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Effects of grazing management in brachiaria grass-forage peanut pastures on can-
opy structure and forage intake1
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ABSTRACT: Maintenance of mixed grass–legume 
pastures for stand longevity and improved animal 
utilization is a challenge in warm-season climates. 
The goal of this study was to assess grazing man-
agement on stand persistence, forage intake, and 
N balance of beef heifers grazing mixed pastures 
of Brachiaria brizantha and Arachis pintoi. A 2-yr 
experiment was carried out in Brazil, where four 
grazing management were assessed: rest period 
interrupted at 90%, 95%, and 100% of light inter-
ception (LI) and a fixed rest period of 42 d (90LI, 
95LI, 100LI, and 42D, respectively). The LI were 
taken at 50 points at ground level and at 5 points 
above the canopy for each paddock using a canopy 
analyzer. For all treatments, the postgrazing stubble 
height was 15 cm. Botanical composition and can-
opy structure characteristics such as canopy height, 
forage mass, and vertical distribution of the mor-
phological composition were evaluated pre- and 
post-grazing. Forage chemical composition, intake, 
and microbial synthesis were also determined. 
A randomized complete block design was used, con-
sidering the season of the year as a repeated measure 
over time. Grazing management and season were 

considered fixed, while block and year were consid-
ered random effects. In the summer, legume mass 
accounted for 19% of the canopy at 100LI, which 
was less than other treatments (a mean of 30%). 
The 100LI treatment had a greater grass stem mass 
compared with other treatments. In terms of verti-
cal distribution for 100LI, 38.6% of the stem mass 
was above the stubble height, greater than the 5.7% 
for other treatments. The canopy structure limited 
NDF intake (P = 0.007) at 100LI (1.02% of BW/d), 
whereas 42D, 90LI, and 95LI treatments had NDF 
intake close to 1.2% of BW/d. The intake of digest-
ible OM (P = 0.007) and the ratio of CP/digestible 
OM (P  <  0.001) were less at 100LI in relation to 
the other treatments. The production of microbial 
N (P < 0.001) and efficiency of microbial synthesis 
(P = 0.023) were greater at 95LI and 90LI, followed 
by 42D and less at 100LI. Overall, the range from 
90% to 95% of LI is the recommendation to inter-
rupt the rest period, since this strategy enhanced 
community stability, forage intake, and nutritional 
value of the diet. Under on-farm conditions, bra-
chiaria grass and forage peanut pastures should be 
managed at a range height of 24 to 30 cm.
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INTRODUCTION

Grasses from the Brachiaria genus are the most 
important forage source for grazing ruminants in 
warm climates (Jank et  al., 2014). Forage peanut 
(Arachis pintoi) is a warm-season legume with poten-
tial for mixtures with grasses (Tamele et al., 2017). 
The association of grass and legume provides com-
plementarity for the benefit of both grazing livestock 
and ecosystem function (Muir et al., 2011). However, 
it is a challenge for farmers to maintain long-term 
persistence of mixed pastures.

Defoliation management determines the bal-
ance and contribution of each component in the 
stand (Tamele et  al., 2017) and forage intake by 
grazing animals, since the canopy structure is a non-
nutritional factor (Poppi et al., 1987). Defoliation 
may change the botanical composition and vertical 
distribution of the stand, which influences long-
term sward persistence (Black et  al., 2009). Short 
rest periods (i.e., 90% of light interception; LI) in 
mixed pastures promote greater legume population 
(Pereira et  al., 2017). Conversely, long periods of 
rest, sufficient for the canopy to intercept 100% of 
LI potentially limit intake rates due to the greater 
stem elongation (Geremia et al., 2014).

These factors, along with defoliation intensity, 
modulate the selectivity of grazing animals and the 
nutritive value of the diet. Diets with greater propor-
tions of legume tend to have greater nutritive value 
than grass monocultures (Muir et al., 2014). To date, 
there is no established strategy to manage brachiaria 
grass and forage peanut pastures. Thus, we hypoth-
esized that the grazing management in mixtures 
determines the level of light competition between 
species, modulating the canopy stability; a canopy 
structure with reduced presence of stems will result 
in greater forage intake with better nutritive value. 

Hence, the objective of this study was to assess four 
grazing management based on LI or a fixed inter-
val between grazing on mixed Brachiaria brizantha 
and A. pintoi pasture canopy characteristics, forage 
intake, and N use efficiency using growing cattle.

MATERIALS AND METHODS

The experimental procedures of this study 
were approved by the Ethics and Animal Welfare 
Committee of the Federal University of Lavras 
(protocol number 062/2013).

Experimental Site

The study was carried out at the Experimental 
Farm of the Federal University of Lavras, Brazil 
(21°14′S, 45°00′W; 918 m above sea level). This area 
has a subtropical humid mesothermal climate with 
dry winters (Köppen-Geiger climate classification: 
Cwa; Sá Júnior et  al., 2012). Meteorological data 
were obtained from a weather station located 1,000 
m from the experimental area (Fig. 1).

The pasture used was established in December 
2006 by joint seeding of brachiaria grass (B.  bri-
zantha Stapf. A.  Rich. cv. Marandu) with forage 
peanut (A.  pintoi Krapov. & W.C. Greg. cv. BRS 
Mandobi). The seeding rates were 7.6 and 7.2 kg/
ha of pure live seed for brachiaria grass and for-
age peanut, respectively. The pasture was divided 
into 12 experimental units. Each experimental unit 
was divided into three paddocks of 220 m2 (Fig. 2). 
In October 2012, grazing management treatments 
were imposed. These paddocks were grazed for 1 
yr (adaptation period) and after that, the assess-
ments were started. A  2-yr experimental period 
(from 2013 to 2015) was adopted, from October to 
January (rainy spring) and from January to April 

Figure 1. Monthly temperatures (°C) and rainfall (mm) in Lavras, Brazil, during the experimental period (seasons of the year).
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(rainy summer; Fig. 1). Assessments were not per-
formed from May to September for both years due 
to the climatic conditions (dry winter).

The soil characteristics were determined using 
the methods recommended by Embrapa (1997). 
The soil of  the experimental site at the start 
of  the study (November 2012)  were pH  =  7.0, 
OM = 4.93%, P = 2.3 mg/dm3, K+ = 64 mg/dm3, 
Ca2+ = 3.4 cmolc/dm3, Mg2+ = 1.1 cmolc/dm3, H + 
Al = 2.9 cmolc/dm3, Al3+ = 0.0 cmolc/dm3, and cat-
ion exchange capacity = 7.56 cmolc/dm3. In early 
spring during each year of  the trial, all experimen-
tal units were grazed to reach a stubble height of 
15 cm. Afterward, fertilizers were applied as single 
superphosphate, potassium chloride, and micro-
nutrients. Applications (kg/ha) corresponded to 
40 of  P2O5, 53 of  K2O, 38 of  Ca, 1.7 of  S, 0.5 of  B, 
0.25 of  Cu, 0.6 of  Mn, 0.03 of  Mo, and 2.7 of  Zn.

Treatments and Experimental Management

Four grazing management strategies were 
assessed: grazing rest period interruption when 
the canopy reached an LI of  1) 90% (90LI), 2) 95% 
(95LI), 3) 100% (100LI), and 4) rotational stocking 
every 42 d (42D). The rest period length was deter-
mined as a function of  each respective treatment. 
A minimum of  two Tabapuã heifers (260 ± 43 kg) 
were used to graze paddocks to the target stubble 

height. Additional put-and-take heifers were used 
to manage forage to a target stubble height of 
15 cm during a 3-d period. Stocking density and 
stocking rate (animals/ha) were calculated divid-
ing the number of  heifers by paddock area and the 
number of  heifers by the estimated total area used 
to complete a grazing cycle, respectively (Allen 
et al., 2011).

Experimental Evaluations

Canopy structure.  A LAI 2200 canopy analyzer 
(LI-COR, 2009, Lincoln, NE) was used to meas-
ure LI (%). Readings were taken at 50 points at 
ground level and at 5 points above the canopy for 
each experimental unit. The average canopy height 
(CH) was measured using a sward stick (Barthram, 
1985) at 50 random points. Forage mass was sam-
pled by using three frames of 1 × 0.5 m (pre- and 
post-grazing) per paddock, once for each grazing 
cycle (Fig. 2). After harvesting the forage, botanical 
and morphological separations were performed. 
The grass samples were separated into stem (stem 
+ sheath), leaf (leaf blade), and dead material. 
Legume samples were separated into stem and leaf 
(stipule + petiole + leaflet). Forage samples were 
oven-dried at 55 °C for 72 h to a constant weight. 
Grass mass (kg/ha) was considered whole-plant 
without dead material. Legume mass (kg/ha) was 

Figure 2. The method used to manage heifers in the experimental unit and collect fecal, urine, and forage samples. The experimental unit was 
divided into three paddocks with 3-d occupation period in each one. Marker dosage was performed over 9-d period and fecal, urine, hand-plucked, 
and forage samples were collected in the last paddock only. A reserve mixed pasture of brachiaria grass and forage peanut was used to keep animals 
during rest periods.
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considered the leaf plus stem mass. Total forage 
mass (kg/ha) was the sum of grass and legume 
components in the above ground canopy. Forage 
removal rate (%) was calculated by the difference 
between the pregrazing and postgrazing masses 
divided by the pregrazing mass.

The forage mass was evaluated in four strata of 
the CH (% of CH). The first stratum, close to the 
ground, represented 0% to 25%, the second stra-
tum 25% to 50%, the third stratum 50% to 75%, 
and the fourth stratum (at the top of the canopy) 
75% to 100% of the CH (Tamele et al., 2017). For 
this, the canopy structure was evaluated using an 
inclined point quadrat with 120 data points per plot 
(Warren Wilson, 1960). To achieve the forage mass 
of each stratum (% of mass per stratum), the fre-
quency of each botanical and morphological com-
ponent was multiplied by the respective mass in the 
four canopy strata.

Nutritive value and forage intake.  Hand-plucked 
forage samples (three samples per paddock) were 
collected for forage nutritive value analysis (De Vries, 
1995). A  composite sample of the 3-d occupation 
period of each species was collected for each experi-
mental unit (Fig. 2). The samples were oven-dried at 
55 °C for 72 h, weighed, and ground in a Cyclotec 
mill (Tecator, Herndon, VA) to pass a 1-mm screen.

The DM of each sample was obtained by oven 
drying at 100 °C for 18 h (method 934.01; AOAC, 
2000). The ash concentration was determined by 
2-h incineration process in a 600 °C muffle furnace 
(method 942.05; AOAC, 2000). The CP concentra-
tion was obtained based on the N concentration 
(CP = total N × 6.25), which was determined using 
the Kjeldahl procedure (method 920.87; AOAC, 
2000). The ether extract was analyzed according 
to the method 920.39 (AOAC, 2000). The ash-free 
NDF and ADF were determined sequentially by 
autoclave method at 105  °C for 60  min (Pell and 
Schofield, 1993). The lignin was analyzed accord-
ing to the method 973.18D (AOAC, 2000). The in 
vitro DM digestibility (IVDMD) was determined 
by using the DAISYII method at 48  h (Ankom 
Technology Corp., Fairport, NY; Holden, 1999). 
Rumen fluid was collected before feeding from two 
cannulated heifers fed a diet that consisted of mixed 
pasture of brachiaria grass and forage peanut. The 
neutral detergent insoluble nitrogen (NDIN), acid 
detergent insoluble nitrogen (ADIN), and NPN 
were estimated using the method described by 
Licitra et  al. (1996). The calculation of protein 
fractions (A, B1 + B2, B3, and C) were estimated 
according to Tylutki et al. (2008), where the fraction 

A (NPN) was determined by the difference between 
the quantity of N insoluble in trichloroacetic acid 
solution and the total sample N. The fraction B3 
was determined by the difference between NDIN 
and ADIN (fraction C). The fraction B1 + B2 was 
determined by the difference between the quantity 
of total N and the other fractions. Condensed tan-
nin was determined by use extraction using metha-
nol, acetone and ascorbic acid solution, and the Fe 
reagent and n-butanol-HCl were added to the tan-
nin extract, which was then heated at 95 °C (Porter 
et al.,1986). The absorbance of tannin extract solu-
tion was measured at 550 nm.

Spot fecal samples were collected once a day and 
a composite sample was performed for each animal 
for the 3-d occupation period (Fig. 2). On the sam-
pling days, the heifers were brought over from the 
paddocks to a barn to collect feces directly from the 
rectum. Fecal production was estimated using tita-
nium dioxide as external marker (Titgemeyer et al., 
2001) during nine consecutive days, six for adapta-
tion, and three for collection. The first and the last 
day of collection corresponded to the first and last 
day of the occupation period. The titanium dioxide 
was dosed daily in the amount of 10 g/animal, daily. 
Fecal samples were oven-dried at 55 °C for 72 h to 
determine DM concentration, and air equilibrated, 
weighed, and ground in a Cyclotec mill (Tecator) 
to pass a 1-mm screen. The fecal samples were ana-
lyzed for titanium dioxide concentration according 
to Myers et al. (2004).

The proportion of grass and legume in fecal 
samples was estimated through of the ratio of nat-
ural 12C and 13C isotopes (Eq. 1).

	 C 1 C C C Cleg
13

G
13

S
13

G
13

L= × ( ) ÷ −( )00 δ δ δ δ– 	 (1)

where Cleg (%) is the proportion of carbon from leg-
ume in the fecal sample, δ13CG, δ

13CL, δ
13CS are the 

values of 13C abundance of the feces from animals 
fed on grass, legume, and the experimental diet, 
respectively. To estimate the intake of grass and leg-
ume (% BW/d), the total fecal excretion was divided 
by their indigestibility. (Jones et al., 1979; Macedo 
et al., 2010). The intake of N (g/d), OM, CP, and 
NDF (% BW/d) were also estimated.

Nitrogen utilization.  Digestible OM was calcu-
lated based on the intake of OM and excretion of 
OM in the feces. The ratio of CP/digestible OM was 
calculated based on intake of digestible OM and CP 
(g/kg). Fecal N excretion (g of N/d) was assessed by 
the concentration of N in the feces (method 920.87; 
AOAC, 2000) in relation to the fecal production.



3841Grazing management in mixed pastures

Microbial N synthesis (g of N/d) was estimated by 
using the technique of the purine derivatives in urine 
(Chen and Gomes, 1992). The spot sampling was used 
to assess the excretion of urinary nitrogenous com-
pounds (Valadares et al., 1999). Spot urine samples 
were obtained by vulval stimulation at the same time 
as fecal sample collection. A 45 mL aliquot was taken 
and 5 mL of 20% sulfuric acid (H2SO4) was added. 
A 3-d composite sample was collected and stored in a 
plastic flask at −20 °C. Urine creatinine concentration 
was determined using a commercial kit (Creatinine K, 
Labtest, Lagoa Santa, Brazil). Urine volume was esti-
mated using creatinine concentration as a marker and 
assuming a daily creatinine output according to Eq. 2  
(Costa e Silva et al. 2012).

	 UV 345 SBW UC9491= ( )0 0 0. .× ÷ c 	 (2)

where UV (L/d) is daily total urinary production, 
SBW (kg) is shrunk body weight, UCc (g/L) is urine 
creatinine concentration. Allantoin was analyzed 
as described by Chen and Gomes (1992). Uric acid 
was determined using a commercial kit (Uric acid 
monoreagent, Bioclin, Belo Horizonte, Brazil). 
Excretion of allantoin and uric acid were estimated 
multiplying by their concentrations in urine by the 
daily urinary volume. Excretion of the purine deriv-
atives in urine was calculated by the sum of the 
allantoin and uric acid excretions (mmol/d). The 
daily purine absorption (Pa) and the production of 
ruminal microbial N (g/d) were calculated using the 
Eq. 3 and 4, respectively (Chen and Gomes, 1992).

	 P PD 385 SBW 85a
75= ×( ) ÷e – . ..0 00 	 (3)

	 NMIC 727 Pa= ×0. 	 (4)

where Pa (mmol/d) is purine absorbed, PDe 
(mmol/d) is purine derivatives excreted (uric acid 
and allantoin), SBW (kg) is shrunk body weight, 
and NMIC (g of N/d) is ruminal production of 
microbial nitrogen.

Efficiency of microbial synthesis in the rumen 
(g microbial N/kg of digestible OM) was calculated 
by dividing the production of ruminal microbial 
N by the digestible OM intake (kg/d). Urinary N 
excretion (g of N/d) was determined by its N con-
centration relative to urinary volume (method 
920.87; AOAC, 2000).

Statistical analyses.  The experimental design 
was randomized complete blocks with four treat-
ments (grazing management), three replications, 

and repeated measurements over time (seasons 
of  the year). Data were analyzed using the mixed 
models method (Littell et  al., 2000), performed 
by the MIXED procedure of  SAS (SAS Institute, 
Cary NC). The effects of  grazing management 
and seasons were considered fixed and the effect 
of  block and year as random effect. The Akaike 
information criterion was used to choose the best 
(co)variance structure (Akaike, 1974). All variance 
components were estimated using the restricted 
maximum likelihood method. The treatment aver-
ages were estimated using the LSMEANS state-
ment and compared using Student’s t-test with  
P ≤ 0.05. The statistical model for data analysis 
was as follows:

	Y B Y S GM Sijkz i j ij k z jz ijkz= + + + + + + × +µ γ εGM ( )

where Yijkz = value observed in the ith block of the 
jth GM of the kth season of the zth year; μ = over-
all average; Bi = random effect associated with the 
ith block, i  =  1, 2, 3; GMj  =  fixed effect associ-
ated with jth grazing management, j  =  1, 2, 3, 4; 
γij = random error associated with the ith block in 
the jth GM. Yk = random effect associated with zth 
year, z = 1, 2; Sz = fixed effect associated with kth 
season, k = 1, 2; (GM × S)jz = fixed effect of inter-
action jth GM with the kth season. εijkz = random 
error associated with the ith block, the jth GM, the 
kth season, and the zth year.

The effect of strata was included in statistical 
model to run canopy strata data. Their interactions 
were also considered in the model.

RESULTS

Canopy Structure

Pregrazing canopy characteristics are reported 
in Table 1. The length of the rest periods were 42, 
43, 51, and 89 d for 42D, 90LI, 95LI, and 100LI, 
respectively. The LI were 90.2%, 94.9%, and 97.9% 
for 90LI, 95LI, and 100LI, respectively. The LI for 
42D was 87.5%, similar to the 90LI treatment. On 
average, the CH before grazing (P  <  0.001) were 
38.4 cm, 29.6 cm, 24.5 cm, and 21.2 cm for 100LI, 
95LI, 90LI, and 42D, respectively. Stocking den-
sity (P = 0.001) and stocking rate (P = 0.020) were 
greater at 100LI, lesser at 42D and intermediate 
at 90LI and 95LI. Forage mass (P < 0.001), grass 
(P < 0.001), and grass–leaf (P < 0.001) masses were 
greater at 100LI, and progressively declined at 95LI, 
90LI, and 42D. The grass stem mass (P < 0.001) was 
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greater at 100LI, followed by the 95LI, 90LI, and 
42D. The mass of dead material (data not shown) 
did not vary with grazing management (P = 0.146) 
nor with seasons of the year (P = 0.547), with an 
average of 2,332 kg/ha.

There was an interaction between grazing 
management and seasons of the year on legume 
(P  =  0.024) and legume leaf masses (P  =  0.008). 
In the spring, there was greater legume and legume 
leaf mass at 100LI, less at 42D, and both treatments 
did not differ from 90LI and 95LI. In the summer, 

legume and legume leaf mass were greater at 90LI 
and 95LI compared to 100LI. The mean legume 
stem mass was 766 kg/ha, which was not affected by 
grazing management (P = 0.641) nor by the seasons 
of the year (P  =  0.054; data not shown). The for-
age mass (P = 0.011), grass mass (P = 0.019), and 
grass stem mass and (P < 0.001) were greater in the 
summer, averaging 5,777, 4,262, and 1,813  kg/ha, 
respectively. In the spring, these variables averaged 
of 5,200, 3,863, and 1,331 kg/ha, respectively. Grass–
leaf mass did not vary between seasons (P = 0.901).

Table 2. Postgrazing canopy of brachiaria grass-forage peanut pastures as influenced by grazing management

Grazing management (GM)1 P value

Item 42D 90LI 95LI 100LI SEM GM S2 GM × S

Light interception, % 74.3 74.2 72.8 70.0 3.3 0.392 0.579 0.140

Canopy height, cm 14.7 15.0 15.4 15.4 0.4 — — —

Forage mass, kg/ha 2,582a 2,603a 2,436ab 2,170b 441 0.015 0.011 0.901

Grass mass, kg/ha 1,853 1,811 1,850 1,798 252 0.854 0.002 0.339

Grass–leaf mass, kg/ha 936a 771b 651b 326c 162 <0.001 0.667 0.293

Grass stem mass, kg/ha 923c 1,046b 1,205b 1,477a 119 <0.001 <0.001 0.223

Legume mass, kg/ha 733a 795a 589ab 376b 206 0.006 0.883 0.533

Legume leaf mass, kg/ha 237a 197b 136b 66.7c 43 <0.001 0.114 0.178

Legume stem mass, kg/ha 497ab 599a 455ab 311b 171 0.048 0.463 0.495

Forage removal rate, % 41.2d 49.5c 57.7b 67.2a 5.0 <0.001 0.794 0.469

Grass removal rate, % 39.7c 50.5b 56.2b 65.0a 4.8 <0.001 0.645 0.255

Legume removal rate, % 44.2c 46.9c 61.4b 74.3a 7.7 0.002 0.065 0.103

a–dLeast squares means within a row with different superscripts lowercase differ (P ≤ 0.05).
142D = grazing performed every 42 d; 90IL = 90% light interception; 95LI = 95% light interception, 100LI = 100% light interception.
2S = seasons of the year.

Table 1. Pregrazing canopy of brachiaria grass-forage peanut pastures as influenced by grazing management

Grazing management (GM)1 P value

Item 42D 90LI 95LI 100LI SEM GM S2 GM × S

Rest period, d 42 43 51 89 3.8 — — —

Light interception, % 87.5 90.2 94.9 97.9 0.6 — — —

Stocking density, animal/ha 73.7c 79.5bc 91.5b 141a 5.7 0.001 0.020 0.237

Stocking rate, animal/ha 4.5c 5.6b 6.2ab 6.9a 0.4 0.020 0.002 0.377

Canopy height, cm 21.2d 24.5c 29.6b 38.4a 2.1 <0.001 0.097 0.395

Forage mass, kg/ha 4,388d 5,158c 5,755b 6,606a 469 <0.001 0.011 0.438

Grass mass, kg/ha 3,074d 3,661c 4,227b 5,145a 190 <0.001 0.019 0.998

Grass–leaf mass, kg/ha 1,915d 2,351c 2,608b 2,944a 161 <0.001 0.901 0.963

Grass stem mass, kg/ha 1,159c 1,310bc 1,619b 2,201a 162 <0.001 <0.001 0.980

Legume mass, kg/ha

  Spring 1,134Ab 1,293Aab 1,430Aab 1,682Aa 371 0.668 0.263 0.024

  Summer 1,493Aab 1,701Aa 1,625Aa 1,240Bb 357

Legume leaf mass, kg/ha

  Spring 568Ab 626Ab 691Aab 894Aa 137 0.508 0.682 0.008

  Summer 659Aab 723Aa 756Aa 551Bb 127

a–dLeast squares means within a row with different superscripts lowercase differ (P ≤ 0.05).
A,BLeast squares means within a column differing superscripts uppercase differ (P ≤ 0.05).
142D = rest period of 42 d; 90IL = 90% light interception; 95LI = 95% light interception, 100LI = 100% light interception.
2S = seasons. Spring (from October to January) and summer (from January to April).
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Postgrazing canopy characteristics are shown in 
Table 2. The mean stubble height was 15.1 cm across 
treatments. The mean LI was 72.8%, which was not 
affected by grazing management (P = 0.392) nor by 
seasons of the year (P = 0.579). Forage (P = 0.015) 
and legume masses (P = 0.006) were less at 100LI 
in relation to the 42D and 90LI post-grazing. Grass 
mass was not influenced by grazing management 
(P = 0.854). The grass–leaf mass (P < 0.001) and 
legume leaf mass (P  <  0.001) were less at 100LI, 
intermediate at 95LI and 90LI, and greater at 42D. 
Grass stem mass (P < 0.001) was greater at 100LI, 
intermediate at 95LI and 90LI, and less at 42D. The 
legume stem mass (P = 0.048) was greater at 90LI 
and less at 100LI, and both treatments did not differ 
from 42D and 95LI. The forage (P = 0.011), grass 
(P = 0.002), and grass stem (P < 0.001) masses were 
greater in the summer, averaging 2,621, 1,993, and 
1,306 kg/ha, respectively, in relation to spring, with 
an average of 2,275, 1,664, and 1,019 kg/ha, respec-
tively. The other variables of the canopy structure 
did not vary as a function of the seasons. Forage 
(P < 0.001), grass (P < 0.001), and legume removal 
rates (P = 0.002) were greater at 100LI and progres-
sively reduced at 95LI, 90LI, and 42D.

There was an interaction between the graz-
ing management and the canopy strata on the 
grass mass distribution (P < 0.001; Fig. 3). For all 

treatments, there was a greater grass mass at the 
base of the canopy, especially dead material and 
stem. Conversely, the proportion of forage was 
less at the top of the canopy, represented predom-
inantly by leaves. The difference in the percentage 
of grass mass from the lowest stratum to the upper 
stratum was less at 100LI, followed by 42D, and 
greater at 90LI and 95LI (on average 9.6, 16.6, 31.3, 
and 29.4%).

There was an interaction between the grazing 
management and the canopy strata on the legume 
mass distribution (P < 0.001; Fig. 4). The greatest 
percentage of legume mass in the lower stratum was 
found at 42D, 90LI, and 95LI. The proportion of 
legume mass progressively decreased in the upper 
strata for these treatments. The greatest percentage 
of legume mass occurred in stratum from 50% to 
75% of CH for 100LI, followed by strata from 0% 
to 25% and from 25% to 50%.

Nutritive Value and Forage Intake

The nutritive value of the brachiaria grass and 
forage peanut are shown in Table 3. Regarding the 
chemical composition of brachiaria grass, the CP 
concentration (P < 0.001) was less at 100LI com-
pared to the other treatments. There was no vari-
ation of the B1 + B2 (P = 0.378) and C fractions 

Figure 3. Proportion of morphological components of grass mass in strata of brachiaria grass-forage peanut pastures as influenced by grazing 
management. 90LI = light interception of 90%, 95LI = light interception of 95%, 100LI = light interception of 100%, 42D = rest period of 42 days. 
A–CStrata with different letters differ significantly (P ≤ 0.05). a–cBars with different letters differ significantly (P ≤ 0.05).
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(P = 0.728) as a function of the grazing manage-
ment. The A fraction (P = 0.046) was greater at 42D 
and less at 95LI and 100LI. There was a greater pro-
portion of B3 fraction (P = 0.033) at 100LI com-
pared to 42D and 90LI. The NDF concentrations 
(P  <  0.001) were greater at 95LI and 100LI than 
42D and 90LI. The ADF (P  =  0.025) and lignin 
concentrations (P  =  0.002) were greater at 100LI 
compared to the other grazing management. The 
IVDMD (P < 0.001) was greater at 42D and 90LI 
in relation to the other treatments. The condensed 
tannin (P = 0.153) and ether extract concentrations 
(P = 0.443) did not vary with grazing management. 
The IVDMD of grass (P  =  0.030) was greater in 
the spring compared to the summer. The NDF 
concentrations (P = 0.034) were less in the spring 
than in the summer. The other parameters were not 
affected by the seasons of the year.

With respect to the forage peanut, the CP 
(P  <  0.001) and A  fraction and (P  =  0.010) con-
centrations were greater at 42D and 90LI and 
decreased progressively from 95LI to 100LI. The B3 
(P = 0.005) and C fractions (P = 0.035) were greater 
at 100IL and less at 42D and 90LI. The B1 + B2 
fraction did not vary with grazing management 
(P = 0.456). The NDF concentrations (P < 0.001) 
were greater at 100LI and 95LI compared to the 
other grazing management. The ADF (P = 0.104), 
lignin (P = 0.361) and ether extract concentrations 

(P = 0.881) were not affected by the treatments. The 
IVDMD (P = 0.001) was greater at 42D, 90LI, and 
95LI than 100LI treatments. The concentration of 
condensed tannins (P = 0.001) was greater at 100LI, 
intermediate at 42D and 95LI, and less at 90LI. The 
concentration of condensed tannin (P = 0.006) was 
23.1% greater in the spring compared to the summer.

The results related to the forage intake are 
shown in Table  4. The DM (P  <  0.001), OM 
(P = 0.001), and CP intake (P < 0.001) of the total 
forage and the legume were less at 100LI in relation 
to the other treatments. The NDF intake of total 
forage (P = 0.007) was greater at 95LI, intermedi-
ate at 90LI and 42D, and less at 100LI. The NDF 
intake of legume (P = 0.006) was less at 100LI com-
pared to the other grazing management. The CP 
intake of grass was less at 100LI than in the other 
treatments (P < 0.001). The DM (P = 0.294), OM 
(P = 0.343), and NDF intake of grass (P = 0.119) 
did not vary among grazing management. There 
was greater intake of DM, OM, NDF, and CP of 
total forage and legume in the spring compared to 
the summer. Intake of DM, OM, NDF, and CP of 
grass did not vary among seasons.

Nitrogen Utilization

Forage intake and N use efficiency data are 
presented in Table 5. The intake of digestible OM 

Figure 4. Proportion of morphological components of legume mass in strata of brachiaria grass-forage peanut pastures as influenced by grazing 
management. 90LI = light interception of 90%, 95LI = light interception of 95%, 100LI = light interception of 100%, 42D = rest period of 42 days. 
A–CStrata with different letters differ significantly (P ≤ 0.05). a–cBars with different letters differ significantly (P ≤ 0.05).
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(P = 0.007), N (P < 0.001), and CP/digestible OM 
ratio (P < 0.001) were less at 100LI in relation to 
the other treatments. The production of microbial 
N (P < 0.001) and efficiency of microbial synthesis 
(P = 0.023) in the rumen were greater at 95LI and 
90LI, followed by 42D and lesser at 100LI. The uri-
nary N excretion (P  =  0.009) was greater at 42D 
and 90LI, and lowest at 100LI. The fecal N excre-
tion did not vary among treatments (P  =  0.113). 
The fecal N excretion (P  =  0.005) was greater in 
the spring than in the summer. The efficiency of 
microbial synthesis (P = 0.008) in the rumen was 
less in the spring compared to the summer. The N 
and digestible OM intake, CP/digestible OM rate, 
production of microbial N, and urine N excretion 
were not affected by the seasons (P > 0.05).

DISCUSSION

Regions with Cw climate type (Köppen-Geiger 
climate classification) are found in several countries 

worldwide (Peel et  al., 2007). Thus, farmers and 
extension workers located in these regions may use 
mixed pastures with brachiaria grass and forage 
peanut in their farming systems, especially during 
the spring and summer, when the climatic condi-
tions are favorable. During winter, it is common for 
forage peanut to lose leaves; however, in the begin-
ning of the rainy season (spring), there are high 
growth rates due to the high rate of leaf appearance 
and elongation in this specie (Pereira et al., 2017).

In this study, all experimental units were grazed 
to reach a stubble height of 15 cm in early spring. 
Thus, all experimental units had the same ini-
tial regrowth conditions. The 100LI management 
showed a high legume mass with a botanical com-
position similar to the other treatments, averaging 
31.3, 29.6, 28.5, and 27.3% of the forage mass for 
42D, 90LI, 95LI, and 100LI, respectively. Although 
the proportions of legume were similar, there was a 
greater contribution of legume mass in the interme-
diate strata of the canopy from 25% to 75% height 

Table 3. Nutritive value of brachiaria grass-forage peanut pastures as influenced by grazing management 
and seasons of the year

Grazing management (GM)1 Seasons (S)2 P value

Item 42D 90LI 95LI 100LI Spring Summer SEM GM S GM × S

Brachiaria grass

  CP, % DM 10.3a 10.6a 9.94a 7.41b 9.44 9.70 0.59 <0.001 0.467 0.297

  A fraction, % CP 30.7a 25.2ab 22.4b 18.7b 25.7 22.9 4.70 0.046 0.371 0.938

  B1 + B2 fraction, % CP 30.3 34.8 34.1 30.5 30.5 34.2 3.56 0.378 0.320 0.789

  B3 fraction, % CP 32.9b 33.7b 37.8ab 44.0a 37.7 36.5 3.43 0.033 0.537 0.246

  C fraction, % CP 6.09 6.34 5.75 6.79 6.10 6.39 0.94 0.728 0.617 0.686

  NDF, % DM 58.7b 58.3b 61.5a 61.7a 59.5 60.6 0.99 <0.001 0.034 0.053

  ADF, % DM 26.5b 27.4b 27.0b 29.1a 27.5 27.5 1.28 0.025 0.972 0.388

  Lignin, % DM 2.56b 2.76b 2.56b 3.41a 2.79 2.86 0.18 0.002 0.412 0.062

  Ether extract, % DM 1.84 1.78 2.02 1.51 1.80 1.78 0.30 0.443 0.930 0.450

  IVDMD, % 55.2a 54.0a 51.5b 51.0b 53.8 52.0 1.59 <0.001 0.030 0.913

  Condensed tannin,  
% DM

0.089 0.069 0.048 0.073 0.082 0.057 0.02 0.153 0.194 0.465

Dorage peanut

  CP, % DM 19.9a 19.2ab 18.7b 16.7c 18.9 18.3 0.72 <0.001 0.334 0.606

  A fraction, % CP 28.2a 24.0ab 19.4b 14.0c 23.5 19.7 4.61 0.010 0.168 0.915

  B1 + B2 fraction, % CP 19.3 18.8 20.8 20.4 18.6 20.7 1.78 0.456 0.246 0.921

  B3 fraction, % CP 45.8c 49.7bc 51.6ab 56.8a 50.3 51.6 5.18 0.005 0.610 0.778

  C fraction, % CP 6.69c 7.47bc 8.28ab 8.82a 7.61 8.02 3.45 0.035 0.389 0.266

  NDF, % DM 38.9b 38.2b 43.0a 42.6a 41.1 40.2 2.40 <0.001 0.318 0.145

  ADF, % DM 20.6 20.0 21.0 22.3 21.4 20.5 2.35 0.104 0.104 0.163

  Lignin, % DM 3.97 4.14 4.30 4.68 4.14 4.41 0.47 0.361 0.256 0.984

  Ether extract, % DM 1.83 1.89 1.73 1.80 1.81 1.82 0.21 0.881 0.942 0.404

  IVDMD, % 68.2a 68.7a 68.0a 65.5b 67.6 67.7 1.52 0.001 0.852 0.084

  Condensed tannin,  
% DM

1.95b 1.68c 1.96b 2.10a 2.13 1.73 0.31 0.001 0.006 0.105

a–cLeast squares means within a row with different superscripts lowercase differ (P ≤ 0.05).
142D = grazing performed every 42 d; 90IL = 90% light interception; 95LI = 95% light interception and 100LI = 100% light interception.
2Spring (from October to January) and Summer (from January to April).
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for 100LI (Fig. 3), corresponding to 9.6 to 28.8 cm. 
This response may occur due to the intensification 
of competition for light after canopy reach 95% LI. 
Light is not a limiting resource in the beginning of 
the rest period in intermittent stocking. However, 
when LI is greater than 95% the competition for 
light is intensified (Carnevalli et al., 2006; Silveira 
et al., 2016). In mixed pastures of brachiaria grass 

and forage peanut, the grass causes shading of the 
legume, which occupies the strata close to the ground 
(Tamele et al., 2017). When light becomes a limit-
ing resource, the shading of the stratum close to the 
soil leads to upright growth of the stolons (Pereira 
et al., 2017). This response reduces the contact of 
nodes with the soil, reducing the stolon population 
and hence the contribution of forage peanut in the 

Table 4. Forage intake of heifers grazing brachiaria grass-forage peanut pastures as influenced by grazing 
management and seasons of the year

Grazing management (GM)1 Seasons (S)2 P value

Item 42D 90LI 95LI 100LI Spring Summer SEM GM S GM × S

Forage total intake, % 
BW/d

2.17a 2.27a 2.32a 1.73b 2.28 1.95 0.309 <0.001 0.007 0.119

Grass intake, %BW/d 1.53 1.53 1.65 1.45 1.60 1.48 0.456 0.294 0.252 0.559

Legume intake, %BW/d 0.64a 0.74a 0.67a 0.28b 0.69 0.48 0.165 0.001 <0.001 0.060

OM total intake, % 
BW/d

1.98a 2.07a 2.12a 1.58b 2.09 1.78 0.125 0.001 0.007 0.129

OM grass intake, % 
BW/d

1.39 1.39 1.50 1.32 1.46 1.34 0.101 0.343 0.252 0.578

OM legume intake, % 
BW/d

0.59a 0.68a 0.62a 0.26b 0.63 0.44 0.151 0.001 0.001 0.063

CP total intake, % BW/d 0.29a 0.30a 0.29a 0.15b 0.28 0.23 0.024 <0.001 0.002 0.070

CP grass intake, % BW/d 0.16a 0.16a 0.17a 0.10b 0.15 0.14 0.047 <0.001 0.491 0.425

CP legume intake, % 
BW/d

0.13a 0.14a 0.12a 0.05b 0.13 0.09 0.028 <0.001 <0.001 0.092

NDF total intake, % 
BW/d

1.16b 1.18b 1.31a 1.02c 1.23 1.10 0.080 0.007 0.045 0.265

NDF grass intake, % 
BW/d

0.91 0.89 1.01 0.90 0.95 0.91 0.063 0.119 0.507 0.619

NDF legume intake, % 
BW/d

0.25a 0.29a 0.30a 0.12b 0.28 0.21 0.081 0.006 0.002 0.130

a–cLeast squares means within a row with different superscripts lowercase differ (P ≤ 0.05).
142D = grazing performed every 42 d; 90IL = 90% light interception; 95LI = 95% light interception, 100LI = 100% light interception.
2Spring (from October to January) and summer (from January to April).

Table 5. Nitrogen utilization by heifers grazing brachiaria grass-forage peanut pastures as influenced by 
grazing management and seasons of the year

Grazing management (GM)2 Seasons (S)3 P value

Item1 42D 90LI 95LI 100LI Spring Summer SEM GM S GM × S

DOMI, kg/d 3.6a 3.7a 3.6a 2.7b 3.5 3.3 1.35 0.007 0.542 0.121

N intake, g/d 114a 119a 115a 63.7b 105 101 30.0 <0.001 0.471 0.075

CP/DOM, g/kg 198a 202a 198a 150b 190 189 17.5 <0.001 0.511 0.443

NMIC, g of N/d 53.0b 59.9ab 67.0a 36.5c 50.8 57.4 4.45 <0.001 0.306 0.116

EMS, g of NMIC/kg 
DOM

14.7b 16.3ab 18.4a 13.7c 14.7 17.2 1.25 0.023 0.008 0.096

UNE, g of N/d 42.4a 38.8ab 29.5bc 21.3c 33.3 32.7 5.78 0.009 0.884 0.204

FNE, g of N/d 33.2 34.5 37.1 30.7 37.3 30.5 3.04 0.113 0.005 0.410

a–cLeast squares means within a row with different superscripts lowercase differ (P ≤ 0.05).
1DOMI = digestible OM intake, CP/DOM = CP:digestible OM ratio, NMIC = ruminal production of microbial nitrogen, EMS = efficiency of 

microbial synthesis, UNE = urinary nitrogen excretion, NFE = fecal nitrogen excretion.
242D = grazing performed every 42 d; 90IL = 90% light interception; 95LI = 95% light interception, 100LI = 100% light interception.
3Spring (from October to January) and Summer (from January to April).
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aboveground sward. Besides reducing the contact 
of nodes with soil, grazing management based on 
100LI also provide greater animal access to the leg-
ume. For this reason, the legume removal rate was 
more intense at 100LI in relation to the other treat-
ments (Table 2). Hence, the forage peanut had less 
legume mass at 100LI in the pre-grazing during the 
summer (Table 1), which can be explained by the 
low legume residue. In the summer, 100LI canopies 
had only 19% of legume mass, less than the 29.7% 
found in the other treatments. Based on the above, 
100LI negatively affects the stability of the mixture.

Besides the effects on the botanical compos-
ition, grazing management influences forage intake 
by animals (Carnevalli et al., 2006; Silveira et al., 
2013). Tropical grasses in monoculture managed 
for long rest periods are characterized by intense 
stem elongation and increase of stem contribution 
in upper strata of the canopy (Silveira et al., 2016). 
As stem shear force increases (Barrett et al., 2001; 
Baumont et al., 2004; Gregorini et al., 2011), con-
tribution in the upper strata of the canopy can limit 
intake (Hodgson, 1990; Benvenutti et al., 2006). In 
the present study, 100LI had greater grass and stem 
masses (Table  1), and greater stem contribution 
above the stubble height (Fig. 3). On average, 38.6% 
of the stem grass mass was above the stubble height 
at 100LI, greater than the 5.7% in other grazing 
management treatments. Thus, even with similar 
grass–leaf proportions in pre-grazing among the 
grazing management (on average 61.3% of the 
grass mass), the 100LI had a greater percentage of 
stem compared to the other treatments above the 
target stubble height.

Postgrazing differences in canopy structure were 
more evident as the rest period increased (Table 2). 
In order to maintain the same stubble height in all 
treatments, different defoliation intensities were 
adopted (an average of 30.7, 38.8, 48.0, and 59.9% 
of the CH at 42D, 90LI, 95LI, and 100LI, respec-
tively). The pregrazing and postgrazing canopy 
structures at 100LI may explain the lesser forage 
intake in relation to other grazing management 
(Silveira et al., 2013; Silveira et al., 2016). In forage 
diets, the NDF concentration determines the intake 
(Baumont et al., 2004). On average, NDF intake has 
been from 1.2% to 1.5% of BW (Mertens, 1987). The 
42DF, 90LI, and 95LI treatments had NDF intake 
close to 1.2% of BW (Table 4), indicating that other 
factors limited forage intake at 100LI (1.02% of 
BW), such as nonnutritional factors (Poppi et al., 
1987; Fonseca et  al., 2012; Euclides et  al., 2017). 
Canopy structural characteristics of tropical for-
ages are relatively more important than nutritional 

factors in terms of herbage intake regulation due to 
stem elongation during vegetative development and 
its contribution to herbage bulk density (Da Silva 
and Carvalho, 2005; Geremia et al., 2014). Besides 
the lesser total forage intake at 100LI, the legume 
intake was 59.2% less compared to other grazing 
management. It promoted a reduced intake of N 
and digestible OM (Table 5).

Regarding nutritive value, in both forages the 
A fraction of the protein reduced as the B3 fraction 
increased with longer rest periods (Table 3). Due to 
this variation in nutritional value, the ratio between 
CP and digestible OM was less in 100LI (150 g of 
CP/kg of digestible OM) in relation to the other 
treatments (on average 199 g of CP/kg of digestible 
OM; Table 5). The reduction of the nutritive value 
of the forage occurs due to the advancement of the 
maturity (Santos et al., 2009; Oliveira et al., 2011). 
Low ratio between CP and digestible OM has a 
negative effect on forage intake, efficiency of micro-
bial synthesis, and N use (Poppi and McLennan, 
1995; Detmann et al., 2014). This explains the low 
efficiency of microbial synthesis in 100LI and espe-
cially the low efficiency of N use, since 81.6% of the 
ingested N was excreted, greater than the average 
61.9 % of the other grazing management (Table 5).

There was a greater grass mass in the summer 
due to seedhead emergence (from February), nega-
tively affecting the canopy structure and hence the 
forage intake by animals (Table 4). The greater pro-
portion of stem influenced the animal’s selectivity 
and intake, especially of the legume component.

In the spring, the concentration of condensed 
tannins of forage peanut was 23% greater than in 
the summer (Table 3). As legume intake was greater 
in spring, the concentration of condensed tannins 
in the diet was 44.1% greater in the spring com-
pared to the summer. Moderate concentrations 
of condensed tannins in the diet may reduce the 
efficiency of microbial synthesis due to the tan-
nin-protein complex formation, reducing ammonia 
concentrations in the rumen and increasing amount 
of metabolizable protein (Barry and McNabb, 
1999; Mezzomo et  al., 2011). Thus, the effect of 
condensed tannins may explain the lower efficiency 
of microbial synthesis in the spring.

In conclusion, long rest periods, such as those 
obtained in 100LI, should be avoided because they 
reduce plant community stability, forage intake, 
and nutritional value of the diet. The other treat-
ments studied allowed stability of the mixed pas-
ture and canopy structure, which optimized forage 
intake and efficiency of N use by heifers. Thus, 95% 
LI is the maximum limit to interrupt the regrowth, 
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being possible to work within the range from 90% 
to 95% LI. In on-farm conditions, we recommend 
that the input height of mixed pastures for bra-
chiaria grass and forage peanut should be from 24 
to 30 cm, with a stubble height of 15 cm. Further 
studies should focus on seed production of forage 
peanut on a large scale and its economic and envir-
onmental impacts on grazing systems, once propa-
gation through stolons and N input are considered 
current issues for adopting mixed pastures.
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