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ABSTRACT

A comprehensive knowledge about micronutrient dynamics in leaves and bunches of black pepper is needed
in order to proper diagnose nutrient needs, and thus facilitate fertilization management. This study aimed to
evaluate micronutrient concentration and accumulation in leaves and bunches of black pepper bunches to
understand the crop nutritional demand. The experiment was carried out on in a commercial field of Piper
nigrum ‘Bragantina’ located in S8o Mateus, Espirito Santo, Brazil. Composite samples of leaves and bunches
were taken periodically during two crop cycles and the concentration of Fe, Zn, Mn, Cu, and B were assessed.
The miconutrient accumlation cuwves beheed linealy and quadtically, reading the maximmm accuralation
point during the time of harvesting. Fe, Mn and B were the micronutrients with highest concentration in both
bundches and leaes of back pepper The rutrient concenttion in leaf tissues aried seasonall These esults
may contribute to a more sustainable agriculture, in which fertilization rates should consider different needs
through the crop stage.
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INTRODUCTION others, are considered as micronutrients for crops, as
Black pepper Riper nigrun) is one of the most they are essential elements required in small quantities.

popular spices in the world, also considered as “the kin Despite the low concentration of micronutrients in a
of spices” (Thangaselvabat al, 2008). Itis extensively plant dry weight, micronutrients are vital for crop growth

. . . . .an velopment, and therefore it influen r iel
grown in tropical regions, and Ethiopia was the malﬁ d development, and therefore uences crop yield,

I lity (Laviokt al, 2007), in which
producer of black pepper in 2019, followed\W\gtnam, as well as crop quality (Laviokt a ). in which a

Brazil. Ind . d Indi STAT. 2021 micronutrient mixture specific to black pepper is
razil, Indonesia and India A% ' ): commonly recommended for higher yields (Lijo &

The black pepper production increased 356% in the,iae\ 2011). Micronutrients participate in several
last twenty years, from 309,940 tons in 1999 tgi,chemical and physiological reactions, e.g., in the
1,103,024 tons in 2019 KOSTAT, 2021). Such formation of cell walls (B), cell membranes (B, Zn),
increased may be related to a higher market demand.gfzymes (Fe, Mn, Cu, Ni), enzyme activators (Mn, Zn)
which black pepper is used for culinary and medicingind in photosynthesis (Fe, Cu, Mn, Cl) (Kirkby &
purposes, also because of its health-promoting elemerm®mheld, 2007).
such as Fe, Cu, Mn, and Zn, which are nutraceutically Regarding some micronutrient requirements,
valued (Bhatt al, 2010) These elements, among a fewSadanandagt al. (2000) suggested a DRIS (Diagnosis
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and Recommendation Integrated System) norms pi1 in water (1:2.5 v v!) = 5.05; P (Mehlich-1) = 52 mg
classify ‘deficient’, ‘low’, ‘optimum’, *high’ and ‘excess’ dm?; K =95 mg dn#; S = 8 mg dni, Ca&* = 4 cmo| dm?,
nutrient concentrations in black peppe&rhich was Mg* = 0.35 cmoldm?; AlI** = 0.5 cmal dm?, titratable
specifically assessed for South India. Morep#erther  acidity (H +Al) = 5.9 cmo] dm?; organic matter = 2.2
studies about micronutrient concentrations in blacétag dn?; base saturation =4.62 cmadin®; cation exchange
pepper is needed, especially for other pepper-producingpacity = 5.12 cmoldm?®, sand = 679.5 g kg silt =
countries in order to address site-specific condition§0.5 g kg'; and clay = 260 g kg
such as different soil groups and fertility status
(Srinivasaret al, 2007). In relation to sampling, studies Sampling strategy and micronutrients
assessing leaves and bunches of black pepper are needed, assessments
as most (e” 60%) nutrients are distributed within leaves Ten plants were marked and studied during each one
and bunches in relation to roots, stems and branchefsthe two crop cycles, which totaled twenty plants
(Paduitet al, 2018). marked overall. Sampling was conducted in a completely
Considering that assessments of micronutriemandomized design, in a time plot arrangement. For the
concentration in leaves and bunches of black pepperasalyses of pepper bunchesl $amplings were
required to recommend and adjust black peppgerformed in the first crop cycle and nine in the second.
fertilization, as well as information regarding nutrienfThe difference between the number of samplings in the
accumulation through the crop cycle, this study aimevo cycles was because the second cycle was 42 days
to evaluate micronutrient concentration and accumwhorter than the first. In each sampling date, nine bunches
lation in black pepper leaves and bunches in order teere randomly selected to constitute three composite
understand the crop nutritional needs. samples, i.e., three replicates per sampled period.
During the first crop cycle, the first bunches were
MATERIALS AND METHODS marked on 04/17/2017, when 200 inflorescences of 10
Sudy site plants were labeled, approximately 28 days after
The experiment was carried out during two cropflorescence emergence. This date was also the day of
cycles, in 2017 and 2018, in a commercial field of blacthe first sampling Thereafter samplings occurred at
pepper Piper nigrum‘Bragantina’) in the municipality intervals of about 21 days, until the last one @3/
of Sdo Mateus, Espirito Santo State, Brazil (18°46'48.4017, 238 days after inflorescence emergence. In the
S, 39°52’31.5"W; alt 23 m asl), with smooth to second crop cycle, 10 other plants were labeled by using
undulating relief. The crop management included wedble same pattern for bunch marking. Bunch sampling then
control with herbicides, liming, top dressing fertili-began on 1/13/2017 and ended on 04/30/2018 (196
zation, pruning and drip irrigatioAnnual fertilization ~days after inflorescence emergence). The last sampling
included 400 kg haof N, 80 kg ha of PO, and 320 kg of bunches, in both crop cycles, occurred at full fruit
ha' of K,O. maturation, the stage when the fruits were completely
The regional climate, according to Képpsen’ filled, however with the husk color still green.
classification, isAw, tropical with dry winters and rainy ~ For leaf assessments, a total of 20 samplings were
summers (Alvarest al, 2013). The maximum, averageperformed throughout the yedtach sample consisted
and minimum air temperature, global solar radiatior@f 40 freshly matured leaves with three replicates per
rainfall and relative humidity during the experimensampled period. The leaves were collected from the
period (Figure 1) were determined at the meteorologicelpper part of the middle third of the plants. The
station from Federal University of Espirito Santcevaluations covered one year to assess the pattern of the
(CEUNES-UFES), located 15 km away from the experfoliar nutrient concentration in an annual cycle.
mental area. The collected samples (with either leaves or bunches)
During the establishment of the experimentApnl  were washed in running water and then rinsed with
2017, the black pepper plants were approximately thrééstilled water Thereafter the samples were dried in a
years old. The field was cultivated under a full sufiorced ventilation oven at 70 °C to constant weight and
farming, at a spacing of 3.5 x 1.8 m, on a soil classifiegeighed on a precision scale (0.001 g). The concen-
as a Latossold\marelo Distrofico according to the tration s of iron, zinc, manganese, copper and boron in
Brazilian classification (Santost al, 2018), which bunches and leaves were determined according to
corresponds to a Ferralsol in torld Reference Base Malavoltaet al. (1997). In order to calculate nutrient
(lUSSWorking Group/NRB, 2015). Chemical properties accumulation, the nutrient concentration and dry weight
(Teixeiraet al.2017) and particle size distribution (Flintthroughout the year were taken into accoufrom 28
& Flint 2002) for the 0 — 20 cm soil layer are as followsto 238 days after inflorescence emergence.
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Dataanalyses Micronutrients concentration and accumulation
Differences between each micronutrient concentra- in theleaves

tion within leaves and within bunches, as well as the Micronutrient concentration in the leaves varied
nutrient accumulation in bunches were subjected throughout the year (Figure 2A and B). Manganese
analysis of variance (p d” 0.05), considering micronueoncentration in the leaves were higher than those of the
trient means as source of variation. The analyses westher elements, even April, May and December 2017,
performed using the Sisvar 5.6 software (Ferreira, 2019yhen Mn concentration were lowest (Figure 2A). Iron was
Regression analysis for nutrient accumulation in bunchése element with the second highest concentration,
was also performed. The diagrams were based on thlthough the Fe concentration varied greatly over time;
means and mean standard errasing software the periods of highest and lowest concentration,
SigmaPlot, version 110. respectivelywere inApril and October 2017. Zinc, copper

and boron were the nutrients with lowest concentration in
RESULTSAND DISCUSSION the leaves (Figure 2B). The fluctuations of B and Cu

Significant differences in micronutrient concentraconcentration over time were higher than those of Zn.
tion of leaves were found during the one-year period, as The variation for micronutrient concentration in leaves
well as for micronutrient concentration in the bunchefound in this study corroborates with the results of Bataglia
over both crop cycles, with the exception of copper (Cwt al. (1976) that studied 96-months-old pepper plants.

in the first crop cycle @ble 1). However it diverges from that olelosoet al. (1998),
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Figure 1:Total precipitation and mean values of maximum, mean and minimum (A), maximum, mean and minimum temperature,
radiation (B) recorded at the meteorological station of S&o Mateus, ES, Brazil, from March/20172@i8.
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which also stdied black pepper (vaBragantina), and that Micronutrientsconcentration and accumulation
of Viégaset al. (2013), for seedlings of long pepper plants in the bunches
(Piper hispidinervumgrown in a protected environment. Regarding micronutrient concentration in the
Both reported variations in the order of nutrients, withynches, Fe concentration varied greatly during the first
higher Fe than Mn concentration, followed by Zn, B angycle. In the first 84 days between the first sampling (at
Cu, and differences between the nutrient concentratiopg days after inflorescence emergence) and early fruit
with higher Fe, Zn and Cu values than observed in thifevelopment, a decreasing trend of Fe concentration was
study Such diferences might be related to feifent  opserved, followed by a sharp increase after 105 days,
phenological development stage of the sampled plantfereafter slight oscillations until the end of the
According toYap (2012), there are three mainsamplings, when the peppercorns were totally filled,
phenological development stages during a 30-monthigdicating the ideal time for harvesting (Figure 3A).
period of black growth in Malaysig:immature stage, the However the same behavior was not observed in the
first 18 months of plantingi) flowering to harvest stage, second crop cycle, when the Fe concentration in the
from 18 to 26 months of planting; aidl a recovery stage, punches was highest in the first sampling (at 21 days),
from 28 to 30 months. The same authors found that thgowed by a steady decline until reaching the lowest
greater nutrient demand was around 12 to 20 months affgye| at the end of the experiment, at the time of
planting, as more than half of nutrients are taken up duri%rvesting (Figure 3A)Although Fe concentration
fruit developmet. greatly varied between cycles, such difference has been
According to the regional references for microprevious found for other spices (Ozkutlu, 2008; Gupta
nutrient concentration in pepper leaves, appropriate Rg,al.,2003), and it may not follow any detectable pattern
Zn, Cu, Mn and B concentration during the floweringancuceantet al, 2015).
period are 200; 30; 8; 60; and 25 mg kg 1, respectively The curves for Zn, Mn, B concentration in both cycles
(Prezottiet al, 2007). These values show that only theind for Cu in the second cycle only had a similar pattern
Zn and Cu concentration are within the normal range  that of Fe in the second crop cycle, with a more intense
both cycles. The Mn and B concentration were highfecline from 21 to 63 days after inflorescence
(or excessive), while Fe, during both cycles, containedgiergence, followed by a less intense decrease until the
much lower concentration than the recommended (Fénd of the samplings, with a tendency to stabilization of
gure 2). The lower Fe concentration might be a responséme nutrients (Figure 3B, D and E). This behavior was
to the higher B concentration, as B toxicity may lead talready expected and also observed in other crops, e.g.,
Fe deficiency in pepper plants due to the oxidatioGoffea canephora(Covreet al, 2018; Dubbersteiet
reduction equilibrium in cells (Saraét al, 2018). al., 2019). This performance was due to the low dry matter
Furthermore, it is important to note that both B and Maccumulation and a given quantity of nutrients during early
are nutrients with low phloem mobilitdifferently from  fruit formation.As soon as the cellular expansion begins,
Fe (Etienneet al, 2018). Howeverin spite of the great the size increases, causing a so-called “dilution effect”
difference between the recommended and observefithe amount of nutrients contained in the fruit, reaching
concentration, no deficiency or even toxicity symptomthe lowest proportions in the stage when the peppercorns
due to micronutent imbalance were observed. were totally filled and at maturity (Laviokt al, 2006).

Table 1: Summary of analysis of variance (AN@Mor micronutrient concentration in leaves and pepper bunches throughout the
experimental period

Leaf concentration

Iron Zinc Copper Manganese Boron

Source of variation
Mean SquaNalue

Overall experimental period 108.24** 24 .44 10.93** 1,103.26** 50.80**

CV (%) 6.16 10.44 9.72 12.63 1.40
Bunch concentration

Cycle 1 1,064.42** 410.50** 2.95s 895.32** 1,884.29**

Cycle 2 588.57** 264.90** 20** 247 .59** 1,487.93**

CV , (%) 4.63 13.32 9.89 13.45 13.39

CV, (%) 8.23 9.72 9.56 13.58 8.54

s ** non-significant and significant at 1% error probabjlitgspectively
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Although studies relating micronutrient concentratiolBhat et al. (2010) (14.6 mg k8 and by Nwofiaet al.
of the peppercorn bunches throughout reproductive peri¢2013), in a study with ninB nigrumin Nigeria, where
are scarce, other nutritional aspects have been investiga levels ranged from 14.5 to 16.3 mg'kghe Cu
ted. In a study on the nutritional composition of blackoncentration (I mg kg") was much lower than that of
pepper fruits, for examplébukawsaret al.(2018) found 46.9 mg kd found by Bhatt al. (2010).

67.86 and 124.2 mg KgFe in fruits of twoP. nigrum The variation in elemental composition between the
varieties Indigenous and Kerala, respectivEiese values results of this study and those described elsewhere is
differ from those found in the last samplings (45 and 98ry common. This variable is influenced by biotic and
mg kg, at the ideal harvest time. abiotic factors, e.g., cultivated variefylant matrices,

In this study Mn concentration in the bunches (60soil composition, climate, agricultural practices and
mg kg' in the second cycle) is similar to Pradetm@l. harvesting, which affect the biochemical synthesis of the
(1993), who reported 63.3 mgkdin. Howevey Bhat plant (Saleh-e-Iret al, 2017).
et al. (2010) found a concentration of 16.3 mgkg Based on the accumulation curves plotted in Figure
lower than in the other studies. The Zn concentratich (A; B; C; D and E), the dataset fitted linear and
(14 and 18 mg k8 corroborates with those found byquadratic regression models by regression analysis of
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Figure 2:Fe, Mn (A), Zn, Cu and B (B) concentration in black pepper leaves over one year
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variance at a significance of 1% and with a higlmg kg?, respectively). These values correspond to
coefficient of determination. Of the total100% of the total accumulated Fe (Figure 4A).
micronutrients accumulated by the peppercorn bunches, Among micronutrients, Fe accumulated the
at 238 and 196 days after inflorescence emergence,highest, probably due to its role on photosynthesis and
the first and second cycle, respectivedyt.40% and in the biosynthesis of protein and chlorophyll
33.92% corresponded to Fe, in other words, the mo@ragancaet al, 2007). Manganese was the second
accumulated nutrient was iron. The accumulation hadost accumulated micronutrient by the bunches, in
an increasing pattern over time, reaching highest mealsth cycles, representing 28.36 and 32.15% of the
in the last sampling of both cycles (463.4 and 174&ccumulated total, respectivelat the end of the
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Figure 3: Fe (A), Zn (B), Cu (C), Mn (D) and B (E) concentration in black pepper bunches over two crop cycles; bars indicate the
standard error
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experiment (Figure 4 B), which is important fornutrients accumulated in the bunches at harvest (Figure
enzyme activation and for photosynthesis (Kirkby &C). Boron accumulation in the bunches increased
Romheld 2007 Taiz et al., 2014). linearly in both cycles, with a higher increase in the first,
The accumulation of B in the pepper bunches wass observed for Fe. Boron fulfills an important function
highest 228 days after inflorescence emergence in theth in the floral development and fruit and seed set,
first cycle (137.17 mg k@ and 189 days after since it is involved in the maintenance of the structural
inflorescence emergence in the second (95.17 niy kgintegrity of the cell wall and membranes (Bragaeta
corresponding to 13.14% and 10.63% of the totall., 2007; Zhanget al, 2014; Borghi & Fernie, 2017).
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Zinc and copper were the nutrients accumulated in These results may contribute to a more sustainable
lowest quantity in the bunches. The lowest accumulatiagriculture, in which fertilization rates should consider
rates were observed in the first samplings, followed kgifferent needs through the crop stage.
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