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Abstract

The objective of this work was to determine the impact of cutting Tifton-85 grass at 14, 28, 42, 46, 70, and
80 days of regrowth on its production and nutritional characteristics during the rainy season. The study area
of 238 m2 was divided into four sub-area, with 6 plots of 2 x 2 m spaced 1 m between plots and 2 m between
sub-area. Random block design was used. The statistical analyses were performed following a randomized
block design. Results were obtained as means from evaluations conducted in two consecutive years. The
neutral detergent fiber (NDF) and acid detergent fiber (ADF) increased as the cutting age increased.
However, crude protein, NDF nitrogen, ADF nitrogen and leaves/stem relationship decreased as the cutting
age increased. The production of digestible dry matter increased linearly as the cutting age increased.
Similarly, grass height, green matter and dry matter production (DMP) increased as the cutting age
increased. The different cutting age did not influence the nitrogen A, B1 + B2, and B3 fractions of the grass.
However, the C fraction increased as the cutting age increased. Longer intervals between cuts increased the
grass productivity per cut, but compromised its nutritional composition and leaves/stem relationship. For
Tifton -85, the regrowth age of 28 days allows greater production of dry matter and greater accumulated
production of crude protein and digestive dry matter in the rainy season or over time.
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1. Introduction

The efficiency of herbivore production is directly associated with the utilization of high-quality grass
resources. Provision of cropped grass is an alternative often chosen by producers to supply their system
demands. Among the many options, Tifton-85 grass (Cynodon spp.) has been widely utilized for hay and
haylage production due to its nutritional quality and high productivity.

Grass nutritional quality is mostly determined by the stage of maturity of the plant, but the regrowth
interval between grass cutting influences productivity and chemical composition. In Brazil, there are great
differences between climatic and soil characteristics and climate and variations in the effects of age regrowth
on the performance and nutritional value of tropical grasses can vary under different edaphoclimatic
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conditions. Grasses that have been harvested with a longer interval of regrowth show higher dry matter
(DM) productivity, but poorer quality in comparison with grasses harvested with a shorter regrowth period
(Van Soest 1994). Oliveira et al. (2014) note that Cynodon spp. grasses have a linear decrease in effective
degradability with an increasing regrowth age. Investigations conducted by Mislevy and Martin (1998) have
shown that longer grass regrowth intervals increased Tifton-85 productivity at harvesting. However,
(Campos et al. 2010) observed that longer grass regrowth decreased Tifton-85 crude protein (CP, % DM),
and increased neutral detergent fiber (NDF) and acid detergent fiber (ADF). These differences are related to
characteristics of the plant and the nutritional value, not only by the content of nutrients such as crude
protein, but also by the characteristics of these nutrients. Due to the lack of information more studies on
nutrient fractionation are needed. Thus, long grass regrowth intervals can negatively affect the performance
of dairy and beef systems despite the increase in grass productivity. As high yield is crucial for system
sustainability, an optimized time frame for harvesting could allow greater production and nutritional quality
of the plant. Therefore, the understanding of good forage management practices is a key for better livestock
productivity.

Many authors have studied Tifton-85 production and nutritional parameters. However, the rate at
which such changes occur is specie- or cultivar-specific and can be influenced by environmental conditions.
The climate varies from one year to another, so for more consistent results, work is needed that considers
at least two harvests or two years of evaluation. Therefore, it is important to analyze forage growth in order
to define better forage management strategies. The objectives of this study were to evaluate the production
and nutritional parameters of Tifton-85 grass at different regrowth ages during two consecutive rainy
seasons in Brazil.

2. Material and Methods

The study was conducted on a farm located at Conselheiro Lafaiete, Minas Gerais, Brazil (20.75431
°S, 43.8174 °E), which has been cropping Tifton-85 grass for over five years for hay production. Grass samples
were harvested over 84 days during the rainy seasons of 2012/2013 and 2013/2014. Rainfall was 481 mm
during 2012/2013 and 600 mm during 2013/2014 (Figure 1). According to the classification established by
K6ppen, the climate conditions of the region are similar to dry winter in subtropical areas with temperatures
lower than 18°C at 1027 m.

Soil chemical characteristics in depth of 0-20 cm and 20-40 cm, respectively, were: pH = 5.6 and 5.4;
phosphorus (resin) = 13.0 and 12.0 mg dm-3; phosphorus (Mehlich) = 14.0 and 8.0 mg dm-3; potassium =
0.8 and 0.5 mmolc dm-3; calcium = 17.7 and 12.0 mmolc dm-3; magnesium = 8.7 and 5.6 mmolc dm-3;
aluminum = 0.0 and 0.0 mmolc dm-3; potential acidity = 19.0 and 19.0 mmolc dm-3; sum of basis = 27.1 and
18.0 mmolc dm-3; cation-exchange capacity (T) = 46.1 and 37.0 mmolc dm-3; saturation for basis = 58.8 and
48.7%; potassium = 1.6 and 1.2% T; calcium = 38.4 and 32.4%T; magnesium = 18.9 and 15.1%T; organic
matter = 17.1 and 13.6 g dm-3; organic carbon = 9.9 and 7.9 g dm-3; sulfur = 5.5 and 9.9 mg dm-3; boro =
0.16 and 0.14 mg dm-3; cobre = 0.50 and 0.30 mg dm-3; iron = 19.80 and 11.20 mg dm-3; manganese = 0.70
and 0.30 mg dm-3; zinc = 0.70 and 0.40 mg dm-3; clay = 42.0%; sand = 23.9%; silt = 34.1%. The study area of
238 m2 was divided into four sub-area, with 6 plots of 2 x 2 m spaced 1 m between plots and 2 m between
sub-area. Grass cutting order on each sub-area was determined randomly, and grass was harvested at 14,
28,42, 56, 70, and 84 days of regrowth. In 2012-2013, one sample of grass at each regrowth age was taken,
and in 2013-2014, two samples were collected for each regrowth age, spaced over two regrowth cycles of
84 days.

In October of 2012, Tifton-85 grass was cut to within 2 cm above ground level in order to standardize
the whole area. Thereafter, the area was chemically and biologically fertilized with MAP (mono ammonium
phosphate), ammonium sulfate, potassium chloride in order to supply 100 kg of nitrogen per hectare (N/ha),
and poultry bedding in the amount of 5 tons per hectare.

In November of 2013, Tifton-85 grass was again cut to within 2 cm above ground level in order to
standardize the whole area. The soil was chemically fertilized with 20-00-20 of N-P-K in order to supply 100
and 50 kg of nitrogen per hectare (N/ha) in the first and second cycle, respectively.

Heights of grass blades were measured at five different locations in each sub-area. Thereafter, 1 m2
was mechanically cut to within 2 cm above ground level in order to obtain an estimate of green matter
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production per hectare (GMP/ha). Dry matter production per hectare (DMP/ha) was calculated after
correcting GMP for dry matter content. Production of digestible dry matter per hectare (DDMP/ha) was
obtained as a product of DMP according to the in vitro dry matter digestibility (IVDMD).

Leaf/stem relationship was obtained by separating leaves from the stem plus senescent material of
sub-samples of 50 g, then dry matter corrected. The rate of forage liquid accumulation (kg DM/ha/d) was
calculated as a proportion between of DMP/ha and the age of regrowth.

Forage samples of grass collected from each sub-area were dried in a forced-air oven at 552C for 72
h, then ground in a 1 mm sieve in preparation for chemical analysis. Samples were also dried in a forced-air
oven at 1052C for 6 h to determine dry matter (DM) content. Crude protein concentration (CP) was
calculated as N x 6.25 and nitrogen content was calculated using the Kjeldahl method (AOAC 1995). Ether
extract was obtained using the Soxhlet method (AOAC 1995); neutral detergent fiber (NDF) and acid
detergent fiber (ADF) were obtained according to (Van Soest et al. 1991), adapted by Ankom® (2006); and
lignin by acid hydrolysis (Van Soest et al. 1991). Insoluble nitrogen in neutral detergent (INND) and the
insoluble nitrogen in acid detergent (INAD) were obtained according to (Van Soest et al. 1991). Protein
fractions (NNP, B1 + B2, B3 and C) were obtained according to the methodology developed by (Sniffen et al.
1992) and in vitro dry matter digestibility (IVDMD) was calculated according to Tilley and Terry (1963).

All the statistical analyses were performed following a randomized block design. Results were
analyzed using mean values obtained from samples of different cutting ages collected in each cycle. Design
variables were plots (blocks) and cutting age (14, 28, 42, 56, 70, and 84 days). Each treatment sub-area had
4 replicates, totaling 24 sub-areas. For each replicate, it was attributed the mean value of the three cycles
that were sampled. The following statistical model was adopted: Yij = pu+ Ti + Bj + €ij, in which Yij is the
dependent variable, u is the general mean, Ti is the fixed effect of the treatment, Bj is the block effect, and
€ij is the error = N (0, 1). Multiple regression analyses were performed for each cutting age. All statistical
analyses were performed in SAS (Statistical Analysis System, version 9.1), and significance assessed at P <
0.01.

3. Results

As regrowth progressed, the leaves/stem relationship became less pronounced. The pasture canopy
height increased progressively until day 42 of regrowth, after which the grass continued to grow, but at a
slower rate. Grass height had increased by a factor of 5.7 at 84 days of regrowth compared to the age of 14
days, whereas the GMP/ha had increased by a factor of 5.26. DMP/ha and DDMP/ha increased by a factor
of 6 at 84 days of regrowth compared to the age of 14 days (Table 1).

Table 1. Productive parameters of Tifton-85 grass at 14, 28, 42, 56, 70 and 84 days of regrowth.
Regrowth age

Productive Parameters

14 28 42 56 70 84 Regression Analysis R?
GMP (t ha't cut) 698 2159 2880 30.67 3802 3675 ' '0‘00223;;1'1121" T 9733
Height (cm) 934 2578 4025 39.16 51.00 5365 ' '0‘00762;‘22;1'3 139%- 9635
DMP (t ha't cut™?) 186 560 628 878 929 1115 y = 1.7161x + 1.1544° 94.63
DDMP (t ha't cut) .00 321 379 511 558 639 ' -o.ooge;ﬁ;;? A273x- 4937
Leaves (t hat cut?) 1.31 3.15 3.54 3.04 2.97 2.57 ‘ - -
Stem (t ha! cut?) 0.55 2.45 2.74 5.74 6.32 8.58 - -
::;‘f;f jﬁg‘ 238 1.29 129 053 0.47 03 y = -0.0274x + 2.3966° 86.69
(Ck“gr;“M'a;;"_f dri';e 1326 2000 1494 1568 1326 1328  y=-03957x+170.14  15.57

*P < 0.01; GMP: Green matter production; DMP: Dry matter production; DDMP: Digestible dry matter production.

Increased regrowth age resulted in a change in chemical composition (Table 2). From 14 to 84 days,
NDF and ADF increased 18% and 30%, respectively, and INND and INAD were reduced by factors of 2.42 and
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2.06, respectively. For each additional day of regrowth age, CP was reduced by 0.8 kg/d whereas EE and ash
was reduced by 0.4 kg/d and 0.6 kg/d, respectively.

Table 2. Chemical composition of Tifton-85 grass at 14, 28, 42, 56, 70 and 84 days of regrowth.
Regrowth age

Chemical Composition

14 28 42 56 70 84 Regression Analysis R?
DM (%) 26.6 25.95 21.8 28.63 24.43 30.36 - -
ASH (%DM) 10.57 8.76 7.58 6.49 6.62 6.26 y =-0.0593x + 10.619" 85.74
EE (%DM) 2.51 2.64 2.57 1.98 1.77 2.01 y =-0.0116x + 2.8167" 67.66
NDF (%DM) 67.95 74.01 75.27 77.71 79.25 80.71 y=0,1673x + 67,621 91.60
ADF (%DM) 33.10 36.09 3755 40.46 41.02 4331 y =0.1403x + 31.713" 97.64
Lignin (%DM) 7.68 7.15 6.77 6.34 7.77 8.13 y =0.0011x2- 0.0969x + 8.887"  79.88
IVDMD (%DM) 0.539 0.572 0.602 0.581 0.601 0.572 - -
CP (%DM) 15.61 12.60 1143 7.70 8.25 7.30 y=0.0016x%-0.2724x+ 19.178" 95.58
INAD (%DM) 2.37 1.64 1.40 1.05 1.09 1.15 y =-0.0165x + 2.26" 74.12
INND (%DM) 7.01 5.78 4.87 3.34 3.62 2.89 y =-0.0584x + 7.446" 91.75
A fraction (% CP) 23.56 28.19 25.09 25.70 21.23 25.92 - -
B1 and B2 fractions (% CP) 31.02 25.80 32.29 3119 36.89 34.40 - -
B3 fraction (% CP) 29.03 32.80 29.41 29.38 29.70 23.29 - -
C fraction (% CP) 16.36 13.19 13.19 13.71 145 18.05 y = 0.0033x% - 0.3019x + 19.67 94.92

*P < 0.01; DM: Dry matter; EE: Ether extract; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; IVDMD: In vitro dry matter
digestibility; CP: Crude protein; INND: Insoluble nitrogen in neutral detergent; INAD: Insoluble nitrogen in detergent acid.
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Figure 1. Monthly rainfall (ppm) and average temperature (2C) during the rainy seasons of 2012/2013 and
2013/2014. The average temperature was obtained through a weather station.

4, Discussion

The increase in DDMP/ha at 84 days of regrowth compared to that at 14 days could be attributed to
a higher GMP/ha, since the IVDMD were not different among ages. The DDMP/ha had a high and positive
correlation with GMP/ha (r = 0.93, P < 0.01), whereas there was no correlation between DDMP/ha and
IVDMD (r=0.21, P = 0.0669).

The DMP/ha had a strong correlation with pasture canopy height (r =0.84, P < 0.01). We believe that
the maximum growth efficiency of the grass occurred at 42 days of regrowth, after which the grass kept
growing at a lower rate. This lower rate could be because of shading of the tiller and the resultant reduction
in photosynthesis or a higher proportion of senescent material. Alternatively, it could also be attributed to
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the maturity process of the grass. When the cells of the plant stop growing, the maturation process begins,
and secondary wall deposition and lignification limit further growth (Jung 1997). The correlation between
pasture canopy height and ADF was higher than that between canopy height and NDF (r = 0.76 vs. r = 0.69,
P <0.01).

Regrowth ages greater than 14 days showed a decrease in the leaves/stem relationship (Alderman
et al. 2011). The lower leaves/stem relationship could explain the drop of grasses nutritional value at
advanced regrowth ages. The leaves/stem relationship had a negative correlation to ADF (r = -0.41, P < 0.01)
and NDF (r =-0.60, P < 0.01), which could explain the lower nutritional value of grasses as the leaves/stem
relationship decreases. The cumulative rate did not differ among regrowth ages. However, CP decreased by
half over days 14 and 84. Thus, an increase in the frequency of cutting can increase the overall CP production
without harming the total forage mass. Nevertheless, the best management strategy should take into
account the cost of hay processing and the value of the final product.

The reduction in CP content could be related to a lower leaves/stem relationship as the regrowth age
increases (Vendramini et al. 2008). Many authors have observed that plants harvested at different regrowth
ages present different CP content, with CP decreasing with regrowth age (Corriher et al. 2007; Bow and Muir
2010; Campos et al. 2010; Ribeiro and Pereira 2010; Liu et al. 2011). It could be argued that an increase in
grass cutting enhances overall CP production; however, consecutive cuttings in short intervals between cuts
can reduce carbohydrate availability, as well as plant vigor (Mislevy and Martin 1998; Liu et al. 2011).
Additionally, this practice can harm grass DMP and its sustainability in the system. Therefore, it is important
to consider other variables that are involved in the grass production, such as cost of harvesting, cost of
concentrate supplementation, rainfall, presence of weeds, and soil fertilization needs when making any
management decisions.

Even though the stem can represent a significant portion of the plant after 50 days of regrowth, the
proportion of stem at 28 days of regrowth was only 54% of the proportion observed at 14 days of regrowth.

Harvesting Tifton-85 grass after 27 days of regrowth could reduce system profitability, since it was
observed that after this period, the grass can present CP lower than the 13% minimum value required to
classify hay as “premium” (United States Department of Agriculture 2003). The increase in profitability can
also happen because during a 180-day rainy season, a regrowth age of 28 days would allow greater
accumulated production of CP, DMP/ha and DD

Tifton-85 IVDMD was similar across regrowth ages, possibly because of an increase in new shoots in
older plants. Johnson et al. (2002) observed that Bermudagrass harvested at 28-d intervals had a mean
IVOMD of 58.0%. Hill et al. (2013) also observed similar values of Tifton 85 harvested at three ages (3, 5 or
7 weeks). These authors report that Tifton 85 had higher NDF, but with greater digestibility than other
grasses Cynodon spp. contrary to most nutritional theories. High NDF values are common for Cynodon spp.
grasses, but these high NDF values do not compromise the digestibility of Tifton-85 due to the low
occurrence of concentration of ether-linked ferulic acid (Hill et al. 2013). Ferulates associated with the cell
wall of carbohydrates by ether-type binding that are more difficult to break. There was a reduction in INND
and INAD as the regrowth age increased. Chiesa et al. (2008) found similar results working with Kikuyo grass
at 50 and 90 days of regrowth. Owens et al. (2008) also found similar results in evaluating ryegrass at 28 and
38 days of regrowth. INND and INAD values were expressed as plant dry matter percentage, what explains
their reduction with plant maturity. It was also observed that an increase in the C fraction as the plants grow
older influences CP quality and digestibility.

There were no differences in CP fractions, other than in C fraction, among regrowth ages. Campos et
al. (2010) observed that an increase in the regrowth age resulted in a reduction in the A fraction from 32.34%
at 14 days of regrowth to 22.02% at 56 days, while the B2 fraction increased from 5.68 to 19.87% of the CP
for the same regrowth ages. Vendramini et al. (2008) studied the interactions between intervals of regrowth
(14 and 28 days) and CP A and B fractions of Tifton-85 grass but did not find any differences. However, they
also reported an increase in the C fraction (207 vs. 282 g/kg of CP) for the 28-day interval of regrowth. There
was a linear increase in lignin content as the regrowth age increased.Thickening of the cell wall by lignin may
reduce the digestibility of leaves and stems (Oliveira et al. 2014) and the lignin increase can explain the 10,3
% increase in fraction C in this research as the 30% increase in FDA.
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5. Conclusions

Our results indicate that despite the higher productivity of Tifton-85 grass in longer intervals of
regrowth, this strategy should be avoided since there is a reduction in the leaves proportion and consequent
reduction in the forage nutritional quality. For Tifton -85, the regrowth age of 28 days allows greater
production of dry matter and greater accumulated production of crude protein and digestive dry matter in
the rainy season or over time.
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