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llex paraguariensis, also known as ‘Yerba mate’, occurs naturally in Argentina, Brazil and
Paraguay and is also grown in these countries with different intensities. Leaves and branches
of this plant are used in the preparation of a stimulant beverage that beside social importance
has notorious health impact. However, the cultivated herbs present low productivity, due to
deficiencies in cultivation and harvesting techniques, as well as due to the abiotic stresses that this
species is subject to. The discovery and characterization of cold response mechanisms in plants
such as Arabidopsis thaliana, began research in order to unravel the physiological and molecular
mechanisms in response to cold in other plant species. In this work, we studied the physiological
response observed in llex paraguariensis plants submitted to low temperatures (0°C), Bwith or
without a pre-moderate acclimatization treatment period of (8°C).

Our results suggest the existence of an acclimation response in llex paraguariensis, similar to
that described in other species Rof the same temperature.

Introduction

Having its origin in South America, yerba mate (llex paraguariensis St Hill.) occurs
naturally in many countries of South America. According to government data, Brazil,
Argentina and Paraguay produce about 860,000, 690,000 and 85,000 tons, respectively
[1]. Approximately 80% of the Brazilian production of yerba mate is destined for the
domestic market. This species presents benefits for human health due to the presence of
polyphenols, saponins, vitamins, flavonoids, amino acids, caffeine and Theobromine [2].

Its leaves and branches are used mainly in the production of beverages, such as
chimarrdo and teas, and for this reason the species plays a major socioeconomic
importance for the southern region of Brazil, Argentina, Uruguay and Paraguay, being
produced under cultivation or by extractivism [3]. Erva-mate has also evolved to be
a source of caffeine in parallel with coffee and tea, as well as a therapeutic agent for
its pharmacological properties linked LDL-cholesterol reduction, ability to act as anti-
inflammatory and contribute to the resistance of the break of the double strand of DNA
induced by hydrogen peroxide [4]. However, according to Resende et al. [5], cultivated
herbs present low productivity, due to deficiencies in cultivation and harvesting
techniques, low genetic and physiological quality of the seeds used and abiotic stress.
Cold, dry and high salinity conditions are common abiotic stresses that negatively
affect plant growth and plant species production [6,7].

For Taiz & Zeiger [8], stress is defined as any external factor that exert a
disadvantageous influence on the plant. In most cases, stress is evaluated in relation to
plant survival, growth (biomass) or the primary processes of assimilation (absorption
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of CO, and minerals) that are related to its complete development. In particular, stress
due to low temperatures represents one of the main constraints to plant growth,
development and distribution. Low temperature stress can be classified as chilling
stress (0-10°C) or freezing stress (<0°C) [9]. Most tropical and subtropical plant species
do not have the ability to adapt to cooling temperatures and therefore suffer damage
from temperatures below 10°C which happen approximately for three months a year
in the south and southeast region of Brazil [10]. When plants grow at relatively high
temperatures (25°C to 35°C) and are suddenly cooled, cooling damage occurs: growth
slows down, discoloration or lesions appear on the leaves and the foliage appears as if
it were soaked in water for a long period [8].

Thomashow [11], states that plants from temperate regions, such as spinach and
Arabidopsis, generally exhibit a varying degree of cold tolerance and may increase
their tolerance to freezing during exposure to low temperatures. On the other hand,
plants of tropical and subtropical origin are sensitive to stress. The plants can perceive
the low temperature through changes in the physical properties of their membranes,
since the membrane fluidity is reduced during cold stress [12]. This mechanisms
developed by plants to resist cold when exposed to non-freezing temperatures is
known as acclimation, in which brief exposures to non-freezing temperatures (which
occur early in winter) are used for metabolic preparation to avoid frosts.

The general hypothesis of our work is that llex paraguariensis could have
mechanisms involved in the response to cold and that these mechanisms could help
this species to withstand the low temperatures in certain situations. The objective
of this work was to study the physiological response observed in yerba mate plants
submitted to an acclimatization treatment (moderate cold) before exposure to the
most severe cold.

Materials and Methods

All the plants used were three months old and were obtained from a commercial
orchard where the germination was carried out on a substrate composed of pine bark
and fertilizer Osmocote 14-14-14 grown in pots. All plants received the same conditions
of irrigation, light and temperature. To participate in our trials the plants were selected
by height and morphological appearance. The leaves were measured and counted to
establish inclusion limits. Plants were chosen that had between 11 and 14 cm in length
of the aerial part and between 10 and 13 total leaves. The leaf size limits were 5 to 7 cm
long. The plants also did not contain spots or some other visible sign.

After selection, the plants were conditioned and maintained for 7 days in a
forced ventilation growth chamber, at 25°C and photoperiod of 12:12, for all plants
in all treatments, except those under stress. Hydration of the substrate was checked
every 24 hours and redone when necessary. The selected plants (108 in total) were
numbered, drawn and divided into 6 groups: 5 of them were subjected to a pre-
treatment consisting of exposure to 8°C for different periods of time. The sixth group
of plants, represented by a general control, was in the same conditions of hydration
and light, at 25°C, throughout the study. The different treatments are detailed below:

The 5 groups were pretreated for 72, 48, 24 and 12 and 0 hours at 8°C. The last
group with 0 hours of exposure at 8°C corresponds to the pre-treatment control
(remaining at 25°C). After pre-treatment at 8°C for different periods of time, the 5
groups of plants were conditioned in a ventilated growth chamber at 0°C for 48 hours.
After 48 hours all plants (including general control) were visually assessed for signs of
physiological changes.

Results and Discussion

Ilex paraguariensis, a plant species of subtropical origin, may have amonglimitations
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that affect culture, stress sensitivity due to low temperatures, as in other plant species
[11]. To evaluate the physiological response visible to the stress of low temperatures
and to a possible mechanism of acclimatization as protection in llex paraguariensis.

It has been described that several plant species have a mechanism called
acclimatization, as a defense for periods of cold stress. This mechanism consists of
taking advantage of short periods of moderate cold to activate the physiological and
biochemical pathways that allow to support more intense cold later [13,14]. The results
observed in the present work also suggest the existence in llex paraguariensis of a
pre-programmed cold response by a period of acclimatization. In our experiment,
plants that remained for 72 hours in a period of acclimatization at 8°C endured well
the posterior cold of 0°C, and only 10% of the plants in this group had black spots on
their leaves. In the plants of the group of 48 hours of acclimatization, 25% had black
spots on their leaves. In plants of the group of 24 hours of acclimatization, 50% of the
plants had spots on their leaves. Similarly, plants of the 12-hour group, also 50% of the
plants had black spots on their leaves. On the other hand, 80% of the plants without
acclimatization died. The acclimation process was the most beneficial after 72 hours,
indicating that the process need time for metabolic changes and for the activation of
gene expression. These results show that plants that were pretreated at 8°C showed
higher protection against cold stress compared to plants without pre-treatment, and
that protection was higher in plants that remained previously for a longer period of
time at 8°C, Bsuggesting that a period of 72 hours or more of 8°C acclimatization would
be required for plants to be molecularly adapted to a period of freezing.

Like all agricultural crops, the production of yerba mate is influenced by a large
number of environmental factors, and the search for high yields at low costs implies a
better understanding of the physiology and genetics of the crop. For Rocha et al. [15],
few studies have been conducted to unravel the responses in yerba mate to biotic and
abiotic stresses. However, there is much more research being conducted regarding
tolerance mechanisms for stresses in species such as corn, rice, wheat, Arabidopsis and
soybean [16]. Temperate plant species have a survival ability in cooling and freezing
temperatures due to the process of acclimatization to cold, while tropical climate
species have little and no acclimatization capability at lower temperatures.

In plant species that have already described a mechanism of protection against
cold periods, protection was explained by the passage through a period of freezing
cold, where plants can develop adaptations at physiological, cellular, biochemical
and molecular levels, their survival in periods of freezing cold [17]. Studies indicate
that acclimatization has a genetic basis [14,18]. One of the genes responsible for this
discovery was the one encoding the ICE1 protein, which is a transcription factor that
binds to promoter regions associated with other transcription factors, one in particular
CBF3 [19], which in turn activate transcription of protein genes in response to cold,
COR proteins [20]. These activated genes stimulate the production of low molecular
weight cryoprotective metabolites such as raffinose, sucrose and proline, and the
production of polypeptides that in different ways protect plants from damage caused
by stress [21,22].

Our results suggest the existence of these same mechanisms, or similar, also in
yerba mate. As mentioned above, this plant naturally occurs in subtropical lands, but
also in temperate regions. In the south of Brazil (where we can find yerba mate) chilling
temperatures are common in winter, what makes particularly interesting to know the
possibility of the presence of cold responses in the yerba mate. Additional studies may
define the physiological characteristics and limits of this defense mechanism against
cold stress, its genetic basis, variability and heritability. Knowing this phenomenon
better, it will be possible to incorporate the concept of acclimatization into research
on breeding programs.
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