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INORGANIC SOLUTE CONTENT IN TOMATO PLANTS 
CULTIVATED UNDER SALlNlTY CONDITIONS 

J. Dell'Amico, F. Pérez-Alfocea, Encarnación Balibrea 
and María del C. Bolarín 

ABSTRACT. The effect of two saline concentrations (50 
and 100 mM NaCl) was studied in dry wei ht and inor- 
ganic solute (Cl-, ~ a ' ,  K', c a t t ,  Mg+' and N03) 
accurnulation of roots and developed leaves from tomato 
plants cv. INCA 9(1). The work was accomplished in a 
growth chamber under controlled conditions, where 
plants were cultivated in trays with washed silica sand. 
Treatments were carried out for three weeks 24 days after 
germination and determinations were recorded at 1,8,15 
and 22 days after beginning saline treatments. In general, 
it was found that plants maintained dry matter accumula- 
tion in roots and shoots at equal levels or superior to the 
control, when cultivated with 50 mM NaCl. Besides the 
analysis of ion contents, it was evident that plants from the 
cultivar studied showed an excluding character of C1- and 
an including one of ~ a + ,  which characterized its toler- 
ante mechanism to salinity; this aspect was also observed 
in plant response to ion accumulation in its organs under 
the salinity conditions studied. 
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Plants apparently rely on several mechanisms by 
which they adapt to salinity stress (Gorham, Wyn-Jones 
and Mc Donell, 1985). 

Many of these mechanisms imply the patticipation 
of considerable quantities of cells and tissues in a series 
of coordinated processes, in order to effect salinity 
tderance which therefore requires certain anatomical 
organizations present in the halophytes. These mecha- 
nisms include strategies of ion transportation, salt ex- 
cretory glands and specialized trichomes (Maria Binzel 
et al., 1985). 

Other mechanisms by which plants deal with sali- 
nity involve intrinsic properties of individual cells and 
include processes such as ion accumulations in vacuo- 
les, synthesis and accumulation of organic solutes (Pé- 
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RESUMEN. Se estudió el efecto de dos concentraciones 
salinas (50 y 100 mM de P a C1) en la acumulación de masa 
seca y solutos inorgánicor, (Ci, ~ a + ,  K', Ca + +, Mg+ + 

y NOi)  en raíces y hojas desarrolladas dc plantas de 
tomate del cultivar INCA 9(1). El trabajo se realizó en una 
cámara de crecimiento con condiciones controladas y las 
plantas se cultivaron en bandejas con arena silice lavada. 
Los tratamientos se impusieron por espacio de tres 
semanas a partir de los 24 días de la germinación y las 
determinaciones se realizaron a 1, 8, 15 y 22 días de 
iniciados los tratamjentos salinos. Se encontró que las 
plantas generalmente mantuvieron la acumulación de ma- 
teria seca en raíz y parte aérea a niveles iguales o supe- 
riores al control, cuando se cultivaron con 50 mM de NaCl. 
Además del análisis de los contenidos iónicos, se evidenció 
que las plantas del cultivar estudiado prcsentaron un 
carácter excluidor de Cl- e incluidor de Naf ,  caracteri- 
zándose así su mecanismo de tolerancia a la salinidad, 
aspecto que además condicionó la respuesta de las plantas 
en cuanto a la acumulación de los diferentes iones en sus 
órganos en las condiciones de salinidad estudiadas. 
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rez-Alfocea et al., 1 994; Torrecillas et al., 1 994) and the 
active exclusion of ~ a +  and CI- of cells (Greenway and 
Munns, 1980), which are very impottant in glycophytes. 

Salinity tolerance in many cultivable plants, accor- 
ding to Levitt (1980), Pilar García and Primo-Millo 
(1995), is associated to salt exclusion, as these plants 
are capable of restricting saline ion uptake or transpor- 
tation from roots towards shoots. 

In Cuba, there exists a little information about 
the effects of salinity by NaCl on tomato crop; there- 
fore, the present work was accomplished with the 
objectiveof evaluating inorganic sdute content in plants 
cv. INCA 9(1) cultivated under salinity conditions. 

MATERIAL AND METHODS 
The work was accomplished in a growth chamber 

under controlled conditions, using seeds of tomato 
(Lycopersicon esculentum Mill) cv. l NCA 9(l) , germi- 
nated and grown in plastic trays (60x40~12 cm) with 
silica sand as inett support; the sand was previously 
washed and conditioned until obtaining an electrical 
conductivity in the drainage water similar to deionized 
water. 



Plants were daily irrigated with deionized water 
during germination until the first true leaf appearance. 
After wards, plants were daily irrigated with the nutrient 
solution described by Verdure (1 981). This solution was 
applied by flooding up to one centimeter below the sand 
surface for 15 min approximately; after that it was let 
drain freely. 

The environmental conditions during germination 
were darkness, 2811'~ and 90 % relative hurnidity; 
subsequent to germination, conditions were 16 hours 
light and eight hours darkness, 30117'~ respectively, 
60-70 % relative hurnidity and lighting conditions of 
245181 ,B mol. m-*. S-'. 

Then, 24 days after plant germination, saline treat- 
rnents were applied, adding 50 and 100 mM NaCl to the 
nutrient solution or control for three weeks. 

Complete plant samplings, todetermine dry matter 
and ion contents, were weekly accornplished after 1,8, 
15 and 22 days of imposing treatments. For determining 
inorganic solutes, plants were separated into roots and 
fully expanded leaves; three replications were taken 
(6-1 1 plants each) per treatment. 

Dry matter yields of shoots and roots (mg) were 
determined by oven drying these organs at 65'~. 

Ion contents of leaves and roots were recorded by 
milling the lyophyiized vegetable material until reaching 
2 particle size > 0.5 mm diameter. 

CI- and NO3 concentrations were determined in 
the aqueous extract obtained when mixing 200 mg of 
this material with 40 mL of water, agitating it for 30 min 
and then filtering it. 

The ion CI- was calculated by potentiometric titra- 
tion with AgNO3 0.01 N, using a Mettler Titrator Model 
DL-409 P, according to Pérez-Alfocea (1991), while 
N03- was determined by spectrophotometry at 
527.5 nm, according to the method of Lambert and 
Dubois (1 971). 

~ a + ,  K+, ~ a + +  and ~ g +  concentrations were 
recorded in the extract obtained after the digestion 
nitric-perchloric acid (2:1 vlv) at 280'C during 24 hours 
and samples were read in an atomic absorption spec- 
trophotometer Shimadzu AA-680 (Shirnadzu Co Ltd, 
Kyoto, Jp). 

Ion contents were expressea in mmol.kg-'dry mat- 
ter. Treatments were arranged according to a randomi- 
zed complete desing and data were statistically 
analyzed by estimating sampling means and its typical 
deviation. 

RESULTS AND DlSCUSSlON 
The effect of saline treatments on dry matter 

growth of roots and shoots is presented in Figure 1. It 
was found that after 22 days of saline stress, the plants 
treated with 50 mM NaCl presented a root biomass 
production 60 % superior to the control; practically no 
differences were appreciated between both treatments 
in the shoots, while with 100 mM NaCl root values were 
very similar to the control and shoot dry matter produc- 
tion was 39 % lower than the control, coinciding with 
what was outlined by Pérez-Alfocea (1 981), who indica- 
ted that in tomato crop, the less affected part of the plant 
by salinity is root fresh and dry matter production. 
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Figure 1. The effect ot salinity on dry biomass pro- 
duction 

Also, in this way, Alexandra Pdjakoff and Lerner 
(1994) informed that salinity induces growth inhibiion 
and, in most cases, shoots are more affected than roots; 
they continued outlining that in many plants studied, 
glycophytesand halophytes, the effect of salinity on root 
growth is a function of salt concentration. Some con- 
centrations can stimulate root growth while inhibiting 
shoot growth. 

These results show that al1 plants from the cultivar 
studied are capable of maintaining dry biomass growth 
at the same level or superior to the control, when they 
arecultkated in a medium with 50 mM NaCI, which gives 
them certain amount of tolerancf. 

When analyzing Cl- and Na contents in roots and 
leaves (Figure 2), it was observed, in general, that both 
ions increased in roots either by the saline level or the 
exposition time to salinity, reaching a similar result. 

H+owever, CI- content in leaves was lower than that 
of Na , indicating that the plants affected by salinity 
presented an excluding character of C1- and an inclu- 
ding one of Na+, then defining their tolerance mecha- 
nism to salinity, due fundamentally to what was outlined 
by Greenway (1962) and Tal (1 971), who indicated that 
tolerant cultivars and species accumulate less CI' than 
sensitive ones. 

On the other hand, it has been found for tomato 
and other species, that salinity tolerance is associated 
to CI- and ~ a +  exclusion of shoots (Lauchli, 1986; 
Gorham, Wyn-Jones and Mc Donell, 1985). Neverthe- 
les9 according tosacher, Staplesand Robinson (1 982), 
Na regulatory capacity does not seem to be relate$ to 
salt tolerance, as it is specific at high levels of Na in 
leaf tissue cells, it transfering global tolerance to sali- 
nity, besides indicating that in Lycopersicon escule?- 
tum there must exist a tolerance variability to leaf Na , 
as a result of different períormances. 
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Figure 2. CI' and ~ a +  contents 

With respect to K+ content in roots and leaves 
(Figure 3), a uniform response was not found, mainly in 
the leaves of saline treatments, though they generally 
presented lower contents than those from the control 
treatments, which was more evident in leaves 22 days 
after starting the treatments. 

This behavior corresponds with Na + including 
character of the cultivar; furthermore, it coincides with 
Leigh and Wyn-Jones criteria (1 984) and Jacoby (1994), 
who indicate that tolerant glycophytes accumulating 
Nat. such as Lycopersicon peruviym, Solanum penne 
Ili and Sorghom bicolor, reduce I< content in presen- 
ce of salinity, without observing any concomitant 
damage. This reduction seems to be related to the 
replacement of the vacuolar K+ by Na+, then favoring 
the osmotic adjusment capacity and the substitution of 
K+ by Na+ in some metabolic fun'ctions. 

Figure 4 shows the results of Ca+ + and Mg' + 
contents; it can be observed that ~ a +  + was low in roots 
in al1 treatnients. However, their contents in leaves were 
high and a negative efíect of salinity was not practica11 
found in this sense, which makes evident that Ca+ Y 
uptake and transportdion were not affected by the 
saline treatrnents ernployed. 

These results haveavery particular meaning to the 
salinity tolerance character of this cultivar, since in spe- 
cialized literature, it is frequently found a generalized 
trend to Ca+ + content decrement in the diíferent or- 
gans of plants, even in Lycopersicon (Cruz et al., 1 m), 
as a consequence of a Na+-Ca+ + antagonism basi- 

cally referred to Ca+ + displacement by ~ a +  + in ex- 
changing positions of membranes and cellular walls 
(Wyn-Jones, 1981). 

However, according to Guerrier (1984), in some 
species salt tolerance has been related to the preferen- 
tial capacity of absorbing and transporting ca+ + to- 
wards the greatest metabolic activity zones. Also, 
Azaizeh and Steudle (1991) outline that Ca+ + is well 
known for Its regulating role of cellular metabolism and 
protects membranes from the adverse effect of salinity. 

Related to Mg+ + content, a negative effect of 
salinity was observed in the content of the underground 
organ after eight days, though there were not differen- 
ces between saline treatments; it showed a quite stable 
trend, while a very variable behavior was present+ 
leaves and practically after 15 and 22 days, Mg 
contents in plants of the saline treatments were similar 
or superior to those of the control treatment 

On the other hand, the greatest content of Mg' + 

in leaves related to root is justified by the fact that its 
main role is the structural component of chlorophyil 
and, furthermot'e, it cc*istitutes the second vacuolar 
cation after K+, thus giving significance to the osmotic 
adjustment under saline conditions (Jeffrey, 1987). Al- 
so, Francois (1988) indicated that a foliar content of 
Mg++ next to the control under salinity conditions 
would imply a greater tolerance than a lower content, it 
reaffirming in this case the tolerant character to salinity 
of the cultivar studied. 
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When analyzing NO3 - content (Figure 5), it was 
found that in roots the treatment with 50 mM NaCl had 
a gradual decrease of its content but 15 and 22 days 
after starting the treatments, it presented the lowest 
contents; meanwhile with 100 mM NaCl just the oppo- 
site occurred, that is to say, it began with low values and 
after 22 days NO3 content was similar to that of the 
control. 

With respect to NO3 - content in leaves, the beha- 
vior was different and practically it can be concluded 
that salinity increased its content in this organ instead 
of reducing it mainly in the most saline treatment, where 
the greatest contents were generally reached since the 
eight exposition days to NaCI. 

lndependently of a differentiated response obser- 
ved in the two organs studied, NO3 - content present in 
each is similar or superior to the one informed by 
Pérez-Alfocea (1 991) for Lycopersicon esculentum, 
working under similar conditions, including the values 
reached by the treatment with 50 mM NaCl in the root. 

As a rule, it is outlined that salinity provokes a NO3 - 
content increase in the root and a decrease in stems 
and leaves (Cruz etal., 1990). In this particular case, that 
behavior was not found, which may be due to the 
excluding character of CI- of this cultivar; in this sense, 
Feigin (1995) and Mc Clure, Omholt and Peace (1986) 
pointed out that salinity by NaCl affects leaf nitrogen 
content and reduces plant protein content as a result of 
a competitive effect at the uptake level between CI-and 
NO3 - ions, also indicating that CI- excluding plants are 
less affected in its leaf nitr0ge.n content. 
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Figure 5. The effect of salinity on nitrate content 

On the other hand, Deane-Drummond (1986) indi- 
cates that, in some instances, intracellular concentra- 
tions of CI- and N 0 3  - can regulate the opposite ion flow, 
so that a low accumulation of CI- would favor a good 
flow of NO3 - and viceversa. Also, Shannon (1978) indi- 
cated that the most salinity tolerant plants of the species 
Agropyron elongatum presented higher content of 
NO3 - in leaves. 

When analyzing the results of the study together, 
it is important to emphasize that the mechanism presen- 
ted by this cultivar, characterized by the inclusion of 
~ a +  and even more the exclusion of CI- mainly of its 
leaves, influenced decisively the content of the remai- 
ning ions, thus contributing to increase salinity toleran- 
ce characteristics of this cultivar, at least concerning its 
biomass growth. 
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