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A B S T R A C T

Seeds of wheat (Triticum aestivum L., cv. Jadeíte 11) and black oat (Avena strigosa Schreb., cv. Agro Planalto) were submitted 
to different osmotic potential levels induced by polyethylene glycol (PEG) with the objective of evaluate the effects of 
drought stress on seed germination and early seedling growth. Seeds were arranged in paper rolls and soaked in PEG 
solutions prepared with osmotic potentials from 0.0 (control),  ‑0.2,  ‑0.4, and  ‑0.8 MPa and kept into a seed germinator, at 
25°C for 15 days. A completely randomized design in a 2 × 4 factorial scheme with four replications of 50 seeds each was 
used. The results showed that by increasing of the osmotic potential level, germinated seeds number, germination rate 
index, root and shoot length, shoot and root dry matter, and seedling vigor index decreased, while mean germination 
time (MGT) and root:shoot ratio (RSR) increased in both crops. Additionally, black oat is more susceptible than wheat 
to drought stress, with germination response declining more rapidly with decreasing osmotic potential. Wheat crop 
tolerates water stress of up to  ‑0.8 MPa, without reducing germination of the seeds; however, the growth of shoots and 
roots is drastically inhibited by the highly negative osmotic potential. The initial growth of black oat crop is progressively 
reduced with the rise of osmotic potential levels.

Keywords: Avena strigosa Schreb., Triticum aestivum L., osmotic potential, PEG, water stress.

R E S U M O

Sementes de aveia ‑preta (Avena strigosa Schreb., cv. Agro Planalto) e trigo (Triticum aestivum L., cv. Jadeíte 11) foram 
submetidas a diferentes potenciais osmóticos simulados com polietileno glicol (PEG 6000) com o objetivo de avaliar os 
efeitos do stress hídrico na germinação e no crescimento inicial das plântulas. As sementes foram dispostas em rolos de 
papel Germitest®, devidamente umedecidos com soluções de PEG preparadas com potenciais osmótico de 0,0 (controle); 
 ‑0,2;  ‑0,4; e  ‑0,8 MPa e mantidos em germinador, a 25°C durante 15 dias. O delineamento utilizado foi o inteiramente 
casualizado, em esquema fatorial 2 × 4, com quatro repetições de 50 sementes. Os resultados evidenciaram que o aumento 
do nível de potencial osmótico resultou na redução da porcentagem de germinação, índice de velocidade de germinação, 
comprimento e matéria seca da parte aérea e das raízes e do índice de vigor das plântulas, enquanto que o tempo médio 
de germinação e a relação entre a matéria seca das raízes: parte áerea aumentou em ambas as culturas. A cultura da aveia‑
‑preta é mais suscetível que o trigo ao déficit hídrico, com resposta de germinação declinando mais rapidamente com a 
redução do potencial osmótico. A cultura do trigo pode tolerar até  ‑0,8 Mpa de déficit hídrico, sem reduzir a germinação 
das sementes; no entanto, o crescimento da parte aérea e das raízes é drasticamente reduzido pelo potencial osmótico 
altamente negativo. O crescimento inicial das plântulas de aveia ‑preta é progressivamente reduzido com o aumento dos 
níveis de potencial osmótico.

Palavras ‑chave: Avena strigosa, Triticum aestivum, potencial osmótico, PEG, déficit hídrico.
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INTRODUCTION

Black oat (Avena strigosa Schreb.) and wheat 
(Triticum aestivum L.) are two of the most important 
winter cereal crops in the world due to their use 
for food, animal feed or forage, seed industries, 
and other industrial purposes. Current estimates 
indicate that 25% of the world’s agricultural land 
is affected by drought stress. Drought is one 
of the most critical environmental factors that 
limit growth and yield of winter cereal crops in 
Brazil and other areas of the world (Rizza et al., 
2004; Milad et al., 2011). The relative decrease in 
the potential maximum crop yields (i.e., yields 
under ideal conditions) associated to water defi‑
ciency can reach 40% (Saeidi and Abdoli, 2015). 
Therefore, to ensure the food supply for a growing 
world population, studies that aim to mitigate the 
adverse effects of water deficiency and identify 
crop species with higher drought tolerance are 
extremely important for agricultural research. 

Seed germination and seedling establishment are 
potentially the most critical stages for drought 
stress (Ahmad et al., 2009). Water availability and 
movement into the seeds are very important to 
promote germination, initial root growing, shoot 
elongation and therefore at the establishment of 
a uniform stand. The germination process starts 
with seed imbibition as result of water uptake 
(Bewley et al., 2013). This process occurs due to 
difference in osmotic potential between the dry 
seed and water in the substrate of germination. 
However, the seeds should reach an adequate level 
of hydration to allow reactivation of seed meta‑
bolic processes, which depends on the chemical 
composition and tegument permeability (Bewley 
et al., 2013). In general, the minimum water content 
required in the seed for germination of winter 
cereal crops is 35 to 45 percent of dry weight. 
Highly negative osmotic potential may affect 
the seeds water uptake, making germination not 
possible (Meneses et al., 2011). The most common 
responses of plants to reduction of osmotic poten‑
tial area delay in initial germination and a reduc‑
tion in the rate and total germination (Teixeira 
et al., 2008; Ahmad et al., 2009; Oliveira and Gomes‑
‑Filho, 2009).

An alternative method to field experiments 
related to drought stress is to induce stress using 

polyethylene glycol (PEG) under controlled labo‑
ratory conditions. Polyethylene glycol with mole‑
cular mass of 4,000 or more are non ‑penetrable 
and non ‑toxic osmotic substance which can be 
used to lower the water potential of the germi‑
nation environmental and it has been used to 
simulate controlled drought stress in nutrient 
solution cultures (Meneses et al., 2011). Responses 
of growth and germination to drought stress have 
been recently reported, including studies of crops, 
common bean (Machado ‑Neto et al., 2006), soybean 
(Teixeira et al., 2008), sunflower (Ahmad et al., 
2009), sorghum (Oliveira and Gomes ‑Filho 2009), 
maize (Khodarahmpour, 2011), cotton (Meneses 
et al., 2011) and congo grass (Masetto et al., 2013). 

Many factors can affect plants responses to drought 
stress such as plant genotype and species, growth 
stage, severity and duration of stress, and others 
environmental factors (Nezhadahmadi et al., 2013). 
There is evidence that oat (Avena sp.) is one of 
winter cereal crops more susceptible to drought 
stress at stages of germination and seedling emer‑
gence (Mos et al., 2007). In maize seed, the osmotic 
potential of  ‑1.2 MPa reduced the seed germina‑
tion and shoot length of seedlings at 71 and 90%, 
respectively, when compared to the control (0 MPa) 
(Khodarahmpour, 2011). Sorghum seed germina‑
tion was reduced from 100% in the control treat‑
ment to a minimum of 40% when the seeds were 
exposed at osmotic potential of  ‑0.80 MPa (Oliveira 
and Gomes ‑Filho, 2009). However, the effects 
of drought stress in germination and growth of 
black oat and wheat crops are still incipient and 
inconclusive.

This research was carried out to investigate the 
effects of drought stresses induced by polyethylene 
glycol (PEG) on seed germination and early seed‑
ling growth of black oat (Avena strigosa Schreb.) 
and wheat (Triticum aestivum L.).

MATERIAL AND METHODS

Plant material and stress treatments

Seeds of black oat (Avena strigosa Schreb., cv. Agro 
Planalto) and wheat (Triticum aestivum L., cv. Jadeíte 
11) were surface sterilized with sodium hypochlo‑
rite solution (2%, v/v) for 5 minutes and washed 
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immediately with distilled water many times. 
Seeds were then subjected to four osmotic potential 
levels [0.0 (control);  ‑0.2;  ‑0.4; and  ‑0.8 MPa] induced 
by different concentrations of polyethylene glycol 
6000 (PEG ‑6000) solutions. The concentrations of 
PEG ‑6000 required to obtain these values were 
determined by using the equation of Michel and 
Kaufmann (1973): Ψs = [– (1.18 × 10–2) C – (1.18 × 
10–4) × C2 + (2.67 ×10–4) CT + (8.39 × 10–7) C2T]/10, 
where Ψs = osmotic potential (MPa); C = concen‑
tration (g L–1 PEG ‑6000 in water); T = temperature 
(ºC). As control, a solution with osmotic potential 
Ψs = 0.0 MPa was used. 

The treatments were arranged in a completely 
randomized design, in a factorial arrangement, 
with two plant species (black oat and wheat) 
and four osmotic potentials (0.0;  ‑0.2;  ‑0.4; and 
 ‑0.8 MPa), with four replications.

Germination conditions

Four replicates of 50 seeds from each species were 
evenly distributed between two sheets of paper 
towels moistened with different PEG solutions, 
in the proportion of 2.5 times the mass of the dry 
substrate. The paper towel sheets were then turned 
into rolls, which were packaged into plastic bags 
to prevent evaporation and maintain the relative 
humidity close to 100%. Germination was carried 
out in a germinator under 12/12 h photoperiod 
(light/darkness), light intensity of 60 μmol m−2 s−1 
photosynthetic photon flux density (PPFD) and 
temperature of 25°C (±2°C) for 15 days. Seeds were 
considered germinated when radicle were longer 
than 5.0 mm. Germinated seeds were recorded 
every 24 h for 15 days.

Measurements of germination and early seedling 
growth

The germination capacity (GC), germination 
rate index (GRI), mean germination time (MGT), 
seedling vigor index (SVI) and early growth of 
black oat and wheat seedlings were measured. 
The equations 1 ‑4 and the parameters therein were 
employed to express the process of seed germina‑
tion and vigor index of seedlings.

GC (%) = SNG / SN0 × 100 [Eq. 1]

where GC is germination capacity, SNG is the 
number of germinated seeds, and SN0 is the number 
of experimental seeds with viability (50 seeds).

GRI = Σ (ni / ti) [Eq. 2]

where GRI is the germination rate index 
(seed day–1), ni is the number of germinated seeds 
on a given day, and ti is the time in days from the 
starting/sowing day (0) (Maguire, 1962).

MGT = (Σniti) / Σni [Eq. 3]

where MGT is the mean germination time (day), ni 
is the number of germinated seeds on a given day, 
and ti is the time in days from the starting/sowing 
day (0) (Labouriau, 1983).

SVI = SL × Σ (ni / ti)  [Eq. 4]

where SVI is seedling vigor index, SL is the shoot 
length in the twelfth day (cm), ni is the number of 
germinated seeds on a given day, and ti is the time 
in days from the starting/sowing day (0) (Zhang 
et al., 2007).

The shoot and root length was measured in 20 
normal seedlings randomly obtained after count of 
the total germination (15th day) using meter scale. 
The results were expressed in millimeter (mm). 
For the determination of dry matter production of 
shoot and roots, all seedlings obtained at the end 
of the germination period (15 days) were separated 
into shoots and roots, dried in a forced air circula‑
tion oven for three days at 65°C, and then weighed. 
The results were expressed in mg per seedling. To 
determine root: shoot ratio (RSR), root dry matter 
obtained were divided by the shoot dry matter. 
The data of total dry matter production were 
recorded for each crop at each stress treatment and 
used to calculate the drought tolerance indices. 
The drought tolerance index was calculated using 
the following equation:

YSI = YS / YC  [Eq. 5]

where YSI is the yield stability index, YS and YC are 
the total dry matter yield (mg per seedling) under 
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drought stress and non ‑stress conditions (control), 
respectively (Bouslama and Schapaugh, 1984).

Statistical analyses

The normality of data was previously tested by 
the Kolmogorov ‑Smirnov test at the 5% level and 
then data were submitted to analysis of variance 
(ANOVA), and means of plant species and osmotic 
potentials were compared by the F and Tukey 
test, respectively, both at the 0.05 level of confi‑
dence. For statistical analysis, the data expressed 
in percentage were previously transformed into 
arc sin. The analyses were performed using Sisvar 
version 5.3 software for Windows (Statistical 
Analysis Software, UFLA, Lavras, MG, BRA).

RESULTS AND DISCUSSION

A summary of the analysis of variance for the 
measurements of germination, vigor index and 
seedling growth inhibition of black oat and wheat 
is shown in Table 1. The results of the analysis of 
variance showed significant effects (P<0.01) for the 
main effects of plant species and osmotic potential 
levels, as well as for interaction, for the majority 
of the traits measured (Table 1). The significant 
interaction between the main effects of crops and 
osmotic potentials for most of the evaluated charac‑
teristics indicates that plant species have different 
behavior with regard to the level of drought stress. 
Such inference may be due to seed size, chemical 
composition of reserves, tegument permeability, 
hydration duration and activation of enzymatic 
reactions.

Effect of drought stress on seed germination 
process

The germination percentage values in the control 
treatment (Figure 1A) were higher than the stan‑
dard values (i.e., 80% for oat and wheat) for commer‑
cially available black oat and wheat seeds in Brazil 
(Brasil, 2013), indicating that the seeds used in this 
study were of high physiological quality.

The germination response of black oat seeds was 
significantly affected by drought stress induced by 
PEG solutions (Figure 1A). The inhibiting action 
of water stress on the black oat germination was 
increased with the rise of osmotic potential levels. 
Germination percentage was reduced from 92% 
in the control treatment to a minimum of 52% 
when the black oat seeds were exposed to lower 
osmotic potential ( ‑0.8 MPa) (Figure 1A). These 
results show that highly negative osmotic poten‑
tial resulted in a reduction on germination of black 
oat seeds of 43%. Under drought stress, low water 
potential is a determining factor inhibiting seed 
germination (Kappes et al., 2010; Khodarahmpour, 
2011, Meneses et al., 2011). However, germination 
of wheat seeds was not significantly affected by 
drought stress induced by PEG solutions (Figure 
1A). These results show that during the seed 
germination process the osmotic potential of 
 ‑0.8 MPa was not a limiting factor for wheat crop 
by present germination percentage similar to the 
control (0.0 MPa) (Figure 1A). Additionally, wheat 
showed higher germination rate index and seed‑
ling vigor index and lower mean germination time 
in all osmotic potential levels compared to the 
black oat crop (Figure 1). These results suggest that 
wheat is more tolerant than black oat to drought 
stress during the seed germination phase.

Table 1 ‑ Summary of the analysis of variance for the measurements of seed germination and growth inhibition of root and 
shoot of black oat and wheat seedlings

Causes 
of variation

Probability > F

GC GRI MGT SVI SL RL SDM RDM TDM RSR

Species (S) <0.000 <0.000 <0.000 <0.000 <0.000  0.001 <0.000 <0.000 <0.000 <0.000
PEG (P) <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
S × P <0.000 <0.000 <0.000 <0.000 <0.000  0.648 <0.000  0.108  0.008 <0.000
CV (%) 3.42 3.45 3.89 6.34 5.34 8.28 4.30 8.40 6.54 6.42

GC: germination capacity. GRI: germination rate index. MGT: mean germination time. SVI: seedling vigor index. SL: shoot length. RL: radicle length. SDM: shoot dry 
matter. RDM: root dry matter. TDM: total dry matter. RSR: root: shoot ratio.
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Germination is a critical stage of the plant life and 
resistance against drought during the germination 
makes a uniform plant stand. Seeds of distinct 
species have different levels of starch and other 
food storage, which may be one factor with great 
influence on the expression of germination and 
seedling growth. Germination may be depen‑
dent on the ability of seed to utilize reserves more 
efficiently, by mobilization of seed reserves for 
germination traits (Sikder et al., 2009). Therefore, 
the use of species or genotypes with higher seed 
metabolic efficiency (SME) is a desirable character 

under water stress environment when emergence 
is delayed due to insufficient soil moisture. 

The germination rate index (GRI) of black oat seeds 
ranged from 5.1 to 16.2 seed day–1, and was dras‑
tically reduced with the rise of osmotic potential 
levels (Figure 1B). For wheat seeds, the GRI ranged 
from 16.1 to 19.8 seed day–1, and was significantly 
greater when seeds were exposed to osmotic poten‑
tial of 0.0 (control) and  ‑0.2 MPa, and lower under 
osmotic potential of  ‑0.4 and  ‑0.8 MPa (Figure 
1B). The decrease in index of germination rate, 

Figure 1 ‑ Effects of drought stress induced by polyethylene glycol on germination capacity (GC, in A), germination rate 
index (GRI, in B), mean germination time (MGT, in C) and seedling vigor index (SVI, in D) of black oat (Avena 
strigosa Schreb.) and wheat (Triticum aestivum L.). Bars followed by the same lower case letters, between the 
plant species or same upper case letters, for the osmotic potentials are not significantly different by F and Tukey 
test, respectively, both at the 0.05 level of confidence. Data refer to mean values (n = 4) ± standard error. 
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especially for black oats, was due to lower capacity 
of water uptake by the seeds with highly negative 
osmotic potential. Oliveira and Gomes ‑Filho (2009) 
investigated the effect of different osmotic poten‑
tials (0 to  ‑0.8 MPa) on the germination of sorghum 
seeds, and also found that germination rate index 
and germination percentage, as well as the amount 
of water absorbed by seeds were considerably 
lowered with the rise of osmotic potential level. 
Drought stress affects the starch synthesis reac‑
tions and energy production process (adenosine 
triphosphate – ATP) through respiration, resulting 
in reduced of germination percentage (Figure 1A), 
germination rate index (Figure 1B) and thus in low 
index of seedling vigor (Figure 1D).

The mean germination time (MGT) was delayed 
by the lower osmotic potential ( ‑0.8 MPa) in more 
than 2 days (i.e., 3.4 to 5.6 days) and less than 1 day 
(2.8 to 3.4 days) compared with control treatments 
for the seeds of black oat and wheat, respectively 
(Figure 1C). The MGT is a measure of the rate and 
time ‑spread of germination (Bewley et al., 2013). 
A delay in the mean time to germination may be 
disadvantageous for successful establishment, 
since the delayed germination leaving the seeds 
more vulnerable to attack from predators (pests 
and pathogens) and, therefore, compromise the 
establishment of a uniform stand.

The delay in germination was due to the fact of 
highly negative osmotic potential affect the water 
uptake of the seeds, which is the first step to occur 
germination process (i.e., imbibition). According to 
Bewley et al. (2013), it is necessary that the seeds 
reach an adequate level of hydration during the 
imbibition phase, to occur reactivation of seed 
metabolic processes and growth of embryonic 
axis. Seeds subjected to severe drought stress 
require more time to adjust the internal osmotic 
potential in accordance with the external environ‑
ment (Santarém et al., 1996). Meneses et al. (2011) 
reported that highly negative osmotic potential 
may affect the water uptake of seeds, making 
germination not possible. Additionally, the osmotic 
potential of the external medium can affect the 
enzymatic reactions in the seed, therefore, the 
delay in germination is due to delay of enzymatic 
reactions (Hadas, 1976), caused by the break of the 
imbibition period. The most common responses of 
plants to reduction of osmotic potential are a delay 

in initial germination and a reduction in the rate 
and total germination (Teixeira et al., 2008; Ahmad 
et al., 2009; Oliveira and Gomes ‑Filho, 2009; Gordin 
et al., 2015). The result of these changes is an 
unevenness in the germination process and stand 
establishment.

The vigor index of black oat and wheat seedlings 
ranged from 4 to 202 and from 65 to 261, respec‑
tively, and was drastically reduced with the rise of 
osmotic potential levels (Figure 1D). The seedling 
vigor index (SVI) has been used as a tolerance index 
to evaluate the effect of drought stress on seedling 
growth (Liu et al., 2015; Zahedifar and Zohrabi, 
2016). Seedling vigor is a measure of the extent 
of damage that accumulates as viability declines, 
and the damage accumulates in seeds until the 
seeds are unable to germinate and eventually die 
(Bewley et al., 2013). The lower seedling vigor index 
obtained with increased osmotic potential level 
was due to the drought stress reduce germination 
rate of seeds and inhibit the growth of plants, espe‑
cially of the shoots. The reduction in vigor index 
of seedlings under water restriction conditions is 
usually reported by other research (Liu et al., 2015, 
Zahedifar and Zohrabi, 2016). 

Effect of drought stress on early seedling growth

The growth of black oat and wheat seedlings was 
significantly affected by drought stress induced 
by PEG solutions (Figure 2). There was decrease 
in shoot and root related traits with the rise of 
osmotic potential levels. Under the osmotic stress 
of  ‑0.2,  ‑0.4 and  ‑0.8 MPa, shoot length of black oat 
decreased 42.6%, 54.6% and 93.4%, respectively. 
While shoot length of wheat under the osmotic 
stress of  ‑0.2,  ‑0.4 and  ‑0.8 MPa decreased 35.5%, 
46.8% and 69.6%, respectively, compared to control 
(Figure 2A). Root length of black oat under the 
osmotic stress of  ‑0.2,  ‑0.4 and  ‑0.8 MPa decreased 
33.2%, 51.6% and 58.2%, respectively, while the 
root length of wheat under the osmotic potential 
of 0.2, 0.4 and 0.8 MPa decreased 23.6%, 46.7% and 
51.5%, respectively, compared to control (Figure 
2B). This decrease in the growth rate of the seed‑
lings could be due to a reduction in one or both 
of the primary cellular growth parameters: wall 
extensibility and cell turgor. Under water stress 
conditions, seedling growth is affected due to 
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the reduction of water uptake by the plants and 
lower cell turgor pressure (Taiz and Zeiger 2009). 
Indeed, Li et al., (2011) reported a root growth rate 
from 27.8 mm day–1 under well ‑watered conditions, 
whereas under drought stress conditions this root 
growth rate was only 16.1 mm day–1. According to 
Silva et al. (2007), one of the first processes affected 
in response to decreased water availability is cell 
expansion, highly dependent process turgidity 
of the plants. As a result of these effects, there 
is a reduction in dry matter production of seed‑
lings (Figure 2E). Drought stress has been found 
to limit growth in several agricultural crops such 
common bean (Machado ‑Neto et al., 2006), soybean 
(Teixeira et al., 2008), sunflower (Ahmad et al., 
2009), sorghum (Oliveira and Gomes ‑Filho, 2009), 
maize (Khodarahmpour, 2011, Liu et al., 2015, 
Zahedifar and Zohrabi, 2016) and cotton (Meneses 
et al., 2011). Therefore, the response characters of 
plants exposed to drought stress have become a 
crucial environmental research topic in drought‑
‑prone regions.

The osmotic potential of  ‑0.8 MPa resulted in the 
reduction of shoot dry matter of black oat and 
wheat seedlings of 92.3% and 92.2%, respectively 
(Figure 2C), whereas root dry matter of black oat 
and wheat seedlings under the osmotic stress of 
 ‑0.8 MPa decreased 42.0% and 47.7%, respectively, 
compared to control (Figure 2D). These results 
indicate that drought stress inhibited the seedling 
growth (root and shoot dry matter), but shoot dry 
matter was more affected than root dry matter. In 
turn, the highest values obtained for the length 
and dry matter of seedlings in the control treat‑
ment is associated with higher germination rate 
index (Figure 1B) and less time to occur germi‑
nation (Figure 1C). Seedlings that emerge more 
quickly have higher time to develop compared to 
those that germinate later, and may have increased 
in seedling length and dry matter accumulation. 
Indeed, Khodarahmpour (2011) found that the 
osmotic potential of  ‑1.2 MPa delayed the process 
of seed germination of maize resulting in lower 
height seedlings compared to control. 

Root Shoot Ratio (RSR) is one of several ratios, 
which give estimates of the distribution of dry 
matter between the different plant organs. It is a 
measure of the distribution of dry matter between 
the shoot and the root systems and is a good 

indicator for effects on root and shoot dry matter 
(Boutraa et al., 2010). The results showed that RSR 
was increased with the rise of osmotic potential 
levels (Figure 2F). This suggests that shoot growth 
was affected more than the root system under 
drought stress. Such increase in RSR indicates that 
the proportion of dry matter allocated to shoots 
was decreased compared to the roots. Studies 
have shown that shoot is more likely to be affected 
by water stress than other traits, as reported by 
Boutraa et al. (2010) for wheat seedlings. Assimilate 
partitioning is a complicated process that can be 
controlled simultaneously by sources and sinks. In 
general, plants exposed to high osmotic potential 
levels often partition photosynthate occurs prefer‑
entially to the roots, thereby maintaining a balance 
between processes required in roots (e.g.; water 
and nutrient uptake) and those required in shoots 
(e.g., photosynthesis).

Black oat showed higher RSR compared the wheat 
seedlings at all levels of osmotic potential (Figure 
2F), indicating that the dry matter allocated to the 
roots was increased compared to that of the shoot 
of black oat seedlings. During the plant establish‑
ment phase, the allocation of dry matter to the 
roots seems to be a protection mechanism for the 
crop tolerate a water stress condition. Therefore, 
results presented here suggest that black oat is 
a more adapted species to a water restriction 
condition compared to wheat crop; however, 
the germination of black oat seeds is drastically 
inhibited with the rise of osmotic potential levels 
(Figure 1A). 

The yield stability index (YSI) of black oat and 
wheat seedlings was significantly affected by 
drought stress induced by PEG solutions (Figure 3). 
Under the osmotic stress of  ‑0.2,  ‑0.4 and  ‑0.8 MPa, 
the YSI for the black oat was of 0.68, 0.61 and 
0.42, whereas for wheat was of 0.75, 0.59 and 0.34, 
respectively (Figure 3). These results indicate that 
drought stress drastically reduced the YSI both 
crops, suggesting that the two crops have similar 
drought tolerance indices. The YSI had been used 
to evaluation the stability of genotypes in the both 
stress and non ‑stress conditions and is considered 
a good drought tolerance index (Bouslama and 
Schapaugh, 1984).
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Figure 2 ‑ Effects of drought stress induced by polyethylene glycol on shoot length (SL, in A), radicle length (RL, in B), 
shoot dry matter (SDM, in C), root dry matter (RDM, in D), total dry matter (TDM, in E) and root: shoot ratio 
(RSR, in F) of black oat (Avena strigosa Schreb.) and wheat (Triticum aestivum L.) seedlings. Bars followed by the 
same lower case letters, between the plant species or same upper case letters, for the osmotic potentials are not 
significantly different by F and Tukey test, respectively, both at the 0.05 level of confidence. Data refer to mean 
values (n = 4) ± standard error.
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CONCLUSIONS

Black oat is more susceptible than wheat to drought 
stress, with germination response declining more 
rapidly with decreasing osmotic potential. Wheat 
crop tolerates water stress of up to  ‑0.8 MPa, without 
reducing germination of the seeds; however, the 
growth of shoots and roots is drastically inhibited 
by the highly negative osmotic potential. Drought 
stress limits the process of seed germination and 
early growth of black oat.
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