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ABSTRACT: Zinc (Zn) participates of numerous metabolic processes in plants. However,
it can become toxic to plants in excessive concentrations in the soil. Pfaffia glomerata is a
Brazilian medicinal species that has stood out because of its numerous chemical and functional
properties, mainly by the triterpene saponins and ecdysteroids accumulated in its roots. This
study aimed to evaluate the effects of zinc excess on many root morphological parameters of
Pfaffia glomerata. A 4 x 3 factorial design was employed in a completely randomized scheme
with 3 replicates. The treatments consisted of four concentrations of Zn (2, 100, 200, and 300
MM) and three accessions of P. glomerata (BRA, GD, and JB) grown in a hydroponic system
for 7 and 14 days. Differences in root morphology and dry mass production were observed
among the three accessions in response to excessive Zn. Some growth parameters of GD
accession increased with the addition of Zn, ranging from 36 to 79 uM. However, the GD and
JB accessions presented reduction in dry mass production, root area, length, and volume with
increasing Zn levels. The BRA accession, which had the lowest growth among accessions,
presented chlorotic leaves. The shoot/root dry mass ratio and root diameter increased linearly
for BRA and GD accessions at 7 days. Based on the evaluated parameters, we observed the
following order of Zn excess tolerance in P. glomerata accessions: GD> JB> BRA.

Keywords: growth, heavy metal, Brazilian ginseng, root length, root volume.

RESUMO: Alteragdes na morfologia radicular e produgao de matéria seca em acessos
de Pfaffia glomerata (Spreng.) Pedersen em resposta ao excesso de zinco. O zinco (Zn)
participa de numerosos processos metabdlicos nas plantas. No entanto, em concentragdes
excessivas no solo pode tornar-se toxico para os vegetais. Pfaffia glomerata € uma espécie
medicinal brasileira que tem se destacado devido as suas inumeras propriedades quimicas
e funcionais, devido principalmente as saponinas triterpénicas e ecdisterdides acumuladas
em suas raizes. O objetivo do presente trabalho foi avaliar os efeitos do excesso de Zn
sobre varios parametros morfoldgicos radiculares de Pfaffia glomerata. O delineamento
experimental utilizado foi o inteiramente casualizado com trés repeticoes, dispostos em um
arranjo fatorial (4 x 3). Os tratamentos consistiram em quatro niveis de Zn (2, 100, 200 e
300uM) e trés acessos (BRA, GD e JB) de P. glomerata cultivados em sistema hidropdnico
em casa de vegetacédo por 7 e 14 dias. Diferengas na morfologia radicular e na produgao
de material seca foram observadas entre os trés acessos em resposta ao excesso de Zn.
Alguns parametros de crescimento do acesso GD aumentaram sob a adigéo de Zn variando
entre 36 e 79 uM. No entanto, os acessos GD e JB apresentaram redugdo na matéria seca,
bem como na area de superficie, comprimento e volume radicular com o aumento dos niveis
de Zn. O acesso BRA, que teve o menor crescimento entre os acessos, apresentou folhas
cloroticas. Arazéo entre matéria seca da parte aérea e raizes e o diametro radicular aumentou
linearmente para os acessos BRA e GD aos 7 dias de cultivo. Baseando-se nos parametros
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avaliados foi observada a seguinte ordem de tolerancia ao excesso de Zn: GD> JB> BRA.

Palavras-chave: crescimento, metal pesado, ginseng brasileiro, comprimento radicular,

volume radicular.

INTRODUCTION

The contamination by heavy metals and
other toxic elements in agricultural areas has
received concerns in the last few decades, due
to exposure risks to humans and the environment
(Wuana & Okieimen, 2011). Many studies describe
the negative effects of non-essential and toxic
elements like cadmium (Cd), lead (Pb) and arsenic
(As) on anatomy, morphology and metabolic
reactions for many plant species (Zhao et al., 2009;
Lux et al., 2011; Pourrut et al., 2011). In addition,
plant micronutrients such as zinc (Zn), copper (Cu)
and manganese (Mn) are being added to agricultural
systems, therefore increasing the risk of toxicity to
plants (Reichman, 2002).

Zn has important functions as a cofactor
in more than 300 proteins (Palmgren et al., 2008).
However, it may become toxic to plants under supra-
optimal concentrations (Lin et al., 2005; Broadley
et al., 2007; Ricachenevsky et al., 2015). For most
soils, Zn is found at adequate concentrations (around
60 mg kg) for plant growth, but anthropogenic
activities can increase its concentration by industrial
processes such as mining and smelting or by
agricultural techniques such as addition of biosolid
fertilizes, mineral fertilization and pesticides
(Reichman, 2002; Wuana & Okieimen, 2011).
When at high concentrations in plant tissues (100
to 300ug Zn g leaf dry weight), Zn can promote
severe physiological and morphological changes,
including the inhibition of root elongation (Broadley
et al., 2007; Disante et al., 2010).

Plants have shown different strategies to
cope with high (toxic) levels of Zn in their growth
environment (Ricachenevsky et al., 2015). These
tolerance strategies mainly include detoxification
processes such as complexation by organic
chelators and sequestering of Zn in vacuoles
(Ricachenevsky et al., 2015). The current knowledge
on Zn homeostasis of land plants is largely based
on the model plant Arabidopsis thaliana, for which
our molecular understanding is most developed at
present (Sofo et al., 2013; Ricachenevsky et al.,
2015). Sofo et al. (2013) observed that the Cd/Cu/Zn-
induced changes in root morphology of Arabidopsis
were caused by a hormonal imbalance, mainly
controlled by the auxin/cytokinin ratio. It has been
indicated that Zn toxicity depends on plant species
and growth stage, and that growth inhibition and
biomass reduction are common responses of plants
to excess Zn (Lietal., 2009; Li et al., 2012; Marques

& Nascimento, 2014; Alonso-Blazquez et al., 2015).

Pfaffia glomerata (Spreng.) Pedersen has
been used as a model plant for studies of the effect
of heavy metals, in which it was found that young
plants showed moderate tolerance to Hg, As and
Cd (Calgaroto et al., 2011; Gupta et al., 2013).
Kamada et al. (2009a) have reported that this
species presented great genetic diversity among
its natural populations, which can result in different
levels of tolerance to heavy metals. Therefore, the
use of different accessions of this species can help to
understand how plants cope with high levels of Zn in
the environment. Based on this, the aim of the work
was to evaluate the influence of Zn levels on many
root morphological parameters that can be used to
distinguish accessions of P. glomerata according to
their tolerance level to excess Zn.

MATERIALS AND METHODS

Three accessions (BRA, JB and GD)
of Pfaffia glomerata (Spreng.) Pedersen were
used in this study. The accession BRA belongs to
Germplasm Bank of Embrapa Recursos Genéticos
e Biotecnologia (Cernagem), the JB belongs to
collection of the Botanical Garden of Universidade
Federal de Santa Maria (UFSM) and the GD belongs
to collection of medicinal plants of the Universidade
Federal da Grande Dourados (UFGD).

Plants used in the experiment were obtained
by in vitro culture from nodal segments (1.0 cm
long and without leaves) of the middle portion
of micropropagated plantlets cultivated on MS
(Murashige & Skoog, 1962) medium, which was
supplemented with 6g L-*agar, 30g L sucrose,
0.1g L-*myo-inositol, and in the absence of growth
regulators.

At 25 days of in vitro growth, plants were
transferred to plastic containers with a capacity
of 17 liters of nutrient solution with the following
composition (in uM): 6090.5 N; 974.3 Mg; 4986.76
Cl; 2679.2 K; 2436.2 Ca; 359.9 S; 243.592 P; 0.47
Cu; 2.00 Mn; 1.99 Zn; 0.17 Ni; 24.97 B; 0.52 Mo;
47.99 Fe (FeSO,/Na EDTA). After seven days of
acclimatization, the treatments of Zn levels were
added as a solution of ZnSO,.7H,0O. The treatments
were arranged in a completely randomized design
with 4 x 3 factorial scheme, being four levels of Zn (2,
100, 200 and 300 uM) and three accessions (BRA,
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JB and GD) of P. glomerata, with three replicates.
The nutrient solution pH was adjusted daily to
5.5+0.2 using HCI or NaOH solution of 0.1mol L-.
The nutrient solution was changed every 7 days of
cultivation.

Seven and 14-day-old plants were collected
for evaluation of dry matter and parameters of root
morphology. For dry matter evaluation, shoot and
root from five plants per replicate were collected,
gently washed twice with distilled water and dried at
65°C, until a constant dry weight was obtained. For
root morphology, roots of five plants per replicate
were collected, gently washed twice with distilled
water, and frozen in plastic bags for 7 days. Roots
were thawed at room temperature for 30 minutes and
digitalized with the aid of a scanner Epson 11000 XL.
Root morphology analysis was performed with the
aid of WinRhizo Pro Software, which determines the
total length, surface area, total volume and average
diameter of roots.

All the data were tested by the assumptions
of the mathematical model (normality and
homogeneity of variance). The analysis of variance
of the experimental data was performed using the
F-test. The quantitative factor, when significant
(P<0.05), was subjected to polynomial regression
analysis, by testing the linear and quadratic models.
Pearson’s correlations between dry weight and root
morphological parameters were performed using
SigmaPlot software version 12.3 (P<0.05).

RESULTS AND DISCUSSION

We measured the effect of increasing Zn
concentrations on dry mass production. Interestingly,
at 7 days, GD accession showed increase in root,
shoot and total dry mass when excess Zn is added
at moderate concentrations (50, 36 and 40 uM,
respectively; Figure 1). However, at 14 days, root
dry mass linearly decreased upon addition of Zn,
whereas shoot and total dry mass increased at
about 79 and 70uM Zn, respectively (Figure 1). The
increase in dry mass observed for GD accession is
due to the fact that the accession presented higher
growth rate (Figure 1) and, consequently greater
demand for Zn. On the other hand, the accession
JB showed linear decrease to all growth parameters
of dry mass with increasing levels of Zn in both 7
and 14 days (Figure 1). The threshold of Zn toxicity
sharply varies among plant species, time of exposure
and composition of the nutrient solution. Significant
decrease in total dry mass of Populus deltoids and
Populus nigra developed after additions of 100uM
and 1000uM Zn, respectively (Di Baccio et al., 2003).

In general, all P. glomerata accessions
showed some reduction in growth based on dry
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mass with increasing levels of Zn in nutrient solution,
but this response was genotype dependent (Figure
1). The accession BRA showed either no alteration
in dry mass or a small linear increase in shoot and
total plant dry mass with increasing levels of Zn.
However, independently of the Zn level tested, this
accession showed chlorotic leaves and low growth
during the evaluation periods, indicating that it was
not adapted to the hydroponic system used, when
compared to the other accessions. The observed
typical symptoms of inhibition of growth of P.
glomerata by excess Zn have also been reported
for other species such as Sedum alfredii (Li et al.,
2009), Ricinus communis (Marques & Nascimento,
2014), Triticum aestivum (Li et al., 2012) and Zea
mays (Alonso-Blazquez et al., 2015).

For shoot/root dry matter ratio there were
no significant interaction among accessions and Zn
levels at 7 days (Figure 1G). In this parameter the
BRA and GD accessions showed linear increased
with increasing Zn levels in solution. At 14 days the
accessions GD and JB showed a cubical response
(Figure 1H). Differences between root and shoot
growth under Zn excess were also observed for the
ecotypes of Holcus lanatus by Rengel (2000) and
in Phyllostachys pubescens by Liu et al. (2014).
Disante et al. (2010) reported reduction in leaf
biomass of several woody species to excess Zn, as
well as increase in root biomass production under
relatively low levels of Zn.

In general, the volume (Figure 2A and
2B), surface area (Figure 2C and 2D) and length
(Figure 2E and 2F) of roots to all accessions of P,
glomerata decreased with increasing Zn levels in
nutrient solution. The length, surface area, diameter
and volume of roots may be valuable parameters to
compare the response of different genotypes under
excess heavy metals (Li et al., 2009; Disante et al.,
2010). Li et al. (2012) observed that the loss of cell
viability and the significant increases of lignification
in response to excess Zn may be associated with
the remarkable reduction of root growth in Triticum
aestivum seedlings.

Nevertheless, at 7 days of exposure to Zn,
GD accession showed higher volume, surface area
and length of roots than the other accessions (Figure
2). In addition, this response was quadratic, where
the dose of maximum yields observed to volume
(Figure 2A), surface area (Figure 2C) and length
of roots (Figure 2E) were 134.5, 122.7 and 11.3uM
Zn, respectively. On the other hand, the other two
accessions showed a negative linear response;
except for root volume of BRA that was not altered
(Figure 2A, 2C and 2E). Meanwhile, at 14 days,
accession GD presented a negative linear response,
and the JB accession showed a cubic response, with
similar volume (Figure 2B), surface area (Figure 2D)
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FIGURE 1. Effect of zinc levels on dry matter production of roots (A and B), shoot (C and D) and whole plant (E
and F), as well as shoot/root dry matter ratio (G and H) of three accessions (BRA, GD and JB) of P. glomerata
cultivated in hydroponics for 7 and 14 days.
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FIGURE 2. Effect of zinc levels on the volume (A and B), surface area (C and D), length (E and F)

and average diameter (G and H) of roots of three accessions (BRA, GD and JB) of P. glomerata

grown in hydroponics at 7 and 14 days.
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and length (Figure 2F) of roots up to about 100uM
Zn for both accessions.

Several environmental factors influence
root morphology, such as metal stress (Li et al.,
2005) and nutrient availability (Zhang et al., 2003).
The inhibition of root elongation is one of the major
responses of plants to excess metals and may occur
faster than other physiological responses. Zinc
toxicity symptoms are striking in the root system,
mainly on root elongation and cell division (Broadley
etal., 2007). Sharifianpour et al. (2014) observed that
among seven upland rice varieties, root parameters
(length, average diameter, surface area, volume, and
number of root tips) showed increased up 20 mg Zn
L, but they decreased significantly under 30 mg Zn
L after four weeks. Liu et al. (2014) observed that
root morphological parameters in Moso bamboo
were initially increased by low levels of Zn, but on
the other hand under Zn stress of 400uM, the length,
surface area and volume of roots decreased 51%,
24% and 57%, respectively.

Among the three accessions, only the GD
showed a positive correlation between root, shoot
and total dry mass with root length; however, this
correlation was weak (p above 0.3) (Table 1). This
result indicates that the production of biomass is

partially dependent of the root length, since higher
root length promotes higher uptake of water and
nutrients. Li et al. (2005) reported that length, surface
area and volume of roots of the hyperaccumulator
ecotype of Sedum alfrediiincreased with high levels
of Zn, whereas in the non-hyperaccumulator these
parameters were significantly decreased. It has been
reported that under Zn excess, the DNA synthesis
and mitotic activity of root tips may be inhibited,
which subsequently results in inhibition of root growth
(Jain et al., 2010).

The accession GD showed a moderate
negative correlation for between root length and
root diameter (p = -0.60) (Table 1). In addition,
the BRA accession presented moderate positive
correlation between shoot and total dry mass with
root diameter (p above 0.6) (Table 1). There were
no significant interaction among accessions and Zn
levels for root diameter at 7 days (Figure 2G), for
this parameter only the GD accession showed linear
increase with increasing Zn levels. However, at 14
days, the accessions GD and JB showed a quadratic
response, where the dose of minimum yield observed
to root diameter was about 200uM Zn (Figure 2H).
The increase in root diameter probably was a
response related to decrease in cellular division in

TABLE 1. Coefficient of Pearson correlation (p) between the dry matter (DW) production of roots, shoot and
whole plant, as well as the length, average diameter of roots and numbers of root tips of three accessions (JB,
GD and BRA) of P. glomerata grown in hydroponics with increasing levels of Zn.

JB Shoot DW Total DW Length Av. Diameter Root Tips
Root DW 0,922* 0,958* 0,0466 0,058 0,460*
Shoot DW XX 0,995* 0,205 0,205 0,350*

Total DW XX XX -0,009 0,168 0,385*
Length XX XX XX 0,607* 0,634*

Av. Diameter XX XX XX XX 0,325*

GD Shoot DW Total DW Length Av. Diameter Root Tips
Root DW 0,627* 0,745* 0,364* 0,132 0,431*
Shoot DW XX 0,987* 0,302* -0,033 -0,084
Total DW XX XX 0,335* -0,001 0,017
Length XX XX XX -0,597* 0,609*
Av. Diameter XX XX XX XX -0,336*
BRA Shoot DW Total DW Length Av. Diameter Root Tips
Root DW 0,085 0,199 0,016 -0,088 -0,041
Shoot DW XX 0,993* -0,103 0,685* -0,138
Total DW XX XX -0,099 0,664* -0,141
Length XX XX XX -0,253 0,879*
Av. Diameter XX XX XX XX -0,421*

Significant to level of * P <0.05
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the apical portion of roots (Jain et al. 2010). Sofo et
al. (2013) observed that the Zn-induced changes in
root morphology of Arabidopsis were caused by a
hormonal unbalance, mainly governed by the auxin/
cytokinin ratio. Therefore, it will be very interesting
to check whether the differences in root morphology
and partition of root and shoot biomass among P.
glomerata accessions is linked to an auxin/cytokinin
unbalance ratio.

It is desirable that plant species used for
phytoremediation purposes show a higher rate of
growth (Disante et al., 2010). In the present study,
although the accession GD of P. glomerata showed
symptoms of Zn toxicity, this accession may be used
in environments with high levels of Zn, because its
growth rate is much higher when compared to both
JB and BRA accessions. Moreover, according to the
Zn responses, GD accession is the best candidate
for field trials to test the value of herbaceous species
to restore contaminated areas.

Kamada et al. (2009b) observed higher
divergence among individuals of P. glomerata
from different populations and lower divergence
among those from the same population in relation
to B-ecdysone tissue-specific content. Soil abiotic
factors have not been studied in relation to root
morphological parameters in P. glomerata. The
present work is the first to demonstrate the effect
of increasing levels of Zn on the root morphological
parameters of P. glomerata, which confirm that
this species has high genetic diversity in natural
populations (Kamada et al., 2009a), resulting in
significant variability, which can promote different
levels of tolerance to heavy metals.

CONCLUSIONS

There were differences in root morphology
and dry matter production among the three
accessions of P. glomerata plants grown under Zn
excess. The accession GD showed increase in dry
matter production, root volume, root surface area
and root length at Zn levels below 70uM. Based on
the evaluated parameters the following order of Zn
tolerance in P. glomerata accessions was observed:
GD> JB> BRA.
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