BY

EAgri

Engenharia Agricola

Engenharia Agricola

Sl

ISSN: 1809-4430 (on-line)

bea

www.engenhariaagricola.org.br

Doi: http://dx.doi.org/10.1590/1809-4430-Eng.Agric.v39n2p191-197/2019

VEGETATIVE DEVELOPMENT AND GROWING DEGREE-DAYS OF TROPICAL AND

WINTER FORAGES

Arthur C. Sanches!*, Débora P. de Souza?, Fernanda L. F. de Jesus®, Fernando C. Mendonca?,

Eder P. Gomes*

"Corresponding author. Universidade Federal da Grande Dourados/ Dourados - MS, Brasil.
E-mail: arthursanches@ufgd.edu.br | ORCID ID: https://orcid.org/0000-0003-2379-0634

KEYWORDS

irrigation, Lolium
multiflorum, Avena
strigosa, base
temperature, grass.

INTRODUCTION

At the end of the eighteenth century, beef and leather

ABSTRACT

One of the limitations to producing irrigated forages is setting suitable biometric
parameters to establish the entrance of animals to grazing areas. Such parameters can be
measured or even estimated. Estimates are advantageous for being practical and able to
be used for grazing optimization. This study aimed to evaluate the correlation among
growing degree-days (GDD), canopy height (CH), leaf area index (LAI), and number of
cycle days (NCD) of Guinea grass (Panicum maximum cv. Mombaca) and Bermuda grass
(Cynodon spp. Tifton 85) single cropped for one year and overseeded with black oat and
ryegrass in the autumn-winter season. The study was carried out from February 2016 to
February 2017, and forage crops were sprinkle irrigated. LAI and CH were measured
twice a week, at intervals of 3 and 4 days. These parameters were correlated to GDD
accumulation at each cutting cycle (CC). All the correlations showed high coefficients in
linear fits. For spring-summer cycles, Guinea grass in exclusive cultivation showed the
highest averages for CH and LAI, being 102.3 cm and 5.93, respectively. For autumn-
winter cycles, when this grass was overseeded, it showed an LAI value similar to that
when single cropped, which was of about 5.6. Yet single Bermuda grass presented lower
values of LAI (one unit lower) and CH (16.4 cm lower) in the autumn-winter season when
compared to that overseeded. The spring-summer cycles of Guinea grass had a duration
of 24 days, after which no increase in leaf production was registered.

temperatures favor forage growth and, when properly
managed, high yields have been achieved (Pezzopane et al.,

became important export products in Brazil. Three centuries
later, the international scenario again becomes favorable to
the Brazilian livestock sector with the entry of new
consumers, namely Russia and China. The country has a
large pasture area (170 MM ha!) for cattle production
(Moreira et al.,, 2014). It is believed that Brazilian
productive potential can be further expanded by increasing
the animal stocking rates, from the current population of 94
million of animal units (MAU) to a potential of 293 MAU
(Strassburg et al., 2014).

Pasture growth is influenced by seasonal weather
patterns, mainly solar radiation and temperature (Vogeler et
al., 2016). In tropical countries such as Brazil, the high
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2012; Gomes et al., 2015b; Andrade et al., 2016; Antoniel
et al., 2016; Martuscello et al., 2016; Sanches et al., 2016).
Climatic indexes are widely used to estimate the
growth of crops, such as plant length at different crop
development stages (Andrade et al., 2016). One of the most
popular climatic indexes is the growing degree-days
(GDD), which is the sum of heat units when the mean daily
temperatures are above the base temperature, below which
plant metabolic processes start to cease or dramatically
decrease (Moreno et al., 2014).
Among the plant traits known to indicate
development, leaf area index (LAI) is also an important

estimate; this index has been successfully used as a
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parameter to set entrance and exit time of animals from
pastures (Sousa et al., 2015). Szymczak et al. (2016)
reported an increase in the LAI of Panicum maximum cv.
Aries when a thermal sum of 696 GDDs was reached, and
the onset of leaf senescence from 449 GDDs.

Given the above, understanding how the thermal
sum acts on forage biometric parameters can help managing
tropical and subtropical pastures. Thus, this study aimed to
relate thermal sum (GDD) with the plant variables canopy
height and leaf area index of two tropical forages (Panicum

192

maximum cv. Mombasa and Cynodon spp.) both in
exclusive cropping and overseeded with oats and ryegrass.

MATERIAL AND METHODS

The experiment was carried out between February
2016 and February 2017, in an experimental area of the
ESALQ/USP campus, in Piracicaba-SP (Brazil) (22° 42' 14"
S, 47° 37' 24" W). The local soil is classified as eutroferric
Red Nitosol (Santos et al., 2013), and its physical and
chemical attributes are shown in Table 1.

TABLE 1. Soil chemical and grain size analyses from samples taken in the 0-20 and 20-40 cm layers. (Piracicaba City, Brazil, 2015).

Layer pH P K. . Ca__ Mg H+tAl_Al CEC Sand Silt Clay
(cm) CaCl, mg dm™ cmol, dm?? cmol. dm™ (%) (%) (%)
0-20 53 72 0.9 39 1.8 3.1 0.2 9.74 35.7 19.2 45.1
20-40 4.9 31 0.4 1.3 1.0 42 0.2 6.94 29.3 18.7 52.0

P = phosphorus; K = potassium; Ca = calcium; Mg = magnesium; H + Al = potential acidity; Al = exchangeable aluminum; CEC = cation

exchange complex.

Four 144-m? experimental plots were set up in a total
area of 576 m?. The experimental design was a randomized
block with four treatments. Treatments were composed of
two tropical forages both in exclusive cultivation and
overseeded with oats and ryegrass. The species used here
were grasses Bermuda grass (Cynodon spp. Tifton 85) and
Guinea grass (Panicum maximum cv. Mombaga). The
autumn-winter overseeding was carried out using winter
forage species, namely oats (Avena strigosa Scherb, cv.
Embrapa 29 - Garoa) and ryegrass (Lolium multiflorum cv.
Fepagro Sao Gabriel).

The treatments were arranged as follows: (T1)
Guinea grass in exclusive cultivation from 02/12/16 to
02/13/17 over 12 regrowth cycles (RC); (T2) Guinea grass
overseeded with black oats and ryegrass from 05/06/16 to
09/22/16 over 4 RCs; (T3) Bermuda grass in exclusive
cultivation from 02/19/16 to 02/15/17 over 14 RCs; (T4)
Bermuda grass overseeded with black oats and ryegrass

from 04/30/16 to 10/14/16 over 6 RCs. During the
experiment, nitrogen fertilization was fractionated and
applied after each cut cycle at rates of 80 and 50 kg N ha!
cycle! in spring-summer and autumn-winter seasons,
respectively.

RCs were performed when the air temperature was
not a limiting factor (early autumn, spring, and summer), on
average every 21 and 28 days for Bermuda and Guinea
grasses, respectively. In autumn-winter, they were carried
out in accordance with black oats and ryegrass persistence
in the field, which varied with the intercropped grass,
Guinea (May to September) and Bermuda (April to
October).

According to Koppen’s classification, the local
climate is a Cwa type, which stands for subtropical or
tropical of altitude (Pereira et al., 2016). The lowest
temperatures were registered during the second experimental
quarter, with a thermal sum of 1694°C (Figure 1).
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FIGURE 1. Minimum (Tmin) and maximum (Tmax) temperatures during the experimental period, from 02/2016 to 02/2017.

Piracicaba-SP, Brazil.
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Plants were irrigated by a fixed and automated
conventional sprinkler system with low-flow sectorial
sprinklers (at a 90° angle and individualized per plot). The
service pressure was set at 25 mca and flow rate at 0.592 m*
h!, with emitters spaced 12 x 12 m apart (sprinklers x plant
rows), resulting in an application intensity (Ai) of 12.3 mm
h!. The irrigation time varied with crop water consumption
measured by weighing lysimeters. The maximum interval
between irrigations was previously established according to
ETc estimates and soil water-storage capacity, in order to
maintain the critical humidity of 70% available water
capacity (AWC).

According to the literature, a post-cutting height of
0.3 m was left as residue for Guinea grass (Simonetti et al.,
2016) and of 0.1 m for Bermuda grass (Sanches et al., 2017).
In intercropping systems, cutting cycles varied depending
on the winter forage growth. Each cycle duration was
defined based on the following parameters light interception
(LI, in %); leaf area index (LAL in m?> m?), measured by an
LAI 2000 Plant Canopy Analyzer (LI-COR®); and canopy
height (CH, in cm) (Sousa et al., 2015). Therefore, under
exclusive cultivation, the cycles lasted 40 and 33 days after
cutting (DAC) for Guinea and Bermuda grass, respectively.

When intercropped, a post-cutting height of 0.15 m
was left as residue for both Guinea and Bermuda grasses. In
these plots, the cutting and harvesting operations were
repeated until black oats and ryegrass were fully removed.
Whereas, in exclusive cultivation plots, cuts were
performed for one year. Forage canopy height was
measured at six random points within each plot from the soil
to the curvature of the last fully expanded leaf.

Degree-day accumulation was estimated at various
periods as a function of light interception, establishing a
limit of LI = 95% for the cut. This way, during spring-
summer the cycles were 21 and 28 days for Bermuda and
Guinea grass, respectively; while in autumn-winter, they
were 33 and 40 days for Bermuda and Guinea grass,
respectively. In intercropped systems, Bermuda and Guinea
grasses were taken as reference for cycle determination.
Growing degree-days (GDD) were calculated as proposed
by Arnold (1959):

(TM + Tm)

GDD =
2

Tb 2)

In which:
TM - Maximum daily temperature, in °C;
Tm - Minimum daily temperature, in °C,

Tb - Lower base temperature, in ° C.

In general, the lower base temperature (Bt) for
tropical grasses ranges from 12 and 15 °C (Silva et al, 2012;
Moreno et al., 2014; Andrade et al., 2016) and for winter
forages goes from 7 to 9 °C (Oliveira et al., 2014). However,
in intercropping systems no value is established; therefore,
in these cases, the Bt was determined by the lowest
standard deviation in degrees-days for more accurate data
(Yang et al., 1995):

n1(Ti-di) ¥y di — n XL, (di® — Ti)

Bt =
Qr,di)> —nYt, di®

(3)

In which:
Bt - lower base temperature, in ° C;
Ti - mean temperature of each specific season;
n - number of cutting cycles,

di - number of days required to reach a
developmental stage in each cut or cycle.

Lower base temperatures for Guinea and Bermuda
grass in exclusive cultivation were 14.8 and 14.1 °C,
respectively. When intercropped with black oats and
ryegrass, these temperatures were 10.2 and 10.1 °C,
respectively. The results were processed using an MS
Excel® spreadsheet.

In addition, we also performed statistical analysis of
the LAI and CH data from both treatments (exclusive and
overseeded cropping). This analysis followed the four (4)
steps presented below:

1) Data separation by season (autumn-winter or
spring-summer) for detection of differences in LAI and CH
(cm) at each season individually. Afterwards, all the data of
overseeded cropping (autumn-winter) was grouped to detect
differences in LAl and CH between exclusive and
overseeded cultivation.

2) The Anderson-Darling test was then applied to
verify whether the data fitted to a normal distribution.

3) The F-test for variances was used to determine
possible differences between exclusive and overseeded
cropping treatments, so that we could choose adequate tests
for the next step.

4) A two-sample t-test was applied to test for
significant differences in LAI and CH data between both
treatments (single cropping versus overseeded cropping).
As mentioned above, the F-test for variances allowed us to
choose between the t-test for equivalent variances and the t-
test for different variances.

Finally, regression curves were fitted using a MS
Excel® spreadsheet.

RESULTS AND DISCUSSION

The results from the Anderson-Darling test showed
that all the data had a normal distribution; therefore, no data
transformation was required.

When comparing autumn-winter and spring-summer
seasons (p=0.20), the F-test for variances showed
differences in LAI (p < 0.05) for many treatments except for
those using Guinea grass cv. ‘Mombaga’. Moreover, the
statistical tests allowed us to choose the t-test for equivalent
or different variances. This test was used to make pairwise
comparisons for both grass species (‘Mombaga’ and
Cynodon spp.) and for both cropping systems (single and
overseeded) when evaluating CH. The test was also used for
different variances of both ‘Mombaga’ and Cynodon spp.,
in almost all the periods in which LAI was involved.

The t-test for equivalent variances was applied to
LAI data of ‘Mombacga’ exclusive cultivation in autumn-
winter and in spring-summer [P(T<=t) = 0.44]. It was also
used for CH data for equivalent variances between:
‘Mombaga’ exclusive cultivation and overseeded in
autumn-winter [P(T<=t) = 0.91], ‘Mombaga’ exclusive
cultivation in autumn-winter and spring-summer [P(T<=t)
=0.12], ‘Cynodon’ exclusive cultivation and overseeded in
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autumn-winter [P(T<=t) = 0.006], ‘Cynodon’ exclusive
cultivation in autumn-winter and spring-summer [P(T<=t)
=0.07].

For both grasses, the t-test for different variances
was applied for comparisons of LAI data between exclusive
and overseeded cultivations in autumn-winter [*‘Mombaga’
grass: P(T<=t) = 0.62; ‘Cynodon’ grass: P(T<=t) = 0.31].
The test was also used for different variances when
comparing the data of ‘Cynodon’ grass LAI of autumn-
winter and those of spring-summer [P(T<=t) = 0.04]. All
the results showed no significant differences.

The data were grouped in different periods according
to plant growth physiology into autumn-winter (aut-win)
and spring-summer (spr-sum). The annual thermal sum was
slightly higher for Bermuda grass (GDD = 3064°C) in
relation to Guinea grass (GDD = 2935.9 °C), as it presents
a Bt (basal temperature) lower than 0.7 °C. Figure 2 makes

Autumn/Winter - cycle of 40 days

194

it clear the linear and increasing behavior of LAI and CH
for Guinea grass in exclusive cultivation as a function of
GDD and thermal sum, highlighting a direct relationship
between this species growth and thermal sum (GDD).
Likewise, while studying Mombaca grass (Panicum
maximum cv. Mombaga) Melo et al. (2012) observed that
variations in air temperature and light intensity promoted
changes in leaf size and number, tiller density, and hence
LAI and CH evolution.

The final LAIs for plants grown during the aut-win
and spr-sum seasons were 5.6 and 5.9, Figure 2.a and Figure
2.b, respectively. Still, this difference reached 0.8 during the
aut-win season (5.1) at 28 DAC. As seen in the study of
Borges et al. (2011), the intercepted light flux has a linear
and increasing relationship with LAI of Marandu grass and
other forage species, varying with the season of the year.
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FIGURE 2. Guinea grass: empirical models for estimation of LAI and CH as a function of growing degree-days for the autumn-
winter (a) spring-summer (b) seasons, and growth curves of CH (c¢) and LAI (d) as a function of the number of days after cutting.

Piracicaba-SP, Brazil, 2016/17.

Despite having a continued growth, LAI of Guinea
grasses stabilized in the spr-sum cropping at 24 DAC or a
GDD of 245 GDD, as seen in Figure 2 (d) and (b),
respectively. At this moment, the average LI exceeded 95%,
therefore indicated as a limit to the handling of animals as
leaves stop growing and start senescing (Silva et al., 2015).
The genus Panicum is well known for its wider leaves that
may reach from 1.5 to 1.8 m in height; however, from a
certain point in the cycle onwards, this growth occurs by
stem elongation. In this study, this point occurred after 24

days, together with leaf senescence, similar to a study with

Aries grass that pointed to a leaf senescence onset after 449
GDD (Szymczak et al., 2016).

As shown in Figure 3 (b), Bermuda grass had a linear
growth in the spr-sum cropping and showed similar values
of final LAI for both seasons (3.27 and 3.26) with an
average cycle of 21 and 33 days, respectively. The cycles
adopted here fit well the growth and LAI of the studied
forages, and the 12-day increase in aut-win cycles was
coherent when compared to the spr-sum ones. This fact is
justified by the accumulation in degrees-days that even with
a higher mean cycle in aut-win, it was lower in 20 GDD
when compared to spr-sum.
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FIGURE 3. Bermuda grass: empirical models for estimation of LAI and CH as a function of growing degree days for the autumn-
winter (a) and spring-summer (b) seasons, and growth curves of CH (c) and LAI (d) as a function of the number of days after

cutting. Piracicaba-SP, Brazil, 2016/17.

Overall, Bermuda grass showed LAI values lower
than those of Guinea grass, which might be related to its
shorter cycle. Another justification might be the high
concentration of stems in stoloniferous grasses such as
Bermuda grass, encompassing 35 to 45% of its total dry
mass (Sanches et al., 2015, 2016).

The intercropping of Guinea grass with black oat
and ryegrass during the aut-win season presented averages
of final LAI and CH of 5.56 and 63.1 cm, respectively
(Figure 4). Given the smaller size of winter forages, Guinea
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grass was cut to a height of 15 cm (residue), reaching a final
height about 17 cm smaller than that in exclusive cultivation
during the aut-win period (Figure 2.a). By contrast, the LAI
values were similar for both cropping systems; this was due
to the presence of black oats and ryegrass that might have
increased leaf mass. Ferrazza et al. (2013) studied different
oat and ryegrass cultivars and observed a good response of
them to the photoperiod during the aut-win season, with a
good thermal sum and, hence, a greater number of tillers.
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FIGURE 4. Guinea grass intercropped with oats and ryegrass: empirical models for estimation of LAI and CH as a function of
growing degree-days (GDD) (a), and estimation of LAI and CH as a function of the number of days after cutting (DAC) (b).

Piracicaba-SP, Brazil, 2016/17.

According to Oliveira et al. (2014), ryegrass has an
average interval of 21 days between cuts, nearly 216
degrees-days. Presumably, the cutting point of oats should
be close to that; thus, the growth rate of forage canopy
peaked from the 28 days onwards, when Guinea grass
might have started to stand out from winter forages, being
about 12 cm longer at the final third. In addition, there was
an increase in LAI of nearly 4.8 to 5.6 (Figure 4.a and 4.b),
which may have been due to a higher contribution of
Guinea grass growth.

Furthermore, the intercropping of Guinea grass,
black oats, and ryegrass showed no foliar gains and LAI
increases, which could be attributed to the height left as a
residue at post-harvest, decreasing Guinea grass growth
because of the development of the winter forages. Some
studies have highlighted the success of intercropping
winter and small forages, such as those of the genus
Cynodon spp. (Castagnara et al., 2012; Gomes et al.,
2015a; Sanches et al., 2015), but few are the reports on the
use of grasses of the genus Panicum.
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In the aut-win season, Bermuda grass reached the contributes to accumulating leaves, what increases LAIs.
cutting point after a GDD of 1585.1 GDD, with mean CH From the 30 days or a GDD of 277 GDD onwards,
and LAT of 43.1 cm and 4.29, respectively (Figure 5a). both CH and LAI began to show signs of stabilization

These values are higher than those found when this grass
was grown alone in the aut-win. At the same time, a study
by Sanches et al. (2015) with Cynodon spp. cv. Tifton 85
showed a 7% higher accumulation of leaf dry mass.
Probably the intercropping with oats and ryegrass of oats and ryegrass in shortening the cycle.

(Figures 5.b). Unlike when grown alone, intercropped
grasses probably started having a mass net gain at the end
of its cycle from the day 30 because of the rapid responses
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FIGURE 5. Bermuda grass intercropped with oats and ryegrass: empirical models for estimation of LAI and CH growing degree-
days (GDD) (a), and LAI and CH as a function of the number of days after cutting (DAC) (b). Piracicaba-SP, Brazil, 2016/17.

CONCLUSIONS Arnold CY (1959) The determination and significance of
the base temperature in a linear heat unit system. American

The correlations found in this study among canopy Society for Horticultural Science 74:430-445,

height (CH), leaf area index (LAI), and growing degree-

days (GDD) enabled the development of empirical models, Borges BMMN, Silva Janior LC da, Teixeira Lucas F,
with applicable linear regression adjustments and high Silva WJ da (2011) Relagéo entre o fluxo luminoso
coefficients of correlation for all treatments. Both LAI and interceptado em diferentes épocas no indice de area foliar
CH are good parameters when managing the entering of de diferentes forrageiras. Semina: Ciéncias Agrarias
animals to pastures of Guinea and Bermuda grasses, both in 32(4):1589-1594. DOIL: https://doi.org/10.5433/1679-
exclusive or overseeded cropping systems. The thermal sum 0359.2011v32n4p1589

(GDD) can be used as an aid in defining the moment of
entry of animals to pastures as well.

For Guinea grass, spring-summer forage
accumulation cycle lasted 24 days, or 246 growing degree-
days (GDD), as no significant leaf contribution was
observed from this point onwards. Yet Bermuda grass
presented great differences between exclusive and
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