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Abstract: Panicum maximum grasses are among the most used in Brazil because they have high
forage production potential, nutritional value and adaptation to different climate conditions and
in poor soils, which have been improved by the application of dolomitic limestone and nitrogen
fertilizers and K2O, P2O5. The aim was to evaluate the tillering capacity and structural characteristics
of six cultivars of Panicum maximum in the Brazilian semiarid region. The test was configured as
a randomized block design with six treatments—the cultivars Aruana, Massai, Mombaça, Tamani,
Tanzânia, and Zuri—and four replications. The studied variables included tiller population dynamics,
tiller population density (TPD), appearance rate (ApR), mortality (MorB), tiller survival (SuvP),
tiller stability index, height, light interception (LI), forage mass (FM), and morphological constituents.
As to the population dynamics of tillers, seven generations were evaluated, and the largest number of
tillers was observed in the first generation, regardless of the cultivar. Furthermore, the Massai cultivar
demonstrated the highest TPD in all generations. Interaction between the cultivar and evaluation
period was noted for ApR: the cultivars Tamani and Tanzânia indicated higher ApR at 122 and
137 days after establishment. The cultivar (P = 0.380) and evaluation period (P = 0.4469) had no
effect on SuvP; however, higher MorB was detected in the cultivars Aruana and Tamani compared to
Mombaça and Zuri, with intermediate values detected in the other cultivars. The highest FM was
observed in the cultivars Massai, Mombaça, and Tamani, as well as in the leaf blade of Massai and
Mombaça. The cultivars Massai, Mombaça, Tamani, Tanzânia, and Zuri have the potential to be
cultivated in areas with marked water deficit and high temperatures, such as the Brazilian semiarid
region. The cultivar Massai has a rapid recovery after a period of water scarcity. The cultivar Aruana
is not recommended for use in the Brazilian semiarid region under rainfed conditions.
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1. Introduction

The sustainability of production systems depends on the development of techniques that allow
increasing production without necessarily resulting in an increase in the area used for pasture.
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The grasses of the species Panicum maximum stand out among the other forage grasses used in Brazil
because they have high forage production potential, nutritional value, and adaptation to different soil
and climate conditions [1–3]. Nevertheless, the potential for Panicum cultivars to adapt despite water
scarcity and lengthy droughts, which occur in the Brazilian semiarid region, remains unknown.

Plant responses to the combined effects of drought and elevated temperatures are more complicated
to study than those to the distinct effects of isolated environmental factors [4]. Water shortage and
high temperatures are the variables that most limit plant productivity, in addition to reducing forage
quality and production [5].

Understanding the population dynamics of tillers through parameters such as density, appearance,
mortality, survival, and the stability of the tiller population is essential to define management practices
that should guarantee the longevity, productivity, and sustainability of pastures throughout the year [6].
As tillering is greatly influenced by water balance, water retention capacity, soil fertility, canopy
light interception, solar radiation, and ambient temperature [6–9], production in the dry season can
limit regrowth capacity and consequently forage production [10]. The correct choice of cultivars
adapted with persistence and the ability to produce new tissues in the Brazilian semiarid region’s
edaphoclimatic conditions are necessary to optimize forage production in this region, which faces
great irregularity in rainfall distribution and high rates of evapotranspiration [11].

The cultivars of Panicum maximum were presumed to have tillering capacity, survival, and forage
production, with the potential to be used in regions of semiarid climate in Brazil. The aim was thus to
evaluate the tillering dynamics and structural characteristics of six cultivars of Panicum in the Brazilian
semiarid region.

2. Materials and Methods

2.1. Site

The research was conducted in the experimental area of the Forragiculture Study Group at
the Federal University of Rio Grande do Norte (UFRN) in Macaíba, Rio Grande do Norte, Brazil
(5◦53′35.12“S, 35◦21′47.03“W, 11 m above sea level), from September 2016 to April 2017. The region’s
climate is hot and dry, Bsh’W according to the Köppen classification, with a water surplus in May and
August [12].

A rain gauge installed at the experiment site was used to measure the climatic data. Data on
temperatures and evapotranspiration were obtained from the platform of the National Institute of
Meteorology, while the soil water balance (Figure 1) was calculated by adopting a soil water retention
capacity of 25 mm.
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Figure 1. Soil water balance during the experimental period at water retention capacity of 25 mm.

The soil in the area, classified as Arenosol, has sand or soft sand texture in all horizons up to a
minimum depth of 150 cm and practically no alterable primary minerals [13]. At the beginning of the
experiment, chemical analyses of the soil were performed at depths of 0–20 cm and 20–40 cm (Table 1).
Based on these results, 500 kg ha−1 CaO, 105 kg ha−1 of P2O5, and 164 kg ha−1 of K20 were applied;
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the nitrogen fertilization of ammonium sulfate was also applied, in installments, 42 days after sowing
(50 kg ha−1 of N) and after the uniform cut (50 kg ha−1 of N).

Table 1. Chemical characteristics of the soil in the experimental area at the depths of 0–20 cm and
20–40 cm.

Layer
(cm)

P K Na
pH H2O

Ca Mg Al H+Al CEC
BS (%)

Particle Size (%)

mg dm−3 cmolc dm−3 Sand Silt Clay

0–20 18 63 20 6.6 3.1 0.2 - 1.2 4.4 72.7 84.6 4 11.4
20–40 8 49 13 5.6 0.9 0.1 - 1.1 2.2 50 85.2 2 12.8

CEC: cation exchange capacity; BS: base saturation.

2.2. Experiment

The test was designed in random blocks, with six treatments and four replications. The treatments
included six cultivars of Panicum maximum: Aruana, Massai, Mombaça, Tamani, Tanzânia, and Zuri.

The experimental area was 750 m2, with 24 plots divided into four blocks. Each block was
composed of six plots, with a spacing of 1 m between plots and 2 m between blocks. The plots
measured 4 m2, containing 1.3 m2 of floor area, and 0.70 m2 on each side were considered border
areas. The cultivars were implanted in April 2016. Between 50 and 70 pure seeds were used per m2.
The sowing was executed manually after the soil preparation, and the sowing depth was 1–3 cm.
A manual roller was used to improve the soil–seed contact. The uniform cut was made 15 cm above
ground level, 110 days after sowing.

2.3. Assessments

2.3.1. Tiller Population Dynamics

Three clumps were marked in each experimental unit to evaluate the population dynamics of
tillers. In the first evaluation, all the tillers of each clump were marked with threads of a single color
and considered the first generation of tillers. For each subsequent evaluation, the tiller marking and
counting process was repeated, with the new tillers marked with threads of a new color to identify
the new generations of tillers that emerged. With each generation, the live and dead tillers were
differentiated and accounted for.

From these data, the following variables were calculated: tiller appearance rate (ApR)—the
number of new tillers (last marked generation)/the number of existing tillers (previously marked
generation) * 100; tiller mortality rate (MorB)—the number of previously marked tillers—the number of
surviving tillers (current count)/the number of tillers in the previous dial * 100; and tiller survival rate
(SuvP)—the probability of tillers to survive during the 28-day period. The stability index (P1/P0) of the
tiller population was determined using the following equation: P1/P0 = SuvP (1 + ApR), where SuvP
= 1 −MorB. All variables were calculated according to Bahmani et al. [14].

2.3.2. Pasture Height

Canopy height was measured by using a centimeter-graduated ruler at three random points per
plot before each harvest. The height of each point corresponded to the height of the average curvature
of the leaves in the canopy around the ruler.

2.3.3. Canopy Light Interception

Light interception (LI) was estimated before each harvest by using a canopy analyzer (AccuPAR
Linear PAR/LAI ceptometer, Model PAR-80, DECAGON Devices®). For each evaluation, eight readings
were conducted above the canopy and three at soil level in each experimental plot between 10 and 12 h.
The following formula was used for the calculation: % LI = 100%—(soil level/above soil * 100).
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2.3.4. Tiller Population Density

Tiller population density (TPD; tiller/m2) was obtained by counting the number of tillers in a
defined area of 0.09 m2 per plot every 28 days. The choice of sampling points considered the average
condition of the plot after the uniform cut. The areas remained fixed during the experimental period.

2.3.5. Forage Mass and Morphological Constituents

Forage mass (FM) was estimated by cutting and weighing the forage. For this purpose, a 1 m2

square was used, serving as a basis for all the forage inside to be cut at a height of 15 cm from ground
level. It was then separated into two sub-samples. The first sub-sample was weighed to determine the
green weight and dried in the forced air circulation oven at 55 ◦C for 72 h to determine the dry mass.

The second sub-sample was used to separate the morphological constituents in the following
fractions: leaf blade, stem (stem and sheath), and dead material. These components were also dried
in an oven. With information on the dry weight of each fraction of the sample, the dry mass was
estimated, and the calculations of the percentages of leaf blade, stem, and dead material fractions,
as well as the leaf/stem ratio, were calculated. The values of FM and morphological constituents were
converted to kg ha−1 dry matter.

2.4. Statistical Analysis

Analyses were performed using R software version 3.5.0 (R Development Core Team, 2016).
Data concerning the TAR, TMR, and TSR variables were subjected to analysis of variance according to
the following statistical model:

Yijk = µ + Bi + Mj + αij + Ck + (MC)jk + βijk

where Yijk is the observed value in block i, cultivar j, and evaluation period k; µ is the overall mean
effect; Bi is the effect of block i; Mj is the effect of cultivar j (j is Aruana, Massai, Mombaça, Tamani,
Tanzânia, or Zuri); αij is the effect of the random error attributed to the plot; Ck is the effect of the
evaluation sampling period k (k = 1–6); (MC)jk is the interaction effect between cultivar j and sampling
period k; and βijk is the effect of the random error attributed to the subplot.

In the analysis of pasture structural variables, only the cultivar was considered a fixed effect.
When found significant by the F test, the effects of sources of variation and their interactions were
confirmed by Tukey’s test at the 5% significance level.

3. Results

3.1. Tiller Population Dynamics

The population dynamics of tillers were assessed through seven generations (Figure 2). The largest
number of tillers was observed in the first generation, regardless of the cultivar. The cultivar Massai
had the largest tiller population in all generations; conversely, the cultivars Aruana and Zuri have
always had generations with lower tiller numbers. The lowest tiller appearance was observed in the
third and fourth generations, regardless of the cultivar evaluated. The appearance of tillers increased
after the fourth generation and was more expressive in the cultivar Massai in the seventh generation,
although it was less intense than in the first and second generations.
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Figure 2. Population dynamics of tillers of Panicum cultivars in the Brazilian semiarid region.

Interaction between the cultivar and evaluation period (P = 0.001) was observed for ApR:
the cultivars Tamani and Tanzânia revealed higher ApR at 122 and 137 days after establishment. In the
other evaluation periods, the cultivars behaved similarly (Table 2).
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Table 2. Tiller appearance rate of Panicum cultivars in the Brazilian semiarid region at different periods
after establishment.

Periods (Days) Massai Tanzânia Aruana Zuri Mombaça Tamani

28 0.90 aA 0.25 aB 0.48 aA 0.20 aA 0.31 aA 0.50 aB

56 0.44 aAB 0.40 aB 0.26 aA 0.31 aA 0.01 aA 0.23 aB

84 0.27 aB 0.15 aB 0.01 aA 0.24 aA 0.24 aA 0.23 aB

122 0.43 bAB 1.16 aA 0.01 bA 0.44 bA 0.31 bA 1.30 aA

137 0.39 bAB 0.90 aA 0.30 bA 0.42 bA 0.33 bA 1.20 aA

185 0.68 aAB 0.10 aB 0.29 aA 0.23 aA 0.16 aA 0.02 aB

Means followed by distinct lowercase letters in the row and uppercase letters in the column differ (P < 0.05) according
to the Tukey test.

No interaction between the cultivar and evaluation period was observed for the MorB (P = 0.1952)
and SuvP (P = 0.4590) of tillers. In addition, the cultivar (P = 0.3800) and evaluation period (P = 0.4469)
had no effect on SuvP, with a mean and standard error of 99.1 ± 1.7%. However, higher MorB was
detected in the cultivars Aruana and Tamani, relative to Mombaça and Zuri, with intermediate values
detected in the other cultivars (Figure 3). Regarding the MorB, according to the experimental period,
the highest values were observed at 56 days, while the lowest values were observed at 185 days;
no difference was observed for the other evaluation periods.
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The stability index of the tiller population was greater than or equal to 1 for all cultivars throughout
the experimental period, which indicates that the ApR was always higher than the MorB (Figure 4).
Nevertheless, the cultivars Massai and Tamani obtained the smallest variations in the tiller population.
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Figure 4. Stability index of the tiller population of Panicum cultivars in the Brazilian semiarid region.

3.2. Structural Characteristics of Pastures

The highest height by plant stems was observed in the cultivar Mombaça and the lowest in Aruana,
with intermediate values for the other cultivars. Moreover, the highest LI by the canopy was detected
in the cultivars Massai, Tamani, and Tanzânia and the lowest in Aruana and Zuri, with intermediate
values in Mombaça (Table 3).

Tiller population density differed among cultivars: the highest TPD was observed in the cultivars
Massai and Tamani and the lowest in Aruana, Mombaça, and Zuri, with no difference in Tânzania
(Table 3).

The cultivars Massai, Mombaça, and Tamani had the highest FM; however, the largest mass of
leaf blades was noted in Massai and Mombaça. The largest stem mass was found for the cultivars
Mombaça and Zuri. No effect of cultivar occurred for the mass of dead material (P > 0.05). The leaf
blade/stem ratio was higher in the cultivars Massai, Tamani, and Tanzânia (Table 3).
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Table 3. Structural characteristics of different Panicum cultivars cultivated in the Brazilian
semiarid region.

Variables
Cultivars

EPM Valor P
Massai Tanzânia Aruana Zuri Mombaça Tamani

Height (cm) 50.9 b 61.6 ab 34.9 c 58.1 ab 74.1 a 43.3 b 5.2 0.005
LI (%) 90.6 a 92.9 a 80.7 b 77.2 b 87.4 ab 93.8 a 19.1 0.044

TPD (Perf/m2) 427.8 a 294.0 ab 190.0 b 195.50 b 197.3 b 323.50 a 18.8 0.001
HM (kg ha−1 de MS) 2979.0 a 2879.9 ab 1648.6 b 2704.1 ab 3249.0 a 2718.4 a 332.5 0.015
Leaf (kg ha−1 de MS) 1781.5 a 1614.2 ab 784.9 b 1613.2 ab 1903.2 a 1855.6 ab 40.7 0.016
Stem (kg ha−1 de MS) 579.4 ab 529.3 ab 403.2 b 600.8 a 736.0 a 536.0 a 20.0 0.001

Dead material (kg ha−1 de MS) 618.0 636.4 460.4 490.15 609.9 657.8 20.7 0.089
L/S 3.1 a 3.0 a 1.9 b 2.7 ab 2.6 ab 3.4 a 2.8 0.001

Means followed by different letters on the line differ (P < 0.05) according to the Tukey test. EPM: standard error of
the mean; LI: light interception; TPD: tiller population density; HM: herbage mass; L/S: leaf/stem ratio.

4. Discussion

4.1. Tiller Population Dynamics

The first generation of tillers corresponded to the number of tillers of various ages present on
the first appointment date. As the date of appearance could not be identified, this generation was
more numerous, regardless of the cultivar. This result may also have been enhanced by nitrogen
fertilization applied after the uniform cut. The largest number of tillers observed in the Massai grass
generations can be attributed to the cultivar’s genetics [9,15]. The number of leaves and tillers formed
in the cultivar Massai is greater than any other of the genus Panicum already known [15].

The third and fourth generations of tillers were smaller because the assessment coincided with
the period of least precipitation, which resulted in the largest water deficit in the soil (Figure 1). In this
condition, the plant’s metabolism is slower and thus the processes involved in the emergence of new
tillers [16]. The increase in tillering observed in the seventh generation, mainly in the cultivar Massai, is
the result of the resumption of the rainy season, which was the only period when the soil had a positive
water balance (Figure 1). The cultivar Massai has a rapid recovery after a period of water scarcity [10].
In the semiarid region, where the rainy season is short (May to August), the more responsive a cultivar
is, the longer the pasture will be used in the production system.

As to the MorB, the cultivar Aruana presented the highest values together with Tamani.
This response observed in the cultivar Aruana can probably be explained by its higher requirement
for fertility and water relative to that of the other cultivars. Fernandes et al. [17], evaluating the
structural characteristics of the different tropical grasses that sheep graze in the Brazilian semiarid
region (5◦53’34”S and 35◦21’50”W) during the dry season, demonstrated that the cultivar Aruana has
less tolerance to water deficit, requiring the removal of animals in the second grazing cycle due to low
forage supply. Regarding the cultivation of Tamani, despite having high MorB, it revealed higher ApR,
which translates into greater tissue renewal, therefore generating generations with a shorter life span,
providing a younger tiller population. At 185 days, the lowest MorB was recorded for all cultivars due
to the resumption of the rainy season.

The tiller population stability index was higher than 1 for all cultivars, which indicates that
survival and tillering were able to compensate for MorB; the tiller population thus tends to increase
over the years. However, with the exception of the cultivar Massai, all other cultivars decreased the
TPD over the experimental period, a response consistent with the time of assessment, since with the
increase in water deficit in the soil, the rate of appearance tends to be lower than the MorB due to
increased competition for water and light among tillers [7].

4.2. Structural Characteristics of Pastures

The highest canopy height was registered in the grasses of Mombaça grass, as it is the largest of the
Panicum maximum cultivars [9,18]. The greater LI found for the cultivars Massai, Tamani, and Tanzânia
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can be explained by the higher TPD observed in these cultivars (Table 3). These were the cultivars that
came closest to reaching the critical leaf area index, a condition in which the pasture intercepts 95%
of the incident light [2,19,20]. Competition for light therefore did not occur at the base of the plant,
which could inhibit tillering.

The cultivars Massai and Tamani demonstrated higher population densities of tillers compared to
Aruana, Mombaça, and Zuri due to the compensatory mechanism of tiller size/population density [21],
where taller plants have large tillers but in smaller quantities and vice versa. When assessing the
tillering capacity of tropical grass cultivars, Luna et al. [9] reported a population of tillers 62% higher
in the cultivar Massai compared to Mombaça. The advantage of cultivars that have a higher TPD is
that tillers are essential for the persistence of pastures due to their enhanced efficiency in the use of
resources such as water, nutrients, and light [22], which promotes a quick recovery after a period of
scarcity of these factors [10].

The largest FM found in the cultivars Massai and Tamani is the result of the high TPD. In tropical
pastures, morphogenic characteristics (leaf appearance and elongation rate, leaf life duration, and stem
elongation rate) dictate the tillering dynamics and determine the structural responses, which explains
the phenomenon described above [23].

The cultivar Mombaça, despite having a lower population density, is the larger cultivar that
promoted a compensatory effect on the FM due to the relationship between the height of the pasture
and FM [24,25]. Still, for the cultivar Massai, the largest leaf mass and smallest stem promoted a higher
leaf/stem ratio for this cultivar. Conversely, the cultivar Mombaça presented greater leaf and stem
masses. As it is a higher cultivar, the proportion of the stem and leaf of Mombaça was expected to
differ from that of the other cultivars due to its greater stalk elongation and longer leaf blade [16].

5. Conclusions

The cultivars Massai, Mombaça, Tamani, Tanzânia, and Zuri have the potential to be cultivated
in areas with marked water deficit and high temperatures, such as the Brazilian semiarid region.
The cultivar Massai has a rapid recovery after a period of water scarcity. The cultivar Aruana is not
recommended for use in the Brazilian semiarid region under rainfed conditions because it presented
low stability, low tiller appearance rates, high tiller mortality rates that resulted in the lowest forage
mass, which can compromise its persistence when submitted to grazing.
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