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ABSTRACT

The germplasm characterization and the analysis of genetic divergence are fundamental requirements to determine
the genetic diversity available and peppers have considerable variability not most explored and quantified. Thus, the
aim of this study was to characterize morphological and agronomically pepper accessions and their genetic divergence.
The experiment was conducted in a greenhouse of the Departmdgmbnbmy of the Universidade Federal Rural de
Pernambuco, Recife, between the months of December 2014 to June 2015. Thirteen pepper accessions in pots were
sown, the experimental design was a randomized block with six replications, and the experimental unit consisted of three
pots. Seedling, leaves, plant and fruit characteristics were evaluated. For the analysis of genetic divergence, the
Mahalanobis distance and the UPGMA method were used. It was observed the formation of three distinct groups, being
fruit width the trait that most contributed to the genetic discrimination of the accessions. Group | presented larger fruits,
Group Il showed heavier and wider fruits and Group Il had mostly smkdjeter and thinner fruitsThere were
differences for most of the evaluated characteristics, showing great morphological and agronomic variability among the
accessions. The peppers have a high potential to be exploited in breeding.
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INTRODUCTION of describing, identifying and differentiating accessions

Peppers of the gen@apsicumare vegetables with of the samespecies, and allows to know the existing

great diversity of colors, shapes and pungginaddition variability (Lopeset al, 2016). This pre-breeding work, in
to the aroma of the fruits (Martinst al., 2020), addition to allowing the discovery of superior
characteristics responsible for the great popularity &haracteristics that bring the opportunity to use desirable
peppers. The variability within this genus is considerab@ermplasms for the development of new cultivars (Silva
and little is known about its extent, so the full potential dNetoet al, 2014), still maintains the diversity and genetic
this culture is not yet explored, as mentionedintjoet  Purity of pepper species.
al. (2018). The characterization of genetic diversity among
Thus, according to Ferraz al.(2016), morphological Capsicumgenus has become essential for the breeding
and agronomic characterization works of the genotyp@sograms of pepper species, important as a vegetable
available in germplasm banks aim to support thand spice crop world-wide (Biandadial, 2020). Research
development of genetic improvement programs anglith a focus on diversity is essential for the conservation
contribute to the solution of culture challenges. of genetic resources and should bring valuable
Characterization is a pre-breeding essential activity information for its use in breeding programs (Margns
the initial stage of improvement programs, which consist., 2020).

Submitted on December 252020 and accepted on July™2&021.

* Thiswork is partof the first author'sMasterDissertation.

2 UniversidadeFederal Rural de Pernambuco, Departamento de Agronomia, RBeifieambuco, Brazil. herlabio@gmail.com; jose.luiz@depa.ufrpgbnileerica@gmail.com
3 Universidade Federal Rural de Pernambuco, Departamento de Economia DonfRéstit®,PernambucoBrazil. tina_maranhao@yahoo.com.bm.inesdcd@gmail.com

4 Universidade Estadual de Goi&3uirindpolis, Goias, Brazil. kokefonseca@gmail.com

*Correspondingauthor: herlabio@gmail.com

Rev CeresVicosa, v69, n.2, p. 187-194, mar/a2022


https://orcid.org/0000-0003-1593-3527

188 Herla Ferreira dAquinoet al.

The breeding of peppers has been performed via mdssanother greenhouse, in pots with a capacity of five
selection in landraces and, recentlgme breeders haveliters, using the coir dust substrate. Fertigation was
given emphds to the use of hybridization, noting theperformed with daily applications of nutrient solution in
need to carry out the characterization of promisingn open hydroponics system, by dripping.
materials in the search for genetic variabiligh-yielding For the morphological and agronomic characterization
cultivars with fruit quality (Régo & Régo, 2016). Thus, theof the plants, the experimental design used was in
present study aimed to characterize and analyze ttendomized blocks, with 13 accessions (treatments) and
divergence among different accessions of pepper of thix replications, with the experimental part consisting of
genusCapsicumthrough morphological and agronomicthree pots. The pots were arranged in six lines with a
characteristics, in order to make this information availabkpacing of 1 m between the lines and 0.5 m between the

to the breeding programs of the genus. pots.
The morpho-agronomic characterization of the plants
MATERIALAND METHODS was carried out based on descriptors proposed by the

The experiment was conducted from December 201dternational Plant Genetic Resources Institute (IP&RI
to June 2015 in a greenhouse of the Universidade Fedeah] 1995). The observations were made respecting each
Rural de Pernambuco (UFRPERmpusDois Irmaos, in phenological phase of the culture, being evaluated 13
Recife-PE (08°01'01"S, 34°56'45"0, 10,3 m above sea levefjualitative and 13 quantitative descriptors:
The greenhouses used were covered with agricultural film 1) On the leaf: density of leaves; color; form; leaf blade
with low density and transparent polyethylene and thaargin; pubescence; leaf length (cm), using an average
sides covered with black screen (shade) with 50% shadirg.30 ripe leaves when half of the plants had maturing
The accessions ofapsicumpeppers (@&ble 1) fruits; leaf width (cm), measured at the widest part, using
provided by a private collector were evaluated, and thean average of 30 mature leaves when half of the plants
exsiccates were incorporated into Herbario Dardano ded maturing fruits.

Andrade Lima’s collection, belonging to thgronomic 2) On the plant: color of the stem, evaluated during
Institute of Pernambuco, in Recife-PE, under the numbarsnsplanting; stem shape, seen in mature plants;
90305 t0 90317. pubescence of the stem, observed in mature plants; plant

For seedling production, the sowing was carried oleight (m), when half of the plants showed maturing fruits;
in trays of 200 cells, using the sieved coir dust substraséem diameter (cm), measured at harvest; growth habit
and previously autoclaved at 120 °C for two hoursand; branching, evaluated when half of the plants showed
Seedling production was carried out with 13 accessionipe fruits.

(treatments) and four replications of 25 seeds each, placing 3) In fruiting: days to fruiting, from sowing to half the
only one seed per cell, 2 cm deep, with trays being placptiints sustain ripe fruit in the first and second forks;
on benches in the greenhouse. number of fruits per plant; fruit colpobtained through

The transplant was carried out 60 days after sowintie pulp of the ripe fruit, with a digital colorimeter (Konica
when the seedlings presented three to four pairs of trienolta® CR-400,Tokyo, Japan), according to the
leaves. The most vigorous seedlings were transplant€ELAB system (L*, a*, b*), where L* indicates light (0 =

Table 1: Accession, species and origin of 13 pepPapsicumspp. accessions.

Accession Species Origin

JM 9909 Capsicum chinens#acq. Bahia, Brazil

JM 9910 Capsicum chinens#acq. Bahia, Brazil

JM 9911 Capsicum chinens#acq. Pernambuco, Brazil
JM 9912 Capsicum chinens#acq. Pernambuco, Brazil
JM 9913 Capsicum chinens#acq. Bahia, Brazil

JM 9914 Capsicum baccatuwar. pendulumWilld.) Eshbaugh Pernambuco, Brazil
JM 9915 Capsicum chinens#acq. Bahia, Brazil

JM 9916 Capsicum chinens#acq. Pernambuco, Brazil
JM 9917 Capsicum chinens#acq. Paraiba, Brazil
JM 9918 Capsicum chinens#acq. Pernambuco, Brazil
JM 9919 Capsicum chinens#acq. Pernambuco, Brazil
JM 9920 Capsicum annuur. Brazil

JM 9921 Capsicum annuur. Brazil
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Morpho-agronomic characterization and genetic divergence among pepper accessions 189

black and 100 = white), a* dnb* are coordinates for (Singh, 1981). Dissimilarity analysis was performed with
green (-a*) / red (+ a*) and blue (-b*) / yellow (+ b*); (Genes, ¥5.1) program (Cruz, 2013).

anthocyanin stains on immature fruits; fruit shape; fruit

surface; fruit length (cm), average of 30 ripe fruits; fruiBESULTSAND DISCUSSION

width (cm), measured at the widest point, average of 30  Morpho-agronomic characterization
ripe fruits; fruit mass (g), average of 30 ripe fruits, using A greater variation was observed in the peppers
an analytical balance (accuracy 0.001 g); pulp thickneggaluated in terms of leaf shape, with the majority of
(mm), obtained with an average of 30 ripe fruits; numbeiccessions having oval leaves, accessions JM 9914 and
of seeds per fruit, evaluated with the average of ten fruig$1 9919 having deltoid leaves and accessions JM 9913,
and,; fruit production (kg / plant), using an average of 18V 9920 and JM 9921, lanceolate leaxador leaf density
plants. they varied between dense, sparse and intermediate, with
Data analysis was performed using statistical softwatkense foliage predominatinga@le 2). Melet al.(2014)
(Sisvarv. 5.0) for grouping averages using the Scott-Knothention that the leaf shape, among other characteristics,
test, at 5% probabilityln the clustering analysis, is significant in the ornamental pepper trade, drawing
generalized Mahalanobis distance was used as a measumesumer attention.
of genetic dissimilarity and the analysis of genetic The evaluated accessions presented stems varying
divergence between genotypes was performed by ttieeir coloration between green and green with the presence
unweighted pair-group method (UPGMA) for quantitativeof stripes or nodes of purplish pigmentatiomifle 2).
characteristics, except fruit coldihe relative importance The pubescence of the stem was intermediate in the
of the evaluated traits waslcalated by Singls method accessions JM 9920 and JM 9921, highlighting these

Table 2: Qualitative characteristics evaluated in leaf and plant of 13 accessions of Gappgumspp..

Accession - Leaf -

Color Margin Pubescence Form Leaf density
JM 9909 Green Wavy Sparse Oval Dense
JM 9910 Green Wavy Intermediate Oval Intermediate
JM 9911 Light green Wavy Sparse Oval Intermediate
JM 9912 Green Wavy Sparse Oval Sparse
JM 9913 Green Wavy Sparse Lanceolate Sparse
JM 9914 Light green Wavy Sparse Deltoid Dense
JM 9915 Green Wavy Sparse Oval Dense
JM 9916 Green Wavy Sparse Oval Intermediate
JM 9917 Green Wavy Intermediate Oval Sparse
JM 9918 Green Wavy Sparse Oval Sparse
JM 9919 Green Wavy Sparse Deltoid Dense
JM 9920 Dark green Wavy Sparse Lanceolate Dense
JM 9921 Dark green Wavy Sparse Lanceolate Dense

Plant
Stem color Stem Pubescence Growth Habit Branching

JM 9909 Green with purple nodes Sparse Intermediate Intermediate
JM 9910 Green with purple stripes Sparse Upright Intermediate
JM 9911 Green Sparse Upright Intermediate
JM 9912 Green with purple stripes Sparse Upright Sparse
JM 9913 Green Sparse Upright Sparse
JM 9914 Green Sparse Prostrate Intermediate
JM 9915 Green with purple nodes Sparse Intermediate Dense
JM 9916 Green with purple stripes Sparse Upright Intermediate
JM 9917 Green with purple nodes Sparse Upright Sparse
JM 9918 Green Sparse Upright Sparse
JM 9919 Green with purple nodes Sparse Upright Intermediate
JM 9920 Green with purple nodes  Intermediate Upright Dense
JM 9921 Green with purple nodes  Intermediate Upright Dense

Rev CeresVicosa, v69, n.2, p. 187-194, mar/a2022
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genotypes as of possible interest for future crosses a9@R0 more than 40 seeds were obtained per fraltl€13).
evaluations in obtaining strains resistant to viruses, sind&e commercialization of seeds by farmers can generate
the presence of hair on leaves and stems can have a dipgofits (Nascimentet al, 2019a). In addition, peppers
effect on access to plants by insect vectors of diseaseith less seeds are ideal for jams, sauces and dehydration
(Ferrazetal, 2016). of the pulp, where the seed is discarded (Gu#eal,

The attributes related to fruits present variability2018).
among the accessions. It was noticed a shorter time for Regarding the color analysisafile 4), explained by
fruiting in the accessions JM 9914, JM 9920 and JM 993arvalhoet al. (2014), it should be noted that in the
(Table 3), showing fruits in the first and second@enotypes JM 9920, JM 9913, JM 9912, JM 9918, JM
bifurcations between 90 and 104 days. The search for e®§14, JM 9909 and JM 9921 colors of more intense red
materials has guided the research @ilpsicunpeppers, were observed, in the order of the most intense to the
as confirmed by Costet al. (2019). Early accession is least intense, based on the average. In addition, the JM
better for breeders and producers, reducing crd®21 genotype showed an intermediate value of b *,
maintenance and optimizing the production process. showing a strong orange hue. The genotypes JM 9910,

The accessions JM 9910, JM 9912, JM 9913 and JdM 9911, JM 9916 and JM 9917 showed little reddish
9917 showed purple spots on the ripening fruaty(€ 3),
determining that these accessions have a medicirf@ble 4: Pulp color of ripe fruits evaluated at 13 genotypks
potential to be studied, since the purple color is attributd§PperCapsicum L* brightness; a* color intensity; b* hue

to anthocyanins (Neitzket al, 2015) Anthocyanins are 219

accumulated at different levels in plants and have variodscession L* ar b*

biological functions, such as attracting pollinating agentsv 9909 32,34 ¢ 25,43 b 2243 f

and preventing photo-oxidative damage in plants (Azam 9910 51,84 b 5,78d 57,56 b

Gonzalegtal, 2012). JM 9911 54,04 b 8,95¢c 60,01 b
The shape and surface of the pepper fruits variety! 9912 34,87c 31,30 a 31,30e

considerably (@ble 3), the elongated shape being théV 9913 33,81lc 31,95 a 28,82 f

most common, present in seven of the thirteen accessiofs 9914 32,60 ¢ 26,40 b 24,95 f

evaluated, followed by the block formats, triangular ang 991° 60,30 a 4,33 e 49.18¢
. M 9916 54,29 b 11,47 c 67,37 a

only one round access. The shape, together with the 9917 50.70 b 10.08 ¢ 61.42 b
vibrant colors of the peppers increases its commerujm 9918 31’61 . 29’ 63 a 26’ 19 f
value, making preserves more beautiful and attracting;, o919 5353 b 2 03d 37.77
consumers. JM 9920 33,37 ¢ 34,68 a 28,19 f
The lowest number of seeds (16 seeds) was foundjg 9921 48,34 b 2443 b 46,01 c

the accessions JM 9912 and JM 9913, while in th\ﬁeans followed by the same letter in the column belong to the
accessions JM 9909, JM 9914, JM 9917, JM 9918 and Heme group, at 5% significance by Scott-Knott test.

Table 3: Qualitative and quantitative characteristics evaluated in fruits of 13 accessions of @apgiemspp..

Accession Days to Stain Form Surface Number of
bear fruit anthocyanin seeds per fruit

JM 9909 114 b Absent Round Flat 58 a
JM 9910 162 a Present Triangular Rough 26 b
JM 9911 162 a Absent Block Semi-rough 27b
JM 9912 133 b Present Elongated Rough 16¢c
JM 9913 162 a Present Elongated Rough 16¢c
JM 9914 104 c Absent Elongated Semi-rough 55a
JM 9915 112b Absent Triangular Flat 35b
JM 9916 162 a Absent Elongated Rough 35b
JM 9917 114 b Present Block Semi-rough 50a
JM 9918 162 a Absent Elongated Flat 47 a
JM 9919 114 b Absent Block Semi-rough 33b
JM 9920 92c Absent Elongated Flat 40 a
JM 9921 90c Absent Elongated Semi-rough 36b
CV (%) 13,45 - - - 40,68

Means followed by the same letter in the column belong to the same group, at 5% significance by Scott-Knott test.
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color and the b * coordinate with high valuesmainly, in the identification of genitors to carry out
predominantly yellow-orange colofFhe genotype JM crosses of interest in the genetic improvement of the
9915 showed a light yellow color and the genotype JMrop (Costeet al,, 2015).

9919 showed a little predominant red and a weak yellow The height of the plants §ble 5) is a factor of interest
with a salmon color in breeding and production, providing greater facility of

The color is a quality attribute for fruits destined foharvest and is also, the smaller size, a characteristic of
processing, as evaluated Agydradeet al. (2019).The ornamental interest (Pessetal, 2018). In this case,
exuberance of the colors of the pepper fruits and thdiecause they are tallezll the accessions evaluated can
great variability allow the insertion of these accessions e grown in functional gardens (Fortunatal, 2019), or
the production of ornamental preserves and red and yelloley can develop cultivars adapted to mechanical
liquid sauces (Ohara & Pinto, 2012). harvesting as mentioned by Gone¢sl.(2019).

For the quantitative characters evaluated in the The average length of the fruitsale 5) ranged from
plants and fruits (d@ble 5), it was possible to detect al.61 to 6.34 cm and the width of the fruits from 0.97 to 2.61
high variability between accessions for allcm. The accession JM 9914 stands out, in view of the size
characteristics, except stem diamevenere there was of its fruits, which have quality for in natura and canned
no significant difference. This variability is essentialcommercialization (Paulwet al, 2015).

Table 5: Mean of ten quantitative characteristics evaluated in plants and fruits of 13 accessions ot ppgipenspp.. Federal
Rural University of Pernambuco, Recife, Pernambuco, Brazil. 2015. PH: plant height; SD: stem diameter; LL: leaf\etegh; L
width; FL: fruit length; FVi fruit width; FWe: fruit weight; NFP: number of fruits per plant;:Rllp thickness; Pro: production

. Plant

Acession

PH (m) SD (cm) LL (cm) LW (cm)
JM 9909 131b 1,63a 12,00 ¢ 7,03b
JM 9910 1,66 a 1,74 a 13,20 b 6,85b
JM 9911 152a 1,64a 14,17 b 7,55b
JM 9912 1,67a 1,71a 13,55 b 6,72b
JM 9913 1,64 a 1,78a 12,42 ¢ 6,00 c
JM 9914 1,16 b 1,43a 14,02 b 8,40 a
JM 9915 1,27b 1,97 a 8,90d 4,70d
JM 9916 1,63a 1,69a 14,37 b 6,97 b
JM 9917 1,73a 1,60a 17,72 a 8,63a
JM 9918 1,53a 1,83a 13,57 b 7,42b
JM 9919 1,34b 1,68a 13,00 b 8,00 a
JM 9920 1,00c 1,88a 11,00 ¢ 4,62d
JM 9921 0,80d 151a 11,30 ¢ 4,92d
CV(%) 9,96 14,35 9,11 9,62

Fruit
FL (cm) FWi (cm) FWe(g) NFP PT (mm) Pro (kg/plant)

JM 9909 161g 26la 5,401 c 104 b 2,15b 0,560 a
JM 9910 4,41 c 1,62d 4,357 d 152 b 181lc 0,662 a
JM 9911 3,91d 1,95c 5,496 ¢ 103 b 2,37a 0,564 a
JM 9912 539b l4le 3,514 e 224 b 1,68c¢ 0,788 a
JM 9913 569 b 140e 4,202 d 158 b 1,39d 0,664 a
JM 9914 6,34 a 142e 4,530 d 103 b 1,43d 0,468 b
JM 9915 1,78 ¢ 126e 1,220 f 509 a 1,32d 0,621 a
JM 9916 4,55 c 1,86c¢c 5,548 ¢ 123 b 2,12b 0,684 a
JM 9917 3,74d 2,20b 6,404 b 103 b 2,36 a 0,659 a
JM 9918 4,20d 1,49d 3,969 e 98b 1,67c 0,388 b
JM 9919 4,76 c 251a 7,995 a 110 b 1,63 ¢ 0,880 a
JM 9920 254 f 0,97 f 1,213 f 253 b 1,05e 0,307 b
JM 9921 3,36 e 1,05f 1,455 f 169 b 1,06 e 0,247 b
CV(%) 11,39 8,32 13,72 55,19 15,48 43,69

Means followed by the same letter in the column belong to the same group, at 5% significance by Scott-Knott test.
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The highest fruit mass was observed in the accession Despite having an average of 253 and 169 fruits per
JM 9919 (7,995 g), while the lightest fruits were observeglant (Table 5), respectivelyhe accessions JM 9920 and
in the accessions JM 9915, JM 9920 and JM 9921 (1,220 9921 obtained low fruit masses, which explains the
1,213 g and 1,455 g, respectively), which presented smhliv production, expressed in kilograms per plant. Pessoa
fruits and with thinnepulp thickness (@ble 5).The et al.(2018) consider that accessions that exhibit small
accessions with greater pulp thickness were JM 9911 aadd numerous fruits are recommended for ornamental use.
JM 9917 (2.37 mm and 2.36 mm, in that order), followed by .
the accessions JM 9909 and JM 9916 (2.15 mm and 2.12 Genetic divergence
mm, respectively), which also presented heavy fruits, The dendogram obtained shows the distinction of
below only the access JM 9919. Bianehal.(2020) and three groups (Figure 1 and 2), demonstrating that there is
Gomeset al.(2019) agree that the weight of the fruit andrariability among the accessions for the evaluated traits.
the thickness of the pulp are important for th&he species was also a major factor in the formation of
commercialization of fruits, thus, it can be suggested thgiese groups.
the accessions JM 9909, 3911, JIM 9916, IM 9917 and  Group | was thenajor group, composed of seven
JM 9919 are indicated for the purpose of commercializatieitcessions, maini@. chinensewhich presented larger
of fruits in natura or in the industry fruits with intermediate weight and width, taking up to
As for the production, the accessions JM 9914, JW62 days to bear fruits. Group Il was composed of three
9918, JM 9920 and JM 9921 presented production betwestcessions of the speci@schinenseand characterized
0.247 and 0.468 kg / plant and the other accessiobg clustering plants with green leaves, heavier and
presented production between 0.560 and 0.880 kg / plamider fruits and taking 114 days to fruiting. Group I
(Table 5).The accessions JM 9919 and JM 9912 starebmprised three accessions, mosfly annuum in
out, with expressive production, that being an importanthich predominated sparse leaf pubescence, dense leaf
characteristic for cultivars selection (Régo & Régo, 2016)lensity dense branching, absence of anthocyanin stain

LT Group
e —J
E)

e 7 I
—

JN 9812
JN 9943
JN 9914
JM 9909

JN 9947 I

JN 9819

mey  ——
mey  —

JN 9915

I

0 10 ] Kl 4 5 60 10 80 % 100
0 nH 469 67.03 89.38 .1 13407 16642 118.76 MM 345

Figure 1: Representative dendrogram of genetic dissimilarity between 13 accessions ofQegpgieumspp., obtained by the
unhweighted pair-group method, using the generalized Mahalanobis distance.

Group 1 Group 11 Group III
~ | :
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Figure2: Phenotypic representation of fruits allocated in the dendogram groups referring to the morpho-agronomic characterization.
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