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ABSTRACT. With this study, we aimed at evaluating the nutritional value and chemical composition of forage
legume intercropping with elephant grass (EG) + spontaneous growth species (SGS) + annual ryegrass (AR) +
peanut forage (PF), as treatment T1; and EG + SGS + AR + red clover (RD), as T2. The EG was planted in 4-
m spaced rows. The annual ryegrass was planted between the EG rows during the cool season; the RC was
sowed and the PF was preserved. The experiment was performed between October 2009 and April 2010, with six
grazing cycles. Samples of forage legume was collected, under simulated the grazing, to determine the levels of
organic matter (OM), crude protein (CP), neutral detergent fiber (NDF), organic matter in situ digestibility
(OMISD), total phenols (TF), total tannins (TT), and condensed tannins (CT). The mean values of OM, CP,
NDEF, OMISD, TF, TT and TC were 90.8, 20.96, 48.38, 86.68, 1.92, 1.42 and 1.39%; and 91.84, 21.41, 41.36,
85.18, 1.90, 1.31 and 0.17% for peanut forage and red clover, respectively. Higher values (p < 0.05) were
observed in the level of CT of peanut forage.

Keywords: Arachis pintoi, crude protein, digestibility, neutral detergent fiber, phenolic compounds, Trifolium pratense.

Valor nutritivo e composi¢ao quimica de pastagens de amendoim forrageiro ou trevo vermelho

RESUMO. Com esta pesquisa, objetivou-se avaliar o valor nutritivo e a composi¢io quimica da forragem de
leguminosas consorciadas com o capim elefante (CE) + espécies de crescimento espontineo (ECE) + azevém
anual (AZ) + amendoim forrageiro (AF), como tratamento T1; e CE + ECE + AZ + trevo vermelho (TV),
como T2. O CE foi estabelecido em linhas afastadas a cada 4 m. O azevém anual foi estabelecido entre as linhas
do CE durante o periodo hibernal; o TV foi semeado e o AF foi preservado. O experimento foi realizado entre
outubro de 2009 e abril de 2010, sendo realizados seis pastejos. Foram coletadas amostras de forragem das
leguminosas, simulando o pastejo, para determinagio dos teores de matéria orginica (MO), proteina bruta (PB),
fibra em detergente neutro (FDN), digestibilidade in situ da matéria orginica (DISMO), fendis totais (FT),
taninos totais (TT) e taninos concentrados (TC). Os valores médios de MO, PB, FDN, DISMO, FT, TT e TC
foram de 90,8; 20,96; 48,38; 86,68; 1,92; 1,42 e 1,39%; e de 91,84; 21,41; 41,36; 85,18; 1,90; 1,31 e 0,17% para o
amendoim forrageiro e trevo vermelho, respectivamente. Valores superiores (p < 0,05) foram observados no teor
de TC da forragem do amendoim forrageiro.

Palavras-chave: Arachis pintoi, proteina bruta, digestibilidade, fibra em detergente neutro, compostos fendlicos, Trifolium pratense.

Introduction

Milk production is one of the most
predominant and important activities in the state
of Rio Grande do Sul, especially in small and
medium properties. In most of them, pastures are
the main source of forage for cattle, consisting
especially of grasses. In this strategy, the elephant
grass has been a key alternative as a forage supply
for animals in different regions of the country
(SILVA et al., 2002).

The majority of studies evaluate the elephant
grass mainly during the warm season, frequently
including the production peak, between late spring

and summer, and few references analyze this forage
during the crop year (OLIVO et al., 2007).

In the properties, the elephant grass is planted in a
singular way, with few studies evaluating this crop
associated with other species, aiming the establishment
of forage systems (SOBCZAK et al., 2005), for the use
of the pasture throughout the crop year, with greater
balance between production and quality of the forage.

In this way, researches have being undertaken to
increase the yield of these systems by introducing
legumes with cool season, such as the red clover
(PAIM, 1994) or with warm season, like the peanut
forage (MACHADO et al., 2005), characterized by a
high nutritional value (OLIVO et al, 2009), by
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contributing to the reduction of chemical
fertilization (SANTOS et al., 2002) and preventing
the sward degradation (AROEIRA et al.,, 2005).
Despite having this forage potential, they also have
antinutritional factors, highlighting the tannins with
variable levels in the legumes (LASCANO, 1994),
which can influence the animal performance. The
tannins and phenols are phenolic compounds from
the secondary metabolism of the plants (BUTLER
et al., 1984; SOUZA et al., 2007), but can play a
great influence on the forage nutritional value.
However, there is a scarcity of studies evaluating the
nutritional values and the chemical composition of
intercropped forage legumes and under grazing
conditions, remarkably as for tannin levels.

Thus, this study evaluated the nutritional value
and chemical composition of legumes (peanut
forage and red clover) subjected to intercropping
with grasses and grazed by dairy cows.

Material and methods

The study was conducted in an experimental
area belonging to the Department of Zootechny of
the UFSM, located in the Central Depression (Santa
Maria, Rio Grande do Sul State), at 29°43°45.41”
latitude and 53°42°03.62” longitude. The average
temperature and rainfall were 19.31°C and 2,368
mm. For the temperature, the values were similar to
the regular ones. But, during the warm season, the
rainfall surpassed the historical average, except for
the late February and mid-March, with a rainfall
deficit. The climate in the region is humid
subtropical, according to the classification of
Képpen, and the soil is classified as red eutrophic
argisol (EMBRAPA, 2006).

The treatments were made up by the legumes
peanut forage and red clover, intercropped with two
forage systems, with the common components:
elephant grass, the spontaneous growth species, and
annual ryegrass.

The experimental area used had 0.52 ha,
(subdivided into four paddocks of 0.13 ha each),
with the forage elephant grass (Pennisetum purpureum
Schum.), cv. Merckeron Pinda, planted since 2004
in 4-m spaced rows. Between the rows, in two
paddocks, the peanut forage was planted since 2004
(Arachis pintoi Krap. And Greg. cv. Amarillo). On
May 11%, 2009 the anual ryegrass (Lolium multiflorum
Lam.), cv. Comum, was sowed throughout the area
between the rows formed by clumps of elephant
grass, at the rate of 30 kg ha™, by scarifying the soil.
In two paddocks it was also sowed the red clover
(Trifolium pratense L.), cv. Estanzoela 116, at the rate
of 3 kg ha'. The areas were planted and managed
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without herbicides, allowing the development of
spontaneous growth species.

The area was fertilized using 300 kg ha”' N-
P,0s-K,O (5-20-20) and 13 kg ha™ KClI, according
to soil analysis and recommendations for perennial
legumes (SBCS, 2004). As topdressing, it was
applied urea, corresponding to 13.5 kg ha™' nitrogen.
The study was performed between October 2009
and April 2010, corresponding to the production
cycle of the peanut forage. The occupation of each
paddock lasted from one to two days.

For the assessment, it was used Holstein dairy
cows, 565.24 *+ 33.52 kg in average live weight, and
average milk production of 21.5 * 6.1 kg day™. The
animals were submitted to milking at 7h and at 16h.
After this, the cows received dietary supplement
according to milk production. On average, a level of 5
kg concentrate day ™ was supplied. The cows stayed on
the pastures from 9 to 15h 30 min. and from 18 to 6h
30 min.

Before the entry of the animals, the forage mass
was estimated using double sampling technique
(WILM et al., 1944). On the elephant grass, the cuts
were made at 50 cm above the ground, and between
the rows, to the ground level. The samples were
weighed and homogenized; a subsample was
withdrawn for the estimative of the botanical
composition of the pasture, and structural composition
of the elephant grass, being later oven dried to
determine the partial dry matter.

To determine the chemical composition of the
forage, samples were taken from each paddock, under
simulated grazing (EUCLIDES et al., 1992), being
dried and milled with a Willey-type mill, stored and
analyzed afterwards.

The levels of dry matter were determined for all
samples, by oven drying at 105°C for 8 hours, and ash
levels in muftle furnace at 600°C for 3 hours. The level
of organic matter was calculated as OM = dry matter
(DM) - ash. The nitrogen level was determined by the
Kjeldahl method (AOAC, 1995). The level of neutral
detergent fiber was verified according to Silva and
Queiroz  (2002), adapted for wusing autoclave
(SENGER et al., 2008). For the in situ digestibility, the
technique of Mehrez and Orskov (1977) was applied,
which evaluates the degradation of foods using porous
bags wunder actual conditions of the rumen
environment.

To determine the phenolic compounds of the
legume forage, the samples of peanut forage and red
clover were partially dried, milled and stored for
turther analysis, as described by Makkar (2000).

The experimental design was completely
randomized with two treatments (legumes), two
repetitions of area (paddocks) and plots subdivided
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over time (grazing cycles). The data were subjected to
analysis of variance, being the mean values compared
by the F-test at 5% significance level, and correlation,
by Pearson Coefficient. The analyses were made using
the SAS, (1997) statistical package (Statistical Analysis
System, version 9.2).

The statistical model relative to the analysis of
the pasture variables was represented by:

Y =m + T, + R(T) + G + (TC)y + &
where:

Y represents the dependent variables, i, index
of treatments (forage systems, for the assessment
of botanical composition, and legume systems, for
the analysis of the nutritional value and chemical
composition); j, index of repetitions (paddocks);
k, index of grazing; m is the mean value of all
observations; T, is the effect of the treatments;
Ri(T)) is the effect of the repetition within the
treatments (error a); C, is the effect of the grazing
cycles; (TC); is the interaction between the
treatments € 1s the

and grazing; residual

experimental error (error b).

Results and discussion

Along the experimental period, 212 days, six
grazing cycles were performed, with an average
time of rest of 35 days between each grazing.
Short periods of occupation, as in the present
study, are associated with the quality of forage
provided to the animals (SOARES et al., 2004)
and with the
(DERESZ, 2001).

The values of pre-grazing forage mass were,
on average, 3.97 and 4.05 t ha' DM for the
systems formed by peanut forage and red clover.
For the participation of the major pasture
components (Table 1) some differences were
observed. For the eclephant grass and annual
ryegrass, the values were similar. For Paspalum
and other species with spontaneous growth,
significant differences were detected (p < 0.05)
due to the presence of legumes. The highest
participation of the legumes is related to the
decrease  of spontaneous growth species,
evidenced by the inverse correlation with the red
clover (r = -0.90; p = 0.03).

Variations were observed for the legumes, due to
the difterent development cycles of each. The peanut
forage had a small contribution, initially, in the grazing
performed in October, but high and continuous in the
other evaluations.

performance of dairy cows

Table 1. Percentage of the botanical components in two forage
systems involving the legumes (LEG) peanut forage (PF) and red
clover (RC).

Grazing periods

Variables LEG Oct. Dec. Dec. Jan. Feb. Apr. Mean (((i/\g
2009 2010 ’
o PF 527 4289 3092 3392 4109 3038 3374 o
RC 701 3131 4151 31.64 50.53 3607 3301 ©°
PF 4443 - - - - - 4443
AR RC 3672 - - - - - 37 ¥
PF 9.99° 2220 2250 2454 2582 2533 21.73
LEG RC 2368 1923 1593 1291° - - 1794 +28
PF - 558 1128 1490 10.18 15.74° 11.53
PAS RC - 1128 1206 1941 1681 3132 1817 210
a b
“as PF 1756 503 1357 1620° 1347 1109 1282 | o

RC 11.39" 14.31 18.81 26.15" 19.81 21.08 18.59

PF 2274 2428 1271 1042 943 8.44 14.67
TDM 11.18
RC 21.19 23.87 11.69 9.89 12.84 1152 15.16
‘a b’ means followed by different letters in the column are significantly different by the F-test (p
< 0.05). 'PF = elephant grass (EG) + anual ryegrass (AR) + spontaneous growth species
(SGS) + PF; RC= EG + AR + SGS+ RC (control treatment); PAS = Paspalum spp.; TDM
= total dead material.

For the red clover, a greater variability was verified
for its participation, however its presence was not
detected from February, partially due to the cumulative
effect of heat and water deficit in the period,
corroborating Paim (1994), which stated that this
forage is sensitive to these conditions.

In relation to the red clover organic matter (Table
2), a typical trend was registered, with the lowest level
at the end of the development cycle.

Table 2. Percentage of mineral matter (MM), organic matter
(OM), crude protein (CP), neutral detergent fiber (NDF),
organic matter in situ digestibility (OMISD), total phenols (TF),
total tannins (TT), and condensed tannins (CT) of the forage of
the legumes (LEG) peanut forage (PF) and red clover (RC).

Periodos de Pastejo

Variables LEG Oct. Dec. Dec. Jan. Feb. Apr. Mean (CLV\;
2009 2010 b
MM PF 823 874 9.13" 1038 922 947 9.20 2.90

RC 860 835 7.79° 7.90 - - 8.16

oM PF 9177 91.26 90.86" 89.62 90.78 90.53 90.80 0.28
RC 9139 91.64 9220" 92.10 - - 9184
PF 22.17" 21.60 22.64* 18.67 20.51 20.17 20.96
RC 30.10" 21.42 18.54" 1557 - - 214
PF 47.66 47.85 45.53" 5254 50.32 43.36 48.38
RC 3629 39.94 37.73" 51.47 41.36

b =
OMISD PF 92.14° 90.23 8932 81.81 82.75 83.83 86.68 155

CP

NDF

RC 0492 8537 8553 7491 - - 8518
PE 243 220 218 190 172 187 192

TF RC 207 241 19 123 - - 190 72
PE 174 155 159 143 129 138 142

L RC 137 170 134 08 - - 131 2

or PE 14 120 148 156 118 135 139 )

RC 008" 0.19° 0.20° 0.21° 0.17

‘a b’ means followed by different letters in the column are significantly different by the
F-test (p < 0.05); Samples of simulated grazing.

For the peanut forage, the levels have indicated a
lower variability in the organic matter.

The highest value (p < 0.05) of crude protein
was observed with the red clover in the grazing in
October. Drawing a comparison, also this fraction
had the highest variability for the peanut forage. The
values observed are within the expected. According to
Paim (1994), the crude protein levels of the red clover
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vary from 28% in the vegetative period to 16% in the
period of seed formation. The mean value of crude
protein of red clover is higher than reported by Lopez
etal. (2001) who found for the red clover hay, values of
14.8%, with hay of the whole plant.

The mean level of crude protein for the peanut
forage was close to 20%, higher than 13%, for the dry
season, and similar to 19%, for the rainy season,
obtained by Carulla et al. (1991) with leaves of A. pintoi
CIAT 17434, highlighting that the samples of
simulated grazing in the present study was primarily
made up by this plant structure. The mean value
obtained is similar to that verified by Silva et al. (2009),
with the same cultivar of peanut, and cuts performed
between 60 and 90 days, from January to March.

Considering the neutral detergent fiber, for the
red clover the values were close to expected,
increasing at the final development period of this
forage. In the period when the levels of neutral
detergent fiber were greater, around 50%, the red
clover was forming seeds. The mean level observed
for the red clover was similar to 40.1% obtained by
Rocha et al. (2007), examining whole plants. For the
peanut forage, the values were higher and more
stable between the grazing cycles. A superior result
was found by Olivo et al. (2010), with a mean level
55.93% in samples of simulated grazing for the
peanut forage. A similar value (46.6%) was recorded
for the same cultivar by Silva et al. (2009), with
samples obtained by cutting the pasture.

Usual negative correlations between the levels of
crude protein and neutral detergent fiber were
expected and observed both for peanut forage
(r = -0.81; p = 0.0014) and for red clover
(r = -0.70; p = 0.0500). A positive association
between crude protein and participation (%) of the
legume in the pasture was verified for the red clover
(r = 0.86; p = 0.005). This relationship was not
observed for peanut forage, especially because of its
participation more stable and regular (Table 1), and
also due to the lower wvariability in its protein
composition, also confirmed by Carulla et al. (1991).

A difference (p < 0.05) was detected for organic
matter in situ digestibility in October (Table 2), with
the highest value observed for the red clover, which
also presented the highest variability in the levels
compared to the peanut forage. For both legumes,
the mean values were high, above those reported by
Lenzi et al. (2009), with digestibility values of 68 and
70% for the whole plant of peanut forage for the dry
and rainy season, respectively. Besides that, it was
registered correlations between the levels of in situ
digestibility ~ with  neutral  detergent fiber
(r = -0.66; p = 0.0181, for the peanut; r = -0.88;
p = 0.0037, for the clover) and with crude protein
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(r = 0.85; p = 0.0004, for the peanut; r =
p = 0.0014, for the clover).

In relation to the total phenols, a significant
difference (p =< 0.05) was identified, with the
highest value for the peanut forage in October
(Table 2). The regression analysis models kept a
similarity between the legumes, but with higher
variability in the levels of the red clover.

The highest level of total tannins (p < 0.05) was
observed for the peanut forage in October. The
regression models obtained were distinct, being
decreasing linear for the peanut forage and cubic
with initial ascendent for the red clover (Figure 1).
Mean concentrations between 1 and 2% of total
tannins, as observed for the evaluated legumes, seem
to cause no effect on the protein digestion in the
rumen (PONCET; REMOND, 2002). When
supplied at high concentrations (6-12% DM), it may
cause a decrease in the voluntary intake and in the
efficiency of digestion process and
productivity (FRUTOS et al., 2002).

Regarding the levels of condensed tannins, the
values of the peanut forage were higher in all
evaluations (Table 2). Also, there was a greater
variability for the red clover, with a linear increase in
the condensed tannins according to the plant
development (Figure 1). The mean level of
condensed tannins is lower than observed by
Lascano (1994), of 2.5%, for A. pintoi CIAT 17434.
Tannins can be beneficial or harmful, depending on
the amount consumed, structural components,
molecular  weight, and animal physiology
(HAGERMAN; BUTLER, 1981).

The tannin levels of peanut forage were
relatively low, pointing out the partial protection
that this component may provide to the protein
degradability in the rumen (LASCANO, 1994).
This assertion was evidenced in studies with
alfalfa in comparison with Arachis glabrata cv.
Florigraze, in which the protein degradability
rates were similar between these forages
(ROMERO et al., 1987).

According to Otero and Hidalgo (2004), it is
recommended levels of 2-4% of condensed tannins
in the dry matter, so that there is no decrease in the
intake and digestibility, with a consequent increase
in the amount of non-degraded proteins in the
rumen, improving thus the use of essential amino
acids in the small intestine. For Animut et al. (2008),
condensed tannin concentrations between 3 and 4%
decrease the waste of ammonia, prevent the
tympanism, increase the absorption of amino acids
from the diet in the small intestine, and reduce the
methane production in the rumen.

0.92;

animal
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A 2
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A
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— = Total phenols
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[
/
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Figura 1. Percentage of total phenols, total and condensed
tannins of the red clover (A) and peanut forage (B).

Conclusion

In summary, the red clover and the peanut
forage have similar nutritional value. The peanut
forage has higher levels of condensed tannins.
Comparatively, the participation of the peanut
forage in the pasture is more regular, with lower
variability in the nutritional components and in the
phenolic compounds of the forage.
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