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ABSTRACT

Forage-legume systems are a sustainable and competitive alternative for improving pasture yield and quality because
of the symbiotic nitrogen fixation capacity and high nutritional value of legumes. This study aimed to evaluate the
forage mass, nutritional value, and nutrient export rate in three forage systems (FS): FS1, with eleplRernigisetsifn
purpureun (EG), annual ryegraskdglium multiflorun) (AR), and spontaneous growth species (SGS); FS2, with EG +
AR + SGS + arrowleaf cloveTiffolum vesiculosuiand FS3, with EG AR + SGS + forage peanudtrachis pinto). The
experiment was arranged in a completely randomized design, with three replicates, and repeated measures over time.
Results of pre-grazing forage mass were 3.5, 3.8, and 3.9 t/ha, and crude protein export were 1.4, 2.1, and 2.3 t/ha, for the
treatments FS1, FS2 and FS3, respectiighest crude proteim situ dry matter digestibility and total digestible
nutrients, and lowest neutral detergent fiber were found in the intercropping system with forage peanut, especially in
winter. Nutritional values were also better in legume-systems than the non-legume system.
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INTRODUCTION 2014). Tke presence of legume species in the pasture

Elephant grassPennisetum purpureuichum.) is a composition contributes to increasing nutrient amount
perennial grass nativeAdrica. The high yield, palatability @nd improving animal performance, as well as being a low
and persistence of this grass make it an importaf@st alternative to monocrop systems (Barcetipal,
alternative forage to native species for livestock in differe008). Despite their potential benefits, the slower
tropical and subtropical regions (Oliveiea al, 2011). establishment of legumes in relation to grasses, indicating
Forage grasses are mainly used in the conventional stratéfgir low persistence, is among the main reasons for their
of production as monocrops. This strategy simplify théttle use in forage systems (Abdul-Baial, 2002). On
use of pastures, but forage production is concentratedtfiait account, the cultivation of elephant grass with a
certain periods of the year and fertilizer costs are highider between-row distance and its clump growth habit
(Olivo et al, 2014). In addition, the low quality of most may favor the development of legume species if they are
tropical grasses is a limiting factor for livestock productioestablished between rows (Oliet al, 2017).Among
in the tropics (Kozlosket al, 2003). these species, forage peanAitachis pintoi)and those

A strategy for making forage systems more sustainaf the genuslrifolium stand out due to their high
ble is intercropping with legume species, which allowsautritional value (Barcellost al., 2008;Tambareet al,
better supply of forage over time, reduces costs wi?017) and, to improving quality and forage supply over
fertilization, and minimizes environmental impacts, mainlghe year when intercropped with other species (Azevedo
due to a lower nitrogen fertilizer input (Luschedral,  Junioret al, 2012; Olivoet al., 2017).

Submitted on Mah 08", 2019 and accepted on Jun&"12021.
1 This work is part of the first author's Master Dissertation.

2Universidade Federal de Santa Maria, Departamento de Zootecnia, Santa Maria, Rio Grande do Sul, Brazil. daianecseibt@gmail.com; clairolivo@yahoo.com.br; viniciusalessio@hotmail.com;
carolsauter26@gmail.com; viniciusbratz@hotmail.com; priscilafloresaguirre@yahoo.com.br

*Corresponding author: daianecseibt@gmail.com

Rev CeresVicosa, v 68, n.5, p. 429-440, sep/oct, 2021


https://orcid.org/0000-0001-7521-0473

430 Daiane Cristine Seilgt al.

The main hypothesis of this work is that the nutritionallesign with three repetitions (paddocks) and repeated
value of elephant grass pastures varies according to theasures (grazing cycles).
production system used. Therefore, the aim of this study The experiment was set up in an area of 0.49 ha divided
was to evaluate forage mass, nutritional value, and nutriénto nine paddocks. The treatments consisted of three
export in forage systems of elephant grass intercroppfatage systems based on elephant grass (‘Merckeron
with forage peanut or arrowleaf clovefr{folum Pinda’) which was already established in the whole area in
vesiculosumunder grazing by dairy cows. rows spaced four meters apart. The previously established
stoloniferous forage peanut (‘Amarillo’) was preserved
MATERIAL AND METHODS between rows in three paddocksAlpril 2014, scarified
This project was approved by the Ethics and Biosafegnd inoculated seeds of arrowleaf cloverughi’) was
Committee of UFSM by the opinion 113/2011 and protocgdlanted in three paddocks by broadcast seeding at the
n°23081016073/2011. rate of 10 kg/ha. In the whole area, ryegrass was broadcasted
The experiment was conducted in an area of theetween rows on scarified soil, at the rate of 30 kg/ha. In
Department ofnimal Science of the Federal University ofthe summerthe development of spontaneous growth
Santa Maria (UFSM), located in the Central Depressiagpecies was allowed between rows. The main spontaneous
region of the State of Rio Grande do Sul, between Mayrowth species occurring in the experimental area are:
2013 and\pril 2014.The soil is classified as a dystrophicPaspalum conjugatunPaspalum urvilleiSteud. Setaria
arenic Red\rgisol, of the S8o Pedro mapping uniré8k  spp.,Dichantheliumspp., andCynodon dactylon
et al, 2008), with the following characteristics: pH igOH Base fertilizer was applied, according to the soil analysis,
=5.8; SMPindex = 6.1; clay = 23%; P = 16.6 mgdd=96  as recommended for the grass-legume intercropping, with
mg dm?; OM = 3.5%Al = 0.0 cmolc dn?; Ca=7.1cmaql 60 kg/ha of both J©, and KO. Nitrogen fertilization was
dm®, Mg = 3.1cmoldm?; base saturation = 70.9%, ahid  carried out in the wintewith 30 kg of N/ha, in the form of
saturation = 0%. urea, in two applications, and in the summath 100 kg of
According to Kdppen, the climate is Cfa, subtropicalN/ha in four applications, between November 2013 and
humid (Kuinchtner & Buriol, 2016). The climate normalsFebruary 2014.
for air temperature and rainfall are 19.2°C and 141 mm/ Pastures were grazed when ryegrass was near 25 cm
month (Figure 1) and, over the experiment, the averaglegh (use period from May to October) (Aguinasgaal,
were 19.4°C and 131 mm/month, respectividig number 2006) and, during the summevhen elephant grass was
of frosts recorded during Maylune, JulyAugust, and between 100 and 120 cm higlo{tlini et al, 2010).The
September were three, foaix, four and two, respectively grazing method was rotational stocking, with forage supply
(INMET, 2014). (7 kg DM/100 kg body weight) and stocking density (Allen
The treatments evaluated consisted of three foragéal, 2011) calculated for one-day occupation period.
systems (FS): FS1, pastures of elephant grass cultivatedBefore grazing, the forage mass of the elephant grass
alone, no-legume (NL); FS2, pastures of elephant graisseach paddock was estimated by the double sampling
intercropped with arrowleaf clover (AC); and FS3, pasturegechnique: five cuts (0.5 m wide by the length of the clump)
of elephant grass intercropped with forage peanut (FRt 50 cm from the ground and 20 visual estimates. The
The experiment was arranged in a completely randomizedme was done between rows, with five cuts (0.5 x 0.5 m)
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Figurel. Climate variables, normal and observed over the experimental period, for rain and air temperature. Santa Maria, 2013-2014.
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close to the ground. The forage cut in the samples wealculation of the animal unit (AU). The DM accumulation
weighed and a subsample was taken to determine ttede and pasture production were evaluated in a
botanical composition of the pasture and morphology @bncomitant experiment in the same area (®¢ddt 2018).
the elephant grass. These components were dried in aThe statistical analysis was performed using the mean
forced air oven at 55°C to constant weight to determine tdata of grazing conducted in each season of the year
contents of partially dried matter and to estimate thmean data of the seasons were tested for homogeneity
participation of each component. and normality of the errors and then analyzed by Ismeans
For this study were used Holstein dairy cows with 578t the 5% probability of error using the mixed procedure.
kg average body weight and 19.5 kg milk/day averagehe covariance matrix was selected by the lowéGt
production. The cows received concentrate at a rate @kaike's Information Criteria) (SAS, 2016)Vhen a
0.9% of body weight, formulated with maize, soybean mealignificant effect of interaction between forage system and
and vitamin-mineral supplement. When not in the experseason of the year was found, the means were compared
mental areas, the cows were kept in pastures of seadoythe Sudentst test. In the absence of interaction, the
with oat and ryegrass, during winter and spring, and wigffect of forage system and season of the year was
Tifton 85, Coastcross-1, elephant grass, and spontanetudividually tested. Pearson correlation analysis was
growth species, both in summer and autumn, receiving therformed to verify the association among the variables.
same feed supplementation. The mathematical model used was¥m + T+ Rj(Ti) +E,
Forage samples were collected separately for the(TE), +sijk,where A is the dependent variable; mis the
elephant grass and the species between rows, using rhean of all observations; i the effect of treatments; R
grazing simulation technique (Euclidetsal, 1992), atthe (T,) is the replication effect within the treatment (error a);
beginning and at the end of each grazing in order to deté&i-is the effect of the seasons; (TE)s the interaction
mine the forage nutritional value. The samples were partiaymong treatments and seascnaks;is the residual effect
dried in a forced air oven at 55°C, ground Willey mill,  (error b).
and packaged as a composite sample, first, by mixing the
samples obtained at the entrance and exit of each padd&:ESULTSAND DISCUSSION
of the same grazing. Subsequenthe grazing samples  Over the experiment duration, eight grazing cycles were
were mixed according to the seasons of the year apdrformed in each forage system, two in each season of
separated into each stratum of the pasture. The samgles yearThe average rest period among grazing cycles
were analyzed in laboratqrjor crude protein by the was 44, 41, 38, and 30 days, for winggring, summegand
Kjeldahl method (AOAC, 1995), neutral defent fiber \an  autumn, respectively
Soestet al, 1991),in situ dry matter digestibilityandin For all studied variables, the P-values of the mixed
situorganic matter digestibility (Mehrez & @rskal®77). models are shown ifiable 1. For most of the variables
The total digestible nutrient content was estimated bsvaluated in this studthere was an interaction €/.05)
multiplying the percentage of organic matter byith&tu  between the forage system and season, especially for those
organic matter digestibility divided by 100 (Barlet¢al, that represent the forage present between lines. This is
1984). explained by the diverse composition of the pasture, which
The grazing efficiency was estimated by the differendacludes species from the winter and summer cycle.
between the forage masses before and after the grazingThere were significant differences among the forage
and transformed into percentage (Hodgson, 1979). Thgstems (capital letters for in-column comparison) for pre-
forage export was obtained by multiplying the pre-grazingrazing forage masséble 2), with the intercropping with
forage mass by the grazindieiency, adding up the values forage peanut being superior to the non-legume system
obtained for elephant grass and forage between rows. Tar&l not differing from the intercropping with arrowleaf
crude protein export was obtained by multiplying foragelover Differences were also found among seasons (fower
exported by crude protein content of each stratum, addingse letters for in-row comparison). In wintealues of
the values obtained for elephant grass and forage betwéatage mass were lower because elephant grass was not
rows. The nitrogen export was calculated by dividing theresent in the pasture composition due to the low
crude protein export by factor 6.25. The export of totdemperatures and the frost effect. The average forage mass
digestible nutrients was obtained by multiplying foragef the systems with legumes was similar to that found in
export by the total digestible nutrient content, adding theastures intercropped with elephant grass and red clover
values obtained for the elephant grass and forage betwadrich was 3.8 t of DM/ha (Azevedo Junédral, 2012).
rows. The stocking rate was calculated by the ratio of the There was effect of forage system (capital letters) on
forage mass difference before and after grazing by thiee participation of elephant grass, with the intercropping
number of days in the grazing cycle and per 450 kg for théth arrowleaf clover being superior to the non-legume
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Table 1: P-values of the mixed models

Effect P-valuet

Prggrazmg Forage mass Elephant grass  Senescent material Species of Ryegrass Legume Dead material

variables of elephant grass  spontaneous growth between rows

Season (S) <.0001 <.0001 0.2871 <.0001 0.6097 0.0012 <.0001

Forage system (FS) 0.0497 0.0495 0.0702 0.0008 0.0372 0.0036 0.0004

Interaction S X FS 0.1747 0.1267 0.2242 0.0003 0.8309 0.0020 <.0001

Post-grazing Elephant grass  Senescent material Species of Dead material
Forage mass Ryegrass Legume

variables & of elephant grass  spontaneous growth e g between rows

Season (S) <.0001 <.0001 <.0001 <.0001 0.0607 0.0003 <.0001

Forage system (FS) 0.4450 0.0718 0.0344 0.0005 0.2181 0.0008 0.0277

Interaction S x FS 0.0332 0.0857 0.1518 0.0314 0.1447 0.0010 0.0413

Variables of the nutritional value of the forage elephant grass NDF? cps Digestibility* TDNS®

Season (S) 0.0002 0.0185 0.0034 0.6834

Forage system (FS) 0.2329 0.0272 0.8354 0.4805

Interaction Sx FS 0.7601 0.4194 0.1074 0.1296

Variables of the nutritional value of the forage between rows NDF CP Digestibility TDN

Season (S) <.0001 <.0001 <.0001 <.0001

Forage system (FS) <.0001 <.0001 0.0018 0.0018

Interaction Sx FS 0.0027 0.0079 <.0001 0.0034

Export nutrients variables Grazing efficiency Forage export Crude protein export  Nitrogen export TD Nexport Stocking rate

Season (S) <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Forage system (FS) 0.2980 0.1435 0.0310 0.0322 0.1364 0.3268

Interaction S X FS 0.1759 0.1224 0.1309 0.1032 0.0714 0.0405

P-values accordingt@dents t test.2NDF = Neutral detgrent fiber *CD = Crude protein‘ln situ dry matter digestibility>TDN = Total digestible nutrients.
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system and not differing from the intercropping with foragen the summeiThis is possibly caused by the lower intake
peanut. This result indicates that the presence of the legd-forage peanut in relation to the arrowleaf clovére
me contributed to increasing the forage mass of thegestive behavior of the cows in the forage peanut
companion grass (elephant grass). Differences were fouintercrop may be important for a better sustainability of
among seasons (lower-case letters), with increase in the forage system, since much of the forage produced
participation of elephant grass throughout the seasomsmains in the system and its degradation contributes to
peaking in theAutumn. In this period, there is greatersoil fertility (Vendraminiet al, 2014) There was seasonal
biomass production of elephant grass, with highesffect (lower-case letters), with the highest value observed
contribution of the stems (de Souza Gastial, 2011). in spring and the lowest in winter
Both the stem and the senescent material are portions of No differences were found among forage systems for
lesser preference by livestock, causing an increase eléphant grass participation in the composition of the
elephant grass in the forage mass throughout its vegetatpasture. It is worth noting that the values are lower than
cycle. No differences were found for the participation athe pre-grazing forage massfle 2), which is attributed
elephant grass senescent material. Howether low to the high preference of the cows for elephant grass when
amount of senescent material indicates a proper managempared to the other summer cycle species present in the
ment, with grazing height close to 1.0 m and short intervadystems Among the seasons of the year (lovease
among grazing, which reduces senescence losses #atters), there was increase in the participation of elephant
increases the efficiency of use of the produced foraggrass, which is related with the values observed in pre-
(Simioniet al, 2014). grazing forage mass. The senescent material of elephant
In relation to the participation of spontaneous growtgrass in the post-grazing forage mass remainedibigh
species, the differences found (capital letters) indicatesdows the efficiency of the cultivation in rows, reducing
greater presence of these species in the non-leguimempling losses (Meineet al, 2008).
system. This result shows that the presence of legumes inThe participation of species of spontaneous growth in
the intercropping systems contributes to decrease ttiee pasture composition in the post-grazing period was
participation of the spontaneous growth species in thegher than that in the pre-grazing periocgifle 2),
pasture composition (Seilett al, 2018), which was indicating that they were less eaten by the cows. This is
confirmed by correlation analysis (r = -0.40, P = 0.0006hecause they are less palatable and are associated with
There was no interaction or effect of forage system for tlggasses more consumed by cows, such as elephant grass
participation of ryegrass. in summer and ryegrass in winter
Regarding the participation of legumes, forage peanut The participation of forage peanut in the post-grazing
was present in the grazing systems over all seasons of theage mass is high in all seasons, even in wintes is
year, with strong presence in the wintalthough being a explained by the milder conditions in this season and the
summer cycle specie8rrowleaf clover was present in clumps of elephant grass, which with their higher canopy
three seasons, with contribution like that of the foragerotect the smaller plants, reducing the effect of cold and
peanut in the spring. The average participation of thefest.
legumes in the pasture composition are close to those The fraction of dead forage material between rows had
recommended as suitable for the sustainability of then increase (lower-case letters), as expected, in all seasons,
forage system, between 12 and 23% (Cadiselh, 1994). in relation to the initial forage mass, because of the low
The lowest (capital letters) amount of dead forage maitake and the trampling losses.
terial between the rows was observed in the intercropping There was no interaction between forage system and
with forage peanut, indicating that this legume contributeseason of the year for nutritional value of elephant grass
to a higher proportion of green forag@nong the seasons (Table 4).The neutral detgent fiber of elephant grass
(lower-case letters), the largest values were found in thad a season effect (lower-case letters), with higher mean
winter, decreasing over the seasdrfsese results are due in the summer caused by the higher grass growth, implying
to the participation of species of spontaneous growth,greater stem participation, with consequent increase of
which are mostly summer cycle species and were damageictural compounds such as cellulose, hemicellulose, and
by low temperatures and frosts. lignin, that compose the fiber fraction in neutral detergent
For post-grazing forage massaflle 3), there was (Macedo Junioet al, 2007). The means are similar to
interaction (capital letters) between forage system aitidose found for elephant grass cultivated with other species
season for forage mass and the fractions speciesavfd under grazing (Azevedo Junebial, 2012).
spontaneous growth and dead forage material between rows.Differences in crude protein of elephant grass were
Significant differences were found among the foraglound among the forage systems (capital letters), with the
systems (capital letters) for post-grazing forage mass oritytercrop with forage peanut being superior to the other
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Table 2: Pre-grazing forage mass and botanical composition of pasturéeiredifforage systems (FS). Santa Maria, 2013-2014

Season*
FS . 8 Mean (CI)
Winter Spring Summer Autumn
Forage mass (kg of DM/ha)
NL? ns ns ns ns 3465 (3189 — 3742)
AC? ns ns ns ns 3803 (3526 — 4080)
FPe ns ns ns ns 3912 (3635 — 4189)
Mean (CI) 1853 (1605 — 2102) 4383(4134 — 4632) 4444(4196 — 4693) 4226(3978 — 4475)
Forage present in the row
Elephant grass (%)
NL - ns ns ns 28.9(22.2 — 35.5)
AC - ns ns ns 40.5'(33.9-47.2)
FP - ns ns ns 31.78(25.0 — 38.3)
Mean (CI) - 18.0/(13.9 — 22.1) 37.9(33.8-42.1) 45.17(41.0 — 49.2)
Forage present between rows
Species of spontaneous growth (%)
NL 23.6'(19.7 — 27.5) 30.3'(28.2 — 32.4) 50.5'(42.4 — 58.7) 53.9'(44.2 - 63.7) ns
AC 17.5(13.6 — 21.4) 15.7(13.6 — 17.8) 38.2(30.1 — 46.3) 38.5(28.7 — 48.2) ns
FP 24.9*(21.0 — 28.8) 14.°(11.9 - 16.1) 28.F(20.2 (36.5) 23.1°(13.3 - 32.8) ns
Mean (CI) 22.0(19.7 - 24.2) 20.00(18.8 - 21.2) 39.00(34.3 - 43.7) 38.5(32.9-44.1)
Ryegrass (%)
NL ns ns ns ns 33.9(28.3-32.7)
AC ns ns ns ns 24.4(18.8 — 30.0)
FP ns ns ns ns 24.(%(18.5 — 29.6)
Legume (%)
AC 3.3(-3.6 - 10.2) 21.00(15.0 — 27.0) 12.£(4.6 — 20.2) 0.0°(-2.1-2.2) ns
FP 26.7(19.8 — 33.6) 28.6"(22.6 — 34.7) 29.08(21.3 - 36.8) 29.4 (27.3-31.5) ns
Mean (CI) 15.(°(10.1 - 19.9) 24.8(20.6 — 29.1) 20.7(15.2-26.2)
Dead material between rows (%)
NL ns ns ns ns 21.1(19.3 -22.8)
AC ns ns ns ns 20.8'(19.0 — 22.6)
FP ns ns ns ns 13.2(11.6 — 15.0)
Mean (CI) 39.937.8 -42.0) 18.3(15.6 — 21.0) 10.9(10.1 - 11.7) 4.3'(4.0-4.7)

INL = elephant grass, without legunt&C = elephant grass + arrowleaf clov&fP = elephant grass + forage peanut. Means followed by capital letters in the columns and lowercase letters in the lines

(P < 0.05) according tBdents t test. ns = not significant. Cl = 95% confidence intervalwdTgrazing cycles per season.
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Table 3: Post-grazing forage mass and botanical composition of pasturéieuifforage systems (FS). Santa Maria, 2013-2014

Season*
FS - - Mean (CI)
Winter Spring Summer Autumn

Forage mass (kg of DM/ha)
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NL?! 1350'(1181 — 1519) 2971 (2471 — 3471) 2384 (2135 — 2633) 2458 (2261 — 2656) ns
AC? 1312 (1143 — 1481) 2838 (2338 — 3339) 233 (2083 — 2580) 2472 (2274 — 2670) ns
FPe 1156'(987 — 1325) 3058 (2556 — 3557) 2901 (2652 — 3150) 2400 (2202 — 2597) ns
Mean (CI) 1273(1175 - 1370) 2955(2667 — 3244) 253% (2395 — 2682) 2443 (2329 — 2557)
Forage present in the rowElephant grass (%)
Mean - 2.5(2.2-2.9) 19.8°(16.1 — 23.5) 26.7(20.3-33.1)
Senescent material of elephant grass (%)
NL - ns ns ns 1.18(0.5 - 1.6)
AC - ns ns ns 2.64(1.9-3.2)
FP - ns ns ns 1.5%(0.8 — 2.1)
Mean (CI) 0.5(-0.1-1.1) 1.5(0.9-2.1) 3.2(2.6 —3.7)
Forage present between rowsSpecies of spontaneous growth (%)
NL 29.6'(22.2 - 37.1) 36.8'(29.4 — 44.3) 67.4(60.0 — 74.9) 67.8'(60.0 — 74.9) ns
AC 24.7(16.6 — 31.5) 30.4®(23.0 — 37.8) 51.5(44.1 — 59.0) 48.4(41.0 - 55.9) ns
FP 20.2(12.8 - 27.6) 24.3(16.9 - 31.7) 33.Z2(25.8 - 40.7) 39.8°(32.3 -47.2) ns
Mean (CI) 24.6(20.4 — 28.9) 30.8(26.2 — 34.9) 50.7(46.5 — 55.0) 51.9(47.1-56.2)
Legume (%)
AC ns ns ns ns 9.0°(1.8 — 11.6)
FP ns ns ns ns 29.8'(24.9-34.7)
Mean (CI) 19.22 (14.0 — 24.4) 22.72 (18.5 - 26.9) 20.82 (17.4 — 24.3) 10.3 (8.4 - 12.2)
Dead material between rows (%)
NL 50.9"(38.4 — 63.4) 35.4(27.7 — 43.2) 16.4 (9.8 — 22.9) 9.7 (6.1 — 13.3) ns
AC 54.7(41.5 — 66.6) 30.6®(22.9 — 38.3) 15.04(8.5-21.6) 13.00(9.4 - 16.7) ns
FP 27.6°(15.1 — 40.2) 22.£(14.7 - 30.1) 15.4(8.9 — 22.0) 11.4 (7.8 — 15.0) ns
Mean (CI) 44.2(37.0 - 51.4) 29.8(25.0 - 33.9) 15.6(11.8 — 19.4) 11.4(9.3 - 13.5)

INL = elephant grass, without legunf&C = elephant grass + arrowleaf clové¥P = elephant grass + forage peanut. Means followed by capital letters in the columns and lowercase letters in the lineg

(P < 0.05) according tBdents t test. ns = not significant. Cl = 95% confidence intervalwdTgrazing cycles per season.
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systems. This result demonstrates that the legunmv and is due to the predominance of ryegrass in this
contributed to raise the protein content of the compani@®ason, which is similar to the result observed in a study
grass. The means found in each forage system are higivith pasture of similar botanical composition conducted
than that reported for the same species of 14.7% (Azeveddhe same region (Meineet al,, 2008). Considering the
Junioret al, 2012), and between 14 and 15%, in a studprage systems (capital letters), in the spring, the lowest
conducted with elephant grass (‘Napier’), under irrigationeutral detergent fiber values were observed in the legu-
and different levels of nitrogen fertilization (dos Santose intercropping. In the other seasons, the lowest values
Lopeset al, 2005). of neutral detergent fiber were associated with the legume
No differences for thim situdry matter digestibility of participation in the pasture composition (r = -0.40; P =
elephant grass were found among the forage systems, @U@006). In general, the neutral detergent fiber of legumes
there were differences among the means per season (lovigtewer than that of grasses (Cabreira Josiial, 2011).
case letters), lower in summer and autumn, because theln the non-legume system and in the intercropping with
higher growth of elephant grass. For total digestiblarrowleaf clover (from the summer onwards), the high
nutrients, there was no difference neither among systewalues (capital letters) of neutral detergent fiber are
nor among seasons of the y@dre mean values, 79.5% correlated with the highest participation of spontaneous
for in situ digestibility of dry matter and 70.8% for total growth species (r = 0.43; P = 0.0092). In addition, because
digestible nutrients, are higher than those found faf the lower preference of the animals, these species enter
elephant grass grown as a monocrop in the same regiorgre rapidly in maturation, decreasing leaf and increasing
68.8 % and 60.1 %, respectively (Meinetral, 2008). When the stem proportion, with consequent rise in the contents
comparing the different variables of nutritional value foof structural compounds such as cellulose, hemicellulose,
elephant grass, we also found higher values. This is amd lignin, which make up the neutral detergent fiber
part attributed to the grazing management by rotationfrhction (Macedo Juniat al, 2007).
stocking with occupation of one day and 35 days of rest. In relation to crude protein content of the forage
For warm-season species such as elephant grass, 304aetyveen rows, there were differences (capital letters) among
grazing cycles are associated with better forage qualitye forage systems, which were correlated to the presence
when compared to a longer period of 45 days (Deres# legumes (r = 0.35, P =0.0386). This finding is confirmed
2001). by the crude protein contents found in winrmmer
There was interaction between forage system armhd autumn. In these seasons, the participation of forage
season (capital letters) for the variables of nutritional valygeanut was higher than that of arrowleaf clpieticating
of the species present between rows of elephant grassuperiority in crude protein content. In the spring, the
(Table 5), which results from the diversity of plants oparticipation of legumes was similaafile 1) as well as the
different production cycles like ryegrass, legumes, amttude protein content of the pastudeong the seasons
species of spontaneous growth. (lower-case letters), the highest value verified in winter is
Values of neutral detgent fiber of the forage betweenassociated with the presence of ryegrass. The same did
rows, in winter were lower than in the other seasons (lewenot occur in the spring, when ryegrass is maturing and,
case letters). The mean value found of 51.3% is consider@mhsequentlyreducing its nutritive value. In summer and

Table 4: Nutritional value of the forage elephant grass ifedit forage systems (FS). Santa Maria, 2013-2014

Season*
SF : Mean (CI)
Spring Summer Autumn

Neutral detergent fiber (%)

Mean (CI) 58.7(57.0 — 60.4) 65.12(63.4 — 66.8) 60.2(58.6 — 62.0)
Crude protein (%)
NL ns ns ns 16.72(16.0 — 17.4)
AC ns ns ns 16.72(16.0 — 17.5)
FP ns ns ns 18.1#(17.4 — 18.8)
Mean (CI) 17.3(16.7 -18.0) 17.8(17.2 - 18.4) 16.4(15.8 - 17.1)
In situ dry matter digestibility (%)
Mean (Cl) 80.6'(79.5 — 81.8) 78.8(77.7 — 80.0) 78.9(77.8 — 80.1)

INL = elephant grass, without legunt&C = elephant grass + arrowleaf clovéfP = elephant grass + forage peanut. Means followed by
capital letters in the columns and lowercase letters in the linfes @ < 0.05) according tBdents t test. ns = not significant. Cl = 95%
confidence interval. *Wo grazing cycles per season.
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autumn, the values of crude protein are lower than wintéhe chemical composition throughout the year in the
because of the increase in spontaneous growth speciemtércropping with forage peanut, remaining superior to
summer cycle, which usually have lower nutritive valu¢he non-legume system. This is explained by the greater
than the species of winter cycle (Barbehehal, 2004). participation of the legume in the pasture composition in
Higher and constant contents of crude protein were fouatl seasons. The nutritive quality of forage peanut was
in the intercropping with forage peanut due to its greatalso studied by evaluating the whole plant in an
participation in the dferent seasons of the yeBine mean intercropping with Coastcross, with the mean values of
crude protein content in the intercropping with foragd2.46 % and 79.06%, respectively for neutral detergent fiber
peanut, of 19.5%, is close to that observed in pure pastargd dry matter in situ digestibility of forage peanut (Ribei-
of this legume, of 21.12% émbaraet al, 2017). roetal, 2012).

The in situ dry matter digestibility and the total = For grazing dfciency (Table 6), no dierences were
digestible nutrient content of the forage between rowisund among forage systems, which shows that manage-
showed differences among forage systems (capital lettensgnt and supply of forage were similar among treatments.
and among seasons (lower-case letters), which was likeere were differences among seasons (lower-case letters),
the behavior observed for crude protedimong the with higher values in summer and autumn, which is due to
seasons, there was decrease inithseitu dry matter the greater contribution of elephant grass to the forage
digestibility  correlated with the increase in neutramass (Bble 2), with predominance of leaves. For
detergentfiber (r=-0.41; P =0.0149), which was attributezkportation of forage, it should be noted that the highest
to the predominance of summer cycle species d¢lower-case letters) values were obtained in summer and
spontaneous growth (r =0.43, P = 0.0092). autumn.

Considering the variables of nutritional value evaluated There were differences of crude protein export among
in the intercropping with arrowleaf cloyehe best results forage systems (capital letters). The means of the
were found in the spring, when the legume had a greatatercropping with legumes were greater than those of the
participation in the pasture composition and was superinon-legume system. The evaluation of the total annual
to the non-legume system. There was lower variation iralue showed that the system intercropped with forage

Table 5: Nutritional value of the forage between rows irfetiént forage systems (FS). Santa Maria, 2013-2014

SF Season*
Winter Spring Summer Autumn
Neutral detergent fiber (%)
NL?* 49.5® (45.0 — 54.0) 64.6'(61.2 — 68.1) 64.6'(61.7 — 67.5) 62.4(59.1 — 65.7)
AC? 55.4:(50.9 — 59.9) 56.4 (53.0 — 59.9) 65.1 (62.2 — 68.0) 64.2(60.9 — 67.5)
FPe 49.0°(44.5-53.4) 57.¢°(53.6 — 60.5) 54.8(51.9 - 57.7) 48.9°(45.6 — 52.2)
Mean (CI) 51.3(48.7 — 53.7) 59.4(57.4 — 61.4) 61.5(59.8 — 63.2) 58.5'(56.6 — 60.4)
Crude protein (%)
NL 19.6%(18.4 — 20.9) 11.2(10.0 — 12.5) 12.0°(10.7 — 13.3) 12.?(10.7 — 13.2)
AC 19.6(18.3 — 20.9) 14.7(13.4 - 15.9) 15.£(14.1 — 16.6) 13.3(12.0 — 14.6)
FP 24.2(23.0 — 25.5) 15.5' (14.3 - 16.8) 19.8'(18.5 - 21.1) 18.3'(17.0 — 19.6)
Mean (Cl) 21.2(20.4 - 21.9) 13.8(13.1 - 14.5) 15.7(15.0 — 16.4) 14.5(13.8 — 15.3)
In situdry matter digestibility (%)
NL 85.14(79.2—90.9) 67.3(65.8 — 68.9) 73.B(71.9-74.4) 74.7(70.0 — 79.3)
AC 74.2(68.3 — 80.0) 74.0*(72.5 - 75.5) 72.3(71.1 - 73.6) 70.8(66.1 — 75.4)
FP 88.0"(82.2 — 93.9) 72.8'(71.3 -74.3) 80.5'(79.3 — 81.8) 83.1(78.4 — 87.8)
Mean (Cl) 82.4(79.0 — 85.8) 71.£4(70.5-72.2) 75.3(74.6 — 76.1) 76.2(73.5-78.9)
Total digestible nutrients (%)

NL 75.9(70.7 — 81.0) 62.9°(61.0 — 63.9) 65.9°(64.8 — 67.1) 67.£(63.3 - 71.6)
AC 66.°(60.8 — 71.1) 67.3(65.9 — 68.8) 64.9(63.7 — 66.1) 63.1(58.9 — 67.3)
FP 78.4(73.2 — 83.6) 66.2\(64.7 — 67.6) 72.1(70.9 — 73.3) 74.8(70.6 — 79.0)
Mean (Cl) 73.4(70.4 —76.4) 65.3(64.5 — 66.2) 67.7(67.0 — 68.4) 68.9(66.0 — 70.9)

INL = elephant grass, without legunt&C = elephant grass + arrowleaf clovéfP = elephant grass + forage peanut. Means followed by
capital letters in the columns and lowercase letters in the linfs @f< 0.05) according tBdents t test. Cl = 95% confidence interval.
*Two grazing cycles per season.
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Table 6: Export of nutrients in diérent forage systems (FS). Santa Maria, 2013-2014

Season* o
SF Winter Spring Summer Autumn Mean (C1) Total (C1)
Grazing efficiency (%)

Mean (CI) 30.1(25.6 — 34.4) 33.0°(28.6 — 37.5) 41.8(37.4 — 46.3) 41.0(36.6 — 45.5) ns ns

Forage export (kg of DM/ha)
Mean (CI) 1162(705 — 1618) 2856 (2399 — 3312) 3811(3355 — 4268) 3566'(3109 — 4022) ns ns

Crude protein export (kg/ha)
NL? ns ns ns ns 36(P(258 — 462) 144((992 — 1888)
AC? ns ns ns ns 5157413 — 616) 2060%(1611 — 2508)
FP® ns ns ns ns 563'(462 — 665) 2253(1805 — 2701)
Mean (CI) 24F (170 — 316) 447 (374 — 520) 648 (575 — 722) 580*(506 — 653)

Nitrogen export (kg/ha)

NL ns ns ns ns 57.6(41.2 — 74.0) 23(°(158 — 302)
AC ns ns ns ns 82.4(66.0 — 98.8) 330*%(258 — 402)
FP ns ns ns ns 90.1(73.7 — 106.5) 360°(288 — 432)
Mean (CI) 38.9(27.5-50.2) 71.8(63.4 — 79.6) 103.7(87.9 — 119.6) 92.7(83.8—101.7) ns ns
Mean (CI) 85(F(536 — 1164) 1954 (1640 — 2268) 2654(2340 — 2968) 2515(2201 — 2829) ns ns

Stocking rate (cows**/ha/day)
NL 1.4(1.0-1.7) 2.2(1.9-2.6) 2.5(2.2-2.8) 3.°(2.7-3.3) ns ns
AC 1.5(1.1-1.8) 2.2(1.9-25) 3.2(2.9-3.5) 3.9(3.5-4.2) ns ns
FP 1.22(0.8 -1.5) 2.8(25-3.1) 2.7(2.3-3.0) 3.5(3.2-3.9) ns ns
Mean (CI) 1.F¥(1.1-15) 2.4(2.2-2.6) 2.8%(2.6 — 3.0) 3.5(3.3-3.6)

INL = elephant grass, without legunt&C = elephant grass + arrowleaf clov&fP = elephant grass + forage peanut. Means followed by capital letters in the columns and lowercase letters in the lines

(P < 0.05) according tBdents t test. CV= coeficient of variation. *wo grazing cycles per season. *Cow average weight of 570 kg.
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