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ABSTRACT: Nutrients accumulation in plants/fruits varies according to the crop development stage and its quantification is important
to determine nutrients exportation for fertilization planning and nutrient balancing. This study determined the accumulation of nutrients
in different parts of Piper nigrum ‘Bragantina’ spikes harvested at two ripening stages (still-green and red-colored spikes). Assessments in
separate parts of still-green spikes (fruits and peduncles) as well as in red-colored spikes (grains, flesh and peduncles) were performed. Piper
nigrum spikes were harvested, dried, and the parts were thereafter separated for chemical analysis. N and Mn were the macro and micronutrient
most accumulated in the fruits of still-green spikes and in the grains of red-colored spikes, while K and B were most accumulated in the other
parts of black pepper assessed, regardless of the ripening stage. The process of removing the flesh from the fruits for white pepper production
led to a difference in nutrient concentration and accumulation between the fruits of still-green spikes and the grains of red-colored spikes. A
significant contribution of nutrient input can be achieved by maintained flesh and peduncles in the crop area, decreasing the dependence of
external fertilizers and thus contributing to a more sustainable agriculture.

Key words: Piper nigrum, macronutrients, micronutrients, white pepper.

Actimulo de nutrientes em frutos e graos de pimenta-do-reino em diferentes estadios de maturacio

RESUMO: O acumulo de nutrients em plantas/frutos variam de acordo com o estadio de desenvolvimento das culturas, sendo que sua
quantificag¢do é importante na determinagdo da exportagdo de nutrientes para o planejamento da adubagdo e para o balanceamento de
nutrientes. Esse estudo objetivou determinar o acuimulo de nutrientes em diferentes partes dos cachos de Piper nigrum ‘Bragantina’ colhidos
em dois estagios de maturagdo (coloragdo da casca verde e coloragdo da casca vermelha). As avaliagées foram feitas separadamente nos
cachos de Piper nigrum com coloragdo verde (fruto e pedunculo) e vermelha (grdo, casca e pedunculo), em que os cachos foram colhidos,
secos e as partes foram separadas para andlises quimicas. N e Mn foram os macro e micronutrientes mais acumulados nos frutos dos cachos
com coloragdo da casca verde e nos grdaos dos cachos com coloragdo da casca vermelha, enquanto K e B foram mais acumulados em outras
partes da planta, independente do estagio de maturagdo. O processo de removagdo da casca para produgdo de pimenta branca levou a
uma diferenga na concentragdo e no acumulo de nutrientes nos frutos de pimenta preta e nos grdaos de pimenta branca. Uma contribui¢do
significativa para entrada de nutrientes pode ser obtida se as cascas e pedunculos forem mantidos na area de cultivo, o que diminui a
dependéncia de fertiliza¢do, contribuindo para uma agricultura mais sustentavel.

Palavras-chave: Piper nigrum, pimenta preta, macronutrientes, micronutrientes, pimenta branca.

INTRODUCTION

Black pepper (Piper nigrum L.) is a crop
of global importance. It is used in gastronomy, as
seasoning in the preparation of industrialized foods;
in the pharmaceutical industry, for the composition of
medicines; and in agriculture, as a natural insecticide
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due to its allelopathic compounds (CHIN ANN, 2016;
RAVINDRAN, 2003).

Piper nigrum production is economically
and socially important for Brazil. In relation to the
economic importance, its export trade in the country
reached values of about US$ 346 million in 2016
(INTERNATIONAL PEPPER COMMUNITY, 2018).
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Considering both its economic and social impacts, it
is important to note that most black pepper growing
areas in the country are owned by smallholder farms,
which are cultivated to supplement the farm income.
Furthermore, Piper nigrum cultivation requires high
rates of labor in the field, leading to a greater income
distribution, promoting a higher quality of life in rural
areas, and reducing rural exodus (PARTELLI, 2009).

Piper nigrum byproducts are reported
in many different forms in the world market, from
black and white pepper grains — which differ from
one another by the harvesting stage and processing
method — to products already ground and sold in
small packages. In order to obtain black pepper, for
example, the spikes are harvested when the spikes
are still-green. The browning of unripe still-green
peppercorns is attributed to several polyphenolic
compounds that become enzymatically oxidized
(RAVINDRAN, 2003). White pepper, conversely, is
obtained by harvesting the spikes when peppercorns
are already red-colored, followed by the removal of
the fruits flesh (pericarp/wall), and only the grains are
dried, making this a less aromatic and a more delicate
pepper (BAKER & GRANT, 2019).

In relation to nutrient accumulation,
PADUIT et al. (2018) reported that between different
parts of black pepper, the fruits concentrated most
macronutrients in other plant parts, such as roots,
stems, braches and leaves and fruits. It is important to
note that the accumulation of important constituents
in Piper nigrum spikes, such as starch, volatile oils,
ethereal non-volatile extract and piperine, is known
to be influenced by its ripening stage, as well by
the crop cultivar, and it is not regularly distributed
in different parts of the spikes (HUSSAIN et al.,
2017). Furthermore, as black pepper is cultivated
in different agroecological situations, site-specific
studies are needed, as suggested by a review about
the agronomy of black pepper (SIVARAMAN et
al., 1999), which is important to address different
conditions, such as different soil groups and fertility
status (SRINIVASAN et al., 2007).

Considering that i) Piper nigrum demand
for nutrients varies according to its development
stage, ii) the reproductive phase is the period of
greatest nutrient extraction, and iii) most nutrients
absorbed by the plant are concentrated in the fruits; a
precise information about the quantities of nutrients in
different parts of Piper nigrum spikes harvested from
different ripening stages is crucial for determining the
removal of nutrients from the crop area accordingly.
Thus, this study determined the accumulation of
nutrients in different parts of still-green spikes (fruits

and peduncles) and red-colored spikes (grains, flesh
and peduncles) of Piper nigrum L.

MATERIALS AND METHODS

Study Site

The study site was located in the
municipality of Sdo Mateus, northern Espirito Santo State
(18°46°48.4’S,39°52°31.5”W and 23 m above sea level).
According to Kdppen’s classification, the climate of the
region is Aw, tropical with dry season during winter and
rainy summer (ALVARES et al., 2013).

Spikes of Piper nigrum ‘Bragantina’ were
harvested in March 2018 (three-year-old field). The
crop was grown under full sun, with 3.5 x 1.8 m
spacing in a Ferralsol (IUSS WORKING GROUP
WRB, 2015). Physical (GEE & BAUDER, 2002) and
chemical (TEIXEIRA et al., 2017) characteristics of
the soil in the 0 - 20 cm layer are as follow: pH__
(1:2.5 vv!) =5.05; P (Mehlich-1) = 52 mgdm?; K =
95 mgdm?; S =8 mg dm?3; Ca*=4 cmolc dm™; Mg?*
= 0.35 cmolc dm™; AP* = 0.5 cmolc dm?; titratable
acidity (H+Al) = 5.9 cmolc dm?; organic matter =
2.2 dagdm; sum of bases = 4.62 cmolc dm; cation
exchange capacity = 5.12 cmolc dm?; sand content
= 679.5 gkg!; silt content = 60.5 gkg'; and clay
content = 260 gkg.

Within farming management practices,
weeds were controlled with herbicide. Lime and
fertilizer were applied based on a soil analysis and
regional recommendations (PREZOTTI et al., 2007).
The field was irrigated by drip irrigation and pruning
were performed periodically. The crop received 400
kg ha' year' of N, 80 kg ha™' year"' of PO, and 320
kg ha'! year' of KO, distributed over each year.

Spikes sampling and nutrient analysis

Two ripening stages of Piper nigrum
spikes were assessed. The first was composed of
still-green spikes, whereas two separate parts of the
spikes (fruits and peduncles) were assessed (Figure
1). The second condition was composed of red-
colored spikes and three separate parts of the spikes
(grains, flesh and peduncles) were assessed (Figure
2). Each ripening stage was considered as a different
experiment in this study, wherein the experimental
design was completely randomized, with nine spikes
and three replicated per experiment.

Each part of the spike was weighted for
fresh and dry mass. Both were measured on a precision
scale (0.001 g). Dry mass was weighted after the samples
were dried in a forced ventilation oven at 70 °C for 72
hours. Additionally, samples were dried at 105 °C for
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Figure 1 - (A) Still-green black pepper spikes; (B) Fruits; (C) Peduncle.

24 hours and the final dry mass and nutrient export were
adjusted to the moisture of 12 %, which is the moisture
value at which black pepper is sold.

The concentration of N, P, K, Ca,
Mg, S, Fe, Zn, Cu, Mn and B in the spikes were
assessed according to the methodology described
by MALAVOLTA et al. (1997), which can be
summarized as follows: N was assessed by the
semi-micro Kjeldahl method, P by colorimetric
determination with metavanadate, K by flame
photometry, Ca and Mg by EDTA complexometric
titration, S by barium sulphate gravimetry, and
micronutrients by inductively coupled plasma optical
emission spectrometry. The accumulation of nutrients
in different parts of the spike was calculated based
on the dry mass x the concentration of each nutrient.

Data analysis

The resulting data for dry mass, nutrient
concentration and accumulation in different parts
for still-green spikes (fruits and peduncles) and for
red-colored spikes (grains, flesh and peduncles) were
submitted to analysis of variance by the F test (P <
0.01). The means were compared with the Tukey’s
test (P < 0.05), using the statistical program Sisvar
5.6 (FERREIRA, 2011).

RESULTS AND DISCUSSION

Dry mass and nutrient concentration

Dry mass differed among parts of the
spike for both ripening stages (Table 1). The parts
that are actually sold, fruits (from black pepper)
and grains (from white pepper), were responsible
for approximately 95% and 68% of the dry mass
production, respectively. Thus, vegetal waste is

generated from both conditions, in which black
pepper production generates approximately 5%
waste and white pepper 32%, whereas most comes
from the flesh (Table 1). Such waste is useful for
making sustainable bio-composite that could be used
to replace traditional plastic (HOLILAH et al., 2021).

Most nutrients concentration differed (P <
0.05) between spike parts for both ripening stages (Table
2). The difference in macronutrient concentration in the
fruits and peduncles of still-green spikes were significant
for all nutrients, except for Mg and S (Table 2). In such
condition (still-green spikes) the highest concentration
of N and P were found in the fruits and K and Ca in the
peduncle. Considering the red-colored spikes, higher
concentration of K and Mg and lower N concentration
were found in both flesh and peduncles in relation to
the grains. In such condition (red-colored spikes), Ca
concentration was higher in the peduncles, which showed
the lowest P concentration, although it did not differ
from the P concentration in the flesh. Furthermore, the S
concentration did not differ significantly with different
parts of the spikes (Table 2). In both conditions, the
macronutrients concentrations followed the order: N
>K > Ca>Mg>P> S, which are in agreement with
order of macronutrient requirement for black pepper
(VELOSO & CARVALHO, 1999).

Regarding micronutrient concentration
in the still-green spikes, it is observed that Mn
concentration did not differ between fruits and
peduncles, differently from all other micronutrients.
In such condition (still-green spikes), higher Cu
concentration was reported in the fruits; and higher
Fe, Zn and B concentration in the peduncles (Table 2).
Considering the red-colored spikes, Cu concentration
did not differ between the assessed parts. Moreover,
peduncles concentrated most Fe and Zn. The Mn
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Figure 2 - (A) Red-colored black pepper spikes; (B) Grains; (C) Flesh; (D) Peduncle.

concentration was not different between peduncles
and grains, being higher than the concentration in the
flesh. B concentration, on its turn, was not different
between flesh and peduncles, being higher than
its concentration in the grains (Table 2). Although
assessments of micronutrients in reproductive parts
of black pepper are scarce, the results of this study
greatly vary from other works (BHAT et al., 2010;
PRADEEP etal. 1993), which may be a result of biotic
and abiotic factors, such as climate, crop cultivar and
soil composition (SALEH-E-IN et al., 2017).

A study assessing the chemical quality of
fruits of two cultivars of Piper nigrum — one being the
Indigenous cultivar, sampled from the Bangladesh
Tea Research Institute; and the other, Kerala,

sampled from the market of Indian spices in Kerala
— found significantly higher Fe (138.36 and 344.07
mg kg!, respectively) and K (13.96 and 20.77 g kg,
respectively) concentration than those obtained with
the Bragantina cultivar in this study. Furthermore, Ca
and Mg concentration were similar to those presented
here (ABUKAWSAR et al., 2018).

High quantities of nutrients are lost during
the process of separating flesh from the fruits in white
pepper production, especially K, Mg, B, Fe and Zn.
This leads to the chemical differences between black
and white pepper, which may also alter the sensorial
characteristics of the final product (JAGELLA &
GROSCH, 1999). The flesh and peduncles of Piper
nigrum are by-products generated during pepper

Table 1 - Fresh and dry mass of separate parts for still-green spikes (fruits and peduncles) and red-colored spikes (grains, flesh and

peduncles).

Part
Fruits
Peduncles
CV %

Part
Grains
Flesh
Peduncles
CV %

Still-green spikes

Red-colored spikes:

Fresh mass (g) Dry mass (g)

14.77 a 497 a
1.68b 0.27b
11.92 424

Fresh mass (g) Dry mass (g)
6.061 a 378 a
6.95a 1.45b
1.55b 0.30¢

13.17 21.09

CV: coefficient of variation. Means followed by the same letter in the column do not differentiate between each other according to

Tukey's test (P < 0.05).
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Table 2 - Nutrient concentration in separate parts of still-green spikes (fruits and peduncles) and red-colored spikes (grains, flesh and

peduncles).
Still-green spikes
M i kg™)

Parts acronutrients (g kg™)

N P K Ca Mg S
Fruits 20.11a 1.52a 11.04 b 9.65b 1.65a 0.99 a
Peduncles 16.12 b 0.87b 2229 a 14.54 a 1.62 a 0.84 a
CV (%) 5.14 8.16 5.72 9.92 491 14.88

Micronutrients (mg kg™)

Parts

Fe Zn Cu Mn B
Fruits 36.67 b 18.67 b 933a 38.00 a 25.33Db
Peduncles 7133 a 59.00 a 6.00b 39.00 a 7233 a
CV (%) 17.36 17.78 10.65 6.87 17.77

Red-colored spikes
Macronutrients (g kg™)

Parts

N P K Ca Mg S
Grains 21.82a 137a 4.17b 11.19b 0.83 b 0.99 a
Flesh 12.93b 1.10 ab 18.34a 9.94b 1.94 a 0.72 a
Peduncles 14.54 b 0.87b 19.66 a 14.68 a 1.80 a 0.84 a
CV (%) 7.77 10.79 9.99 9.77 12.28 17.53

Micronutrients (mg kg™)

Parts

Fe Zn Cu Mn B
Grains 14.67 ¢ 13.67 b 733 a 38.00 a 16.00 b
Flesh 37.00 b 14.67 b 7.67 a 14.00 b 63.33 a
Peduncles 69.67 a 45.67 a 5.67 a 39.67 a 78.00 a
CV (%) 20.57 21.96 18.74 17.86 14.78

CV: coefficient of variation. Means followed by the same letter in the column do not differentiate between each other according to

Tukey's test (P < 0.05).

processing, which are often discarded on farmyards.
From this perspective, considering its significant
concentration of nutrients, such by-products may be
used as fertilizers, similarly to coffee straw and other
crops residues used.

Nutrient accumulation

The accumulation of nutrients in different
parts of the still-green spikes were significant
different (P < 0.05) for all nutrients, wherein most
of nutrients were accumulated in fruits (Table 3).
This is related of higher dry mass of the fruits, which
accounted for 95% of the spike dry mass (Table 1),
which is common for pepper (SUPALKOVA et al.,
2007). In such condition (still-green spike), the most
accumulated nutrients in the fruits were N, K, Ca,
Mg, P, S, Mn, Fe, B, Zn and Cu.

The accumulation of nutrients in different
parts of the red-colored spikes were predominantly
significant (P<0.05), except for Fe (Table 3). In the
grains, which is the most economic important part,

the highest means of nutrient concentration were
found for N, Ca, P, S, Mn, Zn and Cu. The iron
accumulation, for example, is an important source for
this micronutrient in relation to its bioavailability for
human nutrition (PLATEL & SRINIVASAN, 2016).
Moreover, Mg accumulation in grains was similar to
flesh and highest K and B concentration were reported
in the flesh. The peduncles, in its turn, was the portion
of the spike with lowest nutrient accumulation, even
when not significant.

According to the results presented in
Table 3, N, K and Ca were the macronutrients with
greater accumulation in the distinct spikes parts at
both ripening stages. The nutrient reported in greater
abundance was N. COVRE et al. (2016) found that,
as in Piper nigrum grains, N concentration in coffee
grains are higher than in the flesh. It is important to
note that plants need adequate N levels, as the nutrient
constitute several cellular components, such as amino
acids, nucleic acids and hormones, which are crucial
for fruits formation and fruits growth. Thereafter,
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Table 3 - Nutrient accumulation in separate parts of still-green spikes (fruits and peduncles) and red-colored spikes (grains, flesh and

peduncles).
Still-green spikes

Parts Accumulation of macronutrients (mg spike™)

N B K Ca Mg S
Fruits 100.04 a 7.56a 5492a 48.01 a 8.18a 492a
Peduncles 438D 0.24b 6.08 b 3.94b 0.44b 0.24b
CV (%) 7.82 10.72 6.04 6.71 5.94 8.30
Parts Accumulation of micronutrients (ug spike )

Fe Zn Cu Mn B
Fruits 182.13 a 92.45 a 46.47 a 189.20 a 126.47 a
Peduncles 19.08 b 15.99b 1.64b 10.77b 19.59b
CV (%) 23.84 22.85 12.11 12.74 28.49

Red-colored spikes

Parts Accumulation of macronutrients (mg spike )

N P K Ca Mg S
Grains 82.75a 520a 15.12b 4221 a 3.18a 373 a
Flesh 18.74b 1.60b 26.63 a 1434b 278 a 1.04b
Peduncles 4410 0.26 b 520¢ 446b 0.55b 0.26b
CV (%) 27.41 30.79 21.61 22.47 24.59 26.38
Parts Accumulation of micronutrients (pg spike )

Fe Zn Cu Mn B
Grains 56.48 a 50.89 a 27.77 a 14133 a 58.91b
Flesh 5442 a 21.34b 11.17b 20.33 b 91.00 a
Peduncles 21.13a 13.87b 1.72b 12.04 b 23.70 ¢
CV (%) 42.36 26.06 32.68 26.13 14.40

CV: coefficient of variation. Means followed by the same letter in the column do not differentiate between each other according to

Tukey's test (P < 0.05).

severe N deficiency drastically restricts plant growth
(TAIZ et al., 2014) and limits the development of
pepper (VIEGAS et al., 2013).

Similarly to other nutrients, K was not
evenly distributed within the different spikes parts.
This nutrient was reported in higher quantity in the
flesh than in the grains, corroborating COVRE et al.
(2016), who studied robusta coffee beans. Potassium
is known as an essential element in the enzymatic
regulation of respiration and photosynthesis, as well
as in the synthesis of nitrogen compounds, such as
proteins (TAIZ et al., 2014). Magnesium, as well as
phosphorus and sulfur, were found to be less abundant
in the parts of Piper nigrum spikes (Table 3). However,
these nutrients are crucial for plant metabolism. P, for
example, is stored in seeds as phytic acid, acting on
embryo development, seed germination and seedling
growth (PANDEY, 2015).

Regarding micronutrients, Mn was the
most accumulated micronutrient in the grain, followed
by B and Fe (Table 3). B was more accumulated in

the flesh. These results differed from those found by
COVRE et al. (2016), in which the micronutrient
most accumulated in coffee grains was Fe, followed
by Cu and B; and for the flesh, the most accumulated
micronutrient was Fe, followed by B. Although Fe
accumulation did not differ among the parts of red-
colored spikes, this nutrient was abundant in their
grains, flesh and peduncles. Similar results were
observed in robusta coffee by BRAGANCA et al.
(2007), who reported that Fe was the most abundant
micronutrient in flesh, grains and in the fruits as a
whole. Such results may be attributed to its important
role in photosynthesis and biosynthesis of proteins
and chlorophyll (TAIZ et al., 2014), as well as being
a constituent of several different proteins such as
hemeproteins and iron-sulfur proteins, and enzymes
such as lipoxygenases (BRAGANCA et al., 2007).

Nutrients exported during harvesting
In order to obtain a ton (1000 kg) of pepper
fruits and grains, 1055 kg of dried still-green spikes
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are required, or 1436 kg of red-colored dried spikes
if the flesh is removed (Table 4). From this total,
55 to 80 kg of vegetable waste is generated as the
peduncles are not used. Such loss is even higher when
the fruit flesh is removed, exceeding 31% (463.13 kg)
of flesh and peduncle, by-products that are generally
discarded. Such waste may be used for compost,
which is known to improve pepper yield and the
system sustainability (YU et al., 2019).

It is important to note that Piper nigrum
final products export a considerable amount of
some nutrients, which may be returned to the soil
in order to maintain or enhance soil quality and the
crop productivity by promoting favorable effects
on soil properties and life-support processes (LAL,
2008), including the input of nutrients to the plants.
Otherwise, the soil will impoverish at each crop cycle
and lose its sustainability with the export of nutrients
via the harvest of pepper spikes.

Among nutrients, N was the most exported
in both still-green and red-colored spikes. The export
of N can be minimized by returning unsold parts
of the spike to the crop area, which would be more
relevant for white pepper production, since it would
return 5.38 kg of N for every 1000 kg of harvested

spike, reducing the export of N in 21.9% by returning
the flesh and peduncles to the soil. Such management
would contribute into a more sustainable fertilizer
planning, decreasing the need for mineral fertilizer
(SCHILS et al., 2020).

After N, K and Ca were the following two
most exported nutrients. In the flesh of red-colored
spikes, 67.3% of K may return to the soil whether the
harvested flesh and peduncles are maintained in the
area. The return of Ca via flesh and peduncles is lower
than N return, and thereafter most Ca should return to
the soil by means of fertilization and/or liming (Table
4). In still-green spikes, nutrient cycling is lower as
only the peduncle can be returned to the soil and most
nutrients will be exported with the fruit. In this case,
most of the exported nutrients should be replenished
by means of fertilization and liming. Further studies
should investigate the effect of returning pepper
waste into the soil and its influence on the soil fertility
status, especially because composts from other crops
are known to improve the nutritional quality and
pepper yields (CERCIOGLU, 2019).

Regarding micronutrients, Mn was the
most exported nutrients by fruits and grains, followed
by Fe and B. Fe and B were also the most abundant

Table 4 - Nutrients exported in 1000 kg of black pepper harvested at 12% moisture.

Still-green spikes

Macronutrients (kg)

Parts kg
N P K Ca Mg S
Fruits 1000 17.70 134 9.72 8.49 1.45 0.87
Peduncles 55 0.78 0.04 1.08 0.70 0.08 0.04
Spikes 1055 18.48 1.38 10.80 9.20 1.53 0.91
Micronutrients (g)
Parts ke Fe Zn Cu Mn B
Fruits 1000 32.27 16.43 8.21 33.44 22.29
Peduncles 55 345 2.86 0.29 1.89 3.50
Spikes 1055 35.72 19.28 8.50 35.33 25.79
Red-colored spikes
Macronutrients (kg)
Parts ke N p K Ca Mg S
Grains 1000 19.20 121 3.67 9.85 0.73 0.87
Flesh 382.68 435 0.37 6.18 335 0.65 0.24
Peduncles 80.45 1.03 0.06 139 1.04 0.13 0.06
Spikes 1463.13 24.58 1.64 11.24 14.23 1.51 1.17
Micronutrients (g)
Parts ke Fe Zn Cu Mn B
Grains 1000 12.91 12.03 6.45 33.44 14.08
Flesh 382.68 12.46 4.94 2.58 471 21.33
Peduncles 80.45 493 323 0.40 2.81 5.52
Spikes 1643.13 30.30 20.20 9.44 40.96 40.93
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nutrients in the flesh and peduncles of both still-
green and red-colored spikes. Thus, a great amount
of these micronutrients may return to the soil if
flesh and peduncles are returned to the field, which
is important because organic fertilization are known
to increase the extractable micronutrients in the soil
compared with mineral fertilization (HERENCIA
et al., 2008). Similarly, part of the micronutrients
exported in the fruits and grains should return to the
soil via fertilization (Table 4).

CONCLUSION

This study assessed the concentration,
accumulation and export of nutrients of Piper nigrum
harvested in two different ripening stages. Nitrogen
was the most accumulated nutrient in the fruits of
still-green spikes and in the grains of red-colored
spikes, while K was the nutrient most accumulated
in the other parts of black pepper assessed, regardless
of the ripening stage. Similarly, Mn was the
micronutrient most accumulated in the fruits of still-
green spikes and in the grains of red-colored spikes,
while B was most accumulated in the other parts.
The process of removing the flesh from the fruits for
white pepper production led to a difference in nutrient
concentration and accumulation between the fruits of
still-green spikes and the grains of red-colored spikes.

Assignificant contribution of nutrient input
can be achieved by maintained flesh and peduncles
in the crop area, decreasing the dependence of
external fertilizers and thus contributing to a more
sustainable agriculture. The results of this study may
support future recommendations and adjustments
to black pepper fertilization as it contributed to
promote a better understanding nutrients exports for
Piper nigrum.
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