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In this study the early effects of salinity on growth, total N and ion accumulation and partitioning in Prosopis juliflora (common
name algaroba) were studied with 30-day-old plants grown for 8 days in aerated nutrient solution (NS) free of (control) or
supplied with 25, 50, 75 and 100 mmol.L-! NaCl. Plants grown in 25 and 50 mmol.L-! NaCl accumulated a total dry mass (DM)
and shoot N content greater than the control. However, at 75 and 100 mmol.L-! NaCl such parameters were diminished. Whole
plant transpiration rates were higher with 25 and 50 mmol.L! NaCl and lower with 75 and 100 mmol.L-! NaCl. Salinity did
not influence shoot (80%) and root (70%) water content (WC) but reduced the K* content of shoot while that of root was not
affected. Increasing external NaCl concentrations increased K*/Na* ratios of both plant parts. The data support the hypothesis
that increase in transpiration rates and in shoot total N may account for growth stimulation of algaroba under mild salinity.

Keywords: ion partitioning, nitrogen, salinity stress.

Crescimento e teor de N-total em Prosopis juliflora (SW) D.C. sao estimulados em baixos niveis de NaCl: Os efeitos
iniciais da salinidade sobre o crescimento, o conteudo total de N e o acimulo ¢ a distribuigdo de ions foram investigados em
plantas de algarobeira (Prosopis juliflora (SW) D.C.) com 30 dias de idade cultivadas em solugdo nutritiva sem controle ou
com 25,50, 75 ¢ 100 mmol.L"! de NaCl, durante 8 dias. Em 25 ¢ 50 mmol.L"! de NaCl, as plantas exibiram maior acumulagdo
de massa seca (MS) e contetido de N total na parte aérea que as plantas controle. Contrariamente, esses parametros foram
reduzidos nas plantas cultivadas em 75 ¢ 100 mmol.L-! de NaCl. As taxas de transpiragdo das plantas cultivadas em 25 e 50
mmol.L! de NaCl foram aumentadas enquanto, em 75 ¢ 100 mmol.L"! de NaCl, foram reduzidas, comparadas ao controle. O
conteudo de agua da parte aérea (80%) e das raizes (70%) ndo foi afetado pela salinidade, enquanto que os teores de K* da parte
aérea foram reduzidos, mas nao alterados nas raizes. O aumento da salinidade provocou reducdes na relagdo K*/Na* na parte
aérea e nas raizes. E sugerido que aumentos no contetido de N total e nas taxas de transpiragdo podem ter provocado estimulo
no crescimento das plantas de algarobeira em baixa salinidade.

Palavras-chave: estresse salino, nitrogénio, parti¢ao de ions.

Salt tolerance has been partially linked to the regulation
of shoot Cl- and Na* concentration (Teleisnik and Grunberg,
1994), and it has been suggested that growth under salinity
stress is the result of processes such as ion transport and
compartmentation and synthesis and accumulation of osmotic
solutes (Viégas et al., 2001). These processes lead to osmotic
exclusion and/or

adjustment and particularly

compartmentation of specific ions such as Na™ at a level
compatible to plant growth (Munns and Termaat, 1986;
Delauney and Verma, 1990; Silveira et al., 2003). NaCl stress
has been related to increased contents of Na* and Cl-and to a
decreased availability of nutrients arising from a lower uptake
and the competition between nutrients such as K* and NO,
with Na* and CI-, respectively (Bottacin et al., 1984). In
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addition, salinity has been reported to disturb the integrity of
cell membranes by inducing changes in its structure (Kuiper,
1984). With respect to the plasma membrane, Na* can displace
Ca%" which constitutes a primary response to salinity stress
(Cramer et al., 1985), and K*/Na™" selectivity may be altered.
According to Niu et al. (1995), increased K*/Na* selectivity
of the K" uptake system might represent a significant
adaptation to high concentrations of NaCl.

The present study aimed to identify the relative extent to
which K™ and total N contents are affected by salinity together
with the pattern of Na* accumulation and partitioning between
shoot and roots as well as that of whole plant transpiration
rates of algaroba (Prosopis juliflora (SW) D.C.). This was
carried out by placing algaroba seedlings (when shoot was 6
to 7 cm in height) in 2.2 L vessels containing half strength
Hoagland and Arnon nutrient solution (NS). The pH of
nutrient solution was kept at 5.5 + 0.5. Salinity stress was
imposed by transferring 30-day-old plants grown to full
strength NS containing 25, 50, 75 and 100 mmol.L! NaCl.
The effects of NaCl on the growth and metabolic parameters
were verified 8 d later. Plants grown in NS free of NaCl were
taken as control. At harvest, the roots were thoroughly washed
in distilled water, detached from the shoot and DM determined
after drying at 90°C to constant mass. Dried plant tissue was
ground to a fine powder and subjected to wet digestion with
HNO;:HCIO, (4:1, v/v) (Chapman and Pratt, 1961); the
resulting solutions were diluted as necessary and analyzed
for K* and Na* content by flame photometry. The total N
content was determined by the microkjeldahl method as
described by Viégas et al. (2001).

Estimates of whole plant transpiration rates were carried
outat0, 2,4, 6 and 8§ d after starting NaCl treatments through
reduction of the volume of the nutrient solution in each pot
(Reed and Hagerman, 1980); comparable pots with nutrient
solution but without plants were used to correct for
nontranspirational evaporation. Root and shoot water contents
were determined by weighing tissue before (fresh mass - FM)
and after complete drying (dry mass - DM) using an analytical
balance (Silveira et al., 2003). The experiment was carried
out in a greenhouse (temperature of 38/25°C day/night;
relative humidity of 30/45% day/night). The maximal photon
flux density at the plant canopy was about 2,200 mol.m2.s-!.
The experiment consisted of 5 independent replicates per
treatment, each comprised of 1 plant. Statistical analysis of
the results was carried out with the STATGRAPHICS package
for calculation of the standard error (SE). ANOVA was
calculated with the SIGSTAT package.
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Total DM of plants grown in 25 and 50 mmol.L! NaCl
was about 17% and 22% greater than the control, respectively
(figure 1A). This is evidence that the photosynthetic apparatus
of algaroba was able to provide the carbon for growth
stimulation. In addition, DM accumulation of NaCl treated
plants was low in the root compared with the shoot (figure
1B); furthermore shoot/root ratios increased by increasing
external NaCl (figure 1C). This may partly be due to a change
in the pattern of export of carbohydrates and/or N-compounds
from shoot to the root (Silveira et al., 2003).
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Figure 1. Shoot, root and total plant dry mass (A), and shoot/
root ratio (B) of algaroba seedlings grown hydroponically
under different levels of NaCl, during 8 d (short-term
experiment). DM: dry mass.

On the 2" day of experiment, the whole plant
transpiration rates of NaCl treated plants dropped abruptly
(figure 2A). Since water transport is a passive process (Viégas
etal., 2001) the abnormal increase of external NaCl may have
created an unfavorable Ay across the root cell membrane
making it difficult for the plant to keep water absorption
comparable to the control. On the 4t day, the whole
transpiration rates of plants grown in 25 and 50 mmol.L!
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NaCl started to increase and became higher than control plants
by the end of the NaCl exposure time. This points toward
osmotic adjustment by possible vacuolar compartmentation
of inorganic ions and/or compatible solutes. Yet, despite
reduced transpiration rates of plants grown in 75 and 100
mmol.L-! NaCl (figure 2A) the plants never became subjected
to water stress; in both cases, the WC of shoot (80%) and
root (70%) did not differ from those of the respective controls
(figure 2B).

The shoot K™ content of plants grown in 100 mmol.L!
NaCl represented about 30% that of control and DM
accumulation decreased substantially. Conversely, plants
grown in 50 mmol.L"! NaCl had a total DM higher than the
control regardless of shoot K* being 1.7-fold lower (figures
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Figure 2. Whole plant transpiration rates (A) and tissue water

content (B) of algaroba seedlings grown hydroponically
under different levels of NaCl, during 8 d (short-term
experiment). ANOVA results of (A): NaCIl*™* (S), Time™
(T) and (S x T)*™. **: Significant at P = 0.01 (F test).
Vertical bars represent + SE forn = 5.
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Figure 3. Accumulation of K™ (A) and Na* (B) in shoot and
root and K*/Na* ratios (C) of algaroba seedlings grown
hydroponically under different levels of NaCl, during eight
days (short-term experiment). DM: dry mass.
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1A and 3A). Since a decline of shoot K* is taken to indicate
that salinity is limiting growth (Erdei and Teleisnik, 1993),
the present results suggest this to be limited to a particular
condition; therefore, such interpretation depends on the plant
species and NaCl level. The accumulation of root Na*
approached a plateau under 50 mmol.L-! NaCl while in the
shoot it increased linearly at all salt concentrations (figure
3B). These results show 50 mmol.L'! to be a threshold
concentration of NaCl in which algaroba plants were not able
to avoid excess accumulation of Na® in the shoot.
Furthermore, the fact that Na* of the shoot and root greatly
increased while K" decreased in the former and did not change
in the latter resulted in increased Na™/K™ ratio, particularly in
the shoot (figure 3C), this may be due to a reduction of K*/
Na* selectivity (Viégas et al., 2001) and/or competition
between Na* and K* during uptake. The fact that root K* of
NaCl treated plants did not change might imply that NaCl
does not affect root membrane permeability. Consequently
reduction of K* in the shoot is thought to be the result of
increasing K* efflux to the bathing solution and/or decreasing
K* translocation from root to shoot (Schroeder et al., 1994;
Maathius et al., 1996).

The total N content in shoot of algaroba increased by
about 18% from 0 to 50 mmol.L-! NaCl and then decreased
to a level comparable to the control above 50 mmol.L! NaCl
(figure 4). This shows that low external NaCl concentrations
induce N compound fractions to increase although the
underlying mechanism has not been identified. Nevertheless,
there was a strongly relationship between total N content of
shoot (r2 = 0.96) and total DM gain (2 = 0.97) with whole plant
transpiration rates, showing that the metabolic process of N and
C reduction is at least dependent upon plant water flux.
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Figure 4. Total N content in shoot of algaroba seedlings grown
hydroponically under different levels of NaCl, during eight
days (short-term experiment). DM: dry mass.
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In conclusion, understanding the mechanisms that cause
shoot N content of algaroba to increase could help establish
biochemical targets for breading programs aimed at increasing
salinity resistance of plants. Furthermore, Prosopis juliflora
seems to have an efficient mechanism of osmotic adjustment
that functions by possible vacuolar compartmentation of Na*
and/or N fractions allowing plants to maintain their metabolic
functions compatible with growth stimulation under
conditions of mild salinity. In addition, tissue water content
was not a limiting factor for growth of Prosopis juliflora plants
in an induced short-term salinity.
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