
7Allometric models for estimating the leaf area of lisianthus (Eustoma grandiflorum) using...

Rev. Ceres, Viçosa, v. 69, n.1, p. 007-012, jan/feb, 2022

ABSTRACT

Submitted on December 10th, 2020 and accepted on March 23th, 2021.
1 Universidade Federal de Viçosa, Departamento de Agronomia, Viçosa, Minas Gerais, Brazil. toshik.silva@ufv.br; marlon.dias@ufv.br; jgrossi@ufv.br; jgeraldo@ufv.br
2   Universidade Federal da Paraíba, Departamento de Fitotecnia e Ciências Ambientais, Areia, Paraíba, Brazil. j.everthon@hotmail.com.

*Corresponding author: toshik.silva@ufv.br

Allometric models for estimating the leaf area of lisianthus
(Eustoma grandiflorum) using a non-destructive method

Lisianthus (Eustoma grandiflorum) is a cut flower grown due to the wide diversity of colors and longevity in the
post-harvest. The leaf area measurement is fundamental in plants because the leaves are directly related to several
processes such as transpiration, radiation interception and CO

2
 fixation that enable the plant to grow. The objective of

the work was to determine an allometric equation for estimating the leaf area of lisianthus from linear dimensions. 200
leaves were collected and the leaf length (L), leaf width (W), product between length and width (LW) and real leaf area
(LA) were measured. The criteria for determining the best model were the highest determination coefficient (R2),
Willmott’s concordance index (d), lowest Akaike information criterion (AIC), root mean square error (RMSE) and BIAS
index closest to zero. The most suitable model for estimating the leaf area of lisianthus is the linear w = 1.387*LW.
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INTRODUCTION
Lisianthus [Eustoma grandiflorum (Raf.) Shinners] is

an ornamental plant appreciated for its delicate flowers.
Lisianthus is an annual herbaceous plant originating from
the pastures of the North American prairies, with height
varying between 15 to 60 cm, with bluish green leaves,
large flowers grow in a tapered form on straight stems
with their petals increasing in size (Castillo-González et
al., 2017). This plant is grown as a cut flower due to its
wide color palette and also because of its long post-harvest
life. It is also used as a plant for pots and flower beds in
gardens (Bertoldo et al., 2015).

Studies to evaluate the growth, development and
reproduction of plants are needed, due to economic
importance of this species. Among these studies, the leaf
area measurement is of fundamental importance, since the
leaves are directly related to processes such as
evapotranspiration, radiation interception and CO

2
 fixation

(Hernandez-Santana et al., 2017), as well as obtaining
several physiological variables, such as specific leaf area,

leaf area ratio, net photosynthesis rate, leaf area index
and leaf weight ratio, frequently used in plant growth
analysis (Maia et al., 2020).

The leaf area measurement can be performed directly
or indirectly, using destructive and non-destructive
methods (Mattos et al., 2020). Destructive methods, even
showing efficiency, limit the development of the plant
because it hinders the growth and the crop cycle, in
addition to requiring more labor (Schmildt et al., 2014).
The leaf area when measured by the direct and non-
destructive method, despite not presenting any difficulty,
depends on high cost equipment, while the indirect and
non-destructive methods allow successive evaluations
of the same plant by means of allometric equations, which
are adjusted using the linear dimensions of the leaves,
providing speed and precision in the evaluations (Toebe
et al., 2012).

The statistical modeling obtained by allometric leaf
equations has been widely used in other cultivated
species, such as Mucuna cinerea (Cargnelutti et al.,
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2012b), Canavalia ensiformis (Toebe et al., 2012),
Passiflora edulis (Morgado et al., 2013), Coffea arabica
(Schmildt et al., 2014), Ananas comosus (Francisco et al.,
2014), Fragaria x ananassa (Zeist et  al.,  2014), Mangifera
indica (Silva et al., 2015), Macadamia integrifolia
(Schmildt et al., 2016), Glycine max (Souza et al., 2019),
Malpighia emarginata (Azevedo et al., 2019) and
Theobroma cacao (Schmildt et al., 2017). With this, the
objective of the work was to determine an allometric
equation for estimating the leaf area of lisianthus from
linear dimensions.

MATERIAL  AND METHODS
The research was carried out in the Unidade de Ensi-

no, Pesquisa e Extensão – Floricultura, at the Universida-
de Federal de Viçosa, Minas Gerais, Brazil. 20 leaves of

different sizes were collected from 10 plants, totaling 200
leaves (Schwab et al., 2014; Ribeiro et al., 2020). The leaves
had no deformities originating from external factors
(healthy leaves), such as pests or diseases.

The leaf length (L) and leaf width (W) (Figure 1) were
measured from images digitized on a flatbed scanner
(Epson Scan I365), added with a known scale. From these
data, the product of length and width (LW) was calculated.
The measurements of the real leaf area were performed
with the aid of the ImageJ® software (Powerful Image
Analysis), in which the images were contrasted to facilitate
the measurements (Ribeiro et al., 2018).

A descriptive analysis to obtain the maximum and
minimum values, mean, median, total amplitude, variance,
standard deviation, standard error, coefficient of variation
and coefficients of asymmetry and kurtosis was performed
from the data of leaf length (L), leaf width (W), product
(LW) and real leaf area (LA). Regression studies were
performed to choose the equation that satisfactorily
estimated the leaf area of lisanthus. The statistical models
were: linear, linear without intercept (0.0), quadratic, cubic,
power and exponential. The Y value was estimated for X,
whose values were those represented by length (L), width
(W) or product (LxW). The best equations were chosen
based on the highest determination coefficient (R2) and
Willmott’ s agreement index (d) (Willmott et al., 1981),
lowest Akaike information criterion (AIC) (Akaike, 1974)
and root mean square error (RMSE) (Janssen & Heuberger,
1995) and BIAS index closer to zero (Leite & Andrade,
2002). Statistical analyzes were performed using the R
software (R Core Team, 2020).

RESULTS AND DISCUSSION
The observed data had variation, where the minimum

and maximum values for leaf length (L) were 1.437 and
15.166 cm, with an average of 8.691 and 13.729 cm of am-
plitude. The leaf width (W) had values between 0.182 cm
and 10.433 cm, average of 4.500 cm and amplitude of 10.251

Figure 1: Maximum length (L) and width (W) of leaf of Eustoma
grandiflorum and used to estimate leaf area.

Table 1: Minimum, maximum, mean, median, standard deviation, standard error, and coefficient of variation (C.V.), asymmetry and
kurtosis for length (L), width (W), length by width (LxW) and leaf area (LA) of Eustoma grandiflorum leaves

Descriptive statistic L (cm) W (cm) LW  (cm²) LA (cm²)

Minimum   1.437   0.182       0.442       1.152
Maximum 15.166 10.433   142.337   189.733
Mean   8.6919   4.5004     45.0852     64.5842
Median   8.951   4.298     37.962     57.3925
Total amplitude 13.729 10.251   141.895   188.581
Variance 11.2238   4.3778 1023.111 1749.541
Standard deviation   3.3502   2.0923     31.9861     41.8275
Standard error   0.2369   0.1479       2.2618       2.9577
C.V. (%) 38.54 46.49     70.95     64.76
Asymmetry  -0.3547   0.2442       0.6765       0.4815
Kurtosis  -0.6341  -0.3501      -0.2418      -0.4107
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cm. The product of length and width (LW) varied from
0.442 to 142.337 cm², with 45.0852 cm² of average and am-
plitude of 141.895 cm² (Table 1). High standard deviations
related to the averages obtained can be attributed to the
varied sizes of leaf sizes (Silva et al., 2017).

The scatter plots between the pairs of variables L, W,
LW and LA showed different relationships between each
other, suggesting adjustments of linear and non-linear
models (Figure 2).

The leaf area varied from 1.152 to 189.733 cm², with a
higher percentage of leaves (22.5%) in the range between
40.01 and 60.00 cm² (Table 2). However, the area values
and their percentage were well distributed. This is due to
the fact that the lisianthus plant has different leaf sizes,
which is the analysis with accuracy and good data
distribution. The high amplitude values are important
because they represent the leaf area using statistical
models by regression analysis. When using regression
analysis to estimate the values of the independent variable,
the values used in the construction of the regression
equation should not be extrapolated as soon as the
requirements have been attended (Levine et al., 2012;
Schmildt et al., 2017).

The regression models relating leaf length (L), leaf
width (W) and their product (LxW) for the leaf area (LA)
were evaluated (Table 3). All models estimated the leaf
area of lisianthus with determination coefficients (R²)
above 0.8374, with BIAS between 3.4207 and -1.6038. This
indicates that 83.74% of the variation observed in the leaf
area of this species is explained by the proposed model
using linear dimensions of the leaves.

Equations highlighted with asterisk had an estimated
difference significantly different from zero (biased) for
lisianthus leaf area estimation (Figure 3). The linear model

Figure 2: Histograms between leaf length (L), leaf width (W), product of length and width (LW) and leaf area (LA) of Eustoma
grandiflorum leaves.

Table 2: Percentage distribution of the real leaf area (LA) Eustoma
grandiflorum leaves, in relation to different size ranges

LA (cm²) (%)

[1.01 - 20.00] 18.0
[20.01 - 40.00] 12.0
[40.01 - 60.00] 22.5
[60.01 - 80.00] 14.5
[80.01 - 100.00] 10.0
[100.01 - 130.00] 16.5
[130.01 - 160.00] 4.0
[160.01 - 190.00] 2.5
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without intercept, using the product between of length
and width (LxW) obtained the highest value of R² (0.9925)
and d (0.9967), in addition to the lowest value for RMSE
(4.786), value of AIC (1203.83) (Table 3). Thus, the equation
w = 1.387*LW constructed from this model is the most
suitable to estimate the area in a satisfactory way to that
of lisianthus, presenting the best adjustments. Similar
results were obtained in studies with Macadamia

Figure 3: Statistical analysis of the deviation of the estimated area from the observed area. Leaf area of Eustoma grandiflorum was
estimated using several models in which b0 and b1 were coefficients. Vertical bars = means; preads = 95% confidence intervals of the
difference; L =  length; W = width.

integrifolia (Schmildt et al., 2016) and Theobroma cacao
(Schmildt et al., 2017).

Low dispersion in relation to the adjustment curve
was observed, indicating that the models mentioned
satisfactorily estimate the real leaf area of lisianthus (Fi-
gure 2). The identified model is of great value for studies
involving plants, because through the knowledge on leaf
area it is possible to analyze the growth, development,

Figure 4: Relationship between real leaf area and length x width (A) and relationship between estimated leaf area and real leaf area (B).
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photosynthetic rates, in addition to studies on shading,
landscape capacity and ecology of the species which are
of great importance the studies of ornamental plants (Gao
et al., 2012).

The relationship between real leaf area and length x
width and the relationship between estimated leaf area
and real leaf area were measured (Figure 4A and B). The
estimated leaf area of lisianthus obtained by the model
(LA = 1.387*LW) allows a satisfactory proximity of the
real leaf area, since the coefficient of determination was
0.9818 (Figure 4B). With this, the use of accurate equations
for lisianthus leaf area estimation using leaf area
measurement and their comparison with real leaf area is a
methodology as efficient as the destructive methods. Si-
milar patterns were observed in Raphanus sativus L.
(Cargnelutti et al., 2012a), Brassica napus L. and Cajanus
cajan L. (Cargnelutti et al., 2015a e 2015b). As in Solanum
melongena, the models that used the product of length
and width were better in estimating the leaf area than those
that used the two measures separately (Hinnah et al., 2014).

CONCLUSIONS
The leaf area of lisianthus can be estimated satisfacto-

rily by a non-destructive method that uses linear
measurements of leaves. Many models presented values
adjusted to the parameters, but the most adequate to
estimate the leaf area of lisianthus was w = 1.387*LW.
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