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GAS EXCHANGE IN RICE O 
PLANTS UNDER NaCI STR (E S Y' CONDlTlO sativa S 

W. Torres 
ABSTRACT. A research work was conducted to analyze 
the effect of sodium chloride stress on gas exchange of two 
rice (Oryza sativa L.) cultivars with a different tolerance 
degree. The osmotic potential kcrement of nutrient solu- 
tion reduced stomatal conductance and transpirational 
f!ow of both cultivars, but in a lesser degree on the tolerant 
one. Nevertheless, stomata remained open, thus suggest- 
ing a plant osmotic adjustment. Net photosynthesis was 
affected only in the susceptible cultivar; there was a slight 
increment of water use efficiency on the tolerant one. All 
variables tested can be employed to discriminate cultivars 
with a different tolerance degree to such stress condition. 

Key words: photosynthesis, saline stress, rice, Oryza sativa 

Soil salinity is a limiting problem of crop producti- 
vity (Gupta and Sharma, 1990) and rice is considered a 
moderately sensible species to such stress condition 
(Maas and Hoffman, 1976). 

An approach to lessen this problem is by attaining 
new tolerant cultivars to soil sodium chloride through 
breeding; besides, it is advantageous to take into ac- 
count the physiological criteria, not only because they 
make mass screening easier (Yeo and Flowers, 1984) 
but also because they are quicker and more objective, 
they supply more information about the system and 
enable to combine several characteristics to achieve a 
resistant cultivar, which separately can not improve 
survival urider saline conditions, if salinity resistance as 
well as yield is considered an integral value with many 
components (Yeo and Flowers, 1989). 

A high salt concentration in the soil provokes an 
overdose of ions in tissues as a whole, cytoplasm or 
apoplast, promoting protein synthesis interference, cell 
dehydration, stomatal closure and early senescence of 
leaves (Yeo and Flowers, 1989). 

Photosynthesis is a process firstly defining plant 
productivity that has also proved to be studied for 
distinguishing saline tolerant cultivars (Edith Taleisnik, 
1987; Heuer and Plaut, 1989; Mert, 1989 and Yeo et al., 
1991 ). 
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RESUMEN. Se desarrolló un trabajo con el objetivo de 
analizar el efecto que el estrés por cloruro de sodio ejercía 
sobre el intercambio gaseoso de dos cultivares de  arroz 
(Oryza sativa L.), con diferente grado de tolerancia. El 
aumento del potencial osmótico de la solución nutritiva 
produjo disminuciones en la conductancia estomática y en 
el flujo transpiracional de los dos cultivares, pero en menor 
grado en el tolerante. A pesar de ello, los estomas perma- 
necieron abiertos, sugiriendo la presencia de ajuste osmó- 
tic0 en las plantas. La fotosíntesis neta solo se vio afectada 
en el cultivar susceptible; en el cultivar tolerante se obser- 
vó un ligero incremento de la eficiencia del uso del agua. 
Se concluye que las variables evaluadas pueden ser em- 
pleadas para la discriminación de cultivares con diferente 
grado de tolerancia a esta condición de estrés. 

Palabras clave: fotosíntesis, estrés salino, arroz, 
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This research work was laid out to analyze the 
effect of sodium chloride stress on gas exchange of two 
rice cultivars. 

MATERIALS AND METHODS 
Rice seeds (Oryza sativa L.) from Amistad'82 (sus- 

ceptible) and Pokkali (tolerant) cultivars were pregermi- 
nated and transplanted after seven days to 500-cm3 
pots (three seedlings per pot) containing equal volumes 
of an inert substrate. Plants grew up under glasshouse 
conditions and were weekly fed by a solution described 
as Yoshidd et al. (1972); except pH was adjusted with a 
KOH solution. A water layer of about one centimeter 
above the substrate was kept in pots. 

At the beginning of tillering, plants were submitied 
to salinity stress produced by the addition of a NaCl 
solution of 100 pmoleslcm3 per plant. Evaluations on 
gas exchange (stomatal conductance, transpiration 
and net photosynthesis) were recorded when applying 
salt solution, as well as 11 and 18 days later, using a 
portable system of photosynthetic determinations 
equipped with one-liter camera (Licor 6200, Lincoln, 
Nebraska, USA) on blades from the fourth leaf (leaves 
enumerated from base up to apex) under saturating 
conditions of radiation and C02 concentration three or 
four hours after dawn. Every variable was measured 
thrice at intervals of five seconds and replied six times 
in different plants from either cultivar, which were arran- 
ged according to a randomized complete blockdesign. 



Determinations followed a variance analysis with a There were differencec between cultivars at the 
one-way classification model. time of treatment application, Amistad'82 having a grea- 

ter transpiration rate than Pokkali. Eleven days aíter 

RESULTS AND DlSCUSSlON 
Figure 1 shows the performance of stomatal con- 

ductance of leaf blades, it being different between culti- 
vars (Figure 1, O days), as it was larger in Amistad'82 
than in Pokkali, associated to a greater stomatal density 
in the former (Ofelia Sam, 1994, personal communica- 
tion). Maybe the lesser stomatal density in Pokkali is 
associated to its rusticity. 

control A-82 sal A-82 control Pok sal Pok 

Figure 1. Stomatal conductance of two rice cultivars 
under salt stress conditions 

After 11 days of salt stress, its effects started to 
appear on the stomatal conductance of the susceptible 
cultivar, even without significant differences; however, 
those differences became evident after 18 days, sho- 
wing a significant reduction of 45 % in the former whe- 
reas 30 O h  in the latter, but without significant 
differences. 

According to stomatal conductance, the perfor- 
mance of leaf blade transpiration was similar (Figure 2). 

applyirig salt solution, the effect of saline stress started 
to appear but it was notable aíter 18 days, since trans- 
piration decreased by 35 % in Amistad'82 and 24 O h  in 
Pokkali, compared to the control. 

It was remarkable to state'this variable presented 
a lower reduction than stomatal conductance. 

Stomatal closure and the consequent transpiratio- 
nal flow reduction are the first symptoms observed 
under salt stress conditions (Akita and Gloria Cabuslay, 
1990; Plaut, Grieve and Mass, 1990; Lea-Cox and 
Syvertsen, 1993) associated to a solution osmotic po- 
tential increment, it inciting a water deficit in plants 
(Prisco, 1980) or due to a water deficit in cells as a result 
of Na ion accumulation in the apoplast (Flowers et al., 
1 985). 

Despite decreasing stomatal conductance and 
transpirational flow resulting from increasing nutrient 
solution osmotic potential, stomata remained open sug- 
gesting a plant osmotic adjustment (Heuer and Plaut, 
1989; Yeo et al., 1991; Premachandra et al., 1992 and 
Pérez-Alfocea et al., 1 993). 

Net photosynthesis of leaf blades (Figure 3) sho- 
wed differences between cultivars which might be due 
not only to stomatal component, but also to biochemical 
aspects related to photochemical reactions as well as 
carboxylation, respiration and photorespiration of these 
cultivars, a fact that should be further investigated. 

Days 

mcontrol A-82 a s a l  A-82 6iconhol Pok O s a l  Pok 

Figure 3. Net photosynthesis of two rice cultivars 
under salt stress conditions 

Aíter 11 days of salt stress, there was a significant 
net photosynthesis decrease in leaf blades from the 
susceptible cultivar (12 %) and after 18 days, the effect 
was nearly 50 O h ;  meanwhile no decrements were recor- . . . - 

Days ded at the tolerant cultivar. 
Yeo, Caporn and Flowers (1 985) pointed out some 

Qcontrol A-82 sa l  A-82 Qcontroi  PO^ MI  PO^ photosynthetic effects in leaf blades of saline-stressed 
plants and a negative relationship between net pho- 

Figure 2. Transpiration of two rice cultivars under tosynthesis and leaf Na content of leaves. 
sa tt stress conditions 



The eífect of salinity on the process of glycophytes 
may be dueto a !ow COs diffusion to chloroplasts, their 
structural and functioning disorders (Flowers et al., 
1985), changes in photochemical reactions (El Mek- 
kaoui, Monneveux and Damania, 1989), a decrease on 
RUBISCO ac t i v i  (Heuer and Plaut, 1989), and assimi- 
late and intermediate compound transport difficulties 
(Sharma and Gupta, 1986). 

On the other hand, the effect of soil salinity on 
respiration (Schwarz and Gale, 1981) and photorespira- 
tion.(Mert, 1989) processes might vary net photosynthe- 
tic size. 

Concerning water use efficiency (Figure 4), no 
substantial differences were recorded between cultivars 
when iniposing saline stress, not even 11 days after- 
wards; nevertheless, 18 days later, there was a nonsig- 
nificant decrease in Amistad'82 cv. and a nonsignificant 
increment in Pokkali cv. of stressed treatments, so that 
the latter cultivar is able to keep a relationship between 
photosynthesis and transpiration which is favourable to 
photosynthate accumulation even under salinity condi- 
tions. 

Days 

control A-82 sal A-82 control Pok sal Pok 

Figure 4. Water use efficiency of two rice cultivars 
under salt stress conditions 

Since thefirst salt injures to plant leaves result from 
a local water deficit induced by NaCl extracellular accu- 
mulation, this kind of stress and the one provoking 
drought are very much alike. Subsequently, Flowers, 
Salama and Yeo (1988) pointed out that cultivars with a 
high water use efficiency would be an adequate alterna- 
tive source for breeding programs. 

Moreover, some characteristics should be consi- 
dered, su.ch as those reducing toxic salt concentration 
in leaf tissue (ajong-term effect), which are also related 
to a higher growth rate under saline stress conditions 
and to a lower leaf surface: aerial part ratio. 

The results of this research work support gas ex- 
change differences between Amistad'82 and Pokkali 
cultivars under normal developmental conditions; besi- 
des, there isa differentiated performance of thesje varia- 
bles when submitted to  100 pmoleslcm NaCl 
concentration, according to its degree of stress toleran- 
ce. Water use efficiency under salinity conditions can be 
an indicator for tolerant material-selecting tests, since it 
is appropriate to remark differences between cultivars 
18 days after imposing salinity stress. 
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