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Abstract

The objective of this study was to determine the effect of clump density on the production and
distribution of biomass in commercial Bambusa vulgaris plantations cultivated under an annual rotation
system in Northeast Brazil. The data were obtained one year after the last cut in populations led by
regrowth and submitted to previous cuts for a 22-year period. Plantations | and Il were located on slightly
undulating terrain with 3.75 and 5.63 m? of average usable area per clump, respectively. Plantation Ill was
characterized by its location on hilly terrain with 3.57 m? of area per clump. Three plots of 15 x 15 m were
established in each plantation, from which three clumps were selected. The clumps were cut to estimate
the dry biomass of leaves, branches, new culms, mature culms and rhizomes. The higher density of plants
did not reduce the commercial biomass production per plant, while increasing the commercial
production per hectare. Given the precocity of the cutting age considered, the relative proportion of culm
biomass was new culms > mature culms > leaves > branches, showing a high biomass of new culms and
leaves. The exploited biomass was only 38% of the total.

Keywords: Bamboo; Clump density; Commercial plantations.

Resumo

Objetivou-se estudar o efeito da densidade de touceiras na producdo e distribuicdo de biomassa em
povoamentos comerciais de Bambusa vulgaris cultivados, sob regime de talhadia, em rotacdo anual no Nordeste
do Brasil. Os dados foram obtidos um ano apds o ultimo corte realizado, em povoamentos conduzidos por
rebrota e submetidos a cortes anteriores por 22 anos. Os povoamentos | e Il estavam inseridos em terreno
suavemente ondulado e com 3,75 e 5,63 m? de area Util média por touceira, respectivamente. O povoamento |l
foi caracterizado por estar em terreno montanhoso e com 3,57 m2 Em cada povoamento, foram estabelecidas
trés parcelas de 15 x 15 m, as quais foram selecionadas trés touceiras. As touceiras foram cortadas para
estimativas da biomassa seca de folhas, galhos, colmos novos, colmos maduros e rizomas. A maior densidade de
plantas ndo reduziu a producdo de biomassa comercial por planta, elevando a produ¢do comercial por hectare.
Devido a precocidade da idade de corte considerada, a proporc¢do relativa de biomassa aérea foi colmos
novos > colmos maduros > folhas > galhos, ocorrendo alta biomassa de colmos novos e folhas. A biomassa
explorada foi apenas 38% da total.

Palavras-chave: Bambu; Densidade de touceiras; Povoamentos comerciais.
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INTRODUCTION

Bamboo is one of the most important non-timber forest products and an appropriate
alternative to composite wood materials, especially in this era of rapidly reducing timber supply
(Chaowana, 2013; Anokye et al., 2014), since it presents a faster growth rate, after-harvest
regrowth, and better harvesting, transportation and manufacturing facilities of its products
when compared to commercial timber species (Limaetal., 2012; Anokyeetal., 2014,
Hernandez-Mena et al., 2014).

In addition, bamboo is considered a versatile material for industries, highlighted in the
production of paper, energy, laminates, civil construction material, household and furniture
utilities (Nordahliaetal.,, 2011; Yuetal, 2011, Erakhrumen, 2012; Sunetal, 2013;
Alonso et al., 2014; Andrade et al., 2015; Azeez et al., 2016; Balduino Junior et al., 2016), as well
as for environmental services, including carbon sequestration, slope containment and
landscape works (Castafieda-Mendoza et al., 2005; Yu etal., 2011; Lobovikov et al., 2012;
Alonso et al., 2014; Cairo-Cairo et al., 2017).

Bamboo is the common term applied to a broad group of woody grasses (Poaceae,
Bambusoideae), occurring in tropical, subtropical and temperate zones and distributed in about
115 genera and 1400 species (Scurlock etal., 2000; Inoue etal., 2011; Lobovikov et al., 2012;
Lin et al., 2012; Kelchner, 2013). The total area of bamboo in the world is approximately 36 million
hectares, with 28% in Latin America, where 270 species occur distributed in 18 genera (Chaowana,
2013). Approximately 232 species are described in Brazil, corresponding to approximately 89% of
all genera and 65% of South American species (Pereira & Beraldo, 2016).

In Brazil, the production and consumption of bamboo are still very restricted and
underutilized, with Bambusa vulgaris Schrad ex Wendl. being one of the most cultivated species
with high potential for multiple uses (Bragaetal., 2017). This species has the largest
commercial plantation areas in Brazil, mainly in the Northeast region in the states of
Maranhdo, Paraiba and Pernambuco (Mendes et al.,, 2010; Lima Neto et al., 2010), being
especially used as industrial raw material in producing long fiber pulp and paper (Anselmo
Filho & Badr, 2004) and for energy production to a lesser extent (Vale et al., 2017).

Despite this, there are still few scientific studies on the production and allocation of biomass
produced in different components in Bambusa vuigaris. In the case of bamboo cultivated in
Northeast Brazil, the maximum production of biomass tends to occur between 3-5 years
(Kleinhenz & Midmore, 2001; Mendes et al., 2010).

However, due to the high demand for biomass in the short-term, shallow cuttings under
a coppicing regime in plantations in Pernambuco and Paraiba have been perfomed at two or
even one year of age. This perspective generates the need to investigate the effect of short
rotations on the biomass production and allocation of bamboo on the effect of the variables
which affect productivity, namely the slope of the cultivated areas which are constituted by
non-utilized slopes for sugarcane plantation and the density of planting (number of plants per
hectare).

It is worth noting that in Brazil, Law No. 12,484 was approved, which provides for the
National Policy on Incentives for Sustainable Management and Cultivation of Bamboo (Brasil,
2011), which demonstrates the importance and necessity of further studies regarding native
bamboo species and those introduced in the country.

It is also worth mentioning that world bamboo production is generally done by natural
stocks with no defined spacing, and plant density is measured by the number of culms per
area, even in plantings within the concept of “culm population”. High culm density increases
the production per hectare, even if it reduces production per plant. The optimum culm density
may be higher for fertile sites, species of fine culms, young plantations and early rotation for
a product which does not require high diameters (Kleinhenz & Midmore, 2001).

The objective of this work was to study the effect of clump density on the production and
distribution of biomass in commercial Bambusa vulgaris plantations grown under a coppice
regime with annual rotation in Northeast Brazil.
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MATERIAL AND METHODS

This study was carried out in Engenho Mamoaba, of the Agrimex Agroindustrial Excelsior
SA company in Pedras de Fogo - PB (7° 24' 19" S and 35° 06’ 41" W, altitude 185 m), south coast
of Paraiba state, located in the Gramame River Basin, containing 2,284.12 hectares of area
with Bamboo plantations in red podzolic soil with sandy texture. The average annual rainfall
is 1,300 mm and the annual average temperature is 25 °C.

The data were obtained one year after the last cut in the three most frequent types of
plantations in terms of slope and planting density, conducted by regrowth and submitted to
previous cutting for 22 years.

Plantations | and Il were inserted in gently undulating terrain, or with a slope of 3 to 8%
according to Empresa Brasileira de Pesquisa Agropecuaria (2006), and with planting density of
3.75 and 5.63 m? of average useful area per clump, respectively. On the other hand, Plantation
IIl was selected on mountainous terrain (Empresa Brasileira de Pesquisa Agropecuaria, 2006)
with a slope of 51.13% and useful area of 3.57 m? per clump, but with area preparation in
contoured lines with water retention channels aiming at erosion containment. It is worth
noting that soil tillaging and plowing, combined with drainage and incorporating soil
correctives were carried out for all treatments, along with terracing for water retention,
absorption, infiltration and drainage.

Then three 15 x 15 m plots were established in each plantation, defined as more adequate in
shape and size according to Silva & Bonilla (1998). Next, three clumps of medium circumference
and height were selected in each plot in relation to the set of clumps of the plot.

The clumps were cut at 5 cm from the soil and their components, leaves, branches, new
culms (those with absence of branches and presence of leaves), mature culms (those with
branches present) and rhizomes were separated and weighed in the field in a scale with a
capacity of 150 kg.

After weighing of each component, samples of about 100 g were collected, packed in
paper bags, weighed on a 700 g capacity scale, then dried in a forced circulation oven at 65 °C
until constant weight at the Laboratory of Genetic Improvement of the Santa Teresa Plant in
order to obtain the total dry biomass weight of each component.

Dry biomass per clump component and clump was obtained by multiplying the green
biomass weight from the field by the dry weight/wet sample weight ratio. The dry biomass per
hectare was obtained by multiplying the dry biomass per component and per plant by the
number of plants per hectare.

The distribution of dry biomass in each of the plant components was analyzed using a
completely randomized design with three treatments = plantations (i), three repetitions = plots
(j) and three clumps per plot (k), totaling nine clumps per treatment and 27 total clumps. The
treatment means were compared by the Tukey test at 5% probability when the analysis of
variance was significant (p <0.05).

The mean number of culms per clump, mean culm circumference, culm height and
number of culms per ha of the different plantations were analyzed by means of confidence
intervals (p = 0.05).

RESULTS AND DISCUSSION

Plantation I, with an average area per clump of 3.75 m? and Il with 5.63 m?, did not differ
in average commercial biomass yield (culms and branches) per clump (Table 1) and total per
hectare (Table 2), although crop density was expected to affect the availability of light, water
and nutrients, thus regulating growth.
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Table 1. Average biomass (kg clump™ year™) of old culms, new culms, branches, commercial and total
productions in Bambusa vulgaris plantations, Pedras de Fogo-PB, Brazil.

Plantation Culms (1) Branches Leaves Rhizome Production
Mature New (2) (3) (4) Commercial* Total**
| 0980B  0892B  0780B 1.195A 5710A 2.651 B 9.557 A
I 0826B  1.004B  0653B 0.810A 5439A 2.483B 8.732 A
1l 1.930A  2406A  1.490A 1.056A  3.597 A 5.826 A 10.479 A
C.V. (%) 39.8 77.8 55.9 54.2 61.4 42.0 457
Grizzrna' 1.245 1.434 0.974 1.020 4.916 3.653 9.589

Averages followed by the same letter in column do not differ by the Tukey test (p = 0.05). *(1+2); **(1+2+3+4).

Table 2. Average biomass (Mg ha' year') of mature culms, new culms, branches, leaves, rhizomes and
commercial and total productions in Bambusa vulgaris plantations, Pedras de Fogo-Paraiba, Brazil.

. Culms (1) Branches Leaves Rhizome Production
Plantation -
Mature New (2) (3) (4) Commercial* Total**

| 2.613B 2.379B 2.079B 3.186 A 15.227 A 7.071 B 25.484 A

Il 1.469 B 1.785B 1.160 B 1441 B 9.669 B 4414 B 15.523 B

1l 5.405 A 6.736 A 4171 A 2.956 AB 10.073 B 16.312 A 29.341 A
C. V. (%) 419 82.3 57.3 57.9 59.1 43.7 50.5
General 3.162 3.633 2.469 2.527 11.656 9.266 23.443
average

Averages followed by the same letter in column do not differ by the Tukey test (p = 0.05). *(1+2); **(1+2+3+4).

The absence of density effect (plantations | and Il) was possibly due to the age of the
shoots of the plants provided by annual shallow cutting, which induced smaller canopies that
did not immediately occupy the available space, which was also observed by Pellegrini et al.
(2007), in bamboo (Guadua tagoara (Nees) Kunth). Other evidence of this aspect is that
bamboo plantations, including those on less fertile land, generally have average biomass
production per clump reduced by competition at only between 3 and 5 years of age (Kleinhenz
& Midmore, 2001), which is not the case in the present study in which the rotation was annual.

Plantation Il (3.57 m? and slope of 51.3%) presented twice as much commercial
production per plant and per hectare, when compared to plantations | and Il. This fact may be
associated to slope of the land, as well as the conservationist practice of soil used in planting
the crop (Oliveira etal.,, 2012), for which the production was influenced by the greater
availability of nutrients carried by rains and favoring water infiltration due to the clumping
habit of Bambusa vuligaris.

In this sense, in a study on absorption and distribution of nutrients in B. vulgaris,
Mendes et al. (2010) verified that the plants of plantation Ill were more efficient in the
absorption of P, K.and Ca, which reinforces the influence of slope. In addition, Yang et al. (2015)
affirm that B. vulgaris is sensitive to changes in environmental conditions, especially in relation
to water use, so it is possible to associate that plantation Ill was favored in this respect, since
the planting was carried out on contour lines with water retention channels.

The total biomass production per clump did not differ by plantation (Table 1), but it was
observed that the lowest per hectare was in plantation Il (Table 2), possibly associated with its
useful area (5.63 m?), which did not allow compatible biomass accumulation with the others.
However, according to Kleinhenz & Midmore (2001), it is worth mentioning that the annual
rotation is that which is recommended for pulp and paper production, which is the objective
of the studied plantation.

The non-differentiation between plantations | and Il in terms of total average yield can
be explained by the fact that plantation | presented the highest value in rhizome, contributing
to the sum of the production, and its similarity to the plantation Il as a result. It is also evident
that the plantations I and Ill have similarity in their useful area (3.75 and 3.57 m?, respectively),
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and with that the higher planting density enabled a higher total biomass production per
hectare when compared with plantation Il

For pulp and paper production (the purpose of the studied plantation), as the rotation
may be short, the useful area by bamboo clump may be even smaller than those of
plantations | and IlI, since according to Wu et al. (2005), it can range from 1 to 4 m? using the
spacing of 1 x 1 to 2 x 2 m, and can increase production, provided that the rotation is fixed
before growth stagnation, i.e. before 3 to 5 years (Kleinhenz & Midmore, 2001).

According to Vale et al. (2017), with the increase in the rotation age of B. vulgaris, there is
an increase in the ash content, the basic density and a decrease in the fixed carbon content
from the base to the top of the culm. With this, harvesting in annual cycles (as presented in
this work) is ideal for pulp and paper production in seeking a reduction in ashes. The ash
content represents the total minerals present in their most diverse forms, which is a negative
factor in very closed cycle water cycle pulp mills, with high recirculation rates and low volumes
of effluents (Fredo et al., 1999).

It is known that the production results for bamboo vary with the species, the location
and the management of the clumps, but generally short rotations for reduced diameters
(as in the present case) can be done in smaller spacings (Wu et al., 2005). In this sense,
depending on the climate, soil fertility, density and rotation cycle, a biomass contribution
between 20 and 33 Mg ha' is expected for B. vulgaris (Alonso et al., 2014), which is only close
to the commercial production observed for plantation Il (Table 2).

The lack of planting density effect (useful clump area) on commercial shoot production
can also be partly explained by Kleinhenz & Midmore (2001), in which the low planting density
can be partially compensated by increasing the number of culms, reducing the effect of
spacing, which occurred in plantation Il (Table 3).

Table 3. Useful area per clump, number of clumps per ha and confidence intervals for the mean number
of culms per clump, mean circumference of culms, mean height and number of culms per ha in Bambusa
vulgaris plantations, Pedras de Fogo-Paraiba, Brazil.

No. of Mean number . Mean Mean basal area Mean height of  No. of
clumps of circumference of 2 4
b 4 of culms (cm?) culms (m) culms ha
ha culms/clump culms (cm)
I 2.666.7 7.67+0.478B 4.89+0.09B 1.90 + 0.0006 B 3.02+0.05B 20.453.5
Il 1.785.7 8.90+0.52 A 4.85+0.08B 1.87+0.005B 3.02+0.05B 15.892.7

I 2.666.7 5.03+0.28 C 6.11+0.11 A 2.97 £ 0.0009 A 3.71+0.08 A 13.413.5
Averages followed by the same letter in column do not differ by the Tukey test (p > 0.05).

The numbers of clumps per ha found in the present study are approximately equivalent
to the numbers found when using 2 x 2 m and 3 x 2 m spacings in planting seedlings, which is
common in fast growing species plantations, as is the case of bamboo. As bamboo presents
characteristic tillering with the shoots emerging on the peripheries of the clumps, the growth
occurs in a circular way from the center to the periphery, tending to make the clumps
intertwine/meet up when growing.

The circular growth and the fact that repeated cutting maintain the constant shape of the
clumps and the spacing make it so that clump circumference is considered an important
variable in determining the growth of the bamboo under competition, and can also be
correlated with the number of culms and the diameter and height of culms. Thus, these
variables are important for establishing mathematical models for describing the growth per
plant of bamboo clumps under commercial growing conditions, and which is discussed by
Silva et al. (2009).

Part of this explanation may also be the variation in biomass components between
clumps within plots affecting the coefficient of variation (Tables 1 and 2). This variation can be
attributed to planting using culms of different plants deposited in grooves, which would cause
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variation in the vigor of the clumps according to the plant and the part of the culm in which it
originates.

World production of bamboo is generally made up of natural stocks with no defined
spacing, and even in plantations, plant density is measured by the number of culms per area,
within the concept of “culm population”. High culm density raises production per hectare, even
if it reduces the production per plant. The optimum culm density may be higher for fertile
sites, species of fine culms, young plantations and early rotation for products which do not
require high diameters (Kleinhenz & Midmore, 2001).

Due to the reduced rotation time to increase the number of rotations, the commercial
biomass (culms with branches) for the three plantations, 9.3 Mg ha’ (Table 2), was slightly
below the overall average of the region, 10 to 24 Mg ha' year™' (Bonilla, 1991), and the average
of various sources, between 10 to 20 Mg ha™ year™' (Mailly et al., 1997; Nath et al., 2009).

The total biomass including leaves and rhizomes per hectare of plantation | (with a higher
density of plants) was higher than that of plantation Il and similar to that of plantation IlI
(Table 2). This is because, the production per hectare may be higher due to the greater number
of plants per area under less spacing, even with lower production per plant (Assis et al., 1999;
Rondon, 2002; Oliveira Neto et al., 2003).

The rhizome and leaf biomasses did not vary per plant, but were higher per hectare in
the denser plantation (I) due to the greater number of plants (Tables 1 and 2). Relative average
shoot biomass per plant of the three plantations had a decreasing sequence of new culms
(30.7%), mature culms (26.6%), leaves (21.8%) and branches (20.9%), differing from relative
allocation of aboveground biomass to different parts of the plant (culm > branches > leaves)
observed in other works (Shanmughavel etal.,, 2001; Kleinhenz & Midmore, 2001;
Embaye et al., 2005; Nath et al., 2009). On the other hand, it was observed that plantation |
showed the sequence leaves, mature culms, new culms and branches (Figure 1a), which is
different from the others that followed the general average.
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Figure 1. Relative average aboveground biomasses per plant (a) and commercial (b) according to
compartments in Bambusa vulgaris plantations, Pedras de Fogo-PB, Brazil.
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When only considering the relative commercial biomass (Figure 1b), it was observed that
plantation | presented a different distribution sequence than the others (New culms > Mature
culms > Branches). The high biomass of leaves and new culms in the present study can be
explained by the low age of the culms under annual cuttings, when there is a greater need for light
capture for producing essential photoassimilates for growth, which was also observed by
Pellegrini et al. (2007). Thus, due to the young age of the crop, above ground biomass (48.7%) was
surpassed by rhizome biomass (51.3%) (p <0.05; F-test), which is maintained as a permanent
component, and the commercial biomass (culms + branches) was only 38.1% of the total biomass.

The results of the present study differ from those of Sanquetta et al. (2015), who
observed that 85% of the total biomass in Bambusa vulgaris is contained in shoots with the
sequence of culms (68%), branches (11%) and leaves (6%), while Shanmughavel & Francis
(1996) found 80-85% in the culms, 15-20% in the branches and only 1% in the leaves in
B. bambos. It is worth emphasizing once again that the differences between studies are due to
the density and rotation cycle, among other factors.

Reducing shallow cutting cycles from 2.5 years to annual cuttings did not reduce productivity
below the minimum expected. However, it is necessary to consider the long-term effects of this
rotation regime on soil fertility and on the need for fertilization (Mendes et al., 2010).

Due to the high proportion of new culms, it is recommended that the effects on the
biomass production of maintaining some or all of the new culms and also the maintenance of
some mature culms for the nutrient supply for the sustainable growth of the clumps could be
compared with shallow cutting in future works.

CONCLUSIONS

Plant density does not reduce commercial biomass (culms and branches) or leaves and
rhizomes per plant, but it increases the biomass production per hectare and enables an
increase in the number of rotations.

The reduction in the rotation time leads to the exploited aboveground biomass only
representing 38% of the total biomass.

The biomass of the aboveground components follows the distribution of culm (new and
mature) > leaves > branches, with high relative biomass of new culms and leaves.
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