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ABSTRACT - There is genetic variability in Phaseolus vulgaris L. with regard to sensitivity to environmental stress situations,
such as heat stress and water deficiency. This variability may have been originated by natural selection or plant breeding
processes. The objective of this experiment was to evaluate some physiological and biochemical characteristics in common
bean plants submitted to water stress and to different salicylic acid doses. Two varieties were grown in 20L pots until the
development of the third leaf. The plants were treated with salicylic acid (zero, 0.025, 0.05 and 0.1mM) every three days for
nine days. Then the plants were not watered for nine days until they reached the wilting point. The effective and potential
quantum efficiency and electron transport rate were measured during and after stress. Proline content, SOD activity, soluble
protein content and dry matter was measured 24h after rehydratation. Salicylic acid induced alterations in the population
Guarumbé while Aporé reacted insensitively to salicylic acid regarding photosynthetic parameters.

Key words: salicylic acid, water deficit, common bean, photosynthesis.
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INTRODUCTION

Common bean (Phaseolus vulgaris  L.)  is
considered one of the most important grains for human
alimentation and is worldwide planted on approximately
12 million hectares. Common bean is sensitive to severe
environmental stress situations, such as heat and water
deficiency. (Bajji et al. 2001, Parry et al. 2002).

There is great variability regarding drought
tolerance among species (Pimentel and Hérbert 1999).
This fact must be analyzed in depth, since more than
half of the worldwide common bean production is grown
in regions of occurrence of water deficit (Souza et al.
2003). The variability could be the result of natural or
artificial selection processes that may have resulted in

different tolerance or resistance levels (Allard 1988,
Araus et al. 2002, Gepts 2002, Salamini et al. 2002,
Diamond 2002).

Genotypes, be it wild populations or commercial
cultivars whose alleles were selected for different
purposes, must be evaluated as allele sources for
improvement programs (Allard 1988, Araus et al. 2002,
Gepts 2002, Diamond 2002). Cultivated plants were
selected for yield in detriment of the defense systems
while wild plants evolved towards resistance or tolerance
to environmental fluctuations in detriment of high seed
yields. The adaptation of plants to unfavorable
environments is based on the extreme need of survival.
(Gimalov et al. 1996) and in many plants, gradual
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changes of the environmental conditions induce
tolerance to extreme situations.

Although plants do not have the defense of free
movements, it is known that adaptations and alterations
can occur in the cell metabolism, as the synthesis of
defense proteins, expressed by specific genes, activated
by complex mechanisms (Busam et al. 1997, Pinheiro et
al. 1999), influencing plant resistance and survival
directly or indirectly.

Salicylic acid (SA) is a natural molecular signal
that plays an important role in the regulation of a number
of physiological plant processes (Shi et al 2005). The
SA accumulation is one of the transduction signals of
the main paths for the Systemic Acquired Resistance
(SAR) which involves the accumulation of PRPs
(Pathogenesis-Related Proteins) as induced defense
mechanisms with salicylate-dependent induction (White
1979, Métraux et al. 1991, Palva et al. 1994, López-López
et al. 1995, Andarwulan and Shetty 1999) The exact
function of SA is however uncertain; it can be the
activation/inactivation of catalase isoforms (Hunt et al.
1996) or a defense signal, well-defined in studies with
tobacco plants (Ganesan and Thomas 2001).

The activity of this elaborated system of plant
defense and adaptation is threefold: i) constitutive,
unspecific or static resistance that occurs even without
the action of aggressor agents; it is received by genetic
inheritance and immunizes plants to certain pathogens
(Goto 1990, Sticher et al. 1997); ii). localized resistance
activated at the point where aggression occurs and iii)
SAR, which protects the plant against subsequent
attacks.

H2O2 has diverse functions within the cell, from
the production of free radicals over lignification and
production of phenolic compounds, up to the action of
an inducer of SAR responses (Hammerschmidt and Kuc
1982, Siegel 1993, Hammerschmidt and Kuc 1995,
Benhamou and Nicole 1997, Jung et al. 2000, McCue et
al. 2000) where salicylic acid could be responsible for
initiating the SAR response by inhibiting specific
peroxidases.

An increasing number of studies show the
phenomenon of cross-tolerance in plants, i.e., the
exposition of tissues to moderate stress induces
resistance to another stress type, where for instance,
water stress conveyed resistance to intense cold in
winter crops or to frosts in rice (Song et al. 2005).

Proline is an aminoacid that seems to be the most

widely distributed solute in organisms, especially in
those exposed to environmental stress situations (Trotel
et. al. 1996, Hoai et al. 2003, Yokota 2003, Rizhsky et al.
2004), so it can be used as osmotic regulator, enzymatic
protector, carbon skeleton, and as amine reserve for de
novo synthesis and growth restart when the stress
ceases (Sudhakar et al. 1993, Al-Karaki et al. 1996, Hoai
et al. 2003).

Proline accumulation has been suggested as the
result of degradation or synthesis (Sudhakar et al. 1993),
inhibition of the protein synthesis while in common bean
it can be related to degradation mechanisms (Andrade
et al. 1995). Proline synthesis can be related with
photoinduction and/or photoinactivation of the
enzymes associated with their catabolism. Stewart et al.
(1966), Bates et al. (1973) and Stewart and Larher (1980)
pointed out the role of proline as solute during stress,
where an increase in the proline content would indicate
resistance or tolerance to water deficit, serving as
parameter for the selection of highly resistant cultivars.
But Maggio et al. (2002) demonstrated that proline-
accumulating genotypes were susceptible to this type
of stress.

The objective of this study was to evaluate
physiological and biochemical characteristics in
common bean plants subjected to water stress and the
application of different doses of salicylic acid.

MATERIAL  AND METHODS

The experiment was conducted in a greenhouse,
at the UNOESTE - Universidade do Oeste Paulista, in
Presidente Prudente, state of São Paulo. Two common
bean varieties (Phaseolus vulgaris L.) were used: the
cultivar Aporé (EMBRAPA) and a wild genotype,
Guarumbé, found in the Parque Nacional do Iguaçú.
The seeds were sown in pots with 20L substratum and
after germination thinned to one plant per pot. The
plants were grown until the development of the third
trifoliate, ferigated with 300 mL Hoagland nutrient
solution per pot. Upon appearance of the third trifoliate
the plants were sprayed and irrigated with 250mL of the
salicylic acid solution at four different concentrations:
zero; 0.025; 0.05 and 0.1 (mM) every three days, for nine
days. After this period, the plants were maintained for
another nine days without irrigation to enter in water
stress. One lot of each plant variety was maintained
under normal conditions and without acid treatment as
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control, corresponding to a factorial design of two
varieties with four treatments plus one control (2x4+1).

The potential quantum efficiency of PSII, relative
quantum efficiency of PSII and electron transport rate
were measured by a fluorometer of modulated light
(model FMS-2, Hansatech, UK) before and after the
rehydratation of the plants. Finally, the plants were
harvested and the dry weight obtained by oven-drying
at 65 ºC for 48h.

After the fluorometer readings, the third trifoliate
of one plant of each treatment was removed and cut up.
Part of the trifoliate was ground in 0.1M cold (4 ºC)
phosphate buffer (pH 7.8),  containing 0.4g
polyvinylpirrolidone, 2mM dithiothreitol and 0.1mM
EDTA, and centrifuged at 12,000g for 20 minutes. This
was divided in aliquots and the protein quantified
according to Bradford (1976).  The remaining
supernatant was divided in four fractions that were
immediately installed in the trials, when possible, or
stored at -80 ºC. The activity of superoxide dismutase
(SOD, EC.1.15.11) was evaluated in 50µL extract to which
0.1M phosphate buffer (pH 7.8) was added, containing
1.3µM riboflavin, 13mM methionine and 63µM nitro blue
tetrazolium (NBT). The tubes were incubated at 25 ºC
for 15 minutes under illumination of fluorescent lamps,
measuring the absorbance at 560 nm. Tubes containing
the same medium and not subjected to light were used
as control. One unit SOD was defined as the enzyme
activity able to inhibit the photoreduction of NBT to
blue formazan in 50% and was expressed in units of
SOD (mg protein)-1.

The proline content in a part of the third trifoliate
was analyzed, according to the methodology of Bates
et al.(1973) and modified by Machado Neto et al. (2004).

The data variance analysis was performed by the
F test and afterwards the analysis of polynomial
regression of the effect of the salicylic acid doses. The
data comparison with the control was performed by
Dunnet�s test.

RESULTS

The common bean plants of the variety Guarumbé
and cultivar Aporé presented, in general,  a
differentiated performance, based on the evaluated
variables.

In an analysis of the potential quantum efficiency
of photosystem II (Figure 1A), during the water stress,

the response of the variety Guarumbé increased with
the applied acid doses. After the stress, both varieties
presented response to the doses, with a maximum point
between 0.025 and 0.05 mM (Figure 1B).

Neither during nor after the stress there was a
statistically significant response of the varieties to the
salicylic acid doses applied in relation to the effective
quantum efficiency of PSII (Figures 1C and 1D).
However, there was an increase of this efficiency when
the plants were under stress.

Neither during nor after the stress there was a
statistically significant response of Aporé to the salicylic
acid doses applied with regard to electron transport
(Figures 2A and 2B). But Guarumbé presented increasing
responses of the rate after stress.

The variety Guarumbé presented significant
responses to the salicylic acid doses for proline
synthesis/accumulation (Figure 3A) as much as for SOD
activity (Figure 3B), with a minimum point close to the
dose of 0.05 mM. For proteins, the response of
Guarumbé (Figure 3C) was opposite to the previous,
that is, soluble proteins increased up to the dose of
0.05 mM and decreased thereafter. Aporé did not present
response in the SOD activity, but presented a significant
response in proline accumulation.

In relation to dry weight, the variety Guarumbé
(Figure 4A) presented an increasing response to the
salicylic acid doses during the stress for root growth,
but did not present the same response in the shoot
(Figure 4 B). Cultivar Aporé did not present significant
responses, neither for root dry matter nor for dry matter
of the shoot (Figures 4A,B).

When compared with the control, cultivar Aporé
did not present variations in the potential and effective
quantum efficiency, electron transport rate, SOD activity
and total soluble proteins. There was a significant
response for shoot and root dry matter as well as for
the root � shoot ratio. The proline accumulation
occurred at the doses zero and 0.025 mM, while it
decreased under higher doses (Table 1).

The variety Guarumbé, compared with the control,
did not present significant responses by Dunnet´s test
at 5% for electron transport rate, dry matter of shoot
and for the characteristics of effective and potential
quantum efficiency, 24h after the stress ended (Table
1). The effective quantum efficiency of PSII during
stress was lower at all doses of the treatment and the
potential quantum efficiency of PSII and the ratio dry
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Figure 1. Quantum efficiency, potential (A, B - Fv/Fm) and effective (C, D - èPS2), of PSII in common bean plants of the cultivar
Aporé and the variety Guarumbé treated with different doses of salicylic acid under water stress (A, C) and 24h after rehydratation
(B, D)

Figure 2. Electron transport rate (ETR) in common bean plants
of cultivar Aporé and variety Guarumbé treated with different
doses of salicylic acid under water stress (A) and 24h (B) after
rehydratation

Figure 3. Proline content (A), superoxide dismutase activity
(B) and soluble protein content (C) in common bean plants of
the cultivar Aporé and variety Guarumbé treated with different
doses of salicylic acid under water stress
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Figure 4. Dry weight data of root (A) and shoot (B), obtained
from common bean plants of the cultivar Aporé and variety
Guarumbé treated with different doses of salicylic acid under
water stress

matter of root - shoot were lowest at the doses zero and
0.025mM during the stress period. The root dry matter
was reduced by all salicylic acid doses. The SOD activity
and proline quantity presented responses to dose zero,
with increased enzyme activity and proline content, and
at 0.05 mM with a reduction in both parameters. Dose
zero reduced the quantity of soluble proteins in this
genotype.

DISCUSSION

The fluorescence of chlorophyll has been
considered a tool for the determination of the
photoinhibition of photosynthesis and as an indicator
of oxidative stress (Shim et al, 2003). The observed
variations can therefore indicate a greater sensitivity
of the wild variety Guarumbé as compared with cultivar
Aporé when subjected to stress. The genotypes
obtained by the genetic improvement and recommended
for cultivation, such as Aporé, go through an analysis
of phenotypic stability and therefore little variation is
observed in these genotypes, even under environmental
oscillations. According to Gepts (2002) and Diamond
(2002) these adaptations were selected additionally to
the agronomic treatments during domestication. Thus,

in the selection for yield, the genotypes evolved from
the natural in different forms and the phenotypic
selection used fixed traits that were not being selected
directly.

Some reports show a positive correlation between
proline accumulation and adaptation to salt and water
stress. However, some questions remain unanswered,
for example if proline accumulation contributes to the
cell adaptation of the plant to salt stress or whether the
function is restricted to the osmotic cell adjustment
(Yokota 2003). The variety Guarumbé was already
identified as proline accumulator during germination in
stress situations, different from cultivar Aporé
(Machado Neto et al. 2004), and as resistant to water
stress (Souza et al. 2003), regardless of not differing in
the cardinal germination temperatures (Machado Neto
et al. 2006).

Plants under stress conditions tend to increase
the peroxidase activity and it is sometimes the first
enzyme with an alteration in activity, independently of
the substratum or the applied stress. Peroxidase can be
considered a biochemical marker of biotic as well as
abiotic stress situations; moreover, it seems to be a key
molecule of plant adaptation, or of some plant organs
separately, to environmental changes (Rossi et al. 2001).

However, in this report, the SA application caused
a diminution in the SO activity or in proline
accumulation, but raised the soluble protein content in
the variety Guarumbé. Compared with the control plants,
the SOD activity as well as the proline content increased
in plants not treated with SA and dropped with 0.05mM
of salicylic acid.

According to Métraux et al .  (1991) and
Andarwulan and Shetty (1999), salicylic acid acts as
elicitor of the SAR-related systems. The responses
observed in �Guarumbé� would be according to these
observations, where genotypes not treated with SA
activated the normal defense forms, increasing the
proline concentration and SOD activity. This leads to
an increase of the osmolarity of the cytoplasm and to a
higher H2O2 production, which is related with different
resistance forms such as lignification, production of
free radicals and of phenolic compounds that are linked
to resistance to pathogens and herbivorous animals.
The proline increase could further be directly related
with a sinking concentration of soluble proteins (Stewart
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et al. 1966, Bates et al. 1973, Stewart and Larher 1980,
Sudhakar et al. 1993, Andrade et al. 1995, and Machado
Neto et al. 2004).

Aporé presented an increase in proline at SA doses
of zero and 0.025mM, reducing the content in the
subsequent doses. This can mean that in spite of the
low responsiveness of cultivar Aporé to SA, it
responded with a positive stimulus in an attempt to
minimize the stress effects, an adjustment for which
proline is responsible; and that higher doses of the acid
could activate other defense systems or inhibit proline
accumulation.

For �Guarumbé� as much as for Aporé there was a
decrease of the root dry matter accumulation, and only
the latter presented reduction in the shoot as well. Wild
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