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Abstract

The study was aimed at evaluating the absorption, accumulation and export of macronutrients, as well as the

interference of the addition of N doses in the absorption of macronutrients by common bean (Phaseolus vulgaris L.)
irrigated. This study was conducted using 4x4 factorial design, which included four nitrogen doses in seedling (0,

40, 80 and 120 kg ha™") and four sidedressing nitrogen doses (0, 40, 80 and 120 kg ha™). A second study was made

to evaluate the curve of absorption of nutrients, with eight treatments defined per time of plant sampling on days

after the emergence (DAE)-10, 20, 30, 40, 50, 60, 70 and 80 DAE. Nutrient content absorbed by leaves, stem, bark

and flower, seeds and shoot were characterized at the end of bean cycle. The absorption of nitrogen (N), potassium

(K) and calcium (Ca) increased with the addition of doses of N between 40 and 80 kg ha'l, and decreased at largest

dose of N (120 kg ha™) in sidedressing, suggesting the occurrence of phytotoxic effect in common bean by excess

of N. The rate of maximum accumulation of nutrients in the leaves of bean was obtained between 28 and 31 DAE

(R5-R6 stages). The absorption and export of nutrients in the shoot and seeds had the following order:

K>N>Ca>S>P>Mg, and obtained in the shoot the accumulation of 136,118, 82,21, 13 and 12 kg ha’l, respectively.

Seeds were the component of plant with highest macronutrients accumulation, suggesting a high export rate of
nutrients by the crop.

Keywords: Macronutrient interaction, macronutrient absorption curve, plant components, plant growth
1. Introduction

Phaseolus vulgaris L. is a very demanding plant as regards nutrients, very sensitive to climate factors and very
susceptible to plagues and diseases (Zucareli et al., 2011). Low productivity is observed, mainly in the traditional
cultivation season (rainy season) with sowing in October-November, outcome of the inadequate management
techniques (low quality seeds, poor weed control, pests and diseases), climate variability and the continuous
depletion of soil fertility (Fageria, 2002; Zucareli et al., 2006). However, high potential yield has been showed in
irrigated crops, during autumn and winter seasons, in the Northern Minas Gerais, virtually without nutritional
demand information.

The absence of information from cultivars with high potential yields are connected to few research studies carried
out many years ago (Haag et al., 1967) and involve very different cultivars from those currently used by the
farmers.

In 2003 and 2004, Magic Valley, Idaho, USA, 16 common bean genotypes, under conventional irrigated system
showed average plant absorption of 148, 20 and 108 kg ha™ of nitrogen (N), phosphorus (P) and potassium (K),
respectively (Westermann et al., 2011). For the Bribri variety, with a stand of 156000 plants ha™' and a dry weight
of plants (shoot and roots) of 4227 kg ha’, pods extracted 37%, 52%, 39%, 11% and 32% of N, P, K, calcium (Ca)
and magnesium (Mg), respectively, from 156 (N), 24 (P), 222 (K), 117 (Ca) and 26 (Mg) kg ha™' of total absorption
(Bertsch et al., 2003).

Associated studies with the absorption and export of nutrients by bean, during the different phenological stages
and at the end of the cultivation cycle, are fundamental to support strategies to define the doses and the split
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fertilization during growing, and the minimum doses that must be replaced to the soil for the purposes of
maintenance of fertility (Aratjo & Teixeira, 2008). This will contribute to the increased efficiency in handling the
crop, providing productivity gains and reduced costs in the field, through the reasonable and efficient use of the
inputs and the soil (Anghinoni, 2007). Working with two cultivars of beans and two plantation systems, Andrade et
al. (2009), observed that the contents of nutrients absorbed and exported by seeds in the cultivation area followed
the order: N>K>Ca>Mg>P>S and Fageria et al. (2008) obtained the following order: N>K>Ca>P>Mg. However,
Albuquerque et al. (2011a) obtained the following top-down order: K>N>P, and Pessoa et al. (2000) observed the
following top-down order of export of nutrients: N>Ca>K>P>Mg, and observed the removal of up to 72 kg ha™ of
N through seeds, corroborating the high nitrogen demand by bean.

Nitrogen is one of the main nutrients by beans, especially for increasing the productivity and production of
biomass (Lima et al., 2001; Nascimento et al., 2009; Teixeira et al., 2010; Albuquerque et al., 2012; Maia et al.,
2012) and nutrient absorption (Fageria & Baligar, 2005; Teixeira et al., 2010). Teixeira et al. (2010) observed that
the application of N in sidedressing (0-120 kg ha™) promoted linear increments in the N and Mg contents in beans
with no-tillage and Rajesh et al. (2011a) showed N increase in shoot. According to Kikuti et al. (2006) the
fertilization with N and P in bean BRS-MG Talisma increase N, P and K content in leaves and petioles, and,
decrease K and sulphur (S) content in flowers and strings but the nutritional contents still remained in the level
considered as adequate. However, the use of higher N doses with urea fertilizer may result in absorption deficit of
P, K, Ca, Mg and S by plants, because of excessive absorption of NH,".

Nutrient absorption restriction by excessive ammonium fertilization in sensitive plants is justified by competitive
inhibition in the cations K transport protein, reducing the primary influx and internal distribution of nutrients, at
both whole-plant and cellular levels (Szczerba et al., 2008); The ammonium uptake for roots bring to H" release
and a subsequent reduction in the concentration of dicarboxylic acids by decarboxylation, a cellular response to
maintain cytoplasmic pH, decreasing cation absorption and favoring anion absorption (Hoopen et al., 2010). A
high energy consumption (photoassimilates) in the root cells, due to increase NH," efflux, reduces plant growth
and nutrients absorption in ammonium phytotoxic conditions (Brito et al., 2001; Brito & Kronzucker, 2006).

The implementation of studies that identify changes in the absorbed content of nutrients provoked by changes in
the supply of N for plants may contribute to adjustment of new doses of nutrients for high-productivity common
beans. This study aimed at calculating the absorption of nutrients during the phenological cycle, and the
accumulation and export of nutrients after the addition of increasing doses of nitrogen in seedling and sidedressing
of winter common bean in the north of Minas Gerais.

2. Material and Methods

The experiment was carried out in a Red Eutrophic Latosol (Embrapa, 2006), of average texture in the
municipality of Janauba, north of the state of Minas Gerais. The climate, according to Képpen (Ometto, 1981) is of
the Aw type (tropical wet, savanna with dry winter).

The soil preparation comprised one plowing and two harrowing. The soil correction was carried out through
evaluation of the need indicated by soil analysis, which presented the following characteristics: pH in H,O (1:2,5
dilution of soil: water)=5.9; Organic carbon=2.9 dag kg'; P (Mehlich-1)=6.5 mg dm~; K=141 mg dm™; Ca=3.3
cmol, dm™; Mg=0.7 cmol, dm?; Al=0.0 cmol, dm; H+Al=1.3 cmol, dm™; SB=4.3 cmol, dm™; t=4.3 cmol, dm™;
T=5.6 cmol, dm™; B=10.1 mg dm™; Cu=58.6 mg dm™; Fe=113.3 mg dm™; Mn=177.9 mg dm™; Zn=4.0 mg dm™; e
S=42.3 mg dm™; P-rem=29.0 mg L™ e V=77%. Soil analysis methods used are described in Embrapa (1997).

The seedling of common bean, cultivar Pérola, was carried out manually, during the autumn-winter period, in
April-May 2009, under the conventional cultivation system, using 14 seeds per linear meter, with line spacing of
0.50m. The experiment was kept free of weed by chemical and mechanical method, and the other crop treatments
were those typically dedicated to the crop in the region. Disease and plague control was performed through the
application of products recommended for the crop. Conventional sprinkler irrigation was carried out with average
precipitation estimated in 3.0 mm hour™, and handled according to the crop needs (Kc) during the development
stages. Low volumes of rain were observed in April and May, and the average temperature obtained between April
and July was 24°C (Figure 1).
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Figure 1. Pluvial precipitation (mm day™) and average temperature (°C) for the period March - July 2009. Janatba,
state of Minas Gerais. Source: INMET (2012)

Each portion was composed of 6 lines of length 5 meters, with 0.5-meter spacing between the lines, totalizing 15
m?. The two central lines were used for experimental evaluation of the content of nutrients absorbed by the crop.

In the first study, to evaluate the effect of nitrogen fertilization in the absorbed content of nutrients at the end of the
common bean cycle, we used the statistical design in randomized blocks with three replications and 4 x 4 factorial
design, corresponding to four nitrogen doses (urea source) in seedling (0, 40, 80 and 120 kg ha™) and four
sidedressing nitrogen doses (0, 40, 80 and 120 kg ha™), incorporated to the soil, on 20 days after emergence
(DAE).

In the second study, to evaluate the absorption of nutrients during the development of the crop, we chose to sample
the plants in the two central rows, by means of a flush cut every 10 days and after the 10th DAE, totalizing eight
samples. The study followed the randomized blocks design, with three replications. After the sampling, the shoot
of the common bean was separated into four components: leaves, stem, flower + bark and seeds, and taken to the
forced air circulation oven at 65°C for drying and further weighing of the materials collected.

The fertilization recommendation (except for the N) and liming for the bean crop, was carried out to obtain higher
productivity than 2,500 kg ha (technological level 4- NT;), according to Chagas et al. (1999), and corresponded to
doses of 20 kg ha™ of K,0, as potassium chloride, 110 kg ha™ of P,Os as single superphosphate, 1 kg ha™ of B,
using boric acid as source, and 60 g ha” of Mo as sodium molybdate, between 15 and 25 DAE. Due to the soil
chemical analysis results, liming was not necessary. In the study of course of absorption of nutrients, 120 kg ha™ of
N was added, portioned with 40 kg ha™ in seedling, and the remainder in sidedressing, up to 20 DAE.

After drying in oven, plant samples were crushed in Willey-type grinder, sifted (2 mm) and homogenized for
quantification of the macronutrients in the different plant components, as described by Bataglia et al. (1983). In
order to calculate the accumulation of nutrients, the content obtained (dag kg™) was multiplied by the dry matter
weight in each plant component (kg ha™) and divided by 100 (unit conversion factor), to obtain the content of
nutrients absorbed by the common bean in kg ha™.

The export of nutrients was calculated by the relationship between the content of nutrients contained in the seed
during the harvest and its dry matter weight. The accumulation rates were calculated from the equations adjusted
for the accumulation of each of the nutrients.

The data collected were submitted to variance analysis through the statistical analysis software Sisvar® (Ferreira,
2000). The effects of the nitrogen doses in seedling and in sidedressing were evaluated by regression analysis, with
adjustment of representative curves for each of the characteristics evaluated.

The times, in days interval, were taken into account as a parameter for plant collection. Therefore, as these are
quantitative data, there is a functional correlation between x (DAE) and y (response variable). The model selection
occurred according to the adjustment (percentage of explained variance, R?) and best representation of the
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phenomenon. The non-linear regression model selected to represent the production of biomass in the components
of the common bean and accumulation of nutrients in the leaves, stem and bark + flower was the Gaussian with
three parameters, according to equation below:

X—X| 2
5=a e[‘O'S(TO) ]
where:
a = corresponds to the maximum accumulation value
X = corresponds to the value of x, in DAE to obtain the maximum accumulation of nutrients.
b = corresponds to the range in the value of x, in DAE, between the inflection point and the maximum point.

Thus, from the adjusted model it was possible to accurately determine the value of the inflection point (IP) in the
curve as follows:

IP=x%,-b
Mathematically, the IP corresponds to the value of x where the curvature of the adjusted model changes its signal;
in practical terms, it corresponds to the value of x, in DAE, where the daily accumulation rate, even if positive, may
decrease.

The non-linear regression model selected to represent the production of seeds, total biomass and accumulation of
nutrients in the seeds and the shoot (sum of components) was the sigmoid with three parameters, according to
equation below:

where:
a = corresponds to the maximum accumulation value

xo = corresponds to the value of x, in DAE, for the beginning of curve inflection (inflection point, where the
maximum accumulation rate of dry matter or nutrients occurs).

b = corresponds to the range in the value of x, in DAE, in which the highest variation of y (production of dry matter
or accumulation of nutrients occurs).

3. Results and Discussion
3.1 Accumulation of Macronutrients in Common Beans After Nitrogen Fertilization in Seedling and Sidedressing

The content of nutrients absorbed by the shoot of the bean at the end of the cycle was influenced significantly
(p<0.01) only by N doses in sidedressing (Table 1). The addition of N doses in sidedressing incremented the N, K,
Ca content absorbed by the bean in intermediate doses, and reduced the content absorbed in the largest dose of N
applied, 120 kg ha™' (Figure 2), suggesting possible phytotoxic effect of the single addition of doses equal or
superior to 120 kg ha™ in sidedressing, as for the growth and absorption of nutrients by the bean. According to
Oliveira et al. (2003) larger N doses (above 60 kg ha™ applied in sidedressing through the leaves or through Red
Yellow Eutrophic Latosol, average texture) imply the stabilization and dropped yield of green seed string and dry
seeds, due to the toxic effect of ammonium (NH,") derived from urea, and reducing the absorption of other ions,
such as K" Ca™ and Mg™" by the competitive effect between the ions by the plant absorption sites. The main
hypotheses have been linked to physiological changes associated with NH," assimilation and ion imbalances
resulting from decreased uptake of essential cations such as K, Mg2+, and Ca®* (Kronzucker et al., 2001; Brito &
Kronzucker, 2006; Hoopen et al., 2010).

The mechanisms also are connected with the inhibitory efficiency of NH," in occupy the channels of low-affinity
transporters “low-affinity transport system” (LATS), primarily by inhibiting the internal transport of K from roots
to shoots of sensitive plants to excess ammonium (Holzschuh et al., 2009; Szczerba et al., 2008).

The increased availability of NH4" in the soil solution can result in the accumulation of large amounts of NH," in
the plant, both on a tissue basis, and, specifically, in the cytosol of root cells, implicating in two toxic effects in
plants (Britto & Kronzucker, 2006). First, tissue (and cytosolic, in some cases) concentrations of nutritionally
important cations such as K', Ca*", and Mg®" drop significantly with NH," excess, resulting in pathological
conditions with symptoms similar to those under deprivation of these nutrients. Second, increased NH," influx is
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strongly associated with an even greater increase in NH, " efflux (with efflux approaching 100% of influx). Efflux
transporters appear to release function of excessive amounts of this ion from root cells, similar to
antibiotic-resistant bacteria pumping lethal substances out of the cell. Because of the NH," efflux, there is an
increase in respiratory oxygen and photoassimilates consumption, resulting in growth reduction of plants NH,"
sensitive (Kronzucker et al., 2001).

Table 1. Summarized variance analysis of the data related to the accumulation of macronutrients N, P, K, Ca, Mg,
S of common bean in relation to the N doses in plantation and sidedressing

Mean square

Fixed variable GLY
N P K Ca Mg S

Block 2 213.77 2.02 343.31 268.33 5.59 4.28
N sidedressing (Ncob) 3 1,447.50** 17.02 ™ 2,359.66** 990.92** 31.27"™ 71.93 ™
N seedling (Nsem) 3 685.72 ™ 17.24 ™ 465.89 " 331.78 14.27 ™ 24.80 ™
Nsem versus Ncob 9 973.25"™ 9.63™ 391.59 ™ 587.11"™ 936™ 39.88™
Residue 30 312.17 4.47 330.65 154.85 6.76 17.47
CV (%) 15.51 20.33 26.07 15.24 22.23 21.00
Average (kg ha™") 113.91 10.40 70.40 81.60 11.70 19.90

** ™S significant at 1 % and non significant by F test, respectively. ¥: degrees of freedom. : coefficient of variation
in percentage.

Studies with nitrogen fertilization also observed increment in the content of nutrients after the addition of N doses
(Aulakh & Malhi, 2005). In two years of study, Farinelli et al. (2006) obtained linear response, in the first year, up
to the dose of 160 kg ha™', and quadratic response in the second year, reaching maximum value in the dose of 122.8
kg ha' of N. Carvalho et al. (2003) observed that the measure increases the N dose applied to the soil, in
sidedressing, there was increment in the content of N in the leaves, corresponding to the accumulation of 115 kg
ha™' of N, being this one reached in the dose of 108 kg ha™ of N. And Kaneko et al. (2010) and Teixeira et al. (2010)
who, studying the use of different N doses in sidedressing for the cultivar Pérola and BRS-MG Talisma, obtained
linear responses for the content of N accumulated of the common bean.
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Figure 2. Accumulation of N, K and Ca in the common bean cv. Pérola, due to N doses in sidedressing, in
conventional plantation system

The maximum content of K absorbed by the plants due to N doses was 78 kg ha™' and corresponded to the addition
of 68 kg ha of N in sidedressing (Figure 2), and the content of K absorbed by the bean ranged from 64 to 78 kg
ha!, being considered as compatible to results found in the literature. Andrade et al. (2009) and Oliveira et al.
(2002) obtained average accumulation of 81 and 56 kg ha™ of K, respectively, in their studies.

The content of Ca absorbed after the addition of N doses had maximum absorption with the addition of 86 kg ha™
in the dose of 80 kg ha™ of N in sidedressing (Figure 2). This result corroborates those by Oliveira et al. (2002),
who worked with cultivar carioca planted on different vegetable residues and different N doses in sidedressing,
had the accumulation of 100 kg ha™ of Ca as response. However, the accumulated values of Ca are found above the
sufficiency range of 30 to 40 kg ha™', proposed by Malavolta et al. (1997), and corroborate the sufficiency range
proposed by Martinez et al. (1999), of 50 to 90 kg ha™.

N was the macronutrient absorbed in larger quantities by the bean, with the content 114 kg ha. This result is
similar to the one found by Sant'ana et al. (2011) who worked with different N doses ranging from 0 to 240 kg ha™,
obtained N absorption in the shoot superior to 100 kg ha™ in the dose 157 kg ha™. However, Santos & Fageria
(2007) obtained accumulations between 41 and 120 kg ha™ of N in the shoot (seeds + vegetative parts) when they
studied four cultivars of common bean and different nitrogen fertilization handling in seedling and sidedressing.
According to Arf et al. (2004) variations in the absorption of N by plants depend on several factors, such as the
content of N available in the soil, mineralization rate of the organic matter, temperature, symbiotic fixation of N,
cultivar etc.

The nutrient absorption with adequate biomass production is resulted from balanced nutrient supply and the ideal
conditions of soil and water management, among other factors. Rajesh et al. (2012a) and Rajesh et al. (2012b)
observed a nutrient concentration increase with optimum conditions: water potential of -422 to -171 kPa, 5.5 to 6.1
soil pH, 50 to 68 mg kg of N, and 38 to 40 mg kg™ of P, respectively for Kentucky bluegrass and white clover
crop system in pot experiment, highlight the importance of balanced nutrient supply, liming and water to increase
dry matter yield.

The content of P, Mg and S was not influenced by N doses in seedling and sidedressing (Table 1), and average
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accumulations of 10, 12 and 20 kg ha™, respectively, were observed. Such results may be regarded as compatible
to those describe in the literature (Oliveira et al., 2002; Neves et al., 2009), where variations in the content of P
between 9 and 18 kg ha™', of Mg between 9 and 21 kg ha™ and of S between 8 and 26 kg ha™'were observed.

The average contents of N, P, K, Ca, Mg and S absorbed by the shoot of the bean were according to those
determined by Andrade et al. (2009), working with the cv. Ouro Negro and Talisma, and Oliveira et al. (2002),
who differed only as regards the lower extraction of S, which was 8 and 9 kg ha™', respectively.

3.2 Production of Biomass and Absorption of N, P, K During the Common Bean Development Cycle

During the development of the bean, we obtained high production of dry matter mass of the shoot and, as from the
20 DAE, development stage V4, up to the 55 DAE, between stages R7-R8, when the maximum biomass
accumulation rate decreased exponentially until the end of the crop cycle (Figure 3 and Table 2), moment in which
we obtained maximum production of 2,968 kg ha” of bean seeds. Such results suggest that the winter bean
irrigated presented high production of biomass and, therefore, absorption of nutrients in the period of 20 to 55
DAE, and the sidedressing fertilization handling is more important in the beginning of the stage with highest
nutritional demand by the plant, comprised especially between 20 and 30 DAE.

The maximum relative leaf production was observed at the end of the bean plant vegetative stage, between 20 and
30 DAE (Figure 3); we further observed intense decrease in the proportion of leaves a and the incremented
production of reproductive components, such as flower, strings and seeds. We obtained maximum rate of
accumulation of flower and bark of the strings (bark + flower) at the 57 DAE, moment in which the plant, possibly
intensified the translocation of photoassimilates for the production of seeds (Table 2 and Figure 3). According to
Brito et al. (2011) the common bean presents two important stages of dry matter mass accumulation: one of quick
incrementation from the blooming (38 DAS) until reaching a maximum, in the beginning of string maturation (68
DAS), and one of small decline in the final maturation stage (78 DAS).
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Figure 3. Production of biomass and relative content of biomass produced by the components of the shoot of the
common bean (Leaf, stem, bark + flower and seeds) during the phenological cycle of the beans from the 2009
autumn/winter crop. V3 — First trifoliolate leaf, V4 — Third trifoliolate leaf; RS — Pre-blooming; R6 — Blooming;
R7 — Formation of legumes; R8 — Filling of legumes; R9 — Maturation (first string starts to bleach or dry)

The maximum accumulation of N, P and K in the shoot of the bean was observed at the end of the development
cycle (80 DAE) and corresponded to 118, 13 and 136 kg ha™, respectively (Figure 4). The components that
presented the highest percentage of accumulation of these nutrients in the vegetative stages (V3 and V4) were the
leaves with approximately 80% of the content of nutrients absorbed and, at the end of the reproductive stage (RS
through R9), comprise the seeds, with approximately 60% of the content of nutrients absorbed.

In general, between the 40 and 50 DAE the content of N, P, K in the leaves decreased quickly and the process of
accumulation of these nutrients in the reproductive components, bark, flower and seeds intensified up to the end of
the crop cycle.
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The inflection point (IP), from which the maximum N accumulation rate by the shoot of the bean plant decreases,
occurred on the 62 DAE (stage R8), with accumulation rate of 2.30 kg ha™ day™ (Table 2); however, for leaves the
maximum accumulation rate occurred on the 30 DAE, coinciding with the beginning of the development stage RS,
and indicating the beginning of the N translocation-redistribution process of the leaves for the plant’s reproductive
organs (Figure 4). And the maximum content (x,) of N absorbed by the components leaf and stem occurred on the
52 DAE and 61 DAE, and corresponded to 29 and 22 kg ha™, respectively (Table 2). This period of maximum
absorption of N was similar to the one found by Haag et al. (1967). These authors stated that, in the first 50 days,
the bean plant absorbs the entire N needs. However, we observed in our study that, along with the translocation of
N of the leaves we obtained accumulation of N in the shoot of the bean plant up to the end of the cultivation cycle
(Figure 4). Corroborating with such results, Andrade et al. (2009) obtained maximum accumulation of N between
71 and 89 DAE and maximum accumulation rate of N of 1.84 to 2.83 kg ha day™', indicating that the bean plant
continues to absorb N, even after blooming, whose beginning is normally the maximum limit considered to
perform the conventional nitrogen fertilizations.

The maximum accumulation rate of P in the shoot occurred on the 48 DAE (stage RS) (Table 2) with an
accumulation rate of 0.20 kg ha™' day™' similar to the results obtained by Vieira (2006), who found the peak and
absorption between the 42 and 53 DAE and the absorption rate of 0.200 and 0.320 kg ha™ day™, working with
conventional and no-tillage farming, respectively. The maximum percentage of P accumulated in the leaves
occurred in the first 10 DAE, indicating its high demand in the initial period of cultivation for vegetative
production and immediate translocation of P of the leaves after the 10 DAE. At the end of the cultivation cycle, the
bean accumulated 14 kg ha' of P in the shoot, and 56% out of these (8 kg ha) were exported from the cultivation
area as seeds.

Table 2. Estimated parameters of the adjusted model for biomass of dry matter and course of absorption of
macronutrients N, P and K

Estimated parameters of adjusted model 1P

2
Plant part : X 5 Xob) Stage R
Dry matter biomass
Leaf" 1,750.96 52.47 21.25 31.22 R5-R6 0.97
Stem™ 1,552.15 68.13 22.46 45.67 R6-R7 0.99
Bark and flower” 1,105.77 72.15 15.54 56.61 R7-R8 0.80
Seeds® 2,967.82 69.49 2.33 69.49 R8-R9 0.99
Shoot* 7,458.25 55.28 16.24 55.28 R7-R8 0.99
Nitrogen
Leaf® 29.05 52.43 22.61 29.82 R5-R6 0.92
Stem™ 21.90 61.18 19.54 41.64 R6-R7 0.99
Bark and flower” 20.01 67.66 14.53 53.13 R7-R8 0.65
Seeds® 73.81 68.95 1.80 68.95 R8-R9 0.99
Shoot * 162.48 62.03 17.61 62.03 R8-R9 0.99
Phosphorus
Leaf” 5.32 44.49 16.50 27.99 R5-R6 0.96
Stem” 2.43 57.59 18.15 39.44 R6-R7 0.99
Bark and flower” 2.32 70.55 13.91 56.64 R7-R8 0.80
Seeds® 8.05 68.36 1.50 68.36 R8-R9 0.99
Shoot * 14.33 47.97 18.00 47.97 R7-R8 0.94
Potassium
Leaf® 37.50 50.59 19.97 30.61 R6 0.78
Stem” 31.05 69.43 23.38 46.05 R6 0.97
Bark and flower” 20.00 67.73 14.60 53.13 R7 0.65
Seeds® 74.68 68.87 2.07 68.87 R8-R9 0.99
Shoot * 175.01 59.11 17.44 59.11 R7-R8 0.97

*. Gaussian model adjustment. &: Sigmoid model adjustment
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The content of K absorbed by the shoot of the bean plant was similar to that of the N, being observed the maximum
accumulation rate of K between the development stages R7-R8 (59 DAE), and corresponded to 2.5 kg ha™ day™
(Table 2 and Figure 4). Such results were considered superior to those found by Andrade et al. (2009), where the
maximum accumulation rate was observed on the 40 DAE.
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Figure 4. Course of absorption and relative accumulation of N, P and K in the plant components (leaf, stem, bark +
flower, seeds) and in the shoot during the development of the common bean irrigated north of the state of Minas
Gerais

3.3 Absorption of Ca, Mg and S during the Common Bean Development Cycle

Through the adjusted regression models, it was possible to observe that the absorption of Ca, Mg and S in the shoot
of the bean was intensified as from the 20 DAE, and achieved maximum accumulation of Ca, Mg and S in the
leaves on the 46-48 DAE, with 43.8; 6.3 and 5.2 kg ha™', respectively (Table 3 and Figure 5). The maximum
accumulation rate in the shoot of the bean was 1.60 kg ha™ day™ for Ca and 0.23 kg ha™ day™ for Mg on the 36 DAE
and, for S, of 0.40 kg ha™ day™' on the 76 DAE.
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When evaluating the distribution of Ca, Mg and S in the components of bean, we observed accumulation superior
to 90% on the 30 DAE for Ca and Mg, and 60% for S, in the leaves. After the 30 DAE and with the uprising of the
first reproductive organs, we obtained proportional reduction in the accumulation of Ca, Mg and S in the
vegetative organs and increments in the reproductive ones, reaching approximately 50% of Ca and Mg, and 60% of
S accumulated in the seeds, at the end of the common bean cycle (Figure 5).

During the reproductive stage, the leaves consisted in the main source of redistribution of Mg, while for S,
although small, the redistribution occurred from the stem (Figure 5). And, for Ca, the redistribution for the
reproductive organs was very low, resulting in only 15% of the total accumulated at the end of the cycle.

Table 3. Estimated Parameters of the Adjusted Model for Biomass of Course of Absorption of Macronutrients Ca,
Mg and S

Estimated parameters of adjusted model 1P
Plant part Stage R?
a Xo b (Xo.b)
Calcium
Leaf” 43.80 47.55 17.88 29.67 R5-R6 0.93
Stem” 11.67 65.58 20.11 45.47 R6-R7 0.97
Bark and flower” 17.95 74.87 16.05 58.82  R7-RS8 0.91
Seeds® 39.73 69.64 2.31 69.64 R8-R9 0.99
Shoot * 73.72 35.76 11.56 3576  R7-R8 0.94
Magnesium
Leaf” 6.25 47.54 17.88 29.66 R5-R6 0.93
Stem” 1.66 65.58 20.11 45.47 R6-R7 0.97
Bark and flower” 2.56 74.87 16.05 58.82  R7-R8 0.91
Seeds® 5.77 69.66 2.90 69.66 R8-R9 0.99
Shoot ® 10.53 35.76 11.57 3576  R7-R8 0.94
Sulphur
Leaf” 522 46.31 17.80 28.51 R5-R6 0.74
Stem” 4.83 66.46 23.50 42.96 R6-R7 0.95
Bark and flower” 2.98 65.95 14.11 51.84 R7-R8 0.62
Seeds® 12.79 69.88 3.08 69.88 R8-R9 0.99
Shoot ® 37.14 75.67 23.15 75.67 R8-R9 0.96

*: Gaussian model adjustment. ¢: Sigmoid model adjustment.
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Figure 5. Course of absorption and relative accumulation of Mg, Ca and S in the plant components (leaf, stem, bark
+ flower, seeds) and in the shoot during the development of the common bean irrigated north of the state of Minas
Gerais

3.4 Export of Macronutrients by Common Bean

In this study, the estimated production of seeds was 2,967.8 kg ha™! corresponding to export of N, P, K, Ca, Mg and
S to the order of 73.8; 8.1; 74.7; 39.7; 5.8 and 12.8 kg ha', (Table 2 and Table 3). Such exports were regarded as
superior to those found by Pessoa et al. (2000), who obtained estimated productivity of 1,893 kg ha™ of seeds and
exports of N, P, K, Ca, Mg and S corresponding to 72; 9.4; 15.3; 15.7; 4.0; 0.1 kg ha'and by Aratjo & Teixeira
(2008) who obtained accumulation of N and P, ranging from 54 to 64 kg ha and from 4.5 to 6.9 kg ha™ in 1998 and
1999 for average productivity of 1,130 to 1,710 kg ha™.

Due to the results described in the paragraph above, we suggest that the largest portion of the nutrients absorbed by
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the bean may be exported from the cultivation are by the seeds, as, in comparison, the total absorption of
macronutrients by the bean at the end of the cycle, we obtained the following percentages of export of N, P, K, Ca,
Mg and S (seeds), respectively: 63, 63, 55, 48, 49 and 62%, indicating that N and P are the nutrients exported in
largest proportion by the bean, followed by S and K. Proportionally, the nutrients less exported by the crop were
Ca and Mg. Second Fageria et al. (2008) the rate of export of N and P in grain bean was greater than 90% of the
total absorbed by plants, indicating a high capacity of translocation of N and P in the bean compared with other
macronutrients.

In order to produce one tone of bean seeds in this study, we accumulated in the shoot of the common bean 39.7 kg
of N, 4.3 kg of P, 45.8 kg of K, 27.7 kg of Ca, 4.0 kg of Mg and 7.0 kg of S. Such accumulations were considered
superior to those obtained by Albuquerque et al. (2011a) and Albuquerque et al. (2011b), for K (33.9 kg), Ca (17.1)
and S (3.2 kg) and inferior to those obtained for N (57.9 kg), P (6.6 kg) and Mg (6.4 kg) per ton of seeds of cv. Jalo
EEP 558, cultivated under conventional system in the Brazilian cerrado. The performance of new studies for
irrigated cultivations in the Brazilian semi-arid is necessary, due to the high productive potential and variations
obtained in the capacity of extraction of nutrients by the common bean.

4. Conclusions

The absorption of N, K and Ca is incremented with the addition of intermediate doses of N (40 and 80 kg ha) in
sidedressing. The N doses, both in seedling and sidedressing, do not interfere in the absorption of P, Mg and S by
the rainy season beans. However, higher doses than 80 kg ha” of N (urea source) in sidedressing is not
recommended because of the competitive inhibition of N, K, and Ca uptake, what can be reduce bean
development..

The absorption of nutrients in the common bean crop and the export of seeds follow the top-down order below:
K>N>Ca>S>P>Mg, and corresponds to the total accumulation in the shoot, respectively, of 136,118, 82, 21, 13
and 12 kg ha™'. Such total accumulation and relationship between nutrients in bean shoot should be considered as
reference values, regarding nutritional crop requirements in future programs of corrective and fertilizer
recommendation.

The seeds is the component of plant with highest macronutrients accumulation in relation a shoot of plant and is
obtained the following top-down order of relative macronutrients export by seeds: N=P>S>K>Ca>Mg. The
export of N, P and S is above 60% of total accumulation in bean shoots and were the nutrients with lower
relative rate of cycling to subsequent crops. The high nutritional N demand of common bean, combined with
high export rate of irrigated systems require studies aimed N doses adjustment for bean crops in semiarid
regions.

The maximum accumulation rate of macronutrients in the common bean leaves is situated between 28 and 31
DAE (R5-R6 stages) and in the shoot, is situated between 30 and 40 DAE (R6-R7 stages) for Ca and Mg, and
between 50 and 60 DAE (R7-RS8 stages) for N, P and K. As a result of this work and for an effective fertilizer use,
it is recommended to management practices between 20 and 30 DAE of irrigated bean, because this period
precedes and match with the greater nutritional demand phase (maximum nutrient accumulation rate) by the bean
leaves, where they are photoassimilate production.
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