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ABSTRACT - The chemical composition and the accumulation of nutrients in stems, leaves and fruits are
essential information to meet the nutritional requirements of a peanut crop. Thus, the goals of the present study
were to evaluate the rate of absorption of macro- and micronutrients; identify the critical phases of nutrient
absorption in the peanut crop; and perform growth analysis of these plants. For this, an experiment under field
conditions using randomized blocks with 15 treatments and four repetitions was assembled. Each treatment
corresponded to a sampling time, held from 10 days after planting, until the end of the cycle, which
corresponded to 160 days. Peanut plants generally showed higher macro- and micronutrient absorption rates at
110 days after emergence, coinciding with the highest growth rate of the crop. Thus, the higher nutrient
absorption rate and increased crop growth rate occurred during the reproductive period, formation of fruit and
grain filling.

Keywords: Arachis hypogaea L.. Growth rate. Plant nutrition.

ABSORCAO DE NUTRIENTES E CRESCIMENTO DE PLANTAS DE AMENDOIM

RESUMO - A composi¢do quimica tanto quanto o acumulo de nutrientes em caule, folhas e frutos sdo
informagdes imprescindiveis para conhecer as exigéncias nutricionais da cultura do amendoim. Dessa forma,
objetivou-se com o presente estudo avaliar a taxa de absor¢do de macro e micronutrientes, além de identificar
as fases criticas de absor¢do de nutrientes na cultura do amendoim, bem como, realizar a analise de crescimento
dessas plantas. Para isso foi montado um experimento em condi¢do de campo no delineamento experimental
em blocos ao acaso, com 15 tratamentos e 4 repeticdes. Cada tratamento correspondeu a uma época de
amostragem, realizadas de 10 em 10 dias apds o plantio da espécie, até o final do ciclo da cultura, que
correspondeu ha 160 dias. Foi observado de modo geral nas plantas de amendoim maior taxa de absorgdo de
macro e micronutrientes aos 110 dias apds a emergéncia, periodo que coincidiu com a maior taxa de
crescimento da cultura. Assim, a maior taxa de absor¢do de nutrientes ¢ a maior taxa de crescimento da cultura
ocorreram durante o periodo reprodutivo, formagao dos frutos e enchimento dos graos.

Palavras-chave: Arachis hypogaea L.. Nutri¢do de plantas. Taxa de crescimento.
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INTRODUCTION

The peanut (Arachis hypogaea L.) plant is
native to South America and belongs to the group of
oilseed plants. Peanuts were spread widely across the
world by the Portuguese, due to their pleasant taste
and largely for their nuts. Nowadays, peanuts are the
fourth-most cultivated oilseed in the world,
occupying an area of 23 million hectares with a
world production of 36 million tons anually (FAO,
2016).

Currently, with the evolution of the Brazilian
Biodiesel Program, peanuts have been included as an
alternative for the supply of raw materials. This
inclusion is based on their grain oil yield, which
varies between 45 and 50% (MARTIM;
ASSUNCAO; LIMA, 2009; PIGHINELLI et al.,
2008). In this scenario, peanut cultivation may
enable family farmers to utilize the abovementioned
program, since a serious oilseed crop is an
alternative for the diversification of production,
resulting in income generation. After extraction of
the oil, peanut pie or bran is obtained as a
high-energy by-product with about 45% protein, an
average of 8.5% grease and a maximum of 9.5%
cellulose (TASSO JUNIOR; MARQUES;
NOGUEIRA, 2004).

The rationalization of fertilization programs
requires the definition of stages of development

during which a crop has higher nutritional
requirements.  Otherwise, in general, better
management of fertilization would consist of

application of the nutrients required at the moment
exactly before specific developmental stages of the
plant (NASCIMENTO et al, 2012). The
establishment of these data and values is being
conducted by studies termed “absorption march”,
which consist of research intended to establish the
absorbed amounts of nutrients according to the age
and/or physiological stage of a plant (ECHER;
DOMINATO; CRESTE, 2009).

Thus, the determination of nutrient uptake
and of accumulation during the different phases of
plant development is important because it allows for
identifying the times at which elements are required
most during development of the crop and the
distribution of the elements in the different structures
of the plant, allowing adequate fertilization
management.

The efficiency of utilization of applied
fertilizers and the fraction of nutrients supplied by
the soil also should be taken into account
(LAVIOLA; DIAS, 2008; ROSOLEM et al., 2012).
The chemical composition as well as the
accumulation of nutrients in leaves and fruits are
essential information to determine the nutritional
requirements of a plant. Subsequently, this
information can aid estimation of the amount of
nutrients to supply to plants through fertilization.

In the literature, several studies on the

accumulation of nutrients in crops, such as pumpkin
(VIDIGAL; PACHECO; FACION, 2007), jatropha
(LAVIOLA; DIAS et al., 2008), pepper (FONTES;
DIAS; GRACA, 2005), melon (SILVA et al., 2008)
and onion (PORTO et al., 2007), among others,
exist. However, information on other crops of
interest in Brazil is scarce.

The objectives of this study were to evaluate
the absorption rate of macro- and micronutrients in
the peanut crop; identify the critical phases of
nutrient absorption; and analyze the growth of
peanut plants cultivated in field conditions at Alto
Vale do Jequitinhonha.

MATERIAL AND METHODS

The experiment was conducted from 19
December 2009 to 18 May 2010 under field
conditions in the Horticulture Sector of the
Department of Agrarian Sciences of the
Universidade Federal dos Vales do Jequitinhonha e
Mucuri (UFVIM) in the municipality of Diamantina,
Minas Gerais, at 18°10'S and 43°30'W at 1250 meters
altitude during the rainy season, with supplemental
irrigation. The local climate is of the type Cwb
(temperate with dry winters), according to the
classification of Kdppen. The meteorological data
obtained at the INMET meteorological station in
Diamantina, Minas Gerais, during the experimental
period included maximum (26.6 °C), average
(21.7 °C) and minimum (16.7 °C) temperatures and
mean precipitation (0.0 mm).

The soil of the experimental area was
classified as a typical Quartzarenic Orthodontic
Neosol (RQo), with a sandy texture and slope of 2%
(SANTOS, 2013). The experimental area was
initially corrected with 2 t ha' of dolomitic
limestone. According to the soil chemical analysis
after liming, the following results were observed: pH
(water) of 5.4; organic matter content of 1 daq kg™;
P,Kand Caof 1.4, 10 and 0.5 mg dm’, respectively;
and Mg, Al, H + Al and effective CTC (Cation
exchange capacity) of 0.2, 04, 44 and
1.7 cmol, dm>, respectively. According to the
physical analysis, the following values were
observed: 44, 44, 8 and 4 dag kg'1 for, coarse sand,
fine sand, silt and clay, respectively.

The pre-planting fertilization was carried out
following recommendations for a peanut crop in the
state of Minas Gerais (RIBEIRO et al., 1999).
Amounts of 80 kg ha™! of P,Os and 60 kg ha! of K,O
were added with the sources super phosphate
(445 kg ha') and potassium  chloride
(KCI; 100 kg ha™), respectively. Given the biological
N fixation performed by the plant species,
applications of N to the crop were not necessary, and
no cover fertilization was required. During the
experiment, weeds were controlled by manual
weeding. There was no incidence of pests or diseases
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during the cultivation of the crop; therefore, it was
not necessary to apply pesticides.

The experiment consisted of a peanut plant
(Caiapé  cultivar)  density  following  the
recommendations for this crop in the state of Minas
Gerais (15 plants per linear meter) (RIBEIRO et al.,
1999). Plant densities were maintained by thinning.

The experimental design was a randomized
complete block design with 15 treatments and four
replicates. Each treatment corresponded to a
sampling period, performed every 10 days after
planting until the end of the crop cycle, which
corresponded to 160 days. The experimental plot
consisted of 10 linear m, spaced 0.5 m apart
(RIBEIRO et al., 1999). The collections alternated in
two lines, leaving two lateral lines for a border
effect.

After collections, plant material was washed
in distilled water and then dried in an oven with
forced air circulation at 65 °C until reaching constant
weight to determine the mass of the dry matter of the
aerial portions. This determination was performed
using an electronic scale with an accuracy of
0.0001 g. After drying the samples until reaching a
constant mass, milling was performed using a mill
equipped with a fine sieve (40 mesh) with the goal of
homogenization of the material. The macro- and
micronutrient  levels were then  measured
(MALAVOLTA; VITTI; OLIVEIRA, 1997).

The results were presented in the form of area
graphs showing the mass accumulation of dry matter
in the leaves, stem, fruits and seeds of the crop
during the evaluation cycle. The relative growth rate
of the crop according to equation 1 and the rate of
N, P and K absorption according to equation 2 were
also calculated.

Equation 1. Relative growth rate (TCR). The growth
rate represents the mass production of the total dry
matter at each period of time.

TCR — P2- P1
S T2-T1
P1 and P2: Mass of the total dry matter
(MST) of two successive samplings.
T1 and T2: Interval (in days) between the two
samplings.

Equation 2. Absorption rate (TA) of N, P and K.
The same interpretation can be given for the rate of
absorption representing the absorption of a given
nutrient in a given period of time.

_TR1- T1

TA = TR2- T2

TR1 and TR2: Nutrient contents of two
successive samplings.

T1 and T2: Interval (in days) between the two
samplings.

The TCR (g g day™") expresses the growth in
grams of dry matter per unit of material present at a
period of observation, used in several studies
(AGUILERA; FERREIRA; CECON, 2004;
CAMPOS et al., 2012; CARVALHO;
LOPEZ-OVEJERO; CHRISTOFFOLETI, 2008).

To represent the total accumulation of the
main nutrients, graphs of accumulation of
macro- and micronutrients were constructed
considering 120 days after the emergence (DAE) of
the plants.

All data obtained regarding the absorption
rate of macro- and micronutrients and the growth
rate of the plants were subjected to analysis of
variance (using Sisvar” software 5.6) and regression
analysis (using Microsoft Office Excel 2010
software), with the accumulation of nutrients, the
dependent variables (Y) and the collection times of
the plants, also considering the phenological stages
of the crop, the independent variable (X).

RESULTS AND DISCUSSION

When evaluating the rate of N absorption in
peanut plants, from 30 to 80 DAE an increase in the
values of this variable were observed. These values
remained in the range of 5.5 g day™ until 120 DAE,
which corresponded to the end of the vegetative
phase and the beginning of the reproductive phase,
from flowering to the beginning of grain filling.
From 120 DAE, there was a sharp decrease in the
rate of N uptake, reaching approximately 1 g day
until the end of the crop evaluation cycle
(Figure 1A). Lobo et al. (2012), working with
omission of nutrients in the culture of peanuts,
concluded that of the treatments applied, omission of
N, P and K was most limiting, demonstrating the
importance of the application of these nutrients to
peanut plants.

Because it is a legume, the peanut plant fixes,
under most conditions, sufficient amounts of N
through the symbiotic association with bacteria of
the genus Bradyrhizobium. According to Freire
(1992), peanut plants fix up to
297 kg ha™' year” of N through biological N fixation.
In an area with an expected production in the range
of 3 t ha™' of pods, about 190 kg of N are removed
(BOLONHEZI et al., 2005).

According to Stancheva and Dinev (1995),
the maximum content of the photosynthetic pigments
in corn and wheat leaves was observed in plants that
exhibited the greatest vegetative growth. Correia et
al. (2012) reported that the increase in peanut
production is related to the increase in chlorophyll
concentration in the leaves due to the higher N
absorption.

Rev. Caatinga, Mossoro, v. 30, n. 3, p. 653 — 661, jul. — set., 2017 655



PEANUT PLANT NUTRIENT ABSORPTION AND GROWTH

E. B. SILVA et al.

A Nitrogen absorplion rale
60 N
=L
o Am
=
= 3m
& ™~
.|
2m .
o f— --
LI}
L0 {20 30 ) 40 | S0 Qo0 | 70| 80 (90 (100 L LO) L2000 L40{ 150160
VEIVIV2|VE[va VS| RI|R2|RI|R4|R5 |RG|RT| RS |RD
Days after emergence / stages of development of culture
4 r 2 2
y=0.73+5.38¢c[-0.5((x-96.27)/22.08)"] R°=0.89
C Potassium absorption rate
1.80 4
1.60 J
1.40 ]
—_ 1.20
= 1.00 |
_;|r 0.80 |
" 060
0.40 T
0.20 ]
0,00 7
10 (20 [ 30 |40 | 5C | 60 |70 | 80 |90 [LOC LLIOIL20LI30] 1401150 160
VEIVIIV2 | VI[VA|VI|R]I [RZ|RI|R4|R5 [RG6RT[RE RS
Days after emergence  stages of development of culture
y=0.22+1.07e[-0.5((x-92.91)20.69)2] R2=0.77
E Calcium absorption rate
[E1]
[ {l
- _ A
>
= 00
50
o
L)) f'
w {— —_ s \\____
o
10 ] 20 30| 40 | 50| 60 | 70| 80 | 906 [ 100f 1 10J120] 1 30] 140 150] 160
VE|VI[VZ| V3| V4 | VIR |R2 | R3 | K4 [R5 |Eo |RT |RE | RS

Drays after emergence / stages of development of culture

y=0.148+4 24¢[-0.5((x-105.86)/2.46)°| R*=0.83

B Phosphorus absorption rate

0.18
0.16 4
014 J
o 012
Z 010 ]
o 008 ]
0.06 |
0.04
0.02 ]
0,00 1

10 20 | 30 f 0 | 50 | G0 | 70 [ 80 ) S0 (103) LI 12000 30) LG 150]160

WL RI[R2|R3 [R4 [R5 RO |RT | RE
Days after emergence / stages of development of culture

¥=0.023+0.144¢|-0.5((x-100.97)/10.83)’] R*=0.81

VIV2IVI VA |VE 1]

D Sulfur absorption rate

0.50
0.45 J
040
.35
0.30 ]
025 ]
0.20
0.15 ]
.10
0.05 |
0,00

10 (20 | 3040 | 50 |60 [ 70| 80 | 90 |00 13| 140

150

g 20
R4|R5
Days afier emergenee [ stages of development of culture

v=0.027+0.37¢[-0.5((x-92.10)/34.09)°] R*=0.68

VEIVI|VZIVE V4|V RT|RZ [R3 R |RT|RE RS

Ibﬂ‘

Magnesium absorption rate

1.00 =

090 4 ’\l
.80 J
0.70 4
0.60 J
0.50
0.40
0.30

0.2
010] —— —— \

0.00

1o 1208 130, 1404 150 160
RAIJRSJRG|RT| RE| RO

Days afler emergence / stages of development of culiune

10| 20| 30| 40| 50| 60| T0| &0 | 20100}

VEI VI V2V VI VS RT|RZ|R2

y=0.077+0.87¢[-0.5((x-122.45)/5.38)"] R>=0.92

Figure 1. Absorption of macronutrients: A) nitrogen; B) phosphorus; C) potassium; D) sulfur; E) calcium; and F)

magnesium in peanut plants at different evaluation periods.

A higher rate of P absorption was observed in
peanut plants between 90 and 110 DAE, with a peak
absorption at 110 DAE and a P absorption rate
equivalent to approximately 0.16 g day™. During that
time of evaluation, there was a decrease in the rate of
P absorption to values below 0.03 g day™” until the
end of the crop cycle (Figure 1B).

The phosphorus appears in relatively small
amounts in peanut plants, but they have the ability to
absorb phosphorus in soils that are very poor in
Phosphorus. Phosphorus has the function of
transporting, accumulating and using energy
(TASSO JUNIOR; MARQUES; NOGUEIRA,
2004). This element is considered the main
productivity factor of the peanut crop, although it is
extracted in smaller quantities compared to other

macronutrients (BOLONHEZI et al, 2005).
According to Feitosa et al. (1993), more than
70% of the P absorbed by the peanut plant
accumulates in the fruits, which shows the
importance of this element in the formation and
development of fruits.

In relation to the rate of absorption of K, an
absorption peak of 0.60 g day’ was recorded at
20 DAE, followed by a decrease at 30 DAE, similar
to that observed for the rate of N absorption. After
this observed period, there was an increase in the rate
of absorption of K, with its highest value observed at
110 DAE, equivalent to approximately 1.6 g day™.
The K absorption rate values were reduced to
0.2 g day" at 140 DAE (Figure 1C). The amount of
K can vary. K is very important to plants and is the
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second-most absorbed element, overcome only by N.
K has the physiological function of an enzymatic
activator and, once absorbed, can be transferred from
the older parts of the aerial portions to the newer
parts (TASSO JUNIOR; MARQUES; NOGUEIRA,
2004).

K plays an important role in the formation of
fruits, acting in the transport of photoassimilates in
the phloem (TAIZ; ZEIGER, 2013). The deposition
of biomass in fruit is necessarily accompanied by the
accumulation of K. In addition, K is a required
nutrient in the activation of several enzymes
essential to the synthesis of organic compounds,
among them starch (LAVIOLA; DIAS, 2008).

The responses with K and peanut are, in most
cases, lower than expected, even in soils with low
levels of this element (FREIRE et al., 2007).
According to Bolonhezi et al. (2005), the K levels
applied should be considered relative to the levels of
other cations, especially Ca, as they compete for
absorption for the development of the pods. Uchda et
al. (2011) and Salvador, Carvalho and Lucchesi
(2011) cautioned that excessive KCI applications
may inhibit Ca®*, Mg®" and P uptake.

There was an increase of approximately
0.03 g day™ from 30 DAE to 0.25 g day™ at 40 DAE
in the rate of absorption of sulfur in peanut plants.
During this evaluation period, there was a tendency
for increasing rates of sulfur absorption, with the
highest absorption peak observed at 120 DAE,
reaching a sulfur absorption rate of 0.45 g day™. The
sulfur absorption rate reduced to values below
0.05 g day' at 130 DAE until the end of the cycle
(Figure 1D).

The Ca absorption rate increased from 30 to
100 DAE, with values varying from 0.001 g to about
0.4 g day’, respectively. However, the highest Ca
uptake peak was observed at 110 DAE, with an
absorption rate of 1.20 g of Ca day’. During this
evaluation period, there was a marked decrease in
the rate of Ca absorption to values below
0.20 g day’ at 120 DAE until the last evaluation
(Figure 1E).

Mg absorption rates of less than about
0.1 g day™ to 110 DAE were observed in the peanut
plants, followed by a peak absorption of this nutrient
at 120 DAE, with a value close to 0.90 g day™. The
Mg absorption rate returned to values close to
0.1 g day" only at 160 DAE, at the end of the cycle
(Figure 1F).

When evaluating the rate of Cu absorption,
the values of this variable tended to increase from 30
to 110 DAE, and during this evaluation period the
absorption peak of this nutrient (approximately

4.0 mg day™") was observed. After peak absorption, a
decrease in Cu absorption rate was observed up to
130 DAE, during which the absorption values of this
nutrient remained in the range of 1.0 mg day™ until
the end of the cycle (Figure 2A).

There was an increase in Mn absorption rate
from 70 to 110 DAE, which equates to about
0.5 to 20 mg day™, respectively. However, after this
evaluation period the values decreased to about
2.0 mg day™ at 130 DAE (Figure 2B).

A large increase in Zn absorption rate was
observed from 80 to 110 DAE. During that time of
evaluation, the highest-peak Zn absorption by peanut
plants was observed. After 110 DAE, a decrease was
observed in the values of this variable up to
150 DAE (Figure 2C).

Regarding Fe uptake rate by the plants, an
increase in the values of this variable from 10 to
110 DAE was observed, with an absorption peak of
25 mg day' at 110 DAE. After this evaluation
period, there was a decrease in uptake rate of this
micronutrient until the end of the crop cycle (Figure
2D).

A higher peak in the B absorption rate was
observed at 110 DAE, with a value of approximately
020 mg day'. After 130 DAE, these values
decreased to approximately 0.01 mg day’
(Figure 2E).

In general, the maximum daily absorption of
the macro- and micronutrients occurred at 110 DAE,
coinciding with the period of highest growth rate of
the crop (Figure 3), fruiting period and beginning of
grain filling. During this period, the establishment of
a nutrient mobilizing force and assimilation, due to
an increase of metabolic activity, are associated with
hormonal activity as well as division and growth of
the cells (TAIZ; ZEIGER, 2013).

When evaluating the growth rate of peanut
plants, there was an increase in the values of this
variable at 80 to 110 DAE. After this period, there
was a trend of reduction in the growth rate of the
crop until the end of the crop cycle (Figure 3). The
absolute growth rate (grams per day) provides an
estimate of the average growth speed of plants
throughout the development cycle. Species that grow
rapidly produce more leaf area and possibly exhibit
greater ecological adaptability than those of slow
growth (CAMPOS et al, 2012; CARVALHO;
LOPEZ-OVEJERO; CHRISTOFFOLETI, 2008).

Perin (2001) found that peanuts sown during
the wet period (December) provided full soil cover at
110 days after planting. Climatic conditions,
especially rainfall during the summer, were
determinant in the speed of soil coverage.
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Figure 2. Absorption of micronutrients: A) copper; B) manganese; C) zinc; D) iron; and E) boron in peanut plants at
different times of evaluation.
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Figure 3. Growth rate of peanut crop.

During the vegetative phase, a greater
accumulation of dry matter mass in the leaves of
peanut plants relative to the stem was observed;
however, the values of dry matter mass in the stem
and leaves still increased during the reproductive
phase. During this phase, from 70 DAE a large
accumulation of dry matter mass in the fruit and
seeds until the end of the crop cycle was observed. It
was verified, therefore, that the accumulation of dry
matter was represented in greater mass by the
reproductive structures (fruits and seeds), followed
by the stem and finally by the leaves (reproductive
structures > leaves > stem) (Figure 4). Among the

methods for evaluating the adaptation of a vegetable
and its relationship with the environment, growth
analysis is a very appropriate tool. This analysis is
based on the fact that, on average, 90% of the
organic matter accumulated throughout the plant
growth results from the photosynthetic activity and
the rest from the mineral absorption from the soil.
By means of sequential measures, the dry matter of
the plant is quantified, which allows for evaluating
the contributions of different organs to the total
growth (LESSA et al.,, 2008; PEDO et al., 2014;
PEREIRA et al., 2015).
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Figure 4. Peak mass accumulation of the peanut crop.
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Figure 5. Accumulation of macro- (A) and micronutrients (B) in peanut plants at 150 DAE.

The  accumulation of macro- and
micronutrients at 150 DAE in descending order was:
N>K>Ca>Mg>S>Pand Fe > Zn > Mn > Cu >
B, respectively (Figure 5). According to Malavolta,
Vitti and Oliveira (1997), the majority of crops, in
general, obey the N > K > Ca > Mg > P = S order of
macro- and Fe > Mn > Zn > Cu = B order of
micronutrients. However, in peanuts, an inversion of
Mn with respect to Zn occurs.

CONCLUSIONS

The highest rate of nutrient absorption and
highest rate of growth of the plant culture occurred
during the reproductive period, the formation of fruit
and the filling of grain. The accumulation of
nutrients intensifies to 110 DAE, with the following
sequences of accumulation in descending order for
macro- and micronutrients, respectively: N > K > Ca
>Mg>S >P and Fe > Zn > Mn > Cu > B.
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