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Efecto de la sequía simulada con PEG–4000 sobre la germinación y el 
crecimiento de las plántulas de dos cultivares de arroz (Oryza sativa L.)
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ON GERMINATION AND SEEDLING GROWTH OF TWO 
RICE CULTIVARS (Oryza sativa L.)
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RESUMEN. El trabajo se desarrolló en el laboratorio de 
genética de la Unidad Científico Tecnológica de Base “Los 
Palacios” (UCTB), perteneciente al Instituto Nacional de 
Ciencias Agrícolas (INCA), ubicado en el municipio Los 
Palacios, provincia Pinar del Río. El objetivo fue evaluar 
el efecto de la sequía simulada con PEG–4000 sobre la 
germinación y el crecimiento de las plántulas de arroz. Se 
seleccionaron semillas de dos cultivares Guillemar LP–19, 
y Perla de Cuba (control tolerante a la sequía) a diferentes 
concentraciones del agente osmótico (PEG 15, 20, 25, 30 g L-1) 
y un control con agua destilada. Se evaluó el porcentaje de 
germinación, altura de las plantas, la longitud del sistema radical 
y la masa seca, mostrándose un comportamiento diferenciado 
en los cultivares bajo diferentes concentraciones de PEG. El 
cultivar Guillemar LP–19 mostró el mejor comportamiento, 
en los cuatros indicadores analizados para este tipo de estrés 
abiótico, en comparación al testigo tolerante. Con el aumento 
de las concentraciones de PEG-4000 como agente osmótico 
para simular el estrés por sequía, los primeros estadios de 
crecimiento de las plantas presentaron afectaciones.

ABSTRACT. This work  was  made  at  Genetics lab from 
Technological Scientific Basic Unit "Los Palacios" (UCTB), 
belonging to the National Institute of Agricultural Sciences 
(INCA), located in Los Palacios, Pinar del Río province. 
The aim was to evaluate the effect of simulated drought with 
PEG-4000 on germination and seedling growth of two rice 
cultivars seeds. Selected cultivars were Guillemar LP-19 
and Perla de Cuba (as tolerant control). They were treated 
at different concentrations of osmotic agent (PEG 15, 20, 
25, 30 g L-1) and a control treatment with distilled water 
was also put. It was evaluated the germination percentage, 
plant height, the root system length and their dry mass. It 
was shown differential behaviours among cultivars under 
drought levels caused by different PEG concentrations. The 
cultivar "Guillemar LP–19" showed the better behaviour for 
the four analyzed parameters than tolerant control cultivar. 
First stages of plant growth presented affectations with the 
increasing of the PEG-4000 concentrations, as osmotic agent 
to simulate the stress for drought.  
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INTRODUCTION
Rice cultivation (Oryza sativa L), began to be 

cultivated almost 10,000 years ago, in many humid 
regions of tropical and subtropical Asia. Currently, this 
cereal is the staple food for more than half of the world’s 
population. It occupies second place after wheat with 
respect to harvested surface (1). Rice provides more 

calories per hectare than any of the other cultivated 
cereals (1).

In Cuba it constitutes the main food for the 
population with an annual consumption close to 60 kg 
per capita. It is among the first places in Latin America; 
but until now, the national production only satisfies a 
little more than 50 % of the needs, so the country is 
forced to complete them with imports (2,3).

In the country, the current commercial cultivars 
have shown a potential of yield that exceeds 7 t ha-1; 
In spite of this, the productive conditions in the last 
20 years do not exceed 3,5 t ha-1 as average (3,4), 
caused by different causes, highlighting the low 
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availability of water. The drought together with the 
salinity of the soils is a serious problem, which affects 
the yield of crops and the sustainability of agriculture; 
About 10 % of the planet’s surface is affected and 
some 10 million hectares are abandoned due to that 
(5). In Cuba, drought has affected about 76 % of the 
cultivated areas, mainly in the eastern provinces, 
and it is stated that it is the abiotic stress that has 
the greatest impact on the growth and development 
of plants (4) and, specifically, one of the factors that 
limit the productivity of rice (6-9). Plants, in response 
to drought, have developed mechanisms to maintain 
a favorable water concentration, either by conserving 
the water or by its ability to provide it to the aerial part, 
even in deficit conditions (6,10).

Such situation has motivated that the works 
directed to the recovery and the handling of these soils 
have intensified in the last years (8), and programs of 
genetic improvement are developed directed to the 
obtaining of tolerant cultivars to the drought, with the 
purpose of increase yields and recover, in addition, 
areas with little water availability (4,5,8).

For the development of the breeding program, 
the detection of markers that can be used to identify 
tolerant genotypes in early stages of development is 
indispensable. Studies carried out with rice cultivation 
have suggested the possibility of using some simple 
indicators, such as the percentage of germination and 
early growth for the tolerance of the materials obtained 
for environmental stress (5,11).

Therefore, the objective of this work was to 
evaluate the effect of simulated drought with PEG-4000 
on the germination and growth of seedlings in two rice 
cultivars, using agronomic morph markers for the early 
selection of promising genotypes.

MATERIALS AND METHODS
The work was developed in March 2013, under 

controlled conditions, in the Genetics Laboratory 
of the Scientific Technological Unit of the “Los 
Palacios” Base. 100 seeds were selected from two 
rice cultivars “Guillemar LP-19” and Perla de Cuba 
(Table I), the latter as drought tolerance control, which 
were placed to germinate in Petri dishes with filter 
paper, and moistened with 15 mL of Polyethylene 
glycol solution (PEG-4000), at 15, 20, 25, 30 g L-1 to 
simulate the stress of drought. As a control, distilled 
water was used. The plates were placed in a growth 
chamber, at a temperature of 28 ± 2 ºC. The number 
of germinated seeds was evaluated seven days later, 
the germination percentage was determined and after 

15 days the height of the seedlings, root length and 
accumulated dry biomass in ten seedlings per replica 
were evaluated. A completely randomized design with 
three replicates was used and the data were analyzed 
statistically using a confidence interval for α≤ 0.05.

RESULTS AND DISCUSSION
It was found that although differences were 

observed between the treatments studied, there is 
a reduction in the germination percentages in the 
two genotypes evaluated (Figure 1), as the PEG 
concentrations increased, being statistically higher 
from the concentration of 15 g L-1. This decrease in 
germination can be attributed to the fact that high 
concentrations of PEG-4000 prevent the absorption of 
water by the seeds, due to the low osmotic potential 
that is created in the solution since it reduces the 
availability of oxygen, by limiting its solubility and 
diffusion, given its high viscosity (8,9). In studies carried 
out by other authors in crops such as wheat, beans and 
corn, it obtained the same behavior (9,12).

Table I. Genotypes evaluated in the study and their 
origin

No Genotypes Progenitors Origin
1 Guillemar LP-19 Amistad–82/INCA LP–7 Cuba
2 Perla de Cuba Unknown Cuba

Figure 1.  Influence of PEG-4000 concentrations 
on seed germination of two rice cultivars
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When evaluating the growth, differential inhibitions 
were detected in the final height, root length and dry 
mass of the seedlings in the cultivar “Perla de Cuba”, 
in comparison with the control (Figure 2 and 3), but the 
damages were lower in the cultivar “Guillemar LP-19” 
at the concentration of 15 g L-1. Such affectations in 
growth coincide with what is observed in this culture (4, 
13-16). In this regard, it points out that the detrimental 
effect of PEG-4000 could be explained by the water 
deficit that it produces in the growing foliar tissues, by 
decreasing the turgor of the cells and changes in the 
permeability of the membranes. Other researchers 
found that the length of the main root increases in 
conditions of water stress, because the plant needs to 
drink water in the area with the highest humidity and 
continue its physiological processes.

Figure 2. Influence of PEG-4000 concentrations 
on the final height of the plants in two 
rice cultivars

Figure 3. Influence of PEG-4000 concentrations on 
the length of the root in two rice cultivars

The differences found in the cultivars in terms 
of germination and seedling growth indicate the 
usefulness of these morphological agronomic 
indicators in the early selection of drought tolerant 
genotypes. On the other hand, some researchers 
point out that the additive variance for the percentage 
of germination, height and root length of the seedlings 
grown in PEG-4000 solutions was much higher than 
the dominant variance, showing the efficiency of their 
use in the segregant generations (13).

This aspect is of great importance, since the 
successes of the tolerance evaluation to drought in 
the field are low, laborious and provide very variable 
results (12), so laboratory methods are a valid option 
to discriminate genotypes in early stages of breeding 
programs. In this regard, it has been indicated that one 
of the most commonly used methods to determine the 
tolerance of plants to water stress is the evaluation of 
the germinative capacity of the seeds in these stressful 
conditions (4,6-8). On the other hand, it has been 
pointed out that in order to simulate the conditions 
of drought under laboratory conditions and to study 
the processes of germination and growth of plants, 
aqueous solutions of mannitol and PEG have been 
used, as they are inert and non-toxic compounds 
plants (7,9-11).

Regarding the dry mass of the seedlings 
(Figure 4), differences were found compared to 
the control, from concentrations of 20 g L -1 in the 
two cultivars, showing a decrease in the cultivar 
“Perla de Cuba” while the cultivar “Guillemar LP-
19” presented the least affectation, showing an 
acceptable behavior of the dry mass of the plant 
since it presents a more accelerated growth than the 
Pearl of Cuba, which is a drought tolerant cultivar. 
The “Guillemar LP-19” differs from the tolerant 
control in the concentrations of 25 and 30 of PEG 
which could be attributed among other causes that 
as the PEG concentrations increase, the height of 
the plants is affected, this corroborates the results 
presented by several authors who indicated that 
as the concentrations of PEG-4000 increase, the 
growth of the seedlings caused by both the effect 
of osmotic stress and by the imbalance of specific 
ions and toxic effects caused by the excessive 
accumulation of ions decreases. (4).
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Figure 4. Influence of PEG-4000 concentrations 
on the dry mass in two rice cultivars

CONCLUSIONS

♦ It can conclude that the water deficit constitutes one 
of the abiotic factors limiting the productivity of rice. 
The low availability of water causes different effects 
on the physiological processes in plants, which vary 
between species and cultivars of the same species 
and depends on the level of severity of the deficit and 
the plant physiological state, which was achieved 
with the increase in PEG concentrations.

♦ It is a subject of great importance, taking into 
account that currently there is a high percentage of 
areas that are dedicated to this cereal that cannot 
be sown due to lack of stable supply of irrigation 
water and suitable cultivars for it.

♦ We consider that another experiment should be 
designed and these same cultivars evaluated 
with PEG-6000 with higher osmotic potential 
concentrations, to evaluate if the difference is more 
marked.
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