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SOME ASPECTS OF NITROGEN METABOLISM 
IN RICE SEEDS GERMlNATlNG AT TWO NaCl 
CONCENTRATIONS. II . POKKALI VARIETY 

lleana Echevarría, Inés Reynaldo and S. Mainardi 

ABSTRACT. To know the effect of soil salinity on some 
aspects of nitrogen metabolism, protease activity, protein, 
total amino acid and proline contents were determined in 
rice seeds from Pokkali cv., germinating for five days in 
water (control) and two NaCl solutions: 150 and 200 mM. 
A maximum protease activity was recorded the second day 
of seed germination for the control and solution of 150 mM 
NaCl, although the latter surpassed the former. With re- 
gard to the solution of 200 mM, this maximum value was 
reached the first day. Protein content in the control started 
to decrease since the third day of germination; however, it 
remained relatively high al1 the period in both saline levels, 
just a little decrement was observed at the solution of 
150 mM NaCl the fifth day. Amino acid and proline con- 
tents were correlated with protein content of the process. 
There were higher protease activity and protein content in 
this cultivar, compared to values achieved by Amistad'82 
cv. in the previous work. Al1 these nitrogen metabolic 
changes could probably be one 9f the causes of germina- 
tion reduction in rice as a result of soil salinity, as well as 
of its different tolerance levels to such kind of stress. 

RESUMEN. Con el objetivo de conocer el efecto que 
ejerce la salinidad en algunos aspectos del metabolismo 
nitrogenado, se determinaron la activídad proteasa, los 
contenidos de proteína, aminoácidos totales y prolina en 
semillas de arroz de la variedad Pokkali, germinando du- 
rante cinco días en agua (control) y en dos soluciones de 
NaCl: 150 y 200 mM. Se obtuvo un máximo de actividad 
proteasa al segundo día de germinadas las semillas, para 
el control y la solución de 150 mM de NaCl, aunque en este 
caso fue superior al control. En la solución de 200 mM este 
máximo se alcanzó al primer día. El contenido de proteína 
en el control comenzó a descender a partir del tercer día 
de germinación; sin embargo, en ambos niveles salinos éste 
permaneció relativamente alto durante todo el período, 
solo se observa un pequeño descenso en la solución de 
150 mM de NaCl al quinto día. Los contenidos de aminoá- 
cidos y prolina estuvieron correlacionados con el conteni- 
do de proteínas obtenido durante el proceso. Se observa 
una mayor actividad de proteasa así como un mayor con- 
tenido de proteína en este cultivar, comparado con los 
valores alcanzados en el cultivar Amistad'82 en el trabajo 
anterior. Todos estos cambios producidos en el metabo- 
lismo nitrogenado, probablemente puedan ser uno de los 
causantes de la reducción en la germinación que se pro- 
duce en el arroz provocado por la salinidad, así como de 
los diferentes niveles de tolerancia a este tipo de estrés 
manifestado por estos cultivares. 
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Soil natural salinity is a serious problem in our 
country, due to its effects on sensible crops like rice 
(Ileana Echevarría, Inés Reynaldo and Mainardi, 1995). 
Seed germination constitutes one of the critica1 stages 
of rice living cycle, which is adversely affected by soil 
salinity (Subramanian, 1979 and Dubey, l982), since the 
activity of essential hydrolytical enzymes such as amy- 
lases, phosphatases, nucleases and proteases (Dubey, 
1983 and 1985; Dubey and Rani, 1987) is aff ected in the 
endosperm, besides a delayed transfer of previously 
hydrolyzed reserves from the endosperm up to deve- 
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loping embryonal axes (Dubey, 1972), in general, pro- 
voking an inhibited plant growth as a result of affecting 
water absorption and biochemical processes, such as 
Con and N assimilation as well as proteic synthesis 
(Cusido et al., 1 987). 

There ¡S a great variation in salinity resistance 
between and even within different rice cultivars (Akbar, 
Yabuno and Nakao, 1972; Venkateswarlu, Ramesan 
and Rao, 1972; Flowers and Yeo, 1981). Although this 
variation has been known for 50 years (Ponnamperuma, 
1985), either physiological or biochemical bases of sa- 
linity tolerance are yet unknown. 

This paper was aimed to know the behaviour of N 
metabolism of rice seeds from the salinity-tolerant Pok- 
kali cv., germinating at two different NaCl concentra- 
tions. 



MATERIALS AND METHODS 
Rice seeds from Pokkali cv. were imbibed in water 

for 12 hours at room temperature. Later, they were 
located in Petri dishes with filter paper in the darkness 
of an incubator for five days at 30+1°c. Ten mililiters of 
distilled water (control) and the same quantity of the 
solutions employed (150 and 200 mM NaCI) were res- 
pectively added to each dish. 

The seed soaking moment for 12 hours was defi- 
ned as germination zero time. Later, seeds were sam- 
pled every 24 hours up to five days after germination. 
The endosperm was separated from the seed and pow- 

-dered tO perform al1 determinations three times. 
Extraction and determination of protease activity. 0.5 g 
of endosperm and 10 mL of buffer phosphate 10 mM 
pH 7.5 containing cystein 5mM were used to extract the 
enzyme. The mixture was homogeneized in a POLY- 
TRON PT 3 000 to 2 000 rpm for three minutes and later 
centrifuged to 500 g for 15 minutes at O'C. The sobre 
nadant was used as enzymatic extract. The activity 
determination followed the method reported by Lourdes 
Cruz, Gloria B. Cagampang and Juliano (1970). The 
absorbance sample was measured at 280 nm without 
dilution. Enzymatic activity unit (EAU) was defined as 
the enzyme quantity provoking a change of 0.1 absor- 
bance under assay conditions per gram of fresh weight. 
Extraction and determination of total proteins. The ex- 
traction was carried out through a method shown by 
Prakash and Prathapasenan (1988) with the following 
modifications: 100 mg of powdered endosperm and 
25 mL of final volume were used for the extraction. 
Protein contents were assayed following a method pre- 
sented by Lowry et al. (1 951) using BSA as standard. 
Extraction and determination of total amino acids. 
0.25 g of endosperm was triturated with 7 mL of boiling 
water for two or three minutes; the extract was filtered 
through cotton, then adding distilled water to fill25 mL. 

The reaction mixture contains 1 mL crop extract, 
0.5 mL citrate buffer pH6, 0.2 mL ninhidrine-celosolve 
and 1 mL potassium-celosolve cyanide. It was put in a 
9 0 ' ~  water bath for 15 minutes; the reaction ceased 
when tubes were introduced in a o'C water bath for five 
minutes; samples were read at 570 nm against an ap- 
propiate blank. 
Extraction and determination of proline. The same ami- 
no acid extract was employed and proline was determi- 
ned according to a method reported by Bates, Waldren 
and Teare (1 973). 

Standardaerrors were calculated for each value 
obtained. 

a 

RESULTS 

Germinating days 

Figure l. Protease activity in rice seeds from Pok- 
kali cv. germinating under saline stress 
(vertical lines indicate standard errors) 

With regard to protein content, stressed seeds 
showed a different performance to the control (Fig- 
ure 2), in which it was kept constant up to the third day 
but decreased afterwards. Nevertheless, seeds germi- 
nating in salt solutions reached a maximum value the 
first day and by the third day those in 200 mM solution. 
Since that moment, seeds in both salt solutions kept a 
higher protein concentration than the control. 

'control 

Gerrninating days 

Figure 2. Protein concentration in rice seeds from 
Pokkali cv. germinating under saline 
stress (vertical lines indicate standard 
errors) 
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' Germinating days 

Figure 3. Amino acid content in rice seeds from 
Pokkali cv. germinating under saline 
stress (vertical lines indicate standard 
errors) 

Proline content followed a similar performance to 
total amino acids (Figure4); an increment was observed 
at the control just up tothefour:h day, but therewas not 
a slight increment in the 150 mM solution that day. 

Germinating days 

Figure 4. Proline content in rice seeds from Pokkali 
cv. germinating uirder saline stress (ver- 
tical lines indicate standard errors) * 

A maximum protease activity was recorded by the 
higher saline solution the first day, possibly due to the 
need of quickly obtaining amino acids for the further use 
in synthesis of new proteins (Felicie Lopez etal., 1994; 
Gaxiola et al., 1992 and Revoron et al., 1992) as well as 
to provide carbon skeletons employed at the oxidative 
degradation to get energy for processes such as active 

transpon and biosynthetic events aiwed to overcome 
adverse conditions promoted by salinity (Claes et al., 
1990; Singh et al., 1987). 

The enzyme activity increment in the 150 mM NaCl 
solution should have been dueto NaCl inciting protea- 
se; those results were also attained by Dubey (1 984) in 
rice, and Sheoran and Garg (1978) in beans. 

The highest values this salinity-tolerant variety 
achieved, including the control, surpassed the ones 
from Amistad'82 cv. (Ileana Echevarrla, Inés Reynaldo 
and Mainardi, 1995), the latter being classified as a 
salinity-sensible variety. A differentiated performance 
was observed in both varieties. 

Such a high enzymatic activity of the tolerant cul- 
tivar could provide a greater hydrolysis rate of endos- 
perm reserve, its translocation to the embryo and 
increased the endosperm releasing energy employed 
for stress-overcoming processes; Dubey (1985), and 
Dubey and Rani (1 987) also found a diff erent performan- 
ce of ribonucleases and proteases respectively in rice 
cultivars differing for its salinity tolerance. 

A protein content reduction was recorded at the 
control since the third day, indicating these reserve 
substances are used through germination process as a 
result of a high protease activity which is shown by the 
second day. In spite that salinity increases such an 
activity, protein levels of germinated seeds in both saline 
solutions remained high up to the end of the process, 
proving that a protein synthesis is taking place and 
could be related to salinity tolerance of this cultivar. 
Ben-Hayyim, Vaadia and Williams (1989) confirmed the 
appearance of a new protein associated to saline stress 
adaptation in citrus and tomato crops. 

Proteinvalues, either in the control or in both NaCl 
solutions, recorded for this cultivar oversurpassed tho- 
se for Amistad'82 cv. along the whole process and there 
was a different performance between varieties. In this 
sense, Dubey and Sharma (1990) succeeded in having 
a greater amount of phosphatases in salinity-tolerant 
rice cultivars compared to sensible ones. 

The amino acid content of the control is correlated 
to protein degradation as it results from hydrolysis. 
Amino acid content, which was nearly unvariable along 
the process of germinated seeds in both saline solu- 
tions, results from protein synthesis and degradation 
processes taking place which enabled to keep protein 
levels high until the end. Proline content is also related 
to amino acid content; however, those values could not 
go on rising at the control treatment since the fourth day. 
These indicators showed a different performance along 
the process compared to Amistad'82 cv. (Ileana Eche- 
varría, Inés Reynaldo and Mainardi, 1995). 

Results prove that rice seeds under saline stress 
conditions undergo N metabolic changes that might be 
related to cultivartolerance, which compared to another 
cultivar verifies Subramanian's statement (1979) that 
salinity tolerance ability depends on the genetical and 
biochemical characteristics of species. 
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