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Abstract.  The research is dedicated to the phytoindicative evaluation of explored areas according to the 

integrated evaluation of an individual and sustainable development breach of the tree plant Quercus 

longipes Stev. which developed in the natural and urboecosystem on the Samur-Divichi lowland of 

Azerbaijan. The obtained results were compared with the same species of plants cultivated in the 

Absheron region, which is environmentally tougher. The absolute prices of the level change of fluctuating 

bilateral asymmetry’s indicators of a morphometric sign have been statistically processed in special 

software on the leaves of Q. longipes. The pollution hypothesis of the environment has been checked by 

the ANOVA test and the availability to give an initial forecast about the environmental quality has been 

determined within the confidential interval limits. Fluctuating asymmetry refers to the non-directional, 

small, random deviations from symmetry caused by developmental instability. The results of the research 

showed that an early warning model allowed to predict how much the contamination risk of investigated 

areas might be. 
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1.     Introduction 

 

The deviation of morphological symptoms and metric measurements of living 

organisms from the ideal norm can be shown at least to a certain extent in an 

ecologically changed atmosphere. As an impact of stress factors increases, the emerging 

ecological critical situation shows its effect on living organisms (Inge-Vechtomov, 

1989; Møller & Shykoff, 1999). Depending on their stability within the individual 

reaction norms, changes can occur at the micro-and macro-levels (Zakharov, 2001; 
Mamedova, 2009; Graham et al., 2010). Based on these changes, it is possible to obtain 

information about the  stressful or optimal environment being studied and this requires 

systematization of the obtained information. But there are also some cases of a 

discrepancy. The concept of developmental stability has been recognized as not always 

perceptible. Investigating the indicative features of widespread plants in the regions, it 

is important to collect new information in environmental management (Streltsov, 2003). 

New information obtained, will create the basis for new matters in the future. 

Preliminary forecast is a key initial step in environmental management (Mammadova, 

2009). It should be noted, that it is not always possible to investigate with full 

consideration of all the affecting factors, particularly negative ones, reasons for the 
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occurrence and change of complex factors on the mutual impact in the investigated 

environment. In this regard, the use of biomonitoring, especially phytomonitoring, is 

very actual. 

 

2.     The purpose of research 

 

 By an integrated gauging we have tried to make a comparative analysis of the 

change levels of individual developmental stability of long-stalk oak tree plants – 

Quercus longipes Stev, developed in the natural and urbanization system, in Samur-

Divichi lowland especially Khachmaz region. So that, the main purpose was to 

investigate level changes of fluctuation asymmetry (FA) of morphological signs on the 

leaves of the Q. longipes, which develops in natural ecosystems and urboecosystems in 

some districts of Samur-Divichi lowland. Fluctuating asymmetry refers to small random 

deviations from perfect symmetry in bilaterally paired structures. It is thought to reflect 

an organism's ability to cope with genetic and environmental stress during development 

and its utility as an indicator of such stresses is based on the assumption that perfect 

symmetry is an a priori expectation for the ideal state of bilateral structures. For 

comparing the results of the research, the leaves of the long-stalked oaks, growing in a 

bigger urban system, in the city of Baku, with a tenser ecological situation and in 

protected area were analyzed. It should be noted that there may even be no changes in 

the body as a result of the impact of a complex of environmental factors on living 

organism (Kozlov & Zvereva, 2015). Following the foregoing, the study of this process, 

which has a distinctive feature and specificity, is an interesting and important point in 

biomonitoring. 

 

3.     Material and methods 

 

 Quercus longipes Stev. -long-stalk oak is the object of research. It is the tree 

type of Quercus genus of family Fagaceae. It is a large tree with a height of 40 m 

(Fig.1). Shoots are bare and greyish-brown. The length of the leaves is 5-12 (16) cm, 

and the width is 5-8 cm; it is of inverse egg-shaped, longish, solid, thick skinned and 

upper side is covered with dark green, bare or thick gentle dense blooms. Leaves have 

3-7 slices that don’t fit each other on shape and size. The gap between hollows reaches 

to1/4 to 3/4.It is resistant to frost and drought. It is long-lived and it is suitable for 

greening out (Flora of Azerbaijan, 1952).  

The research was carried out by investigating fluctuating asymmetry (FA) 

indicators of the leaves of Q. longipes, growing in the territory of Samur-Devechi 

lowland: on the area of Samur-Yalama National Park (SYNP) in Khachmaz region, the 

cities of Khudat and Shabran and in the territory of Absheron - in Baku: on the the area 

of Central Botanical Garden of Azerbaijani National Academy of Sciences (ANAS) and 

on the roadside of Inshaatchilar Avenue in Yasamal district - one of the central avenues 

of Baku (Fig.2, 3). Although the soils of research areas are located if, even in one 

region, the composition is difficult and diverse. SYNP has 11,772.45 hectares of area; 

the soil is grass-forest, chestnut, and light chestnut. In Shabran territory, towards the 

south, meadow-gray soils prevail, but in the south-east, saline gray-brown soils prevail. 
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Fig. 3. Fragmentary view of the fields Quercus longipes Stev. investigated:  

1-Khachmaz region, SYNP, 2-Khachmaz region, Khudat city, 3-Shabran 

region, Shabran city, 4- Baku, Botanical garden of ANAS, 5 -Baku city, 

Yasamal district, Inshaatchilar avenue 

 

This plant created a sparse forest in Khachmaz, besides this plant is found in the 

other urboecosystems of the region which also involved in the research. FA indicators 

of long-stalk oak tree plant leave introduced to a more intense and less favorable 

environment for development have been learned by known methods (Palmer & 

Strobeck, 1986; Santos et al., 2013). According to each researched area about 250-300 

leaves have been collected from plants of approximately the same age. 20-30 leaves 

were collected from approximately the same parts, on the height of 1.5-2 meters, i.e. of 

an umbrella length, per tree plant on the field. The species of woody plants were exactly 

  

Fig.1. General view of Quercus  

longipes Stev. 

Fig. 2. Location of research areas 
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identified for use in the study. Only generative plants were used (Van Valen, 1962). The 

locations of the studied areas are designated by the GPS and mapped by Arc GIS 

(Fig.2). The normal, undamaged leaves of the studied objects were collected during July 

and August after leaf forming and completing the development. The following 

morphometric signs were found on the leaves of the Q. longipes collected from the 

study areas: the main vein length of the leaf; the right (R1) and left (L1) distances from 

the main vein of the leaf lamina maximum width; the length of the longest second-order 

vein to the right (R2) and left (L2) sides of the leaf; the length of the III row vein of 

second-order venation to the right (R3) and left (L3) sides from the leaf main vein; the 

length of the II row vein of second-order venation to the right (R4) and left (L4) sides 

from the leaf main vein; the distance between the ends of II and III row veins of second-

order venation to the right (R5) and left (L5) side from the main vein (Fig.4). 

Observations and analyses have been repeated several times to ensure the statistical 

reliability of the results for the investigated tree plants. Using STATISTICS 6 specially 

crafted software, morphometric measurements for each leaf were included in the Java 

Script (ECMA script 6) research program. According to the morphometric outcome of 

each leaf, change parameters have been defined within the scope of the option. 

These indicators are defined as follows: the coefficient of variation (V), dispersion 

(D), fluctuating asymmetry coefficient (FAC), average module (Mod), the bilateral 

difference between the minimum and maximum values within the sign (R). According 

to the determined results, the environment was evaluated in the 100-point scale system 

(Eb) (Mammadova, 2017). 

 

 

 

Fig. 4. Morphometric signs investigated in the leaves of Quercus longipes Stev.: the 

length of the primary vein of the leaf (L); the width of the left (L1) and right (R1) halves 

of the maximum width of lamina (from the border of the primary vein to the leaf 

margin); the length of the longest second-order vein on the left (L2) and right(R2) halves 

of the leaf; the length of the III row vein of second-order to the right (R3) and left (L3) 

sides from the primary vein; the length of the II row vein of second-order to the right 

(R4) and left (L4) side from the primary vein; the distance between the ends of II and III 

row veins of second-order to the right (R5) and left (L5) side from the primary vein. 

 

On the leaves of plants studied in Samur-Divichi and Absheron conditions, a 

Logit model was applied to the interpretation of the integral value and bilateral 

difference of the phenotypic sign change. The risk of pollution of the investigated areas 

and early warning process on this basis were assessed (Salvatore & Derrick, 2002). All 
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investigated data were calculated with known mathematical formulas and probability of 

confidence was verified (Lakin,1990). 

 

  WRWLWRWLxFA  2 ( Parsons,1990) 

 

here: - FA is a coefficient of asymmetry. 

 

    22 XMXMxD   
here: D (X)- is a dispersion. 

 

4.    Results and discussion 

 

The results of the research were presented in Table 1. 

 
Table 1. Fluctuating asymmetry indicators of the leaves of the Quercus longipes Stev. 

 

N
o
 

Territory 

Bilateral 

differences 

xi±mi 

D FAC V Mod R Eb 

1. Khachmaz region, SYNP 0.168±0.026 0.012 0.003 0.3260 0 1.7 100 

2. Khachmaz region, Khudat city 0.272±0.031 0.032 0.024 0.6576 0.1 1 91.9   

3. Shabran region, Shabran city 0.259±0.031 0.016 0.004 0.4838 0.2 0.9 92.3 

4. Baku city, ANAS, Botanical garden 0.340±0.039 0.049 0.019 0.6510 0.1 1.1 79.7 

5. 
Baku city, Yasamal district, Inshaatchilar 

avenue 
0.494±0.041 0.108 0.035 0.6652 0.1 1.7 70.1 

 
As can be seen, the level of fluctuating asymmetry indicators of leaves of long-

stalk oak is the lowest in the area of SYNP of Khachmaz region and the absolute 

average value of the bilateral difference of morphometric sign was equal to 1.68.The 

absolute values of the bilateral difference of long stalk oak leaves developed in other 

research areas were higher (Fig.5).This increase also shows itself in other indicators of 

fluctuating asymmetry. So that, the absolute value of the bilateral difference of 

morphometric traits in the leaf sample from Khudat city of Khachmaz region increased 

1.6 times, dispersion 2.66 times, fluctuating asymmetry coefficient (FAC) 8 times than 

in the leaves from SYNP of Khachmaz region. In Shabran city the absolute value of 

bilateral difference was 1.54 times, dispersion 1.4 times, FAC – 1.3 times higher than in 

the leaf sample from SYNP. In Baku city, ANAS Botanical garden the absolute value of 

bilateral difference increased 2.02 times, dispersion 4.08 times, FA – 6.33 times in 

comparison with the leaf sample from SYNP. And in Baku city Yasamal district, 

Inshaatchilaravenue the bilateral difference was 2.94 times, dispersion 9 times, FAC - 

11.6 times higher than in the leaf sample of SYNP. 
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Fig.5. The relative growth levels of fluctuating asymmetry indicators on the 

leaves of the Q. longipes plant in the research areas. 1-Khudat city 2-Shabran 

city, 3-ANAS, Botanical garden, 4-Inshaatchilar avenue 

 
 Graphical curves showing the frequency of internal variation for the areas under 

study express a more clear view of change (Fig.6). Curves showing the frequency 

distribution of bilateral differences in the leaves of the long-stalk oak allow you to 

visually see changes within the morphological sign over each studied area. It is a 

manifestation of change in the developmental stability of an organism. Graphical curves 

are prepared by an applied computer program based on bilateral difference in the signs 

of each leaf. The distribution curves of the analyzed signs showing the frequency of 

changes within the sign on the studied areas are described by contrast peaks. As you can 

see from the picture, the graphical curve, considered the optimal field control, is 

smoother, more lean and non-monotone. 

So that, in both investigated areas of Baku, graphical curves of the bilateral- 

asymmetrical results on long-stalk oak leaves have more border peaks than 

manifestation curves of other areas (Fig. 6d, 6f). The curves showing the spreading 

frequency of bilateral differences on long-stalk oak leaves are identical in the study 

areas of Khudat and Shabran (Fig.6b, 6c, 6d). As can be seen, the curve indicating the 

frequency of symptom spread for a more loaded area, has more variable peaks and is 

non-monotonous.  

 During the research, mathematical analysis enables to determine the minimum 

number of leaves required to be analyzed for ensuring an average representation of 

fluctuating asymmetry indicators for99%.This number constitutes 96 leaves. That is, 

morphometric measurements should be made on at least 96 leaves of long-stalk oak, 

included in the computer program and analyzes should be provided. At least 250 leaves 

were measured on each variant by us. The purpose of the ANOVA test in the research 

was to identify a hypothesis about environmental control, environmental pollution in 

dirty and risky areas. The Logit model is based on a logistic distributional function 

based on 0 and 1 fixture variables included in the model.  
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Fig. 6. Graphicalcurves of the distribution of the bilateral difference of leaves 

morphological traits in study areas: a-SYNP, b-Khudat city, c-Shabran city, 

d-ANAS, Botanical garden, e -Bakucity, Inshaatchilar avenue. 

 

It was determined that, the increase in the level of fluctuating asymmetry 

indicators of long-stalk oak trees' leaves in the studied areas besides the area in Shabran 

increases the risk of contamination compared to the control area. Mathematical 

calculations were carried out by taking long-stalk oak samples as a control in the woods 

of Samur Yalama National Park, Khachmaz district. As we have already mentioned, the 

 

a 

 

b 

 

c 

 

d 

 

e 



ADVANCES IN BIOLOGY & EARTH SCIENCES, V.6, N.1, 2021 

 

 
36 

 

software was implemented by applying mathematical formulas based on the absolute 

prices of each leaf.The results of the statistical analysis of the observational 

representativenessmake it possible to determine the interval statistical estimation of the 

absolute average value of the bilateral difference of long-stalk oak leavesmorphological 

signs. Table 2 shows the lower and upper boundaries of the average absolute value of 

bilateral differences for each investigated area. 

 
Table 2. Interval assessment of the bilateral difference of Quercus longipes Stev. leaves 

 

Territory 
Bilateral difference 

Lower border  Upper border 

Khachmazregion,SYNP 0.1437  0.1923 

Khachmaz region, Khudat city 0.2324  0.3126 

Shabranregion, Shabran city 0.1806  0.3464 

Baku city, ANAS, Botanical garden 0.2519  0.4238 

Baku city, Yasamal district, Inshaatchilar avenue 0.4413  0.5541 

 
 The early warning model allows us to predict the extent by which investigated 

areas may be at risk of contamination. So that, Baku, Yasamal district, Inshaatchilar 

Avenue– is assumed to be 71.8% of a contamination risk as a highly contaminated area. 

 Thus, one acquires the possibility to give a preliminary forecast of the pollution 

risk based on the test of the Q. Longipesoak speciesphy to indicative sign change, which 

is characteristic for the natural environment of Samur-Divichi lowland through the 

integral assessment of the disruption degree of individual developmen talstability of an 

organism. 

 

5.     Сonclusion 

 

 Q. longipes oak species can be used in biomonitoring as a phytoindicator based 

on using as an indicative test the morphometric signs of leaves in the studied 

region of Azerbaijan. 

 A concrete change range of the bilateral difference, which is a test indicator of 

the morphometric sign's fluctuating asymmetry of the leaves of Q. longipesis 

determined. In ecological optimum, it can range from 0.1437 to 0.1923. 

 If the absolute average value of the bilateral difference of Q. longipes plant 

leaves exceeds the limit of 0.1923, it is possible to make preliminary forecasts 

about the unfavorable or contamination of the studied environment. 
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