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l. INTRODUCTION

On a world-wide basis a high proportion of various ruminant pro

ducts are obtained from natural and improved pastures. The continuous

increase in demand for food makes it imperative to improve the effi

ciency oí ruminant production under grazing conditions. An important

factor to consider to attain a higher productivity is the formulation

of adequate systems of forage-animal production, incorporating the

best management practices available.

The relationship of forage availability with varying stocking

rates largely determines animal production per head and per hectare,

as well as pasture produetivity and persistence of desirable species.

lt is now understood that forage availability as related to stocking

rates is more important than grazing methods (rotational, continuous,

etc.) to optimize che efficiency of ruminant production from pastures.

The eoncept of controlled nutrition implies adequate forage

supplies to the mest responsive ruminant categories. Because grazing

pressure affects animal output per head and per hectare, it becolnes

very important to determine the amount of grazable forage in apasture.

Traditional methods of cutting and drying for measuring forage

yields are precise, but very costly and laborious. Many simple, rapid,

and low cost methods for estimating forage yields have been developed.

Several types of these methods now available are based on direct or

indirect measurements of the canopy, giving varying degrees of precí-

sien.

The objective of this research was to investigate the degrees of

1
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accuracy of four short-cut methods of estimating yields and the reli

ability and consistency of different estimators. The percentage of

legumes in the sward was also estimated by different estimators.

Thus, a series of experiments were conducted on pastures at the

Dairy Center and on experimental plots at the Agronomy Farm of the

Virginia Polytechnic lnstitute and State University at Blacksburg,

to evaluate Visual, Comparative, Yield lndex, and Disc methods of

estimating yield and a Visual method of estimating botanical com

position.

•



II. LITERATURE REVIElV

(A) Importance of Pastures in Animal Production

Cattle and sheep production costs can be greatly reduced when

using good pastures. There are many areas in the world where natural

pastures and pastures with varying degrees of improvement provide

mast, if nat al!, the nutritional needs of ruminants, as in Australia,

New Zealand, and Uruguay. Of the total available land of approximately

18 million hectares in Uruguay, between 16.5 to 16.8 million hectares

are used for cattle and sheep grazing, however, only about 10% of this

area is improved pasture (~l.A.P., 1975). Ruminants are raised on

pasture without supplementation and no forage conservatian (hay, silage,

etc.). This is practiced to avoid the high costs of machinery and

fue!'

Ruminant products per hectare and production per animal (growth

rate, wool, and conception) could be greatly improved by increasing

good quality pasture and improving the management practices as shown

by results of research in pasture and animal management conducted

during recent years (H.A.P., 1976).

According to Baylor (1975), grazing was still one of the most

economical mcans of feeding ruminants; a150, he estimated that the

demand for animal products is expected to increase in the future.

To obtain more animal products will require improved management or

areas already available, as well as the development of new areas.

In the U. S., where grain finished cattle are common, high quality

pastures produce steers of good slaughter carcass grades with the

3
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feed cost per unit of gain being from one half to one third lower than

grain feeding (Blaser et al., 1969; Hoveland, 1974).

In spite of the competition for land to raise crops for direct

human use (food, shelter, clothing, etc.), ruminants will continue to

play an important role in world-wide agriculture because appropriate

forages may be grown in soils not suitable for other crops (Blaser et

al., 1977). For the southern region of the U. S. Hoveland (1974)

reported that beef cow-calf production from good quality pastures is

rapidly increasing. Researchers have been concerned for many years

about the need ·for development of more efficient grassland-animal

production systems. According to Blaser et al. (1977), good management

implies a comprornise between good pasture availability and high animal

gains per unit of land, so forage-animal systems should be managed for

high digestibility and voluntary intake.

Spedding (1965), in reviewing the grazing practices for sheep,

reported that the natural herbage supply does not coincide with the

needs of the sheep flock and that this situation could and should be

modified. He defined the objectives of grazing management as: (a)

pasture improvement through changes in botanical composition; (b) in

crease forage output to provide enough intake of appropriate digesti

bility; (c) disease control by avoiding overcrowding, improving

nutritían, incorporating rotations, and controlling parasites; (d)

achieve efficient utilization by consuming a high proportion of the

forage followed by a resting period; and finally (e) increased animal

producti.on by employing each of the four other objectives.
•
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In reference to better utilization, he also stressed the importance

of incorporating creep feeding for the lambs to allow them appropriate

nutrition while their dams grazed heavily stocked pastures. This prac-

tice was recornmended for cattle by Raymond (1963) and Blaser et al.

(1969).

Beef production from pastures has generally been developed around

extensive and low management inputs that are only suitable for areas

of low land value (Baker, 1966). Based on already available tech-

nology, he recornmended that new systems with appropriate animal and

pasture management should be developed.

Jones anó Baker (1966) considered as first priority the study of

new techniques of forage production and utilization in the context of

intergrated systems of production. Also, key factors that influence

the rate of animal growth such as forage and nutrient intake, should

be considered.

(B) Influence of Management on Animal Performance afid Pasture
Persistence

(B:l) Pasture Availability and Animal Performance

Animal output from grasslands depends on the quantity and quality

of forage produced as well as on the efficiency of utilization of the

herbage by animals, the latter being influenced by the proportion of

the grown pasture that is eaten and its digestibility (Rayrnond, 1963).

This was also stressed by Greenhalgh (1966) and by Gordon et al.

(1966) who, working with dairy cows, showed that forage availability

and intake were closely and curvilinearly related. Intake reached

a maximum when animals had access to 50% more forage than they were

earing.

•
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Hodgson et al. (1971) concluded that animal intake will be

depressed where grazing pressure causes an availability of less than

2000-2500 kg/ha of organic matter. Gibbs and Treacher (1978), work-

ing Hith ewes and lambs, found that there was no reductíon in growth

rates of lambs until 4 weeks of age, in spite of restrictions in

forage availability. This was explained by the fact that ewes pro

duced similar amounts of milk regardless of herbage availability;

hence, lambs are mainly dependent on their mother's milk until they

are 4 weeks of age. In reference to beef cattle, the relative

importance of milk and pasture in the diet of calves, is not yet

fully understood (Baker et al., 1976).

Baker and Baker (1978) reported that there was a linear increase

in herbage intake with age of calves, regardle-s of milk allowance

with pasture availabilities of more than 20 g dry matter/kg of live

weight. They also showed that such minimum or higher pasture

availabilities had no influence on herbage intake for calves less

than 95 days old. The relationship between intake and pasture

availability suggested that maximum forage intake occurred where

there was 61 g of dry matter/kg of liveweight. They concluded that

milk acred as a buffer against restrictions in herbage availability

do<<u to 40 g of dry matter/kg liveweight, but that it should be

determined whether this oecurs when the calves compete with dams.

Other data show that nursing beef calves must consume an outside

source of nutrients equal to the caloric intake of milk, if they are

to gain approximately 0.77 to 0.9 kg daily at 90 days of age; there-
•
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after, milk is progressively less important (Anthony)!/. It is possible

to state that many workers coincide in reporting a similar association

between herbage allowance and performance of grazing animals (Arnold,

1964; Castle and Watson, 1973; Sandland and Jones, 1975; and Willoughby,

1978).

In working with grazing animals, both in research and cornmercial

farms, it became very important to describe the amount of forage pre-

sent. McMeekan and Walsh (1963), when comparing continuous versus

rotational grazing, stated the need for defining uniform conditions

for both treatments, which they did in terms of stocking rate that is

number of animals per unit area of land, or area of land per animal.

Mott (1960) proposed the term "grazing pressure", defined as the number

of animals per unit of available forage, being a useful way to des-

cribe the severity of the grazing treatments. According to Campbell

(1966), grazing pressure and its effects on the canopy, serves as an

index of the potential severity of defoliation and the ability of the

pasture to supply dry matter to animals. Consequently, grazing

pressures have strong influences on liveweight gains. At very light

grazing pressures with much forage accumulation, liveweight gains/ha

will be very low, while gains/head, high. For the other extreme,

with very low pasture availability at a heavy grazing pressure,

animals will not obtain adequate nutrition for high production/head

and they may even loose weight. Thus, animal products/ha may be low

oy even negative. Concerns of researchers have been the possibilities

l/ B. Anthony (1978) personal cornmunication, Auburn, University,
Alabama.

•
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of matching the number of animals to the amount of forage offered

and avoiding under, or overgrazing (McMeekan and Walsh, 1963; Peterson

et al., 1965; Mott, 1973; and Blaser et al., 1976).

Spedding et al. (1966) concluded that the quantity of dry

matter may be the simplest description of herbage allowance, even

though these values may vary with different animal production systems.

They considered it important to define the amount of forage per

animal, that is not adequately expressed by dividing total herbage

by the total number of animals. They criticized this concept of

grazing pressure because the total amount of herbage offered to all

animals may instead be offered to one animal independently of

stocking rate at a given momento Hence, they proposed the mean

amount of dry matter per unit of area as the simplest relevant

quantity of pasture availability. Working with lambs, they found

good relationships between mean quantity of dry matter and rates of

growth, even though not statistically significant.

It is now recognized that the animal production data obtained

from experiments comparing methods of grazing, are strongly dependent

on the stocking rates as they influence grazing pressures used.

There have been strong interactions between methods of grazing and

stocking rate (McMeekan and Walsh, 1963; Campbell, 1966; Greenhalgh,

1970; Castle and Watson, 1973; Blaser et al., 1976).

The influence of pasture availability on the output of animal

products is not controlled by the amount of forage offered~ se,

out also strongly influenced by canopy quality, there being a
•
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positive relationship between voluntary intake and digestibility of

forages explained by the rate of digestion and passage out of the

rumen (Osbourn et al., 1966).

Hodgson et al. (1977), working with beef calves with adequate

herbage allowance, found that nutrient intake of animals under

~

totational grazing increased when offered forage was highest in

digestibility; regardless of how this restricted growth of pastures,

animals constantly selected the first and higher growth with large

proportions of green, leafy material as compared to the shorter,

secondary growth. Harkess et al., working with four constant

stocking rates, found that the pasturage at the highest rate (68

ewes/ha) was always of better quality than that for the lighter

stocking rates.

Minson et al. (1960), in a study on digestibility of three

grasses, reported data suggesting the need of avoiding undergrazing

to prevent accumulation of old, rejected herbage in the base of the

sward. The old dilutes the younger forage that is of high quality,

thereby leading to progressive declines in digestibility.

Blaser et al. (1960) reported a system of rotational grazing

with two groups of animals first and last grazers, in which first

priority animals (steer or lactating cows) consistently gave higher

performance than the second grazers. This was attributed to

selective grazing, as the first grazers selected plant parts higher

in digestibility and protein and lower in fiber and ligniu than for

the last grazers. This shows the importance of young, leafy parts
•
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of the canopy to attain high digestibility and intake for high animal

performance. In general, it appears clear that digestibility depends

upon morphology and age of the canopy which are strongly influenced

by management (Blaser, 1977).

Alder (1965), in guidelines for experiments with animals, empha

sized the need of obtaining statistically valid data; however, agronomic

management of trying to compromise animal needs and forage produced

should not be ignored.

In regard to the influence of pasture availability and management

on the animal performance in grazing experiments, Blaser et al. (1976),

proposed to set goals en animal production; thus evaluatian of systems

of production embodies controlled nutrition through forage availability.

The nutritional needs vary with age, production cycle, and cata

gories of ruminants. For example, gains of nursing calves beyond about

four months of age depend primarily on food intake, other than milk.

Conversely, cows with such calves do not require nor respond to high

nutrition. Steers, for rapid gains of growth or fattening, require

high nutrition. Level of nutrition is closely allied and controlled

by pasture availability. Thus, in experiments with forage - animal

systems, the systems should be rnanaged to control nutritían, allocat

ing high nutrition (low grazing pressureor high pasture availability)

to responsive animals.

This implies that in comparing systems, the stocking rates should

be fixed among the systems, but variable within each system to achieve

the designated gosls of animal production. This may be done by creep

grazing, first and last grazing, stocking to attain low grazing pres-

•



sures or grain supplementation. The research of this thesis to simplify

and reduce costs of measuring pasture availability to control nutritían,

could serve to advance research with forage-animal systems.

(B:2) Pasture Availability and Canopy Behavior

Botanical Composition:

The management of apasture largely determines the proportions of

various components in a canopy because plants differ in morphological

and physiological features and respond differently to given grazing

treatments. In addition to highly productive and palatable grasses,

the presence of legumes in pastures for grazing is highly desirable

(Blaser et al., 1969). The importance of legumes lies not only on

their direct contribution to the yield of the canopy, but they contri

bute important nutritive elements such as nítrogen and calcium to

improve the quality and the entire canopy. Sears (1960) showed that

a legume-grass association allowed for a high exploitation of soil

fertility to provide high yields. Nitrogen being an expensive element

when purchased as fertilizer, the use of nitrogen fixing legumes

greatly diminishes the cost of obtaining high yields of a good quality

pasture. Numerous references confirm this attribute of legumes and

show that nitrogen transfer occurs mainly by two ways: (a) decay and

decomposition of roots, nodules, and leaves, and (b) exudates from

nodules. The amount of nitrogen left available in the soil varies

with species and the amount of growth, etc. (Walker et al., 1954;

Russel, 1960; Henzell, 1962; Watson, 1963). Yamada and Watanabe (1970)

emphasized the importance of balance of grass-legume associations,

hecause aIDong other things, there is an increase in chorophyl1 content

•
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of the grass due to a higher nitrogen supply. Another good reason for

maintaining an equilibrium is to reduce the N:C ratio to favor the

decomposition of roots and dead material (Davies, 1952). Since animal

intake is partially and directly associated to the rate of digestion

and passage through the rumen, legumes increase intake because they

pass through the gut faster than grasses (Thornton and Minson, 1973).

Pasture Productivity and Persistence

Frequency of defo1iation is an important factor inf1uencing the

length of the productive life of species in a canopy. Heavy grazing

pressures or reduced availability means an intense defoliation that

will severely affect the rate of regrowth (Brougham, 1956). After

utilizing forage canopies, remaining leaf area and total non

structural carbohydrates (TNC) are positively associated with the

development of new tillers and leaf growth from tillers (Ward and

Blaser, 1961). These findings were confirmed by Davies (1974)

studying regrowth of perennial ryegrass (Lolium perenne L.), who

found that the rate of leaf appearance and tiller production were

factors affected primarily by defoliation. Smith (1974) in his

experiment with timothy (Phleum pratense L.) showed that rate of

regrowth and dry matter production after defoliation were somewhat

more dependent on leaf area index (LAr) than on TNC. According to

Agyare and Watking (1967), dry matter production is linearly and

positively related to the LAr value of canopy, this in turn being

influenced by the degree of defoliation by the animal.

As a canopy becomes overgrazed for long periods, there are

progressive decreases in LAr values; a1so such high grazing pressures

•
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may destroy the rneristematic tissue, as well as reduce the accumulation

of TNC. Thís leads to progressíve losses of specíes components ín

heavíly grazed canopíes. Taínton (1974) reported that ínítíal growth

recovery of the canopy resulted almost exclusívely from the productíon

of leaf tíssue, regardless of the grazíng treatment ímposed. Accord

íng to Hutchíson (1970), species vary ín theír responses to grazíng,

tall grasses beíng dísplaced by medíum and short specíes under heavy,

continuous grazing pressures. This is due to more exposure of their

merístematíc tíssue of the taller specíes and also the better adaptíve

capacíty to change growth habíts of short specíes as compared to the

taller ones. He reported marked dífferences among four grasses ín

toleratíng heavy stockíng rates under adverse drought condítíons,

hardíng grass (Phalaris tuberosa L.) beíng the most resístant, fol

lowed by tall fescue (Fes tuca arundinacea Schreb.), orchardgrass

(Dactyllis glomerata L.), and perennial ryegrass. Robínson and

Símpson (1975) showed that perenníal ryegrass was unable to stand

heavy, continuous grazing, while it survived under rotational grazing.

Harkess et al. (1972), comparíng four stockíng rates wíth sheep,

found that the most severe stockíng gave hígher yíelds ínítially;

however, yields saon deteriorated, because the severity of defoliation

caused slower rates of regrowth. Such retarded growth was associated

with les s photcsynthetíc materíal and excess trampling. Anímal tram

pling is another important factor influencing pasture growth. Edmond

(1966) concluded that treadíng was the major determínant in loweríng

yields of grazed pastures as compared with cutti.ng management.

•
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each method (1'1 = 35).
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was again the least precise (r = .80), but the value was better than

that for the least experienced estimator by any of the other two

methods. For clover percentage, correlation values were generally

acceptably high, ranging from r = .74 to r = .82.

After Grazing: All four methods, with nine estimators, were

tested (Table 7). The variations included two heights of stubble

residue to evaulate possible changes in the precision of the estima tes

according to the amount of stubble. Nine estimators with varying

degrees of expertise were able to achieve similar correlation values

within each method. In this experiment all methods resulted in simi

lar accuracies for estimating dry matter yield, with the exception of

the Disc, which was somewhat lower than the combined estimations of

all observers for the other three methods. However, the Disc compared

favorably with values of several individual estimators by other methods.

Again we see that the combining of all observations for each of the

three methods, generally corre lates better with yields than most of

the individual estimations. There was little difference in the pre

cision of making estimates with the two stubble residues. The esti

mators with highest correlation values at one height, generally also

attained high values at the other stubble height. The combination of

observations among methods did not change with heights of stubble.

For the second experiment on grazed pastures (Table 8), only

Visual and Comparative methods were evaluated with a mean yield of

1220 kg DM/ha. The correlations were low for both methods, rneaning

that in such case there was poor accuracy in making yield estimates.
•
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Tab1e 7. Corre1ation and regression coefficients as re1ated to
actual dry matter yie1d (kg/ha) with estimates by severa1 methods
&nd estimators, &t two stubb1e heights (1.9 and 3.3 cm) on a
pasture after grazing. (M = 35 observations). Methods for yie1d
estima tes were Visual, Comparative, Yíeld Index, and Disc.
(Experiment 16. 8-12-77).

Estima te
Method Estimator

Visual 1
4
5
6
7
8
9

11
12

Combined

Corr. 2
1.9 3.8

.78 .76

.79 .78

.75 .75

.80 .74

.79 .79

.80 .80

.80 .81

.76 .73

.84 .78

.83 .83

Coefficients
1ntercept

1.9 3.8

- 49 - 88
347 235

97 - 59
280 421

-124 -178
170 148
102 - 54

42 - 36
392 392

43 - 32

Slope
1.9 3.8

.98 1.10

.76 .82
1.05 1.04

.78 .73

.94 .98

.84 .80
1.03 1.31
1. 38 15.22

.71 1. 08

.99 1. 23

190 37

-629 -634

Comparative

Yie1d 1ndex

Disc

1
4
5
6
7
9

11

Combined

1
4
5
6
7
8
9

11

Combined

.74

.76

.74

.76

.78

.76

.85

.82

.75

.85

.73

.77

.78

.74

.81

.83

.84

.71

.74

.77

.74

.73

.76

.74

.83

.81

.74

.84

.72

.76

.77

.73

.79

.84

.83

.73

-516
- 91
-228
-438
-578
-608
-397
-618

410
74

329
374
614
357

- 15
369

-618
-249
-365
-491
-616
-650
-460
-683

237
- 66

163
202
421

-134
192
179

624
557
603
633
680
667
657

709

3.90
9.01
3.19
4.25
2.99
2.42
6.33
3.23

4.38

196

568
522
522
556
598
589
579
635

3.49
8.08
2.86
3.81
2.67
5.63
2.16
2.96

3.93

225

1Mean OM kg/ha for the 3.8 cm cutting 1100; SO 230.
Mean OM kg/ha for the 1.9 cm cutting 1400; SO 800.

2A11 corre1ations significant at P = .001 1evel.
•
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Table 8. Correlation and regression coefficients as related to
actual dry matter yield (kg/ha) and clover percentage by two
methods and several estimators on apasture after grazing.
(M = 36 observations). Methods for yield estimates were Visual
and Comparative. (Experiment IIb: 9-20-77).

Estimate Coefficients
Method Estimator Corr. l Intercept Slope

Yield2

Visual 1 .79 178 1.13
4 .61 461 1. 25
5 .67 325 1.28

Combined .78 101 1. 50

Comparative 1 .63 -114 671
4 .72 -4,88 839
5 .68 -242 776

Combined .74 -575 904

Clover Percentage3

Visual 1 .60 2.3 .80
4 .39 5.5 .32
5 .41 3.8 .69

Combined .50 3.7 .65

lA11 correlations significant at P .01 leve1.

2 011 kg/ha 1220; SD = 600.Mean

3 r.lover percentage 6.9; SD 7.5.Mean

•
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This is shown in Fig. 3 by the lack of close fitness between the calcu

lated regression line and the scattered observations. This is also true

for clover percentage, where two estimators obtained low correlation

values of r = .39 and .41.

The mean yield was 1200 kg OM/ha with a wide range of values for

the grazed pasture (experiment three - Table 9). Both Visual and Com

parative methods resulted in similar high correlation values for the

estimation made independently and combined for two estimators. Com

bining the estimators with the Comparative method lmproved the cor

relation over the individual values slightly, but not significantly.

Experiment four (Table 10) was conducted on apasture with two

different stand compositions. One was dominated by orchardgrass and

had a mean yield of 1180 kg OM/ha and the other area was dominated by

bluegrass with a mean yield of 1150 kg OM/ha. For both Visual and

Comparative methada, individual correlations were somewhat better with

orchardgrass than for bluegrass. The most experienced estimator

generally obtained the highest valures. For the combined observations,

the correlations among methods were similar. In the Comparative method

with bluegrass, the combining of data by individual estimators generally

improved precision.

Experiment five (Table 11), conducted on apasture with a mean

yield of 930 kg OM/ha and with a wide range of yields, was evaluated

with all methods. Even when no significant differences were detected

in this experiment (Appendix B), the highest individual correlations

were obtained by the Visual, Comp~rative, Yield'Index, and Oisc methods.
•
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rabIe 9. Corre1ation and regression coefficients as re1ated to actual
dry matter yie1d (kg/ha) with estima tes by two methods and estima
tors on apasture after grazing. (M = 36 observations). Methods
for yie1d estimates were Visual and Comparative. (Experiment 111b:
9-25-77) •

Estímate Coefficients
Method Estimator Corro 1 1ntercept Slope

Yie1d 2

Visual 1 .91 - 28.5 1.23
4 .86 .8 1.32

Combined .91 -104.1 1.36

Comparative 1 .90 -917 806
4 .88 -694 750

Combined .91 -911 819

lA11 correlations significant at P .001 1eve1.

2
Mean DM kg/ha 1200; SD = 800.
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rabIe 10. Corre1ation and regression coefficients as re1ated to
actual dry matter yie1d (kg/ha) with estimates by two methods
and severa1 estimators on two areas for a grazed pasture with
canopy dominance of either orchardgrass or b1uegrass. (M = 20
observations per canopy type). Methods for yie1d estimates were
Visual and Comparative. (Experiment IVb: 10-12-77).

Estimate Coefficients
Method Estimator Corr. I lntercept

Orchardgrass
2

Visual 1 .80 -271
3 .80 56
5 .69 -183

Combined .75 -311

Comparative 1 .80 -194
3 .67 - 16
5 .70 - 86

Combined .77 -243

B1uegrass3

Visual 1 .75 -272
3 .67 -184
5 .66 57

Combined .75 -311

Comparative 1 .74 -194
3 .68 16
5 .73 - 86

Combined .76 -243

1All correlations significant at P = .001 1eve1.

2 DM kg/ha Íor orchardgrass 1180; SD = 560.Mean

3 DM kg/ha for b1uegrass 1150; = 420.Mean SD

Slope

1.31
.92

1.04

1.23

461
334
411

448

1.31
1.04

.92

1. 22

461
334
411

448
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Table 11. Correlation and regression coefficients as related to
actual dry matter yield (kg/ha) and clover percentage with
estimates by several methods and estimators on apasture after
grazing. (M = 35 observations). Methods for yield estimates
were Visual, Comparative, Yield Index, and Disc. (Experiment
Vb: 6-29-78).

Estimate Coefficients
Method Estimator Corr. I Intercept Slope

Yield 2

Visual 1 .83 59 1.00
2 .80 -139 1.23
3 .78 134 .93

Combined .83 - 27 1.10

Comparative 1 .76 - 67 443
2 .78 -160 504
3 .82 - 55 444

Combined .82 -171 498

Yield Index 1 .67 251 26
2 .81 116 23
3 .75 142 29

Combined .74 90 29

Disc .74 -499 134

Clover Percentage
3

Visual 1 .71 8.4 .97
2 .67 8.1 1. 68
3 .55 14.2 .57

Combined .67 9.4 1.02

l A11 correlations s ignif icant at P .001 level.
•

2 DM kg/ha 930; SD = 560.Mean

3 clover percentage 24.1; SD 33.1.Mean =



Fig. 3. Prediction of actual dry matter yield by Visual and Comparative methods
and of clover percentage by the Visual method, on apasture after grazing.
Data are combined observations of all estimators for each method (n = 35).
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Different estimators performed differently with the methods. The

combined observations for each of the methods generally improved the

values above those for the peorest estimator.

Clover percentage estimates gave only fair correlations with the

actual values; even the mast experienced estimator had an !lrll value

of only .71, and the combining of observations did not improve this

value.

In this sixth experiment on grazed pasture (Table 12), the pasture

had a mean yield of 930 kg DM/ha with large yield variations within

the pasture. AIl methods resulted in highly significant correlations

for each estimator. The "r" values were very high for the individual

estimators for the Visual and Comparative methods, ranging from r = .87

to .93. The cc~bining of the data did not improve the precision appre

ciably fer the two methods. The correlations of the Yield Index method

were generally lower than for the other two methods, with the Disc

giving the lowest correlation. However, all correlations were highly

significant. The relative accuracy of the observation is high for all

methods, being best for the Comparative. The data in Fig. 4 show a

close agreement between the fitted line and the actual values for all

methods.

Correlation values for the estimates of Clover Percentages were

significant at the .001 level, but were low. The highest value was

from the most experienced estimator (r = .69).

\fhen considering all experiments (before and after grazing) (Table

13), the Visual method has resulted in the best consistency of values

and somewhat more precise estimates than for the other methods. The

•
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Tab1e 12. Corre1ation and regression coefficients of actual yie1d
and c10ver percentage with estimates by severa1 methods and
estimators on apasture after grazing. CM = 35 observations).
Methods for yie1d estimates were Visual, Comparative, Yie1d Index,
and Disc. (Experiment Vlb: 7-8-78).

Estimate Coefficients
Method Estimator Corr. l Intercept Slope

Yie1d2

Visual 1 .87 184 .99
2 .94 191 1.07
3 .92 199 1.07

Combined .92 173 1.06

Comparative 1 .89 -361 546
2 .93 -312 574
3 .91 -263 490

Combined .93 -352 552

Yie1d Index 1 .65 238 28.9
2 .92 120 33.3
3 .88 - 57 37.7

Combined .89 - 46 39.4

Disc .83 -351 176

C10ver Percentage3

Visual 1 .69 7.39 .85
2 .63 7.62 1.04
3 .60 9.03 .62

Combined .66 7.62 .87

1A11 corre1ations significant at P .001 1eve1.

2 DM kg/ha 930; SD = 680.Mean •
3 c10ver percentage 13.9;Mean SD 20.1.
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Tab1e 13. Corre1ation coefficients for yie1d from six experiments on
rotationa11y grazed pastures (before and after grazing) and their
combination. Va1ues for c10ver percentages are for a11 experiments
combined. Data inc1udes a11 observers for each experimento

Method l
Yie1d Observations

Experiment Visual Comparative Index Disc (No.)

Before Grazing

1 .91 35
n .80 .75 36

In .82 .60 36
IV .82 .80 .76 .76 35
V .94 .94 .89 .82 35

VI .85 .83 .80 35

Combined .85 .76 .83 .79

Legume Percentage

Combined .86 212

After Grazing

1 .83 .82 .84 .71 35
n .78 .74 36

nI .91 .91 36
IVa .75 .77 20
IVb .75 .76 20
V .83 .82 .74 .67 35

VI .92 .93 .89 .83 35

Combined .83 .83 .82 .74

Legume Percentage

Combined .61 106

1A11 corre1ations significant at P .001 1evel.
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tive, Yield Index and Disc) on apasture after
grazing. Data are combined observations of all
estimators for each method (n = 35). •
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Disc Meter was the least accurate. The Cornparative method predicted

actual yields sornewhat better than Yield Index for individual experi

ments for both before and after grazing. The Comparative Method gave

better relationships for after grazing than before grazing and was

almost equal to Visual estimates when experiments were cornbined. For

Clover Percentage the accuracy of the estima tes before grazing was

significantly greater than after grazing (Appendix C). These combined

data may give somewhat unreliable results because data for all methods

were not obtained in all experiments.

Experimental Plots: Two yield estimates by the Visual and Disc

methods were conducted on ryegrass cultivars and one estimate on the

bluegrass cultivars by two estimators. Estimates of the most experi

enced estimator uisng the Visual method were always better than the

Disc Meter. In al1 cases, the combíned values of estimators with

Visual mechods resulted in higher correlation than Disc (Table 14).

In general, all estimates by the Visual rnethod were quite reliable,

as shown in Fig. S, where the regression lines for the combined

estimates in all the experiments closely fitted the scatter diagram

of actual observations. For non-grazed pastures, the Visual method

was significantly more precise than Comparative, with no differences

among other rnethods. For grazed pastures, the Visual method was

significantly more accurate than the Disc Meter, and no other

statistical differences were detected among rnethods for estimating

yield.

•
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Table 14. Correlation and regression coefficients as related to
actual dry matter yields (kg/ha) with estimates by two methods
(Visual and Disc) and estimators on ryegrass (two occasions)
and on bluegrass (one occasion).

Estimate Coefficients
Hethod Estimator Corr.! Intercept Slope

Ryegrass 7-6 (kg/ha 850; SD=350) 2

Visual 1 .91 241 .99
2 .77 420 .83

Combined .86 305 .96

Disc .79 -386 69

lAll correlations significant at P = .001 level.

2Hean dry matter yield of 27 ryegrass and 36 bluegrass plots, and
range that includes 95% of the observations (two S.D.).

Ryegrass 7-6 (kg/ha 530; SD=240)

Bluegrass 7-6 (kg/ha 360; SD=210)

77

130
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1.30
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1.15
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76
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-249
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.84

.82
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.83

1
2

1
2
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Combined

Disc

Vis Ué>.l

Disc
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Fig. 5. Prediction of actual dry matter yield by the Visual method on
pure ryegrass (2 occasions) and pure bluegrass (1 occasion). Data are
combined observations of both estimators for this method.
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V. DISCUSSION

All methods evaluated proved to be reliable, but there were varia

tions due to estimators and the conditions in which they were used.

According to Bransby et al. (1977), many indirect methods of estimating

yield may be somewhat inaccurate when compared with cutting techniques,

because of estímators and environmental factors.

The degree of experience of the operator directly affected the

precision of the yield estimates. This occurred in all the experiments

where the most experience estimators la, 1, 7, and 2 consistently

obtained the highest correlations regardless of vegetative status of

the experiments, even when no statistical differences were fauud. This

was also reported by Campbell and Arnold (1973). This conclusion is

also valid for estimating clover percentages and is in complete agree

ment with Hung (1964) for estimates on botanical composition of forage

plots. He concluded that there was an increase in precision of botanical

estimates when the estimators were trained, and that the ímprovement

from such orientation depended on their previous experience. Appar

ently, a good estimator should be familiar with the technique employed

and the variable pasture canopy conditions. The estimator should have

the ability to readily evaluate the varying forage canopies with con

fidence in each decision, while considering all possible paramaters

involved in each estimatian.

In general, there was a tendency fer estimates to be better cor

related with actual yield where the field considered had large varia

tions in yield as compared to rather uniform pastures. Generally, for

50
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all experiments conducted, there were large ranges in yields within a

pasture. This is an important aspect fer this research; hence, it

would be desirable to investigate precision of making yield estimates

when canopy yields within a pasture are very uniformo

In relating estimated to actual yield, linear regressions were

considered appropriate as judged by the scatter diagrams in this

research and by numerous references, making similar conclusions (Pasto

et al., 1957; Evans and Jones, 1958; Castle, 1976; Michalk and Herbert,

1977). Arnold and Campbell (1973) reported that where an estimator

tends to obtain 'curvilinear regressions, the predicted values will

surely be inaccurate, because they will not increase proportionately

with actual values over the entire range of values.

The Visual method was simple and generally gave the highest cor

relutioIl values for individual estimators than other methods, proving

it to be consistent and a reliable method for making yield estimates.

TIle Comparative method resulted in somewhat lower precision than

the Visual method, the individual estimates for the Yield Index method

having the lowest correlations. In general, yield correlations by

the Comparative method were better for grazed for for ungrazed pastures,

which is difficult to explain. Haydock and Shaw (1975), when describ

ing this method, considered it important for canopies to have high

proportions of the yield in the lower layers of a canopy and that the

density of this plant material, such as height and areas of bare

ground, should be taken into account. Thus, it may be possible that

the wide yield differences of grazed pastures make yield differences

more distinct so that the categorization in rankings by the Comparative

•
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method were most sensitive in pastures with variable yields.

A distinct characteristic of the Comparative method was an enhanced

precision, gene rally attained where combining observatians of all esti

mators. This generally gave higher correlations than those for the

best estimator. For the other methods, combininb the values of all

estimators was better than the average of the individual values, but

rarely improved ar equalled the precision af the best estimator. Thus,

the precision of the estimates cauld be improved by combining the

estimates with the Comparative methad and also, for the ather twa

methods, where estimatars with varying degrees af experience are

evaluating a field. This interesting aspect cauld be studied in other

research. Campbell and Arnold (1973) recommended using three trained

observers per field and using only the results of the most precise

estimators.

The Yield Index method generally gave less precision than the

previously discussed methods, even when correlatian values were highly

significant. The gene rally lower accuracy of this technique, as com

pared with the Visual and Comparative methods, may be explained by the

presence af legumes and broadleaf weeds in all pastures studied.

Bakhuis (1960) concluded that when broad leaf weeds make up more than

10% of the canopy, the precision af the yield estimate by the cambina

tion of height and ground caver (Yield Index) diminishes sharply. This

occurred because of a different weight distributian with respect ta

height for broadleaf plants than for grasses. Similarly, Pasto et al.

(1957) reported lower correlations far the combination of height and

graund cover with actual yields, when working on pastures which can-
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tained clovers as compared with pure grass pastures. They also found

it somewhat difficult to measure height precisely under grazing con

ditions, except for rotationally grazed pastures. Michalk and Herbert

(1977) reported that height measurements cause complications and con

fustion in relation to ascertaining the highest point to be measured

and give an accurate measure of plant height. This difficulty of

ascertaining height might have been responsible for the lower accuracy

for the Yield Index of individual estimators; because we generally

estimated both height and ground cover. In our experiments, the

accuracies of the estimates by the Yield Index method were similar

for before and after grazed pastures. Such results were also achieved

by the Visual method and are considered highly desirable in all pro-

cesses of decisíon making as related to pasture-animal rnanagement in

grazing experiments and commercial farms.

For the Disc method, correlation values with yields were gener

ally lower than for the other three methods, but always highly signifi

cant (P=.OOl). According to the results reported by Phillips and

Clarke (1972), the correlation between Disc height and dry matter

yield was reduced in seasons where clovers were majar components of

the canopies. This may explain our results from the experiments on

rotationally grazed pastures where legumes were always presento The

reduction in accuracy for grazed pastures as compared with ungrazed

ones may be attributed to different factors. Among these the short

and uniform stubble after grazing and the irregularities caused by

hoof prints may be important. Castel (1976) reported that when evalu

ating a similar device on plots and grazed pastures, correlations

•



54

with actual yield were lower for pastures where the ranges of yield

were large. The highly significant correlations obtained in experi

mental plots for pure ryegrass and bluegrass were lower than expected

as the swards were uniformo Bransby et al. (1977) reported lower

correlation values for mature stands of fescue than for purely vege

tative green growth. This fact may partially explain our results

with ryegrass and bluegrass, because the experiments were conducted

during late spring after a rather dry period when these species were

changing from a reproductive to a vegetative growth. In spite of

this, all correlation values with the Disc method are in agreement

with other reports previously mentioned.

Estimates for clover percentage were highly accurate for ungrazed

pastures, but the precision was reduced for grazed pastures. This

may be due to the degree of selection made by grazing animals that

tend to select areas of the canopy with the highest percentages of

leafy clover. After grazing, the stubble appears to have less clover

than actually present because small clover stems do not show dis

tinctly among other components of the canopy. Under such conditions,

it would be highly probable that operators tend to underestimate the

presence of clover, thereby lowering the correlation values.

In general, it may be concluded that all simple methods of

estimating yield and botanical composition are sufficiently accurate

to seriously consider their use.

The important influence of good management practices in pasture

and animal performance make3 it imperative to use techniques that

help increase the accuracy of making good nlanagement decisions. The

•
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most precise method of pasture sampling up to now; clipping, drying,

and weighing, destroys the canopy and is laborious and costly, hence

is not generally applicable. Other methods for canopy evaluation as

the point quadrat (Brown, 1954) are almost as costly and time con

suming as the conventional methods and do not give a high degree of

precision. All of these shortcut methods evaluated give sufficient

precision to make them useful tools in research and farming enter

prises.

The Visual method, when practiced carefully and by experienced

estimators, has proved to be highly accurate and fasto It is impor

tant to evaluate it over a wider range of pasture types and yields;

also, it is important to define whether only one estimator would be

enough or more estimators should evaluate the same paddocks or plots

for more reliability. One unique and highly trained and experienced

estímato!: might obtain very high correlations between estimates and

actual yields. The Comparative and Yield Index methods should be

subjected to further evaluations. In the case of the Comparative

method, more reference checks could be considered; for the Yield

Index, heights should be carefully measured instead of estimated,

even though this would increase the necessary time for making the

estimates.

The Disc method proved to be accurate enough to justify its use

mainly when experienced estimators are not available and preferably

for experimental plots of uniform canopies where a high precision is

not essential. •
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VI. SUMMARY AND CONCLUSIONS

Pasture availability plays an important role in managing forage

animal systems. Thus, various simple methods of estimating pasture

yields with the purpose of determining forage availability and yields

from experimental plots at a low cost and without disturbing the

canopies, have been developed during recent years. Twelve experiments

on rotatíonally grazed pastures, six befare and six after grazing,

were conducted to evaluate the relative accuracy of four simple methods

of estimating yields, with different degrees of experience among esti

mators were also studied. Methods evaluated were Visual, Comparative,

Yield Index, and a Disc Meter for yield estimates and a Visual method

for estimating legume percentages of canopies. Visual and Disc methods

were also evaluated on experimental plots of ryegrass on two occasions

and bluegrass on aue occasion.

Highly significant correlations with actual yields and clover per

centage were obtained in all experiments for all methods. The Visual

method was the easiest and fas test to perforrn and generally gave higher

correlation values than the other methods. Small differences in the

accuracy of the estimates were noted between before and after grazed

pastures. The Disc method gave comparitively lower correlation values

than the other methods; also, this technique was more influenced by

the grazed conditions of pasture than other methods. Comparative and

Yield Index methods resulted in intermedia te correlation values.

Estimates on clover percentage were also less accurate when conducted

on grazed pastures, as compared to ungrazed.

•



57

The experience or previous training of the estimators had a marked

influence on the precision of the estimate; the highest correlations

were obtained by the highly experienced estimators. The four methods

evaluated offer good reliability for use in grazing experiments, com

mercial farms, and even in cutting management studies where maximum

precision may not be required.

•
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APPENDIX

Test for significance of difference between two correlation

values (r) , according to Fisher's Transformatían-General Procedure:
I

1 + r 2
Ho:Pl = P2 or Ho:P1 - P2 = O vs. H1 :P 1

- P2 f O zl = ~ 111 (1 r )
1

1 + r 2
and z2 ~ In (1 r ); SD 1

2 ¡ 1 1
+ 3n - n3

n -
1 2

n 
1

(zl - z2) - O
Test statistic: Z = -;:=:::::====:;==

¡ 1 1+_---"'--c
3 n 2 - 3

Normal

Level of Significance a = .05 Z .95 1. 96

A) Experiment IV. a. (6-26-78) from Table 4

a) Visual Method: Estimator 1, r = .85 vs. Estimator 3, r .76

zl 1. 25615; z2 .99621; m = 35 ¡ 2 .25
32

(1.25615 - .99621) - O .26
Test statistic: Z .25 .25

1.04

Z = 1.04 < 1.96, so we do not reject H of equal correlation coef
o

ficients, so we test for two other extreme values:

b) Clover Percentage: Estimator 1, r .82 vs. Estimator ?- ,

r = .68

zl = 1.15682 ; z2 .82911 ; m 35 rT .25
32
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Test statistic: Z
(1.15682 - .82911) - O

.25
.33
.25

1. 31

Z = 1.31 < 1.96, so we do not reject H of equa1 corre1ation coef
o

ficients.

As judged by these two tests, and according to other correla-

tion values fram TabIe 4, there are no significant differences among

estimators and methods for yield estimate as we11 as for clover

percentage in experiment IV, befare grazing.

B) Experiment V. b. (6-29-78) from Tab1e 11

a) Visual Hethod: Estimator 1, r = .83 vs. Estimator 3, r .78

1.18813; z2 = 1.04537; m = 35 ¡-;¿
32

.25

(1.18813 - 1.04537) - O
Test statistic: Z = .25

.14 7

.25 = .5

Z = .57 < 1.96, so we do not reject H of equa1 corre1ation coef
o

ficients.

Test for two other extreme va1ues:

b) Clover Percentage: Estimator 1, r

r = .55

.71 vs. Estimator 3,

zl = .88718 ; z = .61338; m 35 ¡-;¿ .25
3 32

(.88718 - .61338) - O .27 1. 08=
Test statistic: Z .25 .25

Z = 1.08 < 1.96, so we do not reject H of equa1 correlation values.
o

As judged by these two tests, and according to other correlation

values from Table 11, there is no significant difference among esti-

mators and methods for yield estimates, as we11 as for clover per-

centage in Experiment V, after grazing.

•
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C) Combination of experiments for before and after grazing, from

Tab1e 13.

a) Before Grazing: Methods for estimating yie1d

Visual, r = .85 vs. Comparative, r = .76

2
1

= 1.25615; 2 2 = .99621; 142

/ 1 1 /.012 = .11
209 + 139

(1. 25615 - .99621) - O = .26 2.36
Test statistic: Z .11 .11

Z = 2.36 > 1.96, so we reject Ho ' conc1uding that both corre1ations

are significant1y different.

Visual, r = .85 Disc Meter, r = .79

1.25615; 1. 07143; 212; 105

/ 1 1 /.015
209 + 102 =

(1.25615 - 1.07143) - O
Test statistic: Z = .12

.12

- .18 = 1. 5
- .12

Z = 1.5 < 1.96, so we do not reject H of equa1 corre1ation coef
o

ficients.

b) After Grazing: Methods for estimating yie1d

Visual, r = .83 Disc Meter, r = .74

1.18813; .95048; 217; 105

/ 1 1
209 + 102

.12
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Test statistic: Z
(1.18813 - .95048) - O

.12
.24
.12

2.0

Z = 2.0 > 1.96, so we reject H , concluding that both corre1ation coef
o

ficients are significant1y different.

c) Clover Percentage for Before and After Grazing:

Before, r = .86 vs. After, r = .61

1.29334; .70892; mI = 212; m2 = 106

.¡ 1 1
209 + 103

.12

Test statistic: Z
(1.29334 - .70892) - O

.12
.58
.12

4.87

Z = 4.87 > 1.96, so we reject H , concluding that both correlation
o

coefficients are significant1y different.

Conc1usion as judged by the tests performed and other va1ues from

Table 13, the visual method was significantly more precise than the

Comparative on pastures before grazing and was sginficant1y more precise

than the Disc Meter on pastures after grazing. There were no other

significant differences among methods of estimating yield. For c10ver

percentages, the estimates were significantly more accurate on non-

grazed than on grazed pastures.
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ESTII1ATING FORAGE YIELDS WITH SI}WLE METHODS

by

Diego F. Risso

(ABSTRACT)

Forage availability has strong influences on pasture and animal

performance. The assessment of herbage yield is an important aim for

the management of pastures and animals in systems, concurrently.

Four shortcut methods of estimating pasture yield and one method

of estimating botanical composition were investigated. The four

methods for estimating yields: Visual, Comparative, Yield Index, and

Disc, and the Visual estimate of botanical composition, were performed

by several estimators on a series of experiments befare and after

rotational grazing of grass-clover pastures. Visual and Disc methods

were also evaluated on experimental plots of ryegrass and bluegrass.

Generally, high correlations with actual yield were obtained by all

four methods. Correlations with actual clover percentage were very

high, being better befare than after grazing.

The estimators with the highest degree of experience obtained

the highest correlations with yields. Experience of estim&tors had

little influence in estimating clover percentage.

The Visual method, a very simple and fast technique, consistently

gave the higher correlations with yield than other methods. All

methods of estimating yield and clover percentages gave reliable



estimates. It is concluded that yield estimate techniques should be

extensively used in grazing management and other experiments.


