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                                                                                                             Abstract 
Stomatal characteristics and their relationship to heavy metals in maize (Zea mays L.) seedlings were studied in an experiment, arranged in a 
completely randomized design with five replications under laboratory conditions. The plant material  included  four maize  genotypes: local maize 
population (LMPs) originating from Kosovo, and hybrids Bodrog (H-4),  MV277 (H-6) and Miranda (H-12) from Agricultural Institute, Martonvasar, 
Hungary. Prepared seeds were placed on the germinator and 10 ml H

2
O was added. Cultivation lasted 15-20 days at temperature 25ºC in growing 

room. The plants were cultivated under experimental conditions with different concentrations of Pb2+(200, 400 and  600  µM), Cd2+(60, 120 and 180 
µM) and Hg2+ (33, 66 and 100 µM), and the number of stomata on upper (U) and lower (L)  leaf surface was determined counting a total of 200 
microscopic preparations. The number of stomata was expressed per mm2 of leaf area. With highest Pb2+ concentration, stomata number on upper leaf 
surface (U) was significantly highest with an average of 30.36 stomata per mm2. The lowest stomata number on upper leaf surface (24.31 stomata per 
mm2) was with highest Hg+2 concentration.Effects of heavy metal concentrations on local maize populations did not have any significant differences 
in leaf area because these genotypes seemed more adapted to environmental stress of  Pb+2, Cd+2 and Hg+2. In the stomata number the differences were 
significantly higher. In hybrid genotypes the effects of heavy metals had  significant differences in stomatal number. Stomatal parameters revealed 
significant variations as well as interrelationships, which may be utilized for efficient breeding and crop improvement. 
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                                                Introduction 
Stomata are the portals for gas exchange between the leaf 
mesophyll cells and the environment, stomata are pores on 
specialized epidermal cells that allow the transfer and regulation 
of carbon dioxide and oxygen and the evapotranspiration of water, 
between the plant and atmosphere 24.They occupy between 0.5% 
and 5% of the leaf epidermis and are most on the bottom or abaxial 
surface. Stomata are a unique biological windows which effectively 
influence physiological activities of plants 11. Stomatal size, 
frequency and distribution differ significantly among genotypes17, 
27 as well as between leaf surfaces 23 not withstanding the 
importance of stomata as a useful marker to identify genotypes 8. 
The pattern of the epidermal cells and abaxial/adaxial polarity of 
the maize leaf is established in the meristem and is subsequently 
maintained throughout leaf development 4. It is not surprising, 
therefore, that the abaxial/adaxial polarity of maize leaves is 
genetically regulated. The abaxial surface receives and exchanges 
signals with the adaxial epidermis 7. Plants have improved complex 
mechanism systems for adaptation to heavy metals under  different 
conditions. In many cases during a high concentration of heavy 
metals the plant has to close their stomata due to water loss 6. 
Heavy metals can affect plant growth and production in a multiple 
way by inhibiting a number of physiological processes in plants. 

They are shown to cause disturbance in plant ion 25 and water 
balance to interfere with protein metabolism through influencing 
nitrate and sulfate reduction 12, 21. Lead (Pb2+) and cadmium (Cd2+) 
cause growth inhibition, disturbances in ion uptake and transport 
and enzyme activation or inhibition in photosynthesis 16.  Cereals 
are known to be good accumulators of contaminants 18. Many 
researchers 1, 19 have investigated the uptake and accumulation of 
lead (Pb+2) and cadmium (Cd+2) in different plant species. However, 
the mechanism of accumulation of heavy metals is still not 
completely understood 19. Pb+2 and Cd+2 are the most widespread 
toxic  heavy metals  20. The aim of the study was to evaluate the 
effects of some heavy metals and their relationship to stomatal 
characteristics in maize seedlings under experimental conditions. 

                                  Materials and Methods 
Plant material and growth conditions: The plant material  included 
four maize (Zea mays L.) genotypes: local maize population (LMP’s) 
originating from Kosovo, Bodrog (H-4),  MV277 (H-6) and Miranda 
(H-12) from Agricultural Institute, Martonvasar, Hungary. The 
seeds were disinfected with 0.01% HgCl

2
  for 20 s and 70% ethanol 

for 5 min to avoid fungal contamination and rinsed three times 
with distilled water and sterilized. Maize seeds were germinated 
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on moistened filter paper. Prepared seeds were placed on the 
germinator for germination and added 10 ml H

2
O for ten days in 

temperature 25ºC. During these periods compost (minimum 1 kg/ 
replicate) pots were prepared for cultivars and each treatment. In 
totally  9 pots for heavy metals included PbCl

2
, CdCl

2
, HgCl

2
 and 

control. The maize seedlings were transferred to compost in 1 kg 
weight of  pots in controlled environment cabinets or controlled 
rooms with a 12 photoperiod and temperature 25/19oC day/night 
and 75% relative humidity. The compost pH (CaCl

2
) was 5.8 and 

included KCl  0.9 g L-1 , nitrogen (NH
4
+NO

3
)  155 mg L-1, CaCl

2
 120 

mg L-1, Ca-lactate extractable phosphorus (P
2
O

5
) 150 mg L-1 and 

potassium (K
2
O) 200 mg L-1. The concentrations of heavy metals 

(600 mL/kg compost) were for lead (Pb2+) 200 mM (T1), 400 mM 
(T2) and 600 mM (T3);  for cadmium (Cd2+) 60 mM (T4), 120 mM 
(T5) and 180 mM (T6) and for  mercury (Hg2+) 33 mM (T7), 66 mM 
(T8) and 100 mM (T9). These concentrations of heavy metals 
corresponded with concentrations of substrate: T1  Pb2+ 25 mg 
kg-1; T2  Pb2+ 50 mg kg-1; T3 Pb2+ 75 mg kg-1; T4  Cd2+ 4 mg kg-1; T5 
Cd2+ 8 mg kg-1; T6  Cd2+ 12 mg kg-1; T7  Hg2+ 4 mg kg-1; T8  Hg2+ 8 
mg kg-1; T9  Hg2+ 12 mg kg-1. Two seeds per hill were sown, which 
later thinned to one seedling after germination. Thinning was done 
at 3- to 5-leaves stage. The plants  were cultivated in experimental 
conditions with different concentrations on Pb2+, Cd2+ and Hg2+ 
and the number of stomata on upper (U) and lower (L)  leaf surface 
was determined counting  a total of 200 microscopic preparations. 
The number of stomata was expressed per mm2 of leaf area. For 
each treatment 18 microscopic preparations (6 preparations for 
the leaves and three leaves per plant) were prepared without 
removal of leaves from body of plants. This method is very suitable 
for the preparation of the stomata in  plant species which have not 
epidermis trichome (hairs). Preparations from maize seedlings were 
prepared at the bottom, middle and top of the first leaf. For each 
independent measurement, stomatal numbers and epidermal cell 
area were counted  from 10 areas with 10x objective and four 
randomly selected digitized images from five sections from both 
the upper (U) and lower (L) leaf surface.  Leaf area (LA) was 
determined according to the formula: LA = L×W×0.75, where L is 
the leaf length, W is the leaf width, 0.75 is the factor of recalculation 

for maize. The same formula has been used by several researchers, 
e.g., Whigham et al. 26,  Pearce et al. 22 and  Aliu et al. 2. 
Statistical analyses: The experiment was performed in a 
randomized  design with five replicates. Differences among the 
Pb2+, Cd2+, Hg2+ and other morpho-physiological parameters were 
tested  using  SPSS-19 13, MINITAB-14, statistical program. Mean 
separation within columns was done by Duncan’s Multiple Range 
test. 

                                 Results and Discussion 
The number of stomata per leaf area (mm2) for local maize 
populations (LMPs) in treatments with heavy metals Pb+2, Cd+2 
and Hg+2 are shown in Table 1. In the treatment T3 with highest 
Pb2+ concentration, stomata number on upper leaf surface (U) was 
significantly highest with an average of 30.36 stomata per mm2. 
The lowest stomata number on upper leaf surface (24.31 stomata 
per mm2) was in treatment T9 with highest Hg+2 concentration. 
The difference between them was + 6.05 stomata per mm2 or 
22.44%. Compared to the control (25.34 stomata per mm2) the 
differences of these values for minimum and maximum upper leaf 
surface  were +1.03  and –5.02 stomata per mm2 . The stomata 
density on lower leaf surface of LMPs had higher variation between 
concentrations of  heavy metals. The minimum stomata number 
on lower leaf surface at treatment T9 with highest concentration 
of Hg+2  was 45.04 stomata per mm2, minimum density  in control 
was only 29.68 stomata per mm2 . The difference between them 
was +15.36 stomata per mm2 or  40.88%. Also, the highest value on 
lower leaf surface (41.96 stomata  per mm2 ) was  in treatment T5 
(Cd +2).  Compared with control the difference was higher  (+12.28 
stomata per mm2) or expressed in genetic variation 32.68%. 
    Highly significant differences were found at LMPs for stomatal 
ratio U/L. The highest value of  U/L  ratio was in treatment T3 
(Pb+2 ) on average value of 0.87, and minimum was in T9 (Hg+2 ) 
(0.61). The difference between extreme values for U/L was +0.26. 
The estimate of  U/L ratio for control was 0.85 and compared with 
T3(Pb+2) and T9(Hg+2) the differences were +0.02 and +0.24, 
respectively (Table 1). 
   The density of stomata for maize genotype H-4 on upper surfaces 

  
Treatment LMP’s H-4 H-6 H-12 

mg kg-1 

Number of stomata Ratio of  Number of stomata Ratio of  Number of stomata Ratio of    Number of stomata Ratio of 

mm-2 stomata  mm-2 stomata mm-2 stomata mm-2 stomata 

  U* L*  U/L U L   U/L U L  U/L U L U/L 

Control 25.34cd 29.68e 0.85b 20.93cd 34.29c 0.61h 17.91cd 22.56g 0.79b 17.16de 19.65d 0.87a 

T1/ Pb 25  25.35cd 31.01e 0.81c 21.62c 36.17b 0.59i 19.21c 28.17b 0.68f 16.92de 19.67d 0.86b 

T2/Pb 50  25.34cd 35.95d 0.71e 24.96b 30.36d 0.82a 18.42c 25.19f 0.73d 18.63bc 28.29bc 0.65d 

T3/Pb  75 30.36a 34.74d 0.87a 21.57c 27.87e 0.77b 18.03cd 26.14cde 0.67f 16.66de 26.29c 0.63f 

T4/Cd 4  29.52ab 41.55b 0.71e 20.12e 27.96e 0.71d 18.93c 26.78cd 0.71f 19.41b 26.36c 0.73c 

T5/Cd 8  27.82abc 41.96b 0.66f 27.23a 34.75bc 0.78b 20.97b 24.66f 0.85a 20.96a 32.48a 0.64e 

T6/Cd 12  28.85ab 39.21c 0.73d 20.91cd 31.06d 0.67f 16.91d 25.98de 0.65g 17.08de 29.22b 0.58j 

T7/Hg 4  27.85abc 38.44c 0.63f 18.91e 27.38e 0.69e 24.85a 32.41a 0.76c 16.22e 29.55b 0.54k 

T8/Hg 8  26.93bcd 38.21c 0.70e 24.31b 38.17a 0.63g 21.51b 26.94cd 0.79b 17.73cd 29.07b 0.61i 

T9/Hg 12  24.31d 45.04a 0.61h 21.82c 28.61e 0.76c 20.61b 27.26bc 0.75c 16.81de 26.75c 0.62g 

Table 1. Average values of stomatal distribution in maize leaf. 

* Mean in each column followed by same letters are not significantly different at the P 0.05 by one-way ANOVA with Duncan’s multiple range tests. *U = upper leaf surface, L =  lower leaf surface, Genotypes: 
local maize population (LMP) originating from Kosovo, Bodrog (H-4),  MV277 (H-6) and Miranda (H-12). 



     170 Journal of Food, Agriculture & Environment, Vol.13 (2), April 2015 

ranged  from 27.23 (T5 Cd+2) to 21.82 stomata per mm-2 (T9 Hg+2). 
The average value of upper surfaces at control was 20.93 stomata 
per mm2. For lower leaf surface at same maize genotype the 
variation ranged from 28.61  (T9 Hg+2 ) to 27.87 stomata per mm2 
(T3 Pb+2) concentrations. Compared to control (34.29  stomata per 
mm2) the differences were +5.68 and +6.42 stomata per mm2.  The 
higher differences in this genotype (H-4) for U/L ratio were  in T2 
(Pb+2) 0.82  and  T3 (Cd+2 )  0.67. Compared to control (0.61) the 
differences between these values  were +0.21 and +0.06 (Table 1). 
     Anatosiewicz 3 showed that the lead content tends to decrease 
plant organs, but this order can vary with plant species. Some 
plants can tolerate even concentrations of different metals without 
visual symptoms of toxicity 9. In maize genotype H-6 the highest 
stomata number on the upper surface (24.85 stomata per  mm2 ) 
was  in T7 (Hg+2 ) and compared with control (22.56  stomata per 
mm2) the difference was +2.29 stomata per mm2. The difference 
between H-6 and H-12 hybrids in the highest stomata number on 
the upper surface  was +3.89 stomata per mm2 (Table 1). Lowest 
number of stomata in hybrids H-6 and H-12 was at T1 (Hg +2 ) 32.41 
and T1 (Cd+2 ) 32.48 stomata per  mm2.  Also the highest difference 
for U/L ratio was in genotypes H-6 and H-12. These values for H- 
6 ranged from 0.65 (T6 Cd+2 ) to 0.85 T5 (Cd +2) and for H-12  from 
0.61 T8 (Hg+2) to 0.87 (control). 
   Leaf is very important photosynthetic part, which through the 
green pigment chlorophyll allows that light can transform kinetic 
energy into potential energy.  The leaf area (LA) plays an important 
role in the accumulation of  organic materials.  The experimental 
average value of  LA (µ) was  22.24 cm2 plant -1. The plants of 
LMPs had higher average LA  value of  40.48 cm2 plant-1. Compared 
to experimental value µ the difference was significantly higher 
+18.24 cm2 plant-1 or the variation percentage was 82.01% (Fig.1). 
The presence of heavy metals caused a physiological stress in 
plants of  LMPs for LA compared to control (38.48 cm2 plant-1), 
which was manifested by an increase in leaf area to the three 

Figure 1. The effects of of different concentrations of lead, cadmium and mercury on leaf area in 
maize seedlings. 

treatment at all heavy metals. While at hybrid genotypes  this 
phenomenon is not manifested as LMPs with increase of LA. The 
presence of Pb, Cd and Hg at hybrid genotypes had a significant 
impact on reduction of LA in relation to the control and treatment 
concentration. This hypothesis gives us some preliminary 
information that local populations that are selected and adapted 
to the agroecological conditions for centuries from our farmers, 
are more tolerant to environmental stress, in our case with heavy 
metals. After domestication the continuous cultivation 
accompanied by selection through the environment and humans 
maize developed a huge potential for high and stable yield 5. These 
results show that with the increase of LA plants automatically can 
have also increased organic matter per unit area. According to 
Godzik 10,  the highest Pb2+ content was found  in senescing leaves 
and lowest one in young leaves.  In most cases the presence of 
heavy metals causes stress and inhibits or slows the growth 
processes of plants 14, 15. 
    Pearson correlation among traits showed significant correlation 
between stomata on upper and lower surface. The highest 
correlation coefficient (r = 0.679**) was between stomata on upper 
and lower  surface (X2: Y8). The highest value of correlation  (r = 
0.289*) between upper stomata surface (X5) and leaf area (LA) 
was at LMP genotype. Results are presented in Table 2. 

                                            Conclusions 
Effects of heavy metal concentrations on local maize populations 
did not have any significant differences in leaf area because these 
genotypes seemed more adapted to environmental stress of  Pb+2, 
Cd+2 and Hg+2. In the stomata number the differences were 
significantly higher. In maize hybrid genotypes the effects of heavy 
metals had  significant differences in stomatal number. Stomatal 
parameters revealed significant variations as well as 
interrelationships, which may be utilized for efficient breeding 
and crop improvement. 
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R
U 
X1

L 
X2

U 
X3

L 
X4

U 
X5

L 
X6

U 
X7

L 
X8

LA(LMP) 
X9

LA(H4) 
X10

LA(H6) 
X11

LA(H12) 
X12

Y1 1 0.391** -0.031 -0.208 -0.300* -0.21 0.108 0.237 -0.112 -0.347* -0.02 -0.104 

Y2 0.391** 1 0.125 -0.330* 0.284*  0.235 0.287* 0.679** 0.01 -0.223 -0.242 -0.216 

Y3 -0.031 0.125 1 0.464** -0.04 -0.434** 0.584** 0.329* 0.211  0.012 -0.238 -0.194 

Y4 -0.208 -0.330*  0.464** 1 -0.01 -0.304* 0.172 -0.238 0.027  0.137  0.066  0.05 

Y5 -0.300*  0.284* -0.04 -0.014 1 0.667** -0.041  0.339* 0.182  0.289* -0.273 -0.161 

Y6 -0.212  0.235 -0.434** -0.304* 0.667** 1 -0.370** 0.384** -0.005  0.229  0.015  0.05 

Y7  0.108  0.287*  0.584**  0.172 -0.04 -0.370** 1 0.311*  0.062 -0.193 -0.194 -0.152 

Y8  0.237 0.679**  0.329* -0.238  0.339* 0.384** 0.311* 1  0 -0.127 -0.223 -0.168 

Y9 -0.11  0.01  0.211  0.027  0.182 -0.00 0.062 0  1  0.075  0.017 -0.092 

Y10 -0.347* -0.223  0.012  0.137  0.289*  0.229 -0.193 -0.127  0.075  1  0.211 -0.084 

Y11 -0.02 -0.242 -0.238  0.066 -0.27  0.015 -0.194 -0.223  0.017  0.211  1  0.085 

Y12 -0.10 -0.216 -0.194  0.05 -0.16  0.05 -0.152 -0.168 -0.092 -0.084  0.085 1 

Table 2. Correlation coefficients between traits in maize seedlings. 

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 
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