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RESUMO

A produtividade média feijdo-comum (Phaseolus vulgaris L.) no Brasil e no mundo ainda é
muito baixa, situando-se por volta de 1000 kg ha*. No entanto, existem produtores no Brasil
com produtividades médias acima de 4000 kg ha™l. Com certeza, um dos grandes entraves para
aumento da produtividade € a falta de informacGes sobre o requerimento nutricional para a
conducéo da cultura, pois frequentemente novas cultivares sdo langadas, mas sem informacdes
sobre manejo. Normalmente, produtores com altas produtividades aplicam altas doses de
fertilizantes, baseando-se em informacdes obtidas hd mais de duas décadas para cultivares
antigas que atualmente nao sdo mais cultivadas. Deste modo, os objetivos desse trabalho foram:
(i) quantificar a extracdo e exportacdo de nutrientes, assim como o indice de colheita de
cultivares modernas e produtivas de feijdo-comum, pertencentes a diversos grupos comerciais
e habitos de crescimento; (ii) avaliar por meio da revisdo sistematica e meta-analise os Ultimos
trabalhos sobre exportacdo dos nutrientes nitrogénio (N), fésforo (P) e potassio (K) por unidade
de gréo de feijdo produzida, buscando-se verificar as diferencas entre as cultivares tipo I, I1, 11
e IV. O estudo referente ao objetivo (i) ocorreu em Lavras - MG e foi conduzido em
delineamento experimental de blocos ao acaso com quatro repeticGes, utilizando-se oito
cultivares de feijdo-comum. Para avaliacdo do acumulo e exportacdo de nutrientes coletaram-
se plantas nos estadios vegetativos (V4, com 3, 5 e 7 trifolios) e reprodutivos (R5, R7, R8 e
R9). Determinaram-se o acumulo de massa da matéria seca total e de nutrientes e em cada
estadio fenol6gico, bem como a produtividade e exportacdo de nutrientes pelos graos.
Ocorreram diferencas no acimulo de massa seca e de nutrientes entre as cultivares nos estadios
iniciais de desenvolvimento, mas a partir de R8 ndo foram verificadas diferencas. O crescimento
inicial e acimulo de nutrientes pelas cultivares precoces TAA Gol e BRS FC104 foi maior
guando comparado ao das cultivares tipo Il e I1l. O K foi exportado em menor quantidade pelas
cultivares BRS Estilo, BRS FC104 e TAA Gol, comparado as demais cultivares. Quando
realizado o contraste entre os tipos de crescimento, as plantas do tipo Il (BRS Estilo, BRSMG
MARTE, IPR Tuiuit e BRSMG Uai) exportaram mais P, K, Mg e Zn do que cultivares do tipo
| (BRS FC104 e TAA Gol). A revisdo sistematica (ii) indica que as exportacdes médias de N,
P e K por tonelada de grdos de feijdo foram 32,7, 3,5 e 15,4 kg Mg™ respectivamente. As
exportacGes médias de N, P e K por hectare, considerando-se a produtividade média obtida nos
estudos de 2673 kg ha'?, foi de 77,6, 8,3 e 36,8 kg ha’l, respectivamente.

Palavras-chave: Phaseolus vulgaris L.. Acimulo de nutriente. Adubac&o.



ABSTRACT

Average common bean (Phaseolus vulgaris L.) yield in Brazil and in the world is still very low,
around 1000 kg ha-1 . However, there are producers in Brazil with average yields above 4000
kg ha-1. Certainly, one of the major obstacles to increasing productivity is the expected lack of
information about the nutritional requirement for growing the crop, as new cultivars are often
launched, but without information on management. Typically, producers with high yields apply
high doses of fertilizers, based on information transmitted over two decades ago for ancient
cultivars that currently do not are more cultivated. Thus, the objectives of this work were: (i) to
quantify the inheritance and export of nutrients, as well as the harvest index of modern and
productive cultivars of common bean, belonging to different commercial groups and growth
habits; (i) to evaluate, through systematic review and meta-analysis, the latest studies on the
export of nutrients (N), phosphorus (P) and potassium (K) per unit of bean grain produced,
seeking to verify the difference between cultivars type I, 11, 11l and 1V. The study referring to
objective (i) took place in Lavras - MG and was carried out in a randomized block experimental
design with four replications, using eight common bean cultivars. To evaluate the accumulation
and export of nutrients, plants were collected in the vegetative (V4, with 3, 5 and 7 trefoils) and
reproductive (R5, R7, R8 and R9) stages. The accumulation of total dry mass and nutrients and
at each phenological level were determined, as well as the productivity and export of nutrients
by the grains. There were differences in the positioning of dry mass and nutrients between
cultivars in the initial stages of development, but from R8 onwards verification was not verified.
The initial growth and nutrient accumulation by the early TAA Gol and BRS FC104 cultivars
was higher when compared to type Il and Il cultivars. K was exported in smaller quantities by
the cultivars BRS Estilo, BRS FC104 and TAA Gol, compared to the other cultivars. When the
growth types are contrasted, type Il plants (BRS Estilo, VR20, Tuiuit and BRSMG Uai) export
more P, K, Mg and Zn than type I cultivars (BRS FC104 and TAA Gol). The systematic review
(i1) indicates that the average exports of N, P and K per ton of bean grains were 32.7, 3.5 and
15.4 kg Mg 1 respectively. The average exports of N, Pa and K per hectare, considering the
productivity treated in the studies of 2673 kg ha 1, was 77.6, 8.3 and 36.8 kg ha 1, respectively.

Keywords: Phaseolus vulgaris L. Nutrient accumulation. Fertilizing.
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1 INTRODUCAO GERAL

O feijdo comum (Phaseolus vulgaris L.) € originario das Américas, sendo um membro
da familia Fabaceae. E uma planta herbacea e que pode apresentar habito de crescimento
determinado ou indeterminado (RIBEIRO et al., 2004; ZILIO et al., 2013).

As plantas dessa espécie apresentam diferentes habitos de crescimento. Cultivares de
feijao do tipo | sdo caracterizadas por terem uma gema terminal determinada, forte ramificacdo
ereta, sem desenvolvimento de guia. JA os demais habitos, tem crescimento terminal
indeterminado, desenvolvimento de guia pequeno a médio e capacidade de escalada baixa a
moderada, sendo os do tipo Il mais eretos e do tipo 111 mais prostrados. O habito de crescimento
do tipo IV tém haste fragil, desenvolvimento de guia longo e uma forte capacidade de escalada
(SINGH et al., 1991).

O ciclo produtivo do feijao é relativamente curto, em torno de 90 dias, assim, € possivel
realizar o cultivo por sucessdo e ou rotacdo de cultivos ao longo do ano (BARBOSA,
GONZAGA, 2012).

Além da vantagem agrondmica, o feijdo € uma leguminosa que apresenta caracteristicas
nutricionais Unicas, de alto valor agregado, e é rica em macronutrientes e micronutrientes.
Podendo ser considerado um alimento do futuro (CARBAS et al., 2021).

A produtividade das areas de feijdo é frequentemente influenciada pelas cultivares,
tamanho da semente, habito de crescimento e outras caracteristicas ndo intrinsecas da cultura
como época de plantio, disponibilidade hidrica e adubacdo. Portanto, é preciso identificar essas
influencias e sugerir manejos adequados a essas caracteristicas (DAWO et al., 2007).

Ha grande influéncia do ambiente no estado nutricional das plantas, e sua idade € um
fator de peso nessa interacdo planta x ambiente, portanto, conhecer o teor e a acumulo de
nutrientes durante o ciclo da cultura é fundamental para 0 manejo apropriado e, a0 mesmo
tempo, para o aumento da produtividade. Na prética, é extremamente importante conhecer a
variacdo temporal do acuimulo de massa de matéria seca e de cada nutriente ao longo do ciclo
da planta, para estabelecer as épocas mais adequadas de seu fornecimento (FANCELLI, 2011).

Embora sejam disponiveis na literatura alguns resultados com o feijoeiro comum
(Phaseolus vulgaris L.), a quase totalidade foi obtida ja ha bastante tempo, com o emprego de
cultivares de baixo rendimento de gréos, ndo mais utilizadas pelos produtores. Cobra Netto et
al (1971) j& afirmavam que a adubacéo incorreta como um fator limitante em diversas regides
do Brasil e que eram limitados os trabalhos, apesar da importancia econémica da cultura.

Embora disponiveis na literatura alguns trabalhos tenham sido publicados, quantificando a



10

absorcdo e exportacdo de nutrientes pelo feijoeiro, tratam-se de informagdes desatualizadas
pois, em sua grande maioria sd0 muito antigos, ndo considerando o maior potencial de
produtividade e as tecnologias disponiveis atualmente.

Além disso, nos trabalhos realizados no passado ndo foram considerados os diferentes
habitos de crescimento do feijoeiro. Sabendo dessa deficiéncia de informacdes, objetivou-se: i)
quantificar a extracdo e exportacdo de nutrientes, assim como o indice de colheita de cultivares
modernas e produtivas de feijdo-comum; e (ii) avaliar por meio da revisdo sistematica e meta-
analise os ultimos trabalhos sobre exportacdo dos nutrientes nitrogénio (N), fésforo (P) e
potéssio (K) por unidade de grdo de feijao produzida, buscando-se verificar as diferencas entre
as cultivares tipo I, 11, 111 e V.
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ARTIGO 1 - Extraction and Export of Nutrients by Determinate and Indeterminate

Cultivars of Common Bean (Versao Preliminar — Archives of Soil Science)

ABSTRACT

The goal of this study is to quantify the extraction and export of nutrients as well as the
harvest index of modern and productive common bean cultivars belonging to various
commercial groups with different growth habits. The experiment was carried out using a
randomized block design with four replicates and eight common bean cultivars. To evaluate
nutrient accumulation and export, plants were collected at the vegetative (V4, with 3, 5 and 7
trifoliate leaves) and reproductive (R5, R7, R8 and R9) stages. The accumulation of total dry
mass and nutrients at each phenological stage, yield and export of nutrients by grains were
determined. There were differences in the accumulation of dry mass and nutrients between the
cultivars in the early stages of development. The initial growth and accumulation of nutrients
by the early cultivars TAA Gol and BRS FC104 were higher than those by the type Il and |11
cultivars. Nutrient exports per hectare or per ton of grain were similar between cultivars. Type
Il cultivars (BRS Estilo, BRSMG Marte, Tuiuit and BRSMG Uai) exported more P, K, Mg and
Zn than the type | (BRS FC104 and TAA Gol). Type Il exported more Mg than the type II
cultivars.

Keywords: Phaseolus vulgaris L.; nutrient export; nutrient extraction

1 INTRODUCTION

One of the current challenges in global agriculture is to ensure that in the coming
decades, the production of foods with high nutritional value can meet increasing demands from
the population (Fréna et al. 2019, Barrett 2021) combined with reduced land availability each
year.

Common bean (Phaseolus vulgaris L.) is a nearly perfect food because it is rich in
nutrients and proteins, dietary fiber, minerals and vitamin B. It supplies a portion of the protein
required for human nutrition every day (Camara et al. 2013; Carbas et al. 2021).

Approximately 33 million hectares of common bean were grown during 2019, with an
average yield below 1000 kg ha™* (Food and Agriculture Organization of The United Nations
Statistics; FAOSTAT 2021). Common bean production in Brazil and worldwide is low, and
Moreira et al. (2018) state that Brazil has the potential for average yields greater than 3000 kg

hal. Nascimento et al. (2021), evaluating modern cultivars used in Brazilian crops under
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conditions similar to those in this study, found yields above 1600 kg ha, even in situations
without topdressing fertilization. Baez-Gonzalez et al. (2020), for example, observed yields
above 2000 kg ha under rainfed cultivation in semiarid conditions. Those informations are
relevant once they desmostrate the productive potential of dry beans on more suitable
environments.

One of the major obstacles to the expansion of this crop is the lack of information on
the nutritional requirements of newly launched cultivars. A search of the Web of Science
database in October 2021 for the expressions “Phaseolus vulgaris” and “nutrient requirement”
returned 70 results, while for maize and soybean crops, there were 253 and 786 records,
respectively. For bean plants, approximately 70% of the articles were published more than five
years ago. Among the most recent publications, four are review articles (Atique-Ur-Rehman et
al. 2018; Dawson et al. 2019; Fernadez-Lopes et al. 2020; Justes et al. 2021), and only Nyoki
and Ndakidemi (2018) address nutrient extraction by bean plants.

When we entered the keywords “Nutrient uptake” and “Phaseolus vulgaris” into the
same database, we found 112 articles from the field of agronomy. The first record is an article
by Dormaar (1975) on the extraction of nutrients by bean plants. Of the 112 total articles, 28
are from the last five years, and only the article by Vasconcelos et al. (2020) was performed
under edaphoclimatic conditions (same country, also) similar to those evaluated in this study;
however, the authors studied the cultivar Pérola. This cultivar was launched in 1996 (Y okoyama
et al. 1999), and the article did not cover the last 26 years of crop improvement.

In addition to the limited number of studies, there is also evidence that bean cultivars
have different dry matter accumulation rates, nutrient extraction and export rates and harvest
indices according to cycle length, commercial group and plant growth type (Leal et al. 2019;
Silva and Moreira 2022; Zilio et al. 2017). For example, type | (determinate) cultivars reach
developmental stages earlier and complete all stages more quickly than types Il and 111, which
are indeterminate (De Oliveira et al. 2018). Therefore, the objective of this study was to quantify
the extraction and export of nutrients as well as the harvest index of common bean cultivars
belonging to various commercial groups and with different growth habits. Our hypothesis was
that earlier bean cultivars (type I) would have higher initial dry mass (DM) production than
indeterminate cultivars (types Il and 111) and, therefore, a greater need for nutrients in the initial
phase than later cultivars (types Il and I1I).

2 MATERIAL AND METHODS
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The experiment was carried out at the Center for Scientific and Technological
Development of UFLA (Muquém Farm) in the municipality of Lavras, MG, Brazil (21°14'43”
S and 44°59'59" W, altitude: 919 meters), in the 2018/2019 crop season. The soil of the site is
characterized as a Red Yellow Latosol with a clayey texture in the Brazilian Soil Classification
(Santos et al. 2018) or as a clayey Typic Hapludox in the Soil Taxonomy system (Soil Survey
Staff 2014).

The experiment followed a randomized block design with four replicates and eight
treatments. The eight treatments were cultivars of different types (type I: BRS FC104 and TAA
Gol; type II: BRS Estilo, BRSMG Uai, IPR Tuiuiu and BRSMG Marte; and type I11: Pérola and
TAA Dama).

Each plot was 28.8 m? and consisted of eight six-meter-long rows spaced 0.6 m apart.
The four central lines were adopted as the usable area of each plot, leaving a 1 m border at each
end of the lines, totaling 9.6 m2. Plants in two rows of the usable area were examined at the
different phenological stages of the crop, and those in the other two rows were used to estimate
final grain yield.

During the experimental period, the mean temperature was 23.5 °C, the minimum
temperature was 13.5 °C, and the maximum temperature was 34.2 °C. The cumulative rainfall
from sowing to harvest of the later cultivars (01/22/2019) was 714.4 mm, while during the cycle
of the early cultivars (type I), the cumulative rainfall was 691.0 mm (FIGURE 1).

Figure 1. Precipitation and maximum and minimum temperatures for the period of the
experiments performed during the 2018/2019 harvest in the city of Lavras, MG.
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On the day of sowing, the seeds were treated with Standak Top® (25 g L*
pyraclostrobin, 225 g L methyl thiophanate, and 250 g L fipronil). As recommended by
Araujo and Camelo (2015), for the type I cultivars, the sowing density was 270 thousand seeds
hal; for the type Il cultivars, 220 thousand ha*; and for the type Il cultivars, 170 thousand
seeds ha™.

For chemical characterization of the soil in the area, a composite soil sample was taken
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from the 0-20 cm layer before sowing, revealing the following attributes: pH (H20) = 6.5; P
(Mehlich-1) = 4.6 mg dm; K = 118 mg dm™; organic matter (OM) = 36 g kg!; and Ca, Mg,
Al, H+Al, and CEC = 4.0, 1.4, 0.00, 1.5 and 7.3 cmol. dm, respectively. The base saturation
was 79%, and the B, Cu, Fe, Mn, S and Zn contents were 0.24, 0.5, 47.6, 8.6, 4.9 and 3.4 mg
dm3, respectively.

Sowing occurred on October 24, 2018, and base fertilization was performed according
to the recommendations of Sousa and Lobato (2004), aiming to achieve a yield of 3 tons per
hectare, according to the bean yield of high-yield farmers in the State of Minas Gerais. Thus,
416 kg ha* formulated NPK (01-28-00) + 10% calcium (Ca) and 5% S were used. In addition,
20 and 80 kg ha® N and KO, respectively, were applied in the forms of urea (45% N) and
potassium chloride (60% K>O) as a source of N and K. The N and K applications were
performed when the third trifoliate leaf (stage VV4) appeared, and 45 kg ha™* N was applied in
the form of urea as recommended by Souza and Lobato (2004).

Throughout the crop cycle, periodic monitoring for weeds, diseases and pests was
performed. Insect control was performed by applying thiamethoxam (141 g Lt) at a rate of 100
mL ha. For the control of narrowleaf weeds, the herbicide Fusilade® was applied at a rate of
1 L ha. For the control of broadleaf weeds, a mixture of the herbicides Flex® (500 mL ha?)
and Amplo® (500 mL ha) was used. In addition, when necessary, the remaining plants were
manually uprooted, preventing them from impairing the normal development of bean plants.
For the control of leaf diseases, the fungicide Mertin® (1000 mL ha!) was applied when the
plants were in phenological stage V3, and two applications of Fox Xpro® (500 mL ha) were
used in reproductive stages R5 and R7.

To evaluate the accumulation of nutrients, two plants were collected per plot in each
season, discarding the two plants closest to the previous collection site, in the following
phenological stages: V4 (3, 5 and 7 trifoliate leaves), R5, R7, R8 and R9. The developmental
scale used for the bean plants in this study was that described in De Oliveira et al. (2018), which
divides the biological cycle into the vegetative and reproductive phases. These, in turn, are
subdivided into ten stages. The vegetative phase (V) consists of stages VO (germination), V1
(emergence), V2 (primary leaves), V3 (first open trifoliate leaf) and V4 (third open trifoliate
leaf), and the reproductive phase (R) includes stages R5 (flower bud), R6 (flowering), R7 (pod
formation), R8 (grain filling) and R9 (physiological maturity).

At each evaluation, the plants were cut close to the soil and, according to each stage,
separated into leaves, stems, pods and grains. The collection stage and procedures are described

in Table 1. After the collections, the accumulation of DM and total nutrients in each
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phenological stage as well as the export of nutrients by grains were determined. For this
analysis, the plant material was dried in an oven at 65 °C, ground and sent to the 3RLab
commercial laboratory for chemical analysis of N, P, K, Ca, Mg, S, B, Cu, Fe, Mn and Zn.Grain
yield was determined by harvesting grains from plants in two six-meter-long rows, and the grain
moisture was standardized to 13% (Malavatora et al. 1997).

From the obtained data, nutrient absorption curves were constructed as a function of the
phenological stage of the crop. The harvest index (HI) was estimated by the following ratio:
(grain DM/total DM) x 100. Grain DM and total DM of the R9 stage were considered.

For each phenological stage, whether the experimental data met the assumptions of
analysis of variance was determined, and analysis of variance was used to verify differences in
nutrient uptake between cultivars. When necessary, the data were transformed by v/x. When
there was a significant effect, means were grouped by the Scott—Knott test at a 5% probability.
Differences between growth types (type I: BRS FC104 and TAA Gol; type II: BRS Estilo,
BRSMG Uai, IPR Tuiuiu and BRSMG Marte; and type Ill: Pérola and TAA Dama) were also

determined. All data expressed in the tables are original data.

Table 1. Periods of collection and separation of bean plant parts.

Stage Date Cultivars Procedure
--  24/10/2018 All Sowing
14/11/2018 BRS FC104, TAA Gol

BRS Estilo, BRSMG Uai, IPR  Evaluation of the whole

V3.4 .. K
3 20/11/2018 Tuiuiu, Pérola, TAA Dama, plant
BRSMG Marte
BRS Estilo, BRS FC104, TAA
VA 23/11/2018 Gol, BRSMG Marte, Evaluation of the whole
' BRSMG Uai, IPR Tuiuiu, Pérola, plant
26/11/2018 TAA Dama
BRS Estilo, BRS FC104, TAA
V4.7 26/11/2018 Gol, BRSMG Marte, Evaluation of the whole
' BRSMG Uai, IPR Tuiuiu, Pérola, plant
30/11/2018 TAA Dama
BRS Estilo, BRS FC104, TAA ]
30/11/2018 Gol. BRSMG Marte, Evaluation pf separate
RS 03122018  BRSMG Uai, IPR Tuiuiu Compone;‘ttesh'fa"es and
05/12/2018 Pérola, TAA Dama
10/12/2018 BRS FC104, TAA Gol Evaluation of separate
R7 BRS Estilo, BRSMG Uai, IPR components: leaves and

17/12/2018 Tuiuiu, Pérola, TAA Dama,
BRSMG Marte (Ouro da Mata)
R8  17/12/2018 BRS FC104, TAA Gol, BRSMG Evaluation of separate

stems




Marte, components: leaves, stems,
BRS Estilo, BRSMG Uai, IPR and pods (with grains)
20/12/2018 Tuiuiu, Pérola, TAA Dama
09/01/2019 BRS FC104, TAA Gol Evaluation of separate
17/01/2019 BRSMG Marte, components: leaves, stems,

R9
22/01/2019

BRS Estilo, BRSMG Uai, IPR
Tuiuiu, Pérola, TAA Dama

and pods (with grains),
Harvest

3 RESULTS
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The total DM production varied between cultivars during the vegetative and early

reproductive stages (R5: flower budding). From the R7 stage to the R9 stage, there was no

variation in the DM yield of the cultivars (Table 2). At the beginning of stage V4 (plants with
three trifoliate leaves), the TAA Gol and BRS FC104 cultivars showed higher DM production
than the other cultivars (Table 2), indicating higher initial DM accumulation, which is related
to their greater precocity. Notably, the cultivars TAA Gol and BRS FC104 reached the R9 stage
(maturity) at 77 days, while the BRSMG Marte strain reached this stage after 85 days. The

cultivars TAA Dama, BRS Estilo, Pérola, IPR Tuiuiu and BRSMG Uai had a 90-day cycle.

Table 2. Accumulation of dry mass in the vegetative and reproductive stages of common bean
and the grain yield (Yield) and harvest index (MHI) of the cultivars TAA Dama, BRS Estilo,
BRS FC104, TAA Gol, BRSMG Marte, Pérola, IPR Tuiuit and BRSMG Uai.

3 5 7
trifolia trifolia trifolia RS R7 RS RO vield MHI
Cultivar te te te
leaves leaves leaves
k
e %

334. 409. 1043 2102. 2796 3370 6866 _ 3274 _ 46.

TAADama1 b0 b_7 aO a_5 a_O a.1 a.8 a7 a
. 338. 568. 672. 3360 4646 _ 5439 , 2031 , 37.

BRS Estilo 3 b 5 a 7 b 680.2 c 9 a P a 5 b 4 b 7 a
BRS FC 513. a 816. a 894, 3 1220. b 4026 a 5546 a 4355 b 2134 b 49, A
104 5 6 4 4 A .0 A 3 2

654. 609. 920. 1266. 3978 5864 5129 | 2166 , 42.
TAA Gol 4 a6 a5 aO b_9 a_O a.9 b.8 b3 A
BRSMG 209. 379. 499, 2767 5083 6351 2974  47.
Marte 6 0o Db, b9lS c T agagTa A, a
Pérola 395. b 556. a 1206 3 2370. a 3512 a 4054 a 5377 b 2751 3 51. 3

3 2 4 3 .6 2 9 4 0
IPR Tuii 401. b 598. a 500. b 2089. a 2434 3 3998 a 6176 3 3149 3 50. 3

8 6 6 6 7 .6 7 7 9
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BRSMG 303. b 487. b 465. b 2121. 3 3302 3 3838 3 6543 3 2735 3 42. 3
Uai 6 S 1 7 8 1 2 3 0
Mean 393.8 553.1 7754 1599.0 3272.4 4550.0 5780 2652.3 45,89

C. V. (%) 29.7 30.3 31.6 15.3 22.4 29.5 28.1 20.46* 7,16"

Means followed by the same letter in a column do not differ according to the Scott—Knott test
at a 5% significance level. + Transformed data. CV: Coefficient of variation.

During stage V4.5 (plants with 5 trifoliate leaves), only the TAA Dama and BRSMG
Uai cultivars and the BRSMG Marte strain had DM values lower than 500 kg hat, with lower
DM production than the other cultivars. The BRS FC104 cultivar had the highest DM, at 816.6
kg hat. Type Ill cultivars (TAA Dama and Pérola) with 7 trifoliate leaves already had DM
values higher than 1000 kg ha™. Although the DM values of the type | cultivars (BRS FC104
and TAA Gol) did not reach the thousands, together with those of the type Il cultivars, the DM
values of the type | cultivars were higher than those of the type Il cultivars. At the flower
budding stage (R5), the BRS Estilo cultivar and the BRSMG Marte strain showed lower DM
values than the earlier cultivars.

The average grain and DM vyields were 2652 and 5780 kg ha, respectively. The BRS
Estilo, BRS FC104 and TAA Gol cultivars showed mean grain yields below 2200 kg ha™. TAA
Dama showed the highest yield in the experiment, i.e., 3274.8 kg ha*. The cultivars of the
carioca and type | groups, BRS FC 104 and TAA Gol, produced an average of 4355 and 5129
kg ha! DM, respectively. The type Il IPR Tuiuiu cultivar from the black group had a DM value
of 6176 kg ha. Although the Pérola cultivar has indeterminate growth and a greater tendency
for vegetative growth than the type | cultivars, it produced 5377 kg ha™ DM, similarly to the
cultivars TAA Gol and FC104, which yielded 4355 and 5129 kg ha™* DM, respectively.

The bean cultivars showed differences in macro- and micronutrient accumulations
during the vegetative and reproductive phases (Table 3 and Figures S1 to S8). The main
differences in the vegetative phase were observed when the plants were in stage V4, with
between five and seven trifoliate leaves. In general, the earliest cultivars (TAA Gol and BRS
FC104) accumulated more nutrients than the other cultivars in stage V4, when the plants had 3
trifoliate leaves, following the accumulation of DM in this stage (Table 3).

During the V4 stage, for plants with 5 trifoliate leaves, the accumulated amounts of N,
P, K, Mg, Cu and Fe did not vary between the cultivars. In this evaluation, the TAA Dama
cultivar and the BRSMG Marte strain showed calcium extractions of less than 10 g ha. The
TAA Dama and BRSMG Uai cultivars and the BRSMG Marte strain accumulated less Zn than
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the other cultivars. These cultivars, together with Pérola, also accumulated smaller amounts of
sulfur and boron than the other cultivars.

Considering the plants in stage V4 (with 7 trifoliate leaves), type 111 (TAA Dama and
Pérola) and type | (TAA Gol and BRS FC104) cultivars accumulated a greater amount of
nutrients than the other cultivars, except for Fe. Until this stage, the cultivar BRSMG Uai
accumulated only 19.4 kg ha® N, while the cultivar Pérola accumulated 50.9 kg ha* N, which
is approximately 162% more than that accumulated by BRSMG Uai.

In the preflowering phase, type Il cultivars (BRS Estilo and the BRSMG Marte strain)
had lower accumulations of N, P, K Ca, Mg, S and B than the other cultivars (Table 4),
coinciding with the lowest DM accumulations in these cultivars (Table 3). On the other hand,
at the R7 stage (pod formation), the amounts of accumulated nutrients did not vary among the
cultivars, except for Zn, which had higher accumulation in the BRS Estilo, BRS FC104, TAA
Gol and Pérola cultivars than in the other cultivars. Beginning in the R8 stage, there were no
significant differences in nutrient extraction by plants. Among the macronutrients, K was the
most required by the bean plants, and among the micronutrients, Fe had the highest
accumulation. There was a linearly adjusted increment in the accumulation of macronutrients
and micronutrients in the beans throughout the crop (table 4).

There was a linear increase in relation to the macronutrients and micronutrients in all
cultivars throughout the crop. Therefore, it is not possible to calculate maximum values of
nutrient absorption. All visual data, with all plants separante components are available by

cultivar and nutrient in the supplementary materials
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Table 3. Nutrient accumulation in the vegetative and reproductive stages by the bean cultivars
TAA Dama, BRS Estilo, BRS FC 104, TAA Gol, BRSMG Marte, Pérola, IPR Tuiuiu and

BRSMG Uai.
Stage Cultivar N P20s KzOI _ Ca Mg S B Cu Fe _ Mn Zn
kg ha g ha
TAA Dama 152 b 32 b 135 b 70 b 19 b 15 b 181 b 28 b 1747 a 115 b 127 B
BRS Estilo 145 b 31 b 154 b 68 b 16 b 14 b 175 b 26 b 1715 a 104 b 125 B
BRS FC 104 238 a 52 a 195 b 107 a 24 a 22 a 311 a 36 b 160.0 a 187 a 208 A
“« TAA Gol 284 a 59 a 289 a 136 a 30 a 26 a 342 a 47 a 3285 a 304 a 203 a
S BRSMG Marte 99 b 19 b 84 b 43 b 09 b 08 b 143 b 17 ¢ 1019 a 58 b 74 b
= Pérola 188 b 39 b 156 b 81 b 19 b 16 b 228 b 37 b 2933 a 111 b 155 b
@ IPR Tuiuit 182 b 39 b 159 b 85 b 21 b 18 b 201 b 33 b 2219 a 138 b 138 b
BRSMG Uai 140 b 29 b 121 b 6.4 b 13 b 12 b 19.7 b 24 b 146.4 a 74 b 101 b
Média 17.8 3.7 16.2 8.2 1.9 1.6 22.2 31 199.8 13.6 141
C.V % 32.0 36.5 30.4 311 37.1 34.3 28.5 36.9 25.6+ 26.9+ 37.2
TAA Dama 183 a 36 a 158 a 85 b 19 a 16 b 199 b 33 a 362.3 a 112 a 137 b
BRS Estilo 220 a 47 a 283 a 116 a 26 a 23 a 278 a 46 a 2740 a 192 a 230 a
BRS FC 104 354 a 69 a 306 a 169 a 36 a 32 a 395 a 6.2 a 426.0 a 268 a 295 a
» TAA Gol 284 a 52 a 26.7 a 128 a 26 a 25 a 338 a 51 a 338.0 a 178 a 211 a
;_§ BRSMG Marte 174 a 34 a 187 a 80 b 16 a 15 b 188 b 30 a 1949 a 96 a 144 b
= Pérola 261 a 49 a 247 a 108 a 22 a 20 b 242 b 41 a 265.1 a 160 a 202 a
© IPR Tuiuit 261 a 57 a 298 a 124 a 25 a 23 a 284 a 48 a 2720 a 159 a 224 a
BRSMG Uai 21.0 a 41 a 245 a 10.1 a 18 a 17 b 250 b 35 a 2373 a 150 a 153 b
Média 24.3 4.8 24.9 11.4 2.4 21 27.2 4.3 296.2 16.4 19.9
C.V % 15,9+ 29.6 16,4+ 30.1 16.2+ 28.9 15.1+ 31.3 26.4+ 23.7+ 30.9
TAA Dama 496 a 82 a 50.0 a 217 a 44 a 39 a 410 a 87 a 456.3 a 275 a 376 a
BRS Estilo 295 b 51 b 328 b 136 b 28 b 25 b 262 b 54 b 3755 a 190 b 231 b
BRS FC 104 405 a 84 a 434 a 194 a 44 a 38 a 46.2 a 85 a 5543 a 294 a 415 a
» TAA Gol 417 a 83 a 46.1 a 195 a 38 a 34 a 419 a 82 a 6432 a 329 a 386 a
;_§ BRSMG Marte 227 b 43 b 245 b 103 b 21 b 19 b 232 b 42 b 3543 a 138 b 189 b
£ Pérola 509 a 98 a 648 a 243 a 56 a 46 a 462 a 98 a 4353 a 340 a 48.7 a
™~ IPR Tuiuit 230 b 46 b 218 b 107 b 21 b 19 b 243 b 41 b 3248 a 112 b 158 b
BRSMG Uai 194 b 40 b 230 b 9.7 b 17 b 16 b 208 b 41 b 395.3 a 132 b 172 b
Média 34.7 6.6 38.3 16.2 3.4 29 33.7 6.6 442.4 22,6 30.2
C.V % 32.4 32.0 33.1 32.6 36.7 31.6 31.9 30.2 24.9+ 36.8 32.0
TAA Dama 792 a 157 a 823 b 344 a 82 a 65 a 733 a 156 a 887.0 a 407 a 826 a
BRS Estilo 292 ¢ 48 ¢ 311 d 112 d 27 ¢ 22 ¢ 319 ¢ 46 c 266.7 b 170 b 194 b
o BRS FC 104 547 b 96 b 549 ¢ 215 ¢ 51 b 41 b 585 b 87 b 4245 b 305 b 415 b
£ TAA Gol 545 b 100 b 578 ¢ 211 ¢ 51 b 42 b 624 b 104 b 9311 a 299 b 416 b
g BRSMG Marte 388 ¢ 74 ¢ 446 d 155 d 35 ¢ 30 ¢ 445 ¢ 74 b 4141 b 246 b 336 b
..—_C.’ Pérola 791 a 157 a 99.3 a 351 a 84 a 6.7 a 932 a 163 a 8239 a 514 a 69.3 a
g IPR Tuiuit 685 a 146 a 1004 a 283 b 71 a 58 a 787 a 147 a 7234 a 395 a 543 a
BRSMG Uai 720 a 147 a 1106 a 287 b 71 a 57 a 865 a 159 a 777.0 a 444 a 618 a
Média 59.5 11.6 72.6 245 5.9 4.8 66.1 11.7 656.0 34.8 50.5
C.V % 19.6 18.0 17.2 16.7 18.9 17.1 15.5 15.5 26.2 29.5 30.5
TAA Dama 855 a 241 a 1251 a 594 a 127 a 99 a 1360 a 291 a 10836 a 612 a 910 b
BRS Estilo 101.8 a 270 a 1703 a 671 a 142 a 112 a 1496 a 362 a 16701 a 759 a 1225 a
- BRS FC 104 1320 a 337 a 1528 a 819 a 168 a 135 a 1994 a 402 a 13351 a 886 a 1434 a
2 TAA Gol 1130 a 353 a 1682 a 760 a 163 a 134 a 2061 b 415 a 20052 a 890 a 1369 a
g BRSMG Marte 794 a 240 a 1317 a 529 a 110 a 91 a 1294 a 275 a 8470 a 535 a 931 b
8 Pérola 100.7 a 308 a 1646 a 678 a 149 a 120 a 1570 a 402 a 18390 a 864 a 1289 a
E IPR Tuiuit 672 a 209 a 1208 a 59.7 a 117 a 92 a 1260 a 276 a 11554 a 639 a 751 b
BRSMG Uai 89.1 a 275 a 1765 a 727 a 143 a 111 a 1646 a 341 a 14324 a 723 a 1043 b
Média 96.1 27.9 151.3 67.2 14.0 11.2 158.5 34.6 1421.0 739 111.9
C.V % 13.43+ 24.2 21.6 28.1 24.6 23.7 20.1 23.1 20.8+ 25.1 22.3
TAA Dama 930 a 183 a 9.6 a 462 a 102 a 77 a 991 a 216 a 676.3 a 46.0 a 765 a
BRS Estilo 1252 a 284 a 1390 a 696 a 151 a 118 a 1709 a 314 a 10773 a 937 a 1292 a
BRS FC 104 1398 a 308 a 1474 a 663 a 156 a 120 a 1724 a 303 a 990.7 a 903 a 1312 a
=2 TAA Gol 1499 a 369 a 1533 a 774 a 198 a 148 a 2145 a 355 a 14728 a 1152 a 1344 a
= BRSMG Marte 1233 a 287 a 1546 a 658 a 146 a 112 a 1478 a 311 a 9485 a 808 a 1122 a
§ Pérola 1048 a 241 a 1223 a 526 a 120 a 95 a 1337 a 250 a 635.1 a 747 a 909 a
a IPR Tuiuit 99.1 a 219 a 1156 a 536 a 125 a 94 a 1266 a 263 a 810.7 a 55.0 a 768 a
BRSMG Uai 954 a 224 a 1259 a 50.0 a 107 a 82 a 1327 a 204 a 569.5 a 495 a 68.8 a
Média 116.3 26.4 131.8 60.2 13.8 10.6 149.7 27.7 897.6 75.7 102.5
C.V % 14.7+ 14.32+ 28.8 29.7 16.0+ 15.0+ 13.9+ 13.9+ 19.8+ 20.4+ 16.2+
TAA Dama 2182 a 610 a 2462 a 1242 a 392 a 274 a 3121 a 388 a 36215 a 1454 a 2862 a
S BRS Estilo 1650 a 478 a 2266 a 873 a 288 a 210 a 2882 a 312 a 46415 a 1784 a 2327 a
B BRS FC 104 1604 a 450 a 1763 a 801 a 237 a 184 a 2328 a 296 a 18921 a 1205 a 2034 a
*2 TAA Gol 1673 a 464 a 2211 a 1042 a 293 a 215 a 2816 a 320 a 27148 a 1955 a 2249 a
% BRSMG Marte 1858 a 558 a 2226 a 785 a 253 a 198 a 2221 a 283 a 12510 a 1154 a 2445 a
g Pérola 1569 a 454 a 2012 a 667 a 260 a 190 a 2536 a 294 a 16912 a 882 a 1854 a
% IPR Tuiuit 2059 a 583 a 2230 a 992 a 313 a 236 a 3139 a 363 a 32185 a 1529 a 3034 a
2, BRSMG Uai 1775 a 558 a 1954 a 774 a 223 a 174 a 2401 a 273 a 22847 a 1270 a 1983 a
T Média 179.6 51.9 214.0 89.7 28.2 21.0 268.0 31.6 2664.4 140.4 234.8
C.V% 22.9 22.0 29.5 42.8 35.4 315 33.5 29.2 46.7 35.0 33.4




Table 4. Accumulation of macronutrients and micronutrients in the whole plant of bean

throughout the post-sowing period (Days after sowing — DAS).
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Cultivar Regression equation R? Cultivar Regression equation R?
N 3.1702x - 74.501 0.96 N 2.211x - 28.212 0.91
P,0Os 0.9225x - 25.592 0.95 P05 0.6913x - 13.702 0.90
KO 3.7176x - 91.879 0.96 o KO 2.9923x - 43.67 0.81
E Ca 1.8823x - 49.107 0.98 g Ca 1.0099x - 9.2761 0.64
8 Mg 0.5934x - 17.696 0.94 o Mg 0.3943x - 8.633 0.94
< S 0.4101x - 11.659 0.94 s S 0.2852x - 5.6617 0.92
|<E B 4.7678x - 132.33 0.96 &’ B 3.8521x - 79.207 0.93
Cu 0.5694x - 12.253 0.92 0 Cu 0.5358x - 8.5268 0.60
Mn 2.0979x - 52.729 0.94 Mn 1.9874x - 44.202 0.68
zZn 4.2369x - 120.84 0.91 zZn 4.179x - 109.97 0.99
Fe 52.14x - 1509.5 0.88 Fe 20.418x - 280.42 0.82
N 2.5982x - 51.547 0.93 N 2.211x - 28.212 0.91
P,0Os 0.7621x - 17.985 0.96 P,Os 0.6913x - 13.702 0.90
KO 3.6342x - 77.852 0.91 KO 2.9923x - 43.67 0.81
o Ca 1.4486x - 29.125 0.85 Ca 1.0099x - 9.2761 0.64
§ Mg 0.4519x - 11.347 0.98 s Mg 0.3943x - 8.633 0.94
g S 0.3278x - 7.7655 0.97 g S 0.2852x - 5.6617 0.92
x B 4.4613x - 113.11 0.97 o B 3.8521x - 79.207 0.93
D cu 0.5583x - 9.4929 0.66 Cu 0.4787x - 3.9684 0.45
Mn 2.7467x - 68.953 0.98 Mn 1.2991x - 9.653 0.68
Zn 3.6967x - 92.073 0.97 Zn 2.7587x - 50.859 0.87
Fe 0.93 Fe 23.989x - 257.61 0.49
N 2.8508x - 34.23 0.81 N 2.9355x - 67.178 0.96
P,0Os 0.8123x -14.237 0.87 P,0s 0.8623x - 22.432 0.97
KO 3.442x - 45.582 0.81 KO 3.2165x - 60.871 0.94
g Ca 1.4811x - 19.094 0.69 s Ca 1.4955x - 31.193 0.96
35 Mg 0.4268x - 7.7733 0.89 g Mg 0.4718x - 12.472 0.98
LS 0.3242x - 5.4516 0.85 ~ S 0.3493x - 8.8388 0.98
£ B 4.2534x - 66.864 0.80 £ B 4.6974x - 119.24 0.98
m Cu 0.5935x - 6.6714 0.54 ~ Cu 0.5542x - 8.9351 0.87
Mn 2.0757x - 28.821 0.88 Mn 2.2327x - 54.458 0.96
Zn 3.6445x - 65.067 0.89 zZn 45172x - 135.9 0.91
Fe 31.274x - 487.67 0.87 Fe 46.686x - 1249.3 0.92
N 2.9793x - 42.504 0.89 N 2.5951x - 51.424 0.96
P,0s 0.8794x - 16.081 0.86 P,Os 0.861x - 21.716 0.96
K20 3.9522x - 67.128 0.89 K>0 2.966x - 39.844 0.71
_ Ca 1.9324x - 34.368 0.84 ‘s Ca 1.2082x - 19.507 0.76
&8 Mg 0.547x - 11.693 0.93 8 Mg 0.3444x - 7.6123 0.93
} S 0.3947x - 7.76996 0.91 s S 0.2658x - 5.6683 0.91
= B 5.2838 x - 99.933 0.88 £ B 3.6638x - 71.796 0.90
Cu 0.6619x - 8.0759 0.56 m Cu 0.4233x - 3.7999 0.54
Mn 3.394x - 70.504 0.93 Mn 1.8687x - 40.556 0.91
Zn 4.0824x - 84.518 0.94 zZn 2.9782x - 71.979 0.93
Fe 47.061x - 745.15 0.79 Fe 33.001x - 744.63 0.83

Although there were differences in the rate of nutrient uptake among the cultivars (Table

5), in general, the nutrient exports per hectare or per ton of grains were similar. The only

exception was observed for K, which was exported in smaller quantities by the BRS Estilo,
BRS FC104 and TAA Gol cultivars (Table 5). These cultivars exported, on average, 66.5, 69.2
and 65.7 kg ha* K20.

At the average grain production of 2652.3 kg hal, the average export rates of N, P2Os,
K20, Ca, Mg and S were 87.5, 29, 85, 5.2, 5.9 and 6.1 kg ha™, respectively. Regarding the
micronutrients, 40, 10, 224, 34 and 91 g ha* B, Cu, Fe, Mn and Zn, respectively, were exported.

Macronutrient exports per ton of grain were similar between cultivars (Table 6). On
average, 33.1, 11.1, 32.0, 1.5, 2.2 and 2.3 kg Mg grains of N, P.0s, K20, Ca, Mg and S,
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respectively, were exported. The only exception was Mg, which was exported in smaller
guantities by the BRSMG Marte strain, with 1.8 kg Mg™. The average export of micronutrients
was 14.2, 3.7, 69.5, 13.0 and 34.3 g Mg for B, Cu, Fe, Mn and Zn, respectively.

When contrasting the bean types, the type Il cultivars (BRS Estilo, BRSMG Marte,
Tuiuiu and BRSMG Uai) had greater exports of P, K, Mg and Zn than the type I cultivars (BRS
FC104 and TAA Gol) (Table 6). The type Il cultivars exported more Mg than the type Il
cultivars. The early cultivars, in general, exported lower amounts of nutrients than the later

cultivars, except for Ca, Fe and Mn, which were exported in greater quantities.

Table 5. Nutrient exports by the bean cultivars TAA Dama, BRS Estilo, BRS FC 104, TAA
Gol, Pérola, IPR Tuiuiu, BRSMG Uai and BRSMG Marte per hectare of production.

N P,0s K0 Ca Mg S B Cu Fe Mn Zn
Cultivar
kg ha' g hat

TAA Dama 99.2 a 308 a 940 a 93 a 84 a 79 a 534 a 124 a 2735 a 342 a 1044 a
BRS Estilo 642 a 226 a 665 b 39 a 48 a 49 a 334 a 68 a 2413 a 294 a 723 a
BRS FC 104 737 a 256 a 692 b 19 a 40 a 46 a 297 a 76 a 1408 a 294 a 751 a
TAA Gol 720 a 230 a 657 b 57 a 49 a 50 a 338 a 75 a 2034 a 283 a 700 a
BRSMG Marte 1038 a 369 a 1029 a 37 a 54 a 63 a 367 a 110 a 2081 a 392 a 1179 a
Pérola 860 a 280 a 848 a 69 a 68 a 65 a 430 a 109 a 2020 a 307 a 866 a
IPR Tuiuid 1064 a 345 a 1012 a 63 a 7.1 a 73 a 490 a 134 a 3388 a 422 a 1045 a
BRSMG Uai 945 a 341 a 948 a 37 a 58 a 63 a 432 a 109 a 1878 a 408 a 995 a
Tipo I x 11 -19.4" -7.78 -23.9% -0.6™  -1.3™  -14m™ -8.8™ -2.9m™ -71.9™ -9.0° -26.0°
Tipo I x 1 -19.7™ -5.1m -22.0% -4.3™ -3.28 -25° -16.4% -4.1m -65.7"™ -3.5m™ -22,9™
Tipo Il x 11 -0.4™ 26™ 1.9™ -3.7m™ -1.8° -1.0m™ -7.6™ -11m 6.2™ 55m™ 3.1
Early x Later -19.5° -3.0° -23.2% -2.3® -1.9% -1.8% -11.3°% -3.3% -69.8™ -7.0™ -25.0°%
Mean 87.5 294 84.9 5.2 5.9 6.1 40.3 10.1 2245 343 91.3
C.Vi% 20.8 20.7 18.5 38.4+ 27.6 23.2 28.6 324 52.4 23.6 23.9

Means followed by the same letter in a column do not differ according to the Scott—Knott test at a 5% significance level. ™: Nonsignificant.
Differences were determined by the Schefe test at a 5% probability level. + Transformed data. CV: Coefficient of variation.

Observations:

Type | cultivars: BRS FC104 and TAA Gol; Type Il cultivars: BRS Estilo, BRSMG Marte, IPR Tuiuiu and BRSMG Uai

Type Il cultivars: TAA Dama and Pérola; Early cultivars: BRS FC104 and TAA Gol.



23

Table 6. Extraction of nutrients by the bean plant cultivars TAA Dama, BRS Estilo, BRS FC
104, TAA Gol, Pérola, IPR Tuiuiu, BRSMG Uai and line BRSMG Marte for every thousand
kilograms of grains produced.

N P20s K20 Ca Mg S B Cu Fe Mn Zn
Cultivar
kg Mg g Mg*
TAA Dama 303 a 94 a 287 a 14 a 25 a 24 a 161 a 35 a 816 a 107 a 316 a
BRS Estilo 316 a 11,1 a 327 a 10 a 24 a 24 a 166 a 34 a 636 a 143 a 358 a
BRS FC 104 346 a 120 a 324 a 09 a 19 a 21 a 139 a 36 a 660 a 138 a 352 a
TAA Gol 335 a 106 a 303 a 15 a 22 a 23 a 152 a 33 a 647 a 130 a 316 a
BRSMG Marte 346 a 124 a 346 a 13 a 18 b 21 a 124 a 3.7 a 699 a 131 a 395 a
Pérola 315 a 102 a 308 a 24 a 25 a 24 a 155 a 39 a 722 a 112 a 314 a
IPR Tuiuit 338 a 109 a 321 a 20 a 22 a 23 a 155 a 43 a 680 a 134 a 333 a

BRSMG Uai 346 a 125 a 347 a 14 a 21 a 23 a 159 a 40 a 698 a 149 a 362 a
Mean 33.1 111 32,0 15 2.2 2.3 14,2 3.7 69.5 13.0 34.3
C.V!% 8.7 13.8 8.3 23.2+ 9.7 5.7 15.1 23.8 13.3 155 10.7

Means followed by the same letter in a column do not differ according to the Scott—Knott test at a 5% significance level. ™: Nonsignificant.
Differences were determined by the Schefe test at a 5% probability level. + Transformed data. CV: Coefficient of variation.

Discussion

The initial growth of the early cultivars (type I, TAA Gol and BRS FC104) was higher
than that of the other cultivars (types Il and Ill), which can be confirmed by the greater
accumulation of DM in the type | cultivars in stage V4, when the plants had 3 or 5 trifoliate
leaves (Table 3). In turn, the later cultivars (type 1l1) had higher DM values than the early
cultivars only close to flowering (R5-preflowering), after the vegetative phase. This was
expected, since the early cultivars have determinate growth, with fast initial growth and the
termination of vegetative growth after flowering, while the type 111 cultivars (indeterminate)
continue to grow and produce new leaves after the beginning of flowering (Singh 1981).
However, beginning in R7 there were no differences in the accumulated DM between the
cultivars. Padilla-Chacén et al. (2019) suggest that the differences in DM accumulation between
cultivars after flowering occur mainly under water stress conditions, in which the indeterminate
cultivars (type I11) perform better. In our study, there was no water stress after flowering, thus
explaining the similar behaviors of the cultivars.

The TAA Gol and BRS FC104 cultivars also showed higher initial nutrient
accumulation, especially N accumulation (Table 4). In the study by Silva and Moreira (2022),
higher initial nutrient accumulation was also observed for the early cultivar TAA Gol, which
demonstrates the need for studies to define suitable stages for topdressing fertilization for these

earlier bean cultivars. Historically, topdressing nitrogen fertilization was applied to bean plants
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when they reached the V4 stage (Araujo et al. 1994). However, because determinate plants
practically complete their growth before flowering (Singh 1981), it is believed that delays in
topdressing fertilization as well as cultivation in nutrient-poor soils lead to limited development
before flowering, thereby affecting plant yield. As the final amounts of accumulated nutrients
were equivalent between cultivars, the rates used would likely be the same. A search performed
on May 28, 2022, in the Google Scholar database for studies from the last five years on the
fertilization period of bean crops returned 1270 studies, but only one evaluated fertilization in
early cultivars. As concluded by Damian et al. (2017), the recommendations for nitrogen
fertilization for common bean in Brazil should be revised, considering the groups of cultivars
with different growth habits.

Considering the higher nutrient requirements of the TAA Gol and BRS FC104 cultivars
in the early stages of development and the speed of development before flowering (mean of 37
days between sowing and flowering in this study), they would probably not be recommended
for soils with low fertility. Under these conditions, these cultivars would have very little time
to acquire nutrients for growth before flowering compared to the later cultivars (types Il and
I11), which take longer to start flowering and continue their growth after the beginning of
flowering. According to the National Cultivars Registry (2022), in Brazil the cultivars TAA
Gol and BRS FC104 flower 30 days after emergence (DAE) and complete their cycles at 70
and 65 days, respectively. Importantly, type | cultivars are determinate; therefore, they show
high vegetative development only until flowering (Singh 1981). Thus, it is important that soil
fertility is not a limiting factor for the initial development of plants before flowering.

The MHI is one of the efficiency parameters for the conversion of acquired nutrients
into final yield (Donald and Hamblin 1976), so it was expected that modern cultivars, such as
those included in the present study, would have high MHI values. This pattern was not observed
in the cultivars evaluated in this study. Araudjo and Teixeira et al. (2012) reported that with the
advancement of breeding programs, there is a trend of indirect selection of bean genotypes with
higher MHIs and that a genotype with a high MHI does not necessarily have high grain yield.
Scully et al. (1991) observed a weak correlation between grain yield and the MHI of 112 bean
cultivars, indicating that breeding programs did not use this index for the selection of new
cultivars.

In the present study, the MHI did not vary with the growth type of the cultivars, being
on average 45.9%. Aradjo and Teixeira (2003), evaluating 18 bean cultivars, determined that
cultivars belonging to types I, 11 and 111 had MHIs of 55, 58 and 61%, respectively. On the other

hand, even though the MHIs of the cultivars evaluated in the present study were lower than
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those of the older cultivars studied by Araujo and Teixeira (2003), the average yield of these
cultivars was above 2600 kg ha™, while those evaluated by Aradjo and Teixeira (2003) had an
average yield of 1130 kg ha™.

Although the average yield of the cultivars studied did not reach 4.446 kg ha', the value
observed by Flores et al. (2018) for the cultivar BRS Estilo under irrigation, it was more than
2.5 times higher than the average yield reported in Brazil, which is approximately 1000 kg ha
! (CONAB 2021). Although the total rainfall (691 mm) was greater than that required by the
crop, 600 mm according to Pereira et al. (2014), there were 34 days without rain during the crop
cycle. There may have been a water deficit that restricted grain yield and prevented the crops
from producing the yield reported by Flores et al. (2018).

The export of nutrients did not vary among the cultivars studied (Table 6), except for
that of K>O, which was smaller in the cultivars BRS Estilo, TAA Gol and BRS FC104.
According to Westermann et al. (2011), bean genotypes with higher DM production generally
have higher nutrient extraction. However, the amounts of nutrients exported by the cultivars in
the present study were larger than those exported by the genotypes studied by Westermann et
al. (2011), with an average yield of 3450 kg ha’. The differences in the exported amounts of
nutrients may be linked to genetic variability among the cultivars (Bulyaba et al. 2020).

In the present study, for example, the group of type Il cultivars (BRS Estilo, BRSMG
Marte, IPR Tuii and BRSMG Uai) evaluated together exported more P, K, Mg and Zn than
the group of type I cultivars (BRS FC104 and TAA Gol) and produced similar numbers of
grains per hectare. Zando Junior et al. (2018) also evaluated type | and Il cultivars and found
no differences in nutrient export. On the other hand, variability among the cultivars in the
absorption of nutrients may be desired, especially when considering increases in the amount of
nutrients per kg of grains, aiming to increase the nutritional value of the grain (Khush et al.
2012). Increased Zn export in bean grains, for example, is one of the goals of many crops
improvement programs, since Zn is one of the most deficient nutrients in humans, especially in
underdeveloped countries (Stanton et al. 2022). Thus, the mean of 38 mg kg™ found in this
study can be considered high when compared to that observed in other studies (Cambraia et al.
2019; Jalal et al. 2021; Kachinski et al. 2020; Mukankusi et al. 2020).

The typical order of exported nutrients in the cultivars studied was N> K> P> S> Mg>
Ca> Fe> Zn> B> Mn> Cu. Fageria et al. (2013) observed that the nutrient export sequence for
the BRS Valente cultivar was N> K> Ca> Mg> P> Fe> Mn> Zn> Cu. These small differences
observed mainly for micronutrients are due to genetic variability between cultivars (Bulyaba et
al. 2020).
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5 Conclusions

The type | early cultivars TAA Gol and BRS FC104 had higher DM and nutrient
accumulation at the beginning of stage V4 (when plants had 3 trifoliate leaves) than the type Il and
[11 cultivars.

Until stage 4.5 (when plants had 5 trifoliate leaves), the BRSMG Marte TAA Dama and
BRSMG Uai cultivars strain had lower vegetative development, with DM production of less than
500 kg ha™.

Beginning in the R8 stage there were no differences in nutrient extraction between cultivars.
Among the macronutrients, K was the most extracted by the bean plants, and N was the most
exported. Among the micronutrients, Fe showed higher accumulation.

The group of type Il cultivars (BRS Estilo, BRSMG Marte, Tuiuiu and BRSMG Uai)
exported more P, K, Mg and Zn than the group of type I cultivars (BRS FC104 and TAA Gol). The
group of type Il cultivars exported more magnesium than the group of type Il cultivars.

The mean harvest index (MHI) was 45.89%;
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ARTIGO 2 - Exportacéo de nutrientes pela cultura do feijdo: uma reviséo sistematica e
meta-analise
RESUMO

Em solos com teores adequados e altos de nutrientes é possivel estimar a adubacéo da cultura
apenas fazendo-se a adubacgdo de manutencéo e reposicao, respectivamente, que consistem em
aplicar ao solo as quantidades de nutrientes extraidas por toda a parte aérea da planta
(manutencdo) ou apenas as quantidades de nutrientes exportadas nos grdos (reposicao). No
entanto, os dados disponiveis para recomendacao ndo descriminam os tipos de cultivares (tipos
I, 11, 111 ou IV), além de que muitos deles foram elaborados com base em cultivares antigos,
sendo a maioria dos cultivares avaliados de crescimento indeterminados, tipo Ill. Assim, com
a presente revisdo sistematica e meta-analise objetivou-se identificar os ultimos trabalhos sobre
exportacdo dos nutrientes nitrogénio (N), fésforo (P) e potassio (K) por unidade de grdo de
feijdo produzida, buscando-se verificar as diferencas entre as cultivares tipo I, 11, lll e IV. A
pesquisa das publicacdes foi realizada por meios eletrénicos nas paginas do Web of Science e
Google Scholar, com as seguintes palavras-chave: “Phaseolus vulgaris” e “nutrient uptake”,
sendo selecionados 11 artigos. Devido a grande heterogeneidade dos dados nédo foi prosseguida
a meta-analise. Os estudos indicam que as exportacbes médias de N, P e K por tonelada de
gréos de feijdo foram 32,7, 3,5 e 15,4 kg Mg respectivamente. As exportacdes médias de N,
P e K por hectare, considerando-se a produtividade média obtida nos estudos de 2673 kg ha,
foi de 77,6, 8,3 e 36,8 kg hal, respectivamente.

INTRODUCAO

O feijdo-comum ¢é uma cultura com grande potencial para contribuir com a seguranca
alimentar de todo mundo, pois seus graos sdo ricos em proteinas, vitaminas e micronutrientes
como Zn e Fe (SMITH & RAO,2021). Além das caracteristicas nutricionais, o feijdo também
é reconhecido pelo seu potencial agrondmico. Entre suas vantagens estdo ciclo curto e a
possibilidade da exploracdo da simbiose com bactérias fixadoras de nitrogénio, com potencial
para reduzir o uso do nutriente por unidade de grdo produzida. O feijoeiro é uma cultura
promissora, mas ainda ha necessidade de estudos e definicdo de manejos para a cultura,
principalmente adubacéo, principalmente por serem cultivadas diferentes cultivares no mundo,
com diferentes tipos e habitos de crescimento (de OLIVEIRA et al., 2018; SILVA &
MOREIRA, 2022). Paises como o Brasil vem substituindo ha cerca de 15 anos as cultivares
indeterminadas e prostadas, classificadas como do tipo Ill, por cultivares mais eretas, com
menor grau de indeterminagdo, como as do tipo 11 ou por cultivares determinadas e eretas como
as do tipo 1. Isso tem ocorrido porque as cultivares mais eretas (tipos | e 1l) sdo colhidas de
forma mecanizada mais facilmente do que as cultivares prostadas (tipo 1l11). Embora as

cultivares tipos 11 e I11 sejam geralmente mais tardias e com maior desenvolvimento vegetativo
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do que as tipo | (de OLIVEIRA et al., 2018), pouca distin¢do tem sido feito no momento de
recomendacé&o de fertilizantes entre os diferentes tipos de feijéo.

Um dos métodos utilizados para determinar as doses de fertilizantes para as culturas, e
assim diminuir oseu uso inadequado, € baseado em metas de produtividade e taxas fixas de
exportacdo do nutriente por unidade de gréo produzida (LUNIKA et al., 2001; SALVAGIOTTI
etal., 2008). Geralmente, em solos com teores adequados e altos de nutrientes é possivel estimar
a adubacdo da cultura apenas fazendo-se a adubacdo de manutencdo e reposicéo,
respectivamente. Ambas as formas de adubacéo se baseiam nas expectativas de produtividade.
A adubacgdo de manutencdo baseia-se na aplicacdo das quantidades de nutrientes extraidas por
tonelada de massa seca da parte aérea e a adubacdo de reposicao, na aplicacdo das quantidades
dos nutrientes por cada tonelada de gréos colhida (WUTKE et al., 2022).

Alguns autores mostraram evidéncias de que cultivares de feijdo apresentam taxa de
acumulo de massa seca, extracdo e exportacao de nutrientes diferentes de acordo com a duragao
do ciclo, cor do gréo e tipo de crescimento da planta (LEAL et al., 2019; SILVA e MOREIRA,
2022; ZILIO et al., 2017). Além disso, muitos dados disponiveis principalmente nos boletins
de recomendacao de fertilizantes e corretivos do Brasil e possivelmente de outros paises foram
elaborados a partir de dados obtidos com cultivares mais antigas, ndo mais utilizadas pelos
agricultores, 0 que encoraja os autores deste trabalho a buscar novas informacoes a partir de
artigos publicados por pesquisadores brasileiros e estrangeiros.

E conhecido o fato de que as cultivares tipo | (determinadas) sdo mais precoces e
completam seu ciclo com maior rapidez do que as cultivares do tipo 1l e I11, que sdo mais tardias
e indeterminadas (de OLIVEIRA et al., 2018). Meta-analises e revisdes sistematicas
objetivando resumir as técnicas atuais para quantificacdo e para a aplicacdo de fertilizantes no
solo e quantificar os efeitos relativos a adubacdo vem sendo realizadas para diversas culturas
(Chandrasekaran, 2022; Linquist et al., 2013; Nkebiwe et al., 2016). Entretanto, ndo ha estudos
para o feijoeiro, principalmente com separacdo dos cultivares tipo I, Il e 11l com relacdo a
exigéncia nutricional e extracao e exportacdo de nutrientes.

Atualmente tem que se buscar todas as maneiras para maximizar o aproveitamento dos
fertilizantes em todo mundo, devido ao aumento de demanda e conflitos nos paises
exportadores, o que justifica este trabalho. O uso global de fertilizantes aumentou
expressivamente nos ultimos anos, como exemplo a demanda de P, saiu de 4,6 milhdes de
toneladas em 1961 para aproximadamente 21 milhdes de toneladas em 2015 (MOGOLLON et
al., 2018). Os conflitos atuais entre paises exportadores afetaram o mercado global de

fertilizantes, reduzindo a disponibilidade e aumentando os custos (Nordhagen et al., 2022).
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A hipdtese deste trabalho é que cultivares mais precoces de feijdo (Tipo I) apresentam
a mesma exportacdo de N, P e K por tonelada de gréo do que as indeterminadas (Tipo Il e I11),
cuja demanda total de nutrientes por hectare pode ser igual ou maior do que a das cultivares
tipo Il e 111, dependendo das produtividades alcancadas. Diante disso, objetivou-se quantificar
a exportacdo de nutrientes N, P e K a partir de dados publicados na literatura mundial para as

cultivares de feijdo-comum pertencentes a diversos grupos comerciais e habitos de crescimento.

MATERIAL E METODOS

Os dados foram compilados a partir de estudos que avaliaram ou apresentaram as
guantidades totais de N, P e K exportadas por cada tonelada de grdos de feijao-comum
produzida. A meta-anélise foi calculada com base na compilacdo de dados obtidos a partir de
artigos cientificos produzidos em todos os continentes. A pesquisa das publicagdes foi realizada
por meios eletrdnicos nas paginas do Web of Science e Google Scholar, com as seguintes
palavras-chave: “Phaseolus vulgaris” e “nutrient uptake”. Devido a grande importancia da
lingua inglesa no meio cientifico, ela foi utilizada como padrdo. Buscou-se dessa forma
aumentar o espectro de buscas dos estudos e consequentemente diminuir os riscos de viés. Em
cada uma das bases de dados foi aplicado um filtro, como forma de eliminar artigos referentes
a revisoes.

A avaliacdo foi constituida por uma analise sobre a disponibilidade de dados obtidos,
tendo como um primeiro critério de exclusao de trabalhos aqueles que apresentassem falta de
dados exigidos como fundamentais para o desenvolvimento da meta-analise. O segundo critério
de excluséo adotado foi que os estudos deveriam contemplar ao menos trés amostras, mesmo
gue houvesse trés repeticdes analiticas. Os parametros considerados como variaveis adotadas
para a avaliacdo foram: produtividade, extracdo e exportacdo de N, P e/ou K. A metanalise
realizada utilizou as seguintes informacdes: (n) = média; (SDu) = desvio padréo da média; (n)
= namero de repeticdes. Nos casos em que o desvio padrdo ndo foi apresentado, o desvio foi
estimado por intermédio do coeficiente de variagéo, utilizando-se a equagdo SDu = CV% n 100
1 onde: u= Média; CV% = coeficiente de variacio e SDu = desvio padrdo. Quando no havia
o valor do desvio padrdo para o calculo, foi utilizado o erro padrdo (SEw) € 0 nimero de
repeticdes (n) para calcular o desvio padréo utilizando-se a equag&o SDu=SEuvn, onde: SEu =
erro padrdo; SDu = desvio padrdo e n = numero de repeti¢cbes. As médias e 0s desvios padrbes
que representam o grupo experimental foram organizados em colunas nas planilhas do
Microsoft Excel®.
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A meta-andlise foi realizada com o software R v4.2.2 (R CORTE TEAM, 2022), com 0
auxilio do pacote meta. Admitindo-se a existéncia de diferencas metodoldgicas entre os estudos
e a presenca de escalas distintas entre eles, foram adotados nas analises, respectivamente, um
modelo de efeitos randdmicos e a diferenca de médias padronizada (DMP) (standarized mean
difference — SMD) (g de Hedges), utilizada como estimativa do tamanho do efeito (HIGGINS
etal., 2022).

Nos casos em que 0s autores ndo apresentaram as exportagdes de N, P e K por hectare
(ha), as exportacdes de nutrientes por ha foram calculadas multiplicando-se as concentracfes
de nutrientes nos gréos pelas produtividades de grdos. As quantidade de P e K apresentadas em
alguns estudos na forma de P,Os e K,O foram convertidas em equivalentes de P e K. As
unidades foram padronizadas em quilogramas por megagramas (kg Mg™) para concentragéo de
nutrientes nos gréos e quilogramas por hectare (kg ha*) para exportacédo de nutrientes por area
plantada.

RESULTADOS E DISCUSSAO
Overview

A pesquisa nas diferentes bases de dados resultou em um total de 2365 estudos. Apos a
realizacdo dos processos de triagem foram selecionados para a realizagdo da revisao sistematica
um total de 11 estudos. Desses estudos, sete foram classificados especificamente para a meta-
analise para exportacéo de nitrogénio e nove para fosforo e potassio.

Um total de 642 observacdes de exportacBes dos nutrientes N, P e K foram coletadas
dos estudos selecionados para revisdo sistematica. Dividindo esses dados pelos continentes,
68,1% (438 observacdes) foram obtidos no continente americano, 1,9% (12) no continente
africano e 26,2 % (168) no continente asiatico (Fig. 1). Aproximadamente 16,5% desses dados
publicados estdo sem data de obtencéo dos resultados; 34,3% obtidos entre 2012 e 2022 e 49,2%
obtidos na década de 1990 e 2000.

Figura 1 — Localizagdo dos estudos utilizados na revisdo sisteméatica e meta-analise sobre
exportacOes dos nutrientes N, P e K e produtividade de gréos.
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3.2 Exportagéo de nutrientes por unidade de gré&os

Considerando o conjunto de dados totais, a exportacio média de N foi de 31,6 kg Mg
e variou de 26,3 a 39,4 kg Mg™. A exportacdo média de P foi de 3,47 kg Mg, variando de 1,9
a 4,7 kg Mg, enquanto a exportacdo média de K foi de 15,6 kg Mg, variando de 13,4 a 18,7
kg Mg (Tabela 1).

Tabela 1 - Resumo das informacGes dos estudos utilizados na revisdo sistematica,
considerando-se local, ano de cultivo, fatores experimentais avaliados em cada estudo,

quantidade exportada de nutrientes (N, P e K) nos gréaos de feijéo.

fator Teor médio dos nutrientes (kg

-1
Autor (ano publicagéo) Local Anos do experimental Mg™)
estudo .
avaliado N P K
Avradjo e Ferreira (2012)  Seropédica, Brasil 2003 Gendtipos 394 4,5 18.7
Colorado, lowa e
Michigan -
Bulyaba et al. (2020) Estados Unidos da  2017/2018 Cultivares NI 4,7 13,7
América / Masaka
— Uganda
Chavoshi et al. (2018) Arak, Iran 2015 Irrigacgéo 31,0 2,9 13,4
Fageria (2014) Brasil Né&o indicada Epocas de avaliacio 28,9 4,1 15,3
Fageria et al. (2007) Capivara, Brasil 1999/(2)200/20 Anos diferentes 32,0 3,8 16,8
Fageria et al. (2010) Capivara, Brasil  N&o indicada Doses calcario x ferro 32,3 3,7 13,9
Kumar et al. (2020) Jharnapani, India ~ 2013/2014 Adubacéo 33,7 2,0 15,9
Perez et al. (2013) Botucatu, Brasil  2007/2008 Sistemas de plantio x 32, 31 16,0
cobertura de N

Silva e Moreira (2022) Lavras, Brasil 2018 Cultivares 26,3 3,4 15,0
Soratto et al. (2013) Botucatu, Brasil sem data Cultivares x adubagéo 28,4 4,5 16,8
Média 31.6 3.7 15.6

NI- Nao informado.

Grande parte dos estudos selecionados foram realizados no Brasil, onde ha manuais de
recomendacdes de adubacdo. A versao mais recente é a do Boletim 100, em que sdo citadas que
para producio de uma tonelada de graos de feijdo sdo necessarios 35, 5e 16 kg Mg'de N, P e
K, respectivamente (WUTKE et al., 2022). No caso dos nutrientes N e P, os valores séo
numericamente um pouco superiores a média encontrada nos estudos brasileiros que foram de
31,8 e 3,3 kg Mg*paraN e P, respectivamente. No caso do K, os valores foram similares, pois
na media a exportacdo do nutriente foi 16,1 kg para cada tonelada de grdo produzida.

A média global de toda meta-analise para a quantidade de N exportada nos gréos foi de
31,8 kg Mg (Fig. 2). O teste do 12 demonstrou uma baixa inconsisténcia entre os estudos (<

40%), sugerindo assim auséncia de viés de publicagdo. Pereira e Galvao (2014) sugerem que
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um 12 superior a 50% indica heterogeneidade substancial e, acima de 75%, heterogeneidade
consideravel. Assim, quanto maior a heterogeneidade, maior o questionamento sobre a validade
de combinar resultados.

A média global para as quantidades de P e K exportadas nos graos foram de 3,31 e 17,1
kg Mg, respectivamente (Figs. 3 e 4). Assim como observado para o N, as médias dos estudos
selecionados para P e K apresentaram altas heterogeneidades, ndo apresentando viés de
publicacéo.

Quando se compara as exportacdes médias de P com as obtidas nos estudos de Kumar
et al. (2020), que foram realizados na India, as quantidades exportadas de P foram de 39,4%
inferiores aos demais estudos considerados. O tipo de crescimento da cultivar estudada por
Kumar et al. (2020) é a tipo IV, sendo a possivel causa desse alto contraste. Silva e Moreira
(2022) cultivaram cultivares tipo I, 1l e 11l em solo com alta fertilidade e observaram a
exportacdo média de todas as cultivares de 3,48 kg de P por tonelada de grdos, mas sem
diferengas nas quantidades exportadas nos graos pelos diferentes tipos. Ha relatos na literatura
de que ha oscilacdo na exportacdo de P pode ser devida ao tipo de fertilizante, profundidade de
aplicacdo e tipo de solo (CHANDRASEKARAN, 2022; EL MAZLOUZI et al., 2022;
NKEBIWE et al., 2016; WANG et al., 2006).

Figura 2— Graéfico de floresta (Forest plot) para quantidade de nitrogénio por tonelada de gréos
(kg Mg™).

Weight Weight

Study Total Mean 8D Mean MRAW 95%-Cl (common) (random)
Araujo e Ferreira (2012) 256 39.60 2.6631 : ; + 3060 [39.253995] 28%  146%
Chavoshi et al (2018) 48 3102 11789 - 3102 [3069; 31.36] 3% 146%
Fageria etal. (2007) 54 3200 3.1360 —+ 1 3200 [31.16;32.64] 05% 14.5%
Kumar et al (2020) 60 3365 02400 D 3365 [3359;3371]  933%  146%
Perezetal. (2013) 24 3280 6.2976 ——% 3280 [30.26;3532] 01%  136%
Silva & Mareira (2022) 16 2450 44590 —— P 2450 [2232; 26 68] 01%  138%
Soratto et al. (2013) 24 2636 35195 - 3 20,38 [26.96;29.79] 02% 14.3%
Common effect model 482 g 4 33.71 [33.65; 33.77]  100.0% -
Random effects model == 31.76 [28.31; 35.22] - 100.0%

L2 2_ 1 1
Heterogeneity: /= 100%, t* = 21.2086, p < 0.01
25 30 35
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Figura 3 — Grafico de floresta (Forest plot) para teor de fosforo nos gréaos.

Weight Weight
Study Total Mean sD Mean MRAW 95%-Cl (common) (random)
Araujo e Ferreira (2012) 256 454 (04844 b + 454 [448;460] 00% 11.3%
Bulyaba et al_ (2020) 48 473 00033 i O 473 [473;473] 3M1% 1M13%
Chavashi etal (2018) 48 289 00558 v 289 [287,291] 01% 11.3%
Elkoca et al. (2010) 33 1.97 0.0020 O b 197 [1.97,1.97] 626% 11.3%
Kumar et al. (2020) 60 0.72 0.0500 + i 072 [0.71;074] 02% 11.3%
Fageria et al. (2007) 54 380 03724 Pl 380 [3.70;3.90] 00% 11.3%
Perez etal (2013) 24 32114479 _i_"_ 321 [2.63;3.79] 00% 107%
Silva e Moreira (2022) 16 348 14514 - 348 [277,419] 00% 105%
Soratto et al. (2013) 24 448 04797 i —— 448 [4.29; 468 00% 112%
Common effect model 563 I 291 [291;291] 100.0% -
Random effects model ——T— 3.31 [2.44; 4.18] 100.0%

Heterogeneity: 1° = 100%, 2= 1.7517,p =0 ' ' ' '

Figura 4 — Grafico de floresta (Forest plot) para teor de potassio nos graos.

Weight  Weight

Study Total Mean  SD Mean Mean 95%-CI (common) (random)
Araujo e Fereira (2012) 256 18.70 27807 P 1870 183619040 00%  116%
Bulyaba etal (2020) 481373 647190 ———— i 1373 112011569 00%  90%
Chavoshi efal (2018) 48 1304 02517 - ! 1304 (12971301 00%  117%
Elkoca etal (2010) 3317.25 0.0020 U 1725 72517250 999% 117%
Kumar et al. (2020) 94 16.60 1.6464 —H: 1660 [16.37,17.24)  00% 115%
Fageria el al. (2007) 60 15.93 0.1000 A 1592 [1590,15.95)  01% 117%
Perezetal. (2013) 241592 09741 i i 1592 115531631 00% 115%
SivaeMoreira (2022) 16 1306 28028 ——— 1306 (11741454 00%  98%
Sorafto etal (2013) 241677 07545 +3 1677 [1647.1707  00%  116%
Common effect model 563 P 17.25 [17.25;17.26)  100.0% -
Random effects model == ‘15.67 [14.42; 17.03] - 100.0%

Heterogenety 1= 100% “=0015p=0 ' T T T T T

A produtividade média global foi de 2429 kg ha, bem acima das produtividades médias
do Brasil de cerca de 1000 kg ha* (CONAB, 2023), mas com exportacdes médias de 77,6, 8,3
e 36,8 kg ha® de N, P e K, respectivamente (Tabela 2).

As médias aqui levantadas estdo coerentes aos principais guias de adubacédo das regides
produtoras de feijdo. No boletim 100, guia para adubagdo mais recente no Brasil, a
recomendacéo de adubacéo para a produtividade aqui encontrada seria de 84, 5,4 e 31,9 kg ha
lde N, P e K, respectivamente (WUTBE et al., 2022).
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Tabela 2 - Resumo das informacbes dos estudos utilizados na revisdo sistematica,
considerando-se local, ano de cultivo, fatores experimentais avaliados em cada estudo e
guantidade exportada de nutrientes (N, P e K) por hectare.

Autor (ano Local Anos do Fator experimental Grain Yield Exportagao (kg ha'!)
publicacdo) estudo avaliado (kg ha')) N p K
Araujo e Ferreira. Seropédica, RJ, .
(2012) Brasil 2003 Genotipos 2050,0 78,7 9,1 37,4
Colorado, lowa
e Michigan -
Bulyaba et al. (2020) 5?2‘:;’;%2‘?05 2017/2018 Cultivares 2632.2 - 97 281
Masaka -
Uganda
Chavoshi et al. (2018)  Arak, Iran 2015 Irrigagéo 1998,0 63,6 59 275
. Capivara, 1999/2000/ .
Fageria et al. (2007) Brasil 2001 Anos diferentes 3062,5 98,0 11,6 51,4
Fageria et al. (2010) Capl_vara, . Nao Doses calcério x ferro 25945 83,8 9,6 36,1
Brasil indicada
Kumar et al. (2020) f;‘g{gapa”" 2013/2014 Adubacéo 14440 1056 62 499
Botucatu, Sistemas de plantio x
Perez et al. ( 2013) Brasil 2007/2008 cobertura de N 2156,5 70,7 6,8 34,6
?2'8’2""2')3 Moreira. Lavras, Brasil 2018 Cultivares 27797 731 94 417
Soratto et al. (2013) g?;:ﬁatu’ sem data cultivares x adubagdo 2836,3 80,5 12,7 475

NI- Nao informado.

3.2.1 Exportacao de nutrientes por unidade de graos em funcéo ao tipo de crescimento

Para a analise em funcdo ao tipo de crescimento foi incluido o estudo do artigo 1 (dados
ainda ndo publicados) e excluido o estudo de Aradjo e Silva (2012), por ndo ser possivel
identificar a exportagdo de cada gendtipo presente no estudo. Foram consideradas 362 amostras,
sendo 38 do tipo I, 44 tipo 11, 160 tipo Il e 120 tipo IV (Tabela 3).

As cultivares tipo | avaliadas foram Montcalm, TAA Gol, BRSFC104 e IAC Alvorada,
totalizando-se 38 amostras, que em média exportaram 28,6, 4,5 ¢ 13,9 de N, P e K por tonelada
de gréos produzidos. A quantidade de N exportada nos grdos por cultivares tipo 11 foi de 34,6
kg Mg, e as quantidades exportadas de P e K foram respectivamente, 4,3 e 14 kg Mg™. As
cultivares tipo Il estudadas foram Taurus, Eclipse, BRS Valente, IPR Tuiuiu, BRS Estilo,
BRSMG Marte e BRSMG Uai. No caso das cultivares tipo 111, 160 amostras foram geradas
com as cultivares Pérola, TAA Dama e BRS Requinte. As quantidades de N exportadas por
toneladas de grdos variaram entre 26,3 e 32,8. Por sua vez, as quantidades de P e K exportadas

por toneladas de gréos variaram de 3,1 e 4,7 paraoP e de 12,6 a 17,1 parao K.
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Tabela 3 - Resumo das informag6es dos estudos utilizados na revisao sistematica,
considerando-se cultivar ou getotipo, tipo de crescimento e quantidade de nutriente (N, P e
K) por tonelada de gréos de feijao (kg Mg™).

Autor (ano publicagéo) Cultivar / Genotipo Tipo de crescimento Prod N P K

siBulyaba et al. (2020) Montcalm I 198090 NI 51 126
Bulyaba et al. (2020) Taurus I 28830 NI 49 141
Bulyaba et al. (2020) Eclipse [ 30660 NI 42 126
Fageria et al. (2007) Perola 11 30620 320 3,8 16,8
Fageria et al. (2010) Perola 1l 25945 32,3 3,7 139
Fageria et al. (2013) BRS Valente 1l NI 424 15 133
Kumar et al. (2020) Anupama v 14440 33,7 20 159
Perez et al. (2013) Perola I NI 328 3,1 16,0
Silva e Moreira (2022) BRS FC104 | 30160 228 4,0 136
Silva e Moreira (2022) TAA Gol | 25490 211 31 129
Silva e Moreira (2022) IPR Tuiuiu 1 28060 275 34 135
Silva e Moreira (2022) TAA Dama 11 27480 263 34 171
O préprio autor (ndo publicado) TAA Dama 1l 32748 304 42 129
O proprio autor (ndo publicado) BRS Estilo I 20314 325 48 1472
O proprio autor (ndo publicado) BRS FC 104 I 21343 369 52 142
O proprio autor (ndo publicado) TAA Gol I 21668 33,5 4,6 133
O proprio autor (ndo publicado) BRSMG Marte I 29744 369 54 151
O proprio autor (ndo publicado) Pérola 1] 27514 315 45 136
O proprio autor (ndo publicado) IPR Tuiuid I 31497 338 48 141
O proprio autor (ndo publicado) BRSMG Uai I 27353 346 55 152
Soratto et al. (2013) Perola 11 29743 278 43 16,7
Soratto et al. (2013) IAC Alvorada | 31145 289 4,7 168
Média 26732 315 4,1 145

A quantidade de N exportada apresentou grande variacdo dentro do tipo de crescimento
| (Fig. 5), com intervalo de interquartil de 10,7, que foram superiores aos das cultivares tipo Il
(3,54) e tipo 111 (3,44). Para P, intervalo de interquartil para tipo I, Il e 11l foram de 0,83, 0,66
e 0,63, respectivamente. O intervalo de interquartil para a exportacdo de K, também
apresentaram hetereogenidade, principalmente no tipo Il (2,93). Essa avaliacdo néo foi
realizada para o habito de crescimento IV, uma vez had somente um estudo com cultivares desse
tipo. Essa avaliacdo do interquartil € uma medida de dispersdo semelhante ao desvio padrédo
(NUZZO, 2016).

Embora os diferentes tipos (I, Il e 111) apresentem diferencas no ciclo, na morfologia da
planta, altura e outros aspectos (Singh et al., 1991; De Oliveira et al., 2018), eles apresentam
exportaces semelhantes em termos de quantidades de nutrientes exportadas por tonelada de

grdo produzida. No entanto, algumas cultivares do tipo | mais precoces podem ter maior
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acumulo inicial de nutrientes como N e K nas fases iniciais de desenvolvimento, conforme
observado por Silva e Moreira (2022), quando compararam a cultivar TAA Gol com cultivares
tipos Il e 111. De modo geral, os resultados aqui obtidos indicam a necessidade de estudos, com
maior diversificacdo de cultivares e solos com diferentes teores de nutrientes. Seria oportuno
estudar também a época de aplicacdo da adubagdo cobertura em cultivares mais precoces (tipo
), comparado aquelas mais tardias, como as tipo I1l. E importante salientar a necessidades de
maior nimero de estudos para identificar também o consumo de luxo de nutrientes. Desta
forma, poderiam ser efetuados estudos de marcha de absorcdo de diferentes tipos de cultivares
em solos com teores altos e baixos de nutrientes. Para melhor visualizagdo dos resultados

avaliados por cultivar foram elaborados gréficos do tipo radar (fig. 6).
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Figura 5. Quantidades de N (a), P (b) e K (c) exportadas por tonelada de grdos de feijdo de
diferentes tipos (1, Il, 111 e V).
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Figura 6. Quantidades de N (a), P (b) e K (c) exportadas por tonelada de grdos em funcéo de

cultivares de feijdo de diferentes tipos I (a), 11 (b) e 111 (c).
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CONCLUSOES

1 - Dados obtidos de estudos publicados entre 2007 e 2022 indicam que as quantidades de N, P
e K exportadas por tonelada de grdos de feijio foram de 32,7, 3,5 e 15.4 kg Mg*
respectivamente.

2 — Exportacdo média de N, P e K foi 77,6, 8,3 e 36.8 kg ha, respectivamente, para uma
produtividade média 2673,2 kg ha’', de gréos.

3 — As cultivares tipo | exportam menores quantidades de N, P e K que os demais tipos de
crescimento, exceto para fosforo que cultivares do tipo IV exportam menos.

4 - Os resultados encontrados destacam a necessidade de mais estudos para a cultura.
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Figura S1. Accumulation of macro and micronutrients by common bean in different

compartments (leaf, stem, pods and grains) of the cultivar TAA Dama.
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Figura S2. Accumulation of macro and micronutrients by common bean in different

compartments (leaf, stem, pods and grains) of the cultivar BRS Estilo.
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Figura S3. Accumulation of macro and micronutrients by common bean in different

compartments (leaf, stem, pods and grains) of the cultivar BRS FC104.
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Figura S4. Accumulation of macro and micronutrients by common bean in different

compartments (leaf, stem, pods and grains) of the cultivar TAA Gol.
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Figura S5. Accumulation of macro and micronutrients by common bean in different

compartments (leaf, stem, pods and grains) of the cultivar BRSMG Marte.
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Figura S6. Accumulation of macro and micronutrients by common bean in different

compartments (leaf, stem, pods and grains) of the cultivar Pérola.
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Figura S7. Accumulation of macro and micronutrients by common bean in different

compartments (leaf, stem, pods and grains) of the cultivar IPR Tuiui.
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Figura S.8. Accumulation of macro and micronutrients by common bean in different

compartments (leaf, stem, pods and grains) of the cultivar BRSMG Uai.
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