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In this study, the values of water conductivity of roots are reported for eleven crops and grapevine. For
some crops, two methods (pressure chamber and transpiration method) were compared. The effects of
salt and water stress were evaluated on different crops, as the effect of chloride mercury treatment,
nitrogen deprivation and the interactive effects of salt, water, nitrogen and mercury stress. Root water
conductivity was evaluated, for almost all the crops, during the whole plant cycles. The transpiration
method always showed values of root water conductivity higher than the pressure chamber. In almost
all the species, the mercury chloride reduced root water conductivity during all the plant cycle. Nitrogen
deprivation and salt stress induced higher root water conductivity reduction than mercury stress. Water
stress induced also a reduction but its effect on root water conductivity was lower than that of nitrogen
and salt stress. Mercury chloride treatment did not show any effect on nitrogen and salt stressed
plants, while in the water stressed plants its effect was additive.
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INTRODUCTION

Currently, the root water uptake is the lesser known topic
of the soil-plant-atmosphere (SPA) water balance. In the
continuum SPA water movement, the plant is the
interface between soil and atmosphere. Water moves
from roots to leaves, where it is released through the
stomata in the atmosphere and a balance between water
root uptake and transpiration is necessary to avoid plant
water stress. This movement is controlled by driving
forces, by the plant water conductivity and by different
resistances. The most important resistance to water flow
is considered as that of the roots, which shows a large
variability (Taylor and Klepper, 1975; Reicosky and
Ritchie, 1976; Blizzard and Boyer, 1980). It is well known
that root water conductivity changes in relation to
environmental conditions (Azaizeh et al.,, 1991, 1992;
Birner and Steudle, 1993; Carvajal et al., 1996; Peyrano
et al.,, 1997; Clarkson et al., 2000) and during the plant
ontogenesis (Zur et al., 1982; Ruggiero et al., 1999,
2003).

To explain the water flow through the roots, a
“‘composite model” was proposed (Henzler and Steudle,
1995; Steudle, 2000a), which consider the root anatomy
and two pathways, one non selective (apoplastic) and
one selective (simplastic). As suggested by this model,
the main water flow is dependent by transpiration level:
for high transpiration levels the water flow goes through

the apoplastic pathway with hydrostatic gradient as
driving force, with low resistance, while during non
transpiration flow the water moves through the cells by
osmotic gradient, through the simplast, which has higher
resistance, because water moves through the double lipid
layers of cell membranes.

The root systems have developed many strategies to
adapt to environmental conditions. Many studies showed
architectural and anatomical changes in the presence of
adverse environmental conditions (Setia and Bala, 1994;
Shannon et al., 1994; Neumann, 1995; Plant et al.,
1997). The species change the resistances during plant
growth. Different researches on fava bean (Ruggiero et
al.,, 1999), pea (Ruggiero et al., 2003) and wheat
(Ruggiero et al., 2007a) reported an increase of root
water flow resistance until flowering, as also noted by
Hailey et al. (1973) for Vigna sinensis, and Jones et al.
(1982) and Zur et al. (1982) for soy bean. The water flow
resistance can increase with the increase of root
suberization. When the apoplastic root water flow is
blocked, the only possible water pathway remains the
cell-to-cell movement where the aquaporins are involved.
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The presence of the “composite model” (Steudle and
Frensch, 1996) and the discovery of the aquaporins
(Preston et al., 1992), leads to many studies on water
flow through the plant. The new researches on
aquaporine lead to the consideration of these proteins as
very important for water flow through suberized roots
(Steudle and Peterson, 1998; Steudle, 2000b). As the
“‘composite model” suggests, water mainly moves
through the apoplast. However this model does not
explain how water moves through the root when some
obstructions are present (Steudle and Peterson, 1998;
Zimmermann and Steudle, 1998), and does not explain
the fast root water conductivity changes, in relation to
environmental conditions changes such as water stress,
soil salinity, high transpiration rate, nutrient stress,
anoxia, high temperature and heavy metals, and thus
without root anatomical changes (Carvajal et al., 1996).
For these reasons, the cell-to-cell pathway can have
more importance than that supposed (Chaumont et al.,
2000; Javot and Maurel, 2002).

The animal and vegetal aquaporins discovery is new
and helped to understand the water movement through
the cell membranes. These are membrane intrinsic
proteins (MIPs) that are copious and diversified in the
plant (Agre et al., 1998). Many different aquaporins have
been identified: 36 in Zea mays and 35 in Arabidopsis
(Chaumont et al., 2001; Johanson et al., 2001; Quigley et
al., 2001). Many of the aquaporins present in the plant
are water channels and their water transport activity has
been studied in various species such as Arabidopsis
(Weig et al.,, 1997), bean (Maurel et al., 1995), corn
(Barrieu et al.,, 1998; Chaumont et al., 1998), spinach
(Karlsson et al., 2000), tobacco (Opperman et al., 1994;
Gerbeau et al., 1999), sunflower (Sarda et al., 1997),
wheat (Niemietz and Tyerman, 1997; Carvajal et al.,
1996), melon (Carvajal et al.,, 2000), grapevine
(Vandeleur et al., 2009) and strawberry (Alleva et al.,
2010).

The aquaporins activity should be controlled or reduced
by phosphorilation, pH, osmotic pressure, salinity, heavy
metals, temperature, nutrient and water stress, and
anoxia (Johansson et al., 1996; Gerbeau, 2002; Steudle
and Tyerman, 1983; Henzler et al., 1999). Guerrero et al.
(1990) showed a higher aquaporins expression for water
stressed pea plants. A reduced root water conductivity
has been observed on nitrogen stressed wheat plant
(Carvajal et al., 1996), and also on salt pepper stressed
plants (Carvajal et al., 1999, 2000), and in the presence
of anoxia on wheat plants (Birner and Steudle, 1993).

The aquaporins activity has more importance for old
and suberized roots, when the aploplastic pathway is less
active (Steudle, 1997; Steudle and Peterson, 1998). This
activity is regulated, mainly by phosphorilation and
dephosphorilation (Maurel et al., 1995; Johansson et al.,
1996; Harveugt et al., 2000), but there are other
mechanisms that regulate the aquaporin activity, as
mercurial compounds (mercury chloride and pCMBS)

(Maggio and Joly, 1995; Carvajal et al., 1996, 1999,
2000; Tazawa et al., 1997; Amodeo et al., 1999; Wan
and Zwiazek, 1999; Barrowcloud et al., 2000; Martre et
al., 2001; Ruggiero et al., 2007a). However, with 100-300
MM of HgCl, it has been shown a turgor pressure
decrease on wheat and onion roots, and this should be
linked to some toxicity of these compounds (Zhang e
Tyerman, 1999). The aquaporins activation or new
expression can explain how root water conductivity
changes during the day in relation to the transpiration
changes (Daniels et al., 1994; Kammerloher et al., 1994;
Kaldenhoff et al., 1998; Tyerman et al., 1999). Rodriguez
et al. (2011) on poplar showed an increase of 15 AQPs
when the plants are well lighted and have a high
transpiration rate.

It is well known that transpiration, stomatal
conductance and root water conductivity are highly
influenced by nutritional stresses (Desai, 1937; Wallace
and Frohlich, 1965), also without any changes on leaf
water status. Some researches showed the influence of
nitrogen stress on root water conductivity of cotton (Radin
and Ackerson, 1981; Radin and Eidenbock, 1984; Radin
and Matthews, 1989) of tomato and barley (Chapin et al.,
1988; Gilbert et al., 1997) and of wheat and corn
(Carvajal et al., 1996; Barthes et al., 1996). A relation
between root water conductivity and sulphur uptake was
also observed in barley (Karmoker et al., 1991). The root
conductivity was very sensitive to mercury treatment, but
the N and P deprived plants were insensible to mercury
treatment. This insensitivity should be due to a low
presence of PIP1, that is, mercury sensitive.

On wheat and barley N-stressed plants, Ruggiero and
Angelino (2007b) found a root water conductivity
decrease (49 and 66% respectively) and a lower plant
growth. The shoot/root ratio was always lower as on
mass area basis, and this was the effect of the lower
shoot growth. On wheat, the mercury treatment caused a
higher plant growth, a lower shoot/root ratio and more
lignin in the root. The mercury treatment caused also a
root water conductivity reduction (61 and 38%
respectively for wheat and barley). In this case, the
nitrogen stressed plants were considered as insensitive.
Also on Pistacia vera, a reduction of shoot/root ratio and
root water conductivity with N and P stress was observed
(Trubat et al., 2006), whereas on tomato and melon,
Gorska et al. (2008) found a higher root water
conductivity.

Aim and scope

In the SPA continuum, the most relevant resistance to
water movement is the root radial resistance (North and
Nobel, 1996; Steudle and Peterson, 1998). As a
consequence, the root tissues around the xylem,
probably, play the key role in the SPA continuum water
flux.

The studies on root water conductibility are relatively
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Table 1. Details of the different experiments.
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Methods for assessing root water conductivity

Species Pressure chambers Transpiration

Samplings during the growth period Treatments Samplings during the growth period Treatments

5 C,Hg, S 2 C, Hg

Pepper 3 Hg, W
Wheat 5 C, Hg, N 8 C, Hg
Chick Pea 6 C, Hg 8 C, Hg
Barley 4 C,Hg, S, N
Tomato 4 C, Hg, S, W
Bean 2 C, Hg
Corn 2 C, Hg
Basil 2 C, Hg
Sunfower 2 C, Hg
Grapevine 1 C

Note: C = control, Hg = mercury chloride, S = saline stress, W = water stress, N = Nitrogen stress.

new, becoming intense in the last years. It has been done
through different methodologies: at individual root level
by the “pressure probe”, considering the whole root
system; through the transpiration flux with intact plant or
pressuring the total root system without the shoot; and
through the pressure chamber. None of these studies
considered the differences among root types, root age, or
root system architecture, distinguishing between different
root positions in the soil which can establish different soil
water or oxygen availability (North and Nobel, 2000), or
different soil and root contacts. And this is particularly
important considering the differences on soil structure
and texture. This means that the dimension of this
parameter is highly variable and the average is practically
not useful. In the last years, the studies considered the
soil water conditions, soil salinity, the N and P availability
and the aquaporin interactions.

The aim of this paper is to quantify the root water
conductivity of some crops with different methods, during
the plant cycle, and subject them to different stress. We
report the data of root water conductivity of some crops
evaluated by pressure chamber or through the
transpiration method. For some crops, the root water
conductivity was evaluated in salt, water or nitrogen
stress conditions and in plants subjected to mercury
treatment.

MATERIALS AND METHODS

For what concerns the transpiration method, the
measures applied were done following the methodology
used by Ruggiero et al. (2007a), and the technique
reported by Ruggiero et al. (2012) was used for the
pressure chamber method. For what concerns the
material and methods of fava bean, pea, wheat, barley
and grapevine, the methodology used by Ruggiero et al.
(1999, 2003, 20074, 2012) and Ruggiero and Angelino

(2007b) was followed.

Chick-pea, tomato, pepper, corn, sunflower, bean, and
basil plants were grown on 14 L pots, filled with a sandy
soil. Corn, basil, sunflower and bean were grown in 2002,
while tomato was grown in 2003, and pepper and chick-
pea were grown in 2004. The plants were grown in open
field at Portici (Southern Italy) and were subjected to
usual agronomic practices in this zone for each crop. For
what concerns the mercury chloride treatment, we
followed the methodology reported by Ruggiero et al.
(2007a), the salt stress for pepper, tomato and barley
was imposed supplying salinized water at 0.25% of
commercial salt, with a control irrigated at 100% ET with
normal water. The water stress was imposed supplying
water at 50% of ET and the nitrogen stress was imposed
avoiding soil nitrogen fertilisation. The measures were
made on at least three healthy plants from the growth to
the beginning of fruit maturation, chosen, from a 20
plants group, for growth and age homogeneity. For
grapevine, the measures were applied only once during
the plant cycle, while for corn, basil, bean and sunflower
it was done twice, and for the others it was done almost
during the whole plant cycle.

The details (number of sampling dates, treatments and
methods) of the experiments made on the different
species are reported in Table 1. The average values
obtained during the different samplings of all the tested
species were subjected to analysis of variance and the
means were separated by the Duncan method. For all the
experiments, a completely randomized design with three
replications was used.

RESULTS
Method comparison

Table 2 reports the data on root water conductivity
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Table 2. Root water conductivity values, expressed as m® m? MPa' s* x 107,
evaluated by pressure chamber for some crop species subjected or not to different

stresses.
Growth periods
T A

Crop reatment 1 > 3 1 5 verage
Control 0.47 171 1.37 0.87 0.47 0.78%
Hg 0.20 0.44 0.43 0.27 0.37 0.34°
Penper 0.34 0.14 0.44 0.11 0.12 0.23°
PP S + Hg 020 007 033 015 0.10 0.17°
W 0.17 0.26 0.47  0.30°
W + Hg 0.07 0.12 0.15 0.11°
Control 1.40 1.80 0.80 0.40 0.40 0.96%
Hg 0.80 0.60 0.20 0.18 0.14 0.38°
Wheat c
0.40 0.40 0.18 0.18 0.20 0.27
N + Hg 0.26 0.30 0.20 0.20 0.20 0.23°
Chick-pea Control 0.60 050 0.70 0.90 0.90 0.60 0.70%
P Hg 0.30 0.30 0.25 0.50 0.50 0.20 0.34°
Grapevine Self-rooted 4.02°
P Grafted 5.26%

Hg means plant treated with mercury chloride, S - salt stressed plants, W - water stressed
plants, N - nitrogen stressed plant, Control - not stressed plants.
Numbers with different letters are different at 0.05 P level.

evaluated by pressure chamber, while Table 3 reports
those evaluated by the transpiration method.

By comparing the data of root water conductivity
obtained with the two different methods on the same
crops grown without any stress (control of pepper, wheat
and chickpea), it is possible to notice that values obtained
by pressure chamber method (0.78, 0.96 and 0.70 m* m™
MPa' s1 x 10® for pepper, wheat and chickpea
respectively) were lower than the corresponding values
obtained by the transpiration method (1.10, 2.75 and 2.71
m® m? MPa™ s1 x 10® for pepper, wheat and chickpea
respectively). The differences between the 2 methods
were -29%, -65% and -74% for pepper, wheat and
chickpea respectively.

Species comparison

Table 4 reports the data values (daily average and
maximum during the day) for the different species
evaluated by the transpiration method. Considering the
average values, the higher root water conductivity was
observed for tomato and then for grape, basil and
sunflower and the lower for fava bean and then for pea
and pepper. If we consider the daily maximum values, the
higher values were observed again for tomato and then
for grape, while the minimum was observed again for
fava bean and then pea and pepper. Root water
conductivity was negatively correlated with the total plant
root area on the average, with a correlation coefficient of

0.65 for N = 252. For wheat and chick-pea, the root water
conductivity was also negatively correlated with the root
surface/leaf area surface ratio with a correlation
coefficient of 0.71 for N = 71 (data not shown).

Nitrogen stress effect

The reduction of nitrogen availability caused a root water
conductivity reduction as compared with control for both
wheat (-66%) and barley (-40%), also if the measures
were done with pressure chamber for wheat and with the
transpiration method for barley.

Salt stress effect

This stress has been evaluated on pepper, barley and
tomato. For these three crops, the salinity induced a root
conductivity reduction that was higher on pepper (-71%)
and tomato (-65%) and lower on barley (-55%).

Water stress effect

This effect was evaluated in tomato and pepper. In both
cases, water stress induced a root water conductivity
reduction that is higher in pepper (62%) and lower in
tomato (20%).

Chloride mercury effect

In all the crops, this treatment induced a root water
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Table 3. Root water conductivity values, expressed as m® m? MPa® s™ x 10% evaluated by
transpiration method for some crop species subjected to different stresses.

Samplings during growth period

Crops Treatments

Average

1 2 3 4 5 6 7 8
Wheat Control 399 3.87 155 3.03 3.76 4.69 529 362 3.73°
Hg 266 2.37 1.18 243 229 252 345 253 243"

. Control 399 4.62 1.09 247 239 191 247 273 2.71°
Chick-pea b
Hg 385 3.74 115 1.88 1.84 151 1.47 245 224

Control 2.08 258 323 111 2.25%

Hg 1.67 143 221 0.69 1.50°

N 111 139 1.65 0.93 1.27™

Barley c
N + Hg 093 1.04 1.63 0.77 1.09

S 1.33 0.86 1.33 0.56 1.02°

S + Hg 1.80 0.86 1.01 0.49 1.04°

Control 543 4.11 6.73 9.07 6.34%

w 534 3.44 410 7.50 5.10°

Hg 5.80 3.66 4.50 4.70 4.67°

Tomate W *HO 2.05 351 3.18 585 3.65°
W+S 495 371 1.38 4.02 3.52°

S 3.18 226 2.14 239 2.20¢

S + Hg 234 116 1.06 1.34 1.48°
W+S+Hg 4.19 196 154 171 2.35¢

Bean Control 3.27 3.89 3.58%
Hg 2.16 253 2.35°

Control 2.80 3.87 3.34%

Corn b
Hg 234 284 2.59

Basil Control 2.58 5.09 3.84%
Hg 2.90 4.66 3.78%

Sunflower Control 2.76 4.44 2.60%
Hg 1.94 261 2.28"

Penper Control 0.58 1.62 1.10%
it Hg 048 1.03 0.76

Hg means plant treated with mercury chloride, S - salt stressed plants, W - water stressed plants, N -

nitrogen stressed plant, Control - not stressed plants.
Numbers with different letters are different at 0.05 P level.

conductivity reduction that is higher in pepper (-56%) and
lower in corn (-22%), with the exception of basil.

Interactive effects

In N stressed plants, the effect of mercury chloride on
root water conductivity was not significant in wheat (0.23
versus 027, as shown in Table 2) and in barley (1.09

versus 1.27, as shown in Table 3).

The effect of mercury chloride on salt stressed plants was
different between crops: salt stressed barley was
unaffected by Hg (1.04 versus 1.02, as shown in Table
3), while root water conductivity of salt stressed pepper
showed a 26% decrease with Hg (0.17 versus 0.23, as
shown in Table 2) and that of salt stressed tomato
significantly reduced (-37%) by Hg (1.48 versus 2.35, as
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Table 4. Average and daily maximum values of root water conductivity,
expressed as m®* m? MPa s™ x 10®. The plants have been subjected to any

stress.
Species Average Species Daily maximum
Tomato 6.34*  Tomato 9.07%
Vitis vinifera 4.02°  Vitis Paulsen 1103 7.27°
Basil 3.84"  Wheat 5.29°
Sunflower 3.60"  Basil 4.66"
Bean 3.58°  Sunflower 4.44°
Corn 3.34°  Chick-pea 3.99°
Vitis Paulsen 1103 3.31° Bean 3.89°
Wheat 3.24°  Comn 3.87°
Chick-pea 2.71°  Vitis vinifera 3.31°
Barley 2.25°  Barley 3.23°
Pepper 1.10' Pepper 1.62'
Pea 0.60°  Pea 1.11°
Fava bean 0.35" Fava bean 0.48"

Numbers with different letters are different at 0.5 P level.

shown in Table 3).

In water stressed plants, the effect of Hg was
significant both on pepper (0.11 versus 0.30, as shown in
Table 2) and tomato (3.52 versus 5.10, as shown in
Table 1) root water conductivity, proving that these two
stresses were additive.

DISCUSSION

The root water conductivity values reported in this
research are of the same order of those reported by other
researchers (Rieger and Litvin, 1999; Bramley, 2006; Liu
et al., 2009).

The methods used showed different results: with the
transpiration method the values resulted higher than
those evaluated by the pressure chamber method. At this
regard in literature, they are not references so the
judgment is indefinite. However, considering that lower
values are expected from the transpiration method
because it considers, with respect to pressure chamber
method, the effects of xylem and stomatal resistance, the
results reported here suggest that these resistances are
not influent compared to root resistances, or that the
shoots influence the root activity. Also in this case, there
are few data in literature (Li and Liu, 2010) that should
confirm this hypothesis, while Ruggiero et al. (2012)
noticed that the shoon influences the root water
conductivity of grape Paulsen 1103 root system. This
topic should be considered in future researches,
considering that in horticulture many species are grafted
with different shoons. Other explanations of these
differences should be attributed to error, since with the
transpiration method there are water losses, by drainage
or evaporation, not carefully evaluated. The topic should
worth more consideration in reason of the fact that the

transpiration method is technically simpler and it works
with an intact plant.

As regards the plant species evaluated, from these
data it is clear that the species have different root water
conductivities and this is also clear in the literature. With
the exception of barley, the values agree with the plant
luxuriance and with plant resistance to water stress; thus
root water conductivity is higher for tomato, grapevine,
wheat, corn, sunflower and chick-pea, and lower for
pepper, fava bean and pea. However this parameter is
linked with the root system dimension with a negative
correlation. This should mean that the root water
conductivity is variable not only between the species but
also in relation to root age and root condition in the soil
(Bramley, 2006). The fact that this relation is negative
should mean that the young roots are more active than
the older that usually increase as the root system growth.
At this regard, Emam and Bijanzadeh (2012) observed on
wheat that the seminal roots are more active than the
adventitious roots, and that this difference is related to
lignin content. Another explanation of this fact should be
that more roots in the same soil volume determine a
higher competition among the roots themselves with a
lower efficiency as result. As regards this, Mu et al.
(2006) observed that in the same time not all the roots
are active, but only a part and the dimension of this part
depends on the plant stresses. In the same vein,
Vysotskaya et al. (2004) noticed on durum wheat an
increase of root water conductivity after root system
pruning and this means that the lower root surface
stimulates the plant to increase their efficiency. This
should mean that the roots, usually, take up water lesser
than their total capacity and this becomes more evident
when the plant is stimulated. Also on this topic, more
researches are necessary, also considering that in this



research all the species showed a high root water
conductivity variability during the plant cycle and this
should be explained not only with root anatomy
modification, but also because during the time, the ratio
between total and active root area can change.

On wheat and barley, the nitrogen deficiency induced a
root water conductivity decrease, and on these plants the
mercury chloride treatment caused a moderate and non-
significant effect. The effect of nitrogen stress on root
water conductivity was observed by other authors
(Carvajal et al.,, 1996, Clarkson et al., 2000) who
suggested a relationship with a lower protein synthesis.

With the exception of basil, in all species the mercury
chloride treatment induced a root water conductibility
reduction of 35% on the average, but until to 56% in
pepper. This reduction was variable during plant cycle
from 10% in the first period to 69% during plant flowering.
Considering that the mercury is largely considered as an
aquaporins inhibitor (Maggio and Joly, 1995), it should be
deduced that in all the species, these proteins have a
significant rule on root water conductivity and more when
the plants are more sensitive to water stress such as
during flowering. However in lupin, Bramley (2006)
observed that the cell to cell pathway is little used, and
that the main water transport pathway is through the
apoplast, so this should be also for basil. It should be
observed that the nitrogen stress effect on this parameter
is higher than the mercury effect and this should mean
that some aquaporins are not sensible to this metal or
maybe that the nitrogen stress influences other water
transport pathways than the cell to cell only.

The salt stress influenced negatively the root water
conductivity. This influence was of the same order of
nitrogen stress. The negative effect was higher for
pepper and lower for barley and this can explain the well
known salt resistance of this last species. It should be
observed that this effect is higher than the mercury effect,
and that the mercury treatment on salt stressed plants
was very low or absent and this should mean that the salt
stress influences, as nitrogen stress, other pathways of
the root water movement.

The water stress also induced a reduction of root water
conductivity on tomato (-20%) and pepper (-62%). Also in
this case, these data can explain the higher water stress
resistance of tomato as compared with pepper. The
mercury effect on plant subjected to water stress resulted
additive to water stress effect, and this means that the
two stresses should have different actions. Maybe the
water stress operates mainly on apoplastic pathway,
inducing more lignin and suberin synthesis. In salt
stressed plant, however the water stress did not showed
any effect, or on the contrary reduced the salt negative
effect. This fact was observed also on salt and mercury
stressed plants. In this case, the root water conductivity
was of the same dimension of only salt stressed plants.
The salt stress overlaps as the water is affected by the
mercury, and this should mean that the salt stress
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influences the apoplast, as the cell to cell pathway, while
the water stress seems to reduce the negative salt effect.

In literature we do not have data to compare these
results that could be of practical interest in the salinity
management. These two stresses in the field are often
recurring and act together, so it should be important to
address the future research to this topic.

Conclusions

The collection of data on root water conductivity from
different experiments carried out in Southern Italy makes
possible to draw back some conclusions:

1) The transpiration method gave higher values than the
pressure chamber method, maybe because of shoot
influence on root activity, or errors due to non careful
evaluation of water losses by drainage or evaporation.
Further researches are necessary for comparing these
two methods and improving their precision.

2) Root water conductivity is variable between the
species and also in relation to root age and root density
that can determine competition among the roots
themselves thus reducing their efficiency.

3) Treatments with mercury chloride reduced root water
conductivity during the entire plant cycle because it is an
inhibitor of aquaporins that play a significant role on root
water conductivity.

4) Mercury chloride treatments did not show any effect on
nitrogen and salt stressed plants, while in the water
stressed plants its effect was additive, thus suggesting
that the salt stress influences, as nitrogen stress, other
pathways of the root water movement; water stress may
operate mainly on apoplastic pathway, inducing more
lignin and suberin synthesis, while the salt stress may
influence as the apoplast, as the cell to cell pathway.

5) Considering that water, salt and nutritional stresses in
the field are often recurring and act together, it should be
important to address the future researches to the
interaction between these stresses.
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