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ABSTRACT

Aims: Elionurus latiflorus (Nees ex Steud.) Hack. commonly known as Brazilian lemongrass is a
medicinal plant native to Brazil. Present experiment was conducted to study the effect of number of
tillers/vegetative unit of transplants on biomass production in a period of 480 days.

Study design: The experiment was conducted by using completely randomized design with three
treatments i.e. plants transplanted with one tiller (T1), plants transplanted with 2 tillers (T2) and
plants transplanted with 3 tillers (T3). These treatments were replicated eight times where
transplantations were done in polybags which containing mixture of soil, dung and carbonized rice
in 3:1:1 ratio. These polybags were kept for 160 days in greenhouse and pruning was done in
every plant by maintaining 5 cm of the plant biomass for its regrowth.

Duration of Study: This experiment was carried out over 16 months.

Methodology: Every plant seedling was submitted to a cut maintaining approximately 5 cm of the
plant biomass for its regrowth. After each pruning, survival percentage, increment in the number of
tillers propagated, rise of plants height, fresh as well as dry mass weight were evaluated.

Results: Lower initial number of main stems influenced survival only in the early growth phase
after transplantation with a loose of 73% of the population transplanted with an unique main stem.
Survival kept a constant value without plant mortalities in the successive 320 days evaluated after
the first pruning. The number of tillers propagated weren’t affected significantly by the number of
initial main stems in a single period. In the other hand, in the comprehensive period of the
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these results.

experiment there was a change with mean variation from 9.68 to 36.75. Height decreased the
mean from 102.82 cm to 26.66 cm. Fresh and Dry Plant Mass increased from 5.19 g/plant to 11.47
g/plant and from 2.17 g/plant to 4.93 g/plant respectively, P<0.05.

Conclusion: This study even if elementary represents a required approach for the domestication
of the species avoiding the waste of time and plant material for successive propagation works. It
represents a suggestion for further research work in greenhouses with this specie for a validation of

Keywords: Brazilian lemongrass; tillers; biomass production.

1. INTRODUCTION

Elionurus from the greek word eleuin (to bend)
and oura (tail), alluding that the cylindrical
inflorescences are curved [1].

The genus Elionurus, Humb. and Bompl ex Willd,
belongs to the Poacea family with about 15
species distributed in subtropical and tropical
countries, especially in Africa [2], in Australia,
Central America, South America, Temperate
Asia [3,4,1].

Its perennial, agglomerated and herbaceous
species reaches upto one meter in height.
Leaves are cetaceous, sometime flat with
parallel venation. The roots can be aromatic. Its
flowering often occurs between October and
December. Due the transplantation and removal
of apices of the plants on September, this
phonological event happened later, between May
and June.The colour of the flowers is white. The
species can be propagated by seeds but usual
method is to divide clumps. Most grasses are
propagated by division to preserve cultivar
identity besides resulting in high success rate
[5,6].

Grasses are preferably transplanted in-between
March-November, however, in colder places it is
recommended during March-May or September-
November [7].

Among the species of the genus Elionurus is
present the specie Elionurus latiflorus (Nees ex
Steud.) Hack, Fig. 1, agreed by some authors as
a synonym of Elionurus muticus (Spreng.)
Kuntze,in controversy with a previous publication
in which it is recognized as Elionurus latiflorus
(Nees ex Steud.) [8-10].

Commonly known as goat's beard grass or
Brazilian lemongrass, it is one of the species of
Elionurus native to almost the entire coast of
Brazil, mainly from the Northeast till Parana,
where plants with different genetic characteristics

30

such as width, length, color of leaves and
flavoring exhaled, can be found, even if
practically extinct due to the destruction of their
natural occurrence areas caused by the
occupation of intensive agriculture [11-13,3,7].

The "Botanical Studies of the Northeast" refers
Elionurus latiflorus, and classifies it as part of the
savanna vegetation where the soil is dry and
stony, which shows that the species has a great
adaptability; other studies related also the
maintenance of the plant characteristics even in
a mild climate [13-14].
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Fig. 1. Plant of Elionurus latiflorus

The term "lemongrass" attributed to Elionurus
latiflorus, as already cited, refers to the high
presence of citral in the aerial part of the plant,
compound widely used in food, cosmetic and
pharmaceutical industries, and often obtained
through the Cymbopogon citratus (DC) Stapf
[11,7], this term must be always accompanied by
"Brazilian" to understand the denomination
avoiding further confusion regarding the name
and the discoveries. The citral is a compound
inherent to Elionurus latiflorus found in a high



concentration in the leaves can be used as a
marker by chemical companies, attesting the
genuinely of the origin of the specie, once the
same compound wasn't found in a research
about the chemical composition of the essential
oils of Elionurus muticus [15,16]. In the
pharmaceutical industry, citral is used as a raw
material for the synthesis of a series of ionones,
with beta-ionone being specifically used as a
starting substance for the synthesis of vitamin A
[17]. In recent studies, Elionurus latiflorus was
also tested for its antioxidant and antibacterial
activities related to its phenolic compounds and
other minor compounds [18,19].

Vegetative propagation by tillers is a method
often employed in studies about propagation of
grasses and can be considered important
because tillers are the modular units of growth
for grasses [20]. Tillers can be classified as
vegetative or reproductive, in function of the
development stage [21]. Vegetative tiller is
younger and shorter, more numerous and have
also higher morphological composition and
nutritive value than reproductive tiller that
presents stem elongation with inflorescence
emission what is important for the continuity of
specie population [22].

Studies related to the management and
cultivation of Elionurus latiflorus are still scarce
despite their fundamental importance, this
experiment about vegetative propagation
development focused to provide information to fill
the lack of knowledge in this regards.

1.1 Description of the Study Area

The present experiment was carried out at the
Department of Medicinal Plants/Horticulture, Sao
Paulo State University, Botucatu (22°53'09”’S
48°26'42"W, 840 m) Sao Paulo, Brazil. This
zone has a humid-subtropical weather, with dry
cold winters.

2. METHODOLOGY

Natural Plants of a single variety of Elionurus
latiflorus with good health aspect was removed
from the collection of medicinal and aromatic
plants and their tillers were separated in the
month of September. Collected plants were
transplanted in polybags filled with mixture of
soil, manure, and rice straw in the ratio of
3:1:1.The statistical design was entirely
randomized with three treatments having eight
replications of ten plants per plot, in a total of 24
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plots with 240 plants comprehending the whole
experiment. The three treatments under this
experiment include: transplants with 1 tillers (T1),
transplants with 2 tillers (T2) and with 3 tillers
(T3). All tillers were cleaned by cutting the
leaves to a length of about 17 cm and were held
in their roots and kept in greenhouse at 20°C
mean temperature with irrigation mist for about
160 days (first pruning - 1*' P), 320 days (second
pruning - 2™ P) and 480 days (third pruning - 3"
P). After each cycle of 160 days a harvest was
made for quantitative evaluations in which the
following propagation parameters  were
observed: survival of plants (%), number of tillers
propagated, height (cm), fresh and dry
mass/weight (g/plant) of the aerial part. The
estimated height of the plants was determined
from the base to the apices of the developed
leaf, with the aid of a ribbon ruler. After
measurements of survival, number of tillers,
height and fresh weight, plants were preserved
with a label in paper bags and placed in a forced
air oven at 70°C until constant weight for later
weighing of the dry mass.

2.1 Statistical Analysis

Data obtained were submitted to analysis of
variance and Tukey test at 5% of probability,
through XLStat software package version
2013.2, France.

3. RESULTS AND DISCUSSION

Generally, as mentioned, grasses like Elionurus
latiflorus should demonstrate an increase in the
number of tillers when plants are shorter and
parameter of biomass production (weight) follows
this tendency, while when plants are higher
should also present a lower density [23,24], it's a
standard response that characterizes the
phonotypical plasticity of the grasses and
consists of a mechanism known as balancing
between tiller size and density of tillers.

For a screening of the development of the
Elionurus latiflorus, means of the variables were
compared between the treatments for each one
of the pruning in each 160 days, as well as for
every treatment during the stages of its
development for the whole period of 480 days,
the statistical data is showed in the Table 1.

3.1 Survival (%)

In this experiment significant variation was
observed between T2 and T3 as compared to T1
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Table 1. Mean values of survival (%), number of tillers propagated, height (cm) fresh and dry
plant mass (g/plant) of Elionurus latiflorus in 160, 320 and 480 days after transplantation

Survival Number of tillers Height FPM DPM

(%) propagate (cm) (g/plant) (g/plant

1P T1 0.73 A 107 - 8260 ™ 5.%9 oE 2%7 e
160 days T2 0.89 A 992 ac 102.82 ** 693 *® 305 *
T3 0.90 A 968 ac 102.07 ** 619 *° 292 *

2" p T 0.73 oA 27.84 as 7879 * 952 ¥ 345 ¥
320 days T2 0.89 2A 2758 as 7470 * 709 ® 278 **
T3 0.90 A 2471 a8 7146 *® 552 " 233

3P T 0.73 A 34.51 oA 4219 1147 * 493 *
480 days T2 0.89 A 36.75 2A 4570 % 1043 * 468 *
T3 0.90 A 34.27 oA 2666 °° 983 ** 432 *

Means followed by the same small letter in a single pruning and capital letter comparing the different pruning in
the column do not differ significantly each other through Tukey test p<0.05

for survival % initially but after first prune plant
stabilized and the values remain constant,
without new mortalities for all the three
treatments. Low survival rate under T1 initially
may be due to less availability of food reserves in
single tillers which may not able to coup up initial
higher losses during transplanting and other
factors that affect more initially like need of
acclimatization, hardening off, root disturbance,
weather conditions etc. Despite of lower survival
percentage by T1, they also had as well an
increase in new tillers significantly and
comparable to the other two treatments,
demonstrating that these plants were seeking for
establishment, issuing new aerial parts able to
improve necessary reserves to grow and
develop.

Another factor that justifies the higher population
density of dead tiller in taller plants is the
phenological cycle of grass, in which the
mortality of the reproductive tiller is natural, since
the tiller life cycle ends with the emission of
inflorescence and maturation of the seeds [25], in
fact successively, after the increase of dead
tillers above all for T1, but also observed in the
other treatments with less intensity, the plants
entered the reproductive tillering phase, with
inflorescences at the beginning of the second
cutting cycle.

3.2Number of Tillers Propagated:
Morphogenesis of Grasses

The number of transplanted main stems, Fig.
2.A, did not influenced significantly the number of
tillers propagated between treatments, this mean
that there was a compensation by plants of one
initial main stem producing tillers enough in the
same proportion the other treatments despite its
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higher mortality in the first evaluation. This
development was favored by the season of
transplanting, once in September the levels of
radiation raise in that region.

By the results after an initial stress in September
with a vegetative tillering till March/April, in order
to stabilizes the plants, accumulating resources
helped by the environmental conditions of
Spring/Summer, but as noticed the resources
increased after the first cut, in the first cycle
plants were higher and number of tillers were
enough to allow the start of the reproductive
tillering, in fact the fresh/dry weight increased
after flowering and reproduction in May/June,
supported also lower temperature of these
months, followed in sequence for a new
vegetative phase coinciding with the end of the
winter, with consequent advances in the
vegetative rate again for the last cycle evaluated.

There is a positive and gradual evolution for
every individual treatment along time, what
shows the capacity of adaptation of the plants
already in 320 days.

3.3 Height (cm)

Concerning the parameter height, there was a
decrease for all the treatments along time Fig.
2.B, in particular in plants initially with three main
stems, this can be easily explained considering
the increment in the quantity of tillers. Plants
accumulated resources and propagated more
vegetative tillers, as density increased the leaves
were affected [26-29]. The arise rate of leaves is
one of the morphogenic characteristics of great
importance affecting directly three structural
characteristics of lawns such as size of leaf,
population density of tillers and number of tillers.



Competition between new leaves and tillers for
growing factors, like light and nutrients,
influences the production of a determined plant
community. During the vegetative phase,
however, leaves emission’s rate is regulated by
the processes of senescence and the
appearance of leaves and tillers remain almost
constant in this stage. From this moment when
there is a big density of tillers, each new leaf
formed start to shade in the older leaves. The
total photosynthesis of this population do not
increase, but the youngest leaves hinder the
oldest leaves to do photosynthesis, due the
shading and start to lose carbon through the
respiration. The height between treatments, even
if did not changed immediately in 160 days, had
a drastic decrease in the following cuts. All
treatments were reduced by at least 50% respect
the initial height. In 480 days, the population with
three initial main stems became the lower, with a
decrease of 74% of height, in opposite of the
increment of tillers propagated. This inversion is
supported by the thinning law or tiller size /
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density compensation mechanism [30]. But the
result also drive to a reflection on the capacity of
the plants with an unique main stem to be
competitive with an equivalent production of
tillers and biomass after its stabilization.

3.4 Fresh and Dry Plant Mass (g/plant)

Production of fresh plant mass was statistically
different for the T1 but comparable to T3, much
probably because of the accumulation of water in
the plant tissues after cut. For the dry mass the
mean was lower for T1 compared to other
treatments, in fact, dry weight is considered a
more precise parameter to indicate the
productivity respect to fresh weight [31]. The
reestablishment of a positive carbon balance for
the plant presumes the increase of the number of
the tillers propagated inverse to the leaves
elongation [32]. A decrease of the height means
an increase of the weight of the biomass,
following the continuous propagation of new
tillers. It was exactly what happened, there was a

Number of tillers Height (cm)
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Figs. 2. (A-B-C-D) Number of tillers propagated, height, fresh and dry weight at different stages
of developmental of Elionurus latiflorus
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positive ratio (direct proportion) between the
number of new tillers/weight of vegetative tillers
and a negative (inverse proportion) between
number of new tillers/weight of reproductive tiller
of higher height.

After 320 days, it was observed that the fresh
weight for T1 had a higher value than the other
two treatments, in contrast to what occurred in
the first pruning, consequently the same
occurred with dry weight; A slight difference was
noted only in the second cut, in levels T1 = T2 =
T3, however in the third pruning the fresh weight
as well as the dry weight between the three
treatments didn’t present a significant difference,
increasing with the increment of the number of
tillers propagated.

Through the development of the three
treatments, there is a positive increase for each
of the three cases studied, both for fresh weight
and dry weight (Fig. 2.C-D).

This increase explains the decrease in height in
all treatments in each cut, verifying that the plant
allocated its reserves after being subjected of cut
off, rearranging the accumulation of biomass
deposition in growth zones. This information is
relevant for a later use in the production of
biomass for the extraction of essential oil of
Elionurus latiflorus, because it demonstrates that,
despite a smaller number of tillers, the plant
tends to reestablish producing homogeneously
the biomass in a short time lapse.

4. CONCLUSION

Results of this study allows to understand that
even in 160 days Elionurus latiflorus is able to
reestablish itself with a minimum of two main
stems in the transplantation, already in a second
pruning cycle plants with one single main stem is
able to produce enough quantity of biomass and
offer a production through the propagation of
tiller comparable to other treatments avoiding
unnecessary use of raw material to successive
experiments.
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