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Abstract: The objective of this study was to adjust mathematical equations that accurately and non-destructively estimate the
growth of pods and seeds of pigeon pea cultivar Fava Larga from the average length and width. For this, the maximum width (W),
maximum length (L), and observed mass (OM) of pods and seeds were measured. Linear models of the first degree, quadratic,
power, and exponential were adjusted based on the value of 400 pods and 1938 seeds, in which the OM was used as a dependent
variable as a function of L and W as independent variables. For the validation of the models, the root means square of the error
was calculated from all equations. Thus, in the estimation of the growth in mg of the pods and seeds of the 'Fava Larga' pigeon
pea, the quadratic model equations represented by y = 594.4094—1964.9471W + 2224.2070W? and y = 24.3003 —
221.91271W + 617.3084W?, respectively, obtained using the width.
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Adherence to the BJEDIS’ scope: This work is based on the statistical analysis of a sample of pigeon pea pods and seeds,
which through mathematical modeling allows the adjustment of equations that accurately and non-destructively estimates their
growth.
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1. INTRODUCTION

Pigeon pea or pigeon pea (Cajanus cajan (L.) Millspaugh) is characteristic of being an erect and shrubby plant. The
species features a pair of trifoliate leaves with lanceolate or elliptical leaflets 4 to 10 cm in length. The flowers appear
in terminal racemes 1.5 to 1.8 cm long, yellow or orange-yellow. The indehiscent pods of green, brown or purple, or
even green flecked with brown, oblong. The seeds are presented between two and nine per pod, depending on the
development and nutritional characteristics that can directly influence, of round shape, green or purple color when
immature and white, yellow, brown to black when mature, being able to show light colors speckled with brown and
purple (1, 2).

Pigeon pea is a drought-tolerant subsistence crop grown under rainfed conditions in the semi-arid tropics, including
Asia, Africa and the Caribbean (3). The grains have a high protein content and are used after cooking in human food
in arid and semi-arid regions, highlighting their nutritional, medicinal and functional properties (4). In addition, the
whole plant has several bioactive flavonoids, stilbenoids and coumarins, with antioxidant and anti-inflammatory
properties, being traditionally used in folk medicine and with cosmetic/cosmeceutical potential (5). In Brazil, pigeon
pea is considered an unconventional food plant, widely cultivated in family farming (6), recommended for animal feed,
as a cutting plant, silage or pasture; human food, such as dried grains or green vegetables; recovery of degraded
pasture areas; and as a forage alternative for areas with scarce rainfall (7).

Research aimed at the development of mathematical models that allow estimating the volume and mass of fruits (8,
9) and mathematical equations for the estimation of leaf area (10) have been developed because through equations
generated with the measurements of the length, width or combination of these variables, it allows to estimate
accurately and with low cost, the growth of the studied species (11). Such mathematical equations for estimation of
attributes of plants were developed in search of an easy and quick method to be executed and for being non-
destructive.

These methods are useful both for small populations of plants, and in experiments with plants conducted in pots, and
are important for being easily adapted to use in the field. Modeling and simulation have heuristic value, helping the
researcher to formulate hypotheses about relevant processes and interactions, to quantify the impact of simple
variables on system performance, and to suggest new needs for experimentation (12).

Thus, the objective of this study was to adjust mathematical model equations that accurately and non-destructively
estimate the growth of pods and seeds of pigeon pea cultivar Fava Larga from the average length and width.

2. MATERIALS AND METHOD

To estimate the growth of pods and seeds of pigeon pea (Cajanus cajan (L.) Millspaugh) cultivar Fava Larga, 400
green pods were used, each containing 5 seeds, used for validation, collected from different plants with the same
stage of development belonging to the Instituto Capixaba for Research, Technical Assistance and Rural Extension,
located in the municipality of Linhares, North of the State of Espirito Santo, Brazil, with geographic coordinates 19°
25' 03” South latitude and 40° 04' 50 ” West longitude. The climate is Aw according to the Képpen classification, being
a humid tropical climate with dry winter and the soil is classified as fulvic neosol. The results of the soil analysis can
be seen in table 1.

Table 1. Result of the chemical analysis of the soil in the experimental area.

Parameter analyzed Extractor Quantity
P (mg dmd) Mehlich: HCI 0.05 mol L + H2S04 0.025 mol L 152
K (mg dmd) Mehlich: HCI 0.05 mol L + H2SO4 0.025 mol L* 230
S (mg dm3) Ca(H2P04)2 0.01 mol L 2,1
Ca (cmolc dm3) KCI 1 mol L 7,5
Mg (cmolc dm3) KCI 1 mol L? 1,7
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Al (cmolc dm™3) KCI 1 mol L 0

H+Al (cmolc dm™3) SMP Buffer Solution 1,5

pH in H20 pH in H20 1:2.5 7
Organic matter (dag kg™?) Oxidation: Na2Cr207 2H20 + 4 mol L-1 H2SO4 10 mol L™ 2,4
Fe (mg dm?®) Mehlich: HCI 0.05 mol Lt + H2S04 0.025 mol L 68

Zn (mg dm?) Mehlich: HCI 0.05 mol L! + H2S04 0.025 mol L™ 8,4

Cu (mg dm3) Mehlich: HCI 0.05 mol Lt + H2S04 0.025 mol L* 3,8

Mn (mg dm?3) Mehlich: HCI 0.05 mol Lt + H2S04 0.025 mol L 93
Bo (mg dm?) BaCl» 2H20 0.125% 0,46

Sum of Bases (cmolc dmS) 10
CTC at pH 7.0 (cmolc dm™) 11,5
base saturation (%) 86,9

In the laboratory, using a 150 mm Digital Caliper and a Shimadzu BL 320h Semi-Analytical Scale, the maximum width
(W, in cm), maximum length (L, in cm) and observed mass (OM, in mg) (Figure 1), of the pods and seeds contained
in each pod. For each of the measured characteristics, descriptive statistics were determined, obtaining the minimum,
maximum, mean, amplitude, standard deviation and coefficient of variation.

Equations were adjusted based on the value of 400 pods and 1938 seeds, in which OM was used as a dependent
variable (y) in function of W and L as independent variables (x) The models linear first degree linear represented by
v = Bo+ Bix, quadratic_represented by y = B, + B.x + B,x2, power represented by y = Boxﬁl and exponential
represented by y = B,eP1*. In this way, eight were adjusted for each of the characteristics, and its determination
coefficient (R2) was also obtained according to Kvalseth (13).

n _ 2
The root mean square error (RMSE) was calculated from all equations by the expression: RMSE = /Z‘:1(E+OV) ,

where, EV are the estimated values of pod and seed mass by the equations; OV are the observed values of pod and
seed mass; n is the number of pod and seed used in the validation. The best equation is defined as the a that presents
the smallest error in the estimation represented by the smallest RMSE values.

For statistical analyses, the R software (14) was used, with the aid of the ExpDes.pt data package version 1.2 (15).

3. RESULTS AND DISCUSSION

Data from descriptive statistics of pods and seeds of Cajanus cajan (L.) Millspaugh 'Fava Larga' used for growth
modeling is shown in Table 2. It is noted that there was a high amplitude of samples with values higher than the
averages obtained for all variables under study. This shows that in the adjustment of the model, they had from the
lowest values to the highest values for both pods and seeds. This finding can also be proven by the high values of
the coefficient of variation (CV) higher than 27% for all characteristics (16). This high variation ensures that, in the
adjustment of the models, there are small, medium, and large pods and seeds, which makes it possible to use the
adjusted models at different stages of crop development, allowing their use during the crop cycle, always respecting
the intervals of the values used in the modeling (17).
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Table 2. Minimum, maximum, average, total amplitude (TA), standard deviation (SD) and coefficient of variation (CV)
of length (L), width (W) and observed mass (OM) of pods and seeds of Cajanus cajan (L.) Millspaugh 'Fava Larga'
used in growth modeling

Variable Unit Minimum Maximum Average TA SD CV(%)
400 pods

L cm 2.0500 8.7600 6.1785 6.7100 1.6743 27.10

w cm 0.2800 1.5800 1.0115 1.3000 0.4180 41.33
OM mg 45,0000 3610.0000 1270.2275 3565.0000 1083.1565 85.27

1938 seeds

L cm 0.0500 1.1100 0.5554 1.0500 0.2578 46.42

w cm 0.0800 1.0300 0.4654 0.9500 0.2706 58.14
OM mg 1,0000 412.0000 99.9106 411.0000 113.1364 113.24

Figure 1 shows the scattering diagram of the mass of green and ripe pods about their length and width. Note that
there was a reduction in mass with the advancement of pod maturation. This fact is associated with the growth
pattern of the species that, when starting its maturation, ceases its growth and has a reduction in water content.
According to Passos (18), the reduction in moisture in the pod and pigeon pea seeds is associated with the point of
physiological maturation, where at this stage there is a significant reduction in moisture, thus, seeds from green
pods have a higher degree of moisture, while in mature seeds the reduction of the moisture content happens
because they have already reached the harvest time.
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Figure 1. Scatter diagram for the weight data of green pods during growth and mature pods of Cajanus cajan (L.)

Millspaugh 'Fava Larga' in function of pod length and width.
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In figure 2, it was found that for all models, the equations adjusted from the width, best explained the growth of pods,
thus, this variable is the most suitable. When individually analyzing the adjusted equations through the width, it can
be seen that the quadratic model presented a value of the coefficient of determination (R?) higher than the other
models studied and a smaller error in the estimation of the growth of the pods with lower values of the mean square
root of the error (RMSE). Thus, it is possible to say that this equation, in comparison with the others, is the one that
best minimizes the errors generated in the estimation, therefore, it becomes more accurate in predicting the mass of

pigeon pea pods.
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Figure 2. Growth curve of Cajanus cajan pods (L.) Millspaugh 'Fava Larga' for four statistical models with the
representation of the estimated equation, the coefficient of determination and the root mean square error. Left and
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right column refer to the length and width, respectively, of the pods, as explanatory variables.
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The eight equations adjusted to estimate the growth of pigeon pea seeds (Figure 3), five equations presented R?
greater than 0.90, which is indicative of a good relationship between the variables under study. However, it is noted
that the quadratic model equation adjusted from the width showed higher values of R? and was also considered more
appropriate when analyzing the possible errors generated by the equation in the estimation of the growth of the pods
since the RMSE value was the smallest in comparison with the others.
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Figure 3. Growth curve seed Cajanus cajan (L.) Millspaugh 'Fava Larga' for four statistical models with the
representation of the estimated equation, the coefficient of determination and the root mean square error. Left and
right column refer to seed length and width, respectively, as explanatory variables.

However, to estimate the growth in mg of 'Fava Larga' pigeon pea pods and seeds, the quadratic model equations
represented by y = 594.4994 — 1964.9471W + 2224.2070W? and y = 24.3003 —221.91271W + 617.3084W?
respectively, obtained using the width as an independent variable were more adequate because they were the ones
that presented lower values of RMSE when compared to the others, a characteristic that translates into less error in
the estimation of these variables, predicting more accurate values.
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It is worth mentioning that the determination of the ideal harvest point for the pod and seeds of pigeon pea is a
fundamental practice in the production system of this culture since this species can be used for various purposes
such as human food and diet. animal. For human consumption, the green pods and seeds that are not yet hardened
can be prepared like peas and/or processed in the form of preserves, the mature beans are softened and cooked like
common beans (Phaseolus vulgaris L.), in addition to being milled and used as flour, as for animal feed, as they
present a large number of proteins, the grains are ground and incorporated into rations, providing great nutritional
value (19).

Thus, the use of modeling can be an important tool in decision making about crop treatments, especially in practices
related to harvest (20, 21), therefore, it is possible to predict the mass of the pods in a non-destructive way, as the
evaluations can be made with simple equipment such as a ruler without the need to remove the pods from the plant.

CONCLUSION

The growth, in mass, of pods of 'Fava Larga' pigeonpea pods is best estimated by a quadratic model equation using
width as the explanatory variable, the same thing occurring with seed mass.

The equation that best estimates the growth of pods is y = 594.4994 — 1964.9471W + 2224.2070W?, being the width
(W) in cm and the mass in mg.

The equation that best estimates seed growth is y = 24.3003 — 221.91271W + 617.3084W?, where the width (W) is
in cm and the mass is in mg.
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