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Abstract

This study aims to evaluate the correlation among growing degree-days (GDD), canopy height (CH), and leaf area index (LAI) for Guinea
grass irrigated, considering the different combinations of the nitrogen and boron rates and cycles of regrowth. The experiment was carried
out from August/2017 to August/2018 in a field experiment, and the climate of the region is classified as subtropical. A randomized block
design arranged in a factorial scheme (4x3x11) with four replications was used. The treatment was (i) boron fertilization: 0, 1, and 2 kg ha
I; and (ii) nitrogen fertilization: 250, 500, 750, and 1,000 kg ha™! distributing to 11 growth/cutting cycles. We observed the high correlation
between GDD and the parameters evaluated of CH and LAI The nitrogen results showed a low influence on canopy height and the leaf
area index, and boron results did not influence these parameters.

Keywords: degree-days; pasture irrigation; carrying capacity; animal stocking rate; forage yield.

Tiempo térmico en la aplicacion de nitrégeno y boro en pasto
Mombaca de regadio “pasto Guinea”

Resumen

El objetivo fue evaluar la correlacion entre los grados-dia de crecimiento (GDC), altura del dosel (AD) y indice de area foliar (IAF) para
el pasto Guinea irrigado considerando la diferente combinacion de las tasas de nitrogeno y boro y los ciclos de rebrote. El experimento se
llevé a cabo de agosto/2017 a agosto/2018, en un experimento de campo y la region climatica se clasifica como subtropical. Realizé un
experimento factorial (4x3x11), con cuatro repeticiones y corrido en un disefio de bloques completamente aleatorio. Tratos: fertilizacion
con boro: 0, 1 y 2 kg ha'!; fertilizacion con nitrogeno: 250, 500, 750 y 1,000 kg ha'! distribuidos en 11 ciclos de crecimiento/corta. Hemos
observado la alta correlacion entre GDC y los parametros evaluados para AD y IAF. Los resultados de nitrégeno mostraron una baja
influencia en la altura del dosel y el indice de area foliar, y los resultados de boro no presentaron influencia en estos parametros.

Palabras clave: grados-dias; riego de pastos; capacidad de carga; tasa de carga animal; rendimiento de forraje.

1. Introduction valley around 3,000 BC. In the Brazilian context, meat and

leather became essential export goods around the end of century

The beef consumption for human beings started in the early =~ XVIIL. Nowadays, the country is one of the main global players
ancestor Aurochs, during the Egyptian era in the Nile River exporting to destinations like Russia and China [15].
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Although Brazilian beef cattle production uses extensive
systems, the proper handling of pasture is a challenge for the
farmers due to the growth of pasture influenced by climatic
variables that involve energy flow into the environment [6].
In tropical areas, higher temperatures contribute to forage
plants growing, and associate with correct pasture handling,
it is possible to provide a higher production [8,10,16].
Nevertheless, during the winter, the irrigation application
under mild temperature reduces pasture production due to the
productivity of tropical grasses, mainly influenced by
photoperiods that stimulate floral induction [2].

Currently, pasture handling is based on the determination
of biometrics parameters, such as the height of the grass.
Therefore, acknowledging the crop phenological cycle is
crucial to adopting correct pasture handling [14].

The thermal accumulation of thermal time, also called by
growing degree-days (GDD), has been used to define the
answer of plant development under temperature [1,4].
Temperatures below the crop pattern directly impact
metabolic processes that result in low rates and affect plant
development. Several studies about tropical forage pattern
temperature have indicated a value of around 15 °C as an
adequate temperature [12].

A previous study from [15] reported a high correlation
between the height of the plant and the thermal time. The
authors observed that growing degree-day accumulation was
slightly lower in a cut cycle during autumn/winter with 12
days more than spring/summer cut cycles. They observed a
significant correlation between GDD and canopy height and
the GDD and IAF. Thus, applying to the GDD concept allows
adequate grazing growth management and animal handling
due to climate data obtained from seasons of the year.

With these ideas in mind, this paper aims to analyze the
correlation among the thermal sum with the canopy height
(CH) and the leaf area index (LAI) of the Guinea grass
Megathyrsus Maximus (Syn. Panicum maximum cv.
Mombaga).

2. Material and methods

2.1 Experimental site and forages

The experiment was carried out from August 2017 to
August 2018, in the Luiz de Queiroz College of Agriculture
(ESALQ/USP), located in Piracicaba city, SP (Latitude 22°
42’ 14.6” South; Longitude 47° 37° 24.1” West; altitude 569
m). The local soil of the experiment field is classified as
Clayey Oxisol (Nitossolo Vermelho Eutroférrico
Latossolico, in Brazilian classification) [9]. It presents the
particle-size characteristic of 32.5% sand, 18.9% silt, and
48.6% clay. According to Koppen classification, the region
climatic is Cwa — subtropical or tropical of altitude, hot
summer, low frequency of frost, and rain concentration
during the summer period [13].

Four replications were conducted, and the 12 plots
measured 2.3 x 2.75 m, 3.33 m? each, resulting in a useful
field of 303.6 m? and an entire field of 440 m?, including the
borders. A randomized block design arranged in a factorial
scheme (4x3x11) with four replications was used. The
treatment was (i) boron fertilization: 0, 1, and 2 kg ha™'; (ii)
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nitrogen fertilization: 250, 500, 750, and 1,000 kg ha™'; (iii)
11 growth/cutting cycles, throughout the seasons of the year.

The forage species used was the Mombaga grass “Guinea
grass” Megathyrsus Maximus (Syn. Panicum maximum cv.
Mombaga). The 11 collect cycles during one experimental
year were split into five cycles during autumn/winter and six
cycles during spring/summer.

The experiment was beginning in 2017 in the
experimental field that already contained the forage
implanted since 2015. The soil preparation included plowing,
harrowing, control of invasive plants, pH correction with the
application of the dolomitic limestone with a dose of the 2
Mg ha'! and the fertility with fertilization of the 250 kg ha!
of Super Single (18% of P205), and 300 Kg ha'! of the
Potassium Chloride (60% of K20). The seeding of the
Mombaga grass occurred from October to November 2015.
In 2017, the new ground chemical analysis was processed,
and the necessity of acidity soil correction was noticed with
2 Mg ha'! of dolomitic limestone before the beginning of the
experiment.

On August 11, 2017, the plots proceeded with the forage
standardization cut, and the experiment was started. During
the experimental period, the temperature range was from
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Figure 1. Minimum (Tmin) and maximum (Tmax) temperatures during the
experimental period, from 08/2017 to 08/2018. Piracicaba-SP, Brazil.
Source: The Authors.
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a minimum of 3.6 °C to a maximum of 37.3 °C. In the last
quarter of the experimental year was observed the lower
temperature, with a thermal time of 1,750.6 °C (Fig. 1).

2.2 Irrigation system

The plots irrigation was carried out using the irrigation
system by conventional sprinklers with low flow and sectoral
devices. The sprinklers were fit to work at 90° angle (each plot
segregated the irrigation system), and the service pressure used
was 250 kPa (25 mca) and flow rate of 0.584 m® h'!, installed
considering a space of 11 x 8 m (sprinklers x lines), resulting in
an application intensity (Ia) of 17.1 mm h™'. The irrigation was
performed in rotation fixed (04 days) and variable water blade,
according to the measuring of the crop water consumption
through tensiometers installed in the experimental field.

The water depth (LI) was determined from the averages
of matric potential (¥m, bar), calculated from tensiometer
readings installed in the crop root zone. Values of ¥m it was
correlated with the soil water retention curve to obtain the
current volumetric humidity (6a in mm) and the current
storage of water in the soil (ARMa, mm), and it was
considered an effective roots depth (Z) equal to 0.4 m.

Current humidity values (8a) were estimated from the soil
water retention curve obtained with the tension table and
Richards extractor in the Soil and Water Quality Laboratory
in ESALQ/USP. It was adjusted using the [20], Eq.1.

(0.4934 - 0.2938)

0,=0.2938 +
a [l+(0.l 13l{lma)13211]0‘2431

; (R*=1.00; P<0.01) (1)

3

0a — current volumetric humidity (cm® cm); ¥Yma —

current soil matric potential (bar).

The humidity values to field capacity (6cc) and to permanent
wilting point (Bpmp) corresponding to matric potential values
Ymce = 10 kPa (0.1 bar) [5] and WYmpmp = 1,500 kPa (15 bar).

The maximum interval between irrigation was previously
established based on a minimum value of the storage capacity
of water in the soil, such as to maintain the critical humidity
up to 60% of the capacity of water available (CAD, mm —
humidity between field capacity and the permanent wilting
point) (660 = humidity to 60% CAD).

2.3 Experimental Management

Each experimental plot was performed successive cut
cycles up to August 2018, about one year. We adopted a post-
cut height (residue) of 0.3 m to Mombaga grass “Guinea
grass”, following the literature recommendation [18].

Cutting cycles and forage collection were variables
concerning the season of the year: autumn/winter, 40 days;
and spring/summer, 28 days. During the cycles was
determined (i) luminous interception (IL, %), measured
from using the apparatus LAI 2000 Plant Canopy Analyzer
(LI-COR®); (ii) leaf area index (LAIL, m? m?), estimated
from IL; and (iii) the canopy height (CH, cm), based on a
graduated ruler with amplitude from 0 to 150 cm, in a leaf
base support.
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We used the biometric parameters (LAI and CH) to establish
the correlation with the growing degree-days accumulation
(GDD, °C d™"). It was applied the measuring interval pattern in 04
days for all experimental plots. The luminous interception
reading (IL) by forage dossal proceeded simultaneously with
biometric parameters in a period with low solar radiation (before
sunset). To measure the canopy height (CH), we carried out six-
point in each plot, and the height measurements were obtained
from the ground to the last expanded leaf curvature.

The GDD was calculated concerning period variables by
curt cycle, according to the indication of luminous
interception, with a limit of GDD where IL = 95%, that it is
considered the ideal time to cut, or grazing started [7].

2.4 Statistical analysis
estimated

The growing degree-days (GDD) was
following the recommendation of the [3], Eq.2.

GDD =Z [m - Tb] ©)

TM — maximum daily temperature (°C); Tm — minimum
daily temperature (°C); Tb - lower base temperature (°C).

Generally, the lower base temperature (Tb) of the tropical
grasses will be from 12 to 15 °C [1,6,12]. However, to obtain
data more precisely, the Tb was determined considering the
lower standard deviation in degree-day [21], Eq.3.

XM, (Tixdi) X di-n ¥, (di” x Ti)
B Cr di)>n Y, di2

Tb 3)

Tb — lower base temperature (°C); Ti — the average
temperature of each specific period; n — number of the cut
cycles; di — number of the days to meets the development
stage in each cutting series or cycle.

Thus, the lower base temperature to Mombaga grass was
14.1 °C. Data analysis has proceeded with the normal
distribution, variance F test, and descriptive statistics using
MS Excel® electronic sheet and the ActionStat supplement.
1) Data were split by season (autumn/winter and

spring/summer) to identify differences from GDD, LAI,
and CH parameters assessment in each season of the
year; also, we clustered the data according to treatment
(nitrogen and boron);
Anderson-Darling test was applied to verify if the data
was adjusted in the Normal Distribution;
To analyze the variance among data, we proceeded the F
test, and after we followed in selecting the adequate tests;
To test differences between treatments from two-sample,
we carry out the T-test.
To conclude, we used the MS Excel® electronic sheet to
carry out the regression curve models.

2)
3)

4)

3. Results and discussion

Based on pasture growth that is characterized by vigor
growth during rainy periods and the lower growth during the
cold and dry periods (known as production off-season), the
data was divided: autumn/winter (dry season) and
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spring/summer (rainy season). All data showed normal
distribution by the Anderson-Darling test; therefore, there
was no necessity to applying data transformation. No
significant effect was demonstrated by boron rates on tests
performed.

The F Test values were higher than the critical F value
(Fcritical value = 0.05) for the season of the year considering
evaluated parameters, resulting in similar variances with
homoscedastic T-test without difference between the average
of the GDD (growing degree-days) and CH (canopy height).
To leaf area index (LAI) showed the T-Test value lower than
the critical T-Test (Pcritical value = 0.05) at the significant
level of 95%, [P (T<=t) = 0.0037] and it was observed
difference between averages.

The T-Test applied to a similar variance of the treatments
with nitrogen rates showed differences among samples
according to accumulated degree-days of the season of the
year, a significant level of 95% (P<0.05). Results to nitrogen
rates N1, N2, N3 and N4 were P (T<=t)=0.001, 0.002, 0.001,
and 0.001, respectively. However, we do not observe
significant differences among averages to samples of the LAI
considering nitrogen rates N1, N2, N3 and N4, P(T<=t) =
0.149, 0.128, 0.125, and 0.149, respectively.

According to [14], the pasture growing depends on active
photosynthetic radiation (PAR), which directly affects
several elements, such as the higher GDD in the rainy period.
The authors observed cycles of 35 days (rainy period) and 48
days (dry period) and a similar GDD accumulation. Our
results showed the accumulated values to each cycle were
similar (Figs. 2a and 2b), with 289.9 and 291.1 GDD,
autumn/winter (cycle 40 days), and spring/summer (cycle 28
days), respectively.

The average daily thermal sum was 7.2 GDD d! during
the autumn/winter period, and 10.4 GDD d!' during the
spring/summer period (Figs. 2¢ and 2d), with 31% less than
the daily thermal sum in-season dry. Similar results were
observed by [17], with GDD daily accumulations higher in
the spring/summer to Guinea grass with 36% (6.6 GDD d™! in
the autumn/winter, and 10.2 GDD d! spring/summer).

The graphic of leaf area index (LAI) and the canopy
height (CH) of Guinea grass showed that, in a similar climate
condition like of the experiment, pasture with this forage
present linear growing of LAI and CH according to thermal
sum (GDD), (Fig. 2). In the study conducted with Brachiaria
brizantha grass (cv. Piatd), the direct relation of growing with
LAI was observed, resulting in a linear relation between them
[6].

Although the dry cycles were longer than rainy cycles
(Figs. 2c and 2d), both periods, with values of a similar
thermal sum around 290 GDD, the crop reached the cut point
or grazing with Luminous Interception Index by maximum
leaves (LI = 95%) [6,8,14]. [17], noticed the same resulting
to Guinea and Bermuda grasses (Cynodon genus) and
concluded that it is possible to obtain correlation among CH,
LAI, and GDD.

We noticed a direct relationship between growing (CH)
and thermal sum (GDD), and the basal temperature (Tb) as a
limiting factor to GDD accumulation, with the lowest air
temperature, it was 3.6 °C at the last quarter of the experiment
(Fig. 1). A study [4] about basal corn temperature observed
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Figure 2. Guinea grass: empirical models for estimation of canopy height
(CH, cm) and leaf area index (LAI, m*> m™) as a function of growing degree-
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number cycle days (NCD): (c¢) autumn/winter (d) spring/summer.
Piracicaba-SP, Brazil, 2017/18.

Source: The Authors.
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that air temperature variation promoted plant morphological
changes, modifying tiller density and impacting LAI and CH
growth. It is possible to verify the smallest sum (1,750.6 °C)
and average (19.6 °C) of the air temperature at the last quarter
of the experiment (dry period), consequently resulting in the
smallest thermal accumulation.

Linear models helped explain the temperature effect on
forage accumulation—moreover, submodels based on
temperature and GDD to simulate plant growth. No grown is
expected for tropical grasses when temperatures are between
10 and 15 °C [12]. However, our results observed growth in
autumn/winter, with 15 days with the minimum temperature
below 10 °C (Fig. 1).

Among the characteristics of the Megathyrsus genus
(Syn. Panicum), highlight the large size, reaching a height
between 1.5 and 1.8 m. Although from a certain point, the
canopy height (CH) increasing mainly by culm stretching. [7]
and [18] observed that from Heights between 85 and 95 cm
with 95% of luminous interception (LI), the leaf production
was not significant concerning the loss from the lower third
of the plant. Therefore, it established the ideal height when
the grass reaches LI = 95%, with CH = 0.95 m and LAI = 6.0
(Fig. 2).

When we compared nitrogen rates (250, 500, 750, and
1,000 kg ha'! year), results showed similar growth to CH
and LAI Values from the N4 dose were slightly higher than
others (Fig. 3). Thus, we can infer that CH and LAI are not
exclusive parameters to evaluate the forage production, even
though they are significant indicators of the entry handling of
the animals in pasture paddocks.

Results observed [11] appointed that the leaf stretching
rates Panicum maximum (Syn. Megathyrsus maximus) cv.
Massai grew up to second nitrogen dose (N 450 mg dm™ of
soil), and after this moment, the authors did not observe any
effect. Our results showed a CH average difference of
approximately 15 cm during the season of the years between
N1 (250 kg of N) and N4 (1,000 Kg of N) rates (Figs. 3b and
3d) and comparing the productivity (CH = 95 cm) we found
a difference of 16%, that resulting in a production difference
of 22 Mg ha'! year”!, presenting satisfactory adjustments and
contributing to improvements in crop water management
[19].

We noticed a higher growth of up to 90 GDD during both
periods (autumn/winter and spring/summer), corresponding
from 6 to 16 °C days of the cycle (Figs. 4b and 4d). Thus, this
could be relating to nitrogen cover fertilization, applied after
the forage cut, and the peak of Guinea grass growth that
occurs in the first days after the cut [17].

The LAI reached higher values during the spring/summer
period between nitrogen highest and lowest rates (1,000 and
250 kg ha'! year!, respectively). From the dry to rainy period,
we observed that upper borderline average values of LAI
vary from 5.3 to 6.3 m> m, respectively.

Assessing the LAI in the different seasons of the year,
[19] also observed the same variations in the indexes. For the
authors, a standard rest (fixed cycle days) period is not
effective in defining grazing management in field conditions
since herbage accumulation rates of Panicum maximum cv.
Mombaga varies significantly throughout the year.
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Number cycle days (NCD) for: (a) LAI autumn/winter, (b) CH
autumn/winter, (c) LAI spring/summer and (d) CH spring/summer.
Piracicaba-SP, Brazil, 2017/18.

Source: The Authors.
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4. Conclusions

Empiric models with linear regression adjusted, and a
higher correlation coefficient for all treatments have resulted
from the correlation between the canopy height (CH), the leaf
area index (LAI), and growing degree-days.

The Guinea grass showed high growth in the first 15 days
of the cycle, and the forage dossal reached luminous
interception LI 95% in cycles from 28 days
(spring/summer) to 40 days (autumn/winter).

When applied adequately, the thermal sum (GDD) is
helpful to estimate the LAI and CH, consequently, the animal
handling in rotational grazing systems.

The nitrogen rates showed a low influence on biometrics
parameters addressed. The boron rates were not evaluated
because it was not observed effect on pasture growth and
production variation.

Acknowledgments

To the Fundacdo de Amparo a Pesquisa do Estado de Séo
Paulo (FAPESP), for the aid granted to the regular research
Project n° 2012 / 23002-6.

References

[1] Andrade, A.S., Santos, P.M., Pezzopane, J.R.M., Aragjo, L.C.,
Pedreira, B.C., Pedreira, C.G.S. and Lara, M.A.S., Simulating tropical
forage growth and biomass accumulation: an overview of model
development and application. Grass and Forage Science, 71(1), pp. 54-
65,2016. DOI: 10.1111/gfs.12177

Araujo, L.C.D., Santos, P.M., Rodriguez, D. and Pezzopane, J.R.M.,
Key factors that influence for seasonal production of Guinea grass.
Scientia Agricola, 75(3), pp. 191-196,2018. DOI: 10.1590/1678-992x-
2016-0413

Arnold, C.Y., The determination and significance of the base
temperature in a linear heat unit system. American Society for
Horticultural Science, 74(4), pp. 430-445, 1959.

Bandeira, A.H., Medeiros, S.L.P., Emygdio, B.M., Biondo, J.C., Silva,
N.G. and Leal, L.T., Temperatura base inferior e exigéncia térmica de
genotipos de sorgo sacarino. Revista Brasileira de Milho e Sorgo,
15(2), pp- 240-250, 2016. DOL: 10.18512/1980-
6477/tbms.v15n2p240-250

Benevenute, P.A.N., Passso, L.A.C., Melo, L.B.B., Silva, E.A. and
Oliveira, G.C., Synthetic polymers on water retention and pore
distribution in a clayey latosol. Revista Scientia Agraria, 17(3), pp. 24-
30, 2016. DOI: 10.5380/rsa.v17i3.50268

Bosi, C., Sentelhas, P.C., Pezzopane, J.R.M. and Santos, P.M.,
CROPGRO-Perennial forage model parameterization for simulating
Piatd palisade grass growth in monoculture and in a silvopastoral
system. Agricultural Systems, 177(102724), pp. 1-12, 2020. DOIL:
10.1016/j.agsy.2019.102724

Da Silva, S.C., Bueno, A.A.O., Carnevalli, R.A., Silva, G.P. and
Chiavegato, M.B., Nutritive value and morphological characteristics of
Mombaga grass managed with different rotational grazing strategies.
The Journal of Agricultural Science, 157(7-8), pp. 592-598, 2019.
DOLI: 10.1017/S0021859620000052

De Souza, D.P., Sanches, A.C., De Jesus, F.L.F. and Mendonga, F.C.,
Yield and biometry of palisadegrass throughout the seasons of the year.
Australian Journal of Crop Science, 12(12), pp. 1866-1874,2018. DOLI:
https://10.21475/ajcs.18.12.12.p1160

Dos Santos, H.G., Jacomine, P.K.T., Dos Anjos, L.H.C., De Oliveira,
V.A., Lumbreras, J.F., Coelho, M.R. and Cunha, T.J.F., Sistema
brasileiro de classificagdo de solos. Embrapa, Brasilia, DF, Brasil,
[online]. 2018. Available at: http://www.infoteca.cnptia.embrapa.
br/infoteca/handle/doc/1094003



Jesus et al / Revista DYNA, 88(219), pp. 78-84, October - December, 2021.

[10] Gomes, E.P., Sanches, A.C., De Jesus, F.L.F., De Albuquerque Nunes,
W.A.G., Junior, M.A.P.O., De Souza Dias, J.P. and Azevedo, E.P.G.,
Application of swine wastewater for irrigation of Tifton 85 grass: Part
I-productivity and nutritional quality. Australian Journal of Crop
Science, 12(3). pp- 486-495, 2018. DOI:
10.21475/ajcs.18.12.03.pne985

Lopes, M.N., Candido, M.J.D., Pompeu, R.C.F., Silva, R.G.D., Lopes,
J.W.B., Fernandes, F.R.B. and Bezerra, F.M.L., Response of biomass
flow in Massai grass to nitrogen fertilization during the establishment
and regrowth. Revista Ceres, 60(3), pp. 363-371, 2013. DOL
10.1590/S0034-737X2013000300009

Moreno, L.S.B., Pedreira, C.G.S., Boote, K.J. and Alves, R.R., Base
temperature determination of tropical Panicum spp. grasses and its
effects on degree-day-based models. Agricultural and Forest
Meteorology, 186, pp- 26-33, 2014. DOI:
10.1016/j.agrformet.2013.09.013

Pereira, F.F.S., Dal Pai, E., Montenegro, R.J.V., Roman, RM.S.,
Gonzalez, A.M.G.O. and Escobedo, J.F., Estudo comparativo da
evapotranspiragdo de referéncia entre localidades no estado de Sao
Paulo e na provincia de Habana. IRRIGA, 21(2), pp. 395-408, 2016.
DOI: 10.15809/irriga.2016v21n2p395-408

Pezzopane, J.R.M., Santos, P.M., Da Cruz, P.G., Bosi, C. and
Sentelhas, P.C., An integrated agrometeorological model to simulate
Marandu palisade grass productivity. Field Crops Research, 224, pp.
13-21,2018. DOL: 10.1016/j.fcr.2018.04.015

Sanches, A.C., De Souza, D.P., De Jesus, F.L.F., Mendonga, F.C.,
Gomes, E.P. and Pezzopane, JR.M., Comparison of water
consumption estimates for tropical and winter forages by FDR probes
and weighing lysimeters. Semina: Ciéncias Agrarias, 40(3), pp. 1115-
1126, 2019b. DOI: 10.5433/1679-0359.2019v40n3p1115

Sanches, A.C., Gomes, E.P., Rickli, M.E., Friske, E. and Fasolin, J.P.,
Productivity and nutritive value of Tifton 85 in summer, with and
without irrigation under different nitrogen doses. Engenharia Agricola,
37(2), pp. 246-256, 2017. DOL  10.1590/1809-4430-
eng.agric.v37n2p246-256/2017

Sanches, A.C., Souza, D.P., De Jesus, F.L.F., Mendonga, F.C. and
Gomes, E.P., Vegetative development and growing degree-days of
tropical and winter forages. Engenharia Agricola, 39(2), pp. 191-197,
2019a. DOI: 10.1590/1809-4430-eng.agric.v39n2p191-197/2019
Simonetti, A., Marques, W.M. and Costa, L.V.C., Grass productivity
(Panicum maximum), with different doses of biofertilizer. Revista
Brasileira de Engenharia de Biossistemas, 10(1), pp. 107-115, 2016.
DOLI: 10.18011/bioeng2016v10n1pl07-115

Silva, S.C., Bueno, A.A., Carnevalli, R.A., Uuebele, M.C., Bueno, F.
0., Hodgson, J., Matthew, C., Arnold, G.C. and Morais, J.P.G. Sward
structural characteristics and herbage accumulation of Panicum
maximum cv. Mombaga subjected to rotational stocking
managements. Scientia Agricola, 66(1), pp. 8-19, 2009. DOL:
10.1590/S0103-90162009000100002

Van Genuchten, M.T.A., Closed-form equation for predicting the
hydraulic conductivity of unsaturated soilsl. Soil Science Society of
America  Journal, 44(5), pp. 892-898, 1980.  DOL
10.2136/ss52j1980.03615995004400050002x

Yang, S., Logan, J. and Coffey, D.L., Mathematical formulae for
calculating the base temperature for growing degree-days. Agricultural
and Forest Meteorology, 74(1-2), pp. 61-74, 1995. DOL
10.1016/0168-1923(94)02185-M

(1]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

F.L.F. Jesus, is a BSc. Eng. in Agricultural and Environmental Engineer and
professor at agricultural engineer in the Federal Rural University of
Amazoénia, Tomé-Agu, Brazil. She holds a MSc. in Agricultural Engineering
and a PhD in Biosystems Engineering. She specializes in the management
of irrigated crops and wastewater.

ORCID: 0000-0002-9183-6326

A.C. Sanches, is a BSc. in Agronomist and professor at agrarian sciences in
the Faculty in the Federal University of Grande Dourados, Dourados, Brazil.
He holds a MSc. in Agricultural Engineering and a PhD in Biosystems
Engineering. He is an expert in irrigated agriculture, hydraulic and
hydrology, and forage and pasture management.

ORCID: 0000-0003-2379-0634

84

D.P. Souza, is a BSc. In Agronomist from the Faculty of Agronomic
Sciences (FCA), from the Universidade Estadual Paulista "Jilio de Mesquita
Filho" - UNESP/Botucatu, Brazil. MSc. of Science in the area of
concentration of Agricultural Systems Engineering by the School of
Agriculture "Luiz de Queiroz" of the University of Sao Paulo
(ESALQ/USP), Brazil. Specialist in Project Management and PhD student
in the postgraduate program in Agricultural Systems Engineering at
ESALQ/USP.

ORCID: 0000-0001-7483-3898

F.C. Mendonga, is professor at ESALQ/USP, Piracicaba, Brazil. BSc. In
Agronomist by ESALQ/USP, MSc. and Dr. in Irrigation and Drainage from
the University of Sdo Paulo, Brazil.

ORCID: 0000-0003-4899-7092

J.L.B. Silva, is Technologist in Irrigation and Drainage, in 2014 from the
Federal Institute of Ceara (IFCE), Campus Iguatu, Ceara, Brazil. PhD in
Agricultural Engineering in 2021, area of concentration in water and soil
engineering, from the Federal Rural University of Pernambuco (UFRPE),
Brazil.

ORCID: 0000-0002-2611-4036

A.B. Pacheco, is PhD in Agricultural Systems Engineering from
ESALQ/USP (2019). MSec. in Agricultural Engineering (2017) and BSc.
Eng. in Agricultural and Environmental Engineer by the Federal University
of Mato Grosso, Brazil (2015). He is an Agricultural Engineer in the career
of Technical-administrative in Education at the Federal Rural University of
Amazonia, Brazil.

ORCID: 0000-0001-5991-7997

C.F. Lisboa, is professor at the Federal Rural University of Amazoénia,
Tomé-Agu, Brazil. BSc. Eng, in Agricultural Engineering and MSc. in
Agricultural Engineering from State University of Goias, Brazil (2017) and
PhD in Agricultural Engineering from Federal University of Vicosa, Brazil
(2019).

ORCID: 0000-0002-9930-8800

M.S. Costa, is BSc. in Agronomy from the Federal Rural University of
Semiarid, Rio Grande do Norte, Brazil, in 2014, with a MSc. in Agricultural
Engineering, in water and environmental resources, with an emphasis on
irrigation management in agriculture, at the Federal University of Vigosa,
Brazil, and Dr. in Agricultural Engineering from the Federal Rural
University Pernambuco, Brazil, with an area of concentration in soil and
water engineering.

ORCID: 0000-0003-3979-8550



