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ABSTRACT

The leaf is the most important photosynthetic organ of plants. It participates in
many physiological processes, working to intercept light and being responsible for
carbon retention. The shape of leaves and their size differ depending on several
factors. The parameters that determine the size of the leaf, such as leaf area, are
often used to measure the response of plants to different environmental conditions,
or to certain stressors. In this paper we wanted to identify the current level at
which the study of this parameter is. To conduct this study we used the search
engine "Google scholar". Following specific searches we obtained results that
helped us to conclude that the leaf area is a parameter of great importance in
various types of studies, and despite the fact that in the last 10 years the study on
this parameter has had much Researchers' interest in the development of foliar
area measurement methods, they can still be studied and optimized to obtain more
efficient, cheap and fast methods of determination.
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INTRODUCTION

The leaf is the most important photosynthetic organ of plants and is
involved in many physiological processes. During long-term evolution, plants have
developed different forms of leaves to allow them to survive and win fierce
interspecific competition in plant communities (Nicotra et al. 2011). The leaves of
the plants show great variations in shape, from an elliptical leaf to palmate leaves
(Shi et al. 2019a). The leaves work to intercept light and are responsible for fixing
carbon (Yang et al. 2009). The shape of the leaves is a specific morphological
feature of each plant species, and the ratio between the linear dimensions and the
surface of the leaves depends on the amount of indentations at the edge of the leaf
blade, among other factors (Pinto et al. 2008). Because plant species and even
cultivars within the same species have certain patterns of leaf morphology traits, it
appeared the necessity to generate specific models to estimate leaf area (Toebe et
al. 2019).

The area of the leaves is often used to measure plant growth, being directly
related to photosynthesis and sweating rate, among other physiological processes.
In this regard, Blanco & Folegatti (2005) pointed out that the leaf area is a key

219



BILC: Investigations on the use of leaf area in various comparative studies in plants

variable in studies of plant growth, photosynthetic efficiency, evapotranspiration
and fertilizer response, but also in measuring the response to irrigation. As stated in
Favarin et al. (2002), leaf area is used as an indicator of yield and may be useful for
technical evaluations of the crop, such as sowing density, irrigation, fertilization
and application of agrochemistry (Toebe et al. 2019). Direct or indirect methods
can be used to measure the leaf area of a particular crop. Among the indirect
methods, there are mathematical models that link the area of the leaves with the
linear dimensions of the leaves, such as length, width or product of both, these
models can be generated, validated and applied in different stages of plant
development and growth, are non-destructive, and have high precision and low
costs (Toebe et al. 2019). Different types of studies have been conducted to
generate models that allow the prediction of leaf area depending on leaf size, such
studies being performed on the leaves of several species, for example tomatoes
(Blanco & Folegatti, 2003), bedding plants (Giuffrida et al. 2011), pumpkin
(Cucurbita pepo L.) (Toebe et al. 2019), soybeans (Adami et al. 2008), cucumbers
(Cho et al. 2007), etc.

The area of the leaves is an important functional feature of the leaves and
is related to the length and width of the leaves. In the study of Shi et al. (2019a)
four types of representative leaf shapes (elliptical, sectoral, linear and triangular
shapes) were studied. The Montgomery parameter was derived from the estimation
range for each leaf type the value that should result (Shi et al 2019a). The results
obtained show the coefficient of proportionality of leaf area to the product of leaf
length and width varies only in a small range, maintaining the allometric
relationship for leaf area and thus suggesting the proportional relationship between
leaf area and leaf length product x width. The ratio between leaf length and width
generally remains stable during leaf evolution (Shi et al. 2019a). This
proportionality has been confirmed on different crops with different leaf shapes,
such as castor (Ricinus communis L.) (Palaniswamy & Gomez 1974), populations
of Parrotia subaequalis (HT Chang), two species of tulips with their hybrid,
species of Bambusoideae, Lauraceae species, Oleaceae species and 12 Rosaceae
species, where between 150-500 leaves were used for each population or for each
species (Shi et al. 2019a, Shi et al. 2019b). To measure the area of the leaf, various
methods of estimating it have been developed, by shooting, scanning or using other
devices that use measurement algorithms within a delimited contour. These
methods have been developed and adapted to various agricultural crops (Perksen,
2007, Erdogan, 2012). The differences that can be observed between the measured
leaf area and the predicted leaf area are statistically small enough, which makes
this model a cheap method of measuring the total green area in crop development
and growth studies. The leaf area can be easily estimated by measuring only the
length and width of the bean leaves. Calculation software, such as MS Excel or
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Libreoffice Calc., can be useful for calculating the leaf area using this model,
taking into account the measured data (Erdogan, 2012).

Knowing the values of the leaf area is useful in studies such as those that
examine the scaling relationships between leaf flammability and leaf size, thus
having the ability to determine which type of leaves are more flammable and have
a high potential to increase the spread of vegetation in the sclerophyll dry forest
(Murray et al. 2013). And in the case of studies that target the heat exchange
between the leaf and the ambient air, the values of the leaf area are also important
(Wright et al. 2017). The size of the leaves were on average larger in the equatorial
regions and smaller towards the poles. A quadratic regression appropriate to the
latitude explained 28% of the global variation, with almost identical trends in
single-leaf and compound-leaf species (Wright et al. 2017). Laboratory studies on
artificial leaves suggest that the thermal dynamics of the leaves is strongly
influenced by the size and two-dimensional shape of the leaves and the thickness of
the associated boundary layer. Therefore, warm environments are said to favor
selection for small, narrow or dry leaves. Empirical evidence from real leaves in
field conditions is rare and is traditionally based on point measurements that do not
capture the spatial variation of heat load (Leigh et al. 2017). In a similar way to the
size, the shape of the leaf can potentially affect heat transfer: the lamina of a leaf
with notched edges or lobes works like many small leaves, making them much
more suitable for hot areas, exposed to those that are less notched or an entire leaf
for an equivalent area. Despite the apparent benefit of indented leaves in
preventing excessively high leaf temperatures, there is little evidence that indented
leaf forms occur more frequently in warm environments than elsewhere (Moles et
al. 2014, Leigh et al. 2017). The process of calculating the transpiration rate uses
the temperature of the leaf from the contributions of the environment (radiation
load, air temperature, wind speed) and the properties of the leaf (leaf width,
thickness, spectral absorbance and thermal capacity, measured or estimated in the
study) (Leigh et al. 2017).

The use of shading nets helps to relieve the thermal stress of vegetable
crops. Active photosynthetic radiation and the temperature of the air, leaves and
roots decreased with increasing shade. Despite the increase in the leaf area of the
plants, there was an increased water content with the simulation of an increased
level of shade, which indicates a low water consumption. As the shade level
intensified, the total area of the plant's leaves, the area of the individual leaves and
the individual weight of the leaves increased, while the number of leaves per plant
and the specific weight of the leaves decreased. Morphological changes, such as
taller plants and thinner, larger leaves, have probably improved light capture in
shady conditions compared to unshaded plants. High levels of shade reduced leaf
temperature and excessive leaf perspiration, but led to reduced leaf photosynthesis.
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Thus, moderate shade levels (30% and 47%) were the most favorable for the
growth and functioning of bell pepper plants (Diaz-Pérez, 2013).

Increased risk of adverse effects caused by exposure to high temperatures,
intense solar radiation is as high as the exposure to air pollution. The increase in
this risk also occurs due to air pollution in the vicinity of high-capacity main roads
and beyond. Trees intercept air particles that are subsequently removed from the
crown by resuspension, rain, and leaf abscission (Freer-Smith et al. 2004, Nowak et
al. 2013). Using empirical estimates of deposition rate, these reports estimate the
total particles removed from trees (usually PMo) on a large-scale or a local scale
(Tong et al. 2015). Using deposition rates from the literature, it was calculated
whether vegetation walls can cause a 40% reduction for NO, and a 60% reduction
for PMyo (Pugh et al. 2012, Tong et al. 2015). Although the deposition behavior of
different particle sizes is well known in atmospheric science, this is usually ignored
or overlooked in the planning and design of green space to mitigate air pollution
(Tong et al. 2015).

Air pollution poses a serious threat to the health and quality of life of the
urban population, reducing the life expectancy of residents in heavily polluted
areas by more than a year (WHO, 2003), especially children and people with lung
and heart disease. Harmful particles (PM) in air pollution are mainly of
anthropogenic origin (Bosko et al. 2005) and comprise a mixture of heavy metals,
black carbon, polycyclic aromatic hydrocarbons and other substances suspended in
the atmosphere (Bell et al. 2011, Sabeg et al. 2012). A study conducted in
Shanghai, China, found that compared to external urban forests, PM concentrations
decreased by 9.1%, SO, by 5.3% and NO; by 2.6% at a distance of 50-100 m in a
forest (Yin et al. 2011, Sabg et al. 2012).

Biomonitoring of pollutants can be achieved by analysis of tree leaves and
bark, due to relatively small analyzes costs and because it is easy to collect plant
materials for analysis (Sawidis et al., 2011, Saebg et al., 2012; Ianovici et al, 2020).
Previous studies have revealed specific pathways with thick branches and a higher
ratio between the total leaf area and the cross-sectional areas of the stems (Sun et
al. 2006, Yang et al. 2009). Consistent with the model prediction, the individual
leaf area and the total leaf area, grow at a slower rate than the individual mass of a
leaf and the whole mass of the plant. While the content of food and free water
available, the unit mass of the leaves and the size of the leaves increases (Milla &
Reich 2007, Yang et al. 2009).

Also, the leaf area has various functions, just as important in trade, in terms
for the plants that are marketed. Plants such as Monstera deliciosa are put up for
sale only when at least one perforated leaf appears on them. In order to obtain this
type of leaf, studies have been performed in order to speed up this process (De
Lojo & Di Benendetto, 2014).
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MATERIAL AND METHODS

To get the results, we performed systematic searches using the search engine
"Google scholar". By using this search engine we had the opportunity to easily
access a verry big part of the literature. The results obtained were represented by
articles, theses, books and abstracts, from various disciplines and sources, some of
them accessible free of charge. By using this platform we had the certainty that the
materials underlying the study will be relevant to the academic environment.

To perform the searches we used the terms specific to the topic in English.
The first search was for the keyword "leaf size". We continued by choosing the
specific time interval for which we wanted to perform the search and then
unchecked the boxes related to the inclusion of mentions and patents to obtain only
the values related to the number of articles published on this topic. Next, for all
searches, we followed the number of articles published on those topics in the
period 2010-2020. The next step was to do a specific search with the keywords for
each year from the period 2010-2020, in order to assess the increase or decrease of
interest in publishing research or study articles on the literature.

In the next stage we performed a parallel search to identify the number of
items that involve the use of foliar area depending on the environment in which
they were made, urban or rural. Following the searches we wanted to make a
deeper subclassification of the use of the parameter depending on the environment
where it was used, but also the purpose of the study for which it was used. For each
search made between 2010-2020 we conducted searches using the same keywords
for the period 2000-2010, to see the evolution of interest in these topics over the
last 20 years. Thus, we obtained percentages of increasing or decreasing the
interest for the different topics, based on the increase or decrease of the number of
published articles.

All values were tabulated using MS Word, and the graphs made in the
paper were made using MS Excel.

RESULTS AND DISCUSSIONS

The problems of the last two decades have materialized in a large number
of studies on their understanding and solution. If we consider a particular case, the
studies in which the parameter “foliar area” is involved we can observe that it has a
special importance, as evidenced by the large number of studies in which it is used
(Table 1). If we perform a search by the parameter "leaf size" the results returned
by the search engine are mostly articles that study molecular biology, plant
physiology and genetic studies. Instead, if we perform a simple search by the key
words "leaf area" we will obtain several studies related to problems of
biomonitoring, bioaccumulation of compounds, climate change, pollution, but also
studies that analiyze the effects on agriculture, and the influence of factors such as
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light, temperature, humidity on plant development, the leaf area playing an
important role in this studies in understanding these problems.

TABLE 1. Number of items searched by using the keywords ”leaf size” and ”leaf area”

Obtained results
2000-2010 2010-2020
leaf size 1.480.000 1.420.000
leaf area 1.610.000 1.290.000

Table 1 shows that studies using the leaf area parameter are more
numerous in the period 2000-2010 compared to those related to its leaf size, but we
can also see that the number of studies targeting these parameters shows a slight
decline in the last two decades in the publication of articles. Carrying out more
specific searches, for determined periods (Fig. 1), in the interval 2010-03.06.2020,
the decrease of the interest in publishing articles that include the “leaf area”
parameter is highlighted. For the period 2010-2020, the highest number of
published articles was registered in 2012, more precisely 150.000 articles, and the
lowest value was registered in 2020, a number of 31.100 articles by the middle of
the year. If we take in consideration the year 2019 (64.900 results) to calculate a
percentage of the decrease of interest in terms of publishing articles on this topic,
we get a difference of 56,73%.

The studies of research and studies of review showed variations in the
interest of publishing articles involving the “leaf area” parameter (Table 2). In
2010, 115.000 research articles were published, much more compared to 2019,
when only 55.400 articles on this topic were published and much less in 2020 (only
39.700 articles published up to mid-year). While interest in research articles that
include this parameter has decreased, interest in publishing articles on the study of
literature that includes this parameter has remained relatively the same, with
approximately 63.800 articles published in 2010 compared to 2019 when they were
published, 50.100.

In total, in the period 2000-2010, 1.380.000 research articles were
published containing the parameter "leaf area", these values registering a slight
decrease in the last 10 years, respectively 2010-2020, the value of these published
articles being of approximately 1.330.000 items (Table 3). Even though research
articles show a slight decline of approximately 3,62%, the number of review
articles is increasing, in the last 10 years a number of approximately 1.100.000
articles have been published compared to 606.000 articles published in the period
2000- 2010.
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FIG. 1 Graph of the evolution of the publication of articles that include the parameter "leaf area" in the
period 2010-03.06.2020

TABLE 2. Values obtained for the differentiated search for articles that include the "leaf
area' parameter according to the type of article, ""leaf area research" or "leaf area review"

Obtained results
Year T
leaf area research leaf area review
2010 115.000 63.800
2011 120.000 69.600
2012 136.000 78.000
2013 129.000 81.100
2014 119.000 81.000
2015 108.000 77.500
2016 94.300 70.100
2017 92.100 73.700
2018 70.200 69.300
2019 55.400 50.100
03-06-2020 39.700 26.700

TABLE 3. Values of the number of articles published in the last two decades with the increase/decrease
ercentages recorded for each parameter (”-” - decrease , ,,”+” — increase)

Keywords Obtained results for the period Increase/decrease percentages
2000-2010 2010-03.06.2020

lleaf area 1.610.000 1.290.000 - 19,87%
lleaf area research 1.380.000 1.330.000 -3,62%

lleaf area review 606.000 1.100.000 +81,51%
lleaf area urban 168.000 204.000 +21,42%
lleaf area rural 131.000 115.000 -12,22%
lleaf area climate change 90.200 172.000 +90,68%
eaf area pollution 120.000 137.000 +14,16%
lleaf area pollution urban 30.600 31.300 +2.28%

eaf area pollution rural 20.700 17.700 - 14,50%

lleaf area climate change pollution 42.700 18.600 - 56,45%
leaf area biomonitoring 9.060 16.900 +86,53%
lleaf area biomonitoring urban 4.540 11.100 +144,49%
leaf area biomonitoring rural 2.430 5.650 +132,51%
eaf area measurement 281.000 461.000 +64,05%
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Despite the fact that there is a general decrease in the use of this parameter,
it seems that the leaf area it is still important in several types of studies where it is
associated with other different parameters.

For example, in the last 10 years, 204.000 articles have been made that
target this parameter in studies conducted in the urban environment. There was an
increase of 2,28% in the publication of articles related to the utility of foliar area in
the study of pollution in urban areas, being published 31.300 articles (Table 3).
Also, the “leaf area” parameter is important in biomonitoring studies made in urban
areas, therefore there is an increase of interest of about 144,49% in the last 10 years
compared to the last decade (Table 3).

The importance of this parameter in climate change monitoring studies
should not be ignored either. The studies that target the climate changes and use the
foliar area as an important parameter, recorded an increase of interest of
approximately 90,68% in the number of articles published in the last decade.

"Leaf area" is a parameter with great implications in pollution studies, this
being supported by the large number of articles published in this regard, namely
120.000 articles in the period 2000-2010, respectively 137.000 articles in the
period 2010-2020, registering an increase of approximately 14,16% (Table 3).

Most studies targeting the pollution in the rural area, in association with
the parameter "leaf area" have a decreasing trend. The only type of studies that
seemed to be growing are represented by those of biomonitoring in rural areas,
which show an increase in the number of published articles by approximately
132,51% (Table 3).

Of particular importance is the parameter "leaf area" in studies that
determine the concentrations of pollutants from various sources. There are
approximately 17.400 published articles aimed at the study of suspension particles,
using the leaf area. There are also 30.200 articles that study the influence and
effects of heavy metals on plants by determining their concentrations in plants, but
also the effects they have on plant development, the leaf number, leaf area and total
leaf area (Table 4 ).

TABLE 4. Values obtained for searches by different types of pollutants in the period 2000-2010 and for
the period 2010-2020

Search by polluting nature Obtained results for the period
2000-2010 2010-03.06.2020
leaf area particulate matter 19.300 17.800
lleaf area particulate matter research 20.700 17.400
lleaf area particulate matter review 19.000 17.800
lleaf area heavy metals 24.400 30.200
lleaf area heavy metals accumulation 22.200 18.000
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The “leaf area” parameter is also used in studies to identify the effects of
chemical elements and various compounds that can act on plants either naturally,
by their presence in the environment, or by artificial methods, introduced by man,
intentionally or accidentally. Such studies are conducted in order to understand the
environmental conditions necessary for plants to show optimal development. The
influence of these compounds can also be manifested on the productivity of the
plant or its resistance under stress conditions, these influences were associated with
the value of the parameter "leaf area".

In Table 5, we can see very high values of the number of published articles
regarding the association of the value of the leaf area with various elements. Of the
items searched in the list of this study, nitrogen was the most studied item, with
approximately 485.000 articles published in the last decade. Nitrogen receives
special attention due to its use in many combinations with other elements for
example potassium (K) or/and phosphorus (P) as a fertilizer (Ata-Ul-Karim et al.
2014). In areas with large populations, such as China, or with less fertile soils, the
environment is constrained by heavy grain production, so there is a need to know
the minimum and maximum thresholds that can be used to obtain good crops in the
future. Studies of this type have used the rate of increase in the value of the leaf
area to determine the optimal values, values that enhance the growth and
development of the plant and do not adversely affect the environment (Ata-Ul-
Karim et al. 2014). By performing the proportions and dilution curves of nitrogen
in accordance with the percentage of growth of the leaf area in different stages of
plant growth, it was possible to identify applicable values of the amount of nitrogen
needed per hectare of crop, but also of the influences that the content of water has
it in association with the percentages of fertilizers used for different plants
(Moosavi, 2012, Ata-Ul-Karim et al. 2014).

Sodium is the second most studied element in association with the leaf area
in our list of elements compiled (Table 5). For the association between these two
keywords we obtained 149.000 articles published in the last 10 years. This large
number of published articles is due to the interest for the influence of sodium (Na)
in osmolarity processes and related to the delay of plant senescence. To determine
the influence of Na, the values of the leaf area, the leaf size, as well as the water
content of the leaves after one month, respectively two after the treatment of the
culture with Na were compared. The results consisted in an expansion of the leaf
parameters due to osmoregulatory functions, observing effects on the delay of the
senescence process (Battie-Leclau et al. 2013).

Iron (Fe) is the element that occupies the third position in the search list
(Table 5), for their association with the parameter "leaf area" the search engine
returned 95.200 articles which were published in the last decade. This large number
of published articles is due to the fact that Fe is an essential microelement in plant

227



BILC: Investigations on the use of leaf area in various comparative studies in plants

growth. The effects of this and other microelements, such as manganese, have been
studied by reference to the leaf area under different light conditions (Matsoukis et
al. 2015). The activity of these microparticles resulted in an increase in plant
biomass and chlorophyll. For Arabidopsis thaliana, zerovalent iron nanoparticles
activated plasma H'-ATPase activity. The increase in ATPase activity caused a
decrease in apoplastic pH, an increase in leaf area, but also an increase in the
opening of the stomata opening (Kim et al. 2014).

Other metals have been studied due to the fact that there have been
consequences of changes in environmental conditions, for example in the study
"Pepper (Caspicum annum L.) how the culture is affected by the level of shading:
Microclimate, Plant growth, Gas exchange and The level of nutrient concentration
in the leaf ”, Diaz-Pérez (2013) evaluated the effects of shading level on
microclimate, plant growth, leaf gas exchange and mineral nutrient content of bell
pepper culture. Camelot, Lafayette, Sirius and Stiletto bell peppers were grown at
0%, 30%, 47%, 62% and 80% shading levels. As the shade level intensified, the
total area of the plant's leaves, the area of the individual leaves and the individual
weight of leaves increased, while the number of leaves per plant and the specific
weight of leaves decreased. In addition to the main observations of the study on
changes in leaf area under shading conditions, he also made observations on
changes adjacent to the variation of leaf area due to changes in lighting conditions.
For example, the values of chlorophyll index (CI), normalized with the specific
weight of leaves were related to the nitrogen concentration of leaf (N) and
increased with increasing shade. Concentrations of nitrogen (N), potassium (K),
calcium (Ca), magnesium (Mg), manganese (Mn), sulfur (S), aluminum (Al) and
boron (B) in the leaf increased with increasing levels of shading. Thus, following
the observations made and the values obtained Diaz-Pérez (2013) showed that
moderate levels of shading (30% and 47%) were the most favorable for the growth
and functioning of bell pepper plants (Diaz-Pérez, 2013).

Values not as high as those of nitrogen, sodium or iron, but also
considerable were obtained for elements such as uranium, barium and vanadium
(Table 5). For searches made by the phrase "leaf area uranium" we obtained 13.200
articles published in the period 2010-2020. The interest given to the study of this
element in association with the leaf area is due to the stressor effects it has alone or
in combination with cadmium (Table 5) (Horemans et al. 2011). Also, studies
aimed at the association between uranium and foliar area are biomonitoring studies
especially around uranium mining areas (Gier¢ et al. 2012).

Barium (Ba) is also an element that is studied in relation to the leaf area,
following the search made by combining these two keywords we obtained 10.500
results (Table 5). Barium is a toxic element for most plants, and to identify the
effect of Ba on plants, the growth parameters, the bioaccumulation of Ba and the
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concentration of macronutrients were followed after treatment with Ba. The main
symptoms of toxicity of this element are interventional chlorosis followed by the
appearance of necrotic spots in the leaf area (Monteiro et al. 2011).

TABLE 5. Table with values of the number of items found after searches by chemical elements

Chemical elements and various compounds Results obtained between 2010-03.06.2020

Nitrogen 485.000
Sodium 149.000

Iron 95.200

Silver 86.300

Copper 68.100

Potassium 55.700

Zinc 45.600

Magnesium 28.800

Cadmium 26.300

Nickel 24.000

Manganese 23.100

leaf Mercury 23.100
area Arsenic 19.500
Aluminium 19.200

Cobalt 18.500

P,0s 17.900

Titanium 17.800

Selenium 17.700

Chromium 17.700

Platinum 17.700

K,0 17.100

Uranium 13.200

Barium 10.500

Vanadium 10.300

Vanadium completes the list of searches (Table 5) in terms of chemical
elements in association with the leaf area, an association for which we obtained
10.300 articles published in the last decade. Vanadium is present in the soil as a
result of pollution with petrochemical waste, chemical pollution, but also pollution
resulting from road traffic. Contamination of plants with vanadium leads to
chlorosis, small plant size (roots, stems, shoots), but also smaller size of the leaf
area as the concentration of the element increases in the soil (Sanchez et al. 2014).

The importance of studying the parameter in agriculture should not be
ignored either. Interest in this field has increased in the last decade compared to the
previous decade. For the search "leaf area agriculture" we obtained 105.000 articles
for the period 2010-2020, with 4,5 more articles published than in the period 2000-
2010 (Table 6). Studies on the importance of foliar area for tests performed on crop
plants show an increase in the number of articles published in the last 10 years,
publishing 85.900 articles on this topic.
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TABLE 6. Number of articles with implications in agriculture published in the last 20 years
Keywords Obtained results
2000-2010 2010-03.06.2020

leaf area agriculture 22.900 105.000

leaf area crop plants 63.900 85.900

leaf area annual plants 207.000 253.000

leaf area biennial plants 16.700 17.300

leaf area perennial plants 41.600 20.400

From table 6 we can see that annual plants are more used for studies, for
the chosen period being published a number of 253.000 articles, much more
compared to the number of studies conducted on biennial or perennial plants,
where we obtained 17.300 articles after searching, respectively 20.400.

Studies in the field of agriculture are closely related to the relationship of
plants with fertilizers, environmental conditions (light, humidity, temperature,
etc.), the interaction between plants with them, but also the influence that these
factors have on plant growth and development.

Obtaining a fast and efficient method for determining the biophysical
parameters of crops is significantly important in agricultural and ecological
applications. By using the leaf area, the total green area of the crops can be
estimated. The methods that are based on estimating the value of the leaf area are
quite precise, cheap and often non-invasive methods (Li et al. 2015, Ianovici et al.
2015). Also, knowing this parameter (leaf area) is important for tests aimed at
carbon exchange and light absorption at the leaf level for different plants. The
differences obtained between the values given by the estimation model and the
values observed for the foliar area of the plants are very small, so this procedure
can be used to estimate as accurately as possible the total green area of the crop
plants (Erdogan, 2012).

In addition to crop plants, other plants for biomonitoring purposes are also
studied in association with the foliar area. From the list of plants searched (Table 7)
we can see that the largest number of published articles is for the genus Citrus
(33.500 articles).

The most studied crop species in association with the “leaf area” parameter
is Zea mays (24.700 articles), followed by Triticum aestivum with 19.700 published
articles. Oriza sativa and Hordeum vulgare are on the next positions in the top of
the most studied cereals chosen for searches with 18.900 published articles,
respectively 17.900 (Table 7).

The species of Phaseolus vulgaris, Nicotiana tabacum, Cucumis sativus,
Solanum lycopersicum, Gliciene max, Solanum tuberosum, Letuca sativa, Beta
vulgaris, Helianthus annuus and Brassica oleracea are relatively studied plants for
them obtaining values of the number of articles published in 2010-2020. , in the
range of 17.700 and 17.000 (Table 7).
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Species such as those of the genera Quercus, Tilia, along with Lemna,
Salix and Taraxacum officinale, along with other plants for use in biomonitoring
have returned, after the search associated with the leaf area, different values of the
number of published articles, values presented in Table 7.

TABLE 7. Values of the number of articles for different plant species published in the
period 2010-2020, in association with the leaf area parameter

Plant Obtained results between 2010-03.06.2020
Citrus 33.500
Quercus 28.300
Zea mays 24.700
Arabidopsis thaliana 20.100
Triticum aestivum 19.700
Oryza sativa 18.900
Acer 18.500
Fagus 18.400
Hordeum vulgare 17.900
Phaseolus vulgaris 17.700
Nicotiana tabacum 17.600
Cucumis sativus 17.400
Solanum lycopersicum 17.300
Glycine max 17.300
Solanum tuberosum 17.200
Lactuca sativa 17.100
Beta vulgaris 17.100
leaf Amaranthus 17.100
a(:ga Helianthus annuus 17.100
Gossypium 17.000
Brassica oleracea 17.000
Avena sativa 16.600
Tilia 16.200
Ocimum basilicum 16.100
Punica granatum 15.200
Solanum melongena 14.800
Coffea arabica 14.200
Lemna 13.400
Cucurbita pepo 12.400
Robinia pseudoacacia 12.400
Canabis sativa 12.100
Taraxacum officinale 11.200
Platanus 10.500
Salix alba 9.850
Aesculus 8.440
Hedera helix 6.320
Ambrosia artemisiifolia 4.300

Due to the large number of studies on plants in which the values of the
foliar area are of major importance, the need to optimize the methods for
determining their exact values have led to increased interest in this regard to the
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subject. Studies to optimize these methods were also carried out by Erdogan (2012)
in which he calculated the required determination constant R? to estimate as
accurately as possible the value of the leaf area for genotypes, other than Vicia
faba, grown in the Mediterranean climate, using the values of length and width
(Erdogan, 2012).

Not only the interest in foliar area measurement methods has increased but
also the interest in using this value in determining the influence that exogenous
factors have on plants. Thus, in the period 2000-2010, 281.000 articles were
published in this regard. In the next 10 years the number of articles published
increased by about 64,05% (Table 5), more precisely 461.000 articles were
published.

To measure the area of the leaf, various methods of estimating it have been
developed, by shooting, scanning or using other devices that use measurement
algorithms within a delimited contour. These methods have been developed and
adapted to various agricultural crops (Perksen, 2007). The differences that can be
observed between the measured leaf area and the predicted leaf area are statistically
small enough, which makes this model a cheap method of measuring the total
green area in crop development and growth studies. The leaf area can be easily
estimated by measuring only the length and width of the leaves (Erdogan, 2012). A
study of this kind was conducted by lanovici et al. (2015) to demonstrate that leaf
area and fractal size are sensitive parameters that can be used effectively for habitat
biomonitoring. Also, the study conducted on several species, presents methods for
measuring fast, cheap and non-invasive the leaf area (Ianovici et al. 2015).

CONCLUSION

The leaf area is a parameter with multiple valences and with a special
importance for conducting many studies. The need to determine the values of the
leaf area arose from the use of this parameter so intensely in studies on various
topics. Knowing the value of this parameter helps us to evaluate the condition of
the plant, the influence of exogenous factors on living conditions through the
effects they have on plants. Optimizing the already existing methods of measuring
the leaf area, but also the development of new algorithms and methods for
determining the values of the leaf area as accurate, cheap and fast are problems that
still need to be addressed. Due to the implications of the foliar area in studies in so
many fields, it shows us how important a single leaf of a plant is and how much
information it can give us about the general condition of the plant as a whole, the
environment in which it lives and the needs that the plant has.
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