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Abstract

 

A grazing trial was carried out in the Eastern
Plains of Colombia to compare legume selection
by transiently grazed oesophageal-fistulated steers
and non-fistulated steers permanently grazing
pastures. The 6 pasture types investigated were

 

Arachis pintoi

 

-

 

Brachiaria humidicola

 

 mixtures
which differed in legume and grass mass per
hectare and grass:legume ratios. The sward
attributes explaining the greatest variation in
legume selection by fistulated and non-fistulated
steers were legume percentage in the forage on
offer (r

 

2

 

 = 0.67) and available legume mass
(r

 

2

 

 = 0.56), respectively. Legume selection by
both groups of steers was correlated with legume
bulk density (kg DM/ha/cm). However, the
relationship was linear (r

 

2

 

 = 0.53) for fistulated
steers with maximum dietary legume proportion
reaching 92% and exponential (r

 

2

 

 = 0.52) for non-
fistulated steers with a plateau at 25% dietary
legume with individual values never exceeding
35%. This study confirms that legume selection
under grazing differs between oesophageal-fistu-
lated steers transiently grazing the pastures and
resident intact steers, and indicates that this differ-
ence is associated with their contrasting response
to changes in sward attributes.

 

Introduction

 

Associating grasses with legumes offers an
economically advantageous option for improving
pasture quality and productivity and hence animal
and whole system efficiency (Paladines and Leal
1979; Lascano 

 

et al

 

. 1989). Among pasture
legumes with forage potential in neotropical
savannas, the perennial groundnut 

 

Arachis pintoi

 

is very promising (Grof 1985). Grazing studies
demonstrated up to 2-fold higher liveweight gains
by animals grazing pastures of 

 

A. pintoi

 

 in associ-
ation with different grasses, compared with pure
grass pastures (Lascano 1994). Animal perform-
ance is a function of digestible nutrient intake,
which is influenced by selectivity of the animals.
In turn, a varying selection pattern greatly influ-
ences botanical composition (

 

i.e.

 

, grass:legume
ratio) of the respective pastures. The extent of
selection by grazing animals is affected by canopy
structure, which depends on grazing management
(Hodgson 1982; Moore 

 

et al

 

. 1985; Lascano
1987; Sollenberger 

 

et al

 

. 1987; Nakanishi 

 

et al

 

.
1993; Lascano 2000). Establishing the relation-
ship between these 2 parameters aids in deter-
mining management recommendations. Most
studies of diet selection have relied on animals
fitted with oesophageal fistulae. This technique
was used to show that

 

 A. pintoi

 

 in association with
several grasses was selected in high proportions
and contributed significantly to diet quality (Las-
cano and Thomas 1988; Hernandez 

 

et al

 

. 1995).
Nevertheless, other studies (Coates 

 

et al

 

. 1987;
Carulla 

 

et al

 

. 1991; Jones and Lascano 1992)
showed that extrusa samples collected from fistu-
lated animals grazed for short periods of time may
not reflect the selectivity exhibited by perma-
nently grazed non-fistulated animals. Little infor-
mation is available explaining the relationship
between legume selection and sward attributes
since, in previous studies, variations in sward
composition within a given grass-legume associa-
tion were small.
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Thus, the objectives of this study were: (i) to
investigate the relationship between legume
selection by growing steers and legume propor-
tion, legume and grass mass as well as legume
and grass bulk density of 6 different

 

 Arachis
pintoi

 

-

 

Brachiaria humidicola

 

 swards; and (ii) to
compare legume selection estimated by the
oesophageal fistula technique with that estimated
by the 

 

δ

 

13

 

C technique using faecal samples of
non-fistulated steers.

 

Materials and methods

 

Establishment and attributes of the experimental 
pasture types

 

The study was carried out at the Carimagua
Research Station (4°30

 

′

 

 N, 71°19

 

′

 

 W; elevation
150 m) in the Eastern Plains of Colombia. Rain-
fall is distributed mainly from April through
November with a mean annual figure (20 years)
of 2348 mm. A very marked dry season occurs
from mid-December to late March. Annual mean
temperature is 26.6°C (24.5–28.2°C). Soils are
classified as Oxisols (Haplustox Isohyper-
thermic) with pH 4.5 and low base status, and are
deficient in almost all macro- and micro-nutri-
ents. In addition, the cation exchange capacity of
the soil is 86% aluminium-saturated (Grof 1985).
Due to the high iron concentration, P-fixing
capacity is also high (Spain and Ayarza 1992).

The experimental pasture was established by
planting vegetatively the tropical legume 

 

Arachis
pintoi

 

 cv. Amarillo (CIAT 17434

 

1

 

) and the tropical
grass 

 

Brachiaria humidicola

 

 (CIAT 679

 

1

 

) 5 years
before the experiment started. At that time, fer-
tiliser was applied at 12 kg P, 18 kg K, 14 kg Mg,
22 kg S and 148 kg Ca/ha. Maintenance fertiliser
was applied at half these rates every second year
until the experiment started. The total area was
divided into 6 paddocks of 1 ha each. Grazing
started 6 months after establishment. Each
paddock was subdivided into 2 plots of 0.5 ha
which were rotationally grazed by growing steers
throughout the year in a 28-day cycle (14 days
grazing, 14 days rest) during the rainy season and
a 14-day cycle (7 days grazing, 7 days rest) during
the dry season. In order to achieve the intended

differences in sward canopy structure and
botanical composition, pastures were grazed at 3
stocking rates. Stocking rates varied in the pre-
experimental period but were 2, 3 and 4 steers/ha
immediately before and during the experimental
period. Eventually, this management resulted in 6
different pasture types which differed in mass and
proportion of 

 

Arachis pintoi

 

 and 

 

Brachiaria humi-
dicola

 

. The 6 pastures (2 

 

×

 

 0.5 ha plots) were (a)
low legume/low grass (LL), (b) low legume/
medium grass (LM), (c) low legume/high grass
(LH), (d) medium legume/high grass (MH), (e)
high legume/low grass (HL) and (f) high
legume/high grass (HH).

 

Experimental animals

 

Crossbred steers (

 

Bos indicus

 

 

 

×

 

 

 

Bos taurus

 

) either
non-fistulated or equipped with oesophageal
cannulae were used. The 18 non-fistulated steers
grazing the pastures at the start of the experiment
averaged 236 (±35) kg liveweight and were
replaced after 3 months by a younger group of
steers (171±16 kg). During the following year, the
average liveweight of this group increased to 297
(±41) kg. Four crossbred steers weighing 180 kg
grazed an 

 

Arachis pintoi

 

-

 

B. humidicola

 

 pasture
for 2 months before surgery to insert oesophageal
cannulae (McManus 1981) to ensure adaptation to
the legume.

 

Experimental protocol

 

Starting in September, 7 samplings were under-
taken (5 in the rainy and 2 in the dry season).
During rainy and dry seasons, measurement
periods consisted of 14 and 7 days, respectively,
equivalent to the occupation periods of the 0.5 ha
plots. 

Before the steers entered experimental plots,
samples of the standing sward were collected by
hand-clipping the available forage at 2 cm above
ground level from twenty 0.5 m

 

2

 

 quadrats ran-
domly distributed within each 0.5 ha plot. Before
cutting, average legume and grass heights were
measured in order to calculate sward bulk density.
Sward samples were manually separated into
grass and legume. Yield and botanical composi-
tion were calculated from quadrat data. Two sub-
samples of 200 g of grass and legume were dried
at 60°C to constant mass. Additionally, to deter-
mine quality of herbage on offer in the 6 pasture

 

1

 

 Accession number used in the germplasm collection held
at CIAT (Centro Internacional de Agricultura Tropical), Cali,
Colombia.
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types, separate hand-plucked samples of grass
and legume, harvested to simulate forage selected
by the grazing animal, were taken and dried at
60°C. Samplings were carried out on Days 1, 7
and 14 of grazing during the rainy season and on
Days 1 and 7 during the dry season.

Four fistulated steers grazed each of the 6 pas-
tures for approximately 20 min after an overnight
fast. Extrusa samples were collected on Days 1, 7
and 14 of grazing during the rainy season and on
Days 1 and 7 during the dry season. In the time
between sampling days, the fistulated steers
grazed a separate 

 

Arachis pintoi

 

-

 

Brachiaria
humidicola

 

 pasture. From each steer, approxi-
mately 1 kg of extrusa per pasture type was col-
lected. This added up to 456 (4 steers 

 

×

 

 6 pasture
types 

 

×

 

 19 measurement days) individual extrusa
samples. Legume proportion was analysed by
stereoscope reading of 200 points per sample
using the technique described by Heady and
Torell (1959). For all other analyses, the 4
extrusa samples collected were bulked, subsam-
pled and lyophilised.

The dietary legume proportion of resident
intact steers was determined by the 

 

δ

 

13

 

C-tech-
nique (Jones 

 

et al

 

. 1979). Faecal samples from 2
steers per pasture type were collected rectally or
from the ground immediately following defaeca-
tion on Days 1, 4, 7, 10 and 14 of each measure-
ment period during the rainy season and on Days
1, 4 and 7 during the dry season. This yielded a
total of 372 (2 steers 

 

×

 

 6 pasture types 

 

×

 

 31
sampling days) individual faecal samples. This
frequency of faecal sampling was considered suf-
ficient to get samples homogeneous enough to
reflect the complete grazing periods since Coates

 

et al

 

. (1991) demonstrated that even a single faecal
sample of free-grazing steers reliably reflected the
diet consumed over a period of at least 3 days.
Approximately 100 g of fresh faecal samples were
placed into plastic bags and frozen. Later they
were dried at 60

 

°

 

C and ground in a Wiley Mill
fitted with a 1 mm screen. Subsequently, faeces
[4 g dry matter (DM) per individual sample] were
mixed to form composite samples across sampling
days and only one composite sample per animal
was finally analysed in each measurement period.
This yielded a total of 84 (2 steers 

 

×

 

 6 pasture
types 

 

×

 

 7 periods) composite faecal samples. To
measure 

 

δ

 

13

 

C levels in the forage on offer, sub-
samples of 

 

B. humidicola

 

 and 

 

A. pintoi

 

 (hand-
plucked samples) were mixed across sampling
days separately for the grass and the legume to

obtain representative composite samples. Dietary
legume percentage of resident intact steers was
calculated according to Jones 

 

et al

 

. (1979) from
the 

 

δ

 

13

 

C data, considering differences in com-
ponent digestibility:

where G

 

i

 

 = 100 – 

 

in vitro

 

 DM digestibility of the
grass; L

 

i

 

 = 100 – 

 

in vitro

 

 DM digestibility of the
legume; F

 

c

 

 = 

 

δ

 

13

 

C faeces; G

 

c

 

 = (

 

δ

 

13

 

C grass) – 1;
L

 

c

 

 = (

 

δ

 

13

 

C legume) – 1.
Selectivity indices for 

 

A. pintoi

 

 were calcu-
lated by dividing dietary legume percentages by
the legume proportion of the pasture sward.
Indices exceeding 1 show preference for the
legume and those below 1 indicate a selection
against the legume.

 

Laboratory analyses

 

Dried samples of 

 

A. pintoi

 

, 

 

B. humidicola

 

 and
oesophageal extrusae were analysed for DM
(105°C, 3 h) and crude protein (Micro-Kjeldahl
technique; Chapman and Pratt 1961) as well as
neutral and acid detergent fibre (van Soest 1963).
Concentrations of hemicellulose were calculated
as the difference between neutral and acid deter-
gent fibre concentrations. Furthermore, the 

 

in
vitro

 

 dry matter digestibility was determined by
the Tilley and Terry (1963) method as modified
by Moore and Mott (1974). Prior to analysis,
dried grass, legume, extrusae and faecal samples
were ground in a Wiley mill fitted with a 1 mm
screen. For 

 

δ

 

13

 

C analysis, sub-samples were
ground in a self-constructed piston-action ball
mill to a fine powder as described by Rondon and
Thomas (1994). Analysis of 

 

δ

 

13

 

C was performed
using a continuous-flow isotope ratio mass spec-
trometer (Tracermass Stable Isotope Analyser,
Europa Scientific Ltd, Crewe, UK). For that pur-
pose, duplicate samples of 2–4 mg were sealed in
tin capsules, dropped into a vertical combustion
tube and flash combusted. In different traps,
water and other contaminants were removed and
the purified CO

 

2

 

 was analysed for its 

 

13

 

C:

 

12

 

C
ratio.

 

Statistical analysis

 

Means for each pasture type and measurement
period were combined separately for rainy and

% legume 100
Gi Fc Gc–( )

Li Lc Fc–( ) Gi Fc Gc–( )+
---------------------------------------------------------------=
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dry seasons from individual data on feed,
extrusae and faeces. The tables give the means
together with the standard deviations of the
means. Regression analysis was performed to
determine the degree of association between dif-
ferent pasture attributes and dietary legume pro-
portion. Relationships were calculated using the
respective procedures of SAS (1990).

 

Results

 

Characteristics of the different pasture types

 

The attributes of the standing herbage as meas-
ured in the 6 pasture types are given in Table 1.
Depending on pasture type, the mean legume per-
centage of the total sward varied between 10 and
48% during the rainy season and between 4 and
29% during the dry season. Legume mass ranged
from 188 to 882 kg/ha DM during the rainy
season and from 62 to 643 kg/ha DM during the
dry season. Mean legume mass across all pasture
types showed the usual variation with season
being higher in the rainy season (452 kg/ha DM)
than in the dry season (263 kg/ha DM). Legume
mass in herbage on offer was highest in the high-
legume pasture types and lowest in the low-
legume pasture types. The highest grass availa-
bility was found in the high-grass pastures and
the lowest in the low-grass pastures. The average
legume bulk density for each pasture type was
similar in the rainy and the dry seasons and
ranged from 20 to 106 kg DM/ha/cm. Regardless

of season, legume bulk density was highest in the
pasture with high legume and low grass mass fol-
lowed by the pasture with high legume and high
grass mass. Differences in grass mass were less
clearly reflected in bulk density and the values
estimated were similar for all pasture types.
Grass bulk density tended to be higher in the dry
than in the rainy season.

Throughout the experiment, there were pro-
nounced differences in nutrient composition and

 

in vitro

 

 dry matter digestibility (IVDMD)
between 

 

A. pintoi

 

 and 

 

B. humidicola

 

 (Table 2).
The legume was higher in crude protein (more
than twice the concentration in the grass) and
IVDMD, and lower in fibre concentration, par-
ticularly hemicellulose (one-third of the value
found in grass). Pasture type effects were small
and were generally smaller than the differences
between the legume and the grass. Furthermore,
these variations could not be systematically
attributed to the different levels of legume or
grass mass. There were also seasonal differences
with lower crude protein concentrations in forage
during the dry season (120 

 

vs

 

 156 g/kg DM for

 

A. pintoi

 

; 37 

 

vs

 

 73 g/kg DM for 

 

B. humidicola

 

)
and slightly lower hemicellulose concentrations.
The effect of season on IVDMD was much more
pronounced in the grass than in the legume.
While IVDMD was similar for 

 

B. humidicola

 

 and

 

A. pintoi

 

 in the rainy season (60 and 63%, respec-
tively), during the dry season 

 

B. humidicola

 

 had a
considerably lower digestibility than

 

 A. pintoi

 

(45 and 63%, respectively).

 

Table 1.

 

 Attributes of the standing herbage in rainy (n = 5) and dry seasons (n = 2) measured in the 6 

 

Brachiaria humidicola-Arachis
pintoi

 

 pasture types (means ± S.D.).

Pasture type
Legume mass
Grass mass

LL
Low
Low

LM
Low

Medium

LH
Low
High

MH
Medium

High

HL
High
Low

HH
High
High

 

Legume proportion 

 

(%)
Rainy season 13±5 15±6 10±2 10±2 48±16 20±7
Dry season 7±0 4±2 4±1 4±1 29±1 15±0

 

Mass

 

 (kg/ha DM)
Legume, rainy season 188±126 271±36 332±62 409±135 882±141 630±179
Legume, dry season 62±19 81±42 136±46 169±46 643±196 486±38
Grass, rainy season 1186±267 1745±711 3069±842 3799±1231 1112±585 2625±483
Grass, dry season 863±247 1796±187 3248±354 4255±111 1541±417 2754±260

 

Bulk density

 

 (kg DM/ha/cm height)
Legume, rainy season 30±17 32±6 30±3 27±5 102±27 52±11
Legume, dry season 22±3 20±9 21±7 25±8 106±15 70±3
Grass, rainy season 108±28 103±27 116±30 116±38 68±30 103±38
Grass, dry season 182±32 150±6 186±19 213±23 133±16 160±11
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Botanical composition and quality of the diet 
selected

 

Legume percentage in the diet of fistulated steers
ranged from 1 to 92% in the rainy season, and
from 2 to 67% in the dry season (Figure 1). The
highest legume proportion was selected in the
pasture type which offered high legume and low
grass mass (HL). With simultaneously high grass
and legume mass (HH), the dietary legume per-
centage was intermediate. The lowest dietary
legume percentages were measured in pastures
which had low or medium legume mass. Legume
percentage in the diet selected by the perma-
nently grazed non-fistulated steers ranged from 2
to 32% in the rainy season, and from 0 to 38% in
the dry season. In these steers, pasture type had
less effect on legume selection than in the fistu-
lated steers. In the rainy season, the non-fistu-
lated steers followed the selection pattern of the
fistulated steers, but at a considerably lower level
of legume percentage selected. In the dry season,
no clear effect of pasture type on legume selec-
tion could be observed in non-fistulated steers.

Higher levels of legume in the diet increased
dietary crude protein in steers grazing the

different pasture types, particularly HL, regard-
less of season (Table 3). The crude protein con-
centration of the diet averaged across pasture
types was higher during the rainy season (99 g/kg
DM) than during the dry season (78 g/kg DM).
Similarly, the NDF and hemicellulose concentra-
tions in extrusa samples reflected the legume pro-
portion of the diet, being lowest in the HL pasture
type. The effect of pasture type on IVDMD of
extrusa was inconsistent although there was a
tendency for IVDMD to be higher in the pastures
with high grass mass. However, IVDMD showed
a clear seasonal variation, averaging 61% in the
rainy season and 49% in the dry season. 

 

Relationships between legume proportion in 
selected feed and sward attributes

 

Using data from all pasture types, regressions of
legume proportion selected by fistulated and non-
fistulated steers on various sward attributes were
calculated separately for the rainy (n = 30) and
dry (n = 12) seasons (Table 4).

 

Legume percentage of the standing sward

 

.
Dietary legume selected by oesophageal-fistulated

 

1

 

LL = low legume, low grass; LM = low legume, medium grass; LH = low legume, high grass; MH = medium legume, high grass;
HL = high legume, low grass; HH = high legume, high grass.

 

Table 2. Feed quality of hand-plucked samples of Arachis pintoi and Brachiaria humidicola in 6 pasture types depending on season
(means ± S.D.).

Pasture type1 LL LM LH MH HL HH

Crude protein (g/kg DM)
Legume, rainy season 170±9 154±6 140±14 143±16 170±9 161±11
Legume, dry season 136±10 132±9 112±9 111±1 116±1 114±2
Grass, rainy season 77±14 77±13 63±14 62±13 91±7 70±11
Grass, dry season 44±4 35±3 29±1 33±1 40±1 41±2

Neutral detergent fibre (g/kg DM)
Legume, rainy season 509±25 508±19 490±23 495±10 511±23 510±18
Legume, dry season 465±29 457±13 446±16 451±12 460±19 443±4
Grass, rainy season 826±10 830±23 819±15 821±29 834±26 820±22
Grass, dry season 770±11 784±9 798±13 786±8 792±5 781±12

Acid detergent fibre (g/kg DM)
Legume, rainy season 335±12 352±16 343±17 347±17 338±24 348±19
Legume, dry season 319±10 335±7 321±4 331±7 324±6 315±1
Grass, rainy season 403±9 414±9 412±11 418±16 408±14 415±14
Grass, dry season 388±2 420±7 404±9 409±1 406±4 403±0

Hemicellulose (g/kg DM)
Legume, rainy season 174±18 157±21 147±20 149±13 173±19 162±8
Legume, dry season 146±19 122±20 125±12 120±6 136±25 128±3
Grass, rainy season 422±9 416±15 408±12 403±22 426±14 405±12
Grass, dry season 382±9 364±16 394±4 377±7 386±9 378±12

In vitro dry matter digestibility (%)
Legume, rainy season 64±1 64±1 63±1 63±1 63±1 63±1
Legume, dry season 64±2 62±1 64±1 63±2 62±3 64±1
Grass, rainy season 62±3 60±3 60±3 59±4 60±3 57±3
Grass, dry season 48±1 42±3 46±1 47±1 44±2 45±2
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Figure 1. Legume proportion in the diet selected by (a) oesophageal-fistulated and (b) non-fistulated steers throughout
the experiment (dots represent the mean values across all pasture types and bars represent the range observed).
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and non-fistulated steers was linearly related to
legume percentage in standing herbage during the
rainy season (Figure 2). In this season, herbage
legume accounted for 67% and 45% of the varia-
tion in dietary legume of fistulated and non-
fistulated steers, respectively. For the fistulated
steers, the slope of the regression (b = 1.31±0.17)

indicates that increases in legume proportion in
the herbage on offer resulted in similar changes in
dietary legume percentage over a wide range of
legume proportions observed. In contrast, the
slope of the regression calculated for the non-fis-
tulated steers in the rainy season (b = 0.32±0.07)
indicates that this group of steers selected against

1 LL = low legume, low grass; LM = low legume, medium grass; LH = low legume, high grass; MH = medium legume, high grass;
HL = high legume, low grass; HH = high legume, high grass.

Table 3. Legume proportion selected by oesophageal-fistulated and non-fistulated steers and feed quality selected by the fistulated
steers grazing 6 Brachiaria humidicola-Arachis pintoi pastures in rainy and dry seasons (means ± S.D.).

Pasture type1 LL LM LH MH HL HH

Legume proportion selected (%)
Fistulated, rainy season 17±9 28±13 22±12 7±3 70±22 28±19
Fistulated, dry season 8±5 18±10 21±7 26±19 51±17 46±17
Non-fistulated, rainy season 8±2 16±4 15±2 13±8 26±6 18±4
Non-fistulated, dry season 4±4 23±3 23±2 15±12 28±10 15±15

Legume selectivity index
Fistulated, rainy season 1.3±0.5 1.8±0.4 2.1±0.9 0.8±0.4 1.5±0.4 1.9±1.9
Fistulated, dry season 1.1±0.7 3.9±0.8 5.0±0.7 5.9±3.3 1.7±0.5 3.0±1.2
Non-fistulated, rainy season 0.7±0.1 1.2±0.3 1.5±0.3 1.3±0.9 0.6±0.2 1.1±0.5
Non-fistulated, dry season 0.6±0.6 6.4±1.9 6.4±1.9 5.1±4.7 1.0±0.4 1.0±1.0

Characteristics of feed selected by fistulated steers
Crude protein (g/kg DM)

Rainy season 88±9 104±19 84±18 73±9 148±24 97±12
Dry season 60±4 74±7 67±2 67±14 101±2 99±5

Neutral detergent fibre (g/kg DM)
Rainy season 718±33 688±24 718±26 751±18 586±54 696±62
Dry season 747±22 713±27 729±41 698±63 627±42 625±37

Acid detergent fibre (g/kg DM)
Rainy season 372±9 388±17 376±10 373±17 346±17 375±17
Dry season 394±5 403±12 400±8 383±8 387±2 377±13

Hemicellulose (g/kg DM)
Rainy season 345±38 300±30 341±19 378±17 240±40 321±63
Dry season 353±17 310±39 329±33 315±55 240±4.1 248±25

In vitro dry matter digestibility (%)
Rainy season 61±5 57±3 62±1 65±3 60±3 62±4
Dry season 43±4 48±3 49±2 52±2 48±4 52±3

Table 4. Regression equations between different sward attributes in Brachiaria humidicola-Arachis pintoi pastures (x) and legume
proportion (%) selected by oesophageal-fistulated and non-fistulated steers (y), and between crude protein concentration of the grass
(x) and legume selectivity index (y).

Sward attributes (x) Steers Season Equation r2 P n

Legume proportion Fistulated Rainy y = 3.5 + 1.31x 0.67 <0.001 30
in standing herbage Fistulated Dry y = 12.49 + 1.46x 0.44 <0.05 12
(%) Non-fistulated Rainy y = 10.0 + 0.32x 0.45 <0.001 30

Non-fistulated Dry y = 14.5 + 0.310x 0.06 NS 12

Legume mass Fistulated Rainy y = 4.3 + 0.054x 0.35 <0.001 30
(kg/ha DM) Fistulated Dry y = 8.2 + 0.075x 0.75 <0.001 12

Non-fistulated Rainy y = 6.9 + 0.020x 0.56 <0.001 30
Non-fistulated Dry y = 16.7 + 0.04x 0.02 NS 12

Legume bulk density Fistulated Rainy y = 1.9 + 0.59x 0.53 <0.001 30
(kg DM/ha/cm height) Fistulated Dry y = 6.5 + 0.48x 0.66 <0.001 12

Non-fistulated Rainy y = 24.4 − 39.9 e–0.046x 0.52 <0.01 30
Non-fistulated Dry y = 15.4 + 0.052x 0.02 NS 12

CP concentration in Fistulated Total y = 1.5 + 147.5 e–0.12x 0.40 <0.05 42
the grass (g/kg DM) Non-fistulated Total y = 0.85 + 133.1 e–0.11x 0.45 <0.05 42
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the legume and for grass when legume percentage
in the herbage on offer increased. In the dry
season, the selection pattern of the fistulated steers
was similar to that in the rainy season (b = 1.46
±0.52) but the legume selection of non-fistulated
steers was not significantly related to the legume
percentage of the herbage on offer (Table 4).

The legume selectivity indices calculated for
the fistulated steers generally exceeded 1
throughout the experiment (1.7 on average) indi-
cating a clear preference for the legume. The
highest selectivity index was observed in the
middle of the dry season (3.6), and the lowest at
the end of the rainy season (1.1). In the non-
fistulated steers, selectivity indices averaged at
1.0 suggesting that the mean dietary legume per-
centage coincided with the legume proportion in
the herbage on offer. However, selectivity indices
varied widely between pasture types and with
season (Table 3). In general, non-fistulated steers
tended to select for the legume (index>1) in pas-
ture types with low or medium legume mass, but
showed no preference or selected against the
legume (index≤1) in pasture types with high
legume mass. Overall selectivity index was
highest at the end of the dry season (2.5) when
the quality of the grass (i.e. CP concentration)
was lowest, and lowest in the middle of the rainy
season (0.5) when grass quality was highest. To
analyse the relationship between selectivity index
and crude protein concentration of the grass on

offer, data (n = 42) were fitted to the exponential
regression model: y = a + be–kx, where ‘y’ is the
legume selectivity index and ‘x’ the crude protein
concentration of the grass (Table 4). Selectivity
indices for fistulated and non-fistulated steers
were significantly related to the crude protein
concentration of the grass (P < 0.05) and the
degree of association was similar for both groups
of steers (r2 = 0.40 and 0.45 for fistulated and
non-fistulated steers, respectively). However, a
large difference was found in the values for the
asymptotes of the 2 regression lines, which were
1.5 for fistulated steers and 0.85 for non-
fistulated steers. Accordingly, both groups of
steers selected for the legume, when crude
protein concentration of the grass was low, but
showed a different selection behaviour at higher
crude protein concentration. While the fistulated
steers constantly selected for the legume, non-
fistulated steers selected against the legume when
the crude protein level exceeded 70 g/kg DM.

Legume mass in the pasture. In the rainy
season, the legume proportion in the diet selected
by both groups of steers was linearly related to the
legume mass on offer in the pasture (Table 4).
However, the degree of association was different
for fistulated and non-fistulated steers. This sward
attribute explained 56% of the variation in legume
proportion selected by non-fistulated steers, but
only 35% in the fistulated steers. The legume per-
centage selected by fistulated steers increased

Figure 2. Relationship between legume proportion in the diet (y) selected by fistulated ( ) and non-fistulated ( ) steers
and legume proportion in herbage on offer (x) of Brachiaria humidicola-Arachis pintoi pastures during rainy and dry
seasons. Dashed and solid lines represent lines of best fit for fistulated and non-fistulated steer data, respectively.
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about twice as fast per unit of additional legume
mass provided by the pasture (b = 0.054±0.014)
as did legume percentage selected by non-
fistulated steers (b = 0.020±0.003). During the dry
season, the relationship between legume selected
by fistulated steers and legume mass in the
standing herbage was similar to that in the rainy
season (b = 0.075±0.014) whereas in the non-fis-
tulated steers no significant relationship was
found.

Legume bulk density. During the rainy season,
legume percentage in the diet selected by fistu-
lated and non-fistulated steers was related to
legume bulk density in the standing herbage. This
sward attribute explained around 50% of the var-
iation in legume percentage in the diet selected by
both groups of steers (Table 4). However, a linear
relationship was found for the fistulated steers
(b = 0.59±0.10), whereas an exponential relation-
ship was observed for the non-fistulated steers
with a plateau reached at around 25% dietary
legume with individual values never exceeding
35% (Figure 3). In general, as legume bulk den-
sity increased from 10 to about 60 kg DM/ha/cm,
legume proportion in the diet selected by the non-
fistulated steers increased from 2 to 24%, but
remained unaffected by any further increase in
legume bulk density (finally 130 kg DM/ha/cm).
In contrast, legume proportion of the diet selected
by fistulated steers increased with legume bulk
density throughout the whole range observed. In

the dry season, the relationship between legume
selected by fistulated steers and legume bulk
density was similar to that in the rainy season
(b = 0.48±0.11, r2 = 0.66), whereas there was no
clear relationship in non-fistulated steers.

Discussion

Characteristics of the experimental pastures

While differences in legume and grass mass were
achieved in the 6 pasture types which allowed the
examination of a range of sward grass:legume
combinations, it is acknowledged that the effects
of the different sward attributes on legume selec-
tion were confounded. Percentage, mass and bulk
density of the legume did not change independ-
ently of each other. Therefore, it was not possible
to partition the effects of these sward attributes
on legume selection. Despite the high dry matter
yields, especially in the high-grass pastures,
swards were relatively loosely packed compared
with temperate pasture swards, and sward bulk
densities were low but within the range reported
for other tropical pastures (Stobbs 1973a; 1973b).
The range of legume proportions measured in the
present study covered the range most likely to be
encountered in improved legume-based tropical
pastures and variation in the different sward
attributes was high enough to cause significant
variation in dietary legume percentage.

Figure 3. Relationship between legume proportion in the diet (y) selected by fistulated ( ) and non-fistulated ( ) steers
and legume bulk density in herbage on offer (x) of Brachiaria humidicola-Arachis pintoi pastures during rainy and dry
seasons. Dashed and solid lines represent lines of best fit for fistulated and non-fistulated steer data, respectively.
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Legume selection pattern of grazing steers 

Legume selection varied widely between
oesophageal-fistulated and resident non-fistulated
steers which supports the findings of Coates et al.
(1987) and Jones and Lascano (1992). In our
study, we used sward structural characteristics in
an attempt to explain these differences and found
a contrasting response by the 2 types of test
steers to changes in sward attributes. Although
dietary legume percentage of fistulated and resi-
dent non-fistulated steers was influenced by the
legume-related attributes in the sward, the impor-
tance of individual sward attributes and relation-
ships between legume selection and these
attributes varied with type of steers. The sward
attribute most related to legume percentage in the
diet of the fistulated steers was legume per-
centage in the herbage on offer. In contrast,
legume selected by non-fistulated steers was
more related to legume mass. Legume selection
by both groups of steers was related to legume
bulk density but was different for fistulated and
non-fistulated steers. The relationship was linear
for fistulated steers, but was exponential with an
asymptote for non-fistulated steers. Additionally,
changes in sward canopy composition resulted in
considerably smaller changes in legume selected
by intact steers than in fistulated steers and varia-
tion in dietary legume of intact steers was lower.

Several reasons may be responsible for this
phenomenon. First of all, selection by the fistu-
lated steers could have been affected by fasting
(Newman et al. 1994). Rate of intake of forage is
enhanced by lengthening the fasting period
(Moseley and Manendez 1989). On the other
hand, it is generally accepted that the potential
rate of intake of legumes such as white clover
and subterranean clover is higher than the intake
rate of grasses (Hodgson et al. 1994; Rutter et al.
2000). Therefore, it can be assumed that over-
night fasting, as practised in this study with the
fistulated steers, assisted their inclination for a
high intake rate and therefore may have modified
their selection behaviour towards relatively
higher intake of the legume. Additionally, during
the time between sampling days, fistulated steers
grazed a separate Arachis pintoi-Brachiaria
humidicola pasture and were not accustomed to
the sward structures of the individual experi-
mental plots. It is acknowledged that comparison
between the 2 types of animals would have been
improved when fistulated steers would have been

part of the resident group grazing each pasture.
However, the procedure as applied is still very
common in grazing studies because it allows the
investigation of many experimental pastures with
few fistulated animals.

The legume proportion selected by non-
fistulated steers in the rainy season was very
similar (15–18%) in contrasting pasture types
which offered a legume mass from 271 to
630 kg/ha DM and a legume percentage from 10
to 20% (LM, LH, HH). This suggests that, when
grass is not limiting during the rainy season, non-
fistulated steers grazing A. pintoi-B. humidicola
pastures set an upper limit to the proportion of
legume they select, and this limit seems to be
relatively independent of the legume percentage
of the sward. This is supported by the fact that
non-fistulated steers showed no clear preference
or aversion for the legume when the legume pro-
portion in herbage on offer ranged from 7 to
30%, but they selected clearly against the legume
when the proportion was higher. In the dry
season, effects of pasture type on legume selec-
tion of non-fistulated steers were minor, and the
plateau observed in the rainy season for the selec-
tion of A. pintoi was not evident. Under water
stress conditions, and when the quality of the
grass declined, legume selection by non-fistulated
steers was high in most pasture types, regardless
of legume availability. Seasonal variability of
selection patterns has been also reported from
other studies (Böhnert et al. 1985; Lascano et al.
1989; Gardener and Ash 1994; Bennett et al.
1999; Michiels et al. 2000). It is interesting that,
in the present study, independent of pasture type,
selectivity index of the legume was highest
towards the end of the dry season when crude
protein concentration in the grass was particu-
larly low, probably as a compensatory effect
(Stobbs 1977; Maeno 1985). In contrast, legume
selectivity indices were low in the middle of the
rainy season when grass had a high crude protein
concentration. At this time, selection against
legumes was particularly pronounced at very
high legume percentages in the sward, possibly
due to palatability reasons but also possibly to
avoid a metabolic excess of protein.

The differences in ingestive behaviour
observed in our work agree with those reported
by Baumont et al. (2000) and suggest that, in
simple experimental situations (very short-term,
as was the case for transiently grazed fistulated
steers), animals tend to maximise their rate of
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feed intake. Long-term diet composition, as
measured with permanently grazed non-fistulated
steers, however, is more likely to be controlled by
post-ingestive effects to avoid nutritional
excesses or deficiencies.

Conclusions

This study indicated that selection of A. pintoi
from an A. pintoi-B. humidicola pasture by fistu-
lated and intact steers differed and that this dif-
ference resulted to some extent from a
contrasting response of the 2 types of test ani-
mals to changes in sward attributes. Independent
of the legume-related attributes and the nutri-
tional quality of the herbage, fistulated steers
selected higher legume proportions than those
found in the sward. In contrast, resident non-fis-
tulated steers selected for the legume only when
the diet was too low in crude protein and/or
digestibility. This may be the greatest advantage
of associated pastures, and even a moderate
legume proportion in the herbage on offer
seemed sufficient to allow this type of choice
feeding. Further studies in a range of environ-
ments are needed to assess how widely these
findings can be extrapolated.
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