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INTERACTIONSHIP CHLORIDE-NITRATE ON NlJTRITION OF TaMAM PLANTS. 

by 

Luque, A! , Carpena, o.~, Cadahia, C? and Palomino, E .l 

Tomato plants vard "Marglobe" were cultiv6%ted in greenhouse by hydiu- 
ponic system in order to study the effect of five treatments of Cl-,0, 
8,16,24 and 32 me.1-' with five different concentrations of NO- : 6, 
12,18,24 and 30 me. l-' . We found a cooperative effect of Cl- d d  Mlj 
increasing concentration of both until 24 me. l-l of Cl- and 18 me. l - '  
of NOj which means an increase of NO3 i~ the nutrient solution thus 
decreasing the toxic effect of Cl- in plants. Org NIN03-N in the tis- 
sues is the index that best indicates its maximum growth, its value 
is considered to reach 1.0. 

The presence of Cl- in the irrigation water is one of the problems 
that affect arid and semiarid areas where there is a high evapotran- 
piration which produces salination in the soil. 

Dropping irrigation allow the control of soil solution due to slow 
and continuous fertilization. 

Tomato plants permit a concentration of Cl- in nutrient solution of 
15 me.1-l' without decreasing its growth and production (Cadahia,l96b). 
The fertilization of tomato plants with high quantities of NO3 prodit- 
ces a decrease of Cl- in the plant (Hernando et a1.1964). On the other 
hand the excess of Cl- could produce a decrease in the NO5 content in 
the plant running the risk of inducing nitrogen deficiencies (Torre:, 
and Bingham, 197 3) . 
Maas et a1 (1977) point out, using different sources, that -1.0 is 
the maximum osmotic potential tolerable in tomato plants. 

Our work, therefore, focused in the study of Cl- and NO3 relation 
in nutrient solutions, which allows the utilization of water with a 
high concentration of Cl- by means of the increase fertilization of 
NO- , as well as to find out to what extend Cl- could affect assiraj 
lakon, transporting and reduction of NOj in tomato plants. 

l )  Departamento de Biolog5.a.Colegio Universitario de Las Palmas. 
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MATERIAL AND MFTfIOllS. 

Tomato seeds (Lycopersicum esculentum vard Marglobe) were planted in 
volcanic sand. After 30 days, they were transplanted in pots contai- 
ning volcanic sand with an inferior draining system. Five plants per 
pot were planted, two were recollected at the flowering time, two at 
fruiting time and the fifth on was picked two weeks later in order 
to determine the growth. 

25 different treatments were conducted in the greenhouse, using five 
different concentrations of Cl- (0,8,16,24,30 me.1-l). Each treatment 
was repeated three times. Cations were kept at the same relative le- 
vel (K : la : Mg = 0.35 : 0.45 : 0.20). H2P04 and SO4' were kept at 
the same absolute level (H2PO4 : 0.5 me. 1-1 ; SO4' : 3.5 me. 1-1 ) . 
Cl-, N03 and organic Nitrogen were analyzed in leaves, roots and 
stem juice at flowering time and fruiting time. Cl- was determinated 
by extraction with water and valoration with silver nitrate (Ulrich 
and Johnson, 195 ) .  NO' was extracted with water and determinated 
by Cataldo's method mo 3 ificated in a higher concentration of salici- 
lic acid in sulphuric acid (10% w/v), (Cataldo et at, 1975). Organic 
nitrogen was determinated by microkjeldahl method. 

RESULTS AND DISCUSSION. 

Fig.1 depicts as an index of growth the fresh weight of the complete 
plant with its fruits. We found and increase of growth with the in- 
crease of NO? concentration in nutrient solution until 18 me.1-l, and 
a cooperative effect of Cl- up to 16 me.1-1 of Cl- in nutrient solu- 
tion with 12 me.1-I NO3 and 24 me.1-1 of Cl- with 18 me.1-1 of N0j.h 
high concentrations of N03 (24 and 30 me.1-1) the cooperative effect 
oc Cl- and NO? disappears. 

L. - -Total fresh weight, osmotic pot .and [ NO;] and [cl-]  . - 
24 



A equilibrate relation of Cl- and NO3 increases the rosistcme of the 
plant to lower osmotic potential, achieving the best results at -1.8. 
Higher concentrations produce a significative decrease of the growth. 

cl- cmtents in leaves, ro0t.s and stems in flowering and fruit irig time 
(Table 1) decreases when the NO3 concentration in nutrient soluti.on in- 
creases. That decrease could be produced by the interaction of Cl- and 
N03 passing through tonoplaste at the entry in the cell vacuoles 
(Cram, 1973). The decrease of Cl- facilitates a higher resistencc of 
the plant to the specific toxic effect of Cl-. 

The toxic concentration of Cl- 1.n the stem juice for tomato plants has 
been pointed out by Cadahia (1968) in 118 me.1-l of Cl- at flowering 
time and 140 me.1-' of Cl- at fruiting time and he formed these values 
with 15 me.1- l of Cl- in nutrient solution. In our experiment we found 
these concentrations in stem juice with 16 me.1 1 of Cl-,12 me.1-I of 
NO3 and 24 me.1-l of C1 -18 me.1-l of NOS . This treatment (C124N18) 
is the best (Fig.1). 

Values of organic Nitrogen change according to the type of the part 
of the plant and the samplj.ng time. In the leaves at the flowering 
time there is a depressive effect of Cl- with 6 and 12 me.1-' of NO3 
in nutrient solution. This effect is significant between C1 0 and C1 8 
treatments. This could be possible by a decrease in the malate sinthe- 
sis as a response to a high interne concentration of Cl-, like it was 
pointed out by Schnabl and Raschke (1978) in stomatic cells, and that 
it would affect the absorption in roots and transport of NO3 to the 
shoots (Ben-Zioni et al, 1971). 

In the leaves at fruiting time and in the ro0t.s at flowering time the- 
re is not a significative decrease of organic nitrogen values. 

In the stem juice at flowering and fruiting time the depressive effect 
of Cl- appears in higher concentrations of NO3 (18, 24, and 32 me.1"). 

The relationship between 0rg.N and NO- - N (rng/mg) is the index that 
best agrees with the growth (Fig. L) . 8e can see that this relationship 
increases wj.th Cl' up to 16 me.1-1 of Cl- in nutrient solution with 6 
and 12 me.1-I of N O j  and 24 me.1'' of C1 with 18 me.1-l of NOj . 
Ferrari et a1 (1973) pointed out the existence of two different pools 
of NO3 in the plant cell. One of them is the vacuolar pool (metaboli- 
cally inactive) and the other one is the citoplasmatic pool (metaboli- 
cally active) . 
The competition between Cl- and NO3 to enter in the vacuola may indu- 
ce a decrease of total NO3 in the cell, but the metabolic pool can in- 
crease, in which case it would allow to an increment in the reduction 
of NO3 due to the fact that NO3 flues through the cytoplasme which 
regulates the activity of nitrate reductase (Shanner and Boyer, 1976). 

This effect could be at the root level where we did not notice signi- 
ficant differences in organic nitrogen (see Table Z ) ,  due to the fact 
that the tomato plants may have a reduction of N0j in roots (Suder-Mo- 
raw and Buczek, 1977). The reduced nitrogen could be translocated to 
the shoots. 



Table 1 

cl- contens L:leaves % d . w .  R=roots % d . w .  S=Stemjuice me.1. -1 

, C m e . .  in nutrient solution 

FL- Flowering time FR= Fruiting time 



Table 2 

Org N. L-leaves % in d.w. R-roots % in dew. S-Stemjuice fg.1-l 
-1 ~ 1 -  me.1. in nutrfent solutfon 

z FL= Flowering time FR- Fruiting time 



Variation of the relation Organic N / N O j - N  in 
stem juice at the flowering time (numbers in 
brackets are total fresh weights of each treat- 
ment ). 

CONCLUSIONS. 

The increment of Cl- in the culture medium could be partially mitiga- 
ted by the increase of NO3 fertilization in the tomato culture. 

In addition this enhances a better resistence to the effect of total 
salinity. 

The cooperative effect of Cl- and NO3 could be explained by an in- 
crease of reduction in the roots and the translocation to the shoots 
of the reducted nitrogen. 

The relation Org N/NOj-N in stem juice at flowering time is a good in- 
dex to study the effect of Cl- in the NOS metabolism and its value 
should be maintained next to 1.0. However, we believe that these re- 
sults ought to be further studied in order to yield applicable re- 
sul ts . 
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RESUME : INTER4CTION DU CLORURE ET NITRATE EN TClcfATES. 

Des tomates de la variet6 Marglobe ont 6t6 cultivees avec une soh- 
tion noutritive dans une serre pour 116tude de l'effect du Cl-. Cinq 
traitements avec du Cl-: 0,8,16,24 et 32 me.1-I ont et6 combin& avec 
cinq concentrations differentes de N0j: 6,12,18,24 et 30 me.1-l. On 
trouve un effet coopEratif du Cl- et du NO3 en augmentant les deux 
concentrations, celle du Cl- jusqu'; 24 me. l-I et celle du NO3 jusquli!i 
18 me. l- ! . Ce qui indique qu'en augmentant le NO3 dans la solution 
l'effet toxique du Cl- diniinu. L'index qui s 'ajuste le mien am ren- 
dements c'est celui de la relation N.org: N-NO3 (mg:mg) dont les va- 
leurs doivent Stre proches 5 1. 




