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Short Communication
Reaction of wild solanaceae species to Meloidogyne incognitat

Eveline Mendes da Sil¥aFernando da Silva RocFi®, Edimilson Alves Barbo3alodo Alison Alves Oliveifa
Jose Maria Gomes Neve®andara Maria Clara do Rosario BarbosaMaria de Fatima Silva Muniz

10.1590/0034-737X202269030015

ABSTRACT

The quest for resistance sources agdifsibidogyne incognitaas a control measure is essential in tomato.
Thus, this study aimed to evaluate the reaction of six species of wild solanakkaecngnita The species of wild
solanaceae studied weBelanum capsicoideS. asperolanatuns. americanupS. viarum S. palinacanthunand
Nicandra physaloidesSeedlings of wild solanaceae species were transplanted and inoculateld witbgnita The
experiment was performed in a completely randomized design with eight replicates. The analyzed variables were: height
of the aerial portion, fresh weight of the aerial portion, fresh weight and length of the root system, gall index, number
of galls/g of root, number of egg masses/g of root, number of eggs/g of root and the nematode reproduction factor
Based on gall index and reproduction factor criteria the sp8ciegpsicoides, S. americanum, S. palinacantuuen
N. physaloidesvere classified as resistant agaidstincognita These species also showed a significant increase in
height and fresh weight of the aerial portion, length of the root system and fresh weight of the root system. Therefore,
these species of wild solanaceae may contribute to the managerivenhodgnitain future applications.
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INTRODUCTION its efiiciency, cost and less environmental impatte Mi

Tomato Golanum lycopersicuin) is one of the main 9€ne confers mstance tM. incognita M. javanicag M.
vegetables produced and marketed in Brazil, a coun@enaria(Neal) Chitwood (Cook, 1991), but there are few
which is placed tenth in world productionA®, 2018). resistant commercial cultivars and tkie gene does not
Among the main phytosanitary problems jeopardizin§onfer resistance to new species sucMasrasiliensis
tomato crops are the nematode spediedoidogyne Charchar & Eisenback aii enteplobii Yang & Eisenback
incognita (Kofoid & White) Chitwood andVl. javanica (formerly M. mayaguensiRammah & Hirschmann)
(Treub) (Chitwood), the first being widely disseminatedCharcharet al 2010; Pinheircet al, 2014b). Thus, the
(Pinheiroet al, 2014a). In tomatdyl. incognitacauses identification of new resistance sources similavitgene
losses that vary between 44.3 to 70% of the productidhthe Solanaceae family are fundamental for the management
(Charchaet al 1998; Sharma & Sharma, 2015), reachingf Meloidogynein tomato.

100% depending on the susceptibility of the cultivar and The use of rootstocks, mainly from the Solanaceae
the soil and climate factors. family, resistant tdVleloidogynespecies is an gfient

Planting resistant cultivars is one of the main approachesd promising technique (Peil, 2003; Pinheiral, 2014a),
for the management dfeloidogynespp. in tomato, due to allowing cultivaton in infested areas and making tomato
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production feasible. Species of wild solanaceae have bdesbenshade & Triantaphyllou (1985) and Hartman &
reported as resistant agaimMdt javanicg M. incognita Sasser (1985). The eggs were obtained according to
race 1 and/l. enterolobii(Mattoset al, 2011; Cardoset Hussey & Barker (1973), modified by Bonetti & Ferraz
al., 2019). Therefore, the search for new wild resistaif1981). The eggs were cleaned according to Coolen &
solanaceae againgt incognitacontributes as a strategy D’Herde (1972). The eggs suspension was kept at room
to develop resistant rootstocks and genetic sourcestefmperature to stimulate the hatching of second-stage
resistance for tomato. Thus, the objective of this workiveniles (J2) oM. incognitaand to verify the quality of
was to evaluate the reaction of six species of wilthe inoculum (Rochat al, 2015). Then, with the aid of a
solanaceae tM. incognita light microscope, the suspension was calibrated (569 eggs/
mL + 384 J2/mL), obtaining the inoculum concentration
MATERIALAND METHODS used in the experimento carry out the inoculation, 2.6
The experiment was performed in a greenhouse at the. of the suspension were distributed in three 1.5 cm
Federal Institute of Northern Minas Gerais (IFNMG)deep holes, made with the aid of a glass rod around the
CampusAlmenara-MG with geographical coordinates seedlings, in the rhizosphere projectiéfter inoculation,
16°13'52"S, 40°44’30"W and altitude of 270 m, fromthe pots were kept in a greenhouse under the same
September to October 2019. The following wild solanaceaenditions mentioned above, keeping the soil at field
species were studied: Joa-de-capolic@ndra capacity The experiment consisted of seven treatments,
physaloides (L.) Gaertn.), JurubebaSplanum six species of wild solanaceae and the susceptible tomato
palinacanthunDun.), Joa-¥rmelho §. capsicoidesll.),  Santa Cruz c\Kada (Control)A completely randomized
Jurubeba-grand&( aspeslanatumRuiz & Pav), Maria-  design was used with eight replicates, totaling 56 plots.
pretinha §. americanuriMill.) and Jo4-bravoS. viarum Thirty-eight days after inoculation, the height of the
Dun.). Seeds of the first and second species were collecgagtial portion (HAP) of the plants was measured from the
in the municipalities of Montes Claros alldhenara, state ground level until the last internode with the aid of a tape
of Minas Gerais, respectivelnd the others were acquiredmeasure. Then, the aerial portion was cut and the root
from the companyAgro CosmosThe identification of system was collected, washed in a bucket containing water
wild solanaceae was carried out based on specific literatized placed in a plastic bag with a capacity of three liters,
(Lorenzi, 2008). previously identified, according to each treatment.
To obtain the seedlings, seeds were placed in plas8tbsequentlythe fresh weight of the aerial portion
cups with 180 mlcapacitycontaining substrate composed(FWAP), the length of the root system (LRS) and the fresh
of plaster sand (coarse washed river sand) and soil (Oxisa®ight of the root system (FWRS) were evaluated with a
at a proportion of 2:1 (v/v) and autoclaved at 2%or 1  precision electronic scale. The LRS was determined with
hour to eradicate any plant-parasitic nematotlealyses atape measure, evaluating the length of the pivoting root.
of a composite soil sample of the studied site showed th#ectivity and reproduction evaluations were carried out
following physico-chemical characteristics: 33% clE82 in the PRLat UFMG The percentage of infection severity
silt, 54% sand, pH in water of 4.5 and 0,54%emic matter was estimated by the following gall index criteria: Gall
The cups were kept in a greenhouse at 2&#@mperature Index 1 {Gl) in a scale of 0 to 10 (Bridge & Page, 1980),
and irrigated manuallySeedlings for transplanting andwhere 0 = no galls; 1 = few small, almost imperceptible
carrying out the experiment were obtained 36 days aftgalls; 2 = small but noticeable galls; 3 = some large galls;
sowing. Seedlings of the wild solanaceae were transplaniée greater number of large galls; 5 = 50% of the infested
to plastic pots with a 2 tapacity containing a mixture of roots and some main roots with galls; 6 = galls on the
the same substrate mentioned above. Single seedlings wasgn roots; 7 = almost all roots with galls; 8 = all roots
transplanted to pots after being selected by size amdth galls; 9 = all roots with large galls; 10 = all roots with
development of root system. large galls, without root system, dead plant. Gall Index 2
Twenty-four hours after transplanting, seedlings wer@Gl) was also based on a scale of grades from 0 to 5, but
inoculated with a suspension containing eggsviof based on the percentage of the root system with galls
incognita The suspension d¥l. incognitaeggs was accordingraylor & Sasser (1978), where 0 =no galls; 1 =
obtained from pure tomato root &ada, infected with.  1to2;2=310 10; 3 =11to 30; 4 =31 to 100; and 5 = more
incognitaand grown in a greenhouse from the Phytopahan 100 galls. Next, egg masses in the root systems were
thology Research Laboratory (PRL) at Federal Universiigolored red, in a solution containing artificial stain used
of Minas Gerais-UFM@ he identification oM. incognita  in food manufacturing, according to the technique of
was performed by the perineal configuration of femaleRochaet al (2005) After staining, the roots were placed
under light microscope and-esterase phenotyping on paper towels for 10 minutes, and the number of egg
performed according tdaylor & Sasser (1978), masses and number of galls was counted in the root system.
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To quantify the number of eggs per root system, the rocdsnong the studied wild solanaceae, the spe8es

were cut into pieces of approximately 2 cm in length anchpsicoidesS. americanumS. palinacanthurmand N.

the eggs obtained by extraction according to Hussey ghysaloidesnoculated withM. incognitawere conside-

Barker (1973), modified by Bonetti & Ferraz (1981). Undered resistant (able 1).With the exception ofS.

light microscope, the number bf. incognitaeggs was americanumthe resistant species showed less infectivity

quantified in the root system using a Peters slide to estimated reproduction, expressed by the number of galls and

the number of eggs per gram of root. The calculation ofiasses of eggs per gram of root and the number of eggs

the Reproduction factor (Rf) was achieved by dividinger gram of root, respectiveljn comparison withs.

the final (Pf) and initial (Pi) population densities for eaclycopersicum control (Table 1). Similar behavior to

treatment (Rf = Pf/Pi), as proposed by Oostenbrink (1966hfectivity was verified through the evaluatior?Gfl, but

The classification of plants according to the resistan@cording to'Gl S. asperolanaturandS. americanum

reaction toM. incognitawas based on the criteria of also showed a lower percentage of infestation of the root

Oostenbrink, (1966) anbaylor & Sasser (1978). Plants systemNicandra physaloideandS. palinacanthuralso

with Rf > 1.0 were considered susceptible, with Rf < Showed greater height and fresh weight of the aerial

resistant and Rf = 0 immune (Oostenbrink, 1966). Basgartion (Table 2) The specieS. palinacanthun®. viaum

on gall index at a scale of 0 to Safflor & Sasserl978), andS. capsicoidesiad higher fresh weight of the root

plants with a number of galts 10 (grades 0 to 2) were system, while higher length of the root system occurred

considered resistant and the number of galls > 10 (gradeghese last two species andInasperolanaturandS.

3 to 5) were susceptible. The correlation between gamericanun{Table 2).

indexes {GI and?Gl) and the number of galls per root The speciesS. capsicoidesS. americanums.

system and betweé@l and Rf was evaluated. palinacanthumandN. physaloideshowed Rf of 0.07,
Infectivity and reproduction data were transformed i0.86, 0.23 and 0.25, respectivddging considered resistant

order to attain homogeneity of variances and normality & M. incognitaby the criteria of Oostenbrink (1966). Car-

data. The averages were subjected to analysis of varianimso et al. (2019) previously verified the speci&s

and compared by Scott-Knott test at 5% probability bgapsicoidesS. palinacanthunand Solanumspp. were

the SISWAR software (Ferreira, 2007J0 calculate the resistant tavl. javanica Mattoset al (2011) also reported

Pearson correlation coefficient between gall indexes anésistance frons. asperolanatuinS. stramonifolium

the number of galls per gram of root and Rf, the statistic8blanumsp. againsM. incognitarace 1 and the species

software GENES (Cruz, 2016) was usilianalyzes of S. stramonifoliumS. paniculatumand S. subinerme

mean comparison between treatments were performed watainstM. enteplobii. In another studyMénacoet al

SISVAR and Pearsos’correlations by GENES. (2008) verified resistance d. americanunio M.

paranaensisTherefore, it seems that the species studied,

RESULTSAND DISCUSSIONS S. capsicoidesS. americanunand S. palinacanthum
The studied wild solanaceae showed some varialif@ve sources of resistance to the aforementioned

behaviors in relation to the reaction fb incognita Meloidogynespecies andVl. incognita and S.

(infectivity and reproducibility) and to the developmentisperolanatunonly to M. incognitarace 1. In addition

of the aerial part and the root systenalfles 1 and 2). to the species reported in the literature, we demonstrate

Table1: Infectivity and reproduction expressed by gall indexes (Gl), number of galls per gram of root (NG), number of egg masses
per gram of root (NEM), number of eggs per gram of root (NE), reproduction factor (Rf) and classification of the reaction of wild
solanaceae speciedMieloidogyne incognita

Species Gl 2G| NG NEM NE Rf Reaction

Gl °Rf
S. capsicoides 0.75b 2.37b 2.73b 2.13b 8.90a 0.07b S R
S. asperolanatum  1.25b 4.62a 10.03a 9.62a 9.62a 4.11a S S
S. americanum 1.12b 3.12a 6.83a 5.62a 5.62a 0.86b S R
S. viarum 2.25a 4.25a 11.95a 10.99a 10.98a 4.50a S S
N. physaloides 0.75b 1.50b 1.49b 1.08b 1.08b 0.25b R R
S.palinacanthum 0.38b 1.50b 0.42b 0.19b 0.20b 0.23b R R
S. lycopersicum 2.63a 4.63a 7.35a 7.20a 7.19a 4.27a S S

Averages followed by the same lowercase letter within the column do fent sititistically from each other by the Scott-Knott test at 5%
probability 'Gl: gall index based on a scale of 0 to 10 (Bridge & Page, 1980)gall index based on a scale from 0 to 5 and reaction
classification (&ylor & Sasser1978).%Classification of the reaction based on the Rf (Oostenbrink, 1966). S: susceptible; R: resistant.
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resistance fron®. americanurandN. physaloideso M.  the reaction of the plant due to the attack of the nematode
incognita may express differently in relation to the reproduction

The primary purpose for grafting is the control of soilfactor (number of eggs), which can classify it as
borne diseases, such as bacterial wilt, Fusarium wilt asdsceptible or resistant according to the method used in
root-knot nematodes, which have been selected lye evaluation. Thus, the reaction estimation must be
screening tomato cultivars and resistant wild specievaluated by the Rf and/or gall index.

(Yamakawa, 1982; Kingt al, 2010). Genes for The2Gl correlated positively with the number of galls
Meloidogynespp. have been identified from solanaceouger root system (r = 0.94) and with fi&d (r =0.79). That
such as tomato (Barbargt al., 2015) and pepper isto saythe choice of the method to evaluate the severity
(Capsicum annuunk.) (Changkwianet al, 2019). of plantinfestation by. incognitaby gall index offaylor
However no study has been reported on the identificatiof Sasser (1978) and Bridge & Page (1980), or by direct
of resistant genes from the wild solanaceous plants testpgantification of the number of galls per root system and
in the present study against root-knot nematodes.  vice versashowed similar results.

The studied species of wild solanaceae showed The quality level and type of inoculum and the
different behavior when we observed the resistan@yaluation period and the development of the plants can
classification criteria, with the four spectescapsicoides interfere with the evaluation results concerning the plant
S. americanumS. palinacanthumand N. physaloides reaction to the nematode. Dorgal. (2007) evaluated
classified as resistant by the Rf, while only two specigseanut Arachis hypogaeh.) genotypes with three levels
(S. palinacanthumand N. physaloideswere resistant of resistance tdl. arenaria the type and concentration
according to the gall index criterion accordingé&ylor &  of the inoculum and the evaluation period, verifying that
Sasser (1978). Considering both critefigpalinacanthum inoculation with 8,000 eggs or 2,000 JMfarenariaper
andN. physaloidesvere the most promising species tglant does not differ statistically by the gall index method
be investigated as rootstocks for tomato in further studieshen evaluated in the period of 2 and 10 weeks after
Similar behavior was also observed when we compar@tbculation, with similar results for the type of inoculum
the evaluation of the percentage of infestation severity of relation to the classification of resistance. The same
the root system of the speci8s asperolanaturandS. authors also found that the three levels of resistance can
americanumnby the gall index of Bridge & Page (1980),be separated based on gall indexes from four weeks with
that resulted in scores of 1.2 and 1.1 (few small gallsyoculum ranging from 1,000 to 6,000 eggs per plant. In
almost imperceptible), but accordingTaylor & Sasser our study we used a suspension at a concentration of
(1978) scale of scores 4.6 and 3.1, which are consider2d 78 eggs and J2 bf. incognitaper plant and resistance
susceptible (@ble 1) We also observed that there was n@valuation period of five weeks after inoculation. In
correlation between th&1 and the Rf, and between theaddition, we evaluated the quality of the inoculum by
Gl and the number of galls per root system, which partiallyatching and the dark color of the 9®ody related to
explains the results obtained. The lack of correlatioimfectivity (Rochaet al, 2015), demonstrating that the
between théGl and the number of galls per root systenfiactors mentioned above did not affect negatively the
may be related to the scale of grades that varies from Or&action classification of the species studied.

10, which makes the precision/accuracy difficult to the Another factor that can interfere in the process of
evaluatorin relation to the scale of grades 0-5 proposeidfection and infectivity is the growth and development

by Taylor & Sasser (1978). In addition, the parasitism aff the root system due to the chances of the infective
M. incognitain the host plant induces gall formation, bujuvenile to find the root. OnI\N. physaloideshowed

Table2: Average height of the aerial portion (HAP), fresh weight of the aerial portioARFMéngth of the root system (LRS) and
fresh weight of the root system (FWRS) of wild solanaceae inoculatedeititoigyne incognita

Species HAP (cm) FWAP(g) LRS(cm) FWRS (9)
S. capsicoides 9.75¢ 12.38 ¢ 60.50 a 19.63 a
S. asperolanatum 8.13¢ 9.13¢c 52.75a 12.00 b
S. americanum 25.13 b 7.38c 47.13 a 6.50b
S. viarum 12.75 ¢ 11.63c 49.25 a 18.50 a
N. physaloides 39.63 a 1450 b 23.50 ¢ 8.25b
S. palinacanthum 24.75 b 16.63 b 35.88 b 17.13 a
S. lycopersicum 42.88 a 21.63 a 40.38 b 15.50 a

Averages followed by the same lowercase lettethin the column, do not dér statistically from each other by the Scott-Knott test at
5% probability
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lower fresh weight and length of the root system, wiile CoolenWA & D’Herde CJ (1972)A method for the quantitative
asperolanatumandS. americanunshowed only lower eAgt:iittl'tcl’J?eOfR22;“;?:%5823;” ‘;';‘gt tissue culture. Ghent, State
fresh weight of the root system, when compared to tomato o
(Table 2) Howeves. aspeslanatumandS. americanum Cruz CD (2016) Genes Software - extended and integrated with

’ . . asp D T the R, Matlab and Selegeficta ScientiarumAgronomy 38:547-
were susceptible by the criterion@l, with significant 552

vglue_s in the number of g_a”S pergram _Of root, yet py thﬁ)ng W, Holbrook CC,Timper P BrennemarnTB & Mullinix B
criterion of Rf onlyS. americanurwas resistant, but with  (2007) comparison of methods for assessing resistance to
Rf of 0.86, close to 1.0 (susceptible plant). Therefore, theMeloidogyne aenaria in peanut. Journal of Nematology
selection of seedlings of the studied species was>9:169-175.
important so that growth and development did not intefsbenshade PR &riantaphyllouAC (1985) Use of enzyme

. . . - S . phenotype for identification oMeloidogynespecies. Journal
fere in the process of infection by the infective juvenile of

) . . : . of Nematology 17:06-20.
M. incognita However some species considered resistant ) o . )
FAO - Food andAgriculture Oganization of the United Nations

showed Ie;s develo.pmen.t Of_ th?_ aerial portlon’_r?_qumng(ZOlS) Available at: http://wwwfao.og/faostat/en/#data/QC/
future studies to verify their viability and compatibility as visualize.Accessed on: March®7 2020.

resistant rootstocks in tomato agailktincognita Ferreira DF (2007) Sisvar: sistema de analise de variancia para
dados balanceadoAvailable at: https://des.ufla.br/~daniébiro-
CONCLUSION gramas/sisvantml. Acessed on: October 252019.

o . . . species on the basis of differential host test and perineal-pattern
maria-pretinha . americanuf jurubeba . morphology In: Barker KR, Carter CC & Sasser JN (Ed&r)

palinacanthum and joa-de-capote(Nicandra advanced treatise oMleloidogyne Volume II: Methodology

physaloideywere considered resistant b incognita Raleigh, North Carolina State University Graphics. p.69-77.
Hussey RS & Barker KR (1973 comparison of methods for
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