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A b s t r a c t  
 

Morphological study of foliage in fruit crops are mainly conducted to study photosynthetic 
activity as related to leaf area. Currently, there are different methods to determine this parameter 
with varying accuracy. In the paper, we first compared the accuracy of assessing leaf area in pear by 
two methods based on a relationship between the leaf size (S) and its linear dimensions, the length 
(L) and the width (W). These ways were the use of a conversion factor (correction coefficient) 
and the regression analysis. The following 10 pear genotypes of different ripening were involved to 
measure the leaf linear parameters: Pirus communis L. — varieties Beurre Giffard, Vega (early rip-
ening); varieties Williams, Chernomorskaya Yantarnaya (summer ripening); Beurre Bosk, Rassvet, 
hybrid ¹ 8520, Nart; Pirus serotina Rehd. — varieties Kilchu and Choo-chen-sok (autumn ripen-
ing). The correction by means of conversion factor was based on a similarity of the investigated leaf 
shape to relevant geometrical figure. Under this model, the leaf area calculation as S = 0.69 ½ (LW) 
was the most exact. This formula allows us to fast and exactly estimate the intact leaf size in pear 
trees and in other fruit crops with the same leaf shape to determine its changes throughout long 
time without destruction. Under the regression analysis procedure, the independent variables were 
L, W, L2, W2, and LW. Of these, the latter (LW) was optimum, resulting in a linear regression equa-
tion Y = 0,922581 + 0,660898 ½ (LW) based on which the MS Excel 7.0 program has been devel-
oped. This program allows us to find the sum of leaf areas or to determine an individual leaf area. 
Additionally, we found the indicators of leaf size and shape, and the averages for the sample, and al-
so suggested graphics displaying leaf area. The scale for estimation was developed as a nomogram. 
Radial diagram with the special scale marked as area units against L and W units was also offered to 
simplify extensive research when more than 50-100 estimations required. Thus, due to close positive 
correlation between leaf linear dimensions and area, it is possible to practically apply conversion fac-
tor and regression equations, including developed nomogram and radial diagram, for calculation of 
leaf areas with the minimum error under natural conditions. The developed models may be helpful 
to measure area of oval, ovoid and unlobed leaves in southern fruit crops (e.g. apple, pear, cherry, 
plum), subtropical crops (citrus, feijoa, persimmon, tea), and ornamental wood bushes and grassy 
plants used for landscape gardening. Computerized technology promotes acceleration and simplifica-
tion of the calculations. 
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The investigation of morphological features of the plant, their variability 
and varietal stability allows obtaining detailed information about the genotype as 
a whole and its interaction with the environment. The correlation between 
productivity and the varietal resistance to the main stress factors is unquestiona-
ble, but it is influenced by other factors, primarily the activity and the nature of 
the assimilation apparatus. 

A leaf is an organ of a higher plant, functionally designed for photosyn-
thesis, transpiration and gas exchange. Providing the plant with plastic substanc-
es and participating in the continuous transport of substances along conductive 
structures, it plays a multi-functional role in supporting the vital activity, devel-
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opment and adaptation of the plant organism. Among other vegetative organs of 
the plant, the leaf is the structure most active in the metabolic relation and with 
diverse morphology [1-3]. Morphological examination of the leaf apparatus of 
fruit crops is carried out mainly in connection with the study of photosynthetic 
activity, with one of the metric indices being used, i.e. the area of the leaf blade 
[4]. Modern computer technology and statistical methods allow to increase the 
accuracy of the analysis and reveal patterns that could not have been detected 
earlier due to serious inaccuracy.  

Currently, experience has been accumulated in the application of meth-
ods which, with varying degrees of accuracy, make it possible to determine the 
leaf area, such as weight method, planimetric method, method of standards, de-
termination of the area by the specific weight of leaf cutouts, electrographic 
powder method. Such developments have several significant drawbacks. They are 
either labour-intensive and inefficient, or their use is associated with the separa-
tion of leaves from the plant and the inability to follow-up them. Therefore, 
more attention is paid to the mathematical method of calculating leaf area by its 
linear dimensions. Several methods for measuring the area of leaves have been 
described. Their common advantage consists in deducing on the basis of regression 
mathematically grounded leaf area formulas for different species and varieties of 
crops during mass determinations [5-8]. N.Ph. Konyaev applied the linear regres-
sion method which allows deriving leaf area formulas for various vegetable crops 
[9]. The disadvantage of this method is that, if the formulas drawn based on the 
length and width or just the length of the leaf are equal, the individual deviations 
of the area are larger in the cases where the formula is drawn based on just the 
length of the leaf and lesser when it is drawn based on the length and width. To 
improve accuracy, it is advisable to derive formulas for each variety separately.  

V.Ya. Volkov and N.Ph. Selevtsev proposed a series of three mathemati-
cal models for determining the area of cucumber leaves based on their length 
and width at different stages of growth [10]. The length of the leaf in this case is 
the length of the line of the segment (part) of the leaf blade pattern from the tip 
to the point perpendicular to the intersection with the line of the pattern along 
the width of the blade, closer to the leaf petiole. The method is applicable only 
to the specific shape of the leaf blade, taking into account its growth characteris-
tics. N.S. Robbins и D.M. Pharr applied the multiple regression method, taking 
into account the characteristics of growth and growing conditions [11]. The 
length of the cucumber leaf was measured from the tip to the end point of the 
central vein. However, in this case it is required to derive an individual formula 
for each variety not only based on the genotype characteristics, but also consid-
ering the growth conditions.  

A method for determining the area of a strawberry leaf was developed 
using a special scale based on the methods of variational statistics [12]. Its ad-
vantage consists in revealing the correlation between the leaf area defined by the 
planimeter and its parameters. This correlation is expressed by an equation and 
is used to calculate the area of the strawberry leaf along the central vein, and al-
so to obtain a scale for practical use. The disadvantage of the method is that for 
calculating the error of estimate not more than 5 %, it is required to calculate 
the leaf area in the range from 15 to 220 cm2. 

In this paper, for the first time we used two methods for estimating the 
area of the leaf surface for the pear crop, such as based on the scaling ratio and 
by means of regression equations relating the leaf area with its linear dimensions 
(length and width).  

The objective of the study is to determine the correction factor and ob-
tain a regression model for calculating the leaf area without separating it from 
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the plant in different pear varieties with a minimum possible error. 
Techniques. Investigations were carried out at the collection site (planted 

in 1998) of the All-Russian Research Institute of Floriculture and Subtropical 
Crops in 2001-2004. The leaf biometric parameters were studied on 10 varieties 
of pear of different maturation periods: Pirus communis L. — Beurré Giffard, Ve-
ga (early summer ripening); Williams, Chernomorskaya Yantarnaya (summer 
ripening); Beurré Bosk, Rassvet, hybrid ¹ 8520, Nart; Pirus serotina Rehd. — 
Kilchu and Choo-chen-sok (autumn ripening). Leaves were taken from the mid-
dle part of the crown for each variety, 10 pcs. each in 3 replicates [14]. Each 
leaf was measured using a ruler along the central vein and width at the widest 
position, the leaf area was determined by planimetry using palettes (15½10 cm 
film plates with 0.5 cm2 squares drawn). 

Data on the length and width of the leaf blade was used to determine the 
conversion factor and calculate the area based on the methods of variation statis-
tics [15-22]. The relationship between the actual area of the leaf and its parame-
ters was expressed with an equation used for the theoretical calculation of the 
area of the pear leaf. When constructing the regression model, the following pa-
rameters were used as regressors: length (L), square length (L2), width (W), 
square width (W2) and LW.  

The data processing was performed by the correlation analysis and re-
gression analysis, descriptive statistics, using the Statistica for Windows 5.5 [23] 
software package and Microsoft Excel 7.0.  

Results. The method for determining the area of the leaf using the esti-
mated coefficient is based on the correlation between the shape of the leaf (as an 
indicator of the genotype feature) and a geometrical figure describing it (ellipti-
cal, narrow or back-ovoid, oval, round, lancet-shaped) [24, 25]. The variety of 
shapes of leaf blades suggests a wide variation in the choice of linear dimensions. 
In most cases, two indicators are used, such as the length and the width, which 
have a high correlation (0.98) with the area of the leaf surface [26]. Having de-
termined the shape of the figure which fits the leaf, one can calculate the coeffi-
cient between its actual area, measured by the direct (planimetrical) method, 
and the area of the figure [27-29].  

The coefficient is defined as the ratio of the actual area to the area of 
the rectangle with x and y sides: 

К = S/L½W, (1) 

where K is the coefficient (dimensionless quantity), L is leaf length (cm), W is the 
leaf width (cm), S is the leaf area (cm2) determined by a direct method. 

To simplify the coefficient calculation, one can calculate it by the length 
or width: 

К = S/L2, (2) 
К = S/W2. (3) 

The method of the calculated coefficient does not require complicated 
computer equipment, it can be easily used in the field. In addition, long-term 
observations are feasible in this case, for example, to determine changes in the 
leaf area during plant development from the initial stages to its dieback. 

Using the formulas (1), (2), (3), we determined three variants of the es-
timated coefficient, i.e. К1, К2, К3. For each of them, three samples of 100 val-
ues were obtained, which were subjected to statistical processing with the calcu-
lation of the mean (X) and the coefficient of variation (Cv, %), which varied 
from 1.18 (for K1) to 2.57 (for K2). The smaller was the coefficient of variation, 
the smaller were the deviations of each value of the sample from the calculated 
mean. The analysis showed a slight difference (0.11-0.65 %) when applying for-
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mulas with the estimated coefficient for different varieties. With calculations us-
ing one formula in 10 pear varieties, the minimum error was 0.1 %. The most 
accurate way to determine the area of pear leaves using the estimated coefficients 
is to calculate it based on LW using the following formula: S = 0,69 ½ (LW). This 
formula can be used to quickly calculate the area of leaves of pear and other 
fruit crops with a similar shape of the leaf blade. The proposed method allows to 
observe the changes in the leaf area over a long period and determine the photo-
synthesis rate (the amount of organic matter accumulated by leaves over a cer-
tain period of time). 

The search for an optimal mathematical model by variational statistics 
methods for the theoretical determination of the leaf area was carried out by lin-
ear and multiple regression analysis. The tests showed that for different pear va-
rieties the inclusion of the width in the regression model provided a more accu-
rate calculation of the leaf area (R2 = 0.98). A similar method of estimating the 
area of a leaf is required to study the relationship between the area of the leaf 
blade and the growth of the plant. The area of one leaf or multiple leaves of one 
plant, calculated using the formulas, can exactly match or slightly or substantial-
ly deviate from the values obtained with a planimeter. This is explained by indi-
vidual plant differences and age-related changes in the leaf shape. The closer the 
points are relative to the line of the regression curve, the lesser are the deviations 
from the actual area.  

The formulas can be drawn both from the length and width measure-
ments and the measurement of just the length of the leaf. Based on their 
equivalence and accuracy, the individual deviations of the area in our tests 
turned out to be greater when the formula was derived from the length of the 
leaf and lesser - from the length and width. It was reasonable to derive formu-
las for each variety separately, because cross replacement of formulas for dif-
ferent varieties decreased the accuracy of determining the area. If a minimum 
error was observed for calculating the area of a leaf using one formula for sev-
eral varieties, then this formula could be considered a common one for the 
pear crop. The analysis of the obtained data established a close positive corre-
lation between the parameters of the length, width and area of the leaf blade, 
which allowed to calculate the equations of the linear and curvelinear (para-
bolic) regression of the leaf area of the pear.  

The selection model needed a balance between the accuracy of calculation 
and a variability factor (the smallest number of variables needed for the calcula-
tion). Having estimated the determination coefficient (R2), Fisher's F-test, the 
mean square error (mS) for each regression calculation, we found several equa-
tions suitable for calculating the area of the pear leaf (see Table). After step-by-
step selection, the most accurate was the following equation: Y = 6.613161 
 0.272064 ½ (LW) + 4.9738 ½ W (R2 = 97.91) at p < 0.01.  

The equation Y = 0.922581 + 0.660898 ½ (LW) was less accurate 
(R2 = 97.13 %), but since the correlation coefficient between the area and the 
product of the length of the leaf and its width turned out to be high (r = 98.5), we 
applied this mathematical model of linear regression.   

Regression models describing the dependence of the leaf area on its length and width 
in pear varieties 

Model R2 mS F 
Length-based model: 
Y = 32.7338 + 6.89464 ½ L 87.21 59.4 191.01 
Width-based model: 
Y = 11.565 + 8.37592 ½ W 97.54 66.44 1111.15 
Model based on the product of length and width: 
Y = 0.922581 + 0.660898 ½ (LW) 97.13 66.16 950.95 
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Table (continued) 

Model based on the square length and width: 
Y = 4.87168 + 0.426423 ½ L2 87.67 59.72 199.15 
Y = 5.65063 + 1.01831 ½ W2 98.13 66.84 1473.21 
Model based only on the length and its square: 
Y = 434.525  108.44 ½ L + 7.1152 ½ (L2) 91.16 41.05 139.22 
Model based on the length, width, their squares: 
Y = 6.613161  0.272064 ½ (LW) + 4.9738 ½ W 97.91 33.34 632.81 
Y = 267.743 + 4.32894 ½ L2  68.7042 ½ L + 6.70968 ½ W 99.09 22.15 940.88 
Y = 271.486 + 0.773545½ (LW) + 4.01169½L2  66.374½L 98.89 22.45 775.85 
Y = 55,3646 ½ W2 + 0.286783 ½ (LW)  39.9336 ½ W + 21.5484 ½ L  1.36161 ½ L2 99.99 3148.99 140398.98 
Y = 66.3173  0.557339 ½ L + 0.286783 ½ (LW)  28.8807 ½ W + 4.15485 ½ W2 99.17 16.89 752.95 
N o t e. Y — the area, L — length, W — width; R2 — the determination coefficient; mS — mean sum of squares 
of the regression; F — the value of the Fisher test. 

 

The analysis of the diagrams (Fig.) and summing of the obtained data 
showed that regression models with a single LW measurement can serve to accu-
rately calculate the leaf area in different pear varieties. 

 

 

Diagrams representing the equations of linear (A) and multiple (B) regression for models of calculat-
ing the area of a pear leaf based on its length (L) and width (W).  

 

The values of Fisher's F-test derived from the analysis of variance, indicate 
that the deviation from linearity was due to random selective variation and the ze-
ro hypothesis about the absence of a linear relationship was rejected. As Ff > Fst, 
there was a significant difference between varieties at 1.0 %. All models were sta-
tistically significant (p < 0.01), the significance level for the interaction of traits 
was 99.0 %. Based on the resulting regression equation, we developed a program 
for calculating the leaf area in MS Excel 7.0. The method we proposed for calcu-
lating the area of pear leaves makes it possible to construct a scale by calibrating it 
in units of area. To accomplish this, the equation obtained must be solved with re-
spect to L and W. Applying over the scale a pear leaf along its length with adjust-
ment for its width, we derive the leaf area. To speed up and simplify the procedure 
with 50-100 measurements taken, a radial diagram can be built. The arcs are 
drawn over the diagram through each 1 cm of the leaf length. To determine the 
area, one should attach a leaf with the central vein to the start of the diagram (0 
point) and, having determined the length, adjust for the width (or, using the bio-
metric data previously obtained, calculate the area by the diagram).  

The developed methods can be used to determine the area of oval, 
ovoid and non-dissected leaves in southern fruit crops (apple, pear, cherry, 
plum) and subtropical crops (citrus, feijoa, persimmon, tea), woody, shrubby 
and herbaceous plants. 

Therefore, the most accurate way to determine the area of the pear 
leaves is a calculation based on a single measurement of the LW. A close posi-
tive relation between the length and width of the leaf blade makes it possible to 
accurately calculate in the field the leaf areas for different pear varieties using 
the methods of the estimated coefficient, regression equation, nomogram and 
radial diagram with a minimum error. Computer technology allows to speed up 
and simplify these calculations. 
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