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In this work three heavy metals: cadmium (as CdSO4), cobalt (as CoCl2) and zinc (as ZnSO4), were used to determine and 
compare their toxicity towards two subspecies of barley (Hordeum vulgare subsp. vulgare L. and Hordeum vulgare subsp. 
distichum L.), focusing on seeds germination, seedlings growth, and cytological parameters. The results indicate that the 
effect of these heavy metals depends on the metal kind, the metal concentrations and the plant subspecies. Generally, in the 
case of H. vulgare, the heavy metal salts understudy did not influence significantly seed germination and seedling growth 
parameters. However, these metal salts influence significantly these parameters for H. distichum. The cytological test showed 
significant decrease (p < 0.05) in the mitotic index among the increase of the heavy metal concentrations when evaluated with 
the control for H. vulgare and H. distichum. Consequently, H. vulgare seemed to be more tolerant of the increase of the three 
heavy metals concentrations than H. distichum.
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(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Cereal grains have been a principal human 
nourishment source for thousands of years. Bar-
ley follows the maize, rice, and wheat cereals con-
cerning its global grain production and area under 
cultivation (Awika 2011). Presently, barley is cul-
tivated over an area of approximately 47 m ha with 
a total production of 147 m tons. More than 60% 
of this production arrives from Europe; closely 
26% of it arrives from Americas and Asia togeth-
er. The major countries producing barley in the 
world are: Russia, Australia, Germany and France. 
In Morocco, area under barley is 2,001,473 hect-
ares and production is 2,466,462 tons (FAOSTAT 
2017). Nearly 60% of barley crop has been utilized 
as animal feed, around 30% for beer and malt pro-
duction, 7% for production of seed while only 3% 
for direct human food with supplementary trans-

formation process (couscous, bread, soup) (Baik & 
Ullrich 2008).

The Arabic word for barley is shaeir and French 
orge. The barley varieties grown by farmers in Mo-
rocco according to the International Center for Ag-
ricultural Research in the Dry Areas (ICARDA) and 
CIMMYT (Centro Internacional de Mejoramiento 
de Maïz y Trigo, Spanish, International Maize and 
Wheat Improvement Center) germplasm since 1984 
are: ‘Tamellalt’ (1984), ‘Asni’ (1984), ‘Tissa’ (1984), 
‘Tiddas’ (1988), ‘Aglou’ (1988), ‘Annoceur’ (1991), 
‘Taffa’ (1994), ‘Massine’ (1994), ‘Oussama’ (1995), 
‘Igrane’ (1996), ‘Amira’ (1996), ‘Amalou’ (1997) , 
‘Adrar’ (1998), ‘Firdaws’ (1998) (ICARDA 2005). 
Only 1% of the available certified seeds are utilized, 
nevertheless, and the projections aim to encourage 
use to 22% by 2020 (ICARDA 2017).
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Regarding barley’s Morocco varieties, a Mo-
roccan origin of some barley varieties has been de-
clared, and some have proposed that there was sec-
ondary but independent domestication in Morocco, 
where barley ancestor variety (H. vulgare subsp. 
spontaneum) is still present (Martínez-Moreno et 
al. 2017). Barley is a hardy cereal that can grow in 
severe environments; it promotes generally stable 
yields and requires little labor (ICARDA 2017).

Heavy metal pollution of agricultural soils has 
become a widespread problem in several nations 
around the world and it resulted in an increase of sci-
entific community interest on the rate of heavy met-
als uptake by plants and its influences on the quality 
and security of food (Liang et al. 2018; Nouri & Had-
dioui 2016). Morocco is the first producer of phos-
phate in the world with a production of 32.8 million 
tons in 2017 (COP 2017). The phosphate industry 
generates emissions rich in trace elements, such as 
cadmium, zinc, and chromium, that can pollute en-
vironment such as water, air, plants and agricultural 
soils (Hakkou et al. 2016). A scientific comprehen-
sion of Cd, Zn and Co toxicity in barley varieties can 
be very beneficial to choose the adequate variety for 
every soil type and to alleviate its negative effects on 
crop performance.

Germination of barley has been examined for de-
cades with the goal to predict and optimize the malt-
ing industry. It has become an important model for 
seed germination study (Daneri-Castro et al. 2016). 
In Morocco, the most cultivated six-rowed barley 
variety is H. vulgare and two-rowed barley variety 
is H. distichum. The main objective of the current 
research was to study seed germination parameters, 
early seedling growth traits and cytological test of 
two barley subspecies as affected by heavy metals 
(Cd, Co and Zn) stress.

MATERIAL AND METHODS

Reagents and chemicals 
All reagents and chemicals were purchased from 

Sigma Aldrich (Steinheim, DE) and were of the 
ultimate purity.

Seed treatments
Mature seeds of two subspecies of barley (H. 

vulgare and H. distichum) (2n = 14) obtained from 

a local commercial supplier in Beni Mellal. Pre-
viously, the seeds were separately examined to 
remove the damaged ones. Seeds rinsed with dis-
tilled water, then they were sterilized in 10% sodi-
um hypochlorite for 10 min, then 70% alcohol for 
60 s, rinsed carefully with sterile distilled water. 
Subsequently, seeds were germinated in solutions 
of different metal concentrations.

Barley seeds (H. vulgare and H. distichum) were 
introduced in Petri-dishes (mean = 9 cm) with filter 
paper, to which was added 5 ml of distilled water 
(control) or 10, 20, 50, 100 and 200 mg/L CdSO4 
or 50, 100, 200, 500 and 1,000 mg/L CoCl2 or 100, 
200, 400, 800 and 1,000 mg/L ZnSO4 solutions. In 
each glass Petri-dish 20 healthy seeds were sown, 
in three replicates. Germination was executed at 
23 ± 2°C, in darkness. The number of germinat-
ed seeds was counted every 24 h for six days. At 
the end of the test, germination percentage (GP)  
expressed as (Total seeds germination after day  
6 / Total number of planted seeds) × 100 (Ikić et 
al. 2012). Germination index (GI) was expressed 
as (% germination × % root length of seeds germi-
nation)/100) (Zucconi et al. 1981). Root and shoot 
lengths of seeds germination were recorded, seeds 
were considered normally-germinated when their 
radicle had developed by about 2 mm in length. 
Fresh and dry weight were measured after drying 
seedlings to constant mass at 105°C in the oven.

Preparation of mitotic chromosome slides and 
scoring 

At the end of the germination test, the root-
tips about 1 cm length of meristem zones were 
excised and deposited in aceto-carmine in water 
bath (60°C) for about 10 ‒ 15 min. The slides were 
examined under an optical microscope at 40 × 
objectives. The images were captured utilizing 
a 5 Mega Cmos camera associated to an Olympus 
CX22LED microscope, with ISCapture Manager 
Image Software.

A mean of 500 cells was counted from each 
root to get a total of 3,000 cells per treatment. 
The mitotic index (MI) was assessed using the 
formulas:

MI [%] = the number of dividing cells / the number 
of total examined cells (3,000 per treatment) × 100.
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Statistical analysis
Percent germination data were transformed by 

arcsine before to analysis. Data were exposed to 
the analysis of variance (ANOVA) using a 3 (metal 
kind) by 5 (metal concentration) by 2 (barley vari-
ety) factorial approach with three replications. The 
results of cytotoxicity are presented as the mean ± 
standard deviation (SD) of three replicates, and the 
statistically significant difference between the treat-
ed groups and control was verified applying the one-
way ANOVA. The groups were compared utilizing 
the LSD test at p < 0.05 level using SPSS software 
(version 17.0).

RESULTS

Seed germination 
The results revealed that the evaluated traits of 

seeds examined were related to the metal types, 
the concentrations applied and the plant subspecies 
investigated (Figures 1 ‒ 3). Cd concentrations sig-
nificantly affected GP of H. distichum (F = 6.042,  
p = 0.005) compared to H. vulgare, but Co and Zn 
concentrations not significantly affected GP of any 
barley variety compared to other (Figure 1A). In 
contrast, in the control medium the GP of H. dis-
tichum was significantly higher for Cd and Co and 
higher for Zn compared to H. vulgare one (Figure 
1A). 

The results of GI are summarized in Figure 1B. 
These results revealed that a significant reduction of 
GI levels of H. distichum compared to H. vulgare 
was recorded, especially, from 10 to 50 mg Cd/L, 
100 mg Co/L and 400 mg Zn/L. As well as GP, in the 
control medium the GI of H. distichum was higher 
compared to H. vulgare, but in the other medium 
is the inverse (Figure 1B). The increase of Cd, Co 
and Zn concentrations reduced significantly GI of  
H. distichum (F = 16.500, p = 0.000) (F = 12.449,  
p = 0.000) and (F = 3.863, p = 0.026) respective-
ly, but not affected significantly GI of H. vulgare, 
compared to the untreated seeds. In contrast, for  
H. vulgare, Cd, Co and Zn induced a slight stimula-
tion at the lower concentrations and an insignificant 
inhibition at the higher concentrations compared to 
the control. 

Biomass production: fresh and dry weight
Figure 2A shows the influences of Cd, Co and 

Zn on seedling’s fresh weight of two subspecies of 
barley. A decrease of FW amounts of H. distichum 
compared to H. vulgare was noted in all mediums 
and the effect was significant from 10 to 50 and  
200 mg Cd/L and 100 and 200 mg Co/L. An increase 
in Cd and Co concentrations decreased significantly 
the FW of H. distichum, especially for Co (F = 4.743, 
p = 0.013). Generally, for H. vulgare, Cd, Co and Zn 
did not affect significantly FW compared to the con-
trol. In the control medium the FW of H. distichum 
was slightly lower compared to H. vulgare. 

The results of dry weight are summarized in Fig-
ure 2B. As well as FW, a decrease of DW levels of 
H. distichum compared to H. vulgare was remarked 
in all metal mediums and the effect was significant 
for 20, 50 and 200 mg Cd/L. Generally, an increase 
in Cd, Co and Zn concentrations decreased the 
DW of H. distichum especially for Cd (F = 3.140,  
p = 0.048) and no affected significantly the DW of 
H. vulgare, compared to the control. In the control 
medium, the DW of H. distichum was slightly high-
er compared to H. vulgare. 

Root and shoot length
Figure 3A presents the influences of Cd, Co and 

Zn on seedling’s root length of H. vulgare and H. 
distichum. An increase in Cd, Co and Zn concen-
trations significantly decreased the root length of  
H. distichum compared to H. vulgare, the effect was 
significant for 10 ‒ 50 mg Cd/L, 50 ‒ 200 mg Co/L 
and 400 mg Zn/L. Furthermore, the increase in Cd 
concentrations significantly diminished the root 
length of H. vulgare (F = 7.934, p = 0.002) and of 
H. distichum (F = 10.906, p = 0.000). Increase in Co 
concentrations significantly reduced the root length 
of H. vulgare (F = 6.503, p = 0.004) and of H. dis-
tichum (F = 11.684, p = 0.000). In addition, improve 
in Zn concentrations decreased significantly the RL 
of H. distichum (F = 5.099, p = 0.010). In the control 
medium the RL of H. distichum was insignificantly 
higher compared to H. vulgare.

The influence of diverse concentrations of 
Cd, Co and Zn on shoot length is shown in Fig-
ure 3B. The findings revealed that the enhance in 
Cd, Co and Zn concentrations reduced the shoot 
length of H. distichum compared to H. vulgare, the  
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Figure 1. Germination percentage (A) and Germination index (B) of H. vulgare and H. distichum exposed to various 
concentrations of Cd, Co and Zn. Values are expressed as mean ± SD (n = 3). Means marked with (*) are significantly 
different between subspecies at each concentration at the 5% level based on LSD test. Significances from the controls are 
denoted as follows: bp < 0.05 for H. distichum.
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Figure 2. Fresh weight (A) and Dry weight (B) of H. vulgare and H. distichum exposed to various concentrations of Cd, Co 
and Zn. Values are expressed as mean ± SD (n = 3). Means marked with (*) are significantly different between subspecies at 
each concentration at the 5% level based on LSD test. Significances from the controls are denoted as follows: ap < 0.05 for H. 
vulgare and bp < 0.05 for H. distichum.
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Figure 3. Root length (A) and Shoot length (B) of H. vulgare and H. distichum exposed to various concentrations of Cd, Co 
and Zn. Values are expressed as mean ± SD (n = 3). Means marked with (*) are significantly different between subspecies at 
each concentration at the 5% level based on LSD test. Significances from the controls are denoted as follows: ap < 0.05 for H. 
vulgare and bp < 0.05 for H. distichum.
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effect was significant for 20, 50 and 200 mg Cd/L. 
Moreover, the increase in Cd concentrations signifi-
cantly diminished the shoot length of H. distichum 
(F = 4.255, p = 0.019). An increase in Co concen-
trations significantly reduced the shoot length of  
H. vulgare (F = 3.219, p = 0.045) and H. distichum 
(F = 3.949, p = 0.024), although for H. vulgare only 
the highest concentration of Co had significant ef-
fect. In the control medium the SL of H. distichum 
was insignificantly superior compared to H. vulgare.

Mitotic index
The influences of heavy metals on MI and the 

rate of mitotic phases are summarized in Figure 
4. The results revealed that heavy metals applied 
in this study significantly reduced, in the general, 
MI in the treatment groups compared with control 
for all concentrations, metal kinds and plant vari-
eties. The highest mean MI value was detected in 
the control root-tips 3.97±0.09% for H. vulgare and 
5.27±0.11% for H. distichum, and the lowest one 
(0.90±0.03% for H. vulgare and 0.77±0.01% for  
H. distichum) was revealed in treatment with 200 
mg/L Cd (Figure 4). Generally, it was shown that 
when increase metal concentrations; a significant 
decrease of MI mean values observed relative to 
control and a significant difference between bar-
ley subspecies each other (Table 1). In the Cd and 
Zn medium, the MI of H. vulgare was significant-
ly higher compared to H. distichum. In contrast, in 
the Co medium, MI of H. vulgare was significantly 
higher compared to H. distichum only in low con-
centrations.

In the heavy metal contaminated medium H. vul-
gare showed greater GP, GI, FW and DW as well as 
the longest RL and SL. However, in uncontaminated 
medium (control) H. distichum showed greater ger-
mination traits as well as the longest early seedling 
growth parameters.

Heavy metal types significantly affected (P < 0.05) 
SL, RL, and FW, besides affected (P < 0.01) MI 
(Table 1). Heavy metal concentrations significantly 
affected (P < 0.01) GI, FW, and MI, moreover, sig-
nificantly affected (P < 0.05) GP, SL, and RL. Bar-
ley varieties significantly affected (P < 0.01) GI, SL, 
RL, FW, DW, and MI. There was also a significant 
interaction between concentration and barley vari-
ety interaction was observed for GP, GI, SL, and RL 

Figure 4. Mitotic index of H. vulgare and H. distichum 
exposed to various concentrations of Cd, Co and Zn. Values 
are expressed as mean ± SD (n = 3). Means marked with 
(*) are significantly different between subspecies at each 
concentration at the 5% level based on LSD test. Significances 
from the controls are denoted as follows: ap < 0.05 for H. 
vulgare and bp < 0.05 for H. distichum.
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(Table 1). However, the interaction between heavy 
metal kind and metal concentration, between heavy 
metal kind and plant variety and between heavy 
metal kind and metal concentration and plant va-
riety did not affect GP, GI, SL, RL, FW, and DW, 
conversely, they affected (P < 0.01) MI.

DISCUSSION

Data of this work deliver advantageous informa-
tion about the comparison between H. vulgare and 
H. distichum seed germination and early seedling 
growth in presence of heavy metallic stress. Gener-
ally, H. vulgare was less affected in its seed germi-
nation and early seedling growth. It should be not-
ed however that the primary objective of this study 
was to compare the stimulation or inhibition of the  
H. vulgare and H. distichum subspecies in presence 
of heavy metals (Cd, Co and Zn), by examining ger-
mination as well as early seedling growth parame-
ters and cytological test. 

Our findings are largely coherent with preced-
ing studies, concerning H. distichum, which have 
shown that heavy metal stress affects significantly 
germination parameters (Chen et al. 2008; He et al. 
2017; Tamás et al. 2017). 

The paper casts some light on the influences of 
heavy metal kinds and heavy metal concentrations 
on H. vulgare and H. distichum subspecies. While  
the germination method is well known, prior re-
searches indicated that more study is necessary to 
determine the value of heavy metal stress in diverse 
crop varieties (Seneviratne et al. 2019). Consequent-
ly, seed germination is frequently utilized to assess 
contamination consequences on plants (Miralles et 
al. 2012). However, our results clearly revealed that 
the use of Cd significantly inhibited H. distichum 
seeds germination. Conversely, the application of 
Cd did not influence significantly this parameter 
for H. vulgare, even at 200 mg/L. Regarding the 
application of Co and Zn, in general, no significant 
differences were detected between H. vulgare and  
H. distichum seeds germination. Insignificant bio-
stimulation was observed in H. vulgare seeds sub-
jected to Cd, Co and Zn. In accordance with our 
results, a small biostimulation of germination by 
low Cd concentrations was reported (Lefèvre et al. 
2009). These maybe possible alerts since the bio-
stimulation could be the early cause of hormesis 
(Baderna et al. 2015) or attributed to the stimula-
tion of cell activities through improved ROS sig-
naling (Gapper & Dolan 2006).

To date, several nations used the germination in-
dex (GI) to evaluate the quality of amendment as the 

T  a  b  l  e   1

Analysis of variance of evaluated traits

Source of Variance
Mean Squares 

GP GI SL RL FW DW MI

Heavy metals (HM) 0.051  681.57 6.70+   3.88+ 1,522,198.14+ 3,630.39   9.753++

Concentrations (C) 0.066+ 5,118.04++ 9.41+ 27.06+ 2,035,133.96++ 22,960.78 15.571++

Plant varieties (PV) 0.053 10,738.64++ 18.61++ 43.35++ 2.03E7++ 430,752.47++ 15.565++

HM × C 0.014   119.21 2.26 0.56 455,405.09 3,202.40   2.811++

HM × PV 0.015   214.50 0.44 0.46 153,220.16 6,937.24   7.823++

C × PV 0.120++   3,101.90++ 4.14+    5.42++ 657,371.91 30,158.07 0.619

HM × C × PV 0.015   180.77 0.54 1.06 279,494.30 4,741.44   2.492++

Error 0.025   403.09 1.35 0.91 401,387.08 14,758.84 0.018
GP ‒ germination percentage; GI ‒ germination index; SL ‒ shoot length; RL ‒ root length; FW ‒ fresh weight; DW ‒ dry 
weight; MI ‒ mitotic index
+Significant at the 0.05 level of probability; ++Significant at the 0.01 level of probability
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result of the combination of plant-germination and 
root elongation (Da Ros et al. 2018). GI was pre-
ferred for its sensitivity, short time requirement and 
simplicity, being the phase of germination intensely 
influenced by environmental conditions (Wang 
1991). The findings of this study indicated that the 
increase of Cd, Co and Zn concentrations reduced 
significantly GI of H. distichum compared to H. vul-
gare. Furthermore, the increase of these metal con-
centrations reduced significantly germination traits 
of H. distichum, but not affected those of H. vulgare, 
evaluated to the control seeds. In agreement with 
these data, Baderna et al. (2015) reported that Cd 
and Zn salts had no toxicity on cucumber, sorghum, 
and cress. Moreover, numerous researchers also re-
ported the absence of sensitiveness of seed germi-
nation on Cd (Kopyra & Gwóźdź 2003; Ozdener & 
Kutbay 2009; Street et al. 2007) and zinc (Lefèvre et 
al. 2009; Madzhugina et al. 2008; Ozdener & Kut-
bay 2009; Street et al. 2007). In another study of us, 
the Zn and Co had almost no significant effect on 
germination traits of Lepidium sativum L. (Data not 
shown).

Certainly, the possible risk of heavy metals and 
other pollutants in the damage of seed germination 
is extremely reliant on their ability to attain embryo-
genic tissues, which are covered by coats, structures 
with permeability differential to diverse elements 
and selectivity of embryos versus metals (Akinci 
& Akinci 2010; Seregin & Kozhevnikova 2005). In 
addition, seed germination dependent on the meta-
bolic trails functioning inside the grain through the 
full germination process, which are strongly reliant 
on genes expression (Daneri-Castro et al. 2016).
Moreover, Daneri-Castro et al. (2016) reported that 
gene expression has also been correlated with the 
imbibition of the grain.

Simultaneously with the assessment of germina-
tion, it is also usual to examine parameters allied 
to seedling growth, because seedling’s growth lev-
els are essential bioassay endpoints to assess the 
harmfulness of a substance (Adrees et al. 2015). 
Regarding the seedling growth parameters (RL, SL, 
FW and DW) for this study we revealed that an in-
crease in Cd, Co and Zn concentrations decreased 
these parameters for H. distichum compared to  
H. vulgare. Analyzing these plant varieties individu-
ally, the findings showed that increasing heavy met-

al concentrations decrease the seedling growth pa-
rameters compared to the control for H. distichum. 
In contrast, for H. vulgare, generally, improving 
heavy metal concentrations did not affect signifi-
cantly these parameters and sometimes we observed 
a slight stimulation. In accordance with our results, 
Ebbs and Kochian (1998) reported that H. vulgare 
had a phytoremediation potential for Zn and tolerat-
ed the high Cu, Cd, and Zn concentrations.

According to Ozdener and Kutbay (2009), 810 
µmol/L Cd decreased RL, but did not influence the 
germination rate of Eruca sativa. Nevertheless, 
SL was decreased for this plant seeds treated with 
650 µmol/L, and no germination happened at 240 
µmol/L Cd. In addition, low Cd levels slightly stim-
ulated seedlings growth of Dorycnium pentaphyl-
lum (Lefèvre et al. 2009).

Habitually, the model dose-response founded 
rigorously on monotonic functions. These models 
can explain the H. distichum variations. Converse-
ly, these functions cannot be utilized to explain the 
relations gotten in our study for H. vulgare. These 
findings have revealed that the models counting 
hormesis explained the H. vulgare data significantly 
better than the dose-response one. Several authors 
reported the hormesis phenomenon for plants de-
veloping on the presence of metals (Baderna et al. 
2015; Calabrese & Blain 2009; Hagner et al. 2018; 
Wang et al. 2010) or other substances (Geras’kin et 
al. 2017). Moreover, Martínez-Moreno et al. (2017) 
reported that the barley varieties contain genes for 
tolerance and resistance to abiotic and biotic stress-
es.

In accordance with Baderna et al. (2015), our 
findings might assume that the manners in which the 
heavy metals affect seed germination and seedling 
growth are variety-specific and compound-specific. 
The influences of these contaminants differ with 
crop species, specific heavy metal and concentration 
(Nagajyoti et al. 2010). Common ways of action 
are interference with oxidative stress, senescence 
and metabolic functions (Seneviratne et al. 2019; 
Shahzad et al. 2018; Singh et al. 2018).

Variations in mitotic activities and its inhibition 
are usually utilized as an essential indicator in en-
vironmental monitoring and for the assessment the 
toxicity of substances (Fernandes et al. 2007). MI 
decreases in the presence of abiotic stress (Artico 
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et al. 2018; Datta et al. 2018) such as that produced 
by Cd, Co and Zn. In the current work, the MI eval-
uated in root-tips from seeds treated with Cd, Co 
and Zn salt was inferior to the MI values detected in 
control for the two barley varieties. Moreover, the 
lowest mean MI values were observed in the treat-
ments: 200 mg/L Cd. On the other hand, the highest 
MI mean values were detected in treatments with 
100 mg/L Co (Table 3).

The results of mitotic activity showed that an 
increase in Cd, Co and Zn levels decreased sig-
nificantly the MI for H. distichum compared to  
H. vulgare MI can consistently classify the cytotoxic 
effects of an element. A 50% diminution in MI when 
evaluated to control is a limit: 50% diminution pro-
duces a sub-lethal effect and < 22% provokes a le-
thal effect (Mesi & Kopliku 2013). Accordingly to 
Mesi & Kopliku (2013), 100 and 200 mg Cd/L, 50, 
500 and 1,000 mg Co/L and 1,000 mg Zn/L caused 
sub-lethal effect for H. vulgare. However, for H. dis-
tichum 50 mg Cd/L caused sub-lethal effect, 10, 20 
and 100 mg Cd/L and 1,000 mg Co/L caused lethal 
effect. Türkoğlu (2008) reported that the reduction 
in mitotic activity can be produced by the blockage 
of the G2 phase of the cell cycle or by the inhibition 
of DNA synthesis, stopping the cell from dividing. 

Macroscopic alterations of root development 
in barley, produced by contaminants characterize 
phenotype expression of the modifications in root 
genetic material of tip cells. These genetic modifi-
cations are in relation to anomalies of chromosomes 
and mitosis aberrations of cells. The root tip devel-
opment is allied to the meristem cell multiplying 
which is characterized by an index of mitosis (Bird-
sall & MacLeod 1990). As radicle tips are extreme-
ly sensitive to environmental impacts contaminants 
produce the reduction of the index mitosis (Fiskesjö 
1985) among anomalies of chromosomes whose 
amount is clearly proportional to contaminant dose 
and the exposure period to it (Al-Sabti & Kurelec 
1985). 

CONCLUSIONS

The phytotoxicity of heavy metal salts for two 
barley subspecies was evaluated considering the seed 
germination seedlings growth and cytological assay. 

Results revealed that the effect of increasing heavy 
metal concentrations on seed germination traits 
and seedling growth parameters was significant for  
H. distichum and insignificant for H. vulgare. The 
superior MI value detected for H. vulgare compared 
to H. distichum is characteristics that place this plant 
in a position of tolerance. Nevertheless, H. distichum 
presented greater sensitivity to the toxic influences 
of the tested heavy metals. In the light of our initial 
findings, further research is needed to interpret the 
mechanisms of H. vulgare tolerance, H. distichum 
sensitiveness and determine more protecting guide-
lines for plants for metals in soils.
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