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Herbage Accumulation, Nutritive Value, and
Organic Reserves of Continuously Stocked
‘Ipypora’ and ‘Mulato II’ Brachiariagrasses
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Valéria P. B. Euclides, and Bruno C. Pedreira*

ABSTRACT

Although Brachiaria spp. grasses are important
components of sustainable forage-livestock
systems in the Amazon biome, cultivar diver-
sification is needed to reduce risk from pests
and diseases. Brachiaria hybrid ‘BRS RB331
Ipypord’ [B. ruziziensis Germ. & Evrard x B.
brizantha (Hochst. ex A. Rich.) Stapf] was
released in 2017 as an alternative for intensively
managed forage-livestock systems. Our objec-
tive was to compare herbage accumulation (HA),
nutritive value, and organic reserves of Ipypora
and standard hybrid ‘Mulato II' (B. ruziziensis
x B. brizantha x B. decumbens Stapf) under
continuous stocking during 2 yr in the Amazon
biome. Treatments were the two cultivars repli-
cated four times in a randomized complete
block design, and each experimental unit was
1.5 ha. Pastures of Mulato Il presented ~15%
greater HA than Ipypora (17,360 vs. 14,930 kg
dry matter ha=' yr) across the 2 yr, and Mulato
Il leaf mass was greater than Ipypora (1440 vs.
1900 kg dry matter ha) in the dry season. Both
cultivars had greater herbage mass, HA, and
herbage bulk density during the rainy season of
2016-2017 compared with 2017-2018 due to a
shorter period of water deficit (30 d) and greater
rainfall (2147 vs. 1762 mm) in the first than
second year. Mulato Il herbage crude protein
was 10 g kg~' greater than Ipypora. In this severe
risk region for spittlebug, Mulato Il required spit-
tlebug monitoring and control due to occurrence
of foliar damage. Although Ipypora had lesser
HA, no spittlebug damage was evident. Thus,
Ipypora is an attractive alternative for diversifi-
cation of forage-based livestock systems in the
Amazon biome.
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BRAZIL is one of the primary beef-producing and -exporting
countries in the world. The production system is mostly
forage based, and the largest livestock herd in the world (215
million head) relies on ~163 million ha of grasslands (ABIEC,
2019). In addition, only 12.6% of the slaughtered animals come
from feedlots (ABIEC, 2019). The forage-based system reduces
the production cost and brings competitive advantages to Brazil
compared with countries where beef production is highly depen-
dent on feedlots that are labor intensive and depend heavily on
expensive equipment, concentrate feeds, and fossil fuel (Dias-
Filho, 2014).

Despite the importance of grazed pastures, ~70% of Brazilian
planted pastures are in some stage of degradation (Macedo et al.,
2013), which negatively affects system sustainability (Pequeno
et al., 2015). Among the main causes of pasture degradation are
the incompatibility of the grass with the local environment and
management practices used (Dias-Filho, 2014). Forage breeding
programs are important tools for generating new cultivars (i.e.,
greater productivity, quality, and pest and disease resistance),
supporting the release of plants that are well adapted to specific
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edaphic and climatic conditions (Valle et al, 2009).
Despite the efforts to release new grasses adapted to the
different production systems, forage cultivar diversity
is still relatively low in Brazilian pasture-based systems
(Euclides et al., 2018).

The Brachiaria (syn. Urochloa) grasses are the most used in
pasture-based systems in Brazil (Silva et al., 2016b) because
they are more productive and present greater nutritive value,
contributing to enhanced animal productivity (Silva et al.,
2016a). In this scenario, diversification within brachiaria-
grasses could contribute to development of more sustainable
systems, providing animal products while contributing a
wide array of ecosystem services to society (Sollenberger et
al., 2019). In 2017, the Brachiaria hybrid ‘BRS RB331 Ipypord’
was released for use in intensively managed production
systems (i.e., those characterized by practices to significantly
enhance forage production) where spittlebug [Deois flavopicta,
Notozulia entreriana, and Mahanarva spp. (Hemiptera: Cercop-
idae)] is a challenge, due to its resistance through an antibiosis
mechanism (Valério et al., 2012). Moreover, Ipypori has a
greater leaf percentage, leaf/stem proportion, and nutri-
tive value than ‘Marandu’ palisadegrass [Brachiaria brizantha
(Hochst. Ex A. Rich.) Stapf.], and it supports similar animal
performance as Marandu, the most widely planted cultivar in
Brazil (Euclides et al., 2018).

Although Ipypora is considered to be an excellent alter-
native for pasture diversification (Euclides et al., 2018), there
are few existing comparisons with cultivars already known
by producers. One cultivar that has been used in the region
is ‘Mulato II” brachiariagrass, a hybrid released in 2005 by
the International Center for Tropical Agriculture (CIAT)
(Argel et al., 2007). Mulato II provides excellent herbage
accumulation (HA) and nutritive value at least as great as
that of warm-season annual grasses (Vendramini et al.,
2012). In addition, it possesses a physiological mechanism
that reduces water loss during the dry season, increasing the
opportunity to provide green herbage in areas with longer
dry periods (Cardoso et al., 2015). Although Mulato II is
resistant to several spittlebug species (Argel et al., 2007), it is
susceptible to damage by Mahanarva spp., a species common
in the Amazon biome. If Mulato II is to be used in this
environment, spittlebug control is generally required.

This presents opportunities for increased adoption of
Ipypora, but more information is needed on year-round
patterns of forage accumulation and nutritive value to assess
its potential to improve efficiency of forage-based livestock
systems under favorable soil and climatic conditions of the
Brazilian midwest (Pequeno et al., 2015). We hypothesized
that Ipypord will enhance or maintain pasture HA and
nutritive value when compared with Mulato II pastures in
the Amazon biome, where Mahanarva spp. spittlebug is a
highly prevalent pest. To test this hypothesis, we compared
HA, nutritive value, and organic reserves of Ipypora and
Mulato II pastures for 2 yr under continuous stocking.

MATERIALS AND METHODS

Site Characteristics and Fertilization
Management

The research was performed at Embrapa Agrossilvipastoril,
Sinop, Mato Grosso, Brazil (11°51’ S, 55°35’ W; 370 m asl), in the
Amazon biome, according to ethical standards and approved by
the Ethics Committee on Animal Use (Protocol no. 008/2016).
The climate was classified according to Koppen criteria as a
monsoon that alternates between rainy and dry seasons (Alvares
et al., 2013). The annual average temperature was 25°C, with an
average minimum of 20°C and an average maximum of 33°C
(Embrapa, 2018). The average annual rainfall is 1974 mm (1971-
2010) (Souza et al., 2013). Weather data during the experimental
period were obtained from a recording station located 500 m
from the experiment site (Fig. 1).

The soil was classified as a Rhodic Hapludox (Soil Science
Division Staff, 2017) with soil texture characterized by 358 g
sand kg!, 574 g clay kg™!, and 68 g silt kg™!. Soil chemical
analysis was performed in September 2015, August 2016,
September 2017, and May 2018 (Table 1).

On 3 Sept. 2015, dolomitic lime was incorporated (2.0 Mg
ha™). On 6 Jan. 2016, during planting, 20 kg P ha™' was incor-
porated into the soil. For both cultivars, 5 kg ha™ of pure live
seed was sown using a no-tillage drill (Stara Prima 4590).
Row spacing was 45 cm, but to assure rapid establishment and
uniform cover, two passes of the seeder (2.5 kg ha™ of pure live
seed with each pass) were made over the entire pasture area,
once across the length and the other across the width of each
experimental unit. To improve pasture establishment, 50 kg N
ha™! and 40 kg K ha™! were surface applied on 15 Mar. 2016.

In the Amazon biome, tropical grasses establish rapidly. The
first grazing should occur 45 to 80 d after planting (Dias-Filho,
2012), because thereafter, grazing management is challenging
due to excessive herbage mass (HM) and stem and dead material
accumulation (Pedreira et al., 2017). The pastures in this study
were considered fully established by 2 Apr. 2016 (87 d after
planting). Grazing began to achieve the target canopy heights
and to maintain the swards in a steady state condition before
initiating data collection on 24 May (139 d after planting).

Throughout the experimental period, 1.5 Mg ha™! of dolo-
mitic lime (10 Oct. 2016), 20 kg P ha™!, 50 kg N ha™!, and 40 kg
K ha™ (26 Jan. 2017) were surface applied in the first year, and
20 kg P ha™' (19 Oct. 2017), 50 kg N ha™', and 40 kg K ha™!
(1 Feb. 2018) were surface applied in the second year. Before and
during the experiment, N, P, and K were applied using urea,
single superphosphate, and potassium chloride, respectively.

Treatment Description

The experimental period was 24 May 2016 to 25 May 2018,
comprising rainy (I Oct. 2016-31 Mar. 2017 and 1 Oct.
2017-31 Mar. 2018) and dry seasons (26 May—-30 Sept. 2016,
1 Apr.—30 Sept. 2017, and 1 Apr.—25 May 2018). The experimental
design was a randomized complete block with two cultivars (treat-
ments)—Ipyporad [B. ruziziensis Germ. & Evrard X B. brizantha
(Hochst. ex A. Rich.) Stapf hybrid] Mulato II (B. ruziziensis X
B. brizantha X B. decumbens Stapf hybrid)—and four replicates,
totaling eight experimental units. Each experimental unit was
1.5 ha (150 x 100 m), for a total of 12 ha of experimental area.
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Fig. 1. Water balance and weather data throughout the experimental period.

The pastures were monitored for spittlebug presence. The
number of nymphs was counted at three 1- by 0.5-m sites per
experimental unit at sites representing average pasture condi-
tion (Fig. 2). On 16 Jan. 2017, due to severe spittlebug damage in
Mulato II, Engeo (0.3 L ha™") was applied to all experimental units.

Canopy Height, Livestock Management,
and Herbage Evaluation
Starting on 2 Apr. 2016, Ipypord and Mulato II pastures were
continuously stocked with a variable stocking rate. The canopy
height was monitored weekly at 75 points per experimental
unit to maintain an annual average canopy height of 30 =+
5.0 cm (Silva et al., 2016a). Canopy height was maintained at
29 £ 3.0 cm for Ipypora and 29 &+ 4.2 ¢cm for Mulato II pastures
throughout the experimental period. Within a year and season,
heights for the two cultivars were virtually identical.

At the beginning of the experimental period, Nellore steers
(Bos taurus indicus, initial body weight of 250 £ 11 kg and age
of 11 &+ 2 mo) were allocated to experimental units according
to weight and age. In May 2017, the first group was slaughtered
and new steers were allocated (276 £ 12 kg of body weight and
14 £+ 2 mo). Throughout the evaluation period, mineral salt
was offered to the animals ad libitum. The animals were allo-
cated to two groups: testers and regulators. They were weighed
every 28 d after a 16-h feed and water fast for performance
evaluation and stocking adjustment (data not shown). Three
tester animals remained in the pasture throughout the entire

experimental period, and the regulating animals were used to
adjust the stocking rate and maintain the target canopy height.

Herbage mass and HA were assessed every 28 d. Herbage
bulk density (HBD) was calculated as the quotient of HM and the
canopy height at the time of measurement. The HA was deter-
mined using the paired-cage method (Klingman et al., 1943).
Specifically, circular exclusion cages (0.64 m? and 1.1 m in height)
were placed at four representative sites per pasture. At the same
time, the HM-to-soil level was measured in a circular 0.64-m?
quadrat just outside each caged area. Twenty-eight days later, the
HM to soil level was determined inside the cage. Pasture HA was
calculated as the difference between the HM in the cage 28 d after
placement, and the HM measured in the pasture on the day that
cages were allocated. New sites for cage placement were chosen
every 28 d. At two sampling dates in each rainy (11 Oct. 2016,
2 Feb. 2017, 10 Oct. 2017, and 2 Feb. 2018) and dry season (19 July
2016, 27 Apr. 2017, 20 July 2017, and 27 Apr. 2018), four 0.64-m?
circular quadrats per pasture were clipped to soil level at repre-
sentative sites to characterize plant-part composition (leaf blade,
sheath + pseudostem, and dead material) of the HM. After sepa-
ration, the herbage was dried at 55°C in a forced-air dryer until
constant weight and weighed.

Nutritive value was assessed on the same dates as plant-
part composition. At 30 sites per experimental unit, forage was
hand plucked to represent the portion of the canopy grazed by
animals. The forage from the 30 sites was composited and a
subsample was separated into leaf blade, sheath + pseudostem,

Table 1. Results of soil analysis (0- to 20-cm layer) at the experimental area.

Year pH (CaCl,) oMt P (Mehlt) K Ca Mg H + Al CEC§ BSY
gdm-8 —— mg dm-3 cmol dm-3 %
2015 4.78 2841 8.63 77.0 2.07 0.93 6.4 9.6 33.4
2016 4.88 24.7 8.03 120.0 213 0.96 51 8.5 39.4
2017 5.28 29.8 7.92 31.2 1.23 0.73 5.6 7.6 26.5
2018 5.05 30.7 8.32 25.8 0.85 0.71 5.8 7.8 24.6

1 OM, organic matter.
1 Mehl, Mehlich 1.
§ CEC, cation exchange capacity.

1] BS, base saturation.
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Fig. 2. Number of nymphs in Ipypora and Mulato Il pastures.

and dead material. Components were dried separately at 55°C
in a forced-air oven to constant weight and weighed (Nave et
al., 2010). Dried samples were ground in a Wiley mill to pass
a 1-mm screen and used for determining crude protein (CP)
(AOAC, 1990), neutral detergent fiber (NDF), and acid deter-
gent fiber (ADF) (Van Soest et al., 1991).

Tussock Number, Root Mass, and

Organic Reserves
In April 2017 and May 2018, the number of tussocks (“an erect
and clumped growth form”; Allen et al., 2011) inside a 1- by
0.5-m quadrat was counted at 10 sites per experimental unit
that represented average pasture conditions. To characterize
organic reserve status, root and aboveground stubble samples
of three representative tussocks were taken in each year. The
aboveground herbage of the three tussocks was cut at soil level,
combined into a single sample, and dried at 105°C for 1 h
and then at 60°C to constant weight. Soil core samples were
collected to a 0.20-m depth at the base of the three representa-
tive tussocks so as to remove all root material to that depth. The
soil core samples were washed on 2.1-mm sieves, and the roots
of the three tussocks were combined and dried following the
same drying procedure. All dried samples were later ground in
a Wiley mill to pass a 1-mm screen (Pedreira et al., 2017).
Nitrogen concentration in the shoot and root samples was
determined using the AOAC method (AOAC, 1990). Total
nonstructural carbohydrate (TNC) concentration was determined
by a modification of the procedure of Smith (1981), as described
by Christiansen (1982), which combines an enzymatic digestion
phase for conversion of starch and oligosaccharides into monosac-
charides with a photometric Cu reduction method for reducing
sugars. The TNC and N concentrations were multiplied by the
respective fraction dry mass to calculate the TNC and N pools.

Statistical Analyses

The cultivars were compared annually and seasonally (rainy
and dry). For the latter, the analyses were performed using
a split-plot in time, with cultivars as the main plot treat-
ment and seasons as the subplot. Cultivar, season, and year
were considered fixed effects, and block was considered as a
random effect. The data were analyzed using a mixed models

-~ o0 - o o0 o [ o0
) < In by o = ~ o
g ] 5 i g kS & a
g I 2z & 3% 2 7 3
a — a Ll = - -
Year 2
—— Mulato IT

method with parametric structure in the covariance matrix,
through the MIXED procedure of SAS 9.4 (Littell et al.,
2006) with repeated measurements and using the maximum
likelihood restricted method (REML). Linear predictor and
quantile—quantile plots of the residues were used to verify
homogeneity of variance and error normality. The covari-
ance matrix structure was selected considering the number of
parameters, the interpretation of the structure, and the fixed
effects results. The command “TYPE” specifies the covari-
ance matrix structure (e.g., Toeplitz [TOEP], autoregressive
[AR(1)], heterogeneous autoregressive [ARH(1)], compound
symmetric [CS], heterogeneous compound symmetric [CSH],
Huynh-Feldt [HF], first-order autoregressive [ARMA(1,1)],
unstructured [UN], etc.]. The Akaike information criterion
(AIC) was used to choose the covariance matrix (Wolfinger,
1993), and the denominator degrees of freedom was corrected
using the method of Satterthwaite (1941). The least squares
means (LSMEANS) statement was used to compute the means
of the fixed effects and comparison was performed using the
probability of the difference (PDIFF) of the ¢ test (P < 0.05).

RESULTS

Annual Herbage Responses

There were no cultivar X year interactions for total annual
HA (P = 0.8272) and average annual herbage accumulation
rate (HAR, P = 0.4769); however, these responses differed
among cultivars (P = 0.0013 and P = 0.0053, respectively)
and years (P < 0.0001 and P < 0.0001) (Table 2). The HA
and HAR were 15% greater for Mulato II than Ipypora and
65% greater in the first year than in the second.

Seasonal Canopy Characteristics

Herbage mass was affected by cultivar X year (P = 0.0079)
and year X season (P = 0.0399) interactions (Table 3). The
greatest HM was measured in the Ipypora pastures during
the first year; however, in the second year, Mulato II had
greater HM than Ipypord. The HM did not differ across
seasons in the first year. However, in the second year, HM
was lowest in the rainy season, 25% lower than in the rainy
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season of the first year. The HM for cultivars and seasons
was greater in the first year compared with the second year.

There were cultivar X year (P = 0.0001) and year
X season (P = 0.0032) interactions for HBD (Table 3).
Ipypora had greater HBD in the first year than in the
second year and Mulato II did not differ across years. In
both years, the HBD was greater during the dry season.
In the rainy season, the HBD was 10% lower in the second
year than in the first year.

There was cultivar X year X season interaction for the
HA (P = 0.0143) and HAR (P = 0.0003) (Table 4). In the
rainy season of the first year, Mulato II presented greater
HA and HAR than Ipypora (19 and 18%, respectively). In
the second year, there was no difference between cultivars
in the rainy season, when the greatest HA typically occurs.
Also in the second year, Mulato II presented greater HA and
HAR than Ipypora during the dry season. From the first to
the second year, during the rainy season, HA decreased 44
and 49% for Ipypori and Mulato II, respectively.

There were cultivar X year (P = 0.0041), cultivar X
season (P = 0.0003), and year X season (P = 0.0478) inter-
actions for leaf mass (Table 5). The greatest leaf mass was
measured in the first year for both cultivars and in the rainy
vs. the dry season. In the dry season, Ipypora presented less
leat' mass than Mulato.

The stem mass was affected by cultivar X year X
season interaction (P = 0.0008), with greater values in the
first than in the second year for both cultivars and seasons
(Table 6). In the first year, both cultivars presented greater
values during the dry season; however, during the second
year, Ipypora had similar stem mass across seasons.

Dead material mass differed across years (P =
0.0003) and seasons (P = 0.0004), but there was no
difference between cultivars (P = 0.7437). In the second
year, the dead material mass was greater (3510 kg ha™)
than in the first year (2400 kg ha™), as well in the dry
season (3480 kg ha™!) compared with the rainy season
(2430 kg ha™).

There were cultivar X year (P < 0.0493), cultivar X
season (P = 0.0001), and year X season (P = 0.0301) inter-
actions for leaf proportion (Table 7). For both cultivars,
the greatest leaf proportion occurred in the first year and
in the rainy season. The leaf proportion was less in the
second year than the first year in both seasons.

There was cultivar X year X season interaction for leaf
area index (LAI, P = 0.0118, Table 8). In the dry season,
Ipypora presented greater LAI in the first year than in the
second year, and Ipypord LAI in the dry season was 36%
less than Mulato II in the second year.

Table 2. Average and SE for herbage accumulation (HA) and herbage accumulation rate (HAR) of Ipypora and Mulato Il pastures

under continuous stocking during dry and rainy seasons of 2 yr.

Cultivars
Response Year Ipypora Mulato Il Avg. SE
HA (kg dry matter ha-' yr) 1 18,960 21,300 20,130At 450
2 10,900 13,450 12,180B
Avg. 14,930b 17,360a
HAR (kg ha' d) 1 60 70 65A 1.5
2 35 40 38B
Avg. 48b 55a

T Least squares means followed by a common uppercase letter in the column and lowercase letter in the row are not different by t test (P > 0.05).

Table 3. Average and SE for herbage mass (HM) and herbage bulk density (HBD) of Ipypora and Mulato Il pastures under

continuous stocking during dry and rainy seasons of 2 yr.

Variable Year Ipypora Mulato Il Dry Rainy SE

HM (kg dry matter ha™) 1 6905Aat 6300Ab 6640Aa 6560Aa 135
2 5315Bb 5820Ba 6235Ba 4900Bb

HBD (kg dry matter ha=' cm™") 1 230Aa 210Ab 230Aa 205Ab 5
2 195Bb 215Aa 225Aa 185Bb
2

T Least squares means followed by a common uppercase letter in the column and lowercase letter in the row are not different by t test (P > 0.05).

Table 4. Average and SE for herbage accumulation (HA) and herbage accumulation rate (HAR) of Ipypora and Mulato Il pastures

under continuous stocking during dry and rainy seasons of 2 yr.

Ipypora Mulato Il
Variable Year Dry Rainy Dry Rainy SE
HA (kg dry matter ha™") 1 5.550Act 14.880Ab 6.720Ac 17.770Aa 460
2 4.500Ac 8.360Ba 6.500Ab 9.000Ba
HAR (kg dry matter ha™" d-) 1 32Ad 77Ab 40Ac 91Aa 2
2 26Ac 44Ba 37Ab 45Ba

T Least squares means followed by a common uppercase letter in the column and lowercase letter in the row are not different by t test (P > 0.05).
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The stem proportion was affected by cultivar X year
X season interaction (P = 0.0005, Table 8). Across seasons
and among cultivars, the stem proportion was greater in
the first year compared with the second year. In the first
year, Ipypora had the greatest stem proportion during the
dry season and, in the second year, there was no difference
between seasons or cultivars.

There were cultivar X year (P = 0.0006) and cultivar
X season (P = 0.0001) interactions for leaf/stem ratio.
Both cultivars presented greater leaf/stem ratio in the
second year (on average, 1.3) compared with the first year
(on average, 0.9) and in the rainy season compared with
the dry season. Mulato II had a greater ratio (1.2) than
Ipypord (0.75) during the dry season, but in the rainy
season, Ipypord presented a greater leaf/stem ratio than
Mulato (1.5 vs. 1.3, respectively).

The dead material proportion was affected by cultivar
X year X season interaction (P = 0.0001, Table 8). For
both cultivars, the greatest dead material proportion
occurred in the dry season and increased from the first to
the second year. Ipypora had greater dead material than
Mulato II in the dry season of the second year.

Hand-Plucked Plant-Part Composition

and Nutritive Value

There was cultivar X year X season interaction for leaf
(P < 0.0057) and stem proportion (P = 0.0006) (Table 9).
The hand-plucked leaf proportion was less in the second
than in the first year for both cultivars during the dry
season. The hand-plucked leat” proportion was twofold
greater than the HM leaf proportion. Both cultivars had
the greatest hand-plucked stem proportion during the

Table 5. Average and SE for leaf mass in Ipypora and Mulato Il pastures under continuous stocking during dry and rainy

seasons of 2 yr.

Year or season Ipypora Mulato Il SE Dry Rainy SE
—— kg dry matter ha™t ——— ——— kg dry matter ha™’ ——

Year 1 2400Aat 2205Aa 85 2030Ab 2575Aa 77

Year 2 1210Bb 1645Ba 1315Bb 1545Ba

Dry 1435Bb 1900Aa 85

Rainy 2180Aa 1940Ab

T Least squares means followed by a common uppercase letter in the column and lowercase letter in the row are not different by t test (P > 0.05).

Table 6. Average and SE for stem mass in Ipypora and Mulato Il pastures under continuous stocking during dry and rainy

seasons of 2 yr.

Ipypora Mulato Il
Year Dry Rainy Dry Rainy SE
kg ha™
1 2920Aat 1720Ac 2080Ab 1780Ac 105
2 920Bab 740Bb 1170Ba 840Bb

T Least squares means followed by a common uppercase letter in the column and lowercase letter in the row are not different by t test (P > 0.05).

Table 7. Average and SE for leaf proportion of total herbage mass of Ipypora and Mulato Il pastures under continuous stocking

during the dry and rainy seasons of 2 yr.

Year or season Ipypora Mulato Il SE Dry Rainy SE
gkg™ gkg™

Year 1 370Aat 375Aa 7 315Ab 430Aa 7

Year 2 305Bb 345Ba 250Bb 400Ba

Dry 240Bb 325Ba 7

Rainy 430Aa 395Ab

T Least squares means followed by a common uppercase letter in the column and lowercase letter in the row are not different by t test (P > 0.05).

Table 8. Average and SE for leaf area index (LAI) and stem and dead material proportion in Ipypora and Mulato Il pastures
under continuous stocking during dry and rainy seasons of 2 yr.

Ipypora Mulato Il

Response Year Dry Rainy Dry Rainy SE

LAl 1 51Aat 5.7Aa 4.9Aa 5.9Aa 0.4
2 3.4Bb 6.2Aa 5.3Aa 5.4Aa

Stem (g kg™) 1 445Aa 360AC 375Ac 405Ab 11
2 235Ba 225Ba 255Ba 250Ba

Dead material (g kg™ 1 270Ba 190Bb 280Ba 190Bb 14
2 570Aa 360Ac 440Ab 370Ac

1 Least squares means followed by a common uppercase letter in the column and lowercase letter in the row are not different by t test (P > 0.05).
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first year, and Ipypori presented greatest values in the dry
period for both years. Among cultivars and seasons, the
hand-plucked stem proportion was 48 and 72% less in the
first and in the second year, respectively, when compared
with the HM stem proportion.

There were cultivar X year (P = 0.0352) and year
x season (P = 0.0014) interactions for hand-plucked
leaf/stem ratio (Table 10). The greatest leat/stem ratio
occurred in the second year for both cultivars, in which
Mulato II was 42% greater than Ipypora. In both years,
the hand-plucked leaf/stem ratio was greater in the
rainy than in the dry season. However, in the second
year, the rainy season values were 3.4-fold greater than
the dry season.

The hand-plucked dead material proportion was
affected by year X season interaction (P = 0.0001, Table 10).
For both seasons, the greatest dead material proportions
occurred in the second year. Across years, dead material
was greater during the dry than rainy season.

The CP concentration was greater for Mulato IT (125 g
kg™!) than Ipypora (115 g kg™!, P = 0.0474). However, NDF
was similar for both cultivars (P> 0.1519), with an average of
585 g kg !. Crude protein and NDF were affected by season
X year interaction (P < 0.001 and P = 0.0297, respectively).
The greatest CP and the least NDF concentrations occurred
in the rainy season of the first year (Table 11).

There was a cultivar X year X season interaction for
ADF concentration (P = 0.0286, Table 12). The greatest
ADF was measured during the dry season in the first year
for both cultivars. In the dry season of the second year,
Ipypora presented the greatest ADF concentration, and
both cultivars increased in ADF concentration from the
first to the second year during the rainy season.

Tussock Number, Root and Stubble Mass,
and Organic Reserves

There was cultivar X year interaction for tussock number
(P=0.0001). In the first year, Mulato II had greater tussock
number (12.8) than Ipypora (9.0); however, in the second
year, tussock number was similar between cultivars. Also
in the second year, the tussock number increased for
Ipypori (11.6) while it decreased for Mulato II (10.7).

The root mass was affected by cultivar (P = 0.0037)
and year (P < 0.0001). Ipypora had less root mass (3220 kg
ha™!) than Mulato II (3700 kg ha™), and first-year root
mass was greater (4500 kg ha™!) compared with second-
year root mass (2420 kg ha™).

The first-year stubble N concentration was greater
(5.0 g kg'!) than the second-year concentration (4.3 g
kg !). Root N concentration was affected by cultivar x
year interaction (P = 0.0073). Mulato II had greater root
N concentration than Ipypord in both years. However,
across years, Ipypora increased root N concentration from
6.8 to 7.5 g kg™!, whereas Mulato Il decreased root N
from 9.7 t0 9.0 g kg L.

Stubble mass TNC concentration was affected only
by year (P = 0.017), with first-year concentration greater
than the second-year concentration (27.3 vs. 15.0 g kg™!).
The root TNC concentration was not aftected by cultivar,
year, or any interaction (P > 0.05), averaging 11.7 g kg™'.

The root and stubble mass N pools were affected by
cultivar X year interaction (P = 0.0028 and P = 0.0209,
respectively). In the first year, Mulato II root N pool was
greater than Ipypori, but they were not different in Year 2.
Root and stubble mass N pools were greater in the first year
than in the second year (Table 13). On the other hand, root
and stubble mass TNC pools did not differ between culti-
vars (P > 0.05) and were affected only by year (P = 0.0034

Table 9. Average and SE for hand-plucked leaf and stem proportion in Ipypora and Mulato Il pastures under continuous

stocking during dry and rainy seasons of 2 yr.

Ipypora Mulato Il
Variables Year Dry Rainy Dry Rainy SE
gkg™
Leaf 1 480Act 875Aa 635Ab 835Ba 14
2 425B¢ 870Aa 520Bb 895Aa
Stem 1 365Aa 95Ad 220Ab 140Ac 11
2 120Ba 50Bb 65Bb 40Bb

T Least squares means followed by a common uppercase letter in the column and lowercase letter in the row are not different by t test (P > 0.05).

Table 10. Average and SE for hand-plucked leaf/stem ratio and hand-plucked dead material proportion in Ipypora and Mulato
Il pastures under continuous stocking during the dry and rainy seasons of 2 yr.

Variable Cultivar or season Year 1 Year 2 SE
Hand-plucked leaf/stem ratio lpypora 5.2Abt 10.8Ba 1
Mulato Il 4.5Ab 15.3Aa
Dry 2.1Bb 5.9Ba 1
Rainy 7.5Ab 20.2Aa
Hand-plucked dead material proportion (g kg™) Dry 150Ab 430Aa 7
Rainy 26Bb 70Ba

T Least squares means followed by a common uppercase letter in a column and lowercase letter in a row are not different by t test (P > 0.05).
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and P = 0.0024, respectively). First-year root and HM TNC
pools were greater (62 and 180 g m™2, respectively) than in
the second year (23 and 83 g m™2, respectively).

DISCUSSION

In forage-based livestock systems, diversification of forage
species 1s fundamental to reduce environmental risks.
Forage productivity is driven by favorable environmental
conditions, which allow cultivars to express their genetic
potential (Souza Sobrinho et al., 2011). Although base
temperatures are not likely to be similar among cultivars
(Moreno et al., 2014), if 11.1°C is considered the base
temperature for Brachiaria (Pequeno et al., 2014), there was
no temperature limitation to forage growth in the current
study (Gomes et al., 2019). During the dry season, growth
was mainly limited by reduced soil moisture (Euclides et
al., 2014) (Fig. 1).

Both cultivars (Mulato II and Ipypora) had lesser HM,
HA, HAR, and HBD values in the rainy season of the
second year (2017-2018) of grazing than in the first year
(2016—2017). A shorter period of water deficit (30 d less)

Table 11. Average and SE for hand-plucked herbage crude
protein (CP) and neutral detergent fiber (NDF) concentrations
in continuously stocked Ipyporda and Mulato Il pastures
during dry and rainy seasons of 2 yr.

Season
Variable Year Dry Rainy SE
———— gkg”
CP 1 110Abt 160Aa 4
2 100Ab 115Ba
NDF 1 575Ba 485Bb 7
2 665Aa 610Ab

T Least squares means followed by a common uppercase letter in the column and
lowercase letter in the row are not different by ¢ test (P > 0.05).

Table 12. Average and SE for hand-plucked herbage acid
detergent fiber concentration in continuously stocked Ipypora
and Mulato Il pastures during rainy and dry seasons of 2 yr.

Ipypora Mulato Il
Year Dry Rainy Dry Rainy SE
gkg™
1 305Bat 250Bb 310Aa 235Bb 20
2 355Aa 285Ab 305Ab 290Ab

T Least squares means followed by a common uppercase letter in the column and
lowercase letter in the row are not different by t test (P > 0.05).

Table 13. Average and SE for root and stubble N pools of
continuously stocked Ipypora and Mulato Il pastures across
two seasons during 2 yr.

Variables Year Ipypora Mulato Il SE
gm
Root N pool 1 27.6AbT 47.6Aa 2.0
2 17.8Ba 22.5Ba
Stubble N pool 1 33.2Aa 321Aa 1.3
2 22.5Ba 26.0Ba

1 Least squares means followed by a common uppercase letter in the column and
lowercase letter in the row are not different by ¢ test (P > 0.05).

and greater total rainfall (2147 mm) in the first compared
with the second year (1762 mm) explains some of this
response. In addition, the first sampling year represented
the year of pasture establishment. This is not considered to
be greatly significant in this case, however, because in this
environment, full pasture establishment can be achieved
within 60 d of planting, and measurements for this study
did not begin until nearly 150 d after planting. Perhaps
of greater importance than the extent of plant estab-
lishment during the year of planting is the proximity in
time to soil tillage operations that occurred during land
preparation leading to planting. Tillage has been shown
to shift the relationships between soil-C substrates and
microbial diversity, contributing to additional nutrient
mineralization (Lienhard et al., 2013). Soil organic matter
mineralization and turnover are important components
of soil fertility (Craswell and Lefroy, 2001), and greater
nutrient mineralization in the first year may have enhanced
the forage growth of Ipypori and Mulato II.

Pastures of Mulato II presented ~15% greater HA
and HAR than Ipypora. The lesser HA of Ipypord may
be related to the relative productivity of the B. ruziziensis
parent vs. other Brachiaria spp., which could somewhat
limit its genetic potential for growth (Rodrigues et al.,
2015; Euclides et al., 2018). Although both cultivars are
apomictic tetraploid hybrids, Mulato II has alleles from B.
ruziziensis, B. decumbens, and B. brizantha compared with
only B. ruziziensis and B. brizantha for Ipypora (Argel et
al., 2007).

The greatest leaf mass also occurred during the rainy
season for both cultivars and was associated with the
greatest HA. However, Mulato II had lesser leaf mass than
Ipypora during the rainy season, which may be attrib-
uted to spittlebug damage (Fig. 2). Ipypora is resistant to
spittlebug attack due to the antibiosis mechanism, which
affects the reproductive potential of the insect (Valle et al.,
2017). The spittlebug is abundant during the rainy season
in the Amazon biome (Fig. 2) as a result of greater temper-
ature and precipitation (Holmann and Peck, 2002). In this
study, foliar damage occurred only in Mulato II pastures.
It is important to highlight that Mulato II was released as a
spittlebug tolerant grass (Argel et al., 2007); however, it is
not tolerant of Mahanarva spp., the most common species
present in the Amazon biome. As this species has spread, it
has had a huge impact on forage—livestock systems.

In the dry season, Mulato II presented greater leat
mass and proportion than Ipypori. Mutimura and Everson
(2012) studied Mulato IT in a lower-precipitation (750 mm)
tropical environment in Africa and verified maintenance
of green leaves even under water stress conditions. In
Colombia, Mulato II reduced transpiration via stomatal
control, which allowed a longer growth period than other
Brachiaria spp. cultivars under water deficit (Cardoso et al.,
2015). Pequeno et al. (2015) reported that the superiority
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of Mulato II is related to greater leaf mass in the stubble,
mainly during the dry season, which resulted in faster
regrowth compared with other grasses.

Greater leaf/stem ratios in the dry season for Mulato
II and in the rainy season for Ipypord were associated
with greater leaf proportion or mass, respectively. Lesser
leaf/stem ratio occurred in the first year due to greater
stem proportion associated with greater HA and HAR.
Environmental conditions and management strategies
that enhance tropical forage growth also may increase
stem and dead material accumulation (Silva et al., 2016b).
Leat/stem ratio of Mulato II pastures decreased from 2.85
to 2.31 and 1.38 for canopies defoliated at 50-, 65- and
80-cm heights, respectively, with the progressive reduc-
tion in leaf/stem ratio attributed to greater stem elongation
driven by light competition (Cabral et al., 2017).

In the current study, the first-year LAI was 6% greater
than in the second year and 24% greater in the rainy than
in the dry season. Greater rainfall and possibly greater soil
nutrient levels in the first experimental year resulted in
the greatest leaf proportion and LAI. Under continuous
stocking, where leaves are constantly being removed, new
foliar tissue and its photosynthetic rate are responsible for
continued forage production (Parsons et al., 1983) and
persistence (Vendramini et al., 2012).

Herbage accumulation in grazed pastures is also
affected by the grazing strategy, which affects plant
morphology (Pedreira et al., 2017), physiology (Nasci-
mento et al., 2019), and nutritive value (Tesk et al., 2018).
Herbage bulk density is an important variable that influ-
ences accessibility of forage for animal intake (Hodgson,
1990). In this study, canopy height was similar among
cultivars and years; however, HM differed, resulting in
minor differences in HBD. This highlights the impor-
tance of a well-defined grazing strategy in sustaining
desirable canopy characteristics.

In the first year, greater HA was due to the greater leaf,
stem, and dead material mass; however, the greatest stem
and dead material proportions were measured in the second
year. This is consistent with previous work that showed
despite maintaining a near constant canopy height under
continuous stocking, dead material percentage increased
and leaf percentage decreased over time (Euclides et al.,
2019). In addition, dead material proportion increased
during the dry season, as a consequence of the leaf senes-
cence and water deficit (Euclides et al., 2008).

Improving pasture productivity (i.e., greater HA) is
only a first step toward enhancing forage-based livestock
systems, as animals must also consume the forage produced
and convert it into animal products (Hodgson, 1990).
Consumption and conversion are influenced by canopy
structure, plant-part composition, and nutritive value of
herbage selected by the animals (Tesk et al., 2018). The
hand-plucked leaf proportion was twofold greater, and

the stem proportion was 50% less than the proportions in
total HM, highlighting the importance of characterizing
composition of the grazed portion of the canopy (Trindade
et al.,, 2012). Mulato II presented greater leat proportion
during the dry season than Ipypora, which also resulted
in, on average, 9% greater CP than in Ipyporid. Mulato
IT CP concentrations were similar to those reported by
Vendramini et al. (2012), which varied from 100 to 131 g
kg ! under continuous stocking to the same 30-cm canopy
height used in the current study.

The CP concentration in the rainy season of the first
year was 40% greater than in the second year, even with the
same fertilization practices. This was likely a consequence
of increased organic matter mineralization (Lienhard et
al.,, 2013) in the first year, the year of planting, making
more nutrients available to the plant during that year and
increasing CP and HA. Overall, herbage CP was 30%
greater (32 g kg™!) in the rainy than in the dry season.
The N fertilization was applied during the rainy season
to ensure greater N use efficiency (Bourscheidt et al.,
2019). Moreover, in the rainy season, the plant produces
the greatest amount of new tissue, and most of this is
leaf, where the majority of CP is concentrated (Vargas et
al., 2013). The greatest proportion of the photosynthetic
enzymes is located in the leaves, and these enzymes are
responsible for the greater N concentration (Irving, 2015).

Although hand-plucked stem proportion was greatest
in first year, NDF and ADF concentrations were greater
in the second year due to greater dead material propor-
tion compared with the first year. Likewise, dry-season
NDF and ADF were greater as a result of increased dead
material. During the dry season, the production of new
leaves is reduced, and tissue senescence causes reduction
in cell contents and an increase in structural carbohydrates
and lignin, which decrease nutritive value (Echeverria et
al., 2016).

In grazed systems, it is important to understand
how grazing management affects the regrowth of each
cultivar to assure system longevity and sustainability.
Grazing management is a determinant of pasture persis-
tence (Sollenberger and Newman, 2007), and each forage
species presents adaptive features to address persistence
(Sollenberger et al., 2012). Under grazing, assimilate
partitioning to root and shoot is affected by leat removal
(intensity and frequency of grazing), which affects root
growth (Silva et al., 2016b). In our study, first-year HM
and root mass were ~15 and 85% greater than in the
second year, regardless of cultivar. Those results contrib-
uted to greater TNC concentrations and pools in root
and stubble mass in the first year than in the second year.
The TNC pool was greatly affected by the total organ
mass; thus, pastures with lesser stubble or root mass also
presented smaller TNC pools (Silva et al., 2016b). The
N concentrations, as well as the N pools, in the stubble
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mass and root were greatest in the first year, except for the
Ipypora that had a greater root N concentration in the first
year compared with the second year, probably due to their
greatest tussock number.

The large decrease in HA and organic reserves from
the first to the second year for both cultivars provides
evidence of the need for nutrient replenishment under
grazing (Bourscheidt et al., 2019). In a forage—livestock
system, efficiency of conversion of light energy into
biomass affected most by light level (Sheehy and Cooper,
1973), although it is also affected by nutrient availability.
In our study, declining second-year soil nutrient levels
relative to those in Year 1, especially K (71%) and to a
lesser extent Ca (50%) and Mg (23%), likely contributed
to lesser HA and reserve storage in the second than first
year (Table 1). The forage—livestock system sustainability,
when based on high producing cultivars, depends on both
soil fertility and grazing management to enhance and
maintain pasture productivity (Pedreira et al., 2018) and
levels of soil organic C (Lal, 2006).

SUMMARY AND CONCLUSIONS

In general, Mulato II and Ipypord were characterized by
excellent HA, leaf/stem ratio, and nutritive value, and
both persisted under continuous stocking when canopy
height was maintained at 30 cm. Forage—livestock opera-
tions should generally use several cultivars, and for that
reason, our data indicate that if greater productivity is the
primary objective, Mulato II is indicated due to its greater
HA than Ipypora. However, careful pest monitoring is
required and insecticide applications will likely be needed
for spittlebug control. The susceptibility of Mulato II to
spittlebug contributes to a more vulnerable system in the
Amazon biome, requiring greater attention to manage-
ment and likely greater inputs if stands are to persist. On
the other hand, although Ipypora had lower HA, there
were no concerns about spittlebugs, even in a severe-
risk region, which supports consideration of Ipypora as
an alternative for diversification of forage-based livestock
systems in the Amazon biome.

Conflict of Interest
The authors declare that there is no conflict of interest.

Acknowledgments

This work was supported by Unipasto (Association for the
Funding of Forage Breeding Research), Embrapa (Grant no.
02.14.01.011.00.08.004), and Acrinorte (Association of North-
ern Mato Grosso’s farmers) for the partnership with the beef
cattle used (44.771/2014 and 50.168/2017). The authors
acknowledge CAPES (Coordenac¢io de Aperfeicoamento de
Pessoal de Nivel Superior, Brazil) (Finance Code 001) and
FAPEMAT (Funda¢io de Amparo a Pesquisa do Estado de
Mato Grosso) for granting a scholarship to the first author.

References

ABIEC. 2019. Perfil da pecuaria no Brasil. Assoc. Bras. Ind. Expor-
tacdo http://www.abiec.com.br/controle/uploads/
arquivos/sumario2019portugues.pdf (accessed 20 Mar. 2019).

Allen, V.G., C. Batello, E.J. Berretta, J. Hodgson, M. Kothmann,
X. Li, et al. 2011. An international terminology for graz-

Carne.

ing lands and grazing animals. Grass Forage Sci. 66:2-28.
doi:10.1111/§.1365-2494.2010.00780.x

Alvares, C.A.,]J.L. Stape, P.C. Sentelhas, J.L.D.M. Gongalves, and G.
Sparovek. 2013. Koppen’s climate classification map for Brazil.
Meteorol. Z. 22:711-728. doi:10.1127/0941-2948/2013/0507

AOAC. 1990. Protein (crude) in animal feed. In: Official methods
of analysis of AOAC. 15th ed. Assoc. Official Analysis Chem.,
Arlington, VA. p. 70-74.

Argel, PJ.,JW. Milles, J.D. Guliot, H. Cuadrado, and C.E. Lascano.
2007. Cultivar Mulato IT (Brachiaria hibrida CIAT 36087): High
quality forage grass, resistant to the spittlebug and adapted to
well drained acid tropical soils. CIAT, Cali, Colombia.

Bourscheidt, M.L.B., B.C. Pedreira, D.H. Pereira, M.C. Zanette,
and J. Devens. 2019. Nitrogen input strategies in pastures:
Mineral fertilizer, bacterial inoculant and consortium with
forage peanuts. Sci. Electron. Arch. 12:137-147.

Cabral, C.E.A., L.C.R. Pesqueira-Silva, LV. De Barros, A.
Behling Neto, J.G. De Abreu, C.H.A. Cabral, et al. 2017.
Defoliation height and potassium fertilization of Mulato II
grass. Semin. Cienc. Agrar. 38:2719-2726. doi:10.5433/1679-
0359.2017v38n4SUPLp2719

Cardoso, J.A., M. Pineda, J. de la Cruz Jiménez, M.F. Vergara, and
.M. Rao. 2015. Contrasting strategies to cope with drought
conditions by two tropical forage C, grasses. AoB Plants
7:plv107. doi:10.1093/aobpla/plv107

Christiansen, S. 1982. Energy reserves and agronomic character-
istics of four limpograsses (Hemarthria altissima (Poir) staph et
CE Hubb) for Florida’s Flatwoods. PhD diss., University of
Florida, Gainesville.

Craswell, E.T., and R.D.B. Lefroy. 2001. The role and function of
organic matter in tropical soils. Dev. Plant Soil Sci. 61:7-18.
doi:10.1007/978-94-017-2172-1_2

Dias-Filho, M.B. 2012. Formac¢aPo e manejo de pastagens. Comun.
Téc. 235. Embrapa Amazonia Oriental, Belém, Para, Bra-
zil. https://www.infoteca.cnptia.embrapa.br/bitstream/
doc/937485/1/Oriental ComTec235.pdf (accessed 01 Jul. 2019).

Dias-Filho, M.B. 2014. Diagnoéstico das pastagens no Brasil.
Doc. 402. Embrapa Amazonia Oriental, Belém, Pari, Bra-
zil. https://www.infoteca.cnptia.embrapa.br/bitstream/
doc/986147/1/DOC402.pdf (accessed 19 Apr. 2019).

Echeverria, J.R., V.P.B. Euclides, A.F. Sbrissia, D.B. Montagner,
R.A. Barbosa, and N.N. Nantes. 2016. Forage accumulation
and nutritive value of the Urochloa interspecific hybrid ‘BRS
RB331 Ipypora’ under intermittent grazing. (In Portuguese,
with English abstract.). Pesqi. Agropecu. Bras. 51:880-889.
doi:10.1590/50100-204X2016000700011

Embrapa. 2018. Climatic data of the Embrapa Agrossilvipastoril.
Embrapa, Sinop, Mato Grosso, Brazil. https://www.embrapa.br/
agrossilvipastoril/estacao-meteorologica (accessed 10 Feb. 2019).

Euclides, V.P.B., M.C.M. Macedo, C.B. do Valle, R.A. Barbosa,
and W.V. Gongalves. 2008. Producio de forragem e carac-
teristicas da estrutura do dossel de cultivares de Brachiaria
brizantha sob pastejo. (In Portuguese, with English abstract.)
Pesqi. Agropecu. Bras. 43:1805-1812. doi:10.1590/S0100-
204X2008001200023

10 WWW.CROPS.ORG

CROP SCIENCE, VOL. 59, NOVEMBER—DECEMBER 2019


https://www.crops.org
http://www.abiec.com.br/controle/uploads/arquivos/sumario2019portugues.pdf
http://www.abiec.com.br/controle/uploads/arquivos/sumario2019portugues.pdf
https://doi.org/10.1111/j.1365-2494.2010.00780.x
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.5433/1679-0359.2017v38n4SUPLp2719
https://doi.org/10.5433/1679-0359.2017v38n4SUPLp2719
https://doi.org/10.1093/aobpla/plv107
https://dx.doi.org/10.1007/978-94-017-2172-1_2
https://www.infoteca.cnptia.embrapa.br/bitstream/doc/937485/1/OrientalComTec235.pdf
https://www.infoteca.cnptia.embrapa.br/bitstream/doc/937485/1/OrientalComTec235.pdf
https://www.infoteca.cnptia.embrapa.br/bitstream/doc/986147/1/DOC402.pdf
https://www.infoteca.cnptia.embrapa.br/bitstream/doc/986147/1/DOC402.pdf
https://doi.org/10.1590/S0100-204X2016000700011
https://www.embrapa.br/agrossilvipastoril/estacao
https://www.embrapa.br/agrossilvipastoril/estacao
https://doi.org/10.1590/S0100-204X2008001200023
https://doi.org/10.1590/S0100-204X2008001200023

Euclides, V.P.B., D.B. Montagner, R.A. Barbosa, and N.N.
Nantes. 2014. Pasture and grazing management of Brachi-
aria brizantha (Hochst) Stapf and Panicum maximum Jacq. (In
Portuguese, with English abstract.). Rev. Ceres 61:808-818.
d0i:10.1590/0034-737x201461000006

Euclides, V.P.B., D.B. Montagner, M.C.M. Macedo, A.R. Aragjo,
G.S. Difante, and R.A. Barbosa. 2019. Grazing intensity
affects forage accumulation and persistence of Marandu pali-
sadegrass in the Brazilian savannah. Grass Forage Sci. 74:450—
462. doi:10.1111/gfs.12422

Euclides, V.P.B., N.N. Nantes, D.B. Montagner, A.R. de Aragjo,
R.A. Barbosa, A.H. Zimmer, and C.B. Valle. 2018. Beef
cattle performance in response to Ipypord and Marandu bra-
chiariagrass cultivars under rotational stocking management.
Rev. Bras. Zootec. 47. doi:10.1590/rbz4720180018

Gomes, FJ., C.G.S. Pedreira, C. Bost, J. Cavalli, S.G. Holschuch, G.B.
Mourido, et al. 2019. Shading effects on Marandu palisadegrass
in a silvopastoral system: Plant morphological and physiological
responses. Agron. J. 111:1-9. doi:10.2134/agronj2019.01.0052

Hodgson, J. 1990. Grazing management: Science into practice.
Longman Sci. Tech., New York.

Holmann, F., and D.C. Peck. 2002. Economic damage caused
by spittlebugs (Homoptera: Cercopidae) in Colombia: A
first approximation of impact on animal production in Bra-
chiaria decumbens pastures. Neotrop. Entomol. 31:275-284.
do1:10.1590/51519-566X2002000200016

Irving, L. 2015. Carbon assimilation, biomass partitioning and
productivity in grasses. Agriculture 5:1116—1134. doi:10.3390/
agriculture5041116

Klingman, D.L., S. Miles, and G. Mott. 1943. The cage method for
determining consumption and yield of pasture herbage. Agron.
J. 35:739-746. doi:10.2134/agronj1943.00021962003500090001x

Lal, R. 2006. Soil carbon sequestrian in Latin American. In: R.
Lal, etal., editors, Carbon sequestration in soil of Latin Amer-
ica. Food Products Press, New York. p. 49-95.

Lienhard, P., S. Terrat, N.C. Prévost-Bouré, V. Nowak, T. Rég-
nier, S. Sayphoummie, et al. 2013. Pyrosequencing evidences
the impact of cropping on soil bacterial and fungal diversity
in Laos tropical grassland. Agron. Sustain. Dev. 34:525-533.
doi:10.1007/513593-013-0162-9

Littell, R.C., G.A. Milliken, W.W. Stroup, R.D. Wolfinger, and
O. Schabenberger. 2006. SAS® for mixed models. SAS Inst.,
Cary, NC.

Macedo, M.C.M., A .H. Zimmer, A.N. Kichel, R.G. Almeida, and
AR. Aragjo. 2013. Degradacio de pastagens, alternativas de
recuperacdo e renovacio, e formas de mitigacio. In: Encon-
tro de adubacio de pastagens da Scot Consultoria-Tec-Fértil.
Scot Consultoria, Ribeirdo Preto, Brazil. p. 1-42.

Moreno, L.S.B., C.G.S. Pedreira, KJ. Boote, and R.R. Alves.
2014. Base temperature determination of tropical Panicum spp.
grasses and its effects on degree-day-based models. Agric. For.
Meteorol. 186:26-33. doi:10.1016/j.agrformet.2013.09.013

Mutimura, M., and T.M. Everson. 2012. On-farm evaluation of
improved Brachiaria grasses in low rainfall and aluminium
toxicity prone areas of Rwanda. Int. J. Biodivers. Conserv.
4:137-154. doi:10.5897/1JBC10.121

Nascimento, H.L.B.d., B.C. Pedreira, L.E. Sollenberger, D.H.
Pereira, C.A.d.S. Magalhies, and F.H.M. Chizzotti. 2019.
Physiological characteristics and forage accumulation of
grazed Marandu palisade grass (Brachiaria brizantha) growing
in monoculture and in silvopasture with Eucalyptus urograndis.

Crop Pasture Sci. 70:384-394. doi:10.1071/CP18403

Nave, R.L.G., C.G.S. Pedreira, and B.C. Pedreira. 2010. Nutritive
value and physical characteristics of Xaraes palisadegrass as
affected by grazing strategy. S. Afr. J. Anim. Sci. 40:285-293.
doi1:10.4314/sajas.v40i4.65236

Parsons, AJ., E.L. Leafe, B. Collet, P.D. Penning, and J.M. Lewis.
1983. The physiology of grass productions under grazing. 2.
Photosynthesis, crop growth and animal intake of continuously
grazed sward. J. Appl. Ecol. 20:127-139. doi:10.2307/2403381

Pedreira, B.C., L.F. Domiciano, L. Vilela, J.C. Salton, W. Marchio,
F.J. Wruck, et al. 2018. Estado da arte e estudos de caso em
sistemas integrados de producdo agropecuaria no Centro-
Qeste do Brasil. In: E.D. Souza, et al., editors, Sistemas inte-
grados de produc¢io agropecuaria no Brasil. 1st ed. Copiart,
Tubario, Santa Catarina, Brazil. p. 277-300.

Pedreira, C.G.S., VJ. Silva, B.C. Pedreira, and L.E. Sollenberger.
2017. Herbage accumulation and organic reserves of palisade-
grass in response to grazing management based on canopy tar-
gets. Crop Sci. 57:2283-2293. doi:10.2135/cropsci2016.11.0957

Pequeno, D.N.L., C.G.S. Pedreira, and K. J. Boote. 2014. Simu-
lating forage production of Marandu palisade grass (Brachi-
aria brizantha) with the CROPGRO-perennial forage model.
Crop Pasture Sci. 65:1335-1348. doi:10.1071/CP14058

Pequeno, D.N.L., C.G.S. Pedreira, L.E. Sollenberger, A.F.G. de
Faria, and L.S. Silva. 2015. Forage accumulation and nutri-
tive value of brachiariagrasses and Tifton 85 bermudagrass
as affected by harvest frequency and irrigation. Agron. J.
107:1741-1749. doi:10.2134/agronj15.0115

Rodrigues, R.C., T.V.R. Sousa, M.A.A. Melo, J.S. Aratjo, R.P.
Lana, C.S. Costa, et al. 2015. Agronomic, morphogenic and
structural characteristics of tropical forage grasses in north-
east Brazil. Trop. Grassl.-Forrajes Trop. 2:214. doi:10.17138/
TGFT(2)214-222

Satterthwaite, F.E. 1941. Synthesis of variance. Psychometrika
6:309-316. doi:10.1007/BF02288586

Sheehy, J.E., and J.P. Cooper. 1973. Light interception, pho-
tosynthetic activity, and crop growth rate in canopies of
six temperate forage grasses. J. Appl. Ecol. 10:239-250.
doi:10.2307/2404727

Silva, VJ., C.G.S. Pedreira, L.E. Sollenberger, L.S. Silva, J.I. Yas-
uoka, and I.C.L. Almeida. 2016a. Canopy height and nitrogen
affect herbage accumulation, nutritive value, and grazing effi-
ciency of ‘Mulato II’ brachiariagrass. Crop Sci. doi:10.2135/
cropsci2015.12.0764

Silva, V.J., C.G.S. Pedreira, L.E. Sollenberger, L.S. Silva, J.I. Yas-
uoka, and I.C.L. Almeida. 2016b. Carbon assimilation, herb-
age plant-part accumulation, and organic reserves of grazed
‘Mulato II” brachiariagrass pastures. Crop Sci. 56:2853-2860.
doi:10.2135/cropsci2016.03.0148

Smith, D. 1981. Removing and analyzing total nonstructural
carbohydrate from plant tissue. Wisconsin Agric. Exp. Stn.,
Madison, WI1.

Soil Science Division Staff. 2017. Soil survey manual. USDA
Agric. Handb. 18. US Gov. Print. Office, Washington, DC.

Sollenberger, L.E., C.T. Agouridis, E.S. Vanzant, A J. Franzlueb-
bers, and L.B. Owens. 2012. Prescribed grazing on pasture-
lands. Conservation outcomes from pastureland and hayland
practices: Assessment, recommendation, and knowledge gaps.
Allen Press, Lawrence, KS. p. 111-204

Sollenberger, L.E., M.M. Kohmann, J.C.B. Dubeux, and M.L.
Silveira. 2019. Grassland management affects delivery of reg-
ulating and supporting ecosystem services. Crop Sci. 59:441—
459. doi:10.2135/cropsci2018.09.0594

CROP SCIENCE, VOL. 59, NOVEMBER—DECEMBER 2019

WWW.CROPS.ORG 11


https://www.crops.org
https://doi.org/10.1590/0034-737x201461000006
https://dx.doi.org/10.1111/gfs.12422
https://dx.doi.org/10.1590/rbz4720180018
https://dx.doi.org/10.2134/agronj2019.01.0052
https://doi.org/10.1590/S1519-566X2002000200016
https://doi.org/10.3390/agriculture5041116
https://doi.org/10.3390/agriculture5041116
https://doi.org/10.2134/agronj1943.00021962003500090001x
https://doi.org/10.1007/s13593-013-0162-9
https://doi.org/10.1016/j.agrformet.2013.09.013
https://doi.org/10.5897/IJBC10.121
https://doi.org/10.1071/CP18403
https://dx.doi.org/10.4314/sajas.v40i4.65236
https://doi.org/10.2307/2403381
https://doi.org/10.2135/cropsci2016.11.0957
https://dx.doi.org/10.1071/CP14058
https://doi.org/10.2134/agronj15.0115
https://doi.org/10.17138/TGFT(2)214-222
https://doi.org/10.17138/TGFT(2)214-222
https://doi.org/10.1007/BF02288586
https://doi.org/10.2307/2404727
https://doi.org/10.2135/cropsci2015.12.0764
https://doi.org/10.2135/cropsci2015.12.0764
https://doi.org/10.2135/cropsci2016.03.0148
https://doi.org/10.2135/cropsci2018.09.0594

Sollenberger, L.E., and Y.C. Newman. 2007. Grazing manage-
ment In: R.F. Barnes, et al., Forages: The science of grassland
agriculture. Blackwell Publishing, Ames, IA. p. 651-659.

Souza, A.P., L.L. Mota, T. Zamadei, C.C. Martim, F.T. Almeida,
and J. Paulino. 2013. Classificacdo climatica e balanco hidrico
climatologico no estado de mato grosso. (In Portuguese, with
English abstract.). Nativa (Sinop) 1:34—43. doi:10.14583/2318-
7670v01n01a07

Souza Sobrinho, F.,J.S. Lédo, and M.M. Kopp. 2011. Estacionalidade
e estabilidade de producio de forragem de progénies de Brachi-
araia ruziziensis. (In Portuguese, with English abstract.). Cienc.
Agrotec. 35:685-691. doi:10.1590/51413-70542011000400006

Tesk, C.R.M., B.C. Pedreira, D.H. Pereira, D.S. Pina, T.A.
Ramos, and M.A. Mombach. 2018. Impact of grazing man-
agement on forage qualitative characteristics: A review. Sci-
entific Electron. Archives 11:188-197.

Trindade, J.K.D., C.E. Pinto, F.P. Neves, J.C. Mezzalira, C.
Bremm, T.C.M. Genro, et al. 2012. Forage allowance as a
target of grazing management: Implications on grazing time
and forage searching. Rangeland Ecol. Manag. 65:382-393.
doi:10.2111/REM-D-11-00204.1

Valério, J.R., F. Zimermann, V. Torres, L. Cristina Da Silva, P.L.
Rodas, and M.C.M. Oliveira. 2012. Evaluating and screening
hybrids of the genus Brachiaria as to resistance to the spittle-
bug Mahanarva sp. (Hemiptera: Cercopidae). In: Abstracts, Reu-
nido Annual, Sociedade Brasileira de Zootecnia, Brasilia, DF.
23-26 July 2012. p. 3.

Valle, C.B., L. Jank, and R.M.S. Resende. 2009. Tropical for-
age breeding in Brazil forage. Rev. Ceres 56:460—472.
doi:10.1590/51984-70332011000500005

Valle, C.B.d., V.B.P. Euclides, D.B. Montagner, J.R. Valério, A.B.
Mendes-Bonato, J.R. Verzignassi, et al. 2017. BRS Ipypori
(“belo come¢o” in guarani): Embrapa hibrido de Brachiaria.
(In Portuguese, with English abstract.) Comun. Téc. 132.
Minist. Agric., Pecu. Abastecimento, Brasilia. doi:10.13140/
RG.2.2.24576.64002

Van Soest, P.J., J.B. Robertson, and B.A. Lewis. 1991. Methods for
dietary fiber, neutral detergent fiber, and nonstarch polysac-
charides in relation to animal nutrition. J. Dairy Sci. 74:3583—
3597. doi:10.3168/jds.S0022-0302(91)78551-2

Vargas, F.M., Jr.,, M.M. Socorro, J.C.A. Setti, G.S. Pinto, C.F.
Martins, J.A.A. Costa, et al. 2013. Disponibilidade e valor
nutritivo de gramineas tropicais sob pastejo com ovinos.
(In Portuguese, with English abstract.) Rev. Arch. Zootec.
62:295-298. doi:10.4321/50004-05922013000200016

Vendramini, ].M.B., L.E. Sollenberger, G.C. Lamb, J.L. Foster, K.
Liu, and M.K. Maddox. 2012. Forage accumulation, nutri-
tive value, and persistence of “Mulato II” brachiariagrass in
northern Florida. Crop Sci. 52:914-922. doi:10.2135/crop-
$¢i2011.06.0338

Wolfinger, R. 1993. Covariance structure selection in general
mixed models. Commun. Stat. Simul. Comput. 22:1079—
1106. doi:10.1080/03610919308813143

12 WWW.CROPS.ORG

CROP SCIENCE, VOL. 59, NOVEMBER—DECEMBER 2019


https://www.crops.org
https://doi.org/10.14583/2318-7670.v01n01a07
https://doi.org/10.14583/2318-7670.v01n01a07
https://doi.org/10.1590/S1413-70542011000400006
https://doi.org/10.2111/REM-D-11-00204.1
https://dx.doi.org/10.1590/S1984-70332011000500005
https://dx.doi.org/10.13140/RG.2.2.24576.64002
https://dx.doi.org/10.13140/RG.2.2.24576.64002
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.4321/S0004-05922013000200016
https://dx.doi.org/10.2135/cropsci2011.06.0338
https://dx.doi.org/10.2135/cropsci2011.06.0338
https://doi.org/10.1080/03610919308813143

