11.9 125 18 16 6.9 7.8 
1101 54.4 599 66 44 9.1 13.6 

700 67.6 473 36 28 13.1 16.9 
1143 8e;2 917 108 72 8.5 12.7 

974 67.0 653 58 44 11.3 14.8 
925 63.4 586 60 44 9.8 13.3 ~§ 

1268 0.9 11 4 2 2.8 5.5 
1509 1.4 21 16 12 1.3 1.8 H 

981 6.7 66 20 16 3.3 4.1 ~ 
544 56.3 306 78 54 3.9 5.7 



Yield per Point and per Unit Area of Ground Cover of Mixture Components with P.Q. taken at 
Cutting ( grn/plot) 

Table A 61 
c 

Pasture Mixtures 
Blocks 

Mixt. TOtal ~D.:Kt: of Den- - Yield/ Y/U. A. TOtal 
No. D.Xt Comp.Component s5ty G.C. Point G.C. D.Wt. 

1 2 __3_ 4 t) 7 8 _2..;;_.... _ 
Tim 1 1048 4.9 51 30 20 1.7 2.5 1055 

4 1315 1.9 25 4o 30 o.6 o.8 1425 
6 B 12~0 6. 7 82 60 60 1.4 1.4 1049 
8 13~4 2.5 34 20 20 1.7 1.7 167 
9 1068 10.8 115 40 30 2.9 3.8 1101 

11 1019 12.2 124 70 60 1.7 2.1 700 
12 1203 3.1 37 20 20 1.8 1.8 1460 

vii 1293 0.9 12 40 40 0.3 0.3 1268 
viii 1376 2.1 29 60 40 0.5 0.7 1509 

Br.13 1274 8.3 106 50 30 2.1 3.5 1143 
viii 1376 0.1 1.4 40 30 0.04 0.05 1509 

R.C.l 1048 94.4 9S9 260 80 3.8 12.4 1055 
4 :s1315 26.8 352 150 70 2.3 5.0 1425 
6 1230 81.0 996 220 90 4.5 11.1 1049 

Af. 8 1344 17.8 239 60 40 4.0 6.0 1677 
9 1068 26.2 280 2 2 140.0 140.0 1101 

Lad.4 1315 71.3 938 170 70 5.5 13.4 1425 
8 1344 79.5 1068 360 100 3.0 10.7 1677 

12 1203 96.8 1165 270 90 4.3 12.9 1460 
vii 1293 97.8 1265 310 lOO 4.1 12.6 1268 

viii B 1876 95. 8 1318 300 lOO 4. 4 13.2 1509 
B.T.6 1230 10.0 123 70 60 1.8 2.0 1049 

9 1068 57.7 616 370 100 1.7 6.2 1101 
11 1019 85.0 866 390 lOO 2.2 8.7 700 
13 1274 83.3 1061 280 100 3.8 10.6 1143 

vii 1293 1.3 17 30 30 0.57 0.57 1268 
viii 1376 2.0 28 90 50 0.31 0.56 1509 

10 stations with 1 point at 32.50 

eut 3 1961 

D 
~--D.Wt. of Den- Yield/ Y/U.A. 

Comp.Component s5ty G.C. Point 
_.l_ 4 t) 7 

7.5 79 60 50 1.3 
2.5 36 30 30 1.2 

12.7 133 40 30 3.3 
0.7 12 60 50 0.2 

13.6 150 70 70 2.1 
27.6 193 130 100 1.5 
1.9 28 60 30 0.5 
2.5 32 20 10 1.6 
1.1 17 50 40 0.3 
8.9 101 30 30 3.4 
0.3 5 10 10 0.5 

84.2 888 210 70 4.2 
9.3 133 40 30 3.3 

73.9 775 230 100 3.4 
20.9 350 50 40 7.0 
28.7 316 40 30 7.9 
85.6 1220 320 100 3.8 
78.3 1313 290 100 4.5 
98.0 1431 390 lOO 3.7 
96.6 1225 410 lOO 3.0 
97.3 1468 360 100 4.1 
11.9 125 40 30 3.1 
54.4 599 340 lOO 1.8 
67.6 473 250 100 1.9 
80.2 917 350 lOO 2.6 
0.9 11 30 30 0.4 
1.4 21 10 10 2.1 

G.C. -a-
1.6 
1.2 
4.4 
0.24 
2.1 
1.9 
0.9 
3.2 
o.4 
3.4 
0.5 

12.7 
4.4 
7.8 
8.8 

10.5 
12.2 
13.1 
14.3 
12.2 
14.7 
4.2 
6.0 
4.7 
9.2 
o.4 
2.1 

§ 
H 
>4 



Yield per Unit Area of Ground Cover of the Grass Component (gm/plot) 
Pasture Mixtures 1961 eut 4 

Table A 62 Blocks 

c D 
Spe- Tota~ % D.M. of lJen- G:.c. Y/Point---yJu.n:It 
aies DM/m Comp.Component sity ___ Density Area 

1 2 _.L 4 _i_ _2_ _.z_ ~ 

Tot~ % D.M. of Den- G.C.Y/Point Y/Unit 
DM/m Comp.Component sity _ Density Area 

2 _.L 4 _i_ _2_ _J_ ~ 

Tim.l 114 
4 117 
6 119 
8 139 
9 155 

11 136 
12 136 

VII 124 
VIII 139 

Br.13 132 
VIII 139 

R.Can14 189 
K.B.15 141 

96 
16 

196 
8 

152 
168 

24 
4.0 
2.9 

120 
0.6 
6.7 

464 

50 
(2) 
40 

(2) 
50 

120 
10 

(2) 
(2) 
30 

(2) 
10 
80 

30 
(2) 
30 

(2) 

~ 
10 

(2) 
(2) 
30 

(2) 
10 
70 

1.9 
8.0 
4.9 
4.0 
3.0 
1.4 
2.4 
2.0 
1.4 
4.0 
0.3 
0.7 
5.8 

3.2 
8.0 
6.5 
4.0 
5.1 
2.1 
2.4 
2.0 
1.4 
4.0 
0.3 
0.7 
6.6 

145 
125 
132 
134 
167 
107 
162 
106 
139 
131 
139 
197 
168 

80 
15 

152 
12 

264 
256 
11 

9 
52 

152 
28 
48 

288 

P.Q. taken at cutting time as 1 point at 10 stations at a 45° angle 

70 50 
(2) (2) 
80 50 
10 10 

230 lOO 
90 80 

(2) (2) 
(2) ( 2) 
10 10 

120 50 
10 10 

(2) (2) 
120 90 

Yields/m2 werecornected to yield per plots for the D.M. of the components (i.e. 8X) 

1.1 
7.5 
1.9 
1.2 
1.1 
2.8 
5.5 
4.5 
5.2 
1.3 
2.8 

24.0 
2.4 

1.6 
7.5 
3.0 
1.2 
2.6 
3.2 
5.5 
4.5 
5.2 
3.0 
2.8 

24.0 
3.2 

~ 



Yield per Unit Area of Ground Cover and per Point of Density of the Legume Components 
(gm/plot) 

Pasture Mixtures eut 4 1961 
Table A 63 Blocks 

c D 
Mixt. 'l'etal 2 % D.M. of Den- G.C. Y/Point Y/U.A. Total2 % D.M. of Den- G.C.Y/Point Y/U.A. 

N2.!._ D.M./m Comp.Component sity lOOp Density of G.C. D.M/m Comp.Component sity lOOpDensity ~c. 
1 2 ___3_ 4 _2_ _6_ 7 8 2 ___3_ 4 _2_ _2_ 7 8 

R.C.l. 114 664 260 lOO 2.6 6.6 145 568 90 60 6.3 4·5 4 117 120 110 50 1.1 2.4 125 120 30 30 4.0 .o 
6 119 632 lOO 50 6.3 12.6 132 568 17 80 3.3 7.1 

Af. 8 139 144 20 20 7.2 7.2 134 184 80 50 2.3 3.7 
9 155 312 lOO 70 3.1 4.5 167 288 90 30 3.2 9.6 

Lad.4 117 792 120 70 6.6 11.3 125 936 210 80 4. 5 11.7 
8 139 960 230 90 4.2 10.7 134 856 230 100 3.7 8.6 

12 136 1064 260 100 4.1 10.6 162 1080 200 90 5.4 12.0 
vii 124 976 280 100 3.5 9.8 106 808 270 lOO 3.0 8.1 

viii 139 1104 330 90 3.3 12.3 139 920 250 100 3.7 9.2 
B.T.6 119 120 80 40 1.5 3.0 132 224 70 50 3.2 4. 5 

9 155 600 240 lOO 2.5 6.0 167 672 260 90 2.6 7.5 
11 136 864 210 90 4.1 9.6 107 600 190 90 3.2 6.7 
13 132 Boo 130 70 6.2 11.4 B 131 664 250 80 2.7 8.3 
14 189 640 290 100 2.2 6.4 197 896 360 100 2.5 9.0 
15 141 416 100 60 4.2 6.9 168 560 150 70 3.7 8.0 

vii 124 8 20 20 0.4 0.4 106 30 2 2 15.0 15.0 
viii 139 3.2 2 2 1.6 1.6 139 112 10 10 1.1 1.1 

D. M. of the components was ootained from the hand separations nora squar-e-mètre quadrat, anâ. 
the values thereof obtained were multip1ied by 8 

~ 
H 



Yield per Unit Area of Ground Cover and per Point Density of the Grass Components 

Table A 24 

Compon. Total 
Mixt.No. D. Ivl. 

1 2 

Tim.1 629 
4 801 
6 792 
8 826 
9 667 

11 521 
12 689 

vii 750 
viii 851 

Br. 13 459 
viii 851 

R.Can.14 781 
K.B1. 15 780 

(gm/plot) 
Pasture Mixtures eut 5 1961 

Blocks ·-c D 
% D.M. of Den- Y/Point Y/Unit Total % D.M. of Den- Y/Point Y/Unit 

Comp.Component sity G.C.Density Are a D.M. Comp.Component sity G.C.Density Area 
3 4 5 6 7 8 2 --

15.7 99 24 22 4.1 4. 5 487 
1.9 15 8 8 1.9 1.9 818 

11.3 89 16 16 5.6 5.6 813 
3.1 26 4 4 6.a 6.5 901 

32.4 216 40 28 5. 7.7 4~a 36.4 190 28 22 6.8 8.6 
4.7 32 14 14 2.3 2.3 799 
2.0 15 4 4 3.8 3.8 639 
0.9 8 8 6 1.0 1.3 707 

33.7 155 48 40 3.2 3.9 525 
2.1 18 2 2 9.0 9.0 B 707 
2.7 21 2 2 10.5 10.5 329 

57.5 448 44 40 10.2 11.2 901 

3 4 5 6 ----
16.0 78 12 10 

2.1 17 4 4 
30.6 249 40 32 
1.4 13 4 4 

24.4 179 52 a~ 58.5 278 56 
1.7 14 2 2 
4.9 31 6 4 
2.1 15 4 4 

40.0 210 58 44 
1.9 13 6 6 

15.9 52 6 6 
43.2 389 36 32 

7 
6.5 
4.2 
6.2 
3.2 
3.4 
4.8 
7.0 
5.2 
3.8 
3.6 
2.2 
8.7 

10.8 

8 -
7.8 
4.2 
7.8 
3.2 
5.0 
6.3 
7.0 
7.8 
3.8 
4.8 
2.2 
8.7 

12.2 

f:1 
H 
H 



Yie1d per Unit Area of Ground Cover and per Point Density of the Legume Components 
(gm/plot) 

Pasture Mixtures eut 5 1961 

Table A 62 Blocks 
c D 

Compon. Total 1 D.M. of Den- Y/Unit Y/Point Total % D.M. of Den- Y/Uni tïll5oint 
Mixt.No. D.M. Comp.Component sity G.C. Area Densitl D.M. Comp.Component sitl G.C. Area Density 

1 2 ___J_ 4 _L __Q_ z 8 2 _3_ 4 _L __Q_ 7 8 

R.C. 1 629 81.2 511 92 62 8.2 5.6 487 68.2 332 76 54 6.1 4.4 
4 801 18.4 147 26 22 6.7 5.7 818 3.1 25 18 14 1.8 1.4 
6 792 80.5 638 104 66 9.7 6.1 813 55.9 454 80 54 8.4 5.7 

Af. 8 826 31.7 262 4 4 65.5 6,.1 901 38.2 344 18 14 24.6 19.1 

~ 667 29.7 198 8 8 24.8 2 .a âl~ 50.9 374 28 20 18.7 1~.4 
Lad. 801 78.8 631 128 74- 8.4 4.9 18 94.8 774 164 86 9.0 .7 

8 826 65.2 5~9 164 84 6. ~-3 901 60.4 54 156 84 6. 5 ~-5 12 689 94.0 6 8 150 90 7.2 4:~ 799 98.3 785 164 90 8.7 .8 
vii 750 97.5 731 168 88 8.3 639 93.7 599 168 98 6.1 ~-6 viii 851 96.0 817 230 96 8.5 3.6 707 95.2 672 154 90 7.5 .4 

B.T. 6 792 5.1 4-o ~~ 30 1.3 1.3 813 12.4- 101 36 26 3.9 2.8 
9 667 29.7 198 62 3.2 2.2 735 18.5 136 98 56 2.4 1.4 

11 521 50.0 260 108 74 3.5 2.4 474 22.4- 106 76 56 1.9 1.4 
13 459 46.6 214 92 62 3.5 2.3 525 34.3 180 116 62 2.9 1.6 
14 781 25.0 195 84- 54 3.6 2.3 B329 19.2 63 7'+ 42 1.5 o.B 
15 780 24.9 194 72 58 3.3 2.7 901 10.8 97 60 44 2.2 1.6 

vii 750 0.5 4 (2) (2) 2.0 2.0 639 0.9 6 (2) (2) 3.0 3.0 
viii 851 1.0 9 6 6 1.5 1.5 707 o.B 6 {2) (2) 3.0 3.0 

~ 
H 
H 
H 



XCIV 

Competition Indices of Forage Species in Pasture 
Mixtures. 

Table A 66 - Fall 1260 
Mixt. Mixt-

No. Tim. Br. R. Gan. K. Blue R.C. M. Lad. B.T. ures 
1 2.00 1.02 1.25 
2 2.16 1.58 0.87 1.34 
4 1.74 1.10 1.50 1.32 
5 3.68 1.26 1.68 1.64 1.74 
6 2.00 .87 .78 
7 1.74 5.63 4.70 
8 2.21 7.80 1.39 4.87 
9 1.79 2.13 1.75 1.95 

11 2.16 2.70 2.52 
12 1.63 2.14 1.96 
13 1.83 2.78 1.79 
ll!t 4.46 1.78 2.4~ 
15 1.80 1.20 1.2 

vii .74 .64 1.05 0.83 
viii 1.42 2.00 1.44 1.60 1.59 

ix .74 .75 1.21 

Table A 62 eut I 
1 .19 1.19 • 57 
2 .32 1.11 .63 .62 
4 .23 .99 .47 .33 
5 .28 1.10 1.00 • 56 • 59 
6 .18 1.04 • 70 .55 
7 .12 1.94 1.00 
8 .32 1.79 • 83 .98 
9 .12 .72 .92 • 51 

11 .16 .88 .40 
12 .28 1.02 ·~7 
î~ .26 .95 • 8 

.43 1.24 .63 
15 .30 .79 • 51 

vii .22 1.21 .58 
viii .37 .07 .67 .70 .40 

ix .15 .09 1.71 .74 .62 



xcv 

Competition Indices of Forage Species in Pasture 
Mixtures. 

Table A 68 eut 2 
Mixt. Mixt-

No. Tim. Br. R.Can. K.Blue R.C. Af. Lad. B.T. ures 
--r --:21+ 1.08 :n-2 .16 .92 • 50 • 6 

4 .19 • 54 .70 .40 
5 .18 • 50 .08 .84 .30 
6 .37 .96 .45 .~4 
7 .21 .64 • 3 
8 .19 .41 .82 .40 
9 .24 1.04 .72 .67 

11 .29 .75 .46 
12 .35 .89 • 52 

î~ .26 .70 .46 
.24 .94 • 58 

15 .07 .69 ·a2 vii .37 1.18 .18 • 9 
viii .36 .o4 1.09 .19 .34 

ix .12 .04 2.92 1.18 

Table A 62 eut 3 
1 .47 .97 .82 
2 .27 .66 1.74 1.27 
4 .48 .32 1.09 .59 
5 .38 • 56 .81 1.04 .72 
6 • 57 .62 • 54- .59 
7 .15 2.33 1.68 
8 .46 1. 99 1.16 1.42 
9 .70 2 .. 61 .91 1.28 

11 .84 1.29 1.08 
12 .32 1.24- .87 

î~ .41 1.14 .74 
( • 50) 1.00 .81 

15 ( 1.10) 1.12 1.12 
vii .19 1.04 .06 .51 

viii .61 .05 1.28 .18 • 57 
ix .13 .13 4-.90 2. 50 



XCVI 

Competition Indices of Forage Species in Pasture 
Mixtures. 

Table A zo eut 4 
Mixt. Mixt-
No. Tim. Br. R.Can. K. Blue R.C. Af. Lad. B.T. ures 

1 .55 .98 .83 
4 1.95 .38 1.06 .?2 
6 1.10 1.16 .34 .?6 
8 .42 .?6 .89 .?8 
9 .80 .9? .61 .?5 

11 .65 .?4 .?1 
12 .?2 1.05 .99 

ra .94 .89 .90 
• 50 .?0 .66 

15 .5? .68 .63 
vii 0.80 .82 .1? .4? 

viii 1.15 .6? .99 .11 .69 

Table A ?1 Cut_j 

1 1.08 .90 .95 
4 .49 • 59 1.09 .?9 
6 1.3? 1.12 • 51 1.03 
8 .96 2.1? .?9 1.5? 
9 1.22 1.32 • 5? 1.15 

11 1.39 • 51 .99 
12 .5? .99 .83 
13 .?8 .65 .?2 
14 1.08 .55 .89 
15 1. 56 • 59 1.1? 

vii 1.14 .89 • 51 .99 
viii .45 • ?1 .99 .39 .?1 



XCVII 

Seasonal Average Yield per Unit Area of Ground Cover of 
the Grasses, Legumes and their Respective Pure Stands 

(Average of Blocks c, D. E, F) 
Table A 72 

Analysis of Variance of the Pure Stands 

Source D.F. s.s. M. S. F. F.05 F.Ol 

Reps. 1 33.00 33.00 0.61 
Treat 5 lt-16.98 8a.lf.o 1.5lf. 5.05 
Err or 5 270.29 5 .06 s = 7.35 

Total 11 720.27 cv= 27.3% - - 26.91 SE- = 5.199 x- x 

Table A 23_ 

Analysis of Variance of the Grasses 

Source D.F. s.s. M. S. F. F.05 F.Ol 

Reps 1 44.7ao 4lf-.730 1.96 4.32 
Treat 21 2500.0 3 119.050 5.22 2.09 2.88 
Ex.ror 21 478.920 22.806 s = 4.776 

Total 43 3023.693 cv = 46.64% 
- - 10.24 SE- = 3.376 x- x 

Ta ble A 74 

Analysis of Variance of the Legumes 

Source D.F. s.s. M. S. ~ F.02 F.Ol 

Reps. 1 124.044 124.044 5.14 4.17 7.56 
Treat 31 13703.164 442.038 18.33 1.84 2.38 
Err or 31 743.431 24.111 

Total 63 14574.639 s = 4.190 
i. 22.495 cv • 21.83% 

SE% • 3.5434 



Yield of D.M./Plot of Pure Stands and One Mixture 1261 
Table A 75 Hay Mixtures 

Cut I (JuEe 27 2 12612 Blacks eut 2 ~Aug. J 21261) 
E F E F 

Hixt. G.W. % o. w. G. W. % D. W. G.W. % D.W. G.W. % n-:-w. 
No. D.M. D.N. D.M. D.M. - - --

i 25600 20.2 5171 31800 16.4 5215 7400 19.9 1473 8000 21.2 1696 
ii 30700 15.8 4851 29500 17.1 5044 8000 20.6 1648 8000 21.2 1696 

iii 32350 17.1 5532 34000 13.7 4658 4700 17.3 8la 4000 20.0 800 
iv 29600 20.8 6157 25400 21.6 5486 10900 22.7 247 7900 29.5 2a31 
v 23350 1a.2 3082 24600 11.9 2927 7000 20.7 1449 9200 15.3 1 08 

vi 30200 1 .5 '+379 22200 1'+.6 32'+1 10150 20.0 2030 10000 16.'+ 1640 
vii 13450 30.7 4129 13500 29.2 a9'+2 3800 22.6 859 6000 19.0 1140 

viii 13400 26.9 3605 18300 23.8 355 5000 21.6 1080 4300 23.9 1028 

Mixt.No. 1 F 
eut 3 

(Oct. 25,1961} i 5600 28.3 1776 5050 26.6 1523 
ii 5250 26.9 1598 5150 25.8 1487 

iii - - - - - -
iv '+350 32.8 1602 4800 35.7 1918 
v 425 30.0 188 600 26.3 200 

vi 6350 25.2 1772 4800 25.4 1358 
~ vii 3250 30.8 1191 3900 28.9 1320 

viii 1900 38.7 874 2630 35.1 1046 < 
H 
H 
H 



Yield of D.M./Plot of Hay Mixtures 1961 

Table A 76 
eut 1 ~June 2Z 2126ll Blacks 

A B c D 

Mixt. G.W. % D.W. G. W. % D. W. G.W. % D.W. G.W. % D. W. Total 
No. D.M. _ D.M. D.l-1. _ D.M. D.W. -- -- -- --

1 25600 23.0 4888 28800 22.1 6365 26500 20.9 5539 30500 19.1 5826 23618 
2 24600 20.2 969 29100 19.8 5762 29300 19.9 5831 29600 21.0 6216 22778 

~ 27650 17.8 4922 29450 19.7 5802 30250 18.8 5687 30900 19.2 5933 22344 
26700 19.6 5233 27900 18.6 5189 30650 18.8 5762 28100 18.9 5311 21495 

5 30200 20.0 6040 30900 19.4 5995 31250 18.0 5625 29500 19.5 5753 23413 
6 31700 18.1 5738 20000 23.3 4660 29250 19.4 5675 30000 19.5 5850 21923 
7 28400 20.6 5850 26400 20.2 5333 31000 19.7 6107 30550 18.2 5560 22850 
8 27800 23.1 6422 25400 24.5 622a 23950 28.0 6706 29100 22.0 6402 25753 
9 28500 18.6 5301 29300 19.5 571 27300 19.0 5187 27400 19.8 5425 21627 

Table A 77 
eut 2 (/mg. 3 2 1961) 

1 10700 26.7 2857 12700 24.5 3112 11800 23.9 2820 14800 20.9 3093 11882 
2 11800 23.4 2761 12600 23.0 2898 12000 24.6 2952 13150 21.8 2867 11478 

a 
8400 22.6 1898 8700 20.2 1757 7900 21.9 1651 10900 19.9 2169 7475 
8000 23.~ 1880 9900 20.9 2069 8600 22.5 1935 10200 21.0 2142 8026 

5 9[!00 22. 2128 11300 19.8 2237 11000 20.4 2264 11300 19.8 2237 8866 
6 9 00 22.4 2106 5600 24.1 1350 10400 20.9 2174 12200 18.8 2294 7924 
7 8100 21.4 1733 10300 20.9 2153 10000 21.9 2190 11800 20.6 2431 8507 
8 12500 25.6 3200 9650 27.0 2606 7700 25.1 1933 14850 22.9 3401 11140 
9 10100 21.1 2131 10900 21.7 2365 9300 23.4 2176 10200 21.3 2173 8845 

~ 
H 
~ 



Yield of D.M./Plot of Hay Mixtures 1961 
Table A ?8 

eut 3 ~Oct. 22 1 1261~ Blocks 
A B c D -Mixt. G.W. % D.W. G. W. % D. w. G.W. % D.W. G.W. % o. w. Total 

N.2.:_ - D.M. _ _ D.M. __ D.M. _ _ D.M. _ D.W. 
1 5400 34.9 2105 5200 33.5 1942 5100 32.3 18?? 4850 34.3 1894 ?818 
2 6150 32.6 2005 5950 32.6 1940 5850 33.1 1936 5650 33.6 1898 ??79 
3 ?550 26.2 19?8 7?50 26.7 2069 7500 27.2 2040 8800 26.4 2323 8410 
4 6100 28.6 1985 4250 29.2 14?1 6550 24.6 1891 6500 27.1 2012 ?359 
5 6850 27.2 2093 7250 26.3 218? ?400 2?.6 2352 ?000 26.0 2040 8672 
6 8100 26.8 2171 6925 28.0 1939 7200 29.2 2102 8500 26.2 2227 8439 
7 7200 26.9 1937 7350 27.7 2036 7850 26.4 2072 8100 27.~ 2211 8256 
8 5350 33.8 2068 5550 33.0 2062 5000 33.9 1935 5350 34. 2030 8095 
9 6850 26.8 2056 7550 25.7 2160 6850 27.0 2110 6650 26.5 1972 8298 

Analls is of Variance for Season' s Total 

Source D.F. M. S. F F.05 F.01 

Reps. 3 451910 1.38 3.01 

Var.or Mixt. 8 1,?92594 5.48 2.36 3.36 

Error 24 326930 

Total 35 
0 



CI 

Percenta~e ComQosition and Point Çuadrat Anallsis eut 1 
One Hal Mixture and Pure Stands 

P.Q. readings taken May 11. Angle 29° eut: June 27, 1961. 

Table A Z2 Blocks 
E F 

Species % Hits 
e % •t. 

Hits 
Composition G.e. G.C. omposl. 1.on --

i Tim 28.0 5 10 15.7 11 22 
R.C. 71.6 26 52 83.9 38 76 

1 
Oth. 0.4 tr tr 0.3 tr tr 
B.G. 21 42 7 14 i 

ii R.e. 99.3 36 72 92.7 38 76 1 

Oth. 0.7 tr tr 7.3 tr tr 
B.G. 14 28 12 24 

1 

iii As. 100.0 41 82 97.2 38 76 
1 

Oth. tr tr 2.8 tr tr 
B.G. 9 18 12 24 

1 

iv Af. 98.0 31 62 99.2 28 56 1 

Oth. 2.0 tr tr 0.8 tr tr 

1 

B.G. 19 38 22 44 

v Lad. 99.0 40 80 90.5 37 74 
Oth. 1.0 tr tr 9.5 tr tr 
B.G. 10 20 13 26 

vi B.T.v 96.6 35 70 77.9 12 24 
Oth. 3.4 tr 22.1 tr tr 
B. G. 15 30 38 76 

vii Br. 89.1 22 44 96.6 28 56 
Oth. 10.9 tr tr 3.4 tr tr 
B.G. 28 56 22 44 

viii Tim. 97.8 25 50 70.4 23 46 
Oth. 2.2 tr tr 29.6 tr tr 
B.G. 25 50 27 54 



CII 

Percentage Composition and Point Quadrat Ana1ysis eut 2 
One Hay Mixture and Pure Stands 

P.Q. readings taken July 13. Angle 45° eut: .Aug. 3, 1961. 

Table A 80 
E 

Species % Hits 
c,omp. 

i Tim. 22.1 6 
R.C. 76.3 13 
Oth. 1. 7 1 
B.G. 30 

ii R.C. 93.6 17 
Oth. 6.4 1 
B.G. 32 

iii As. 
Oth. 
B.G. 

iv .tif. 
Oth. 
B.G. 

v Lad. 
Oth. 
B.G. 

12.0 7 
88.0 2 

41 

96.7 19 
3.3 3 

29 

98.1 45 
1.9 1 

5 

vi B. T .v 87. 0 19 
oth. 13.o 3 
B.G. 30 

vii Br. 
Oth. 
B. G. 

viii Tim. 
Oth. 
B.G. 

90.6 13 
9.4 6 

31 

87.8 11 
12.2 10 

29 

B1ocks 

Den­
G.C. sity 

12 12 
26 56 

2 2 
60 60 

34 58 
2 2 

64 64 

14 18 
4 4 

82 82 

38 46 
6 6 

58 58 

90 148 
2 2 

10 10 

38 44 
6 6 

60 60 

26 
12 
62 

22 
20 
58 

34 
12 
62 

26 
20 
58 

% Hits 
Comp. 

2.5.:2 6 
71.5 12 
3.3 tr 

13 

97.1 16 
2.9 4 

31 

12.0 
88.0 

99.5 
0.5 

96.5 
3.5 

89.5 
10.5 

82.3 
17.7 

97.8 
2.2 

7 
tr 
43 

17 
1 

32 

42 
tr 
8 

14 
6 

30 

11 
15 
28 

10 
4 

36 

F 
Den­

G.C:. sitl 

12 
24 
tr 
26 

32 
8 

62 

14 
tr 
86 

34 
2 

24 

84 
tr 
16 

28 
12 
60 

22 
30 
56 

20 
8 

72 

20 
24 
tr 
26 

50 
8 

62 

18 
tr 
86 

46 
2 

48 

136 
tr 
16 

38 
12 
60 

28 
30 
56 

32 
8 

72 



CIII 

Percentage Composition One Hay Mixture and Pure Stands 
eut 3 

Table A 81 

i Tim. 
R.C. 
Others 

ii R.C. 
Others 

iii As. 
Others 

iv At. 
Others 

v Lad. 
Others 

vi B.T.v 
Others 

vii Brome 
Others 

viii Tim. 
Others 

eut: Oct. 25, 1961 
B1ocks 

E 

27.3 
64.6 
8.1 

82.7 
17.3 

F 

17.5 
78.1 
4.4 

92.8 
7.2 

- Not harvested -

97.4 lOO 
2.6 

72.3 95.8 
27.7 4.2 

84.3 83.8 
1 • 7 16.2 

90.5 8~.9 
9.5 1 .1 

77.5 77.9 
22.5 22.1 



CIV 

Percentage Composition and Point QuadrBt Analysis Hay Mixtures 
(P.Q. readings Date: May 11 Angle 29 eut: June 27, 1961 

Table A 82 Blocks eut 1 
A B c D 

Mixt. % % % ;o 
Comlon. Com~. Hits G.C. ComJ2. COIDJ2. ~ 

Hits G.C. 
1 T m. 8.9 -y-~ 0.7 0.3 • 

,..-- -a-
R.C. 18.7 25 50 23.5 35.3 22.2 32 64 
Af. 70.0 25 50 75.3 62.8 76.0 36 72 
Oth. 2.3 2 4 0.5 1.7 0.3 5 10 
B. G. 5 10 2 4 

2 Tim. 11.3 9 18 8.3 -0.2 3.0 3 6 
R.C. 22.7 19 ~e 21.8 17.7 28.5 25 50 
Af. 58.7 22 68.0 80.~ 57.8 41 82 
Lad. 6.9 6 12 1.1 1. 10.7 28 56 
Oth. 0.4 2 4 0.7 0.3 1 2 
B.G. 7 14 

3 Tim. 8.8 2 4 0.6 4.2 4.4 1 2 
R.C. 54.2 40 80 55.5 59.9 51.6 35 70 
As. 29.3 17 34 42.9 32.0 43.7 41 82 
Oth. 7.7 5 10 1.0 3.9 0.3 -
B.G. 5 10 2 4 

4 Tim. 4.8 7 14 7.0 1.0 7.4 1 2 
R.C. 84.0 24 48 82.5 80.4 80.2 45 90 
Lad. 10.6 18 36 9.7 14. 9.9 ~a 66 
Oth. 0.6 7 14 0.9 3.8 2.5 26 
B. G. 6 12 1 2 

5 Tim. 9.8 7 14 5.5 1.9 11.0 9 18 
R.C. 86.8 40 80 86.9 93.0 76.8 42 84 
B.T.v 1.5 19 38 4.7 3.8 11.9 23 46 
Oth. 1.9 5 10 2.9 1.3 0.3 13 26 
B. G. 2 4 1 2 

6 Tim. 6.8 11 22 33.0 6.0 8.2 2 l:j: 
R.C. 91.4 41 82 53 .l.r 86.8 8l.r.2 l.r3 86 
B.T.e 0.9 13 26 8.2 1.1 4.3 18 36 
Oth. 0.9 1 2 5.4 6.0 3-3 6 12 
B.G. 4 8 4 8 

7 Tim. 14.8 4 8 24.0 3.6 5.2 10 20 
R.C. 72.3 28 56 60.3 92.8 82.8 45 90 
B.T.m 10.7 15 30 10.5 2.9 5.2 32 64 
Oth. 2.2 10 20 5.2 0.7 6.7 tr tr 
B.G. 3 6 

'8 Br. 40.9 15 30 41.9 38.6 32.7 29 58 
Af. 58.4 30 60 57.5 59.4 67.0 39 78 
Oth. 0.7 

1t 
6 0.6 1. 0.3 ~ 6 

B.G. 22 8 
9 Tim. 28.4 20 4o 37.5 31+.8 38.9 19 38 

B.T. v 59.4 32 64 56.4 51.4 33.2 23 46 
Oth. 12.2 11 22 6.1 13.9 27.9 21 42 
B.G. 10 20 10 20 



Percentage Com osition and Point uadrat Analvsis Hav Mixtures Cut 2 
P.Q. readings Date: July 13,19 1. Angle 

Table A 83 Blacks 
A B c D 

Mixt. , 
ComQon. COmQ. Hits G.C. COIDQ. Hits G.C. Comp. ~ G.C. Comp. Hits G. c. 
1 Tim. 11.7 3 6 o.4 (1) (2) 0.4 (1) {2) 3.8 2 4 

R.C. 6.4 3 6 10.9 12 2lt- 8.5 7 14 16.8 14 28 
A:f. 80.1 16 32 88.6 8 16 91.1 16 32 66.7 20 4o 
Oth. 1.9 1 2 0.2 2 4 tr {1) (2) 12.7 2 4 
B.G. 29 58 29 58 30 60 16 32 

2 Tim. 10.1 8 16 1.5 (1) (2) 0.6 {1) (2) 0.5 (1) (2) 
R.C. 10.1 8 16 10.7 3 6 18.9 7 14 9.9 7 14 
A:f. 75.4 6 12 80.3 10 20 78.5 14 28 86.8 11 22 
Lad. 4.4 5 10 6.8 7 14 2.0 5 10 2.3 7 14 
Oth. tr tr tr 0.7 7 llt tr 1 2 0.6 2 4 
B.G. 27 54 28 56 28 56 28 56 

3 Tim. 25.6 1 2 5.8 1 2 8.7 1 2 9.5 3 6 
R.C. 68.4 11 22 87.0 16 32 87.0 21 42 86.3 l' 30 
As. 1.1 3 6 2.9 3 6 1.9 1 2 0.6 8 
Oth. 4.9 tr tr 4.3 2 4 2.4 tr tr 3.7 1 2 
B.G. 36 72 30 60 27 54 29 58 

4 Tim. 19.9 5 10 11.1 1 2 0.9 (1) (2) 8.8 1 2 
R.C. 61.2 14 28 63.5 11 22 82.7 20 40 76.5 31 62 
Lad. 16.7 15 30 23.1 12 24 14.9 7 14 13.1 6 12 
Oth. 2.2 tr tr 2.3 1 2 1.5 tr tr 1.6 tr tr 
B.G. 20 40 7 14 25 50 16 32 

5 Tim. 14.1 3 6 10.7 2 4 3.8 3 6 14.8 2 4 
R.C. 81.0 14 28 84.8 22 44 90.1 35 70 81.0 30 60 
B.T.v 3.8 1 2 2.4 1 2 3.2 (1) 2 2.2 3 6 0 

Oth. 1.0 1 2 2.1 1 2 2.9 tr tr 2.1 tr tr < 
B.G. 33 66 24 48 13 26 17 34 



Percentage Com~osition and Point 
(P.Q.readings Date: July 13,1961. 

Table A 83 Blacks 
A B c D 

Mixt. % - % 0 

Compon. Camp. Hits G.c. Comp • Hits G.C. Comp. Hits G.c. Comp. Hits G.C. .,..-- -6 Tim. 6.1 8 32.7 3 6 8.8 (1) (2) 5.7 1 2 
R.C. 93.5 26 52 48.4 11 22 89.8 21 42 91.2 20 40 
B.T.e 0.2 (1) (2) 8.9 2 4 0.1 (1) (2) 1.5 1 2 
Oth. 0.2 tr tr 10.1 tr tr 1.3 2 4 1.7 1 2 
B.G.9 20 40 34 68 29 58 27 54 

7 ·r1m. 6.6 10 20 36.1 6 12 3.2 1 2 6.9 7 14 
R.C. 74.4 17 34 56.3 16 32 93.8 24 48 89.3 23 46 
B.T.m 8.5 2 4 4.2 4 8 2.5 2 4 2.5 3 6 
Oth. 10.5 tr tr 3.4 tr tr 0.5 tr tr 1.4 tr tr 
B.G. 22 44 25 50 25 50 21 42 

8 Br. 11.9 14 28 21.7 17 34 13.7 18 36 22.9 17 34 
Af. 88.1 15 30 78.2 11 22 85.6 14 28 77.1 16 32 
Oth. tr 1 2 0.1 tr tr 0.7 3 6 tr 1 2 
B.G. 23 46 26 52 18 36 18 36 

9 Tim. 20.3 7 14 26.9 9 18 24.0 12 24 29.4 15 30 
B.T.v 79.2 24 48 72.5 19 38 75.0 27 54 66.4 14 28 
Oth. 0.5 1 2 0.6 4 8 1.0 tr tr 4.3 1 2 
B.G. 21 42 21 42 14 28 23 46 

B. • v = Variety Vikfn.g -B.T":e • Variety Empire B.T.m • Selection~ Morshausk 

0 
<: 
H 



CVII 

eut 

Table A 84 
Blacks 

Mixt. 
A B c D 

Compon. 
1 Tim. o.B 0.01 0.03 0.03 

R.C. 0.8 0.8 0.6 2.0 
Af. 95.5 98.1 99.1 97.9 
Oth. 3.0 1.1 tr tr 

2 Tim. 3.6 0.05 0.03 tr 
R.C. 0.1 o.4 0.6 1.0 
Af. 91.4 98.5 98.4 96.8 
Lad. 4.8 1.1 1.0 1.2 
Oth. tr tr tr tr 

3 Tim. 14.0 2.9 1.2 10.5 
R.C. 78.8 92.3 97.8 67.3 
As. 0.2 - 0.02 tr 
Oth, 7.0 4.8 0.9 22.2 

4 Tim. 14.4 12.6 1.8 4.7 
R.C. 68.5 55.1 73.3 94.0 
Lad. 16.4 26.0 23.3 1.3 
Oth. 0.7 6.3 1.6 tr 

5 Tim. 3.4 9.2 2.8 10.4 
R.C. 85.0 80.6 91.7 76.2 
B.T.v 8.7 6.9 5.5 10.4 
Oth. 2.8 3.3 tr 2.9 

6 Tim. 6.9 39.7 5.6 5.7 
R.C. 89.6 50.4 92.5 88.9 
B.T.e 0.4 1.3 0.08 0.2 
Oth. 3.1 8.6 1.8 5.3 

7 Tim. 14.8 30.4 3.6 9.8 
R.C. 81.2 57.0 93.6 85.2 
B.T.m 3.1 6.8 1.3 0.8 
Oth. 0.9 5.7 1.5 4.1 

8 Br. 0.7 3.9 1.7 1.9 
Af. 99.3 96.1 98.3 97.2 
Oth. tr tr tr tr 

9 Tim. 14.5 10.5 5.7 26.6 
B.T.v 84.0 85.0 93.6 70.9 
Oth. 1.5 4.5 0.7 2.5 

B,T.v • Variety Viking B.T.e • Variety Empire 
B.T.m - Selection of Morshansk 
No point quadrat ana1ysis taken before the 3rd eut 



CVIII 

Densitz bl Point Çuadrat Analzsis Haz Mixtures Cut 2 1261 

Table A 85 Blacks 
Mixt. A B c D Com.eon. 
1 Tim. 6 (2) (2) 4 

R.C. 6 30 18 34 
Af. 34 18 42 48 
Oth. 2 4 tr 4 
B.G. 58 58 60 32 

2 Tim. 20 (2) ( 2) (2) 
R.C. 20 10 20 24 
M. 12 24 34 24 
Lad. 12 16 12 16 
Oth. 

~' ~t 5t 5~ B.G. 
3 Tim. 2 2 2 6 

R.C. 38 42 48 44 
As. 6 6 2 10 
Oth. tr 4 tr 2 
B.G. 72 60 54 58 

4 Tim. 10 2 tr 2 
R.C. 38 32 62 82 
Lad. 50 38 20 22 
Oth. tr 2 tr tr 
B.G. 40 14 50 32 

5 Tim. 10 4 8 6 
R.C. 44 82 114 110 
B.T. v 4 2 (2) 8 
Oth. 2 2 tr tr 
B.G. 66 48 26 34 

6 Tim. 8 14 (2) 2 
R.C. 92 28 58 60 
B.T.e (2) 6 (2) 2 
Oth. tr tr 4 2 
B.G. 4o 68 58 54 

7 Tim. 24 12 2 14 
R.C. 62 40 80 64 
B.T.m 4 12 2 8 
Oth. tr 2 tr tr 
B.G. 44 50 50 42 

a Br. 32 42 44 34 
Af. 36 28 34 32 
Oth. 2 tr 6 2 
B.G. 46 52 36 36 

9 Tim. 20 26 24 38 
B.T.v 68 54 68 32 
Oth. 2 8 tr 6 
B.G. 42 42 28 46 



Table A 86 Yield per Unit Area of Ground Cover of the Pure Stands 1961 (in gm) 

Har_ Mixtures 

eut 1 Blocks 
E F 

Pure Total % D.M. of Den- Y/ Y/Unit Total % D.M. of Den- YI Y/Unit 
Stand D.M. Comp. Species sgty G.C. P.D. Are a D.M. Comp. Species sgty G.C. P.D. Area 

1 2 3 4 __ --r-_7_ 8 2 3 4 _--r-7 --g -
Tim. 3605 97.8 3526 50 70.5 4355 70.4 3066 46 66.7 
R.C. 4851 99.3 4817 72 66.9 5044 92.7 4903 76 64.5 
Af. 6157 98.0 6034 62 97.3 5486 99.2 5442 56 97.2 
Br. 4129 89.1 3679 44 83.6 3942 96.6 3808 56 68.0 
Lad. 3082 99.0 ao51 80 38.1 2927 90.5 2649 74 35.8 
B.T. 4379 96.6 230 70 60.4 a241 77.9 2525 24 105.2 
As. 5532 100.0 5532 82 67.5 658 97.2 4528 76 59.6 

eut 2 

Tim. 1080 87.8 948 26 22 36.5 43.1 1028 97.8 1005 32 20 31.4 50.2 
R.C. 1648 76.3 1257 58 34 27.1 37.0 1696 71.5 1213 50 32 24.a 37.9 
M. 2474 96.7 2392 46 38 52.0 62.9 23a1 99.5 2319 46 34 50. 68.2 
Br. 859 90.6 778 34 26 22.9 29.9 11 0 82.3 938 28 22 33.5 42.6 
Lad. 1449 98.1 1421 148 90 9.6 15.8 1408 96.5 la 59 136 84 10.0 16.2 
B.T. 2030 87.0 1766 44 38 40.1 46.5 1640 89.5 1 68 38 28 38.6 52.4 
As. 813 12.0 98 18 14 5.4 7.0 800 12.0 96 18 14 5.3 6.9 

0 
H 
><! 
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Yie1d_Qer Unit Area of Ground Cover of the Legume Comoonents eut 1 

Table A 88 
Blocks 

A D 
Mixt. Total 't" D.M. ot Den- Y/Unit 'l'ota! % D:M. of Den- Y/unit 

N2.!_ D.M. ComE• Component sity G.C. Are a D.M. Comp. ComRonent sity G.C. Area 
1 2 3 4 _L__§_ s 2 3 4 _2_ _6 _ ___§_ 
- E 

71.6 3832 52 F 5215 83.9 4375 57.6 R.C. 1 5353 73.7 76 
1 5888 18.7 1101 50 22.0 5826 22.2 1293 64 20;2 
2 4969 22.7 1128 ~g 29.7 6216 28.7 1784 50 ~5-7 
3 4922 54.2 2668 33.4 5933 51.6 ao61 70 3.7 
4 5233 84.0 4396 48 91.6 5311 80.2 259 90 47.3 
5 6040 86.8 5243 80 65.5 5753 76.8 4418 84 52.6 
6 5738 91.4 5245 82 64.0 5850 84.2 4926 86 57.3 
7 5850 72.3 4230 56 75.5 5560 82.8 4604 90 51.2 

Af. 1 5888 70.0 4122 

'~ 
82.4 5826 76.0 4428 72 61.5 

2 4969 58.7 2117 48.1 6216 57.8 a593 82 43.8 
8 6422 58.4 37~0 60 62.5 6402 67.0 289 78 59.6 

Lad. 2 4969 6.9 3 3 12 28.6 6216 10.7 665 56 11.9 
4 52a3 10.6 555 36 15.4 5311 9.9 526 66 8.0 

B.T.5v 60 0 1.5 91 38 2.4 5753 11.9 685 46 14.9 
6e 5738 0.9 52 26 2.0 5850 4.3 252 36 7.0 
7m 5850 10.7 626 30 20.9 5560 5.2 289 64 4.5 
9v 5301 59.4 3149 64 49.2 5425 33.2 1801 46 39.2 

As. 3 4922 29.3 1442 34 42.4 5933 43.7 2593 82 31.6 

0 
1>-4 
H 



Yield oer Unit Area of Ground Cover of the Grass Comoonents Cut 2 

Table A 89 
Hay Mixtures 1961 

Blocks 
A B 

Mixt. Total % D.M. of Den- Y/Unit Y/Point Total % D.M. o? Den- Y/Unit Y/Point 
No. D.M. Comp. pomponent G.C. sity Area Density D.M. Comp.Component G.C. sity Area Density 
L 2 3 4 _j__Q_ 8 7 2 _.L 4 _2__Q_ 8 7 

Tim.i E1473 22.1 326 12 12 27.2 27.2 Fl696 25.2 427 12 20 35.6 -2~1-.3---
1 2105 11.7 246 6 6 41.0 41.0 1942 0.4 8 (2) (2) 4.0 4.0 
2 2005 10.1 203 16 20 12.7 10.2 1940 1.5 29 (2) (2) 14.5 14.5 
3 1978 25.6 506 2 2 203.0 203.0 2069 5.8 120 2 2 60.0 60.0 
4 1985 19.9 395 10 10 39.5 39.5 1471 11.1 163 2 2 81.5 81.5 
5 2093 14.1 295 6 10 49.2 29.5 2187 10.7 234 4 4 58.5 58.5 
6 2171 6.1 132 8 8 16.5 16.5 1939 32.7 634 6 14 105.7 45.3 
7 1937 6.6 128 20 24 6.4 5.3 2036 36.1 735 12 12 61.3 61.3 

Br. 8 2068 11.9 246 28 32 8.8 7.7 2062 21.7 447 34 42 13.1 10.6 
Tim.9 2056 20.3 417 14 20 29.8 20.9 2160 26.9 581 18 26 32.3 22.3 

8 
H 
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Yield ~er Unit Area or Ground Cover or the Lefume Com~onents Cut 2 ~in gm) 
Hay l.fixture_l26 

Table A 91 
Blocks -

A B 
M'Iit. Total % D.M. or Den- Y/Unit Y/Point Total % D.M. ot Den- Y/Unit Y/Point 

No. D.M. Comp. Component G .• c. sgty Are a Dennty D.M. Comp.Component G.C. sigy Area Density --r 2 3 4' ::2::_ 8 z 2 _1_ 4' :2::_ 8 7 
R.C.l E11tb~ 76-à 1124 26 56 43.2 20.1 Fl696 71.5 1213 21t 24 50.5 50.5 

1 21 6. 135 6 6 22.5 22.5 1942 10.9 212 24 30 8.8 7.1 
2 2005 10.1 203 16 20 12.7 10.2 1940 10.7 208 6 10 35.0 20.8 

a 
1978 68.4 1353 22 38 61.5 35.6 2069 87.0 1800 32 42 ,6.2 42.9 
19a5 61.2 1215 28 a~ 43.4 32.0 1471 6a.5 934 22 32 2.5 29.2 

5 2093 81.0 1695 28 60.5 35.3 2187 8 .8 1855 44 82 42.2 22.6 
6 2171 9a.5 2oao 52 92 a9.0 22.1 1939 48.4 938 22 28 42.6 33.5 
7 1937 7 .4 14 1 34 62 2.4 23.2 2036 56.3 1146 32 4o 35.8 28.6 

At. 1 2105 80.1 1686 32 34 52.7 49.6 1942 88.6 1721 16 18 107.6 95.6 
2 2005 75.4 1512 12 12 126.0 126.0 1940 80.3 1558 20 24 77.9 64.9 
8 2068 88.1 1822 30 36 60.7 50.6 2062 78.2 1612 22 28 73.~ 5é.6 Lad.2 2005 4.4 88 10 12 8.8 7.3 1940 6.8 1a2 14 16 9. .2 
4 1985 16.7 3~~ 30 50 11.0 6.6 1471 23.1 3 0 26 38 13.1 8.9 

B.T.5 2093 3.8 2 4 40.0 20.0 2187 2.4 52 2 2 26.0 26.0 
6 2171 0.2 4 (24 (2) 4.0 4.0 1939 8.9 173 4 6 43.2 28.8 
7 1937 8.5 165 4 41.2 41.2 2036 4.2 86 8 12 10.8 7.2 
9 2056 79.2 1628 48 68 33.9 23.9 2160 72.5 1566 38 54 41.2 29.0 

As. 3 1978 1.1 22 6 6 3.5 3.5 2069 2.9 60 6 6 10.0 10.0 

~ 
H 
< 



Yield 

Table A 92 
Blocks 

c D 
Mlit. Total % D.M. or Den- Y/Unit Y/Boint Total % D.M. of Den- Y/Unit Y/Poirit 

No. :D.M. cogp.Component G.C. sigY Are a Densitl D.M. Cojp.Component G.C. sigl Area Density --r 2 ~ I _ 8 2 2 4 :.2::_ 8 ~ 

R.C.l 1877 8.5 160 ll.t- 18 11.4 8.9 189l.t- 16.8 318 28 34 11.4 9.4 
2 1936 18.9 366 14 20 26.1 18.3 1898 9.9 189 14 24 13.5 7-9 

a 
2040 87.0 1775 42 48 42.3 37.0 2323 86.3 2005 30 44 66.9 45.6 
1891 82.7 1564 40 62 39.1 25.2 2012 76.5 1539 62 82 24.8 18.8 

5 2352 90.1 2119 70 114 ao.3 18.6 2040 81.0 1652 60 llO 27.5 15.0 
6 2102 89.8 1888 42 58 5.0 32.6 2227 91.2 2031 40 60 50.8 33.8 
7 2072 93.8 1944 48 80 40.5 24.3 2211 89.3 1974 46 64 42.9 30.8 

Af. 1 1877 91.1 1710 32 42 53.4 40.7 1894 66.7 1263 40 48 31.6 26.3 
2 1936 78.5 1520 28 34 54.3 44.7 1898 86.8 1647 22 24 74.9 68.6 
8 1935 85.6 1656 28 34 59.1 48.7 2030 77.1 1565 32 32 48.9 48.9 

Lad.2 1936 2.0 39 10 12 3.9 3.2 1898 2.3 44 14 16 3.1 2.8 
4 1891 14.9 282 14 20 20.1 14.1 2012 13.1 264 12 22 22.0 12.0 

B.T.5v 2352 3.2 75 (2) (2) 37.5 37.5 2040 2.2 45 6 8 7.5 5.6 
6e 2102 0.1 2 (2) (2) 1.0 1.0 2227 1.5 33 2 2 16.5 16.5 
7m 2072 2.5 52 2 2 26.0 26.0 2211 2.5 55 6 8 9.2 6.9 
9v 2110 75.0 1582 54 68 29.3 23.4 1972 66.4 1309 28 32 46.8 40.9 

As. 3 2040 1.9 39 2 2 19.5 19.5 2323 0.6 14 8 10 1.8 1.4 

0 
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Average Yield per Unit Area of Ground and per Point Density for both Grasses and Legumes 
Hay Mixture 1961 Cut 2 (in gm) 

Table A 93 

Grasses Legumes 
Mix':;:"t ... -~T~o:-;t:-a-.r1""""n=-."""1i'M.,...--:T=-o--:t-a-.:-l--:T=-o-:"t-a':"'l-~A-ve-.---=-A v-e- M1Xt , Total D. M. Total Total Ave. Ave. 

No. of Compon. G.C. Density Y/U.A. Y/P.D. No. of Compon. G.C. Density Y/U~A. Y/P.D. 
1 4 ~ 6 8 7 1 4 5 6 8 _J_ 

Tim.(i) 753 24 32 31.4 23.5 R.C.(i) 2337 50 80 46.7 29.2 
1 334 14 14 23.9 23.9 1 825 72 80 11.5 10.3 
2 253 22 26 11.0 9.7 2 966 50 74 19.3 13.1 
3 1024 12 12 85.4 85.4 3 6933 126 162 55.0 42.8 
4 752 16 16 47.0 47.0 4 5252 152 194 34.6 27.1 
5 920 20 28 46.0 32.9 5 7321 202 354 36.2 20.7 
6 1078 18 26 59.9 41.5 6 6887 156 238 44.1 28.9 
7 1082 48 52 22.5 20.8 7 6505 160 246 40.7 26.4 

Br. 8 1423 132 152 10.8 9.3 Af. 1 6380 120 262 53.2 24.4 
Tim. 9 2084 86 108 24.2 19.3 2 6237 88 94 70.9 66.4 

8 6655 112 130 59.4 51.2 
Lad. 2 303 48 56 6.3 5.4 

4 1217 82 130 14.8 9.4 
B.T. 5v 252 12 16 21.0 15.8 

6e 212 10 12 21.2 17.8 
7m 358 20 26 17.9 13.8 
9v 6085 168 222 36.2 27.4 

As. 3 135 22 24 6.1 5.6 

Q 
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CXVII 

Competition Indices of Forage Species in HaY Mixtures 

Table A 94 eut 1 

Mix • 
No. Tim. Br. R.C. Af. Lad. B.T. As. l>fixtures 

i 1.10 .98 1.04 
1 .?4 .32 •42 .61 
2 .45 • 50 • ? .400 .46 

a 
1.68 • 58 .55 .95 

• 58 .95 .29 .66 
5 • 56 .90 .13 .52 
6 .49 1.12 .0? • 51 
? .61 .92 .14 .54 
8 .81 .60 .69 
9 .600 .61 

Table A 95 eut 2 

Mixt. 
No. Tim. Br. R.C. Af.8 Lad. B.T. As • Mixtures 

i .6? • 78 .?2 
1 .?2 .28 .37 .4? 
2 .34 .35 1.02 .34 .61 

a 
1.83 1.14 .81 1.4? 
1.16 .?2 .59 .90 

5 .99 .55 .4a .66 
6 1.45 .77 .5 .92 
? .48 .?1 .28 .4? 
8 .30 .78 .61 
9 .52 .54 



Mixt. 
No. r-

Tim.i 
1 
2 

a 
5 
6 

Br. ~ 
Tim.9 

SÏ:icies 
T • 
R.C. 
Ai'. 
Br. 
Lad. 
B.T. 
As. 

Seasonal Average Yield p~r Unit Area of Ground Cover (in gm) 

Table A 96 Grasses, Legumes and Pure Stands. Hay Mixtures 1961 

Grasses Legumes 
Total D.M. Total Ave. Yield/ 1-iixt. Total D.M. Total Ave. Yield 
of Com12on .. Ground Cover Unit Area No. of Com12on. Ground Cover 1 Unit Area 

li §6 8 I li 
-1;8 

8 
3180 56.""8 10544 - 59.2 R.C.i 

864 26 33.2 1 3219 186 17.3 
1000 46 21.7 2 3878 138 28.1 
1718 18 ,5.4 a 12662 276 45.9 
1396 32 3.6 13907 290 48.0 
2145 4~ 41.2 5 16982 366 46.4 
1948 44.~ 6 17058 324 52.6 
2237 76 29. 7 15339 306 50.1 
6133 210 29.2 Af. 1 14930 242 61.7 
5699 174 32.8 2 11947 214 55.8 

8 14694 250 58.8 
Pure Stands Lad.2 1311 116 11.3 

4 2298 184 12.5 
8545 138 61.9 

12190 214 57.0 B.T.5 1028 96 10.7 
16187 190 85.2 6 516 72 7.2 

9203 148 62.2 7 1273 114 11.2 
8480 328 25.9 9 11035 278 39.7 
9989 160 62.4 As. 3 4170 138 30.2 

10176 186 54.7 

0 
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CXIX 

Analysis of Variance of Yield per Unit Area of 
Ground Cover 1961. Hé y .rvaxtures 

Sources D.F. s.s. M. S. F. F.05 F.Ol 

Table A 2Z Pure Stand~ 
Reps. 1 144.0 144.0 0.72 
Treat 6 16,226.48 2,704.41 13.53 4.28 8.47 
Err or 6 1,199.35 199.89 

Total 13 17' 569.83 SE~ • 9.997 
c - 13.21% 

Table A 28 Grasses ~eut 1 and 2~ 
Reps. 1 57 • 26 575.26 0.10 
Treat 11 61,501.12 5,591.01 0.93 2.82 4.46 
Err or 11 66,521.51 6,047.41 

Total 23 128,597.89 s !!! 77.765 
cv :: 70.44% 

Table A 22 
1 

Grasses ~eut 12 
Reps. 201.26 201.26 0.06 
Treat 11 15,811.95 1,4a7.45 0.41 
Error 11 38,945.41 3,5 0.49 

Total 23 54-,958.62 s • 59.502 
cv - 84.83% 

Table A lOO Grasses (Cut 2) 
Reps. 1 96.0 96.0 0.06 
Treat 11 21,470.55 1,951.87 1.27 
Error 11 16,882.57 1,534.78 

Total 23 38,449.12 s = 39.176 
cv - 97.3% 

Table A 101 Lesumes ~eut 1 & 22 
Reps. 1 1,634. 7 1,634.47 5.38 4.30 7.94 
Treat 22 81,303.38 3,695.61 12.16 2.07 2.83 
Err or 22 6,686.99 303.95 

Total 45 89,624.84 SEi:: 12.328 
cv = 21.34% 



c:x:x 

Table A 102 PAl and NAR Pasture Mixtures Cut 3 

Blocks 

Pure E 
Stands 

D.l-1. of 
COmJ2. PAl NAR 

Tim. 325 2.50 .167 
R.C. 1160 2.20 .660 
Af. 
Br. 428 2.30 .290 
Lad. 1 69 3.50 • 570 
B.T. 1078 3.70 .400 

Mixtures B or C 

Tim. cl 51 o. 50 .093 
B6 82 0.40 .175 

Br. c13 106 0.50 .192 
R.C. C2 989 2.40 .524 

B6 996 2.50 • 510 
B.T. B6 123 0.67 .180 

c 1061 2.80 .495 

LAI obtained by improved PQ 
PAl F value for species in pure 

NAR F 11 Il " Il " 

F 

D.lvf. of 
Com_E. PAl NAR 

580 2.10 .343 
1309 3.03 • 573 

913 1.20 • 845 
57~ 2.27 ·a18 122 2.70 • 13 
683 3.30 .288 

D 

79 0.33 .193 
133 0.40 .285 
101 0.60 .160 
888 1.87 .~77 
775 2.17 .446 
125 0.70 .176 
917 3.77 .335 

at 32.5° prior to cutting 
stand was significant at 

5% leve1. CV= 15.5% 
" was significant at 

1% 1evel. CV= 17.7% 

PAl F 11 n 11 mixtures was significant at 
1% level. cv- 24.2% 

NAR F 11 lt tl 
" 11 was significant at 

1% level. CV: 22.0% 



Table A 103 NAR Calculations of Grass and Legume ComEonents 
eut 3 Aug. 4, 1961. Pasture Mixtures 

PAl Obtained with lmEroved P.Q. 
Grasses Legumes 

c D c D 

D.M. D.Wt. D.M. D.Wt. 
Species of PAl NAR of PAl NAR Species of PAl NAR of LAI NAR 

Comp. Compon. _ ComE• _ - Compon. 

Tim. 1 51 o.~o 0.134 79 0.60 0.125 R.C. 1 989 2.60 0.491 888 2.10 0.525 
4 B25 • 0 .053 36 .30 .095 4 B352 1.50 .273 133 0.40 .285 
6 82 .60 .130 133 .40 .285 6 996 2.20 • 567 775 2.30 .426 
8 34 .20 .118 12 .60 • 019 M • 8 239 0.60 .378 350 o. 50 .635 
9 115 .40 .246 150 .70 .211 4 280 - - 316 o.4o .676 

11 124 .70 .175 ~~ 1.30 .168 Lad. 938 1.70 .657 1220 3.20 • 510 
12 37 .20 .129 0.60 .o44 8 1068 3.60 .405 1a13 2.90 .596 

vii 12 .40 .026 32 .20 .111 12 1165 2.70 .560 1 31 3.90 • 508 
viii 29 .60 .047 17 • 50 .031 vii 1265 3.10 .543 1225 4.10 .417 

Br. 13 106 .50 .192 101 .30 .266 viii 1318 3.00 .581 1463 3.60 .557 
viii 1.4 .40 .003 5 .10 .027 B.T. 6 B 123 1.20 .114 125 o.4o .267 

9 616 3.70 .228 599 3.40 .2~8 
11 866 3.90 .307 473 2. 50 .2 2 

PAl F not sign. cv = 23.5% 13 1061 2.80 .495 917 3. 50 -356 
NAR F sign. at l% level cv = 4o.o% vii 17 0.30 .045 11 0.30 .029 
PQ readings taken as 1 point at 10 stations viii 28 0.90 .032 21 0.10 .112 
at 32.5° angle on the uncut borders. PAl F sü;n. at 1% CV: 28.3% 

NAR F Il tl Il CV: 21.4% 

8 
H 



Table A 104 PAl and NAR of the Pure Stands eut 4 

Pasture Mixtures 1961 

Dise 1-..fethod Point Quadrat 
Bioci:ës Eioclts 

E F E F 

Species DW/2 Lwt/ 2 PAl NAR DW/2 Lwt/ 2 PAl NAR PAl NAR PAl 
--'.!!!:.. /Ldm - -'..:JE_ /Ldm 

a)-
Tim. 23 .340 0.6765 .358 27 .401 0.6733 .422 .8 .315 .9 
R.C. 59 ·a33 1.7717 .431 89 ·a48 2.5575 .482 1.6 .468 2.1 
Af. 66 • 13 1.5981 .524 35 • 20 0.8333 .464 1.4 .582 1.3 
Brome 40 .423 0.9456 .481 31 .374 0.8289 .413 1.2 .399 1.3 
Lad. 140 .321 4.3613 .488 103 .360 2.8611 .509 3.2 .631 1.7 
B.T. 130 .374 3.4759 .547 118 .367 3.2153 • 530 3.5 .544 1.8 
R.Can. 79 .291 2.7148 .408 1.8 • 570 
K. Blue 73 .405 1.8025 .526 1.2 .728 

Point Q~adrats taken: Aug. 30 and 31 
m sample eut n 31 and Sept. 1 

Plots eut : Sept. 1 

(a) To read total photosynthetic area shift decimal two places to the 1eft. 

NAR 

.337 

.567 

.328 

.290 

.778 

.851 

0 
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Table A 105 PAl §.Jld. NAR of the Grass Components 

Pasture Mixtures 1261 

Dise Method 
Bioc:Ks 

c D 
lv!ixt.No. DW/2 Lwt/ 2 PAl NAR DW/2 Lwt/ 2 PAl NAR 
SEecies __LE!_ /Ldm ...L!!L /Ldm 

Tim. 1 12 .298 0.4027 .2?5 10 .345 0.2890 .291 
4 2.0 .326 0.0613 .148 1.85 .292 o.o6a4 .135 
6 12 .295 0.4068 .2?3 19 .325 0.58 6 .331 
8 1.0 .258 0.0388 .087 1.5 .232 0.0647 .108 
9 19 .343 o. 5539 .344 33 .311 1.0611 .363 

11 21 .392 o. 5357 .390 32 • 535 0.5981 • 547 
12 3.0 .255 0.1176 .157 1.32 .260 0.0508 .106 

vii 0.5 .292 0.0171 .039 1.12 .275 0.0407 .097 
viii .36 .257 0.0140 .022 6.5 .326 0.1994 .244 

Br. 13 19 .381 0.4987 .372 15 .432 0.34?2 .383 
viii .0? .181 o. 0039 :-105 B3.5 .292 0.1199 .181 

( )R.Can.14 .84 .233(b)0.0361 .0?5 6 .223 0.2691 .184 
a K.B1. 15 58 .192 3.0208 .2?4 36 .317 1.1356 .3?5 

(a) Eva1uated by cutting out .5 dm segments of the leaf. p 
Nos. vii and viii ·belon~ to rep. Or Block E and F 

(b) To read total photosynthetic area shift decimal 
point two places to the 1eft. 

eut 4 

Point Quadrat 
Bioc:Ks 

c D 
PAl NAR PAl NAR 
- - - -

.5 .235 .7 .152 
(. 2) .075 (. 2) .069 
.3 .340 .8 .260 

(.2) .038 .1 .086 
.5 .372 2.3 .195 

1.2 .209 .9 .400 
.1 .173 (. 2) .050 

(.2) .019 (. 2) .042 
(.2) .014 .1 .374 
1.2 .189 .3 .425 
(.2) .003 .1 .201 
.1 .048 ( .2) .225 
.8 .?94 1.2 .359 

Point Quadrat was taken 
as one station o2 
10 needles per m 

0 
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Table A 106 PAl and NAR of the Legume Components eut 4 

Pasture Mixture~61 

Dise Method Point Quadrat 
Blocks Blocks 

c D c D 
Species DW/2 Lwt/ 2 PAl NAR DW/2 Lwt/ 2 PAl NAR PAl NAR PAl NAR 
Mixt.No. __f_E!_ /Ldm lm /Ldm 

R.C. 1 83 .305 2.7213 .427 71 .321 2.2118 .433 2.6 .444 .9 .887 
4 15 .335 0.4478 .318 15 .278 0.5396 .277 1.1 .160 .3 .425 
6 79 .310 2. 5484 .434 71 .327 2.1713 .440 1.0 .910 1.7 • 536 

Af. 8 18 .365 0.1+932 .356 23 .322 0.7143 .344 .2 .674 .8 ·al5 9 39 .377 1.0345 .437 36 .365 0.9863 .419 1.0 .449 .9 • 59 
Lad. 4 99 .310 3.1935 .447 117 .312 3.7536 .462 1.2 .987 2.1 .745 

8 120 .256 4.6875 .394 107 .236 4.5338 .361 2.3 .709 2.3 .632 
12 133 .245 5.4286 .386 135 .279 4.8387 .431 2.6 .711 2.0 .894 

vii 122 .305 4.0000 .457 101 .333 3.0330 .476 2.8 .614 2.7 .524 
viii 138 .297 4.6464 .456 115 .303 3.7953 .450 3.3 .606 2.5 .635 

B.T. 6 15 .343 0.4373 .324 28 .352 0.7955 .385 .8 • 205 .7 .438 
9 75 .386 1.94ao .zo8 84 .343 2.4490 .472 2.4 .428 2.6 .449 

11 108 -337 3.20 7 • 86 75 .303 2.4752 .417 2.1 .687 1.9 .518 
13 83 .386 2.1503 • 518 lOO .383 2.6109 • 533 2.5 .458 1.3 .936 
14 80 .352 2.2727 .478 112 .329 3.4042 .480 2.9 .390 3.6 .458 
15 52 .329 1.5805 .416 70 .280 2.5000 .387 1.0 • 599 1.5 .585 

vii 1.0 .316 0.0316 .091 3.75 .378 0.0992 .217 .2 .037 (.2) .141 
viii o.4 .286 0.0140 .024 14 .326 0.4294 .306 ( .2) .015 .1 .806 

0 
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Table A 107 PAl and NAR of the Pure Stands Cut 5a 

Pasture Mixture 1961 

Dise Method 

E F 

Speeies DW/ 
2 Lwt/ 2 PAl NAR DW/2 

Lwt7 PAl - NAR PAl 
__L!!!._ /Ldm - .flL /Ldm2 

Tim. 28 .381 0.7349 .546 30 .472 0.6356 .653 1.0 
R.C. 30 .337 0.8402 • 504 60 .276 2.1739 .495 .9 
Af. 32 ·~38 0.9 67 .513 12 .~01 0.398? .367 .9 
Brome 28 • 71 0.5945 .641 34 • 44 0.7658 .642 1.0 
Lad. 92 .296 3.1081 • 566 86 .289 2.9758 • 549 2.8 
B.T. 10 .423 0.2364 .446 20 .455 0.4396 • 574 1.3 
R. Can. 40 .307 1.3029 .498 0.9 
K. Blue 39 .351 1.1111 .551 .8 

Point Quadrat taken: Sept. 20th 

1/2 m2 sample eut: " 2lst 

________________ , __ 

Point Quadrat 

E F 

NAR PAl NAR 

.430 1.0 .415 

.400 1.5 .667 
• 500 .4 .366 
.430 • 5 .887 
.617 2.2 .703 
.125 1.3 .250 
.667 
.731 

~ 



Table A 108 

c 
Species DW/2 Lwt/ 2 Mixt.No. __L!_ /Ldm 
Tim. 1 10 .369 

4 4.23 .335 
6 11 .326 
8 .82 .264 
9 18 .315 

11 20 .415 
12 1.11 .215 

vii .38 .172 
viii .028 .240 

Br. 13 20 .401 
viii .02 .178 

R.Can.14 .54 .300 
K.B1. 15 31 .344 

PAl and NAR of the Grass Components Cut ;a 
Pasture Mixtures l9bl 

Dise l>iethod Point çuadrat 
Bloclës Blacks 

D c 
PAl NAR Dvl/ 2 Lwt/ 2 PAI NAR PAl NAR PAl 

_f.!p_ /Ldm -- - - - -
0.2710 .406 6 .369 9.1626 .343 .3 .378 ( .2) 
0.1262 .283 .70 .242 0.0278 .086 .2 • 211 (. 2) 
0.3374 .382 16 .3 3 0.4665 .439 .1 .844 .4 
0.0311 .100 1.59 .257 0.0619 .156 (.2) .o4o .1 
o. 5714 .425 22 .386 0.5699 • 520 .2 .899 .3 
0.4819 • 536 26 .475 0.5474 .634 .2 .999 .7 
0.0516 .086 1.54 .266 0.0579 .156 .1 .256 .1 
0.0221 .045 .82 .258 0.0318 .099 (. 2) .018 .2 
0.0012 -.272 3. 8 ( ) • 286 0.1329 .247 (. 2) .001 .2 
0.4988 • 523 20 a • 383 0.5222 .505 .7 .405 .5 
0.0011 -.219 B1.31 .269 0.0487 .142 (. 2) .ooo~ .1 
0.0180 .059 2.04 .373 0.0547 .211 ( .2) .037 (.2) 
0.9012 • 505 14 .319 0.4389 .402 .3 1.172 .2 

(a) Same method as for K.B. 

D 

NAR 

.300 

.034 

.492 

.122 

.831 
• 536 
.119 
.041 
.190 
• 522 
.101 
.102 
.699 

0 
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Table A 109 PAl and NAR of the Legume Components eut ;a 
Pasture Mixtures 1961 

Species 
Mixt.No. 
R.C. 1 

4 
6 

Af. 8 
9 

Lad. 4 
8 

12 
vii 

viii 
B.T. 6 

9 
11 

~~ 
15 

vii 
viii 

Dise l1ethod 
B1ocks 

c 
~wtT ----pJiT NAR 

/m2 /Ldm2 __ 

50 .301 1.6611 .513 
9.9 .260 0.3807 .315 

56 .305 1.8361 .530 
9.4 .264 0.3561 .314 

20 .370 0.5405 .492 
74 .276 2.6812 .514 
96 .294 3.2653 .508 

108 .269 4.0149 .538 
94 .285 3.2982 .551 
92 .262 3.5114 .512 
4.60 .321 0.1433 .285 

18 .298 0.6040 .407 
28 .378 0.7407 .542 
32 .329 0.9726 .502 
18 .398 0.4523 .506 
20 .478 0.4184 .605 
-
.oo4 .122 0.0003 ... 186 

D 

;-~2 -LWi~~2- FAI - .. N.KR 

38 .285 1.3333 .465 
6.5 .263 0.2471 .281 

44 .324 1.3580 .530 
6.0 .267 0.2247 .277 

18 .293 0.6143 .402 
100 .278 3.5971 .545 

76 .296 2.5676 .547 
114 .269 4.2379 .544 

72 .328 2.1951 .589 
70 .296 2.3649 .539 
12 .332 0.3614 .397 
18 .378 0.4762 .487 
14 .464 0.3017 .527 

B4o .423 o.9456 .641 
15 .423 0.3546 • 503 
20 .372 0.5376 .494 
1.36 .258 0.0527 .137 
1.45 .238 0.0609 .143 

Point Quadrat 
B1ocks 

c 
PJlr --NAR 

1.1 .712 
.1 • 760 

1.2 .824 
(.2) .470 

• 2 • 999 
1.6 .782 
1.6 1.102 
1.6 1.129 
1. 7 • 947 
3.0 .583 
( .2) .230 

• 9 .300 
1. 5 .312 

• 8 • 584 
• 8 . 329 
.6 .463 - -

( .2) .001 

D 
F1il ·-- NJŒ" 

1.3 .474 
( .2) .326 

• 7 • 890 
( .2) .300 

• 7 .364 
1.6 1.057 
1. 8 • 731 
1.8 1.100 
1.8 .692 
1.8 .673 

• 7 .243 
. 7 .364 
• 8 • 256 

B.9 .667 
.6 .342 
• 6 • 455 

(.2) .068 
(. 2) .072 

s 
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Table A 110 PAl and NAR of the Pure Stands eut 5 (b&c) 

Pasture Mixture 1961 (Oct. 23,1961) 

Blocks 
E F 

( i) J.i) 
Spec- W2 W2-W1 Lwtl 2 L2 L2-L1 NARb NAR 0 W2 W2-W1 Lwtl 2 L2 L2-L1 NARb NAR 
ies gms12 gms/2 ILdm ILdm c 

lm lm 

Tim. 84 56 .449 1.8708 
R.C. ae 26 .287 1.9512 
Af. 12 .360 1.2222 
Brome 90 62 • 575 1.5652 
Lad. 130 38 .331 3.9275 
B.T. 66 56 .418 1.5789 
R. Can. 80 40 .435 1. 8391 
K.B1. 66 27 .405 1.6296 

1.1359 .102 .313 
1.0610 .043 .202 
0.2755 .025 • 231 
0.9707 .137 .387 
0.8194 .024 .264 
1.3425 .176 .282 
0.5362 .057 .302 
o. 5185 • o44 .275 

88 
106 

30 
86 

112 
44 

58 
46 
18 
52 
26 
24 

.479 

.~60 
• 43 
• 526 
.349 
.471 

1.8371 1.2015 .114 .333 
2.9444 0.7705 .041 .273 
0.6772 0.2785 .080 .249 
1.6350 0.8692 .101 .357 
3.2092 0.2334 .020 .269 
0.9342 0.4946 .081 .285 

(i) W2 = Yield of eut 5b (ii) L2 : PAl from eut 5b NARb = NAR of PAl L2- L1. (in gm/dm21week) 

wl :r Il " 5a L1 : PAl n " 5 NAR - " 11 P AI L2- L a c - 0 
Il 

0 

~ 
<: 
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Table A 111 

c 

PAl and NAR of the Grass Components Cut 5 (b&c) 

Pasture Mixture 1961 (Oct. 23,1961) 

Blocks 
D 

Spec- w2 w2-W1 Lwt/ 2 12 12-11 BARb NARc W2 W2-Wl Lwt/ 2 1 2 12-11 EARb N'ARc 
ies /Ldm /Ldm - --- --

Tim.l 18 8 .349 0.5158 0.2448 .047 .183 10 4 .441 0.2268 0.0642 .046 .183 
4 1.71 -2.52 .355 0.0482 -.0780 -.003 .074 4.26 3.56 .376 0.1133 0.0855 .130 .122 
6 24 13 .379 0.6332 0.2958 .061 .210 22 6 .474 0.4641 -0.0024 .029 .243 
8 2.33 1.51 .365 0.0638 0.0327 .074 .090 6.02 4.43 .267 0.2255 0.1636 .029 .111 
9 46 28 .336 1.3690 0.7976 .068 .220 46 24 .583 0.7890 0.2191 .079 .340 

11 32 12 .519 0.6166 0.1347 .049 .285 38 12 .523 0.7266 0.1792 .042 .299 
12 6.24 5.13 .325 0.1920 0.1404 .107 .128 1.23 -.31 .366 0.0336 -0.0243-.015 .059 

vii 3.97 3.59 .451 0.0880 0.0659 .167 .131 2.55 1.73 .422 0.0604 0.0286 .086 .101 
viii o.818 .790 .326 0.0251 0.0239 -.191 .o4o 8.21 4.41 .423 0.1941 o.0620 .o6o .16~ 

Br.13 32 12 .515 0.6214 0.1226 .049 .284 26 6.0 .531 0.4896 -0.0326 .027 .275 
viii 0.718 .698 .342 0.0210 0.0199 -.223 .034 9.75 6.44 .392 0.2487 0.2000 .117 .168 

R.Cl4 4.12 3.58 .293 0.1406 0.1226 .133 .103 6.89 4.85 .356 0.1935 0.1388 .098 .141 
K.B15 52 21 .347 1.4986 0.5974 .048 .232 28 14 .355 0.7887 0.3498 .052 .207 

Refer to Table A for explanation of table 

(') 

~ 
H 
>< 



Table A 112 PAl and NAR of the Legume Components eut 2 (b&c) 

Past~re Mixture 1961 (Oct. 23, 1961) 

Blacks 
C D 

Spec- ~w-2 ~w~2--=w-::.-1~-L=-w-:-t-./-2--:;L:--2--t·-2-.-t;,>-1--"~N~A""R~b_,..NI""r"f"!AR0 W2 w2-Wl Lwt/ 
2 

t
2 

t 2-t
1 

NARb NlR
0 ies /Ldm /Ldm 

R.C.l 108 58 .330 3.2727 1.6116 .054 .255 44 6 .371 1.1860 -0.1473 .011 .236 
4 10.4 0.5 .314 0.3312 -0.0495 .003 .147 7 .282 .342 0.1983 -0.0488 .033 .136 
6 102 46 .355 2.8732 1.0371 .o44 .268 86 42 .349 2.4642 1.1062 .o5o .256 

Af. 8 11.4 2.0 .409 0.2326 -0.1235 .015 .206 17.2 11.2 .456 0.3772 0.1525 .085 .221 
9 44 24 .444 0.9910 0.4505 .072 .272 24 6 .526 0.4563 -.1580 .025 .268 

Lad.4 122 48 .351 3.4758 0.7946 .035 .274 llO 10 .351 3.1339 -.4632 .007 .269 
8 140 44 .340 4.1176 0.8523 .095 .273 124 48 .342 3.6257 1.0581 .035 .269 

12 142 34 .346 4.1040 0.0891 .002 .278 114 .082 .342 3.3333 -.9046 4.8x10~.266 
vii 148 54 .399 3.7092 0.4111 .045 .315 116 44 .426 2.7230 0.5279 .040 .318 

viii 150 58 .367 4.0872 0.5758 .034 .294 110 40 .346 3.1792 0.8143 .032 .266 
B.T.6 12 5.4 .338 0.3550 0.2117 .051 .208 8 -3.83 .345 0.2368 -.1246 -.029 .146 

9 38 20 .380 1.0000 0.4060 .055 .233 28 10 .420 0.6667 -.1904 .039 .235 
11 56 28 .441 1.2698 0.5291 .063 .289 28 14 .447 0.6264 9.3247 .070 .211 
13 52 20 .425 1.2235 0.2509 .041 .272 B44 4 .471 0.9342-.0114 .009 .285 
14 30 12 .338 0.8876 0.4353 .041 .202 20 5 .338 0.5917 0.2371 .024 .184 
~? 20 -.o54 .379 o.5277 o.l09liz)0003 .203 9 -11 .368 0.2537 -.2839 -.o64 .159 

v~~ 1 1.204 .~10{iC.0388 0.0388r.093 .093 1 -.326 .403 0.0257 -.0270 -.019 .051 
viii .08 .076 (.~O~J 0.0039 .0036-.092 -.06~ 3 1.904 .412 0.0814 0.0205 .061 .115 

(i) estimated from eut 4 and a 
(ii) L1 was 0 

a 



Table A 113 

eut 4 

Source 
Re p. 
Species 
Err or 

Total 

eut 5 a 
Re p. 
Species 
Err or 

- -x -

Total 
x. 

eut 5(b) = 
Re p. 
8pecies 
Err or 

Total 

i = 

eut 2c 
Re p. 
8pecies 
Error 

Total 
- -x -

CXXXI 

Analysis of Variance of the Photosynthetic 
Area Index (PAl) 

D.F. S.S. 
-1- .0191 

14 7.3492 
14 2.0073 
29 9.3756 

0.52 

1 .0003 
14 2.1235 
14 .1597 
29 2.2835 

0.15 

( 5a - 5o) ( i) 
1 .0433 

14 3.3711 
14 0.2729 
29 3.6873 

0.28 

1 .0521 
14 9.6091 
14 • 5120 
29 10.1732 

0.58 

Grasses - Pasture Mixtures 1961 

M. S. 
.0191 

0.5249 
0.1434 

F. 
0.13 
3.66 

F.05 
'4:'bO 
2.84 

.0003 .03 4.60 

.1517 13.31 2.84 

.0114 

.0433 2.22 4.60 

.2408 12.35 2.84 

.0195 

.0521 1.42 4.60 

.6864 18.75 2.84 

.0366 

F.Ol 

3.70 
8:0.3787 

cv. 72.3% 
SEi: : 0.268 

3.70 
s •. 1068 

CV: 70.6% 
SE-•• 076 x 

3.70 

S: .1396 
cv. 50.71% 

8E:x= .099 

3.70 

8: .1913 
CV: 33.2% 

SE--x- .135 

(i) The difference in Photosynthetic area index of any grass 
between Cut 5a and 5c gave the PAl of 5b. Also any 
negative values in this eut were analyzed as zero, i.e., 
no chan~e in photosynthetic area. 



' 
Table A 114 

eut 4 

Source 
Re p. 
Species 
Err or 

Total 

eut 2a 
Re p. 
Species 
Error 

Total 

( i) 
eut 5b 
Re p. 
Species 
Error 

Total 

eut 2c 
Re p. 
Species 
Error 

D.F. -r 
14 
14 

29 

1 
14 
14 

29 

1 
14 
14 

29 

1 
14 
14 

Total 29 

CXXXII 

Analysis of Variance of NAR Grasses 

Pasture Mixtures 1961 

s.s. M. S. F Htt F.Ol Statistics 
.026107 .026107 7.62 0 E:"'8b 
.556593 .039757 11.60 2.84 3.70 - - .249 
.047980 .003427 x-

s = .0585 
.630680 cv= 23.5% 

SE- -x - .0414 

.001429 .001429 0.32 4.60 
1.095862 .078276 17.56 2.84 3.70 x= .342 

.062396 .oo4457 

3xlo-9 
0 

.024806 .001772 

.028261 .002019 

.053067 

.008102 .008102 

.199262 .014233 

.024781 .001770 
• 232145 

0 4.60 
0.88 2.84 3.70 

4.58 4.60 

s •. 0668 
cv - 19.5% 

SEi = .0472 

x= .063 

s - .0449 
CV • 70.8% 

SEi • • 0316 

8.04 2.84 3.70 ~ = .185 
s - .0421 

cv = 22.8% 
SEx = .0297 

( i) The se NAR values have been obtained by using \ITatson' s 
complete formula, i.e., 

(W?-Wl) x (1o~e Lz- loge 1J) • NAR (~m/dm2/week) 
(t2-tl) x (12-11) 



CX:XXIII 

Table A 115 Ana1lsis of Variance of PAl Legumes 

Pasture Mixtures 1961 

eut 4 
Source D.F. s.s. M. S. F ~ F.01 Statistics 
Rep. --r .0096 .0096 0.04 .3 
Species 21 84.4026 4.0192 16.61 2.09 2.88 - 2.36 Err or 21 5.0821 0.2420 x. 

s = .4919 
Total 43 89.4943 cv = 20.8% 

SE:r • .348 

eut 2a 
4.35 Rep. 1 .1216 .1216 0.77 

Species 20 62.4366 3.1218 19.71 2.12 2.94 x • 1.38 
Err or 20 3.1676 • 1584 s • .3980 

Total 41 65.7254 cv - 28 .. 9% 
SE- • x .035 

eut ~b( i) 
Re p. 1 .4028 .4028 3.51 4.32 
Species 21 4.940? .2353 2.05 2.09 2.88 i . 0.42 
Error 21 2.40?9 .1147 s = .338? 

cv • 81.0% 
Total 43 ?.7514 SEx = .240 

eut 5b (corrected)ii) 
Rep. 1 .6384 .6384 4.31 4.32 
Species 21 5.5252 .2631 1.78 2.09 2.88 x • 0.89 
Error 21 3.1109 • 1481 s • .3848 

Total 43 9.2?45 
cv • 43.4% 

SEx • .272 

eut 2c 
Re p. 1 1.9741 1.9741 12.50 4.32 8.02 
Species 21 80.4178 3.8294 24.25 2.09 2.88 x = 1.66 
Error 21 3. 3153 0.15?9 s • .3974 

Total 43 85.?0?2 cv = 23.9% 
SE- - .281 x -

( iij Corrected by increasing each value by o.5 so as to 
eliminate the negative values. 

( i} Refer to table A 108 



Table A 116 

eut 4 
Source 
Rep. 
Species 
Error 

Total 

eut 2a 
Re p. 
Species 
Error 

Total 

eut 2b ~il 
Re p. 
Species 
Error 

Total 

Cut 2c 
Re p. 
Species 
Err or 

Total 

D.F. 
1 

21 
21 

43 

1 
20 
20 

41 

1 
21 
21 

43 

1 
21 
21 

43 

CXXXIV 

Analysis of Variance of NAR Legumes 

Pasture Mixtures 1961 

s.s. M. S. F ~ .002520 .002520 0.93 .3 
.427678 .020366 7.49 2.09 
.057091 .002719 

.487289 

.003439 .003439 1.39 4.35 

.652779 .032639 13.22 2.09 

.049383 .002469 

.705601 

.005331 

.030972 

.015704 

.052007 

.000201 

.188881 

.017096 

.206178 

.005331 7.13 4.32 

.001475 1.97 2.09 

.000748 

.000201 0.25 4.32 

.008994 11.05 2.09 

.000814 

F.Ol Statistics 

2.88 i = .414 

s = .0521 
cv = 12.6% 

SEi : .0369 

2.88 - = .475 
x 

8.02 

s = cv • 
SE- -x -

x= 
s = 

cv = 
S:Ex = 

.0497 
10.5% 
.0351 

.039 

.0273 
69.6% 
.0193 

2.88 x = .228 
s = .0285 

cv= 12.5% 
SEx : .0202 

(i) Refer to Table A 109 



Table A 117 

PAl Grasses 

Source D.F. 
Rep. --r 
Species 14 
Error 14 

Total 29 

NAR Grasses 
Rep. 1 
Species 14 
Error 14 

Total 29 

PAl Legumes 
Rep. 1 
Species 21 
Error 21 

cxxxv 

Analysis of Variance of PAl and NAR 
Total of eut 4 and 5 

Pasture Mixtures 1961 

s.s. M. S. F H& F.01 Statistics 
.1347 .1347 o. 52 • 

27.3491 1.9535 7.51 2.84 3.70 i - 1.101 
3.6425 .2602 s = .5101 

cv • 46.3% 
31.1263 SE:f = .3607 

.063296 .063296 8.14 4.60 8.86 
1.398699 .099907 12.85 2.84 3.70 x •• 4342 

.108812 .007772 0 = .0882 
cv = 20.3% 

1.570807 SEx = .0623 

2.2591 2.2591 3-53 4.35 
306.0996 14.5762 22.76 2.09 
13.4490 .6404 

Total 43 321.8077 

2.88 x :4.0243 
s •. 8002 

cv - 19.9% 
SE:x = .5659 

NAR Legumes 
Rep. 1 
Species 21 
Error 21 

Total 43 

.003844 .003844 0.76 4.35 
1.104704 .052605 10.46 2.09 2.88 

• 105 563 • 005027 

1.214111 

-x • 
s • 

cv= 
SE- -x -

.6419 
• 0709 
11.0% 
.0501 

(i) Represents the total of Cut 4 and 5c, i.e., complete 
recovery in each eut. 



Table A 118 PAl and NAR of Hay l-iixtures and Pure Stands eut 3 1961 

Grass Components Blocks 
A B c D 

DW Lwt DW Lwt DW Lwt DW Lwt 
Comp- Q 1 1 1 1 1 1 1 
onent m Ldm2 PAl .~NAR m2 Ldm2 PAl NAR m2 Ldm2 PAl NAR m2 Ldm2 PAl NAR 
Tim.1 47 .310 1.5161 .130 9'0 .513 1.7544 .221 -- - --

l 13 .366 .3552 .109 No Tim. present No Tim. present 5.594 .255 .2194 .066 
.2362 .134 
.3152 .100 
.9348 .174 
.3652 .107 

4 48 .400 1.2000 .160 46 .512 .8984 .192 5.274 .301 .1752 .072 12 .508 
5 57 .354 1.6102 .148 14 .492 .2846 .137 15 .439 .3417 .129 11 .349 
9 53 .406 1.3054 .165 37 .430 .8605 .160 70 .474 1.4768 .197 43 .460 

Br. 8 6.043 .369 .1638 .086 24 .258 .9302 .097 10 .329 .3040 .094 13 .356 

Legume ~om~onents F 
R.C.i 12 .290 4.3448 .147 81 .348 2.3276 .158 

1 3.057 .284 .1076 .056 4.44 .315 .1410 .069 6.634 .240 .2764 .066 6.076 .272 .2234 .070 
4 142 .360 3.9444 .179 120 .387 3.1008 .185 219 .330 6.6364 .179 201 .314 6.4013 .169 
5 169 .331 5.1057 .172 244 .314 7.7707 .174 275 .296 9.2905 .169 198 .378 5.2381 .197 

Lad.4 43 .331 1.2991 .134 62 .296 2.0946 .132 51 .353 1.4448 .146 34 .330 1.0303 .128 
Af. 1 191 .256 7.4609 .141 200 .383 5.2219 .200 223 .381 5.8530 .202 214 .401 5.3366 .210 

8 249 .401 6.2095 .215 202 .511 3.9530 .255 235 .425 5.5294 .224 174 .450 3.8667 .223 
B.T.5 43 .587 .7325 .210 13 .456 .2851 .127 5.15 .369 .1396 .081 11 .393 .2799 .109 

9 154 .472 3.2627 .228 185 .415 4.4578 .211 181 .528 3.4280 .257 155 .508 3.0512 .242 

Pure Stands E E 
R.C. 2 170 ·a67 4.6322 .188 143 ·a22 4.4410 .164 
Af. 4 171 • 09 4.1809 .206 203 • 06 5.0000 .210 
Lad. 5 56 .328 1.7073 .140 38 .367 1.0354 .142 0 
B.T. 6 146 .422 3.4597 .206 45 .422 1.0664 .164 § Br. 7 158 .479 3.2985 .231 183 .406 4.5174 .210 
Tim. 8 125 .580 2.1552 .260 114 .477 2.3899 .218 H 



CX:X:XVIl 
Table A 119 Analysis of Variance Cut 3 

Hay Mixtures-~2bl 

PAl Pure Stands & 1 Mixt. ii) 

Source D.F. S.S. M.S. F ~ F.Ol 
Rep. -y-- .47bl .4761 o:;R ?:?9 
Species 7 22.7871 3.2553 3.9? 3.79 7.00 

Statistics 

Error 7 ?.77?8 0.8251 

Total 15 29.039 

PAl Grasses 
Rep. 3 
Species 3 
Error 9 

Total 15 

PAl Legumes 

.83?4 0.2785 1.40 3.86 
1.0949 0.3648 1.84 3.86 
1.7898 0.1987 

3.7201 

Rep. 3 3.?497 1.1832 0.90 3.07 
Species 7 186.1424 26.5918 20.29 2.49 
Error 21 27.5202 1.3105 

Total 31 217.2123 

NAR Pure Stands & 1 Mixt. 
Rep. 1 .000027 .000027 0.03 ?.59 
Species 7 .015661 .002237 2.43 3.79 
Error 7 .0064?6 .000922 

Total 15 

NAR Grasses 
Rep. 3 
Species 3 
Error 9 

Total 15 

NAR Legumes 
Rep. 3 
Species 7 
Error 21 

Total 31 

.022144 

o.oo1348 o.ooo449 o.46 3.86 
0.012414 0.004138 4.27 3.86 
0.008712 0.000968 

0.022474 

0.000064 0.000021 0.01 3.07 
0.086970 0.012424 5.71 2.49 
0.015226 0.002175 

0.102260 

x = 2.99 
s = 0.91 

cv • 30.4% 
SE;x • 0.6423 

6.99 '! = 0.71 
s • 0.446 

cv= 62.?% 
SEx • 0.223 

3.6? x. 3.?4 
s • 1.145. 

cv :r 32.4% 
SEi= 0.572 

7.00 i = 0.4030 
s = 0.03 

cv • 16.0% 
SEi • 0.0215 

6.99 x • 0.1345 
s • 0.0311 

cv = 23.1% 
SE:x = 0.0156 

3.65 x = 0.1675 
s = 0.0470 

cv = 28.1~ 
SEx : 0.0233 

(i) In pure stands, mixture (i) containin~ Tim. and R.C. 
was included. 



Table A 120 

PAl Grasses 

Source D.F. 
Re p. --r 
Species 7 
Error 7 

Total 15 

PAl Legumes 
Re p. 1 
Species9 12 
Error 12 

Total 25 

NAR Grasses 
Rep. 1 
Species 7 
Error 7 

Total 15 

NAR Legumes 
Rep. 1 
Species 12 
Error 12 

Total 25 

CXXXVlll 

(1) 
Analysis of Variance Cut 3 

Hay Mixtures 1961 

s.s. M. S. F ~ .3452 • 345""2 0.92 9 
18.3412 2.6202 6.98 3.79 

2.6295 .3756 

21.3159 

1.9553 1.9553 2.01 4.75 
99.6740 8.3062 8.53 2.69 
11.6845 0.9737 

113.3138 

.000218 .000218 0.20 5.59 

.041866 .005981 5.44 3-79 

.007700 .001100 

.049784 

.000049 .000049 0.02 4.75 

.045624 .003802 1.74 2.69 

.026181 .002182 

.071854 

F.Ol Statistics 

7.00 - - 1.491 x-
s = .6129 

cv • 41.1% 
SEx = .554 

4.16 !: = 3.298 
s = .9868 

cv • 29.~% 
S:Bx = .69 

7.00 x = .1574 
s •. 0033 

cv • 14.93% 
SEx = .0235 

4.16 x = .1695 
s = .0467 

cv = 27.6% 
SEx = .0330 

(i) An. of Var. of Blocks A, D and E,F only. 



Table A 121 Average PAl and NAR of ~rasses in Mixtures and Pure Stands 

Pasture Mixtures Cut 4, 2a and 2b 1961 

CUT 4 CUT W a cm 2 b 

PAl NAR PAl NAR PAl NAR 
Pure Tim. 0.68 b -~40 abc 0.69 a .6oo a 1.17 a .108 a 
Pure Br. .89 b • 7 ab .68 a .642 ab .92 a .042 a 
Tim. 1 .34 b .283 c .22 cd .374 cd .15 d .047 a 

4 .62 b .142 d .08 d .184 ef .04 cd .066 a 
6 • 50 b .302 c .40 be .410 cd .15 cd .045 a 
8 .52 b .098 d .04 d .128 ef .10 d .052 a 
9 .80 b .354 abc • 57 ab .472 be .56 b .073 a 

11 • 57 b .468 a .52 ab • 585 ab .16 cd .046 a 
12 .08 b .132 d .06 d .121 ef .07 d .054 a 

vii .03 b .068 d .03 d .072 f .05 d .126 a 
viii .10 b .133 d .06 d .260 de .04 d .030 a 

Br. 13 .42 b .378 abc • 51 ab .514 abc .06 d .038 a 
viii .06 b .090 d .02 d .180 ef .11 d .058 a 

R.Can.14 .16 b .130 d .04 d .135 ef .13 cd .116 a 
K.B1uel5 2.08 a .324 be .67 a .454 be .48 be .050 a 

Means fol1owed by the same 1ower case 1etter are not significantly different 
at the 5% 1eve1. (Duncan's Multiple Ran?,e Test) 

0 

a 
H 
>cl 



Table A 122 Averal!e PAI and NAR of Grasses in Mixtures and Pure Stands 

Pasture Mixtures eut 5c and Total (4 & 2c) 1961 

CUT 5 c TOTAL (4 and 2 c) 

PAl NAR PAI NAR 
Pure Tim. 1.86 a .323 a 2. 51 ab .373 ab 

u Br. 1.60 ab • 238 ab 2. 52 ab .348 ab 
'rim. 1 0.38 def .183 bcd 0.72 cd • 237 abcd 

4 o.o8 f .098 d .70 cd .128 cd 
6 0.54 def .226 ab 1.04 cd • 287 ab cd 
8 0.14 ef .lOO d 0.66 cd .llO d 
9 1.08 c .280 ab 1.88 be ·a52 ab 

11 0.68 cd .292 a 1.24 cd • 23 a 
12 .11 ef .094 d 0.20 d .082 d 

vii .08 f .116 d .10 d .099 d 
viii .11 ef .104 d .22 d .206 abcd 

Br. 13 • 56 de .280 ab .98 cd .329 abc 
viii .14 ef .101 d .20 d .174 bcd 

R.Can.14 .17 ef .122 cd .32 d .162 bcd 
K.Blue15 1.14 be .220 abc 3.22 a .291 abcd 

Means followed by the same lower case 1etter are not significant1y different 
at the 5% level. (Duncan's test) 

~ 



Table A 123 Average PAl and NAR of Legumes in Mixtures and Pure Stands 

Pasture Mixtures Cut 4, 5a, and 5b 1961 

Pure R.C. 
u M. 
11 Lad. 

B.T. 
R.C. 1 

4-
6 

1lf. 8 
9 

Lad. 4 
8 

12 
vii 

viii 
B.·:r. 6 

9 
11 
13 
14-
15 

vii 
viii 

2.17 
1.22 
3.61 
3.34 
2.46 
0.50 
2.36 
0.60 
1.01 

CUT 4 
PAl 

fpohi ,_, 

bcd 
cdef 
defg 

hij 

efgh 
j 

j 
ij 

3.47 bede 
Y..61 ab 
5.1Y. a 
3.52 bede 
4-.22 abc 
0.62 j 

fghi 
defg 

efgh 
defg 

ghi 
j 
j 

2.20 
2.84 
2.38 
2.84 
2.04 
0.66 
0.22 

NAR 
.~t;--aocde 

.49Y. abc 

.498 abc 

.538 a 

.428 abcde 

.298 f 

.437 abcde 

.350 ef 

.428 abcde 

.454 abcde 

.378 cdef 

.408 bcdef 

.466 abcde 

.453 abcde 

.354- def 
• Y.90 abc 
.452 abcde 
.526 ab 
.479 abcd 
.Y.o2 bcdef 
.154 g 
.165 g 

CUT 5 a 

PAl 
1. 53 cd 
0.68 cdef 
3.06 b 
0.34 f 

ede 
f 

1.50 
0.32 
1.60 c 
0.30 f 

def 0.58 
3.14 ab 
2.92 b 
4.12 a 
2.75 b 
2.93 b 
0.25 
0.54 
0.52 
0.96 
0.40 
0.48 

f 
ef 

f 
cdef 

f 
f 

o.o3 f 

NAR 
• 500 oc 
.642 a 
.558 abc 
.510 be 
.489 be 
.298 e 
.530 abc 
.296 e 
.Y.47 cd 
.530 abc 
.528 abc 
.5Y.l abc 
.570 ab 
.526 abc 
.341 de 
.447 cd 
.534 abc 
.572 ab 
.50Y. be 
.550 abc 

.072 f 

CUT 5 b 

PAl 
0.92 a 

.28 a 

.52 a 

.92 a 

.80 a 
0.0 a 
1.08 a 
0.08 a 
0.22 a 
0.40 a 
0.96 a 
0.50 a 
0.47 a 
0.70 a 
0.10 a 
0.30 a 
o.Y.2 a 
0.12 a 
0.34 a 
0.06 a 
0.02 a 
0.01 a 

NAR 
.0\102 a 
.052 a 
.022 a 
.128 a 
.032 a 
.003 a 
.047 a 
.050 a 
.048 a 
.021 a 
.065 a 
.001 a 
.042 a 
.033 a 
.026 a 
.047 a 
.066 a 
.025 a 
.032 a 
.o. a 
.046 a 
.036 a 

Means followed by the same lower case letter are not significantly different at the 
5% level. (Duncan's Test) 
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Table A 124- Average PAl and NAR of Legumes in Mixtures and Pure Stands 

Pasture Mixtures eut 5c and Total (4- and 5c) 1961 

CUT ~ c TOTAL (4- and 2 c) 
PAl NAR PAl NAR 

Pure R.C. 2.4-4 cd • 238 bede 4.62 de .694- abc 
u Af. 0.95 fgh .240 bede 2.16 fgh .734 ab 
lt Lad. 3.57 ab .216 bede 7.18 ab .765 a 
Il B.T. 1.26 ef .284ab 4.60 de .822 a 

R.C. 1 2.23 de • 246abcde 4-.70 de .673 abc 
4 0.26 gh .142 f 0.76 hi .439 d 
6 2.66 bcd .262abc 5.02 cd .699 abc 

Af. 8 0.30 fgh .214- bede 0.90 hi • 564 bcd 

4 0.72 fgh • 270ab 1.74 ghi .698 abc 
Lad. 3.31 abc .272ab 6.78 be .726 ab 

8 3.88 a .27lab 8.48 ab .648 abc 
12 3.72 a .272ab 8.85 a .680 abc 

vii 3.22 abc .316a 6.73 be .783 a 
viii 3.64 ab .280ab 7.86 ab .733 ab 

B.T. 6 0.30 fgh .177 ef 0.92 hi • 532 cd 
9 0.84 fgh .234 bede 3.03 efg .724 ab 

11 0.95 fgh • 250abcd 3.79 def .702 abc 
13 1.08 fg .278ab 3.46 defg .804 a 
14- 0.74 fgh .193 cdef 3.58 defg .672 abc 
15 0.39 fgh .181 def 2.53 fgh • 582 bcd 

vii 0.04- h .072 g 0.69 hi .226 e 
viii 0.04 h .058 g 0.26 i .222 e 
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Table A 125 Averaqe PAl and NAR of Species in 
Mixture and Pure Stands 

Hay Mixtures eut 3 1961 

Grasses 

PAl NAR 

Pure Tim. 2.28 ab .239 a 
Il Br. 3.91 a .220 ab 

Tim. i 1.64 b .176 abc 
1 0.29 b .038 d 
4 0.72 b .147 bcd 
5 0.96 b .124 cd 
9 1.12 b .170 ab cd 

Br. 8 1.00 b .096 cd 

Le~umes 

PAl NAR NAR(i) 

Pure R.C. 4. 54 abc .176 a 
Il Af. 4. 59 abc .208 a 
Il Lad. 1.38 de .141 a 
Il B.T. 2.26 ede .185 a 

R.C. i 3.33 bcd .152 a 
1 0.16 e .063 a .065 c 
4 5.17 ab .174 a .178 ab 
5 5.18 ab .184 a .178 ab 

Lad. 4 1.16 de .131 a .135 be 
Af. 1 6.40 a .176 a .188 ab 

8 5.04 ab .219 a .229 a 
B.T. 5 0.50 e .160 a .132 be 

9 3.16 bcd .235 a .234 a 

SEi : .032 SEx : .023 

(i) Duncan's Test appli~d to legumes in mixtures of blacks 
A, B, c1 D only. All others are species in pure stands 
and mixtures of blacks A, D, E, F. 

(ii) Heans followed by the same lower case letter are not 
si~nificantly different at the 5% level. (Duncan's 
Test) 


