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This study was undertaken to evaluate the dry-weight-rank and

microscopic point methods for determining botanical composition on

perennial ryegrass (Lolium perenne L.) - subclover (Trifolium

subterraneum L.) and tall fescue (Festuca arundinacea Schreb.) -

subclover pasture mixtures throughout a grazing season.

Botanical composition was determined on a monthly basis from

April through August, in the field and on three component mixtures in

the laboratory. The dry-weight-rank method was modified for use

on five different species compositions artifically composited for each

pasture mixture. The microscopic point technique was applied to

the same samples with first the forage in whole form, then chopped

for a second determination.

The data were subjected to analysis of variance, linear regres-

sion, and correlation, Results show estimations of the microscopic.



point method on the whole forage were different from those on chopped

forage. The ratios of weight to point change because of a change in

thickness, amount, and cover of plant parts in the sampling, tray

through the season. The greatest differences in all estimations of

the components corresponded to the greatest change in the dry matter

percentages. Weight per point by the microscopic point method

before correction were more accurate in the overall application than

were the laboratory dry-weight-rank estimations after correction.

The laboratory dry-weight-rank technique is not sensitive to true dif-

ferences and the overall accuracy is poor without proportional ranking.

Without proportional ranking the dry-weight-rank method is only

accurate when ratios of the species within the mixture approximate

the ratios of the multipliers.

Dry weight percentages can be predicted accurately by the

microscopic point method within the range of composition levels

studied. Different equations are necessary for chopped forage

samples. The dry-weight-rank method is not acceptable without

considering proportional ranks and may not estimate within ± 5% of

the actual dry weight percentages when any one component falls below

60% of the mixture.
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EVALUATION OF DRY-WEIGHT-RANK AND MICROSCOPIC POINT
TECHNIQUES FOR SEASONAL BOTANICAL ANALYSIS

OF TWO PASTURE MIXTURES

INTRODUCTION

Needs continually exist for methods of botanical analysis to

determine seasonal species composition of forage mixtures by weight.

The purpose of this study is to explore attributes of the microscopic

point and dry-weight-rank techniques for determining botanical corn -

position of perennial ryegrass (Lolium perenne L.) - subclover

(Trifolium subterraneum L.) and tall fescue (Festuca arundinacea

Schreb.) - subclover forage.

The microscopic point technique (Heady and Torell, 1959) con-

sists of passing forage material under a binocular microscope having

a crosshair in one eye-piece. The species occurring beneath the

crosshair is identified and recorded as a hit. The hits for each

species are tabulated and their proportion of the total hits give per-

centage points for each species. This technique is used for botanical

analysis of esophageal fistula samples collected from sheep and

cattle for preference studies on different pastures. It would be

desirable to: have a similar determination of .the botanical composi-

tion of the forage species preseiit in these pastures.

In the dry-weight-rank method (Mannetje and Haydock, 1963)

forage of each species is ranked among three places according to its
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relative estimated dry-weight contribution to the whole. The ranks,

from a number of quadrats, are tabulated to give the proportion of

quadrats in which each species received first, second, and third

place. These proportions are multiplied by factors for conversion to

dry-weight percentages for each species. This method was selected

for evaluation because according to its authors the dry-weight-rank

gives an accurate estimate of the botanical composition of grassland

on a dry weight basis. The method was presented in 1963 and limited

literature exists on its value for pasture research. However,

advantages, as listed by Mannetje and Haydock (1963) suggest poten-

tial worth investigating. With slight modification it may also be used

in conjunction with clipping for yield to determine species composi-

tion in the laboratory.

The objectives were to evaluate the relative accuracy and (or)

precision of these methods for botanically analyzing various per-

centages of different species throughout a growing season, within and

between two pasture mixtures. Specific objectives in order of

importance are:

Evaluate the microscopic point method

a) on two physical forms of forage (whole and chopped).

b) with the relationship of percent points to percent weight,

c) by pasture mixture, season, and different levels of

composition.
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II. Evaluate a laboratory modification of the dry-weight-rank

method

a) by pasture mixture, season, and different levels of corn-

position.

III. Compare the microscopic point method with the laboratory

dry-weight-rank method.

IV. Determine application of both methods to field conditions.
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DESCRIPTION OF THE STUDY AREA

Pasture Location and Establishment

The pastures used for this study are located on the Adair tract

of the Oregon Agricultural Experiment Station 12 miles north of

Corvallis, Oregon in the western foothills of the Willamette Valley,

The pastures were established on a gentle northwest slope of less

than five percent. Sanders (1965) described the soils as Abiqua-like

silt loam relatively shallow, and occurring upslope from a McAlpin-

like silt loam that is deeper and moderately to imperfectly drained.

Each fall since 1960, 200 lbs, of single superphosphate (20% P205)

have been broadcast applied (Bedell,. 1968). In the fall of 1967 the

application was changed to 52 lbs of phosphorus, 83 lbs of potassium,

and 18 lbs of sulfur per acre applied in alternate years.

The pastures are adjacent five-acre blocks of subclover with

either perennial ryegrass or tall fescue each divided into two and one-

half acre pastures with a total of 12 pastures. Since 1964 the two

mixtures have been grazed by cattle and sheep as part of an overall

research project on utilization and management of improved pastures.

Grazing season has extended from late March-early April through

summer (Bedell, 1968).
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Growth Pattern of Pasture Species

Subclover is an annual plant which under favorable growing

conditions in the Willamette Valley will germinate in the fall and

grow slowly during the cool winter months. Increased growth rate

occurs with warmer temperatures in early March with petiole and

stem elongation occurring up until flowering time in late April.

Growth continues through May with burr formation occurring in early

June. After burr formation drying and leaf shattering occur with

complete dessication in the latter part of July and early August.

Perennial ryegrass is a short-lived bunchgrass. Generally

little growth occurs during the winter months. Rapid growth begins

in the spring and continues until anthesis in early June. Very little

growth occurs after anthesis. With a shallow root system and the

lack of precipitation in summer months the plant is essentially dor-

mant by late June.

Tall fescue is a long-lived, strong, bunchgrass with a deep

root system. It remains green year around with most rapid growth

occurring in the spring. Peak production occurs prior to the

middle of June. Plant maturity occurs by early July. The basal

leaves remain green through fall and winter with reduced growth

during colder months of December, January, and February. All

three major pasture species make approximately 50% of their annual
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growth during May.

Various annual grasses occur throughout the pastures. They

germinate in the fall, however, very little growth occurs during the

winter. Rapid growth occurs in early spring with seed setting at

various intervals. The annuals are usually dry by late June or early

July.

The 1968 forage growth pattern was similar to a normal year

except for higher available soil moisture due to above average May

precipitation. This extended the growth period, especially noticable in

perennial ryegrass which remained green until the first part of July.

Climate

The climate has been described as a mild subcoastal type,

having moist open winters, a relatively long growing season, and a

dry period in late summer (Pessot 1966). The mean maximum and

minimum temperatures from March to August 1968 were slightly

below normal. Mean maximum temperatures for the sampling

period occurred in July with the maximum temperature of 98 ° F

occurring August 1st. The mean minimum temperatures for the

sampling period occurred in March with the minimum temperature of

24°F occurring April 13th. However, freezing temperatures also

occurred in March before the first sampling date (U. S. E. S. S. A. ,

1968).
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Precipitation recorded was below normal by . 61 inches .for

March and April. May precipitation was 1.52 inches above the nor-

mal of 1.93 inches. June was .51 inches below normal with July

precipitation equal to the 30-year mean.
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LITERATURE REVIEW

Several criteria may be used in determining botanical composi-

tion. Among these are: number of individuals, frequency of

occurrence, cover or area occupied, and weight (Costello, 1963;

N. R. G. , 1962; Stearns, 1959; Brown, 1954). Brown (1954) gives

four general procedures for analysis by weight: a) a sample of the

vegetation is cut, separated into species and each species is weighed

(Hand Separation), b) a sample of the vegetation is cut and the rela-

tive weight of each species is estimated by eye in the laboratory,

c) the relative weights of species in sampling units are estimated

in situ in the field, and d) the weights are estimated in the field by

means of plots.

Species composition by weight expresses the relative produc-

tion of each species in the mixture. It is a particularly valuable

criterion to use when- only small differences in results are expected

and when analyzing grassland of high economic value (Brown, 1954).

Hand separation is the most accurate method but is time consuming

and tedious (Stapledon, 1913; Tanner, Gamble and Tossell, 1960).

Often sample numbers are drastically reduced and accuracy of the

hand separation method is lost (Mannetje and Haydock, 1963). How-

ever, a method may provide relatively inaccurate information but

provided the experimenter is aware of, and does not object to, this
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lack of accuracy, the method may be regarded as sound if it pro-

vides the answers, demanded from it (Brown, 1954).

Accuracy signifies the success of estimating the true value of

a quantity, whereas precision signifies .the clustering of sample

values about their own average, which if biased, cannot be the true

value (Freese, 1962). High precision indicates the repeatability of

sampling. Mosby (1963) stated that "Classification and evaluation

of data are dependent directly on the accuracy and fineness of the

measurement technique used." i. e , accuracy and precision, as

defined, are required for a method to be usable.

Mannetje and Haydock (1963) developed a dry-weight-rank

method to yield an accurate estimate of the botanical composition of

grassland on a dry weight basis without the necessity of cutting and

hand separating samples. This procedure is based on the rank

method developed by DeVries (1933) which consists of estimating in

terms of bulk the species of the mixture occupying the first three

ranks in each of a number of quadrats. The number of times a

species was ranked first, second, and third was expressed as a per-

centage of the total number of these ranks for all species. Later,

according to Mannetje and Haydock (1963), De Vries stated that the

modern way of calculation is to allocate three points to a first place,

two points to a second place, and one point to a third place. The

dry-weight-rank method differs in essential points: ranking of
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species is based on dry weight, a set of factors (multipliers) is used

for weighting first, second, and third ranks, and the botanical corn-

position is expressed as dry weight percent.

The authors conducted tests on three widely different pasture

mixtures. The multipliers used to test the method were derived from

data on other pasture mixtures in which the contribution of the domi-

nant species ranged from 40% to 76% dry weight. The results of the

four tests indicated that, if ranking was done correctly, the dry-

weight-rank method would provide an accurate estimation of botanical

composition by weight, and since the ranking is based on dry weight

yields the method should be applicable over a wide range of pasture

types,

Pessot (1966) evaluated the dry-weight-rank method on the

same pastures as used in this study, however, due to below normal

precipitation in the fall of 1964 and freezing temperatures in

November and mid-December the subclover stand was very poor in

1965. New multipliers had to be derived to suit the resulting high

levels of dominance for tall fescue and perennial ryegrass.

Pessot concluded the dry-weight-rank method proved

acceptable for the tall fescue pastures however greatly overestimated

clover and underestimated the ryegrass and other species in the rye-

grass pastures. Further investigation in different kinds of vegetation

and at different composition percentages was deemed necessary, He
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felt that different multipliers should be calculated in both cases.

Other sets of multipliers could be derived to suit higher per-

centages, but at high levels of dominance one species is likely to

receive almost all the first rankings (Mannetje and Haydock, 1963).

The calculated dry weight percent, therefore, would be very close

to the value of the multiplier for the number one rank and the method

would become insensitive.

Tore 11 (1956) developed a point system for plant species com-

position analyses. He identified plants in hand- made -two and three

species mixtures using a binocular microscope- with a tray setup

placed on a stage with fixed stops. For each observation the species

nearest the cross-hair in- one eyepiece of the scope was tabulated;

600 points or observations per sample were recorded. Percent

points closely approximated percent weight for simple mixtures.

Heady and Torell (1959) further elaborated upon the method in com-

paring it with hand separation and points taken in the field with a

point frame. The- microscope method was developed so that the green

material from clipped plots and esophageal fistulated animals could

be sampled by the same procedure. Percentage grass was least by

hand separation, slightly more by the field points and considerably

more by laboratory points. The proportion by different methods

showed similar trends between plots for the primary species.

Therefore, the methods sampled the trends in an adequate manner
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even though the absolute values were different between techniques.

Harker, Toren and Van Dyne (1964) assessed observer varia-

tion and number of microscopic points necessary for an established

degree of accuracy when determining botanical composition on a per-

cent dry weight basis. The method gave satisfactory estimates of

species composition on a percent dry weight basis in two-component

mixtures. Each species was individually fed to esophageal-fistulated

steers and the masticated samples combined in various proportions.

Four hundred points estimated percent dry matter at the 90% con-

fidence limit to within 20% of the mean. if the weight was 16 to: 30%,

to within 10% of the mean between 30 and 50% weight, and to within

5% of the mean from 50. to 95% weight, using percent of a species by

points against its percent by weight.

Heady and Van Dyne (1965) developed and tested equations to

predict percent weight composition from percent point composition

for annual grasses and forbs. Species composition of clipped annual

herbage samples was first estimated by the microscopic point

technique and then hand separated into the component parts. Per-

centage botanical composition by weight could be estimated from com-

position determined with the laboratory point technique. Ratios of

weight to points changed during the growing season because of chang-

ing thickness of plant parts, shattering, and varying proportions of

plant parts. With maturity, forbs became heavier and grasses



13

lighter per point, whether measured in the field or laboratory.

Regression of percent weight on percent points varied with

species composition, although not as much as among species and

through the growing season. The authors concluded percentage

weight composition can be estimated satisfactorily from laboratory

point analysis if differences among species, seasons of growth, and

botanical composition are taken into account.

Galt et al. (1968), using the microscopic method, recently

developed weight prediction equations for plant species in masticated

forage samples of known species weights. The average weight per-

centage of a species was estimated to a high degree of reliability

when the species made up at least 30% weight of the masticated plant

mixtures. The reliability of estimating a species percentage

decreased with species weights less than 10% of sample mixtures.

The authors concluded that 400 points may be inadequate for

estimating the composition of a species at the 5% range.
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METHODS AND PROCEDURE

Sampling Methods

Microscopic Point Method

The procedure is relatively simple. Harker et al. (1964) corn-

pared it to the Levy and Madden (1933) point-frame method of analysis

in the field. It consists of placing the material to be analyzed evenly

in a tray and passing it beneath a microscope. At a number of stops

the species occurring beneath a crosshair in the eyepiece is

identified and tabulated as a hit. Preliminary investigation (Torell,

1956) indicated 400 points were necessary to obtain the major species

within 10% of the population mean with 95% confidence. The total

tabulated species are expressed in percentage points.

A stage and tray assembly (Figure 1) was developed to increase

speed of taking observations, to decrease observer bias, and to

develop a more objective way of locating points than was previously

possible with available equipment.

A tin sampling tray 31" X 7" X 2" was equipped with a 26" X

2" X 1" wooden rack having two rows of 25 inclined planes with one

inch bases and offset one inch on each end. The wooden rack was

centered on the bottom of the tray and attached with three wood

screws, The tray when placed upon a stage 48" X12" X 4" fit into a
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Figure 1. Stage and tray assembly with the binocular
microscope set at the second transect posi-
tion;, the tray is turned on its edge to show
the wooden rack with its two rows of inclined
planes.



16

slot which accomodated the rack and acted as a guide. The tray was

propelled by a 9" lever having a peg which fit into the inclined

planes to allow movement of the tray to the right or to the left of the

focal point of the microscope.

The microscope stand fits into a notch centered in the back of

the stage with, the microscope base sliding underneath. The notch is

equipped with four stops 1/2" apart to allow placement of transects

for half of the tray. To locate transects on the other half of the tray

the tray is simply turned 180° and the process of moving the micro-

scope one stop at a time is repeated.

The: observations were taken with a binocular microscope

adjustable from 7 to 30X which contained a crosshair in one of the

eyepieces.

Dry-Weight-Rank Method

The dry-weight-rank method (Mannetje and Haydock, 1963)

can be broken down into several distinct steps:

a) Randomly place- quadrat on the pasture

b) Record all species present within the quadrat

c) Rank species which take first, second, and third placed in

terms of dry weight

d) Repeat this procedure, preferably 50 to 100 times, to give

a set of data for the pasture
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e) Derive the proportion of quadrats in which each species

occurred in first, second, and third place

f) Multiply the proportions by 70.2, 21.1, and 8.7 respectively,

to obtain the dry weight percent of each species.

Quadrat size should be large enough to insure presence of at

least three species in most positions. When the three ranks are not

all filled in one or more of the quadrats, the above multipliers are

converted to their ratios of 8.04:2. 41 :1 and used to multiply the

number of first, second, and third places, respectively. The

products are added for each species and these totals when expressed

as a percentage of the total products of all species, will give each

species dry weight percent.

If no difference in dry weight can be seen, the observer is not

forced to assign a difference in rank. The observer simply allocates

first and second, second and third, or first, second, and third place

equally to the two or three species where the difference cannot be

detected. Proportional ranking was not considered in, this study.

Laboratory Modification

The modification retains the same procedure as previously

described for the dray- weight -rank method. Observations are con-

ducted on clipped forage spread evenly on a table. The form of the

material changes from standing in the field to lying flat in the
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laboratory. No attempt is made to disturb the material in the plots

to facilitate easier observation, Rank is considered from the total

estimated dry weight of each species as, it occurred in the plot.

Sampling Procedure

Date and Pasture Selection

Botanical composition was determined in the field and in the

laboratory on both tall fescue-subclover and perennial ryegrass-

subclover pastures at monthly intervals, using the dry-weight-rank

and microscopic point techniques. On the same sampling date or as

soon as possible after the field sampling was done, plant material

was collected for artificial mixtures, for use with the laboratory dry-

weight-rank and microscopic point techniques. The sampling dates

were:

1. Early April

2. Early May

3. Mid June

4. Mid July

5. Mid August

Selection of these dates was based primarily upon the phenologi-

cal stages of subclover. However, definite changes which occurred

in the total composition as the season progressed were also used as
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a criterion for sampling time.

An area approximately 1/4 acre in size was selected in one tall

fescue and one perennial ryegrass pasture. Both pastures were

grazed by cattle at a heavy stocking rate designed to remove most of

the available forage by mid-August. The area was selected to be

similar in uniformity and composition of perennial grass, subclover,

and annual grasses to minimize variation between pastures, thus,

major variation could be attributed to method and not pasture.

Artificial Mixture Composition

Plant material collected for the artificial mixtures consisted of

pure samples of the perennial grass components tall fescue, and

perennial ryegrass, the subclover component, and various other

species (Hordeum hystrix, Bromus, rigidus, Holcus lanatus) that made

up the annual component. Holcus lanatus is a perennial species and

was used sparingly in the annual component because of its occurrence

in the pastures and its characteristic pubescence similar to that of

other annuals. Approximately 3600 grams each of the major com-

ponents, tall fescue, perennial ryegrass, and subclover and 2000

grams of the annual species were clipped near ground level and

placed immediately into plastic bags while in the field. The material

was taken to the laboratory and frozen prior to compounding the

mixtures.
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Through preliminary sampling and testing a minimum of

approximately 1200 grams of green forage was needed for the

laboratory dry-weight-rank technique and a 300 gram sample of

green forage would adequately cover the bottom of the sampling tray

(after chopping) for the microscopic point technique.

The percentages were arbitrarily selected for each mix by

taking into account actual percentages which may be accounted for in

a field situation. The main objective was to have percentages which

would test the accuracy of the different techniques. The artificial

mixtures were mixed by green weight to the nearest gram (Table 1).

Table 1. Botanical composition of artificial mixtures
by green weight.

Perennial Gras s Clover Annuals

Mix Grams Grams Grams

1. 90 1080 .5 60 5 60

2. 70 840 20 240 10 120
3. 50 600 35 420 15 180
4. 30 360 50 600 20 240
5. 35 420 35 420 30 360

As each mix was compounded, it was placed in a bag,

identified, and put back into the freezer. Each mix for each pasture

at each date consisted of one bag of forage containing 1200 grams of

green material. After all combinations for each date and pasture

had been mixed, approximately 100 grams of each component were



21

placed in a paper bag, weighed, and oven dried at 95°C, for 24 hours

to a constant weight, then weighed to determine dry weight percentage

for each component. The actual dry weight composition (Table 2)

for each mixture was not computed until all sampling procedures were

completed in order to reduce possible personal bias.

Table 2. Percent botanical composition of artificial mixtures by dry weight.

Ryegrass Pasture Tall Fescue Pasture

Mix Apr May Jun Jul Aug AVE Apr May Jun Jul Aug AVE

% Ryegrass % Fescue

1 88 89 86 84 81 86 89 91 90 80 80 86

2 67 72 65 61 53 63 70 74 73 53 51 64

3 47 53 45 40 32 44 50 56 54 33 31 45

4 28 33 26 23 17 25 30 36 34 18 17 27

5 30 34 27 25 20 27 33 37 35 19 19 29

AVE 52 56 50 47 41 54 59 57 40 40

% Clover % Clover

1 4 3 4 6 9 5 4 3 3 7 10 5

2 16 13 15 21 31 19 15 12 11 25 32 19

3 29 23 26 34 46 31 27 22 21 38 47 31

4 40 34 36 45 58 43 39 33 32 48 58 42

5 26 21 22 30 42 28 25 21 20 32 42 28

AVE 23 19 20 27 37 22 18 17 30 38

% Annuals % Annuals

1 8 8 10 10 10 9 7 6 7 13 10 9

2 17 15 20 18 16 18 15 14 16 22 17 17

3 24 24 29 26 22 25 23 22 25 29 22 24

4 32 33 38 32 25 32 31 31 34 34 25 31

5 44 45 51 45 38 45 42 42 45 49 39 43

AVE 25 25 30 26 22 24 23 26 30 22
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Botanical Analysis

Artificial Mixtures

As field time allowed, sampling was conducted in the laboratory

on the frozen and thawed mixtures. One mixture at a. time was

removed from the freezer and thoroughly mixed to assure a uniform

distribution of the components. The mixture was spread evenly on a

table and laboratory dry-weight-ranking conducted. Four sets of 50

dry-weight-rank observations were taken on a. square 1/10-square-

foot plot. Between each set of observations the forage was mixed to

assure adequate sampling and to test variation among sets. After the

four sets of dry-weight-rank observations were completed on a 1200 -

gram mix it was then randomly divided into four 300-gram sub-

samples, placed in individual plastic bags identified by date and mix,

and placed back in the freezer until microscopic points could be taken.

The procedure for the microscopic point analysis consisted of

placing a thawed subsample in the tray and pressing, down the forage.

Two hundred points in eight transects of 25 points per transect were

taken by moving the tray at one-inch intervals beneath the microscope.

At each stop the species: which occurred beneath the crosshair was

identified and recorded. After the first series of 200 points the

subsample was mixed thoroughly and another 200 points recorded.

Four hundred points constituted a set of observations. The mixing
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between the 200 point series was done to assure adequate sampling of

subsamples. The subsample was then chopped with hand shears so

all of the forage was approximately 1/4 to 1/2-inch in length. The

subsample was again pressed into the tray and two series of 200

points were repeated.

Pasture Samples

Fifty dry-weight-rank observations were taken on each pasture

using a circular 2. 4-square-foot plot. Each plot was randomly

selected by throwing the circular hoop, The first 20 plots were

clipped after ranking and composited in a bag to be used for the

laboratory dry-weight-rank and microscopic point techniques. After

the 50 plots were ranked, notes were taken on vegetation, unusual

grazing pattern, or difficulties encountered in applying the dry-

weight-rank method in the field.

The forage from each of the 20 plots was brought into the lab

where the laboratory dry-weight-rank was conducted as previously

described for artificial mixtures. After the four sets of observations

were completed, four subsamples of 300 grams each were randomly

selected from the forage sample, placed in individual plastic bags

identified by date and pasture, and placed in the freezer for later

analysis by the microscopic point techniques as described for

artificial mixtures.
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Statistical Analysis

For the artifically compounded forage material Dates, Mixes,

and Sets of observations were factors in a 5 X 5 X 4 factorial analysis

of variance of dry weight weight percentages for each of the methods.

A separate analysis of variance was used for each pasture and each

component. The data were subjected to linear regression and cor-

relation analysis; the parameter (actual dry weight percentages- -

Table 2) was compared with estimated percentages by each technique

and microscopic points on whole forage were compared with the

microscopic points on chopped forage. Prediction equations with

confidence limits were calculated only for the microscopic techniques.

Analysis of variance for the clipped forage from the pastures

consisted of a randomized complete block design with five dates and

four sets of observations as sources of variation for the laboratory

dry-weight-rank technique. A 4 X ,4 factorial analysis of variance

was used for the microscopic point method with Dates and Sets as

variables. Missing data are for the early April sampling date.

With prediction equations calculated for the microscopic method

used on the artifically compounded forage material, predicted field

parameters of dry weight percentages were computed. The

estimated percentages by the field dry-weight-rank and the laboratory

dry-weight-rank were plotted against their corresponding predicted



25

parameter values.

Linear regression lines through the origin were not considered.

Although it is logical to assume when X = 0 then Y =0 with this

assumption it must also be assumed that when X 100 then Y = 100

and the line of regression would be determined by these two points.

By forcing the regression through the origin any unknown bias

incorporated into the design could be accentuated or eliminated

thereby resulting in false conclusions.
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RESULTS AND DISCUSSION

Artificial Mixtures

Percentage botanical composition of the artificial mixtures by

dry weight (Table 2) varied as percent dry matter of each component

changed through the season (Figure 2). The differential increase in

percentage dry matter of the components throughout the season

changes the ratios by weight of perennial grass, subclover, and

annuals depending upon each components dry matter percentage and

its percentage within the mixture at any one date. If the rate of

change of percentage dry matter of the three components had been

the same throughout the season the ratios by weight would have been

identical for all mixes and no interaction would have occurred in the

parameter. Occurrence of identical rates of change in percentage

dry matter of a heterogeneous population within a pasture mixture

is extremely ra;re. The change in ratios of the different compositions

accounts for a large part of the variation seen in Appendix 1.

Microscopic Point Technique on Whole Forage (MW)

For the MW technique, percentage points for each component

averaged over all species composition levels (mixtures) for each

sampling date are plotted with their respective parameters in



100

90

80

70

60

SO

40

30

20

10

Apr May June
Sampling Dates

July

Figure 2. Dry matter content of perennial ryegrass,
tall fescue, subclover and annual components
throughout the sampling period.

Aug

27



28

Figure 3 from data contained in Table 3. Estimation of the

parameter by MW points in each pasture mixture has the same pat-

tern in April, May, June and August with a slight difference

occurring in July. The method reacted differently on the two pasture

mixtures in July primarily noticable between the perennial grass

components and annual components. July is also the date where the

largest differences in dry matter percentages occurred (Figure 2)

consequently the greatest ratio change in the parameter (Table 2).

Table 3. Percent botanical composition by MW points for two pas-
ture mixtures averaged over five mixes for each date with
respective parameter values.

Ryegrass Pasture Fescue Pasture

Component Apr May Jun Jul Aug Apr May Jun Jul Aug

Perennial PAR 52 56 50 47 41 54 59 57 40 40

Grass MW 57 50 43 37 47 60 52 47 45 41

Clover

Annual

PAR 23 19 20 27 37 22 18 17 30 38

MW 22 18 21 26 21 21 18 20 23 23

PAR 25 25 30 26 22 24 23 26 30 22

MW 21 32 36 :37 32 19 30 33 32 36

Part of the failure to measure this difference can be explained

by change in the physical form of subclover. On the April, May,

and June sampling dates leaf shattering was minimal. The character-

istic dark green color of leaves and light green color of petioles with

the heavy pubescence were important identifying characteristics of
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the species. In July and August, however, dessication of subclover

created handling and identification problems. Leaf loss to the

bottom of the tray and the change from green to brown indicated the

possibility of confusing subclover petioles and stems with other

components that had plant parts similar in shape and (or) color,

When clover leaves fall to the bottom of the sampling tray less sub-

clover surface is within visible contact of the crosshair.

Percentage botanical composition data from Table 4 averaged

across sampling dates for each species composition level is plotted

in Figure 4. The MW technique estimated the parameters similarly

on both pasture mixtures. Perennial grass at high percentages is

underestimated but at low percentages overestimated. Subclover is

underestimated at levels above approximately 20%. Annuals are

overestimated in all mixes,, but more at lower percentages. These

results indicate error contributed from identification and loss of

leaves of subclover to the bottom of the tray is increased as per-

centage of subclover in the composition is increased.

The factorial analysis of variance of MW point percentages for

all dates and mixtures (data in .Appendix 1) shows a significant Date

X Mix interaction. The interaction was less than or equal to 18%

for all components. The greatest variation occurred in the number

3, 4, and 5 mixes and in July and August. The estimation of the

parameter by the MW technique has the most precision in April,
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May, and June and at high percentages of perennial grass and low

percentages of subclover and annuals.

Table 4. Percent botanical composition by MW points for two pasture
mixtures averaged over five dates for each mix with respec-
tive parameter values.

Component

Ryegrass Pasture Fescue Pasture
2 3 4 5 1 2 3 4 5

Perennial
Grass

Clover

Annual

PAR
MW

PAR
MW

PAR
MW

86
76

5

6

9
18

63
58

19
18

18
24

44
42

31
25

25
33

25
29

43
33

32
38

27
29

28
25

45
46

86
78

5

5

9
17

64
57

19
16

17
27

45
45

31
26'

24
29

27
33

42
33

31
34

29
33

28
23

43
44

Linear regression equations and coefficients of determination
2(r ) were computed by sampling date for percentage weight (Y) of the

parameter and percentage points (X) from the MW method (Table 5).

Between 82 and 99% of the variation in percent weight is accounted

for in, the variation of percent points for separate equations. Regres-

sion coefficients were not significantly different within the range of

composition percentages for each component; all dates were pooled

for a single prediction equation for each component. However, the

regression of percent weight on percent points through the season

indicates that pooling for separate equations could be based on dif-

ferences in forage material, and the level of accuracy accepted
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within the objectives of the study. The differences observed in the

coefficients of determination and regression are acceptable guidelines

as to which months could be pooled for a higher degree of accuracy.

In Table 6 regression equations, coefficients of determination and

confidence limits are given for pooled data over all months and for

subclover and annuals for selected months when forage physical form

differed most.

Table 5. Linear regression equations, and coefficients of determination for calculation of percent
weight from points taken on whole forage.

Perennial Ryegrass Pasture Tall Fescue Pasture

Date Y = a + bx r2 Y= a+bx r,2

Ryegrass Fescue

April -18.8 + 1.250x . 988 -16.7 + 1.182x . 997

May - 8.8 + 1.310 .952 -13.9 + 1.410 .921
June - 4.0 + 1.228 .995 - 2.0 + 1.259 .958
July - 2.0 + 1.309 .976 -12.7 + 1.174 .999
August -12.4 + 1.127 .977 -20.0 + 1.444 . 978

Clover Clover

April - 2.0 + 1.096 .960 + 1.1 + 1.013 .998
May - 3.2 + 1.209 .890 - 4.2 + 1.221 .987
June - 3.8 + 1.173 .925 - 1.8 + . 969 .913

July - 4.8 + 1.212 .980 + 2.3 + 1.238 .945
August - 1.5 + 1.852 .896 - 1.2 + 1.724 .924

Annuals Annuals

April - 4.2 + 1.402 .962 - 9.0 + 1.381 .995
May -15.9 + 1.256 .983 -19.8 + 1.411 .817
June -16.1 + 1.282 .994 -13.9 + 1.194 .913
July -27.6 + 1.474 .972 - 8.6 + 1.184 .929
August - . 2 + . 696 . 822 -17.4 + 1.124 . 820



34

Table 6. Regression equations, coefficients of determination and con-
fidence limits for pooled data over all months and for sub-
clover and annuals for selected months for MW technique.

Component
Mixes

Grouped
Months
Pooled Y=a+bx rZ *CL

Grass N=50 All - 6.6 + 1. 171x .879 2.39
Clover N=50 All - 1.0 + 1.234 .735 2.17
Annuals N=50 All - 2. 7 + . 907 . 678 2.04

Clover N=40 A, M, S, S 1. 6 + 1.124 .904 1.24
Clover N=10 Aug 1.0 + 1. 772 . 900 4.24
Annuals N.-----10 Apr - 3.2 +1.384 .976 1.56
Annuals N=40 M,J,J,A -12.2 + 1.120 .830 1.68

There is higher accountable variation with months separated,

however, little change occurred in the confidence limits. Accepting

± 5% as the level of accuracy for the method little is gained when

separating months for these data. The confidence limits at the .05

level of probability calculated for the means of each component were

less than or equal to ± Z. 4%, well within the accepted ± 5% of the true

mean. Linear regression equations from percent points by MW

technique are shown in Figure 5. Also included are the coefficients

of determination and plotted confidence belts calculated at .05 level

of probability.

These results show that weight per point of the components

increases in relation to increasing dry matter percentage. The

values change through the growing season at different stages of

maturity. Grasses, both perennial and annual, weigh less per point
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than subclover and annual grasses weigh less than perennial grasses.

The differences were greater between components than through the

season for each component. For predicting percent weight from per-

cent points, morphology and phenological stage are the most important

factors for developing equations. The greater the differences between

components the greater is the chance of needing separate equations.

The results of turning the forage over between 200 point series

for the MW technique show more variation in the tall fescue pasture

mixtures. No consistent higher or lower estimation for either series

can be detected for April, May, and June. However, July and August

show the subclover component in both pasture mixtures to have a

higher estimated percentage after turning in the 2nd 200 point series.

For the tall fescue pasture mixtures the difference affected the

estimations of the tall fescue component where in the perennial rye-

grass pasture the difference was equally distributed between peren-

nial ryegrass and annual components.

This indicates more points per sample may be necessary in

July and August. Subclover leaves shatter and fall to the bottom of

the tray during initial placement of the forage in the tray. The

coarser stems in the tall fescue pasture mixture allow more of the

shattered plant parts to pass through the mix. However, after

pressing the mix into the tray the density of the mix is increased

where little falls through after turning.
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Microscopic Point Technique on Chopped Forage (MC)

The mean date percentages averaged over the five composition

levels (date variation) for MC technique from Table 7 are shown in

Figure 6. Estimation of the parameter by MC points in each pasture

shows the same pattern in April, May, June, and August but dif-

ferent in July. The difference in July is greater in the perennial

grass component where the tall fescue parameter was 7% less than the

perennial ryegrass parameter. However, the MC technique estimated

tall fescue 8% higher than it did for perennial ryegrass indicating a

reversal of percent dry matter of these two components as seen in

Figure 2. Change of physical form by chopping contributes greatly

to differences which occurred. By chopping, the cross-sectional

area per point for subclover leaves was reduced with little or no

change in area occurring in the grass components. The mixture

was more homogenous, especially in July, than observed for the

MW technique.

Percentage botanical composition from Table 8 averaged across

sampling dates for each species composition level is plotted in

Figure 7. The MC technique when estimating the parameter of both

pastures reacts similarly for all components. The perennial grass

component is underestimated and subclover component overestimated

in all mixtures. The annual component is overestimated at the low
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Table 7. Percent botanical composition by MC points for two pasture
mixtures averaged over five mixes for each date with
respective parameter values.

Forage
Component

Ryegrass Pasture Fescue Pasture

Apr May Jun Jul Aug Apr May Jun Jul Aug

Perennial
Grass

Clover

Annual

PAR
MC

PAR
MC

PAR
MC

52
52

23
29

25
19

56
43

19
25

25
32

50
40

20
25

30
35

47
28

27
38

26
34

41
41

37
30

22
29

54
50

22
31

24
19

59
44

18
23

23
33

57
45

17
23

26
32

40
35

30
35

30
30

40
36

38
35

22
29

Table 8. Percent botanical composition by MC points for two pasture
mixtures averaged over five dates for each mix with
respective parameter values.

Component

Ryegrass Pasture Fescue Pasture
1 2 3 4 5 1 2 3 4 5

Perennial
Grass

Clover

Annual

PAR
MC

PAR
MC

PAR
MC

86
72

5

10

9
18

63
50

19
26

18
24

44
36

31
34

25
30

25
21

43
43

32
36

27
25

28
33

45
42

86
73

5

9

9
18

64
49

19
24

17
27

45
36

31
36

24
28

27
26

42
44

31
30

29
26

28
34

43
40



39

70

60

50

40

30

20

10

50

40

30
%

20

10

50

40

30

20

10

Ryegrass Pasture Mixtures 70

60

SO

40

30

20

Ryegrass 10

Apr May June July Aug

SO

40

----- 30
%

....- 20

10
Clover

Apr May June July Aug

50

40

30

20

10
Annuals

Apr May June July Aug

MC

PAR

Fescue Pasture Mixtures

Fescue

Apr May June July Aug

Clover

Apr May June July Aug

Annuals

Apr May June July Aug

Figure 6. Percent botanical composition by MC points for
two pasture mixtures averaged over five mixes
for each date with respective parameter values.



40

90

80

70

60

50

40

30

20

10

50

40

30

20

10

50

40

30

20

10

Perennial Ryegrass Pasture Mixture

#1

\

Ryegrass

#2 #3 #4 #5

Clover

#1 1/2 #3 #4 #5

Annuals

#1 #2 #3 #4 #5

MC

PAR

90

80

70

60

SO

40

30

20

10

50

40

30

20

10

50

40

30

20

10

Fescue Pastures Mixtures

#1

Fescue

#2 #3 #4 #5

e Clover

#1 #2 #3 #4 #5

#1 #2 #3 #4 #5

Figure 7, Percent botanical composition by MC points for
two pasture mixtures averaged over five dates
for each mix with respective parameter values.



41

percentages and underestimated in high percentages. A slight dif-

ference exists between the pastures for mix #4 in the annual com-

ponent. The difference is small and does not appreciably lower the

precision.

The factorial analysis of variance of MC point percentages for

all dates and mixtures (data in Appendix 1) shows a significant Date

X Mix interaction. The interaction was less than or equal to ± 10%

for all components. Most of the variation occurs in the number 3,

4, and 5 mixes and in July and August. Lowest precision occurs at

high percentages of clover and during, the greatest change in dry

matter percentages.

Linear regression equations and coefficients of determination

were computed by sampling date for percentage weight (Y) of the

parameter and percentage points (X) from the MC method (Table 9).

Between 83 and 99 percent of the variation in percent weight is

accounted for in the variation in percent points for separate equations.

The regression coefficients' are not different within the range of the

composition percentages for each component. Pooling all dates for

a- single prediction equation for each component was done. Data from

all months for each component and for selected months were pooled

for regression and correlation analysis in the same manner described

for MW technique (Table 10). Accepting ± 5% as the level of accuracy

for the method little is gained when separating months. The
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confidence limits, calculated for the means of each component were

less than ± 2. 4% of the true mean.

Table 9. Linear regression equations, and coefficients of determination for calculation of percent
weight from points taken on chopped forage.

Date

Perennial Ryegrass Pasture

Y= a+bx r
2

Tall Fescue Pasture

Y= a+ bx r2

Ryegrass Fescue

April -15.5 + 1.292x . 980 + 2.0 + 1.054x . 994

May + 2.3 + 1.254 .951 - 2.0 + 1.380 .927
June + . 3 + 1.229 .985 - 2.4 + 1.334 .979
July +11.2 + 1.264 .957 + 4.1 + 1.044 .982
August - 4.0 + 1.084 .996 -18.3 + 1.612 .982

Clover Clover

April - 4.4 + .945 .924 - 2.3 + . 785 .985

May - 5.3 + . 972 .885 - 6.0 + 1.026 .934
June - 6.8 + 1.096 .936 - 4.6 + . 942 .944

July - 8.7 + . 950 .994 - 2.0 + .919 .965
August - 4.7 + 1.399 .976 - 7.0 + 1.281 .953

Annuals Annuals

April - 8.9 + 1.799 .950 - 6.7 + 1.555 .962
May -21.1 + 1.436 .985 -33.6 + 1.730 . 834

June -13.8 + 1.250 .973 -17.2 + 1.339 .893

July -44.4 + 2.072 .896 -13.9 + 1.424 .927
August - 2.1 + . 833 .908 -30.9 + 1.841 .512

Linear regression equations for calculating percent weight

from percent points by MC technique are shown in Figure 8 along

with the coefficients of determination and plotted confidence belts.

These results show weight per point of components increases

in relation to increasing dry matter percentages. The perennial

grass component weighs most per point and subcloverj component

weighs more than the annual component. The differences were
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greater between components than through the season for each corn-

ponent.

Table 10. Regression equations, coefficients of determination and
confidence limits for pooled data over all months and for
subclover and annuals for selected months for the MC
technique.

Component
Mixes

Grouped
Months
Pooled Y=a+bx r 2 ±CL

Grass N=50 All + 2.4 + 1.139x .880 2.38
Clover N=50 All - 4.3 +1.006 .821 1.78
Annuals N=50 All - 4.2 + 1.006 .631 2.18

Clover N=40 A, M, J, 3 - 3. 7 + . 902 . 928 1.08
Clover N=10 Aug - 4. 7 + 1. 306 . 927 3. 63
Annuals N=10 Apr - 7. 3 + 1. 654 . 941 2.43
Annuals N=40 M,J,J,A -15.5 + 1.289 .805 1.78

The results of turning the forage over between 200 point series

for the MC technique show little variation in both pasture mixtures.

No consistent higher or lower estimation for either series can be

detected in any months. This indicates that 400 points per sample

may not be necessary on chopped forage samples.

Comparison of MW Technique with MC Technique

Regression and correlation analysis was used to compare the

two techniques. The coefficients of regression and determination

(Table 11) indicate the techniques are closely associated on both

pasture mixtures for all components. The mean coefficient of
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determination, .971, indicates extremely high correlation between

the two techniques. The coefficients of regression of MC points (Y)

on MW points (X), point out the true differences of the techniques and

indicates the significance of morphology to the application of the

microscopic point method. For example regression coefficients for

subclover in April, May, and June were similar; in July and August

when subclover was very dry and brittle the change in slope is indica-

tive that the techniques reacted differently as the physical form of

plant material was changed by chopping. The slopes of the regres-

sion lines vary more in the perennial ryegrass pasture mixtures.

This variation may be due to confusion of perennial ryegrass with

the annual component after chopping, i, e. , perennial ryegrass and

annual plant parts are easily mistaken for each other during rapid

examination of the chopped forage. In July and August perennial rye-

grass still contained much green color, whereas annuals and sub-

clover were brown and dark brown, respectively. Most of the

variability for the ryegrass pasture mixtures occurred in April,

May, and June; during this period perennial ryegrass and annuals

were most similar in color and culm diameter. In July and August

annuals more closely resembled
(the

subclover stems and petioles.

Difference in the mean weight per point of the three components

for both pasture mixtures (Table 12) is slight, however, perennial

grasses weigh less per point than clover on whole forage and more
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Table 11. Coefficients of regression and determination of MC (Y) on MW (X) for two pasture mixtures.

Ryegrass Pasture Fescue Pasture

Date b r2 r
2

Ryegrass Fescue

April .954 .981 1.114 .988
May 1.037 .987 1.015 .981
June .987 .986 .952 .996
July 1.013 , 977 1. 104 .982
August 1.043 .988 .888 .979

Clover Clover

April 1. 106 .969 1.274 .983
May 1.254 .999 1. 133 .955
June 1.075 .948 1.035 .991
July 1.286 .995 1.344 .961
August 1.328 .961 1. 345 .987

Annuals Annuals

April . 770 .988 .861 .970
May .865 .977 .821 .993
June 1.007 .984 .879 .994
July .661 .938 .824 .984
August . 866 .975 . 392 . 723

Table 12. Mean weight per point (in grams) for three components on
two pasture mixtures by MW and MC techniques.

Ryegrass Pasture Mixture Fescue Pasture Mixture
Component MW MC Component MW MC

Ryegrass . 26 , 33 Fes cue .24 .30

Clover .33 .24 Clover .35 , 23

Annuals .20 , 22 Annuals .21 .22
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per point on chopped forage. Ratios of weight to point change because

of a change in thickness, amount, and cover of plant parts in the

sampling tray. The major portion of change for each technique can

be attributed to change in physical form of forage. Individual regres-

sion coefficients for each technique when estimating the parameter

indicate seasonal growth of individual species with varying proportions

of plant parts and differing combinations of botanical composition,

constitute the major factors of change. These factors result in

change in weight per point.

Laboratory Dry-Weight-Rank Estimations (LDWR)

Table 13 and Figure 9 shows botanical composition of the five

dates averaged over the five mixes. The estimates of the parameter

by LDWR for all components in each pasture mixture exhibit the same

pattern in April, May, and June but a different pattern in July and

August in the perennial grass and annual components. In April, May,

and June perennial grass was overestimated, subclover slightly under-

estimated and annuals underestimated. The large differences in July

and August are partially due to difficulty of estimating changing dry

weight percent of the components. The accuracy in April, May, and

June (especially for subclover) is due to the pasture mixtures

approaching the multiplier ratio when data are averaged over

mixtures.
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Table 13. Percent botanical composition by LDWR estimations for
two pasture mixtures averaged over five mixes for each
date with respective parameter values.

Forage
Component

e rbgIspasttIre Fescue Pasture
Apr May Jun Jul Aug Apr May Jun Jul Aug

Perennial PAR 52 56 50 47 41 54 59 57 40 40
Grass LDWR 57 58 57 52 46 62 61 63 58 54

Clover

Annual

PAR 23 19 20 27 37 22 18 17 30 38
LDWR 23 21 21 23 23 22 19 18 21 20

PAR 25 25 30 26 22 24 23 26 30 22
LDWR 20 21 22 25 31 16 20 19 21 26

Figure 10 plotted from data in Table 14 gives the percent

botanical composition for the five mixes when averaged over five

dates. The LDWR estimations of the parameter deviate in significant

amounts in all mixtures except mix number two. This is the only

mix in which the components approach the multiplier ratio. The sig-

nificant differences indicate no accuracy when any one component

would fall below approximately 60% of the mix and above 70% of the

mix.

The coefficients of determination and regression are found in

Table 15. A high correlation exists between LDWR. estimations and

percent dry weight for perennial grass, subclover and annual com-

ponents. However, regression coefficients indicate the method is not

sensitive to true differences. There is a tendency to balance the per-

centages; the high percentages (above 70%) are highly underestimated



90

80

70

60

% 50

40

30

20

10 Ryegrass

Ryegrass Pasture Mixtures

50

40

30

20

10

50

40

30

20

10

#1 #2 #3 #4 #5

Clover

#1 #2 #3 #4 #5

#1 #2 #3 #4 #5

90

80

70

60

% 50

40

30

20

10 Fescue

Fescue Pasture Mixtures

#1

50

40

30

20

10

50

40

30

20

10

#2 #3 #4 #5

LDWR

PAR

#1 #2

#1 #2

#3 #4 #5

#3

Annuals

#4

Figure 10. Percent botanical composition by LDWR
estimations for two pasture mixtures
averaged over five dates for each mix
with respective parameter values.

50



51

Table 14. Percent botanical composition by LDWR estimations for
two pasture mixtures averaged over five dates for each
mix with respective parameter values.

Forage
Component

Ryegrass Pasture
1 2 3 4 5

Fescue Pasture
2 3 4 5

Perennial PAR 8 6 63 44 25 27 8 6 64 45 27 29
Grass LDWR 70 64 57 40 40 70 66 60 .50 52

Clover

Annual

PAR 5 19 31 43 28 5 19 31 42 28
LDWR 13 20 21 35 23 13 17 22 28 20

PAR 9 18 25 32 45 9 17 24 31 43
LDWR 17 16 22 25 37 17 17 18 22 28

Table 15. Coefficients of regression and determination of the parameter ( Y) on LDWR (X) for two
pasture mixtures.

Date

Ryegrass Pasture Fescue Pasture

b r2 r
2

Ryegrass I:2E2Es.

April 1.358 .781 2.678 .862
May 2.459 .875 3.300 .968
June 2.305 .964 2.990 .897
July 1.452 .805 2.566 .944
August 1.185 .855 2.399 .988

Clover Clover

April 1.002 692 2.030 .907
May 1.571 .715 2.026 .964
June 1.583 .928 1.858 .971
July 1.628 .821 2.399 .908
August 1.559 .754 2.735 .913

Annuals Annuals

April 1.110 .591 1.749 .589
May 2.372 .964 3.411 .802
June 3.133 .869 2.468 .467
July 1.182 .814 2.089 .740
August .760 .928 1.562 .905



52

and low percentages (below 60 %) are highly overestimated for all com-

ponents. The method is least accurate in tall fescue pasture mix-

tures indicated by the high regression coefficients however, their

narrow range for each component indicates more precision than

present in the estimations of the perennial ryegrass mixtures.

The overall accuracy, of the method is poor. The maximum

amount of any one component estimated within ± 5% of the parameter

was 50%; for the clover Z5 of the 50 mixes were estimated within

+ 5% of the parameter, 15 of 50 mixes for the annual component, and

only 8 of 50 mixes for the perennial grass component.

The resulting poor accuracy prompted investigation of pro-

portional ranking which had not been used in the collection of the data.

In early July, 30 quadrats each, in a tall fescue and perennial rye-

grass pasture were dry- weight - ranked -in the field without considering

proportional ranking. These samples were brought to, the laboratory,

hand separated by species, weighed, and dried to a constant weight.

The actual dry weight percentages, by hand separation, of the fescue

pasture were predicted within +5% by the method. The actual dry

weight percent was 60% fescue, 23% subclover, and 16% annuals.

This pasture mixture was not used to check the proportional ranking,

however, it supports the hypothesis that the method without propor,

tional ranking, is accurate when percentages of, the mixture approxi-

mate the ratios of the multipliers. The actual dry weight percentages
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of the ryegrass pasture were 39% perennial ryegrass, 32% subclover,

and 29% annuals. The estimated dry weight percentages were 55%,

19%, and 26% respectively. With the hypothesis that one could not

determine a difference of ± 4 grams of two components within a

quadrat, artificial proportional ranking was calculated. The results

of this test are shown in Table 16; proportional ranking is compared

to hand separation, forced ranking, and the corrected ranks. The

conclusion is that proportional ranking is an important step, for

improving the accuracy and should not be disregarded when difficulty

in ranking components of a quadrat occurs.

Table 1 6. Dry weight percentages of perennial ryegrass
pasture by hand separation, forced rank, pro-
portional ranking and accurate ranks.

Method

Dry Weight Percentage

Rye grass Subclover Annuals

Hand separation 39 32 29
Forced rank 55 19 26
Proportional ranking 43 30 27
Accurate ranks 44 30 26

Field Data

Prediction equations calculated for the MW technique were used

to predict the field parameter because field dry-weight-rank (FDWR)

estimations were not proportionally ranked and therefore not con,-

sidered accurate. No data were collected in April with the
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microscopic point techniques therefore, no parameter for this

sampling date could be predicted. Field parameter values were

derived for May, June, July, and August. Table 17 shows the pre-

dicted percentages with their confidence limits compared with the

estimated values by the two techniques of the microscopic point

method and the LDWR and the FDWR techniques on perennial rye-

grass and tall fescue pastures. These data show all estimations

with the microscopic point techniques are more accurate than the

dry-weight-rank techniques. All estimations with the point methods,

except MC fescue, are within f 5% of the predicted field PAR; only

10 of the 24 estimations in each dry-weight-rank technique are within

this range.

The LDWR and FDWR techniques underestimated subclover and

overestimated perennial grass and annual components for most dates

in both pastures. The highest accuracy for the LDWR was in the

perennial ryegrass pasture. This result is consistent with results

from the artificial mixture portion of the study. Greatest accuracy

for the FDWR was in the tall fescue pasture. Both techniques, how-

ever, show very little or no correlation to the predicted percentages

for all components in the tall fescue pasture and for the annual corn-

ponent in the perennial ryegrass pasture.

Analysis of variance of percentage data from the LDWR showed

no significant difference (P < . 05) for variation due to Set but a
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significant Date source of variation on both pastures and for all com-

ponents. The analysis of variance for MW and MC point data shows

significant differences in Set source for MC only in the tall fescue

pasture for the subclover component. Inspection of the Set difference

for MC technique shows a range of 42% to 47% which would not be sig-

nificant in practical use of the technique. The Date source was sig-

nificant for both techniques on both pastures for all components. The

Date variation in percentage botanical composition was expected due

to changing dry matter percentages and grazing pressure through the

season.

Table 17. Percent botanical composition of tall fescue and perennial ryegrass pastures on four dates
by all methods with predicted PAR + CL at .05 level of probability.

Date

Field PAR
Ryegrass Pasture

Field PAR
Fescue Pasture

Predicted
% + CL

Predicted
% + CLMW MC -LDWR FDWR MW MC LDWR FDWR

% Perennial Ryezrass % Tall Fescue

May 54 + 2 58 52 67 65 53 + 2 52 45 61 52

June 46 2 48 42 56 62 35 3 37 32 61 49

July 53 2 54 47 53 63 46 2 47 40 41 42
August 60 3 59 52 68 68 47 2 48 42 63 51

% Clover % Clover

May 33 + 3 22 29 24 26 30 + 2 26 33 27 36

June 46 5 41 46 36 29 51 5 44 50 28 33

July 41 3 36 42 36 28 47 5 41 48 47 48

August 34 3 32 37 19 17 48 5 43 50 22 27

% Annuals % Annuals

May 13 + 4 20 19 9 9 17 + 2 22 22 12 12

June 8 4 11 12 8 9 14 3 19 18 11 18

July 6 4 10 11 11 9 7 4 12 12 12 10

August 6 4 9 11 13 15 5 4 9 8 15 22
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The MC was compared to the MW method. Coefficients of

regression and determination in Appendix 2 of MC (Y) on MW (X)

show the techniques are consistently different in their estimations,

e. , they are alike in their reaction to a forage mixture. MC

estimates perennial grass lower than MW; subclover is estimated

higher and annuals about the same. This same relationship was

observed in the artificial populations. The coefficients of determina-

tion are very high ranging from . 98 to .99.

The LDWR estimations (Y) regressed on FDWR estimations

(X) (Appendix 3) show regression coefficients range from .59 to .84

on the perennial ryegrass pasture and . 32 to 1.93 on the tall fescue

pasture. The only correlation existed in the tall fescue pasture with

the tall fescue and clover components where 83% and 88% of the

variation in LDWR estimations was accounted for in the estimations

by the FDWR. The results show the techniques are different with the

least variation occurring in the tall fescue pasture. The difference

may be attributed to difficulty in rank categorization with non-pro-

portional ranking. More difficulty in ranking occurred in the LDWR

application to forage samples.

Time was not recorded for either of the methods, however,

recording of the total observations was more rapid for the LDWR than

FDWR. Less time was necessary in recording total observations for

MC than MW, and the microscopic point method was more rapid than
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the dry-weight-rank method. But, considering the time spent to

clip and chop forage the most rapid technique is FDWR followed by

MW, LDWR, and MC.
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RESEARCH RECOMMENDATIONS

For the microscopic point method this study shows percent

weight of a species is highly correlated to percent points. These

results indicate that weight per point changes for each species through

the season and at different levels of composition. However, more

significant, weight per point changes as the species physical form

changes by chopping, Therefore, further research is suggested to:

1. Evaluate various lengths of chopping for several percentages

of composition.

2. Determine the number of points needed for a reliable

estimate of improved pasture species at different per-

centages of composition.

3. Evaluate the method in respect to application on masticated

forage samples collected from esophageal and rumen

fistulated animals to determine:

a, are prediction equations needed for such samples,

b. how different are they from equations derived on

whole or chopped forage samples,

c, are equations different for dry samples versus wet

samples,

d. are separate equations needed for sheep and cattle?

For the dry-weight-rank method the most significant finding
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for this study was the importance- of proportional ranking. More

information is needed in testing the method with different observers

and in different kinds of vegetation both in the field and in the

laboratory. The results of this study show the laboratory modifica-

tion of the dry-weight-rank is consistent between sets of observations.

However, more testing is needed to determine if proportional ranking

would significantly improve its accuracy. The modification is

promising in that it can be applied to samples clipped for yield there-

fore replacing the tedious hand separation used for actual weight

determination. Attention should also be directed to the possibility of

ranking by green weight as an alternative to dry-weight-ranking. The

following procedure would be necessary.

1. Multiply the number of quadrats in which each species

occurred in 1st, 2nd, and 3rd place, by each species

respective dry weight percentage.

2. Multiply the 1st, 2nd, and 3rd place products for each

species by 8.04, 2.41, and 1, respectively.

3. Total the products for each species--a species total

expressed as a proportion of the total for all species

will give its percent dry weight.
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SUMMARY

There is a need for a method of botanical analysis that can be

used consistently throughout the season on a dry weight basis.

evaluation of the dry-weight-rank and microscopic point methods to

determine botanical composition of perennial ryegrass (Lolium

perenne L.) - subclover (Trifolium subterraneum L.) and tall fescue

(Festuca arundinaceaSchreb.) subclover pasture mixtures was under-

taken at Corvallis, Oregon in 1968.

The objectives consisted of evaluation of the relative accuracy

and (or) precision of these methods at various percentages of species

in three component mixtures, on a monthly basis from April through

August, within and between the two pasture mixtures.

Botanical composition was determined monthly in the laboratory

on two artifically composited pasture mixtures each having five

different species percentages. Pasture components consisted of

perennial ryegrass, subclover and various annual species for one

pasture mixture, and tall fescue, subclover and various annuals for

the other pasture mixture. The five composition levels ranged from

90 to 30% perennial grass, 5 to 50% subclover, and 5 to 30% annuals.

The mixes were composited on a green weight basis with actual dry

weights computed after all determinations had been made by each

method.
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Each mix on each date was; .a) analyzed in the laboratory by

the dry-weight-rank method with four sets: of 50 observations per set,

b) each mix was then evenly divided into four subsamples with each

subsample subjected to a 400 point analysis by the microscopic point

method, c) each subsample was chopped to 1/4 to 1/2-inch lengths

and again analyzed with 400 points by the microscopic point method.

As a test on each sampling date dry-weight-rank data were col-

lected in the field on a tall fescue-subclover and a perennial rye-

grass-subclover pasture. Twenty plots on each pasture were clipped,

composited, and analyzed in the laboratory by dry-weight-ranking

and both techniques of the microscopic point method.

For the artificial mixtures the percentage botanical composi-

tion by dry weight varied as percent dry matter of each component

changed through the season. The differential increase in percentage

dry matter of the components throughout the season changes the ratios

by weight of perennial grass, subclover, and annuals depending upon

each components dry matter percentage and its percentage within the

mixture at any one date. This change accounts for a Date, Mix, and

Date X Mix interaction observed in the actual dry weights.

The results of the factorial analysis of variance for each method

on the artificial mixtures show Sets of observations were not signifi-

cant; and Date, Mix, and Date X Mix source of variation were sig-

nificant (P < . 05) for each pasture mixture and each component. The
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means of each method, when compared with their respective

parameter values individually and by linear regression and correlation

show:

I) estimation of the microscopic point techniques were dif-

ferent, however, alike in their reaction to a forage mixture.

2) greatest differences in estimations of the different com-

ponents corresponded to, greatest change in the dry matter

percentages

3) perennial grasses weigh less per point than clover on whole

forage and more per point on chopped forage, i, e. ratios of

weight to point change because of a. change in thickness,

amount, and cover of plant parts in the sampling tray

4) the weights per point by microscopic point techniques before

correction (or use of prediction equations) are more accurate

in the overall application than were the laboratory dry-weight-

rank estimations after correction

5) the laboratory dry-weight-rank technique is not sensitive

to the true differences and the overall accuracy is. poor.

Results of data artificially proportional-ranked show little

difference compared with accurate dry weight ranks and dry weight

percentages from hand separation, but a great increase in the

accuracy over .the estimated non-proportional ranking as used in this

study. Without proportional ranking the dry-weight-rank method is
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only accurate when the components approximate the multiplier ratio

of 8:2:1.

Single prediction equations calculated for the microscopic point

technique on the whole forage for perennial grass, subclover, and

annual components will predict dry weight percentages within ± 2.39,

± 2.17, and f 2.04 of the true mean, respectively (P < .05). For the

microscopic point technique on the chopped forage at P < .05 the com-

ponents can be predicted within ± 2 38, ±1.78 and ± 2.18 of the true

mean respectively. For predicting percent weight from percent

points, morphological and phenological stage of forage are the most

important factors for developing equations. The more difference

between components the greater is the chance of needing separate

equations.

The field test results showed the field dry-weight-rank estima-

tions differed from the laboratory dry-weight-rank estimations with

no correlation between the two methods in the perennial ryegrass

pasture, however, a high correlation existed for tall fescue and sub-

clover in the tall fescue pasture. The two techniques are different

with the most difficulty in rank categorization occurring with the

laboratory technique. Results of plotting a predicted field parameter

against the dry-weight-rank estimations show poor accuracy and

precision for both of the techniques.

Dry-weight percentages can be predicted accurately by the
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microscopic point method within the range of composition levels

studied. Different equations are necessary when the forage is finely

chopped. The dry-weight-rank method is not acceptable without con-

sidering proportional ranks and may not estimate within f 5% of the

actual dry weight percentages when any one component falls below

60% of the mixture.
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Appendix la. Parameter (PAR) and estimated percent perennial
grass by Microscopic point on chopped forage (MC),
Microscopic points on whole forage (MW), and
Laboratory dry-weight-rank (LDWR) techniques for
five mixes on five dates.

Mix Date

Perennial Ryegrass
Ryegrass Pasture

Tall Fescue
Fescue Pasture

PAR MC MW LDWR PAR MC MW LDWR

1 Apr 88 80 83 70 89 84 89 70
1 May 8 9 73 78 70 91 70 77 70
1 Jun 8 6 71 74 70 90 72 76 70
1 Jul 84 60 66 70 80 74 79 70
1 Aug 81 77 79 70 80 63 71 70

2 Apr 67 61 70 68 70 62 75 70
2 May 72 49 54 64 74 49 54 65

2 Jun 65 48 54 66 73 52 53 70
2 Jul 61 36 49 62 53 43 5 6 65
2 Aug 53 54 62 60 51 40 48 57

3 Apr 47 53 56 69 50 44 56 65
3 May 53 38 47 54 5 6 40 52 62
3 Jun 45 37 39 57 54 42 44 65
3 Jul 40 18 27 55 33 24 39 59
3 Aug 32 33 42 51 31 30 34 52

4 Apr 28 31 36 42 30 28 40 53
4 May 33 25 34 46 36 33 38 52
4 Jun 26 21 26 46 34 29 31 54
4 Jul 23 10 21 44 18 16 2 6 49
4 Aug 17 20 26 21 17 23 30 43

5 Apr 30 36 38 39 33 30 43 54
5 May 34 30 34 55 37 28 37 5 6

5 Jun 27 23 24 47 35 29 31 56
5 Jul 25 16 22 29 19 17 27 48
5 Aug 20 21 26 29 19 25 26 45
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Appendix lb. PAR and estimated percent subclover by MC, MW, and
LDWR techniques for five mixes on five dates.

Mix Date

Subclover
Ryegrass Pasture

Subclover
Fescue Pasture

PAR MC MW LDWR PAR MC MW LDWR

1 Apr 4 8 6 12 4 7 3 15
1 May 3 7 4 14 3 7 3 11
1 Jun .4 8 5 12 3 8 5 11
1 Jul 6 15 9 13 7 9 5 11
1 Aug 9 10 7 12 10 14 7 12

2 Apr 16 27 18 20 15 23 13 18
2 May 13 26 19 20 12 19 15 17
2 Jun 15 24 18 17 11 19 17 15
2 Jul 21 31 20 19 25 29 17 21
2 Aug 31 24 16 21 32 28 18 17

3 Apr 29 29 22 16 27 36 .26 24
3 May 23 29 21 25 22 28 20 20
3 Jun 26 31 26 21 21 30 27 20
3 Jul 34 46 34 21 38 43 25 21
3 Aug 46 36 23 21 47 44 31 24

4 Apr 40 46 39 40 39 51 37 31
4 May 34 38 29 29 33 34 30 26
4 Jun 36 36 30 30 32 37 33 27
4 Jul .45 55 39 34 48 51 37 28
4 Aug 58 43 30 40 58 47 30 28

5 Apr 2 6 34 27 25 25 38 24 20
5 May 21 25 18 16 21 28 20 17
5 Jun 22 26 25 25 20 23 18 19
5 Jul 30 42 30 29 32 42 28 23
5 Aug 42 36 28 22 42 42 27 19
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Appendix lc. PAR and estimated percent annual grass by MC, MW,
and LDWR techniques for five mixes on five dates.

Mix Date

Annuals
Ryegrass Pasture

Annuals
Fescue Pasture

PAR MC MW LDWR PAR MC MW LDWR

1 Apr 8 12 11 18 7 9 8 15
1 May 8 20 18 16 6 23 18 19
1 Jun 10 21 21 18 7 20 19 19
1 Jul 10 25 25 17 13 17 16 19
1 Aug 10 13 14 18 10 23 22 18

2 Apr 17 12 12 12 15 15 12 12
2 May 15 25 27 16 14 32 31 18
2 Jun 20 28 28 17 16 29 30 15
2 Jul 18 33 31 19 22 28 27 14
2 Aug 16 22 22 19 17 32 34 2 6

3 Apr 24 18 22 15 23 20 18 11
3 May 24 33 32 21 22 32 28 18

3 Jun 29 32 35 22 25 28 29 15
3 Jul 26 36 39 24 29 33 36 20
3 Aug 22 31 35 28 22 26 :35 24

4 Apr 32 23 25 18 31 21 23 16
4 May 33 3.6 37 25 31 33 32 22
4 Jun 38 43 44 24 34 34 36 19
4 Jul 32 35 40 22 34 33 37 23
4 Aug 25 37 44 39 25 30 40 29

5 Apr 44 30 35 36 42 32 33 26
5 May 45 45 48 29 42 44 43 27
5 Jun 51 51 51 28 45 48 51 25
5 Jul 45 42 48 42 49 41 45 29
5 Aug 38 43 46 49 39 33 47 36
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Appendix 2. Coefficients of regression and determination of MC (Y)
on MW (X) from data collected from two pastures.

Ryegrass Pasture Fescue Pasture
Component b r2 b

r2

Perennial
Grass .956 .988 .868 .999

Clover .948 .998 .984 .993

Annuals . 806 .991 1.040 .994

Appendix 3. Coefficients of regression and determination of LDWR
(Y) on FDWR (X) from data collected from two pastures.

Component

Ryegrass Pasture Fescue Pasture
b

2 r2

Perennial
Grass . 683 .134 1.928 .828

Clover .845 .334 1.024 .884

Annuals .591 . 625 .321 .518


