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Frequentist and Bayesian inference for
gas exchanges of drip-irrigated bell pepper!

Fernando André Silva Santos?, Roberto Rezende?,
Gustavo Soares Wenneck?®, Danilo César Santi®, Reni Saath?

ABSTRACT

The water deficit or excess may cause undesirable
changes in yield and physiological aspects of irrigated crops.
Considering the analysis of experimental data, the use of classical
statistical methods may not be sufficient to detect morphological
and physiological effects resulting from the conditions
employed, being interesting the use of new procedures, such
as the Bayesian inference. This study aimed to evaluate the
gas exchanges in the bell pepper crop under irrigation depths
and different irrigation times, in a protected environment, by
applying the parametric and Bayesian methods. The experiment
was conducted in a completely randomized design, arranged in
a 5 x 2 factorial scheme, with five irrigation depths (60, 80, 100,
120 and 140 % of the crop evapotranspiration) and two irrigation
times (8 a.m. and 2 p.m.), with five replications. The stomatal
conductance, transpiration rate, photosynthetic rate, intrinsic
water-use efficiency, ratio between the photosynthetic rate and
the transpiration rate, and total dry matter were evaluated. The
gas exchanges were affected by water replacement depths, with
little interference from the irrigation times. The linear regression
models, according to the irrigation depths, for transpiration
rate, stomatal conductance and total dry matter were significant
for both the statistical methods, suggesting that the results are
similar and even coincident, especially when a priori information
are not provided in the Bayesian analysis. Differences in the
photosynthetic rate were observed only with the Bayesian
method, adjusting linear models according to the irrigation
depths, in both the irrigation times.

RESUMO

Inferéncia frequentista e bayesiana para
trocas gasosas de pimentdo irrigado por gotejamento

O déficit ou excesso de agua pode provocar alteragdes
indesejaveis na produgao e aspectos fisiologicos das culturas irrigadas.
Considerando-se a analise de dados experimentais, o emprego de
metodologias estatisticas classicas pode nao ser suficiente para
detectar efeitos morfologicos e fisiologicos resultantes das condi¢des
empregadas, sendo interessante a utilizagdo de novos procedimentos,
como a inferéncia bayesiana. Objetivou-se avaliar trocas gasosas
na cultura do pimentdo sob laminas de agua e diferentes horérios
de irrigacdo, em ambiente protegido, aplicando-se as metodologias
paramétrica e bayesiana. O experimento foi conduzido em
delineamento inteiramente casualizado, em esquema fatorial 5 x 2,
sendo cinco laminas (60, 80, 100, 120 e 140 % da evapotranspiragdo
da cultura) e dois horarios de irrigagdo (08 h e 14 h), com cinco
repeti¢des. Foram analisadas a condutancia estomatica, taxa
transpiratoria e fotossintética, eficiéncia intrinseca na utilizacao
de 4gua, razo entre a taxa fotossintética e a taxa transpiratoria, e
massa seca total. As trocas gasosas foram afetadas pelas laminas de
reposicao de dgua, com pouca interferéncia dos horarios de irrigacao.
Os modelos de regressao linear, em funcao das laminas de agua, para
taxa transpiratoria, condutancia estomatica e massa seca total foram
significativos para ambas as metodologias estatisticas, sugerindo
que os resultados sao semelhantes e até coincidentes, principalmente
quando ndo sdo fornecidas informagdes a priori na analise bayesiana.
Diferengas para a taxa fotossintética foram obtidas apenas com o
método bayesiano, ajustando-se modelos lineares em fung@o das
laminas de agua, em ambos os horarios de irrigacao.

KEYWORDS: Capsicum annum L., protected cultivation, micro
irrigation.

INTRODUCTION

Bell pepper (Capsicum annum L.) needs a
regular water supply in quantity and frequency to
obtain a high yield. In cultivation under protected

PALAVRAS-CHAVE: Capsicum annum L., cultivo protegido,
microirrigagao.

environment conditions, the water supply occurs by
irrigation, allowing the water control according to the
crop demand at each development stage (Carvalho et
al. 2011, Aladenola & Madramootoo 2014, Lorenzoni
et al. 2016, Silva et al. 2018a).
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Water availability affects the crop physiology
and yield. There is less aeration in the root zone and
leaching of nutrients in conditions of excess of water
availability. In contrast, in a deficit condition, there
is a reduction in the plant growth and physiological
metabolism (Silva et al. 2015). The evaluation
of physiological variables, such as gas exchange,
depending on the water availability, is relevant,
considering that studies related to bell pepper explore
the relationship between nutrition and gas exchange
(Lorenzoni et al. 2018). However, information
relating gas exchange and irrigation depths, for
bell pepper cultivated in a protected environment,
are limited. This relation deserves even a greater
emphasis, when considering that gas exchanges
encompass important physiological processes such
as transpiration, stomatal opening and closure, and
photosynthetic rate.

Generally, the classical statistical analysis
involving the application of parametric procedures
is sufficient to indicate differences between
experimental treatments; however, some response
variables may not be significant considering such
analysis, being possible to opt for the application of
new statistical methods that allow a better inference
about the variables analyzed, such as the Bayesian
one (Rossi & Santos 2014).

The Bayesian approach has been frequently
applied in several agronomic studies (Teodoro
et al. 2015, Silva et al. 2018b, Blind et al. 2020),
demonstrating more sensitivity to indicate differences
between treatments, when compared to other
parametric and non-parametric statistical methods
(Rossi & Gasparini 2012). The Bayesian statistics has
many advantages, including application in several
areas, from the simple comparison of averages to
the adjustment of breeding models, with lower
restrictions on frequent assumptions (Rossi 2011,
Rossi et al. 2016).

Considering that physiological changes,
mainly related to photosynthesis, have a direct
effect on the development and yield of bell peppers
(Lorenzoni et al. 2018), and that differences between
management conditions may not be detected by
classical data analysis methods, the adoption
of alternative approaches is justified, aiming at
obtaining results that subsidize an increase in the
productive efficiency of the crop. Thus, this study
aimed to evaluate the gas exchange in the bell
pepper crop under irrigation depths and times, in a

protected environment, by applying the parametric
and Bayesian methods.

MATERIAL AND METHODS

The experiment was conducted in a protected
environment, at the Universidade Estadual de
Maringa (23°25°S, 51°57°W and 542 m of altitude),
in Maringa, Parana state, Brazil, from May 13 to
September 10, 2015. The climate is classified as Cfa,
according to the Koppen classification, with average
annual precipitation of 1,500 mm, temperature of
21.1-22 °C, evapotranspiration of 1,000-1,100 mm
and solar radiation of 14.5-15 MJ m day! (Nitsche
etal. 2019). The temperature and relative air humidity
data (Figure 1) were collected by a meteorological
station installed inside the protected environment.

The treatments were conducted in a completely
randomized design, arranged in a 5 x 2 factorial
scheme, with five replications. Five irrigation
depths (60, 80, 100, 120 and 140 % of the crop
evapotranspiration) and two irrigation times (8 a.m.
and 2 p.m.) were evaluated. The experiment was
carried out in a greenhouse covered with low-density
polyethylene film (150 um) and a white anti aphid
screen (40 mesh) on the sides.

The soil was classified as Nitossolo Vermelho
Distroférrico (Santos et al. 2018), corresponding to a
Ultisol (USA2010), consisting of 75.60 % of clay, with
bulk density of 1.01 t m?, and presenting, as chemical
parameters: pH (CaCl,): 6.40; organic matter:
15.55 g dm™; phosphorus: 46.77 mg dm?; potassium:
0.30cmol dm™; calcium: 11.99 cmol dm™; magnesium:
2.50 cmol  dm”; aluminum: 0.00 cmol  dm”; CEC
(pH 7.0): 17.34 cmol dm; base saturation: 85.35 %.
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Figure 1. Temperature and relative air humidity inside the
protected environment, during the bell pepper
cultivation.
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In the preparation of the seedbeds, 0.5 kg m? of
tanned cattle manure and limestone was added to
increase the base saturation to 80 %. At 15 days
before transplanting the seedlings, 40 kg ha! of N
in the form of ammonium sulfate and 120 kg ha! of
PO, in the form of simple superphosphate (Pauletti &
Motta 2017) were applied.

The sowing of the Magali R hybrid was
performed in plastic trays of 50 cells, filled with
a commercial substrate based on hummus and
pine. The transplant occurred using the spacing of
0.5 m between plants and 1.0 m between seedbeds,
with seedlings presenting from three to four
leaves (Martinez et al. 2016) and arrangement of
experimental units in a protected environment.

Irrigation was performed by a drip micro
irrigation system, with a polyethylene lateral line
of 16 mm in diameter containing twelve self-
compensating drippers spaced at 0.25 m and nominal
flow of 8 L h!, operating at a pressure of 15 mH,O,
with a statistical uniformity coefficient of 95.21 %,
which is above the acceptable minimum (Frizzone
et al. 2012).

The irrigation was managed considering the
crop evapotranspiration (ETc), determined using
two constant groundwater lysimeters, with automatic
and uninterrupted replacement of evapotranspiration
water. Four plants were transplanted in each lysimeter,
following the spacing of the other plants in the beds.
The ETc readings and water reservoir reposition were
performed daily in the morning (7 a.m.) (Vellame et
al. 2012), with a reading interval of 24 hours, to agree
with the real evapotranspiration values. Although
the periods of water replacement have an interval
of 6 hours, the difference in the amount of water is
supplied in the subsequent irrigation. The adoption of
readings in a period of the day was adopted to reduce
the impact of the water column in the replacement
tank and errors associated with readings, which could
systematically interfere in the final results.

The gas exchanges were determined with an
infrared gas analyzer - IRGA, model LCPro* Portable
Photosynthesis System™ (ADC BioScientific Limted,
UK), using room temperature and light source with
irradiation of 600 umol m? s, and readings were
made between 8:30 a.m. and 9:30 a.m., using the third
leaf from the plant apex, during the fruiting phase
(Lorenzoni et al. 2018). The stomatal conductance,
transpiration rate, photosynthetic rate and intrinsic
water-use efficiency, calculated from the ratio

between the photosynthetic rate and the transpiration
rate, were analyzed.

At the end of the experiment, the plants were
cut 2 cm above the soil surface to determine the
total dry matter, in a greenhouse with forced air
circulation, with temperature of 65 °C, until reaching
a constant weight (Souza et al. 2002).

Considering the factorial scheme adopted,
the choice was to focus on the possible interactions
between the factors studied, analyzing the
consequences regardless of the significance of the
interaction, since, in the unfolding, significance
can be detected, what provides important results,
with a detailed procedure described by Perecin &
Cargnelutti Filho (2008).

In the frequentist approach, the results were
submitted to analysis of variance, and the F test was
conclusive in the comparison of irrigation times.
Regression analysis was used for the irrigation
depths, testing models up to the quadratic level. The
analyses were performed at a maximum probability
level of 5 %, using the ExpDes package of the R
program (R Core Team 2017).

In the Bayesian method, the hour factor was
analyzed using contrasts between the a posteriori
distribution of the means. To the irrigation depths,
the a posteriori distribution of coefficients of the
regression models up to the quadratic level was
tested. Non-informative priors were considered for
the parameters in both the Bayesian analyses. The
significance of the coefficients and contrasts was
obtained considering the probability level of 5 %,
observing whether the zero value was not contained
in the credible intervals (Crl 95 %).

The a posteriori marginal distributions for all
the parameters were obtained by the BRugs package
of the R software (R Core Team 2017). For this,
500,000 values were generated in a Markov Chain
Monte Carlo process, considering a sampling disposal
time of 10,000 initial values, making up the final
sample containing 50,000 values generated after being
taken in size ten jumps. The convergence of the chains
was verified by the coda package of the R software at
the Heidelberger & Welch (1983) criterion.

RESULTS AND DISCUSSION
There was no significant effect between the

water depths and irrigation times (p > 0.05) for the
gas exchange and biomass accumulation evaluated

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goiania, v. 51, 66435, 2021
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in the bell pepper plants. There was a significant
isolated effect of irrigation depths on transpiration
rate, stomatal conductance and total dry matter
(p < 0.01). The photosynthetic rate and intrinsic
water-use efficiency were not affected by any of the
factors evaluated. By the frequentist approach, in the
unfolding of the irrigation times within each irrigation
depth, no differences were found between schedules
(p > 0.05) for the variables analyzed (Table 1).

The application of the Bayesian analysis, in the
comparison between times in each irrigation depth,
was not more advantageous, when compared to the
frequentist estimate, concerning the gas exchange and
total dry matter. Despite the little distinction between
the mean values obtained by the two analyses, in
the Bayesian methodology the a posteriori estimate
of the means differed significantly [the zero value
is not contained (¢) in the credible intervals (CI)]
(0 & CI; p < 0.05) between times for the intrinsic
water-use efficiency, in the irrigation depth of 80 %
of the ETc, with a greater efficiency when irrigation
was performed in the morning (Table 2).

Given the absence of differences between the
irrigation times, the water application performed
in the morning period allowed the plant to have
an adequate water availability throughout the day.
The irrigation depths applied in the afternoon
coincided with a period of greater evapotranspiration,
increasing the relative air humidity inside the

protected environment (Vellame et al. 2012), favoring
the occurrence and dissemination of pathogens,
thus establishing an unfavorable condition in the
phytosanitary management (Weintraub et al. 2017).

According to the frequentist estimate, Table 3
presents regression analyses in response to the water
depths applied for the two irrigation times. For the
variables transpiration rate, stomatal conductance and
total dry matter, increasing linear adjustments were
obtained, since there was an increase in the irrigation
depths applied for the two irrigation times. The
photosynthetic rate and intrinsic water-use efficiency
were not affected by the irrigation depths at both times.

Based on the Bayesian method, it was observed
that the regression of the irrigation depths applied in
the two irrigation times was significant (0 ¢ CI;
p < 0.05), since the zero value is not contained in
the credible intervals in a posteriori estimates of
the coefficients (Table 4). For the transpiration rate,
stomatal conductance and total dry matter, increasing
linear adjustments were obtained, since there was
an increase in the irrigation depths applied in the
two irrigation times, as observed in the frequentist
method.

The estimates of the regression coefficients
by the Bayesian method were significant (0 ¢ CI;
p <0.05) for photosynthetic rate in the two irrigation
times. The intrinsic water-use efficiency in the
morning hours was not verified when the frequentist

Table 1. Summary of the results of the frequentist method for photosynthetic rate, transpiration rate, stomatal conductance, intrinsic
water-use efficiency and total dry matter of the Magali R bell pepper hybrid, in the unfolding of irrigation times in each

irrigation depth applied, in a protected environment.

Irrigation depth (mm)

Variable Irrigation time 60 80 100 120 140
Photosyntheic rate Morning 8.970 10.010 9.440 10.410 11.230
(b0l CO. m> &) Afternoon 8.670 8.500 9.880 9.920 10.310
2 p-value! 0.845 0.327 0.775 0.751 0.550
Transpiration rate Morning 1.650 1.860 1.930 2200 2.130
ool 1 Afternoon 1.710 1.510 1.910 1.890 2220
p-value! 0.769 0.084 0.887 0.122 0.656
Morning 0210 0210 0.230 0310 0.320
Stom;‘;félcﬁlgdsf)tance Afternoon 0.180 0.180 0.280 0.250 0.290
p-value! 0.358 0.276 0.230 0.133 0.389
. , Morning 5.460 5.640 4.880 4750 5.420
[ (uﬂiglnzjsg V;f,ﬁesr_]‘)‘f(‘xicllfgfz,l)] Afternoon 5.160 5.490 5.140 5.190 4.670
2 p-value! 0.728 0.865 0.768 0.620 0.399
Total dry matter Morning 36930 38560 44740  39.770 66,610
(& ot Afternoon 41.820 44000 45930 50980  53.770
p-value' 0.553 0.510 0.885 0.179 0.124

! Probability for the F-test.
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Frequentist and Bayesian inference for gas exchanges of drip-irrigated bell pepper 5

Table 2. Summary of the results of the Bayesian method for photosynthetic rate, transpiration rate, stomatal conductance, intrinsic
water-use efficiency and total dry matter of the Magali R bell pepper hybrid, in the unfolding of irrigation times in each
irrigation depth applied, in a protected environment.

Variable Irrigation time Irrigation depth (mm)

60 80 100 120 140
Photosvnthetic rat Morning 739 (0.91)" 9.41(1.33) 9.88(1.02) 11.80(1.34) 11.23(0.54)
OTOSYIINEUC Ta1e Afternoon 701 (1.04) 9.10(1.32) 9.44(1.01) 11.10(1.15) 10.69 (0.61)
(umol CO, m?s™)
CI ns ns ns ns ns
Transoiration rat Morning 1.65(0.15) 1.86(0.14) 1.93(0.12)  2.20(0.19)  2.13 (0.17)
ranspiration rate Afternoon 171 (0.15)  1.51(0.14)  1.91(0.13)  1.89(0.19)  2.22 (0.17)
(mmol m?s™)
Cl ns ns ns ns ns
Stomatal conduct Morning 0.21(0.02) 021(0.01) 023(0.03) 0.31(0.03) 0.32(0.03)
Omérf‘olcgg ;‘f) ance Afternoon 0.18(0.02) 0.18(0.01) 0.28(0.03)  0.25(0.03)  0.29 (0.03)
CI ns ns ns ns ns
ntrinsic wat i Morning 449 (0.28) 5.95(0.57) 4.88(0.37) 5.19(0.67) 4.58(0.61)
ntrinsic water-use etciency
(umol CO. m? 8y (mmol me sy AAfternoon 445(0.28) 4.16(0.65) 5.14(0.37)  5.19(0.52)  4.89 (0.52)
2 CI ns * ns ns ns
Total drv matt Morning 3328 (5.25) 38.58(7.09) 44.76 (6.33) 39.79 (4.57) 58.44 (7.63)
°? gnrtnf; o Afternoon  39.32(5.21) 44.00 (7.11) 45.93 (6.35) 50.98 (4.59) 53.70 (6.90)
£P CI ns ns ns ns ns

(™ Mean (standard deviation); CI: credible interval of 95 %; * significant at 5 % of probability; ns: not significant at 5 % of probability.

Table 3. Frequentist estimates of regression coefficients for photosynthetic rate, transpiration rate, stomatal conductance, intrinsic
water-use efficiency and total dry matter of the Magali R bell pepper hybrid, in the unfolding of irrigation depths applied
in each irrigation time, in a protected environment.

Variable Irrigation time Coefficients Estimate Standard error p-value!
Morning Bo 7.556 1.768 0.000**
Photosynthetic rate B1 0.025 0.017 0.156™
(umol CO, m?s™) Afternoon ${0] 7.109 1.768 0.000%*
Bl 0.024 0.017 0.175m™
Morning ${0] 1.311 0.228 0.000**
Transpiration rate Bl 0.006 0.002 0.005**
(mmol m?s) Afternoon ${0] 1.154 0.228 0.000%*
Bl 0.007 0.002 0.003**
Morning Bo 0.109 0.040 0.010*
Stomatal conductance B1 0.002 0.000 0.000%**
(mol m?s) Afternoon ${0] 0.092 0.040 0.027*
Bl 0.001 0.000 0.001**
Morning ${0] 5.727 1.011 0.000**
Intrinsic water-use efficiency Bl -0.005 0.010 0.616™
[(umol CO, m? s™)/(mmol m~? s™)] Afternoon ${0] 5.773 1.011 0.000**
B1 -0.006 0.010 0.515™
Morning Bo 20.904 9.507 0.034*
Total dry matter Bl 0.254 0.091 0.008**
(g plant”) BO 25.999 9.507 0.009%*
Afternoon Bl 0.203 0.092 0.032%

! Probability for the student t-test; BO: constant of the model; B1: linear coefficient of the model. * and **: significant at 5 % and 1 % of probability, respectively; ™ non-
significant at 5 % of probability.

method was applied. For these variables, increasing For the present experimental conditions, it was
linear models were also adjusted according to the found that the methods were a little divergent, both
water depths (Table 4). in the differences established between the irrigation

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goiania, v. 51, 66435, 2021



6 F. A. S. Santos et al. (2021)

Table 4. A posteriori Bayesian estimates of regression coefficients for photosynthetic rate, transpiration rate, stomatal conductance,
intrinsic water-use efficiency and total dry matter of the Magali R bell pepper hybrid, in the unfolding of irrigation depths
applied in each irrigation time, in a protected environment.

Variable Irrigation time Coefficients Average (SD) CI
. B0 4.606 (1.204) (2.214; 6.989)*
Mornin
Photosynthetic rate g p1 0.049 (0.011) (0.027; 0.072)*
1CO, m?s! ; *
(umo , m?s™) Afternoon B0 5.429 (1.764) (1.946; 8.943)
Bl 0.043 (0.017) (0.009; 0.077)*
. B0 1.314 (0.264) (0.787; 1.830)*
Transpiration rate Morning Bl 0.006 (0.002) (0.001; 0.011)*
I m?2s! . *
(mmol m? s Afternoon BO 1.156 (0.209) (0.007; 0.002)
Bl 0.007 (0.002) (0.003; 0.011)*
. B0 0.109 (0.041) (0.027; 0.189)*
Morning
Stomatal conductance Bl 0.001 (0.0004) (0.0007; 0.0023)*
I m?2s! . *
(mol m? s™) Aftermoon BO 0.092 (0.045) (0.003; 0.180)
Bl 0.0015 (0.0004) (0.0006; 0.0023)*
. B0 3.880 (0.308) (-0.629; 0.547)
o . Morning
Intrinsic water-use efficiency p1 0.008 (0.004) (0.0003; 0.0169)*
[(umol CO, m? s')/(mmol m? s)] BO 4.545 (0.908) (2.738; 6.344)*
Afternoon i
Bl 0.006 (0.009) (-0.011; 0.023)
. B0 24.860 (8.233) (8.491; 41.110)*
Total dry matter Morning Bl 0.189 (0.079) (0.033; 0.346)*
(g plant™) BO 22.570 (10.420) (2.059; 43.240)*
Afternoon Bl 0.232 (0.099) (0.034; 0.426)*

SD: standard deviation; CI: credible interval of 95 %; B0: constant of the model; 1: linear coefficient of the model. * significant at 5 % of probability; ™ non-significant

at 5 % of probability.

times and for the regression models, according to
the applied irrigation depths. This can be confirmed
by the estimates obtained for the variables analyzed
with the frequentist method (Tables 1 and 3), which
were similar (total dry matter), and some identical
(transpiration) to those obtained with the Bayesian
method (Tables 2 and 4).

This occurrence can be explained by using
non-informative priors in the Bayesian analysis, for
the variables analyzed, analogous to that observed in
other studies involving the comparison of statistical
frequentist and Bayesian methods (Rossi & Gasparini
2012).

In researches involving irrigation, quadratic
regression adjustments are commonly obtained,
attributing a maximum yield according to the
irrigation use without proportional increases as there
is an increase in the irrigation levels. Albuquerque
et al. (2011) evaluated the Maximos F1 bell pepper
hybrid and found a poor quadratic adjustment for the
variable yield, according to five irrigation levels (80,
90, 100, 110 and 120 % of the ETc).

This tendency could be maintained in
evaluating physiological variables; however, with

the application of 140 % of the ETc in the present
study, it was impossible to obtain an irrigation depth
that allows non-proportional gas exchanges and dry
matter accumulation in the bell peppers.

In the context of the relation between bell
pepper water depths and gas exchange, few studies
are available in the literature, being more frequent
researches that evaluate gas exchange and other
physiological variables (chlorophyll fluorescence and
leaf pigments) as a function of salinity of irrigation
water (Melo et al. 2017) or irrigation (Guang-Cheng
et al. 2010, Zhu et al. 2012).

The results of gas exchange in other irrigated
solanaceous with different replacement levels are
different from those obtained in this experiment,
such as that observed for the eggplant crop (Silva et
al. 2015), in which the application of five irrigation
depths (33, 66, 100, 133 and 166 % of the ETc)
provided quadratic adjustments for variables such
as photosynthetic rate, transpiration and stomatal
conductance, and increasing and decreasing linear
adjustments for chlorophyll fluorescence and leaf
temperature, respectively. During the experimental
period, the ETc was measured daily in two lysimeters,

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goiania, v. 51, 66435, 2021



Frequentist and Bayesian inference for gas exchanges of drip-irrigated bell pepper 7

indicating a rigor in the data collection, thus
reducing possible errors in determining the crop
evapotranspiration.

The use of constant groundwater lysimeters is
adopted to determine the water needs of vegetables,
mainly for a protected environment (Lozano et al.
2017). In the constant groundwater lysimeters, the
presence of the groundwater level does not represent
the conditions of the experimental plot and alters
the crop growth, being higher within the lysimeters,
what results in a greater exposure to radiation
and wind effects, culminating in overestimation
of evapotranspiration values by up to 10 or 20 %
(Materan et al. 2009).

Opposite to what is described, underestimating
the ETc during the experiment could be reflected in
the linear trends observed in the bell pepper plants
response variables, considering the irrigation depths
corresponding to the evapotranspiration fractionation.

When considering factors such as soil cover,
available water and crop, they can be determinant
to obtain linear adjustments in isolation or jointly.
Regarding the water and soil cover, it is considered
that evapotranspiration occurs at a high rate in the
absence of water limitation, being conditioned by
available energy and plant physiological aspects, such
as stomatal opening (Carvalho et al. 2019). Under the
methodological conditions adopted, with constant
groundwater lysimeters, the evapotranspiration of the
crop was obtained with no data for water evaporation
from the soil or plant transpiration in isolation.
Considering that the lysimeters used to determine
the ETc in the protected environment presented a
surface free of dead vegetation cover, it is permissible
that even in an experimental condition favorable to
high evapotranspiration, the evaporation process
did not contribute to overestimating the ETc values.
The transpiration of the bell pepper was reduced,
even with the presence of the constant groundwater,
which did not restrict the water flow from the soil
to the plants.

The water flow maintenance can be validated
indirectly by the significance obtained for the
transpiration rate and stomatal conductance, since
there was an increase in water availability for both
the statistical analyses addressed.

Also, considering the interrelation between
physiological aspects of the crop, with increased
transpiration rate and stomatal conductance, there
was an increase in the photosynthetic rate and

possibly carbon assimilation by plants, what resulted
in a higher crop growth, being represented by the total
dry matter of the plants.

The significant increase in the total dry
matter was due to the increase of irrigation depths
following the linear trend for gas exchange being
equally efficient in water use in the photosynthetic
process. However, it should be highlighted that such
arguments are appropriate if the estimates made with
the Bayesian method are considered, and it indicated
a significance for the transpiration rate, stomatal
conductance, total dry matter and photosynthetic
rate.

Although there are few differences in the
regression adjustments with the application of
the frequentist and Bayesian analyses, it is
recommended that the Bayesian method be used to
evaluate experiments involving gas exchange and
irrigation. However, it is not always possible to
obtain data that meet assumptions of the frequentist
analysis (normality and homoscedasticity of
variances), given the possibility of greater variation
in physiological data, usually from a single
measurement, being, therefore, susceptible to a
greater experimental error.

It can also be contextualized that the Bayesian
inference has been a more interesting alternative
for experiments involving regression models, as
observed for other areas of agricultural sciences
(Rossi & Santos 2014, Souza et al. 2016).

Rossi & Gasparini (2012) state that using
more representative models, regarding the study
characteristics, together with an appropriate
methodology is essential, reinforcing the idea that
using the Bayesian method in studies with irrigation
may represent an important development, considering
the method robustness.

CONCLUSIONS

1. The frequentist and Bayesian methods present
similar results for gas exchanges of bell peppers,
being more affected by irrigation depths than by
irrigation times;

2. The application of up to 140 % of the crop
evapotranspiration alters the transpiration rate,
stomatal conductance and total dry matter of
bell pepper, with the same tendency in the two
irrigation times, regardless of the statistical method
applied,;

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goiania, v. 51, 66435, 2021



8 F. A. S. Santos et al. (2021)

3. The Bayesian method is more sensitive than
the frequentist one to indicate changes in the
photosynthetic rate of bell pepper according to
the irrigation depths, and can be applied to other
variables related to the crop development, in
order to allow a detailed analysis of the impact of
management conditions on productive efficiency.
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