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ABSTRACT

The aim of this study was to evaluate the genotypes developed by the Peach Breeding Program at the Federal
University ofVicosa, as regards to resistanc®ltancognita Six rootstocks genotypes propagated by cuttings (713-
07,713-13,913-3,913-6,913-11 and 913-17) and two rootstocks propagated by seeds (‘Okinawa’ and hybrid between
scion cultivard\urora 2 xAurora 1), were evaluatedhe experimental design was randomized block design with five
replicates and one plant per experimental uAiter establishing the plants in pobaintained in a greenhoushis
were inoculated with 11.000 juveniles + eggslofncognita Evaluations were performed at 140 days after inoculation.

The roots were evaluated and the number of galls and egg mass in the roots were determined. The eggs were extracted
from each plant for quantification and determination of the Reproduction Factor (RF) of the nematode. The peach
genotypes 913-3, 913-6, 913-11, 913-17 and 713-7 showed an immune reabtiandognita Genotype 713-13

showed susceptible reaction b incognita The hybrid between scion cultivafsirora 2 xAurora 1 confirmed
susceptible.

Keywords: Prunus persicabreeding; resistance; root-knot nematode.

INTRODUCTION due to he obtaining of new cultivars with as low chilling

Peach Prunus persical.) Batsch] is considered a requeriments, which present favorable agronomic traits,
fruit of importance economicallywith elevated associated the technologies that allow the development

consumption in worldwidaNorld production, in the year Of culture such as irrigation (Leoretlal, 2011).
2019, was approximately 25.7 million tons, the Brazil However with the expansion of crops there is still a
production being 183.132 tons; considered insufficierteed to solve problems related to the incidence of different
for consumption demand brazilian, generating importéliseases and pests in cultivation, with emphasis on
mainly from Chile Argentina and Spain O, 2021). In  phytonematoids, mainlglue to implantation of the peach
Brazil, the South region stands out as thgdsarproducer tree in previously used areas with susceptible crops
however the limited area for the expansion has providegausing reduction in the production.
the migration to the Southeast region, presenting this The nematodes that cause greater losses in peach trees
region favorable conditions for economical exploitatio@reMeloidogyne incogniteM. javanicaandM. arenarig,
of fruit trees of temperate climate, with areas of mildebeing highly polyphagous and reproduce by mitotic
climate, mainly in high altitude regions (Ramos & Leonelparthenogenesis (Khallow al,, 2013), promoting the
2008). formation of galls on the roots.

The cultivation of peach tree has evolved in regions There are some management alternatives in order to
with subtropical climate and mild winter (Pesal, 2020), minimize the damage caused by nematodes, such as the
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adoption of nematicides, but these are highly toxic armittings were accommodated in plastic boxes containing
their use has been banned in some countries (Abawisgerelize sand and stored in a greenhouse under daytime
Widmer, 2000).The use of resistant or tolerant rootstock$ogging activated every 5 min for 10 seconds (Olivetra
is one of the main alternativesg#t al,, 2009), since itis al., 2020), by a period of 60 days. The seedlings of the
considered of low cust and environmentally friendity Okinawa cultivar anédur2 xAurl hybrid were multiplied
Brazil, most cultivars of peach rootstocks are obtaineda semiferous propagation, with stratification in a chamber
seeds, taken fruits processed by the industiginated cold at 5 ° C during 60 days.
from scion cultivars with late maturation, as predominates After this periods, the cuttings plants that showed
in the south region (Fachinello, 2000), resulting imoots and seedlings (‘Okinawa’ and hybrid) were
obtaining rootstocks without guarantee of genetic identityansplanted to plastic pots with a capacity of 11 L
causing plant unevenness and different plant reactioosntaining a mixture of soil + sand in a 1:1 (v/v) ratio,
to soil pathogens and abiotic stresses (Picolettal, previously submitted to biofumigation with mustard oil at
2010; Timmet al, 2015). a dose of 60 mim® of soil (Aguiar 2008) ensuring that

Hussairet al (2013) and Gullet al (2014) reported there was no contamination with other types of nemato-
the importance of choosing the rootstock due to ides. The seedlings were maintained in a greenhouse,
influence on the vigor of the plant, quality of the fruit andrrigated and fertilized as required by the plants.
productivity of the orchard. In the Southeast region of The M. incognitapopulation used in this study was
Brazil, the most used peach rootstock is the cultivarbtained from roots of carrots collected in Rio Paranaiba,
Okinawa, obtained by the genetic breeding program ®inas Gerais state, Brazil. From this field population, it
the University of Florida in 1953 (Sharpe, 1957; Shatpe was settled down pure populationMf incognita For
al., 1969) and introduced by the Institétgronémico de this, tomato ‘Santa Clara’ seedlings with two to three pairs
Campinas in 1969 (Ojimet al., 1999), possessing of final leaves were transplanted into 2 L plastic pot
resistance tdMeloidogynenematodes (Sharpe, 1957;containing a 1:1 mixture of soil + sand previously treated
Malo, 1967). with mustard oil at a dose of 60 mnof soil (Aguiar

With the prevalence dfleloidogynespp. in a lage 2008).After 20 days of transplanting, each pot was
part of the agricultural areas of Brazil and the increasesiitfested with a single egg mass removed from the infected
the cultivated area with the Okinawa rootstock, théssue of carrot. (Coyne & Ross, 2014). The seedlings were
resistance to these nematodes can be overcome. For theaetained in a greenhouse and after 60 days the infected
reasons, there is a need to select new genotypes thatrams were collected, washed in taping water and used for
more adapted to the edaphoclimatic conditions of thbe extraction of eggs and females for multiplication of
Southeast region and that have resistance genes to ttie inoculum and for identification, respectiveljhe
root-knot nematodes. population identity was determined using the isoenzyme

Thus, this study aimed to select genotypes belongimjectrophoresis technique, according to methodology
to the Peach Breeding Program at the Federal Universfiyoposed by Ornstein (1964) and Davis (1964).

of Vigosa (UFV) regarding resistance Meloidogyne For extraction of eggs, the infected tomato roots were

incognita washed in beakers with taping watehopped into
pieces of approximately 1 to 2 cm and crushed in a blender

MATERIAL AND METHODS with 0.5% NaOCI solution, for 20 seconds (Boneti &

Genotypes 713-07, 713-13, 913-03, 913-6, 913-11 afke@rraz, 1981). The resulting suspension was poured
913-17, all belonging to the Peach Breeding Program tifrough a set of 200 mesh (75 um) and 500 mesh (25 um)
the UFV were selected to evaluate resistancéMto sieves and the eggs collected in the 500 mesh sieve. The
incognita(Figure 1), for presenting excellent rooting ofextracted eggs were counted in a Peters chamber with
herbaceous cuttings according to the results obtaindte aid of a light microscope, the concentration of the
by Oliveiraet al. (2018) and Oliveirat al. (2020) In  suspension was adjusted and used to multiply the
addition, the Okinawa rootstock was used as resistano@culum used in the experiment. For this, tomato ‘Santa
pattern and the hybrid between scion cultiveusora 2  Clara’ seedlings were inoculated with 2.000 eggs pl
xAurora 1 (Aur2 Aurl) as a susceptibility patternth  maintained in a greenhouse for approximately 60 days.
incognita After this period, the infected roots were collected, the

Nursery trees of genotypes 713-07, 713-13, 913-03, 918ggs extracted according to Boneti & Ferraz (1981),
6, 913-11 and 913-17 were obtained by herbaceous cuttiigbowed by the assembly of an hatching chamber (Cliff
treated with indolbutyric acid at a concentration of 300& Hirschmann, 1985) and incubation for 3 days, at 25
mg L* per 5 seconds, according to the methodologyC in BOD to obtain juvenile stage 2 (J2) bf.
proposed by Oliveirat al (2020). Soon after the treatment,incognita The suspension was calibrated with the aid
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of a Peters chamber under a light microscope and then Posteriorly extracting the eggs, the roots of each plot
used in the inoculation of peach cultivars, accordinfevaluated sample + remaining roots) were dried at 60 °C
described below in an oven with forced air circulation until constant mass.
At 150 days after transplanting, peach plants werghe variables number of galls, number of eggs and number
inoculated with a suspension containing 11.000 M.of of eggs masses were calculated as a function of the total
incognita deposited in four equidistant holes 2 cm depthdry mass of the roots, obtaning Number of Galls/Dry Root
Tomato ‘Santa Cruglants were inoculated with 2.000 J2Mass (g), Number of Eggs/Dry Root Mass (g) and Number
pl* to prove the viability of the inoculum. The experimenof Egg Masses/Dry Root Mass (g).
tal design used was a randomized block with eight The data were analyzed by descriptive statistics, using
treatments (genotypes 713-07; 713-13; 913-03; 913-6; 91tBe program R (R development core team, 2010), introdu-
11; 913-17; Okinawa and hybrisur2 x Aurl) and five cing himself mean with the confidence intervals of 97.5%.
replications, with one plant per experimental units.
After 140 days of inoculation, the roots were separaté%ESU LTSAND DISCUSSION
from the shoot and washed. Then, root segments were Meloidogyne incognitavas the only species found
removed at random, totaling 100 g of moist maitterhich  in roots carrot this studwith esterase profile typical of
they were made as evaluations, what constituted in ttiee specie, due present two very obvious main bands
count of the number of galls, the number of egg mass@sgure 2A).
and the number of eggs present in the roots. The resistance of a plant refers to its ability to prevent
To count the number of egg masses, the roots wevedelay the development or multiplication of the nematode
submitted to staining with phloxin B to facilitate theirin its tissues (Trudgill, 1991; Roberts, 2002). In the case of
visualization and counting é¥lor & Sasserl978), with  the interaction plantsleloidogynespp., this attribute is
an adaptation. For this, the roots were submerged foften measured by the nematode reproduction factor in
approximately 20 min in solution containing 150 mg ofhe plant tissues (Oostenbrink, 1966), but when there is
Phloxin B L* of water Soon after this time, the roots wereevidence of a high correlation between reproduction and
washed to remove excess dye, and the egg masses symptoms, other variables can be used such as number
stained red, were counted with the aid of a table magnifyirg galls (Roberts, 2002).
glass. The hybridAur2 x Aurl, was susceptible t¥.
After counting the number of galls and egg mass thircognita(RF = 45.93) (@ble 1), with elevated number of
root the nematode eggs were extracted from the rogalls (Figure 2 B). In this hybrid there was a greater severity
(Hussey & Barkerl973), processing an sample of 100 g abf symptoms (Figure &) and a higher reproduction rate
roots was stirred in plastic containers for 4 min to extra¢figures 3 B; 3 C) of the nematode in its roots, when
the eggs. The extracted eggs were counted in a Peteosnpared with the other genotypes tested. The cultivar
chamber under a light microscope and used to determifigrora-1 originates from the crossing of the cultivars Tutu
the nematode’Reproduction Factor (RF) in thefdifent  x Colombina (Figure 1), with ‘Tutu’ being the full sib of
genotypes, considering RF = final population/initiathe cultivarTalisma and descendant of the cultivar Rei da
population, where the reaction of each genotype w&onserva, both reported as susceptible by Meeiteh
provided based on the RF value, and plants with RF =(0977) when evaluating the reaction of peach rootstocks
were considered immune; resistant, RF <1; and susceptitite Meloidogynespp., from a mixed population o4.

RF > 1 (Oostenbrink, 1966). arenariaandM. incognitain S&o Paulo-Brazil.
3 1
[Aur2 x Aurl | [913-03 913-06 913-11 913-17]
0.p.
1 —d i | op. | |
713-07 713-13 Aurora-1 Aurora-2 202-1

0.p. 0.p : | o.p.
1701-2

f f 1 V—ka—V
Ouromel-3  Ouromel-4 % JMonegro
| |

Talisma  Adafuel Tutu Colombina Garfi

Nemared
—| L [ op. |
. f 1T 1
Jewel Rei da Conserva Fla 44-28  Garrigues (P. dulcis)

Figure 1: Genealogy of thBrunus persicgenotypes used in the experiméReach breeding Program at the Federal University of
Vicosa, propagated by herbaceous cuttiGgdtivar made available by the Institutqgronémico de Campina¥®ropagated by seeds.
Genotypes inserted in a box are to be taken in the experiment. 0.p. — open-pollination.
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The tested peach genotypes behaved differenttpnfers specific resistance th javanicaand possibly
regarding the reaction td. incognitg as can be seen in M. arenaria(Esmenjauct al., 2009;Van Gheldeet al,
Figure 3 andable 1.M. incognitawas not able to induce 2010).
symptoms (Figure B) or reproduce (Figures 3 B; Table In general, the resistance mechanism attributed by
1) in genotypes 713-7, 913-3, 913-6, 913-11 and 913-1fhese R genes involves a hypersensitivity response that
behaving in the same way as the resistant cultivar Okinavieads to the isolation and collapse of giant cells, which
The Okinawa rootstock is resistantNb arenarig M. are vital to the nutrition, development and reproduction
incognita and some populations dfl. javanica of Meloidogynespp. (Sauceét al, 2016). Thus, the
(Fachinelloet al, 2000; Mayeet al., 2005; Saucedt al, resistance conferred by the R gene causes cell necrosis
2016) e aVl. enterolobii(Souzeet al.,, 2014). (Khallouk et al, 2011), causing the inhibition of the

There is evidence in the literature that resistance teproduction of these nematodes in the tissu@swius
Meloidogyne spp. found inPrunus subgenus spp. that carry such R genes, resulting in the effective
Amygdalus(which includes peach and almond) issuppression of these nematoids.
controlled by a dominant resistance (R) gene (Shetrpe  Genotypes 913-3,913-6,913-11 and 913-17, immune to
al., 1969; Esmenjauet al, 1997; 2009; Gillen & Bliss, M. incognita(RF = 0), come from open pollination possibly
2005; Saucett al,, 2016). In peach trees, this resistanceelf-pollination, of the UFV 202-1 genotype, which in turn
is attributed to the R gene identified as RMia, whickwvas obtained by crossing ‘Okinawa’ with ‘Monegro’ (Fi-
confers resistance tbl. arenariaand M. incognitg  gure 1), both resistant M. incognita Cultivar Monegro
present for example in Nemared and Nemaguamlso has resistancelth arenarig M. hapla M. hispanica
rootstocks (Esmenjauet al,, 2009; Duvakt al, 2014). and M javanica(Felipe, 2009)Although the UF\202-1
However a single R gene has been hypothesized genotype has not been evaluated for its resistanik to
‘Okinawa’, but not precisely located in linker group 2incognita it can be assumed to be resistant, since its
(LG2) (Gillen & Bliss, 2005), or suppose that the R genparents are resistant and there was no segregation in the
is not allelic with RMia (Duvaét al,, 2014). In almonds, 913 progeny (@ble 1).Although the 913 progeny was
this resistance is attributed to the RMja gene, whicgenerated by open pollination, it can be considered an F2

Mobility

Figure 2: Esterase phenotypesMeloidogyne incognitpopulations from plants carrots collected in Rio Paranaiba, state of Minas
Gerais, Brazil (Female - 1 to 9 and M.-javanicaesterase phenotype used as comparison standard) (A). Roots of peach genotypes
with galls.Arrows indicate as galls. (B) Hybraur2xAurl; (C) genotype 713-13.
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generation of ‘Okinawa’ x ‘Monegro’, given that the peach Mentenet al (1977) verified the susceptibility of
tree is considered an autogamous plant with a negligiblBalism&’x ‘Rei da Conserva’, being the last parent of
crossing rate (Ojimet al, 1983). ‘Talism&’. The cultivarAdafuel, on the other hand, is a
The genotypes 713 segregated for resistandd.to rootstock of Spanish origin, which despite being selected
incognitg with 713-07 being immune (RF = 0) and 713-13or its vigor and rooting superioritys susceptible to
susceptible (RF = 8.85) (Figure 2 C; Figurel&@ble 1). Meloidogynespecies (Cambra, 1990). Considering that
These genotypes were obtained by open pollination Gfalisma’and ‘Adafuel’are susceptible thleloidogyne
genotype 1701-2, which is the result of the crossingpp., there is doubt about the origin of the allele responsible
between the rootstocksilismé& and\dafuel (Table 1). for resistance in genotype 713-07, supposing the
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Figure 3: M. incognitasymptoms and reproduction induced in peach genotypes. Number of'gzldrg root (A), Number of egg
mass ¢ of dry root (B) and Number of eggs gf dry root (C), presenting the means with the respective confidence intervals at
97.5%.
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Table 1 Reaction of peach genotypesveloidogyne incognita Nacional de Desenvolvimento Cientificdecnoldgico
Genotypes RF! Reaction2 (CNPq), the Fundacéo denparo a Pesquisa do Estado
de Minas Gerais (PEMIG) and the Coordenacédo de

;igg; 2.85 ls Aperfeicoamento de Pessoal de Nivel Superior — (CA-
913-3 0 I PES) - Finance Code 001, for the financial support granted
913-6 0 I to carry out the research. The authors declare no conflict
913-11 0 I of interest.

913-17 0 |

Aur2xAurl 45.93 S REFERENCES

OKINAWA 0 I Abawi GS & Widmer TL (2000) Impact of soil health management
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