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The ya rd  l ong  bean  (Vigna 
unguiculata subsp. sesquipedalis) 

is a species of the Fabaceae family 
and produces pods which are strongly 
appreciated in the North region of 
Brazil (Silva et al., 2012). In the state 
of Amazonas, it plays an important role 
in family farming, to make crops more 
diverse and as a supplemental income.

The crop’s nutritional aspect is also 
prominent. It is a cheap protein source 

(the seeds contain up to 28% protein) 
(Resmi & Gopalakrishnan, 2004), and 
is also an alternative to snap beans 
(Phaseolus vulgaris) in this region, 
due to the occurrence of phytosanitary 
problems that limit the productivity of 
Phaseolus crops (Kano et al., 2018).

Obtaining high-quality pods depends 
directly on the crop’s management 
practices. This is mainly due to the need 
for knowing the physiological variables 

involved in biomass accumulation 
(São José et al., 2014), and in turn, 
the nutritional requirement during the 
development phases (Almeida et al., 
2012 ), as well as other factors.

One of the steps necessary to define 
the nutritional management of a crop 
is to carry out studies on the nutrient 
uptake rate (Haag et al., 1967). Nutrient 
uptake rate is expressed in the form 
of response curves, and depends on 
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ABSTRACT
Knowing about the nutrient uptake during plant cycle is essential 

for nutrient management decisions. We evaluated dry matter 
accumulation and nutrient demand, and it to determine the uptake 
curves, the ideal phase for management, and element extraction 
order for yard long beans. The experiment was carried out in a 
greenhouse. The experimental design was completely randomized, 
with eight collection periods, at 10, 20, 30, 40, 50, 60, 70 and 80 
days after emergence (DAE), and four replicates. For each period, 
destructive sampling was performed and the sample’s dry matter 
content was determined, so that it could be used to estimate macro- 
and micronutrient contents. When significant, nonlinear models 
were adjusted to explain dry matter accumulation and nutrient 
uptake. The sigmoidal equation was the model which best depicted 
the growth curve for yard long bean, which reached a maximum 
biomass accumulation of 177.5 g plant-¹ at 80 DAE. The crop's most 
demanding phase in terms of nutritional requirements is from 20 to 45 
DAE, which is the ideal phase for nutrient management. The element 
extraction order at the end of the plant's cycle was K>Ca=N>S=P>Mg 
(macronutrients) with values of 2,668.3 mg plant-¹, 2,331.1 mg plant-¹, 
2,279.2 mg plant-¹, 507.5 mg plant-¹, 496.3 mg plant-¹ and 213.2 mg 
plant-¹, and Fe>B>Zn>Mn>Cu (micronutrients), with 10,933.1 µg 
plant-¹, 6,310.8 µg plant-¹, 4,746.8 µg plant-¹, 2,854.1 µg plant-¹ and 
717.1 µg plant-¹, respectively.

Keywords: Vigna unguiculata susbp. sesquipedalis, macronutrient 
and micronutrient accumulation.

RESUMO
Taxa de acúmulo de nutrientes em feijão de metro

A determinação do acúmulo de nutrientes durante o ciclo 
vegetativo é essencial para estabelecer o manejo nutricional. 
Objetivou-se avaliar o acúmulo de matéria seca e a exigência 
nutricional, estabelecendo as curvas de absorção, a época ideal de 
manejo e a ordem de extração dos elementos. O experimento foi 
conduzido em casa de vegetação com delineamento experimental 
inteiramente casualizado com oito períodos de coleta aos 10, 20, 
30, 40, 50, 60, 70 e 80 dias após a emergência (DAE), com quatro 
repetições. Em cada período, ocorreu uma coleta de forma destrutiva, 
para determinar a matéria seca e, assim, estimar o conteúdo de 
macro e micronutrientes. Foram ajustados, quando significativos, 
modelos não lineares para explicar o acúmulo de matéria seca e 
absorção de nutrientes. A equação sigmoidal foi o modelo que melhor 
representou a curva de crescimento das plantas de feijão-de-metro 
com acúmulo máximo de biomassa aos 80 DAE de 177,5 g planta-¹. 
A fase de maior exigência nutricional da cultura é no período de 20 
a 45 DAE (início das fases de florescimento e frutificação), onde 
deve ser realizado o manejo nutricional. A ordem decrescente da 
extração total de macronutrientes pela planta no final do ciclo foi de 
K>Ca=N>S=P>Mg com respectivos valores de 2.668,3 mg planta-¹, 
2.331,1 mg planta-¹, 2.279,2 mg planta-¹, 507,5 mg planta-¹, 496,3 mg 
planta-¹ e 213,2 mg planta-¹, e de micronutrientes Fe>B>Mn>Zn>Cu, 
com 10.933,1 µg planta-¹, 6.310,8 µg planta-¹, 4.746,8 µg planta-¹, 
2.854,1 µg planta-¹ e 717,1 µg planta-¹, respectivamente.

Palavras-chave: Vigna unguiculata susbp. sesquipedalis, acúmulo 
de macronutrientes e micronutrientes.
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development period, the amount of 
nutrients needed for production, the time 
of highest demand for each nutrient, and 
the organ in which each nutrient is found 
in greater quantity (Marschner, 2012).

For yard long beans, the uptake rate 
is essential because it may define how 
much of the nutrients may be exported 
during the harvest period (Zobiole et al., 
2010). The reproductive period, which 
precedes the harvest, is for most species 
a phase of greater demand for certain 
mineral elements, which can be essential 
for the formation of the pod (fruit 
vegetable), and must be qualitatively 
and quantitatively known.

According to Fageria et al. (2004), 
quantitative accumulation may be used 
as a parameter for nutrient removal 
from the soil in future fertilization 
recommendation systems. Furthermore, 
it defines the ideal time to apply 
fertilizers and to rationalize the use of 
inputs (Pinho et al., 2009).

Therefore, our objective in this work 
was to evaluate the growth of yard long 
beans using dry matter accumulation 
and nutritional requirements, and 
determine the uptake curves for N, P, 
K, Ca, Mg, S, B, Fe, Cu, Mn and Zn, 
as well as the ideal time for nutritional 
management and the order of extraction 
of these elements.

MATERIAL AND METHODS

The experiment was carried out 
in a greenhouse within Embrapa 
Amazônia Ocidental’s Medicinal Plants 
and Vegetables sector (03º06’23”S, 
60º01’35”W), in Manaus-AM, from 
July to September 2018.

The plants were grown in 3-L, black 
polyethylene plastic pots with 17.5 
cm upper diameters, 15.0 cm lower 
diameters and 15.0 cm height, and with 
no holes in their lower part. An irrigation 
valve was adapted on the side of the 
pot, 1 cm distant from the base. A 10 x 
10 cm “D28” sponge was placed on the 
inside, by the faucet, in order to retain 
the substrate and facilitate the washing 
processes (Figure 1).

White quartz sand was used as 
substrate and sieved through 4-mm and 
1-mm mesh sieves, in that order. The 

sand was then washed under running 
water until the drained water was clear. 
Then, the sand was purified in a 0.5-M 
HCl solution for six hours, washed again 
three times under tap water, and finally 
two more times using deionized water. 
The sand was placed to dry in a solar 
dryer, and 3 kg of dry sand were added 
to each pot.

We used yard long bean seeds of 
the cowpea cultivar Metro produced by 
Hortivale® company and harvested in 
2016. The spacing was 0.8 m between 
plants and 1.0 m between lines. Five 
seeds were sown in each pot. Ten days 
after sowing, four plants were thinned, 
and only the most vigorous remained.

We used the Hoagland & Arnon’s 
modified nutrient solution with the 
following reagent concentrations 
to  prepare  the  s tock  so lu t ion: 
Macronutrientes (g L-1) = 115.0 g of 
(NH4)H2PO; 236.16 g of Ca(NO3)2.4H2O; 
247.47 g of MgSO4.7H2O; 74.56 g of 
KCl; 87.1 g of K2SO4; 80.04 g of 
NH4NO3; 256.43 g of Mg(NO3)2.6H2O.

For the micronutrients, only one 
stock solution was produced (except for 
iron) with the following concentrations 
= 2.86 mg of H3BO3; 1.81 mg of 
MnCl2.4H2O; 0.22 mg of ZnSO4.7H2O; 
0.03 mg of CuCl2; 0.018 mg of 
(NH4)6Mo7O24.4H2O; all micronutrients 
were diluted in 1 L deionized water. Fe-
EDTA was the source of iron, with the 
following concentrations = 33.2 g L-1 
of Na2-EDTA; 100 mL L-1 of NaOH (1 
M); 4 mL L-1 of HCl (1 M) 24.9 g L-1 of 
FeSO4.7H2O.

The nutrient solution was used 
according to the development of the 
plants, from five days after emergence 
(DAE) onwards. A solution with 25% 
ionic strength was applied to the plant 
in the fifth and eighth DAE. In the 10th 
DAE the ionic strength was changed to 
50%, and so it remained until the 20th 
DAE, after which it was increased to 
80%.

The nutrient solution was applied 
every two days, and deionized water 
was added in the intervals between these 
applications. The solutions’ pH and 
electrical conductivity were monitored 
every two days, and kept in the 5.8-6.0 
and 1.8-2.0 dS m-1 ranges respectively. 

The solutions were changed weekly, and 
the substrate was washed periodically 
every fifteen days using deionized water, 
in order to avoid damages caused by 
toxicity.

The plants were vertically tutored 
after reaching 2 m height from the ground 
up until the end of the experiment, due 
to their climbing growth habit. During 
the growing period there was need for 
chemical control using Deltamethrin 
and Abamectin to control aphids (Aphis 
gossypii) and leafminers (Liriomyza 
spp.) respectively.

The experiment was performed 
under a completely randomized design 
with 8 evaluation periods, at 10, 20, 
30, 40, 50, 60, 70 and 80 DAE, with 
four replicates composed of two plants 
each. Only at 10 DAE ten plants were 
collected for each replicate, due to their 
decreased development.

For each collection period, the 
plants were destructively harvested 
and divided into: Roots (removed from 
the base of the root collar downwards); 
Stem (from the root collar to the upper 
end, including all branches); Leaves 
[(leaf blade and petioles) all leaves were 
collected, including the senescent ones 
detached from the plants between the 
evaluation periods, and were stored in 
a Kraft paper bag]; Reproductive parts 
[include flowers at all development 
stages and fruits, both before ripening 
(fit for commercialization or not) 
and ripe]. The pods already fit for 
commercialization were harvested 
every 2 days and put to dry in a shed, 
on benches protected from the sun, for 
seven days.

The different parts were washed 
with deionized water. After excess 
water removal, they were packed in 
paper bags and taken to dry in an oven 
with forced air circulation at 65ºC until 
reaching constant mass (Malavolta et 
al., 1997). Using an analytical scale, we 
weighed the dry matter contents for all 
different parts (roots, stem, leaves, and 
reproductive parts), and calculated the 
total biomass.

Dry samples of each part (roots, 
stem, leaves and reproductive parts) 
were ground using a Wiley mill, and the 
total levels of N, P, K, Ca, Mg and S, in 

ALB Cunha et al.



177Horticultura Brasileira 38 (2) April - June, 2020

g kg-1, and B, Cu, Fe , Mn and Zn, in mg 
kg-1, were determined using the method 
developed by Silva (2009). Biomass 
accumulation was determined for each 
nutrient by multiplying each element’s 
content by the dry-matter value for each 
part, and the total biomass accumulation 
was calculated by the sum of all parts.

The data were subjected to analysis 
of variance, with an interaction of 
eight periods x four parts of the plant, 
with four replicates. The “part of the 
plant x nutrient” interaction was also 
considered as a source of variation, 
4x6 for macronutrients and 4x5 for 
micronutrients, in percentage, to 
determine the uptake rate.

To adjust the equations, since 
there is functional correlation between 
days after emergence (x) and the 
accumulation response variable (y), 
non-linear regression models were 
tested: G (Gaussian model)= {a*exp[-
0.5*(x-x0)/b]²}; S (Sigmoidal model)= 
a/{1+exp[-(x-x0)/b]}; L (Lorentzian 
model)= a/[1+(x-x0)/b]².

Each model chosen for explaining 
the behavior of dry matter accumulation, 
total nutrient accumulation and their 
divisions used the following criteria: 
higher determination coefficient, 
significance of the regression coefficients 
up to 5% probability by the F test, and 
biological significance of the model.

Based on the results, we estimated 
the parameters of the models adjusted 
in each equation, which determined 
the point of maximum accumulation of 
the nutrient, in mg plant-1 (a), the DAE 
when the maximum accumulation rate 
was reached (x0) and the amplitude, in 
DAE, between the turning point and the 
maximum point (b).

Therefore, once the parameters were 
estimated, we could determine the PI 
(turning point) value as the difference 
between x0 and b (x0 - b). PI is an 
important parameter, because it defines, 
in DAE, the time when the accumulation 
rate changes from positive to negative.

RESULTS AND DISCUSSION

Dry matter accumulation
Total dry matter accumulation 

was significant, and its behavior was 

adjusted to the sigmoidal model (Figure 
2). According to Cairo et al. (2008), this 
model depicts the classic plant growth 
process in three distinct phases.

Phase 1, from germination up to 
20 DAE, is considered a stage of little 
dry matter accumulation, due to the 
low amount of leaves and roots and the 
absence of reproductive parts.

Phase 2, which ranged from 20 
DAE to 70 DAE in this experiment, 
is characterized by intense dry matter 
accumulation.  This period also 
coincides with the increase in dry matter 
content in leaves (photosynthesis) 
and roots (nutrient uptake), therefore 
there is greater accumulation of 
organic compounds formed by CO2 
incorporation (Cairo et al., 2008).

After 70 DAE, in the third phase 
(phase 3), there is less accumulation 
of total dry matter, because there is 
a balance between tissue formation 
(production) and the senescence (death) 
and abscission processes (Benincasa, 
2003). The plant’s growth curve 
reached maximum total dry biomass 
accumulation of 177.5 g plant-1 at 80 
DAE.

Similar growth behavior in terms of 
curve fit was determined by Brito et al. 
(2009) for cowpea (Vigna unguiculata), 
and also in terms of sigmoidal fit: from 
the reproductive phase onwards there 
was an increase in total dry matter 
content, which reached its maximum 
point at 78 days after sowing.

For yard long beans grown under 
different irrigation management 
practices, Silva et al. (2012) obtained 
results ranging from 120 to 260 g 
plant-¹ for total dry matter accumulation 

in the aerial parts at 82 DAE. In this 
experiment, the average rate for the yard 
long beans was of 177.5 g plant-¹.

The dry matter content of leaves, 
stem and roots reached their maximum 
accumulation point at 80, 71 and 70 
DAE respectively. Studying common 
beans, Zucareli et al. (2010) and Santos 
et al. (2015) also obtained similar results 
for these variables in the 55 to 70 DAE 
range.

For the stem and roots we observed 
that the decrease in dry matter content 
occurred more intensely at the end of 
the cycle, due to the plants’ senescence 
process, during which there is low 
remobilization of photoassimilates 
in comparison to other stages of the 
production process. For the leaves, 
which are considered source organs, the 
decrease in total dry matter content is 
mainly due to the reproductive season, 
and is intensified by senescence and 
abscission (Santos et al., 2015).

In the plants’ reproductive parts, dry 
matter production started at 30 DAE, 
when the first flowers appeared, also 
with sigmoidal fit. The maximum value, 
122.1 g plant-¹, was reached at 80 DAE. 

Nitrogen,  phosphorus  and 
potassium accumulation

The total accumulation for N, P 
and K is shown in Figure 3, and the 
adjustments made to the equations 
are shown in Table 1. Accumulation 
occurred slowly for these three nutrients 
up until 20 DAE (Figures 3A, 3B and 3C 
respectively), due to the smaller increase 
in total dry matter content caused by 
the yet poorly formed root system and 
to the smaller amount of leaves, which 
produced a lower growth rate.

Figure 1. Diagram of the structure of the pot used for growing the yard long bean plants. 
A= frontal view of the pot, showing the drain valve; B= zoom of the water drain valve; C= 
D-28 sponge used on the inside of the pot, to retain the substrate; D= assembly of the drain 
valve and sponge before substrate addition. Manaus, UFAM, 2018.

Nutrient uptake rate for yard long bean
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Similar results were obtained for 
common beans (Phaseolus vulgaris) 
by Pegoraro et al. (2014). During this 
period, the leaf allocated up to 69% of 
the N contained in the plant. After this 
phase the behavior of the accumulation 
curve was adjusted to the sigmoidal 
model, that is, the point of maximum 
accumulation occurs only at the end of 
the cycle.

According to Table 1, the point 
at which the total accumulation rate 
shows the greatest increase was around 
37 to 40 DAE for N, P and K. This 
period is called a turning point (PI), 
when the daily accumulation rate starts 
to decrease, even though the gains 
are positive (Zobiole et al., 2010). 
Fertilizers must be applied by top 
dressing before this period.

According to the equation, N and K 
reached at their maximum point a total 
accumulation of 2,279.2 and 2,668.3 
mg plant-1 respectively (Figures 3A and 
3C), while for P the result obtained was 
496.3 mg plant-1 (Figure 3B). Up until 
40 DAE, the leaf was the main organ 
of allocation for N and K, with about 
38% and 32% of these elements’ total 
amounts respectively.

Growing jack beans (Canavalia 
ensiformes), Teixeira et al. (2010) also 
detected the maximum point for N and 
K at the end of the cycle, at 60 and 58 
DAE respectively. For phosphorus, the 
highest allocation was already in the 
reproductive part (40% of the total) 
at 40 DAE. According to Maathuis 
(2009), phosphorus is required in all 
of the plant’s stages. However a great 
part is required for the formation of 
reproductive structures and for grain 
filling.

Nevertheless, in the full production 
phase (50 DAE), nutrient accumulation 
was greater in the reproductive organs 
(REP), which include flowers, pods 
and seeds, as shown in Figures 3A, 
3B and 3C. After the beginning of the 
reproductive phase at 30 DAE, we 
observed a redistribution of the three 
nutrients, and their main source organ 
was the leaf.

The period that comprises the point 
of greatest demand by the plant coincides 
with the beginning of the fruiting 
stage. At this phase, the partition of 
photoassimilates and mineral nutrients, 
which are stored in the leaves, occurs 
more intensely, and it is when the 

reproductive phase predominates over 
the vegetative phase, to form pods and 
seeds (Marschner, 2012).

At the end of the experiment (80 
DAE), the reproductive part, adjusted 
to the sigmoidal model, reached highest 
allocation with maximum accumulation 
of 1,607.7 mg plant-¹ (N), 411.0 mg 
plant-¹ (P) and 2,054.9 mg plant-¹ 
(K), 75%, 80% and 78% of the total 
accumulation respectively.

For all three nutrients, in the full 
fruiting period, from 50 DAE until the 
end of the experiment, the leaf was the 
organ that showed the highest reduction 
percentages for total accumulation, and 
varied on average from 32% at 50 DAE 
to up to 4% at 80 DAE, which shows 
its importance for the redistribution of 
nutrients and assimilates.

Calcium, magnesium and sulfur 
accumulation

For Ca (Figure 3D), Mg (Figure 
3E) and S (Figure 3F) the behavior of 
the total accumulation curve showed 
better fit to the sigmoidal model (Table 
1), that is, the point of maximum total 
accumulation occurred at 80 DAE. 
However, the turning point of the curve 
occurs before the maximum point for 
Ca, at 47 DAE, for Mg, at 38 DAE, and 
for S, at 42 DAE. (Table 1).

For N, P and K, there was strong 
accumulation starting at 20 DAE. 
The total amount accumulated at the 
maximum point was 2,331.1 mg plant-¹ 
(Ca), 213.2 mg plant-¹ (Mg), and 507.5 
mg plant-¹ (S).

Ca (Figure 3D) was the only 
macronutrient for which, throughout 
the whole cycle, the leaf was the main 
allocation organ. Even with an increased 
demand for it during the reproductive 
phase, its content in the leaves was still 
high, and ranged from 74% to 85%. This 
element is almost completely immobile 
inside the phloem, and when deposited 
in the leaves it may accumulate in large 
quantities. However, in many species 
the transpiration flow may guarantee 
significant amounts of calcium in other 
parts of the plants (Kerton et al., 2009).

In this organ, Ca accumulation 
reached its maximum point at 1,970.6 
mg plant-¹, that is, a content of up to 59 
g kg-¹. Under field cropping conditions, 

Figure 2. Total dry matter (●), root (○), stem (▼), leaves (∆) and reproductive parts (■) of 
the yard long bean plants grown in pots with nutrient solution. DAE= days after emergence. 
Manaus, UFAM, 2018.
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Figure 3. Macronutrient accumulation. N= nitrogen (A); P= phosphorus (B); K= potassium (C); Ca= calcium (D); Mg= magnesium (E); S= 
sulfur (F), during the cycle of yard long beans grown in pots containing nutrient solution. DAE= days after emergence. Manaus, UFAM, 2018.

the plant, both structurally and as a 
messenger, and it is also an important 
component of the cell wall (Maathuis, 

The highest Ca accumulation in the 
leaves is mainly due to the fact that it 
participates in several functions within 

Kano et al. (2018) detected an average 
Ca content of 20.6 g kg-¹ for yard long 
beans in the flowering phase.

Nutrient uptake rate for yard long bean
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2009).
In the cytosol, calcium is central 

for intracellular signaling, while in the 

vacuole, the accumulation of calcium 
salts may offer significant contribution 
to osmotic homeostasis (Kerton et al., 

2009). Calcium is involved in many 
plant signaling processes, mainly in 
biotic and abiotic stress situations 

Figure 4. Micronutrient accumulation. B= boron (A); Cu= copper (B); Fe= iron (C); Mn= manganese (D); Zn= zinc (E), during the cycle 
of yard long beans grown in pots containing nutrient solution. DAE= days after emergence. Manaus, UFAM, 2018.

ALB Cunha et al.
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Table 1. Parameter estimates of the models adjusted for nitrogen, phosphorus, potassium, 
calcium, magnesium and sulfur accumulation over time and their respective turning point 
(PI) values. Manaus, UFAM, 2018.

Part of the plant

Parameter estimates of the 
adjusted models PI

(x0 – b)
R²a x0 b

(mg 
plant-1)

(days after 
emergence)

Nitrogen

RootL** 343.60 69 21 47 0.99
StemS** 137.00 41 10 31 0.95
LeavesG** 366.33 57 20 37 0.94
Reproductive partsS** 1,607.70 47 6 41 0.99
TotalS** 2,279.20 44 7 37 0.99

Phosphorus
RootG** 30.5 66 20 46 0.96
StemS** 39.4 36 5 31 0.99
LeavesG** 52.6 59 22 37 0.94
Reproductive partsS** 411.0 54 9 45 0.99
TotalS** 496.3 48 9 39 0.99

Potassium
RootG** 257,4 66 19 47 0.97
StemG** 270.9 71 25 46 0.96
LeavesG** 254.1 54 19 33 0.94
Reproductive partsS** 2,054.9 53 8 45 0.99
TotalS** 2,668.3 48 8 40 0.99

Calcium
RootG** 31.8 71 23 48 0.91
StemG** 77.3 76 23 53 0.99
LeavesS** 1,970.6 65 14 51 0.98
Reproductive partsG** 318.4 74 16 58 0.98
TotalS** 2,331.1 60 13 47 0.99

Magnesium
RootG** 42.8 59 15 44 0.98
StemG** 20.9 74 23 51 0.98
LeavesS** 44.7 46 12 34 0.94
Reproductive partsG** 126.2 79 20 59 0.99
TotalS** 213.2 47 9 38 0.99

Sulfur
RootG** 201.8 65 16 49 0.99
StemS** 76.8 62 12 50 0.99
LeavesS** 92.2 68 21 47 0.99
Reproductive partsS** 307.1 72 12 60 0.99
TotalG** 507.5 51 9 42 0.99

ns = not significant; G = gaussian model: a*exp{-0.5*[(x-x0)/b]²}; S = sigmoidal model: 
a/{1+exp[-(x-x0)/b]}; L = lorentzian model: a/{1+[(x-x0)/b]²}.

(Kudla et al., 2010).
These values were higher than those 

obtained by Leal & Prado (2008), of 
27.1 g kg-¹ at the time for leaf diagnosis, 
in common bean (Phaseolus vulgaris). 
Raij et al. (1996) suggest a range of 10-
25 g kg-¹, and Malavolta et al. (1997), 
a range of 20-25 g kg-¹ both in the 
flowering period.

Regarding magnesium (Figure 3E), 
the accumulation was greater in leaves 
(45% to 48%) and roots (36% to 44%), 
during the growing period. After the 
beginning of the reproductive phase, 
there was a greater Mg remobilization 
to form the pods, and the gains ranged 
from 23% at 40 DAE to 61% at 80 DAE. 
At this stage, the organs that showed 
strongest reduction in magnesium 
accumulation were the roots, followed 
by the leaves, accounting for 7 and 22% 
of the total percentage respectively.

Unlike the remainder, S (Figure 
3F) showed the highest percentage of 
allocation in the roots, at 10 DAE, and 
reached up to 77% at the end of the 
cycle (70 DAE). However, there was 
an intense redistribution of the S from 
the roots to the reproductive parts at 80 
DAE, and a reduction of up to 47% in 
the total accumulation.

Boron and copper accumulation
The accumulation curves for B 

and Cu are shown in Figure 4, and 
their respective equation adjustments 
are shown in Table 2. Micronutrient 
accumulation occurred slowly up until 
20 DAE, which is the beginning of the 
vegetative phase. This trend was also 
observed for the macronutrients.

For boron (Figure 4A), total 
accumulation in the plant was accelerated 
in the period from 20 to 70 DAE. The 
adjustment was made to the sigmoidal 
model, in which the maximum total 
accumulation was reached at 80 DAE, 
with 6,310.8 µg plant-¹, and the turning 
point for total accumulation occurred at 
40 DAE (Table 2).

Figure 4A shows that B was allocated 
in larger quantities in the leaves up 
until the beginning of the reproductive 
phase (40 DAE), with 48% of the total 
accumulated. Boron is predominantly 
used in active growth organs, such as 
the apexes of the aerial parts and roots 
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beginning of the reproductive phase 
until the end of the cycle, the percentage 
of B accumulation in the reproductive 
organs varied from 30 to 60% of the total 
accumulated. At the end of the cycle the 
maximum accumulation was of 3,375.0 
µg plant-¹.

For Cu (Figure 4B), the maximum 
point of total accumulation, of 717.1 
µg plant-¹ (Table 2), was reached at the 
end of the cycle (80 DAE), because it 
was adjusted to the sigmoidal model. In 
the plant's growth phase, the leaves and 
roots were responsible for the highest 
Cu allocation. At the beginning of the 
reproductive phase, the accumulation in 
the leaves showed the highest reduction 
up until the end of the cycle, and varied 
from 43% to 9% of the total, whereas in 
the roots, even after losses, there was an 
average of 28% of the total at the end 
of the cycle. Leaves and roots showed 
maximum accumulation rates of 56.1 
and 195.9 µg plant-¹ respectively.

Regarding redistribution, in the full 
fruiting phase (50 DAE) more than 50% 
of the copper was already allocated in 
the reproductive parts, after sigmoidal 
adjustment. The maximum point, of 
396.5 µg plant-¹, occurred at the end of 
the cycle, and reached 57% of the total 
amount in the plant.

Iron,  manganese  and z inc 
accumulation

The accumulation curves for Fe, 
Mn and Zn are shown in Figure 4, and 
their respective equation adjustments 
are shown in Table 2. Among the 
micronutrients, iron was the one 
accumulated in greatest quantities 
throughout all of the plant’s development 
stages.

The total maximum accumulated 
amount of Fe, 10,933.1 µg plant-¹, 
occurred at 80 DAE. The behavior was 
adjusted to the sigmoidal model (Table 
2). As shown in Figure 4C, only the 
roots' rates were not mathematically 
adjusted, due to fluctuations over the 
different growth phases, with two points 
of excess at 40 and 80 DAE.

According to Hansch & Mendel 
(2009), the Fe content in the plant that 
enables a satisfactory development is 
around 50 to 150 µg g-¹, depending on 
the plant species. For yard long beans, 
the concentration estimated based on 

Table 2. Parameter estimates of the models adjusted for boron, copper, iron, manganese 
and zinc accumulation over time and their respective turning point (PI) values. Manaus, 
UFAM, 2018.

Part of the plant

Parameter estimates of the 
adjusted models PI

(x0 – b)
R²A x0 B

µg 
plant-1

(days after 
emergence)

Boron
RootG** 332.2 66 22 44 0.98
StemG** 338.9 72 24 48 0.98
LeavesS** 2,952.9 56 15 41 0.91
Reproductive partsG** 3,375.0 72 17 55 1.00
TotalS** 6,310.8 49 9 40 0.99

Copper
RootG** 195.9 85 28 57 0.99
StemG** 41.6 71 24 47 0.94
LeavesS** 56.1 53 6 47 0.95
Reproductive partsS** 396.5 56 10 46 0.96
TotalS** 717.1 53 11 42 0.99

Iron
RootNS - - - - -
StemG** 1,356.9 84 27 57 0.98
LeavesG** 1,532.1 69 25 44 0.93
Reproductive partsS** 4,881.3 53 10 43 0.96
TotalS** 10,933.1 46 11 35 0.98

Manganese
RootG** 171.6 64 21 43 0.96
StemG** 168.2 80 26 54 0.99
LeavesS** 3,256.9 73 16 57 0.99
Reproductive partsG** 1,550.8 84 22 62 0.99
TotalS** 4,746.8 62 13 49 0.99

Zinc
RootG** 292.4 92 38 54 0.89
StemG** 210.4 70 26 44 0.91
LeavesNS - - - - -
Reproductive partsS** 2,497.6 67 15 52 0.93
TotalS** 2,854.1 57 16 41 0.94

ns = not significant; G = gaussian model: a*exp{-0.5*[(x-x0)/b]²}; S = sigmoidal model: a/
{1+exp[-(x-x0)/b]}; L = lorentzian model: a/{1+[(x-x0)/b]²}.

reproductive parts the reduction occurs 
only at the end of the cycle (Figure 4A).

Accord ing  to  Cha t t e r j ee  & 
Bandyopadhyay (2017), in their 
reproductive phase legumes require 
greater amounts of boron, which 
plays a vital role in the development 
of reproductive organs. From the 

(Hansch & Mendel, 2009).
When the reproductive phase begins, 

the demand for nutrients, including 
boron, increases, due to the formation 
of the reproductive structures (flowers 
and pods). There is an intense reduction 
in B accumulation in the leaves, stems 
and roots after 45 DAE, whereas in the 
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the accumulation rate was of 159 µg g-¹ 
on average.

In the growing phase, the roots 
showed the highest allocation at 
40 DAE. From this point on, the 
reproductive phase showed the highest 
allocation intensity. At the full fruiting 
phase (50 DAE) there is an increase 
in Fe accumulation, and the element’s 
contents reach the end of the cycle with 
63% of the total, or 4,881.3 µg plant-¹.

According to Kirkby & Romheld 
(2007) ,  when  incorpora ted  in 
chloroplasts Fe has very limited 
mobility inside the plants. However, it 
may be translocated through the phloem, 
mainly in the most demanding phase, the 
reproductive one.

For Mn (Figure 4D), the Gaussian 
model was the best fit, and the point of 
maximum total accumulation, 4,746.78 
µg plant-¹, occurred at 80 DAE. The 
turning point was observed at 49 DAE 
(Table 2).

Mn is intensely used in plant leaf 
tissues, as it takes part in essential 
photosynthesis processes, such as in 
water division in photosystem II (PSII), 
which supplies the electrons needed for 
photosynthesis (Milaleo et al., 2010).

Therefore, the leaf was expected to 
be the main organ of allocation for this 
nutrient, specially in the growth phase. 
The values were distributed between 
54 and 73% throughout the cycle, and 
maximum accumulation, of 3,256.9 µg 
plant-¹, was reached at 80 DAE.

In the reproductive phase, the highest 
accumulation point, of 1,550.8 µg 
plant-¹, was reached at 80 DAE (Figure 
4D). Together with Ca, this element's 
content did not surpass the leaf content 
in accumulation percentage during the 
reproductive phase (Table 2).

F o r  Z n  ( F i g u r e  4 E ) ,  t o t a l 
accumulation was better adjusted to the 
sigmoidal model, and showed maximum 
allocation of 2,854.1 µg plant-¹ at the 
end of the cycle. It is noteworthy that 
the reproductive part was also adjusted 
to the same model, which yielded an 
accumulation of 2,497.6 µg plant-¹, or up 
to 71% of the total allocation (Table 2).

Zn is required by plants for 
the regulation of functions such as 

transcription and translation, for the 
structural stability of proteins, for 
the regulation of oxidoreductase and 
hydrolytic enzymes, as well as for 
controlling various enzyme activities 
(White & Broadley, 2011). According to 
Hansch & Mendel (2009), its contents 
in the plant tissue should be around 15 
to 50 µg g-¹. In this experiment the total 
concentration in the tissue was 40.1 µg 
g-¹ on average.

Regarding partitioning, there was 
a wide variation in this element’s 
allocation. Up to 20 DAE (46%) its 
highest percentage was found in the 
roots (Figure 4). From that time onwards 
the leaves were the main allocation 
organs up until 30 DAE (54%).

However, from 40 to 80 DAE 
there was intense translocation to the 
reproductive structures, which are the 
organs accountable for the highest 
accumulation rates at this stage (39 
to 71%). At the end of the cycle, the 
roots and leaves were the organs with 
the highest losses, which reached up to 
11% for both.

Order of  accumulation for 
nutrients

Macronutrient and micronutrient 
accumulation values in yard long beans 
showed significant interaction at the 5% 
level for total accumulation and for parts 
of the plants.

Taking all parts of the plants and 
the extraction throughout the cycle into 
account, the order of extraction for the 
macronutrients was K>Ca=N>S=P>Mg, 
and potassium showed the highest 
accumulation rate during the crop’s 
cycle.

For the micronutrients there was 
little variation in the accumulation 
rate throughout the growth cycle, and 
the total extraction order at the end 
of the cycle was Fe>B>Mn>Zn>Cu. 
Under field conditions, Fonseca et 
al. (2010) also detected a similar 
accumulation order for cowpea crops, 
Fe>B>Zn>Mn>Cu, with changes only 
in zinc and manganese demands.

For yard long beans, the sigmoidal 
equation is the model that best 
depicted the plant’s growth curve. 
The crop’s nutritional management 
should be performed until 45 DAE. 

The order of total nutrient extraction 
by the plant at the end of its cycle 
was=N>S=P>Mg>Fe>B>Mn>Zn>Cu.
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