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Nutrient accumulation curves in fruits and nutrient export by seeds

and hulls harvesting of physic nut (Jatropha curcas L.)

Curvas de acamulo de nutrientes em frutos e exportacio pela
colheita de sementes e cascas de pinhao-manso

Rosiane de Lourdes Silva de Lima'"; Valdinei Sofiatti?;
Carlos Alberto Vieira de Azevedo?®; Jairo Osvaldo Cazetta*;
Genelicio Souza Carvalho Janior’, Nair Helena Castro Arriel?

Abstract

There is little information on the nutritional management of physic nut (Jatropha curcas L.). This study
aimed to measure the nutrients accumulation during the growth of fruits in physic nut and the nutrients
export from the area due to seed harvest and hull removal. Fruits were harvested at different times (11,
19,27, 35,43, 51, and 59 days after anthesis), in a completely randomized design with four replications.
Nutrient content was measured in the whole fruit and in the hull and seed separately. Nutrients accumulate
in the fruit during its growth. Nitrogen is the nutrient accumulated in the greatest amount, followed by
potassium, calcium, phosphorus, magnesium, and sulfur. For the micronutrients, their content decreased
in order of: zinc, manganese, copper, and iron. There was a high demand for Ca, Mg, Cu, Zn, and Mn
in the early fruit development. The physic nut fruit requires significant amounts of micronutrients for
normal fruit growth. Potassium is the nutrient exported in the greatest amount through a hull.
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Resumo

Ha pouco conhecimento sobre o manejo nutricional de pinhdo-manso (Jatropha curcas L.). Objetivou-
se com este trabalho medir o acimulo de nutrientes ao longo do crescimento de frutos de pinhdo-manso
¢ a exportacao de nutrientes da area devido a colheita de sementes e remoc¢ao das cascas. Frutos foram
colhidos em diferentes momentos (11, 19, 27, 35, 43, 51 e 59 dias apods a antese) em delineamento
inteiramente casualizado com quatro repetigdes. Para o estudo de exportacdo de nutrientes, o teor de
nutrientes foi medido tanto nos frutos inteiros como na casca e semente separadamente. Os nutrientes
se acumulam nos frutos ao longo do crescimento. O Nitrogénio ¢ o nutriente acumulado em maior
quantidade, seguido pelo Potassio, Calcio, Fosforo, Magnésio e Enxofre. Dentre os micronutrientes, a
quantidade acumulada nos frutos teve a seguinte ordem decrescente: Zinco, Manganés, Cobre e Ferro.
No inicio do crescimento, houve grande demanda por Ca, Mg, Cu, Zn ¢ Mn. O pinhdo-manso demanda
quantidades expressivas de micronutrientes durante a formacdo dos frutos. Potassio ¢ o nutriente
exportado em maior quantidade pela casca do fruto.

Palavras-chave: Jatropha curcas, exportagao pela colheita, nutrigdo mineral
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Introduction

The production of physic nut has been considered
a promising source of oil for biodiesel production
(MAES et al., 2009; NOOR CAMELLIA et al.,
2009). This is a perennial crop, and commercial
production is initiated on the second year after
planting, and stabilized from the fourth or fifth year
onward.

According to Laviola and Dias (2008), when the
physic nut is planted in the beginning of the rainy
season in the Zona da Mata of Minas Gerais, the
crop initiates its production in the first year, and,
although stability is achieved in the fourth year, the
plant has the potential to produce fruits for more
than 40 years, without the need for renewing the
crops.

Although robust, the plant has a slow growth
and exhibits symptoms of nutritional deficiency,
which is visible when cultivated in soil poor in
macronutrients such as N, P, and K (MAIA et
al., 2011), and micronutrients such as B, Fe, Mn,
and Mo (SILVA et al., 2009). The crop responds
to fertilization with nitrogen, phosphorus, and
potassium (MARTINS et al., 2009; SOUZA et al.,
2011) and to organic fertilization (JUWARKAR et
al., 2008; CUEVAS, 2009; KUMAR et al., 2009).
Both these types of fertilization should be performed
according to soil fertility; otherwise plants will have
a slow growth and lower number of branches, which
implies lower productivity since fruits are produced
at the tip of the branches. Therefore, correct
fertilization is essential to promote fast vegetative
growth and allow the formation of structures and
adequate nutritional reserves to support rewarding
and early productivity.

It has been shown that physic nut is demanding
in macro- and micronutrients (LAVIOLA &
DIAS, 2008), with the leaves showing nutrient
accumulation in the following order: N > Ca > K
>Mg>P>S>Mn>Fe>B>Zn>Cu. The NK
ratio in the leaf is 2.3 in the flowering period, and
1.4 in the fruits, indicating that the crop increases its

requirement for potassium in the production phase.
According to these authors, in plantations with 4 m
x 2 m spacing, when plants produce up to 4 kg of
seeds plant! annually, it is possible that the nutrient
export in fruits corresponds to approximately N
146, P,O, 66, K,O 124, CaO 81, MgO 45, and S
5 kg ha'l, for and B 162, Cu 75, Mn 667, and Zn
136 g ha', for micronutrients. If an annual nutrient
replacement is not performed, soil depletion and
reduction in crop productivity will occur.

In order for the physic nut to be able to develop
all its production potential, all technological steps
have to be established, including the nutrient
management. With better the
nutritional state of the crop, it will be possible to
verify and monitor if the fertilization management
is effective by monitoring the nutrient content
in leaves through regular analysis of the leaves
(MARSCHNER, 2002). Another viable alternative
to evaluate the nutrient demand of a crop is to
assess the quantities of extracted and exported
nutrients through harvesting during the plant cycle
(MESQUITA et al., 2010).

insight about

The aim of this work was to evaluate the
accumulation of nutrients in physic nut fruits at
different phases of growth, and the export of macro-
and micronutrients by collecting fruits, hulls, and
seeds during harvest.

Materials and Methods

Healthy physic nut plants were selected during
their flowering period in a homogeneous area of
four-year-old plants, cultivated at the spacing of 3
x 1 m and belonging to a seed production farm at
the Fazenda Estivas, located in the municipality of
Garanhuns, PE (8° 56’ S, 36° 27° W, 741 m altitude).
The monthly average rainfall of the region is 130
mm, and the climate is semiarid (BS; dry, semiarid,
megathermal, with four rainy months) according
to the Koppen classification. The precipitation
and temperature measured during the year the
experiment was carried out are shown in Figure 1.
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Nutrient accumulation curves in fruits and nutrient export by seeds and hulls harvesting of physic nut (Jatropha curcas L.)

Figure 1. Precipitation and temperature registered in the period from January to December 2010.
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The soil in the study area is classified as Neossolo
Regolitico (Regosols) with a sandy consistency.
Samples for chemical analysis were collected at a
depth of 0-20 cm in the shrubs’ canopy projection
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zone. The samples were homogenized and analyzed
at the Irrigation and Salinity Laboratory of the
Federal University of Campina Grande (UFCQG).
The soil was slightly acidic (pH 6.2) and with 76%
of base saturation (Table 1).

Table 1. Soil characteristics in the physic nut cultivating area.

pH Ca Mg® Na* K°' S H+Al AP T v P O.M.
1:2.5 Exchange complex (mmol dm™) % mg dm’ gkg!
6.2 25.7 14.3 147 23 43.7 14.0 0.5 57.7 76 11.4 14.7

S: Sum of bases; T: Effective CEC (T); V: Base saturation; O.M.: organic matter.

Liming was not necessary before the seedlings
were planted in the fields, or in the following years.
However, during the 4 years of cultivation, annual
fertilization was carried out with the application of 6
t ha! of organic matter in the form of cattle manure,
in doses recommended by soil analysis.

For the nutrient accumulation and export curves,
the analyses was performed separately for the data in
a completely randomized design, and the treatments
comprised different seasons of fruit harvesting (11,
19, 27, 35, 43, 51, 59 days after anthesis; DAA),
with 4 repetitions, and 2 samples per plot, which

were submitted to regression analysis. In order to
conduct the nutrient export studies, the treatments
comprised the whole fruits, hulls, and seeds, which
were analyzed in a design and repetitions similar to
the previous mentioned analyses. The differences
between the treatments of the export study were
assessed with the means tests.

For determining the nutrient content of the fruits
and subsequent calculation of accumulated macro-
and micronutrients, 50 fresh fruits were collected
at different growth stages from 10 studied plants,
which were immediately washed using deionized
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water, weighted to determine their fresh weight,
dried in a forced convection- incubator until
reaching a constant weight, and then, weighted

again in order to calculate the dry mass.

At fruit maturation (approximately 70 DAA), the
physic nut fruits were collected, washed, dried and
shelled, and separated into hulls and seeds in order
to determine the nutrient quantity that is removed
from the area of cultivation through fruit, seed, and
hull harvest.

The plant samples were identified, washed in
deionized water to remove impurities, placed in
paper bags, dried in a forced convection incubator
at 70°C, milled using a Wiley mill, and stored in
polyethylene containers with a hermetic seal. The
content of P, K, Ca, Mg, and S was determined
after nitric-perchloric digestion, and the N content
with sulfuric digestion. The samples submitted
to sulfuric digestion were used in the analyses to
determine the nitrogen content, whereas samples
prepared by nitric-perchloric digestion were used in
the analyses to determine P, K, Ca, Mg, S, Fe, Cu,
Zn, and Mn content.

The
Nessler

N
colorimetric method, P content

content was determined by
by
phosphomolybdate reduction with ascorbic acid
assay modified by Braga & Delfelipo (1974), and
K content by flame photometry. Ca, Mg, Cu, Fe,
Mn, and Zn were determined by atomic absorption
spectrophotometry, and S by sulphate turbidimetry

(BLANCHAR et al., 1963).

The assessment of nutrient accumulation
in different parts of the fruits was obtained by
calculating the nutrient quantity (Q,) using the

equation (1).

Q, = (nutrient content x dry matter X number of
fruits plant! x number of plants ha').................. €}

The results of the macronutrients were presented
in kg ha'! and micronutrients in g ha'. These values
were used to calculate the percentage of exported
nutrients per ton of fruits, seeds, and hulls.

The obtained values were submitted to the
analysis of wvariance (F-test) and polynomial
regression according to the recommendations by
Santos and Gheyi (2003).

Results and Discussion

The fruits diameter, as well as the dry mass
accumulation, increased linearly during the fruit
growth phase (Table 2). The accumulation of all
macronutrients followed the accumulation curves of
dry-mass gain and increase in fruit diameter (Table
2).

Despite the significant linear effects observed
for N, P, K, Ca, Mg, and S macronutrients, the
quadratic model was the mathematical model that
best fit N, P, K, and S.

Table 2. Summary of the analysis of variance of the fruits diameter (FD), accumulation of dry mass (ADM), and
accumulation of N, P, K, Ca, Mg, and S in the dry mass of physic nut fruits at different growth phases.

Mean square

S.V. DF FD ADM N P K Ca Mg S
Treatments 6 139.78"  0.18" 218.31™ 6.45™ 47.59™ 11.89" 1.11™ 0.23"
Linear 1 828.19™  1.05™ 1158.88"  32.57" 253.68"  69.54™ 546™ 1267
Quadratic 1 2.49m 0.02™ 71.38" 517" 25.04™ 0.56" 0.03= 0.11™
Deviation 4 2.00° 0.004" 19.89° 0.25™ 1.70° 0.31m 0.29°  0.01™
Residue 21 0.67 0.001 6.06 0.05 0.56 0.25 0.09 0.01
CV (%) - 4.95 10.52 27.16 15.24 16.58 18.00 25.85  36.45

Results of ANOVAs, with the F test (F) significance, are shown: ** P<0.01, * P<0.05, ns P>0.05; CV (%) = Coefficient of Variation.

Source: Elaboration of the authors.
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Both the accumulation of dry mass and diameter
of physic nut fruits increased linearly with the
changes in the fruits growth phase (Figures 2A
and 2B). The fruits were initially collected with
approximately 7.8 mm and 0.76 g of fresh mass,
which corresponds to the fruit set phase according to

the literature. This phase occurs soon after flowering
and is characterized by intense cellular division, and
during this process, increases in fruit size and dry
mass can be observed as shown in Figure 2, the dry-
mass gain and increase in fruit diameter were linear
and significant.

Figure 2. Accumulation of dry mass (g) (A) and diameter of fruits (mm) of physic nut (B) at different growth phases.
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Source: Elaboration of the authors.

In the cellular elongation phase, which according
to Santos et al. (2010) generally occurs between
8 and 40 DAA, we observed the same tendency
in both dry mass gain and increase in diameter
as observed in the first phase of fruit growth. The
increase in the accumulation of dry mass in the
elongation phase is mainly associated to the rapid
expansion and elongation of cells, with deposition
of wall material (MARSCHNER, 2002); during
this process the water flow to the fruits is essential
(MARENCO and LOPES, 2005). It is possible that
in this phase, the endosperm filling process (grain
filling) of the physic nut fruits also occurs. The grain

—o— ¥ =4,6763+0,3399X
R?=0,99 A

diameter of fruits (mm)

T T T T 1
27 35 43 51 59

Days after anthesis

filling stage is characterized by the deposition of
reserve substances mainly in the seeds, which reach
their final dry-mass when the fruits are still green
(RENA et al., 2001). Our results indicate that the
endosperm filling of the physic nut fruits probably
initiates soon after the cellular elongation phase
and extends until approximately 50 to 60 DAA,
when the fruit ceases to grow and changes its color
from dark green to light green. After 10 days, fruits
attain a yellow pigmentation, which then changes
to brown and subsequently to black, when the fruits
have totally dried (Figure 3).
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Figure 3. Evolution of maturation phases in physic nut fruits. (A) Complete development phase of the fruit, (B)
Beginning of the maturation process, (C) Maturation of the fruits completed, (D) Process of water loss in fruits, (E)

Final phase in maturation and natural drying of the fruits.

Source: Elaboration of the authors.

The accumulation of macro- and micronutrients
(N, P, K, Ca,Mg, S, Cu, Fe, Mn, and Zn) in the physic
nut fruits was relatively low in the first phase of
growth until 27 DAA, increasing considerably with
the fruit growth until maturation (Figures 4 and 5).
Overall, in the first four weeks after fruits formation
(until 27 DAA), there was a slow accumulation of
N, P, K, S, and Fe (Figures 4A, 4B, 4C, 4F, and 5B);
then, between the fourth and fifth week (between 27
and 35 DAA), the accumulation of these nutrients
remained very slow but continuous. From the sixth
week after fruit formation, there was an increase
in the accumulation of these nutrients, and this
tendency was maintained until the maturation of the
fruits (59 DAA) (Figure 4).

The accumulation of nitrogen, phosphorus,
potassium, and sulfur in the fruit differed with the
growth phase. In the first 27 DAA, we observed a
slow accumulation of these nutrients in fruit tissues
of this oleaginous plant (Figures 4A, 4B, 4C, and
4F). This phase is characterized by an intense cellular
division and elongation process in these tissues
(MOURA et al., 2003; SANTOS et al., 2010). After

this phase, a marked rise in the requirement of these
nutrients by fruits was observed until its complete
maturation, which occurred at 59 DAA (Figure 4).
It is likely that the nutrient accumulation in fruits
during the expansion stage occurs through mass
flow, arising from the high rate of water translocation
into the fruits in this stage (RAMIREZ et al., 2002),
which is required for cellular expansion (TAIZ and
ZEIGER, 2009).

Nitrogen was the nutrient that was accumulated
the most by the fruits during the cycle until their
maturation (Figure 4A). In order to produce a ton
of mature fruits, on average, the plant removed 28
kg of nitrogen ha' from the soil. For most crops,
K is the most exported nutrient by the fruits at the
time of harvest. In the physic nut crop, we observed
that this is the second most exported nutrient by the
fruits during the cycle. The highest requirement for
this nutrient occurred from 37 DAA until the fruit
maturation. The seed filling stage is the moment
when the crop requires the most these nutrients. It
is recommended that the last fertilizing step should
occur before this phase of fruit growth in order to
meet the metabolic demands of fruit production.

Semina: Ciéncias Agrdrias, Londrina, v. 35, n. 6, p. 3003-3014, nov./dez. 2014
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Figure 4. Accumulation curves of N, P, K, Ca, Mg, and S (kg ha™') by the physic nut fruits at different growth phases.
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With regard to P (Figure 4B), we observed a
similar tendency as in N, and the accumulation of
this mineral was slower until 35 DAA. As shown
in Figure 4B, the accumulation of P in fruit tissues
increased after 35 DAA and until their maturation.
One possible explanation for this is that metabolic
processes such as endosperm filling, fatty acids
production, and fruit maturation occur during this
phase of fruit growth. Phosphorus is a nutrient in
high demand by physic nut, since it promotes root
growth (LIMA et al., 2011a; PRATES et al., 2012),
flowering, fruit development (PEREIRA et al.,
2011), and production of fatty acids (SOUSA et al.,
2012). Phosphorus is accumulated in younger leaves
and its levels tend to reduce due to its redistribution
to the fruits (LIMA et al., 2011b).

The accumulation of K (Figure 4C) followed
a quadratic behavior, also found in N and P. The
export of this nutrient was considerably slow in the
first phase of fruit growth until the first 27 DAA. Itis
possible that in this phase, only the cellular division
and elongation processes occur, with no need for
higher energy consumption in metabolic processes.
From the 27 DAA, there was a rapid increment in
the amount of K removed by the physic nut fruits,
reaching an export peak at 59 DAA, when fruits
reached the end of the cycle. The comparison of
the amounts of K and N removed by the physic nut
shows that K is the second most required nutrient,
after N.

Potassium is a highly mobile nutrient
(MARSCHNER, 2002), and even in environmental
conditions that do not promote its absorption
from the soil, this nutrient may be mobilized from
other parts of the plant during the whole cycle. In
addition, K is a nutrient required in the activation
of diverse enzymes that are essential for synthesis
of organic compounds including soluble sugars
(MARSCHNER, 2002; MARENCO; LOPES,
2005), which are synthesized during the fruits’
maturation.

With regard to Ca and Mg (Figures 4D and

4E), we observed an opposite behavior to that
demonstrated by N, P, and K. The accumulation of
Ca and Mg in physic nut fruits was linear, gradually
increasing with the fruit growth. The accumulation
of Ca and Mg in the first phases of fruit growth was
very high when compared to the accumulation of N,
P, and K. It is likely that higher accumulation of Ca
in this stage is associated to the fact that this nutrient
is very important in cellular division processes and
membrane and cell wall stabilization of newly
formed cells (MARSCHNER, 2002; MARENCO
and LOPES, 2005). Regarding Mg, this nutrient may
be required in high quantity in order to accelerate
ATPase activity (MARSCHNER, 2002), since the
fruit at the fruit-set phase has a high respiratory rate
(RENA et al., 2001).

The accumulation of S (Figure 4F) followed the
same tendency shown by N, P, and K. In the first 27
DAA, there was a slow accumulation of this nutrient
in the fruit tissues. In this growth phase, it is possible
that intense cellular division, differentiation, and
elongation processes occur. From the 27 DAA, an
increase in the demand of this nutrient was observed
that continued until the fruits maturation. Sulfur is
mainly used in protein composition and in structural
compounds of the cell (MARSCHNER, 2002). The
beginning of fruit formation did not have an impact
on the accumulation of this nutrient, but during the
fruit growth phase, there was a high demand for S
until the maturation was reached.

The accumulation of micronutrients presented a
linear and quadratic response, and it better adjusted
to the linear model (Table 3). The accumulation
of Cu, Fe, Mn, and Zn was high, showing a linear
increase from the first phase of fruit growth (Figures
SA, 5B, 5C, and 5D). Higher accumulation of these
nutrients occurred at 59 DAA, when the fruits
reached a mean weight and diameter of 0.67 g and
23.9 mm, respectively. In the first growth phase,
which comprises the fruit-set phase, the fruits had
the average weight and diameter of 0.06 g and 7.8
mm, respectively.
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Table 3. Summary of the analysis of variance of Cu, Fe, Mn, and Zn accumulation in the dry mass of the physic nut
fruits at different growth phases.

S.V.

Mean square

D.F

Cu Fe Zn Mn
Treatments 6 9.88™ 175.0342™ 221.19" 27.69™
Linear 1 55.15™ 914.23 1272.71* 129.69™
Quadratic 1 1.95° 9.32n 2.73" 4.17m
Deviation 4 0.55m 31.66™ 12.92 8.06"
Residue 21 0.25 10.2056 9.44 4.34
C.V (%) - 18.76 20.12 24.80 26.33

Results of ANOVAs, with the F test (F) significance, are shown: ** P<0.01, * P<0.05, ns P>0.05; CV (%) = Coefficient of Variation.
Source: Elaboration of the authors.

Figure 5. Accumulation curves of Cu, Fe, Mn, and Zn (g ha') by the physic nut fruits in different phases
of growth.
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It is likely that the metabolic demand for these
three micronutrients began long before the growth
phase in the beginning of the fecundation stage
and initial formation of the fruit. It is likely that
the higher accumulation of Cu, Fe, Mn, and Zn in
the fruit-set stage is associated to the importance
of these micronutrients in the cellular division
processes and membrane stabilization of the newly
formed cells (MARSCHNER, 2002; MARENCO
and LOPES, 2005). In addition, it is believed
that recycling and synthesis of enzymes and
intermediate compounds, which were previously
used in the synthesis of wall polymers, may occur,
and the compounds could be used as precursors
in the synthesis of reserve compounds during the
endosperm filling process (TAIZ and ZEIGER,
2009). Because micronutrients have an important

role in the activation of enzymes, it is possible that
the continuous accumulation of micronutrients soon
after fecundation and formation of the fruit occurs
in response to the increasing metabolic demand for
these elements (MARSCHNER, 2002).

With regard to nutrient quantities extracted by
the plant parts collected at harvest, we observed that
in terms of percentage (Table 4), the seeds extracted
the highest amount of minerals when compared to
the total amount of minerals extracted by the fruits.
We observed that only K was extracted at a higher
level by the hulls when compared to the seeds.
These results suggest that the hulls of the physic
nut fruits may be reused in the cultivation process
as a source of potassium for plants through organic
fertilization.

Table 4. Export of macro- and micronutrients through fruit hull, seed, and whole fruits of the physic nut.

Parts N P K Ca Mg S Cu Fe Zn Mn
fruit kg ha'! g ha'!

Hull 7.3 0.7 18.6 42 2.8 0.4 3.4 53.4 9.6 12.3
Seed 49.0 10.6 7.7 134 10.2 2.5 30.3 107.9 30.2 73.2
Fruit 56.2 11.4 26.3 17.6 13.0 2.9 33.7 161.3 39.8 85.5
Parts N P K Ca Mg S Cu Fe Zn Mn
fruit Percentage compared to the total extracted amount by the fruit

Hull 12.9 6.6 70.8 23.8 21.5 14.0 10.1 33.1 242 14.4
Seed 87.1 93.4 29.2 76.2 78.5 86.0 89.9 66.9 75.8 85.6

Source: Elaboration of the authors.

Overall, additional research is needed to study
the nutritional status of the physic nut plant and to
assess the nutrient quantity exported by fruits. This
is particularly important, since among all factors
influencing production, nutrition usually assumes
greater importance and limits the most the increase
of crop productivity. The nutrition demands of the
physic nut plant during the production cycle are
insufficiently studied, and thus, mineral fertilization
is performed based on empirical information.
Therefore, the knowledge on nutrient content
in plants, particularly in the exported parts, is
important to evaluate the removal of these elements

from the cultivation area, and is becoming one
of the required components for future economic
recommendations in fertilization. By conducting
fieldwork, we may gain better insight into the
physiological performance of plants during their
production cycle. Therefore, nutrient extraction
across the fruit growth phase will indicate the
season in which a plant absorbs nutrients in high
or low quantities, and will allow monitoring of the
plant’s development during the production cycle.

Overall, the accumulation of N, P, K, S, and
Fe were low in the first phase of fruit growth,
accelerated after 27 DAA, and reached the
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highest point at maturation. We observed an
opposite behavior for the remaining nutrients due
to, probably, higher metabolic demand for these
nutrients in the beginning phase of fecundation,
cellular differentiation, division, expansion, and
elongation. Given the results presented in this study,
a proper planning of fertilization based on the peaks
of nutrient accumulation in the fruits is required
in order to meet the nutritional demands of fruit
production.

Conclusions

The accumulation of nutrients in physic nut
fruits increased with fruit growth.

Nitrogen was the nutrient that accumulated
in the highest quantity, followed by potassium,
calcium, phosphorus, sulfur.
Among micronutrients, the order of accumulation

magnesium, and
in the fruits was the following: zinc, manganese,
copper, and iron.

In the first phase of the physic nut fruit growth,
there was an increased requirement for Ca, Mg, Cu,
Zn, and Mn.

Physic nut plant requires significant amounts of
micronutrients during fruit formation.

The main nutrient extracted from the physic nut
fruit hull was potassium.
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