Australian Journal of

Crop Science

AJCS 13(11):1826-1832 (2019) ISSN:1835-2707
doi: 10.21475/ajcs.19.13.11.p1855

Herbage production, botanical and plant-part composition of mixed black oat (Avena strigosa
Scherb.) annual ryegrass (Lolium multiflorum Lam.) pastures under different management
strategies

André Brugnara Soares'*, André Luis Finkler da Silveira?, Tangriani Simioni Assmann?, Daniel Schmitt?

1Agronomy Department, Federal University of Technology Parana, Campus Pato Branco, Via do Conhecimento km
01, municipality of Pato Branco, PR, Brazil

2Agronomic Institute of Parana, Rodovia BR 158, n25.517, Brazil

3santa Catarina State University, Avenida Camdes 2090, Lages, SC, Brazil

*Corresponding author: soares@utfpr.edu.br
Abstract

Mixing annual ryegrass and black oat can improve forage production in subtropical and temperate areas with integrated crop-
livestock systems. Thus, we evaluated the forage production dynamics of mixed annual ryegrass-black oat pastures under different
management strategies based on canopy height and supplement level. Pastures were continuously stocked with Boer goats at two
grazing heights (12 or 21 cm); animals received or did not receive energy supplements (0 and 15 g kg of body weight). These
treatments were applied using a factorial scheme (2 x 2) and randomized block design with three replications. We evaluated the
herbage accumulation rate (kg of DM h'1 day1) using the exclusion cage technique, herbage mass (HM, kg of DM ha1) using the
double sampling technique, and botanical and plant-part composition (%) of destructive samplings. Supplementation had no effect
on the parameters measured (P < 0.05). Annual ryegrass become the predominant species during the experimental period and
mainly at the lowest canopy height. Total herbage production during the 131 days of pasture utilization was 10,280 kg of DM haL.
The herbage accumulation rate was similar between the two canopy heights; however, it varied throughout experimental period.
Leaf lamina mass was lower in treatments 12 cm up to 102 after sowing; after that, they were equivalent. At the end of the study,
herbage mass was 2720 kg DM ha! with the 21-cm treatment and 2170 kg DM ha! with the 12-cm treatment. It is recommended
to maintain mixed annual ryegrass-black oat pastures at 12 cm in height. Reasons are discussed throughout the text.
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Introduction

The climatic conditions in southwestern Parana state, Brazil, composition, in turn, affects the foraging strategies adopted
as well as those of the rest of the southern region of the by the animals, and, consequently, their performance and
country, are highly conducive to the growth of using annual efficiency in using the food resource. According to the
cool-season grasses. These species are good options for Brazilian Institute of Geography and Statistics (IBGE, 2014),
reducing forage shortages and feeding livestock, because the effective herd of goats in Brazil is 9.3 millions, 2% of
they are acceptable and nutritious for grazing animals. which are found in Parand state (181,984 head). The limited
The recommendation to intercrop cool-season forage involvement of Parana state in terms of the number of
species such as black oat (Avena strigosa Scherb.) and animals produced can be explained by scarcity of studies on
annual ryegrass (Lolium multiflorum Lam.) is based on the management of areas grazed by goats, particularly those
lengthening the period of pasture usage. The early growth involving cool-season forage grasses. The adoption of
and shorter vegetative period of black oat crops can be appropriate practices to manage seasonal intercropped
offset by the later production peak of ryegrass, which is species could result in both a cheaper source of feed for
known for its natural reseeding (Duchini et al., 2016; Guzatti animals and increased soil coverage during periods with mild
et al.,, 2015) and resistance to disease. Optimization of temperatures. Thus, an understanding of the dynamics of
pasture production, however, depends on both efficient the structural and botanical components of a given pasture
grazing management and supplementation strategies. Thus, can aid in designing adequate management strategies for
the quantity of forage available, which can be manipulated the production of feed for herds. The aim of this study was
by different pasture management approaches (such as pre- to evaluate the forage production dynamics in mixed black
defining grazing heights), has important effects on a oat ‘IAPAR 61’ annual ryegrass ‘Sao Gabriel’ pastures grazed
pasture’s botanical and structural composition. This by goats that received or did not receive supplements.
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Results and discussion

Supplementation did not affect any of the grazing
parameters evaluated; thus, thus, the function of canopy
height and period during which pastures were grazed will be
presented.

Grazing heights

The use of variable stocking rates to obtain two constant
canopy structures was effective (Table 1). This is because,
during the experimental periods, there was a difference
between high and low grazing heights (P < 0.05). The data
obtained shows that pasture management based on planned
canopy heights was adequate. In every period, the intended
heights of 12 cm and 21 cm were, in fact, different, and
there was no difference between periods with different
grazing intensities; thus, a coefficient of variation of 13.5%
was obtained for canopy heights.

Pasture management through controlled canopy height is a
simple and reliable way to use farmland because it has a
direct relationship with herbage mass and canopy structure.
These relationships were confirmed by Aguinaga et al.
(2008), who found increases of 86.3 and 130 kg of dry mass
(DM) cm™? of height, respectively. In a study of black oat and
annual ryegrass pastures, Carvalho et al. (2010) found that,
for each centimeter of canopy height, there was an increase
of approximately 108 kg of DM hal. Another finding
regarding canopy height was that goats grazed in a relatively
uniform way. The treatments in this study were similar at
both heights; therefore, no areas were overgrazed or
undergrazed.

Herbage mass and plant-part composition

There was interaction between sward height and
experimental period (P < 0.05) in determining herbage mass
(Table 2). Herbage mass differed by grazing height only
during the second (75-102 days after sowing [DAS]) and third
(103-130 DAS) periods. Because herbage mass was not a
management criterion, it was associated with greater height
variation: its coefficient of variation was 24.0%. Both the
differences in herbage mass and the effect of grazing
intensity could be attributed to variation in the botanical
and structural composition of the pastures (Figure 2), as well
as to possible changes in pasture bulk density, because one
of the management criteria was to maintain relatively
constant canopy heights. At 21 cm height, greater herbage
mass may have been the result of black oat accumulation at
the end of the vegetative cycle or the result of greater
elongation of internodes, which increase the percentage of
DM (Duchini et al., 2016).

Bremm et al. (2005), evaluating the intercropping of black
oat and annual ryegrass with different amounts of
supplementation, found the following herbage masses
(measured in kg of DM ha1) and pasture heights (measured
in cm) in their four experimental periods: 977 and 16; 1112
and 12; 1360 and 15; 1590 and 16, respectively. Similar
values were found with low height canopies in the first four
experimental periods (up to 158 DAS) in the current study.
For annual ryegrass grazed by lambs, Pontes et al. (2004)
recommended canopy heights of approximately 12 cm.
These authors also reported that optimization of biomass
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flows takes place when pastures are maintained between
10-15 c¢cm height. This is also the range in which lambs
showed the greatest gains in daily weight and the greatest
gains per hectare. Roman et al. (2007), however, reported
that herbage mass between 1,100 and 1,800 kg of DM ha
did not limit herbage intake and resulted in the same live
weight gain per hectare, with similar efficiency in
transforming forage into animal product. Similarly, Mott
(1984) showed that the availability of forage required for
maximal performance of temperate forage species is
between 1,200 and 1,600 kg ha! of DM.

The herbage mass quantities found in the last experimental
period (159-187 DAS) at both the lower height (2,170 kg of
DM ha') and the greater height (2,720 kg of DM ha) were
above the management recommendations of Assmann et al.
(2003) for crop-livestock systems in clay soils. These authors
recommended a constant of approximately 2,000 kg ha! of
cover crop biomass for no-till systems. In contrast, the
values found in our study were lower (3,800 kg of DM ha1)
than those recommended by Wesp et al. (2016) to overcome
the effect of animal trampling on soil physical
characteristics. The greatest herbage mass in the final period
(159-187 DAS) of pasture usage was the result of the
prolonged vegetative cycle of these species; however, this
was associated with an increase in the stem and dead
material proportions (Figure 3). If pasture management is
considered in a crop-livestock integration system, the
increase in herbage mass from September is very convenient
for maintaining the minimum amount of cover biomass in
no-tillage systems.

There was an interaction between canopy height and
experimental period (P < 0.05) in terms of the leaf lamina
mass of both black oat and ryegrass, as shown in Figure 2A.
In the initial periods of pasture usage (up to 130 DAS), higher
leaf blade mass values were observed with the higher
canopy height. Because different structures were formed
with the two treatments, the lower herbage mass and effect
of grazing may have led to the reduced amount of leaf
blades in these periods. Both the "high" and "low" canopy
heights resulted in larger leaf blade masses in August (the
third experimental period; 103-130 DAS), as shown in Figure
2B. This pattern may be the consequence of greater forage
accumulation than that in the first grazing period (54-74
DAS; Figure 1), which coincided with increased ryegrass in
the herbage mass. During that period (which was the middle
of the vegetative stage), the plants mostly produced leaf
blades, which explains the increased quantity observed.

The contribution of leaf lamina to forage mass is important
because it affects the nutritive value of the forage. Because
leaf lamina are the most nutritious component of the
grasses and also the one that animals most frequently
choose when grazing, they should receive more attention
than total herbage production. Animal intake and
production are more correlated with the amount of dry leaf
mass than total forage mass (Sollenberger and Burns, 2001).

There was an interaction between sward height and
experimental period (P < 0.05) in terms of the stem mass of
black oat grass (with a coefficient of variation of 38.3%) and
ryegrass (with a coefficient of variation of 58.7%), as shown
in Figure 3. In the second (75-102 DAS) and third (75-102
DAS) periods, there was a greater stem mass with greater
sward height (Figure 3A). A greater pasture height increased
elongation of internodes (mainly from black oat), which



Table 1. Average canopy height (cm) registered throughout the experimental period in mixed black oat — annual ryegrass pastures
maintained at two canopy heights by continuous stocking method.

. Canopy height
Days after sowing
High (21 cm) Low (12 cm)
54-74 22 Ab 15 Aa
75-102 24 Ab 13 Aa
103-130 23 Ab 12 Aa
131-158 20 Ab 12 Aa
159-187 17 Ab 9 Aa
Mean 21 12
13.5%

Coef. of variation

Averages followed by the same uppercase letter in the column and the lowercase letter in the row did not differ from each other according to the Tukey test when a<0.05.
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Herbage Accumulation Rate
(kg DM ha'! day™?)

54-74 75-102  103-130  131-158  159-187
Days after sowing

Fig 1. Herbage accumulation rate (kg DM ha! day) registered throughout the experimental in mixed black oat — annual ryegrass
pastures maintained at two canopy heights by continuous stocking method. Vertical lines represent the standard error of the mean

(SEM).

Table 2. Herbage mass (kg DM ha1) registered throughout the experimental period in mixed black oat — annual ryegrass pastures
maintained at two canopy heights by continuous stocking method.

. Canopy height
Days after sowing High (21 cm) Low (12 cm)
54-74 1520 Ca 900 Ba
75-102 1950 ABCa 1010 Bb
103-130 2540 ABa 1400 Bb
131-158 1870 BCa 1530 ABa
159-187 2720 Aa 2170 Aa
Mean 2120 1400
Coef. of variation 34%

Means followed by the same uppercase letter in the column and the lowercase letter in the row did not differ from each other according to the Tukey test when a<0.05.
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Fig 2. Leaf blade mass (kg of DM ha!) registered throughout the experimental in mixed black oat — annual ryegrass pastures
maintained at two canopy heights by continuous stocking method. Different uppercase letters within each period (A) or at each
sward height (B) differ according to the Tukey test when p<0.05. Vertical lines represent the standard error of the mean (SEM).
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Fig 3. Stem mass (kg of DM ha1) registered throughout the experimental in mixed black oat — annual ryegrass pastures maintained
at two canopy heights by continuous stocking method. Different uppercase letters within each period (A) or at each sward height
(B) differ according to the Tukey test when p<0.05. Vertical lines represent the standard error of the mean (SEM).
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Fig 4. Dead material (kg of DM ha) registered throughout the experimental in mixed black oat — annual ryegrass pastures
maintained at two canopy heights by continuous stocking method. Different uppercase letters within each period (A) or at each
sward height (B) differ according to the Tukey test when p<0.05. Vertical lines represent the standard error of the mean (SEM).

resulted in more stem mass than observed with the lower
sward height. Both the "high" and "low" canopy heights
were associated with greater stem masses in the last
experimental period (159-187 DAS; Figure 3B): the quantities
were 1,530 kg ha and 1,110 kg ha'l, respectively. A higher
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proportion of stems during this period, which was
independent of the canopy height, represented the end of
the plant cycle. According to Dove (1998), plant aging leads
to a decreasing leaf proportion and an increasing stem and
inflorescence proportion. The amount of stems relative to



leaf blades has important effects on grazing and selectivity
by animals. Animals select their forage structures based on
the ease of chewing and ingestion, and they prefer forage
that can be ingested more quickly (Kenney and Black, 1984).
The ease that animals experience during prehension
depends on canopy structure and elongation of internodes
(Carvalho, 2013). In addition, increasing stems and
decreasing the leaf:stem ratio generally decreases forage
bulk density (Sollenberger and Burns, 2001). The height of
the stem/pseudo-stem layer may represent a barrier for
greater depth of bite into the canopy level (Fonseca et al.,
2012; Mezzalira et al.,, 2014). After comparing goat
preferences, Bratti et al. (2009) reported that animals spent
more time grazing in areas with a greater leaf:stem ratio. In
our study, the average leaf:stem ratio was about 1:4-1.3.
When one considers the goats' preference for more leaf
blades, it is likely that, at the lower canopy height, the
canopy structure was more appropriate for grazing.

There was an interaction between canopy height and the
experimental periods (P<0.05) in terms of dead material
from oat grass and ryegrass (Figure 4). There was a
difference between the two canopy heights only in August
(103-130 DAS; P<0.05). This difference was likely due to the
greater proportion of black oat in the herbage mass when
the pasture height was kept at 21 cm. Because black oat
finishes its production cycle prior to ryegrass, a greater
accumulation of dead material in the pasture can be
expected.

Thus, the greater canopy height allowed the animals to
select specific plant parts and species. This selection can
contribute to a greater accumulation of dead material
because forage harvest efficiency is less with greater canopy
heights (Silva et al., 2016). When pastures are less intensely
defoliated, forage plants eliminate leaf blades from the
lower strata because the blades result in a negative carbon
balance (Parsons et al., 1988; Chapman 2016). Grant et al.
(1981) found higher rates of leaf senescence in plots with
greater canopy heights, and they reported a greater
proportion of mature or senescent tissues, as well as
reduced light penetration, in pastures with higher canopies.
When considering all of the experimental periods, the
amount of dead material was higher in the last period (159-
187 DAS) than the first period (54-74 DAS) at both the 21-cm
height and the 12-cm height (P < 0.05; Figure 4B). Thus,
there was an increase in the proportion of dead material
over the period of pasture use a phenomenon that is a
natural consequence of the plant cycle.

Daily herbage accumulation

The daily herbage accumulation rate was similar between
the two canopy heights. The coefficient of variation obtained
for this variable was 29.5%. A similarity in accumulation
rates between grazing heights has also been found by other
researchers working with mixed pastures (Aguinaga et al.,
2008; Carvalho et al., 2010). Herbage accumulation at the
lower sward height may be favorable because of the greater
proportion of ryegrass, which is a species that is both highly
tolerant of grazing (Young et al., 1996) and highly productive
(Duchini et al., 2016). Even at a higher grazing intensity (12
cm), ryegrass is able to maintain a good leaf area close to
the soil, in a way that stimulates plant regrowth. The daily
herbage accumulation rate varied from 48 to 86 kg ha! day"
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1, with an average of 60.4 kg of DM ha-! dayl. These values
are close to those described Duchini et al 2016.

The effect of experimental period on accumulation rate (P <
0.05) can be seen in Figure 1. The highest accumulation rate
occurred in September (103-130 DAS), and this rate differed
significantly only from those associated with the two first
experimental periods (P < 0.05). The similarity between the
growth curves of each species may explain these results. It is
possible that the greater accumulation in the third
experimental period (103-130 DAS) resulted from the peak
in ryegrass growth. This conclusion is consistent with the
changing botanical composition of the pasture, which is an
advantage of intercropping these two forage species. The
pastures presented different percentages of black oat and
ryegrass at 21 cm in height: values of 91% and 7%; 76% and
15%; 65% and 23%; 39% and 44%, and 0% and 84% of black
oat grass and rye grass, respectively, were recorded on the
different evaluation dates. Meanwhile, at a height of 12 cm,
the percentages of black oat grass and ryegrass in each
period were 96% and 3%; 54% and 25%; 28% and 67%; 12%
and 77%; and 0% and 88%, respectively. These values show
that, with the lower canopy height, the role of ryegrass was
already evident in the second experimental period (75-102
DAS), and that it was the dominant crop beginning the third
period (103-130 DAS). The same result was not found at the
greater canopy height. Therefore, in mixed black oat-
ryegrass pastures, a 12-cm height is better because it allows
for ryegrass to contribute to herbage mass sooner. High
forage accumulation rates within a short period of time
allow for the large accumulation of dry material, which
needs to be consumed to prevent significant losses in quality
and may result in a canopy that is unfit for animal
consumption.

Total forage production during the entire experimental
period (131 days) was 10,280 kg of DM hal. This value
demonstrates the potential of intercropping black oat and
ryegrass in highly fertile soils and using nitrogen fertilization.
Aguinaga et al. (2008) obtained 10,721 kg of DM ha? in
mixed black oat-annual ryegrass pastures. In terms of crop-
livestock systems, the production levels observed in this
experiment show that there can be high production of
forage for animals with an appropriate amount of residual
biomass to maintain a no-tillage system.

Materials and methods
Site and pasture establishment

This experiment was performed from April to October 2009
at the Agricultural Research Institute of Parana State in Pato
Branco, Parana, Brazil (26207' South; 52239' West). The soil
at this site is classified as rhodic ferralosol rich in clay (Soil
Survey Staff, 2006) with the following chemical
characteristics: P = 12.9 mg dm, organic matter = 59.0 g
dm3, pH = 4.9 in CaCly, Ca =5.7 cmolc dem3, Mg = 2.6 cmolc
dem3, K = 0.8 cmolc dem3, and Al = 0.3 cmolc dem3. The
local climate reflects the transition between humid and
subtropical Cfa and Cfb climates, according to the Képpen
classification system (Alvares et al., 2014). Meteorological
data was registered by the IAPAR-Pato Branco Station. The
average monthly temperature during the experiment was
16.3°C and average monthly rainfall was 170.4 mm. Rainfall
was distributed well throughout the experiment. The lowest



temperature registered was -1.9°C, which occurred on July
25 (92 DAS), whereas the highest temperatures (30.2°C and
30.3°C) occurred on October 4 and 5 (163-164 DAS),
respectively.

Annual ryegrass was broadcast seeded on April 24 using 27
kg of seeds per hectare. This was followed by fertilization
and black oat seeding by sower machine with 17 cm
between rows and a density of 55 kg of seeds per hectare.
Fertilizer was applied at 200 kg/ha using the 10-30-10
formula (20 kg of N ha1, 60 kg of P,0s hal, and 20 kg of K,O
ha1). Nitrogen fertilizer was applied three times manually, at
50 kg of N/ha each time. The pasture was first used on June
17, 2009, which was 54 DAS, and it presented an average
herbage mass of 1054.8 kg of DM hal. The grazing period
was 131 days, covering five experimental periods and lasting
until October 30, 2009. For the herbage analyses, samples
were collected on the following dates: June 17 (54 DAS), July
8 (75 DAS), August 5 (103 DAS), September 2 (131 DAS),
September 30 (159 DAS), and October 28 (187 DAS). The
interval between the first two dates was 21 days and was 28
days between all of the other dates.

Treatments and experimental design

The experimental design was a randomized block design
with four treatments and three replications. Treatments
were the combination in factorial scheme (2x2) between
two canopy heights (12 and 21 cm) and two amounts of
energetic supplements (0 and 15 g kg1 of body weight). Each
paddock (replication) was grazed by three Boer goats (Capra
aegagrus), plus a variable number of put-and-take animals
to maintain canopy height targets. The stocking method was
continuous with a variable stocking rate that was adjusted
according to the put-and-take technique (Mott and Lucas,
1952) to maintain canopy height targets. The canopy heights
were monitored weekly with a sward stick (Bartham, 1985)
in 35 random points per plot. The animals had unlimited
access to water and mineral supplements. The animals that
received supplements were fed half of the feed (ground
corn) at 8:30am and the other half at 4:00pm on a daily
basis. They received a total of 15 g kg'lday! of body weight
of these supplements.

Analyzed variables

The herbage accumulation rate (kg of DM h'l day?) was
estimated using the technique described by Campbell
(1966). Before the animals were allowed into the pasture,
three grazing exclusion cages were placed in areas that
represented the herbage mass of each plot. The herbage
mass (HM, kg of DM ha!) was evaluated every 21 or 28 days
(depending on the period) using the double sampling
technique (Haydock and Shaw, 1975). The total production
of dry material (kg of DM ha'l) was calculated as the sum of
herbage production observed over the course of the
experimental periods (herbage accumulation rate * number
of days in the period) plus the initial herbage mass. The
botanical and structural composition of the pasture (kg of
DM ha'l) was estimated after manual separation of the leaf
lamina and stem components from the oat and ryegrass. The
estimation also considered the dead material from the three
forage samples taken from each plot; these samples were
collected from 0.051m?2 areas. The samples were weighed

1831

and pre-dried in an oven with natural convection at 552C for
72 hours until a constant weight was reached.

Data analysis

After the assumptions of normality and homogeneity of
variances were satisfied, an analysis of variance was applied
to the data using a general linear model (GLM) procedure
and a Pearson correlation coefficient. To compare the
effects of treatments, the Tukey test was conducted with an
a-value of 0.05 in SAS statistical software (1999) using the
GLM procedure. The general model used in the analysis of
variables is represented by the following: Yiu = p + Bi + Aj +
Sk + (AS)i + (BAS)ik + vi + (Ay); + (Sy)u + (ASy)j + €iji, where
Yija represents the possible answers; p is an average of all of
the observations; B; is the effect of block i; A; is the effect of
height j in the pasture; Sk is the effect of amount k of the
supplement; (AS)jx represents the interaction between the
height j and amount k of the supplement; (BAS)j is a
random effect due to the interaction between block i, height
j, and amount k of the supplement (error a); y; is the effect
of period | observed (period); (Ay); is the effect of the
interaction between the height j and period /; (Sy)u is the
effect of the interaction between amount k of the
supplement and period /; (ASy)u is the effect of the
interaction between height j, amount k of the supplement,
and period [, and €ju represents random, assumed
independent, and normally distributed error (error b).

Conclusion

In pastures with intercropped black oat grass and ryegrass
that is grazed by goats, it is recommended to maintain
canopy height around 12-cm for the early development of
ryegrass. This height makes it possible to take advantage of
ryegrass’s production potential in intercropping during
pasture use. Similarly, this lower canopy height creates
canopy conditions that are more conducive to grazing by
goats. The structure of the canopy changes according to
sward height and growth cycle of the species and varies over
the period of pasture use. These changes result in an
increase in stem mass and dead material at the end of each
cycle.
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