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RESUMO

A forrageira Urochloa ruziziensis (R. Germ. e C.M. Evrard) Crins (sinbnimo Brachiaria
ruziziensis) é adotada como pastagem devido dentre outras vantagens a sua boa
qualidade nutricional. Apesar disso, essa forrageira € suscetivel as cigarrinhas-das-
pastagens, principal inseto-praga das pastagens no Brasil. Assim, esse estudo foi
desenvolvido com o objetivo de selecionar progénies de U. ruziziensis resistentes as
cigarrinhas-das-pastagens ao longo de 16 ciclos de sele¢do recorrente e validar a
resisténcia na populagéo oriunda das progénies selecinadas. O capitulo 1 € composto
pelo artigo publicado na revista “Agronomy”. Neste trabalho foram avaliadas 13.114
plantas de U. ruziziensis quanto a resisténcia as cigarrinhas-das-pastagens, em
experimentos conduzidos entre os anos de 2008 e 2023. Cada planta foi infestada
com seis ovos do inseto-praga no ultimo estadio embrionario (S4), e mantidas em casa
de vegetacao. Apos 35 a 40 dias foi realizada a contagem das ninfas sobreviventes.
A populacao original de U. ruziziensis (POP01-2008) proporcionou sobrevivéncia
ninfal dos insetos-praga de 63%, independente da espécie de cigarrinha-das-
pastagens, enquanto para a populagdo melhorada (POP36-2023) a sobrevivéncia
ninfal média foi de 32,8%. Apds 16 ciclos de selecdo, verificou-se que
aproximadamente 63% dos gendtipos, 716 plantas, possuiam sobrevivéncia ninfal
igual ou inferior a 33%, e sao consideradas resistentes as ninfas de D. schach ou M.
spectabilis. Na sequéncia, no capitulo 2, foi pesquisada a validac&o da resisténcia em
progénies obtidas dos gendtipos selecionados de U. ruziziensis oriundos de dezesseis
ciclos de selegcao recorrente. Além das progénies selecionadas, avaliou-se a
sobrevivéncia ninfal de D. schach ou M. spectabilis em U. ruziziensis comercial, cv
Kennedy. Cada planta foi infestada com seis ovos do inseto-praga no estadio S4 e
mantidas em casa de vegetacdo. Apos esse periodo a sobrevivéncia das ninfas foi
avaliada e, a partir desses dados foi calculada a sobrevivéncia ninfal. Para a espécie
D. schach a sobrevivéncia ninfal média nas diferentes progénies variou de 19 a 64%,
com média geral de 36,3%. Ja para M. spectabilis, a média geral da sobrevivéncia
ninfal foi de 25,4% com uma amplitude de 0 a 57%. Constatou-se que 21 progénies
foram classificadas como resistentes a D. schach e, 73 progénies resisitentes a M.
spectabilis. Além disso, foram identificadas 19 progénies simultaneamente resistentes
as duas espécies dos insetos-praga. A sobrevivéncia ninfal das cigarrinhas-das-

pastagens nas progénies de U. ruziziensis melhorada foi significativamente inferior a



da U. ruziziensis comercial, demonstrando a eficacia da sele¢ao recorrente para
obtencao de forrageiras resistentes a esses cercopideos. A populagdo obtida pelo
programa de melhoramento de forrageiras apresenta variabilidade genética e esta
cada vez mais proxima da obtengao de cultivares de U. ruziziensis resistentes as

ninfas de D. schach e de M. spectabilis.

Palavras-chave: Brachiaria; cigarrinhas-das-pastagens; forrageira; inseto-praga;

pastagem.



ABSTRACT

The forage Urochloa ruziziensis (R. Germ. and C.M. Evrard) Crins (synonym
Brachiaria ruziziensis) has great potential to be adopted as pasture due to its good
nutritional quality, among other advantages. However, this forage is susceptible to
spittlebugs, the main insect pest of pastures in Brazil. Thus, the aim of this study was
to select U. ruziziensis genotypes resistant to the spittlebug over 16 cycles of recurrent
selection and to validate resistance in the population derived from the selected
genotypes. Chapter 1 consists of the article published in the journal “Agronomy.” In
this work, 13,114 U. ruziziensis plants were evaluated for resistance to spittlebugs in
experiments conducted between 2008 and 2023. Each plant was infested with six eggs
of the insect pest at the last embryonic stage (S4) and kept in a greenhouse. After 35
to 40 days, the surviving nymphs were counted. The original population of U.
ruziziensis (POP01-2008) provided nymphal survival of 63%, regardless of the
spittlebug species, while for the improved population (POP36-2023) the average
nymphal survival was 32.8%. After 16 selection cycles, it was found that approximately
63% of the genotypes, or 716 plants, exhibited nymphal survival equal to or less than
33%, indicating their resistance to the nymphs of D. schach or M. spectabilis. Next, in
Chapter 2, we investigated the validation of resistance in the progeny obtained from U.
ruziziensis progenies from sixteen cycles of recurrent selection. In addition to the
selected genotypes, nymphal survival was assessed on commercial U. ruziziensis, cv
Kennedy (treatment control). Each plant was infested with six eggs of the insect pest
at the S4 stage and kept in a greenhouse. Following this period, we evaluated the
nymphs’ survival and calculated the nymphal survival from this data. For the D. schach
species, average nymphal survival in the different progenies ranged from 19 to 64%,
with an overall average of 36.3%. For M. spectabilis, the overall average nymphal
survival was 25.4%, with a range from 0 to 57%. We classified 21 progenies as
resistant to D. schach and 73 progenies as resistant to M. spectabilis. In addition, we
identified 19 progenies as simultaneously resistant to both insect pest species.
Spittlebug nymphs had a much lower chance of survival in the improved U. ruziziensis
progenies than in the commercial U. ruziziensis, demonstrating the effectiveness of
recurrent selection in obtaining forage plants resistant to these cercopids. The

population obtained by the forage improvement program shows genetic variability and



is getting closer to obtaining U. ruziziensis cultivars resistant to D. schach and M.

spectabilis nymphs.

Keywords: Brachiaria; spittlebug; forage; insect pest; pasture.
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1 INTRODUGAO GERAL

As gramineas forrageiras do género Urochloa foram introduzidas no Brasil em
meados da década de 1960, e rapidamente se expandiram por todo o pais devido a
sua grande capacidade de adaptacdo a varios tipos de solo, além das boas
caracteristicas agronémicas (WENZL et al. 2001; WENZL et al. 2003; RAO et al. 2006;
SOUZA SOBRINHO et al. 2010). O Brasil possui aproximadamente 161 milhdes de
hectares de pastagens distribuidas por todo o territério nacional. As pastagens
plantadas estdo presentes em cerca de 110 milhdes de hectares e podem ser
encontradas em todas as regides (PAVIOT; SANTOS; PEREIRA, 2024).

A degradacéo de pastagens reduz a capacidade de suporte e compromete a
viabilidade do sistema de producéo de bovinos a pasto, com impactos econdmicos e
sociais negativos, além da reducao da biodiversidade e do aumento das emissdes de
Gases de Efeito Estufa (GEE) (PAVIOT; SANTOS; PEREIRA, 2024). Dentre outros
fatores, essa degradacdo pode ocorrer devido ao ataque das cigarrinhas-das-
pastagens (Hemiptera: Cercopidae) que constituem um complexo de espécies de
insetos especializados na sucgéo de seiva do xilema de varias gramineas forrageiras
(THOMPSON; GONZALEZ, 2005). Estes insetos t&ém o potencial de causar perdas
econdmicas que variam de 840 a 2,1 milhées de ddlares por ano em todo o mundo
(THOMPSON, 2004).

Dentre as gramineas forrageiras cultivadas no Brasil a U. ruziziensis (R. Germ.
e C.M. Evrard) Crins (sinbnimo Brachiaria ruziziensis) se destaca pela boa qualidade
nutricional e aceitacdo pelos bovinos, no entanto esta espécie foi praticamente
abandonada pelos produtores rurais no fim do século passado. Entre os principais
motivos para isso esta sua suscetibilidade as cigarrinhas-das-pastagens (SOUZA
SOBRINHO et al., 2022).

Esses cercopideos ocorrem na regido neotropical desde o sul dos Estados
Unidos até o norte da Argentina (PALADINI et al., 2018). As ninfas tém cinco instares
que, em condi¢gbes normais, podem durar de 4 a 9 semanas (PECK; THOMPSON,
2008). As ninfas alimentam-se normalmente da seiva do xilema das raizes (Pires et
al. 2000; SUJII et al. 2000). Nesta fase se cobrem com uma espuma que as protege
da dessecagao, predagao, parasitismo e radiagdo (MARTIN ET AL. 2002; CARVALHO
E WEBB 2005; CHEN ET AL. 2018). Na fase adulta introduzem primeiro o estilete no

tecido vegetal, e esta acdo, combinada com enzimas salivares, quebra as paredes



14

celulares e causa a morte do tecido foliar (VALERIO; NAKANO, 1988), reduzindo
assim o teor de clorofila (RESENDE et al., 2014) e a capacidade de rebrota da planta
(AGUIAR et al., 2014). Com isso, dependendo dos niveis de infestacéo, esses insetos
podem afetar o rendimento, a qualidade e o consumo da forragem pelo gado, além da
persisténcia da planta.

Dentre as espécies de cigarrinhas-das-pastagens mais frequentes no Brasil
estdo a Deois schach (Fabricius) (VALERIO et al., 2001) e a Mahanarva spectabilis
(Distant) (Hemiptera: Cercopidae) (AUAD et al., 2007). Essas tém causado grandes
prejuizos, ameagando a produtividade de carne e leite. Para reduzir a ocorréncia
desses insetos-praga, o controle microbiano e quimico, nas areas cultivadas com
gramineas forrageiras no Brasil, tem sido implementado de maneira restrita, o que se
deve ao alto custo desses meétodos, uma vez que as areas de pastagens sao muito
extensas (SOUZA; MATTA; FAVERO, 2013). O controle por meio do uso da
resisténcia de plantas a insetos, apresenta a vantagem de se constituir num método
que se alinha com o sistema de produgdo. A busca de gramineas alternativas, visando
a composic¢ao de um quadro mais diversificado no contexto da exploracéo, deve ser
uma constante. Ao se liberarem novas cultivares com caracteristicas agronémicas
desejaveis e resistentes as cigarrinhas-das-pastagens sera oferecido aos produtores
uma alternativa de controle que sera de facil adogao, e também de baixo custo, uma
vez que o controle estara sendo efetuado por meio da aquisicdo e do plantio de
sementes, sem custos adicionais; por isso a resisténcia de plantas representa o
principal método de controle no manejo das cigarrinhas-das-pastagens (SOUZA,
MATTA; FAVERO, 2013).

A Embrapa Gado de Leite vem conduzindo o programa de melhoramento de U
ruziziensis, ao longo de 17 anos, visando, dentre outras caracteristicas, a resisténcia
por antibiose as cigarrinhas-das-pastagens D. schach e M. spectabilis, por meio de
ciclos de selegao recorrente, para obtengao de uma populagao de U. ruziziensis que
proporcione baixa sobrevivéncia ninfal das cigarrinhas-das-pastagens (AUAD et al.
2011; AUAD et al. 2013; AUAD et al. 2014; AUAD et al. 2015; AUAD et al. 2016;
RESENDE et al. 2024). A selecao recorrente € um processo ciclico de selecédo de
individuos ou familias dentro de uma populagédo geneticamente heterogénea, seguido
de recombinagao (intercruzamento) dos individuos selecionados para formar uma
nova populagao; esta, por sua vez, € utilizada para iniciar novo ciclo de selegéo
(CORDEIRO 2001; RAMALHO et al. 2001).
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Nesse contexto, considerando as vantagens da adogao de U. ruziziensis na
alimentacgao de bovinos e, devido a variabilidade genética dentro de populagdes dessa
forrageira, a selegdo recorrente para a obtencdo de progénies resistentes as
cigarrinhas-das-pastagens pode ser uma boa estratégia. Assim, esse trabalho foi
desenvolvido com o objetivo de selecionar progénies de U. ruziziensis resistentes as
espécies de cigarrinhas D. schach e M. spectabilis, por meio de 16 ciclos de selegéo
recorrente, além de validar a populagcédo obtida a partir das progénies selecionadas

quanto a resisténcia as ninfas desses insetos-praga.
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2 CAPITULO 1 - Artigo publicado
Sixteen years of recurrent selection of ruzi grass for resistance to spittlebugs

(Hemiptera: Cercopidae)

Este artigo esta publicado no periddico “Agronomy”
(https://doi.org/10.3390/agronomy14071516).

Neste capitulo sdo apresentados os resultados de 16 ciclos de selecéo
recorrente de U. ruziziensis quanto a resisténcia a Deois schach e Mahanarva
spectabilis. Foram avaliadas 13.114 plantas de U. ruziziensis quanto a resisténcia as
cigarrinhas-das-pastagens, em experimentos conduzidos entre o ano de 2008 e 2023.
Cada planta foi infestada com seis ovos do inseto-praga em estadio proximo a ecloséo
das ninfas (S4), e mantidas em casa de vegetacao por até 40 dias. Apds esse periodo,
foi realizada a contagem das ninfas sobreviventes. A populagdo original de U.
ruziziensis (POP01-2008) apresentou sobrevivéncia ninfal de 63% enquanto para a
populagado melhorada (POP36-2023) a sobrevivéncia ninfal média foi de 32,8%. Apds
16 ciclos de selegao, na POP36-2023, verificou-se que aproximadamente 63% dos
gendtipos avaliados naquele ciclo, 716 plantas, possuiam sobrevivéncia ninfal igual
ou inferior a 33% e sado consideradas resistentes as ninas de D. schach ou M.
spectabilis.
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Abstract: The forage Urochloa ruziziensis ((R. Germ. and C.M. Evrard) Crins
(synonym Brachiaria ruziziensis) (Poales: Poaceae)) has great potential to be adopted
as pasture. However, this forage is susceptible to spittlebugs, the main insect pest of
pastures in Brazil. Thus, the objective of this study was to select genotypes of U.
ruziziensis resistant to Deois schach (Fabricius) and Mahanarva spectabilis (Distant)
(Hemiptera: Cercopidae) through 16 cycles of recurrent selection. The resistance of
13,114 U. ruziziensis plants to spittlebugs was evaluated in experiments conducted
between 2008 and 2023. Each plant was infested with six eggs of the insect pest at
stage S4 and kept in a greenhouse for up to 40 days. After this period, surviving
nymphs from the second to fifth instars were counted. The original population of U.
ruziziensis (POP01-2008) presented a nymphal survival rate of 63%, while for the
improved population (POP36-2023) the average nymphal survival rate was 32.8%. The
estimated total genetic gain was 15%, and the annual genetic gain was 1%. After 16
selection cycles, in POP36-2023, approximately 63% of the genotypes (716 plants),
had nymphal survival rates equal to or less than 33% and were considered resistant to

D. schach and M. spectabilis nymphs.

Keywords: forage; insect pest; signal grass
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1 Introduction
Tropical forages play a fundamental role in Brazilian livestock farming, as they

are used for direct grazing on approximately 100 million hectares, which corresponds
to approximately 90% of the cultivated pastures in Brazil [1]. Therefore, greater
efficiency in exploiting the productive potential of tropical pastures can increase the
intensification of animal production and its productive capacity [2]. Forage grasses of
the genus Urochloa play an important role in this endeavor. These plants are adapted
to different types of soil and have several favorable agronomic characteristics, which
make them attractive for expansion throughout the country [3-6].

The forage grass Urochloa ruziziensis ((R. Germ. and C.M. Evrard) Crins
(synonym Brachiaria ruziziensis) Poales: Poaceae) is of African origin and was
introduced into Brazil in 1965 by the WNorthern Agricultural Research and
Experimentation Institute (IPEAN) [7]. This diploid species can be reproduced sexually
or through clones and has high potential as a pasture due to its high nutritional quality
and productivity [8]. However, this forage grass is susceptible to spittlebugs, among
which the main species are Deois schach (Fabricius) and Mahanarva spectabilis
(Distant) (Hemiptera: Cercopidae) [6,9-13].

The spittlebug nymphs feed on xylem in the plant base and produce a foamy
substance utilized for self-defense. The adults live and feed on the aerial portion of the
plant [14], thus reducing the chlorophyll content [15] and the plant’s regrowth capacity
[16]. In this context, Thompson [17] made a crude estimate that the world losses to
grass feeding spittlebugs is about USD 840-2100 million year-1, excluding damage in
Africa and Asia, for which no estimates are possible.

To reduce this negative impact, a combination of control strategies must be
carried out for the efficient management of spittlebugs; several studies have been
conducted to expand these tactics [18]. According to Buitrago et al. [19], the
development of new cultivars through breeding programs that incorporate host plant
resistance is a long-term and lowcost strategy, with the main objective of increasing
insect pest mortality in the early stages of life.

Therefore, the adoption of U. ruziziensis plants resistant to spittlebugs is a
promising technique and the resistance characteristic is of greatest interest in tropical
forage improvement programs [20]. According to Cardona and Sotelo [21], antibiosis
is a type or mechanism of resistance that describes the negative effects of a resistant

genotype on the biology of an insect.
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To obtain cultivars resistant to spittlebugs, plant screening must be adopted
through recurrent selection. This method consists of identifying resistant plants that are
crossed or self-fertilized and testing and selecting their progenies; this process is
repeated until populations with adequate levels of resistance are obtained [22,23].
Often, the selection and crossing process needs to be repeated for generations, as the
gains in each generation can be small due to complex traits and low heritability.

In this context, considering the advantages of adopting U. ruziziensis in cattle
feed and due to the genetic variability within populations of this forage, it is necessary
to adopt recurrent selection to obtain genotypes resistant to spittlebugs. Therefore, the
objective of this study was to select genotypes of U. ruziziensis resistant to the
spittlebug species D. schach and M. spectabilis through 16 cycles of recurrent

selection.

2 Materials and Methods

2.1 Location

The experiments were conducted at Embrapa Gado de Leite, in the municipality

of Juiz de Fora, Minas Gerais, Brazil.

2.2 Genetic Material

A total of 13,114 U. ruziziensis plants were evaluated for resistance to
spittlebugs in experiments conducted between 2008 and 2023 (Table 1).

A population of half-sib progenies composed of 270 plants of U. ruziziensis
belonging to the Embrapa Gado de Leite forage improvement program provided the
genotypes for the beginning of the tests, with successive annual cycles of intercrossing
and selection of plants for resistance to spittlebugs throughout the period. In each
selection cycle carried out within the breeding program, an average selection intensity
was adopted in the range of 20% of the individuals evaluated.

Periodically, according to the needs of the improvement program, genotypes
belonging to other lines of research in the program, which had been improved and
evaluated for other characteristics of interest, such as productivity and forage quality,
were used to introduce new genes into the genotypes that were being improved in

terms of resistance to spittlebugs.
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In all experiments that were carried out, the standard for susceptibility to
spittlebugs was U. decumbens Stapf (synonym Brachiaria decumbens) cv. Basilisk,
and the standard for resistance to spittlebugs was U. brizantha (Hochst. ex A. Rich.)

Stapf (synonym Brachiaria brizantha) cv. Marandu.

2.3 Obtaining the Plants

The seedlings of the tested genetic materials were produced in plastic trays
containing commercial substrate (Carolina Soil®—Composition: Sphagnum turf,
expanded vermiculite, dolomitic calcareum, agricultural gypsum and NPK fertilizer),
where the seeds were deposited and remained for approximately 40 days. The plants
were subsequently transplanted into rearing units that contained a substrate composed

of soil, sand, and manure in a 3:1:1 ratio.

2.4 Obtaining Pest Insect Eggs

Spittlebugs of the species D. schach and M. spectabilis collected at the
Experimental Field of Embrapa Gado de Leite served as the supply of live material
for the tests, which were carried out in a greenhouse.

The adults of the insect pest were collected and transferred to the Entomology
Laboratory at Embrapa Gado de Leite, separated by species, and placed in cages
(30 x 30 x 55 cm). The forages (Urochloa decumbens to D. schach and Cenchrus
purpupeus to M. spectabilis) were kept inside the cage and served as the insect’s
feeding substrate. Furthermore, the base of the plant and the floor of the cage were
covered with hydrophilic gauze, which was used as an oviposition substrate for the
spittlebugs.

Every 4 or 5 days the plants were replaced and the gauze containing the eggs
was removed and subjected to a jet of water over a set of sieves. The extracted eggs
were withheld through a 400-mesh sieve. Then, the eggs were individualized, counted,
and transferred to Petri dishes covered with filter paper and periodically moistened with
a 1% copper-sulfate-based solution. The plates containing the eggs were identified
with the date and the species of spittlebug, grouped in trays, and placed in a climate-
controlled chamber at 25 + 2 -C with a 12 h photophase and a relative humidity of 70
+ 10% until the eggs reached the S4 stage, when they were close to the nymph

hatching point and were taken for experiments.
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Table 1. Populations of Urochoa ruziziensis evaluated for resistance to Deois schach
and Mahanarva spectabilis from 2008 to 2023, with the experimental design and total
number of plants and plants per year.

Experiment Species of Experimental ~ Number of Number of
spittlebug design plants plants/year

POP01-2008 M.spectabilis RCBD 270 270

POP02-2009 M.spectabilis RCBD 148

POP03-2009 D. schach RCBD 84

POP04-2009 M .spectabilis FABD 552 784

POP05-2010 D. schach RCBD 252

POP06-2010 M.spectabilis RCBD 430

POP07-2010 D. schach RCBD 216

POP08-2010 M .spectabilis FABD 297

POP09-2010 M.spectabilis RCBD 450 1645

POP10-2011 M.spectabilis RCBD 180 180

POP11-2012 M .spectabilis RCBD 102

POP12-2012 M.spectabilis RCBD 216

POP13-2012 D.schach RCBD 78

POP14-2012 M.spectabilis FABD 240 636

POP15-2013 M.spectabilis FABD 640

POP16-2013 M.spectabilis RCBD 128

POP17-2013 M.spectabilis RCBD 240

POP18-2013 M.spectabilis RCBD 120

POP19-2013 M .spectabilis RCBD 408 1536

POP20-2014 M.spectabilis RCBD 414

POP21-2014 M .spectabilis RCBD 240

POP22-2014 M .spectabilis FABD 24

POP23-2014 D.schach FABD 132 810

POP24-2015 D.schach RCBD 315

POP25-2015 D.schach RCBD 428

POP26-2015 D.schach RCBD 368 1111

POP27-2016 M.spectabilis FABD 200

POP28-2016 M.spectabilis RCBD 750 950

POP29-2017 M .spectabilis RCBD 315 315

POP30-2018 M.spectabilis RCBD 300 300

POP31-2019 M.spectabilis FABD 539

POP32-2019 M .spectabilis RCBD 90 629

POP33-2020 D.schach FABD 1673 1673

POP34-2021 D.schach FABD 781 781

POP35-2022 D.schach FABD 357 357

POP36-2023 M .spectabilis FABD 1137 1137
Total plants evaluated 13114

Federer augmented blocks design = FABD; Randomized complete block design = RCBD.
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2.5 Conducting the Experiments

To evaluate the nymphal survival of spittlebugs, for experiments carried out
between 2008 and 2013, U. ruziziensis plants (the seedlings obtained as described in
Section 2.3) were grown for 60 days in spittlebug rearing units made of PVC measuring
5 cm in diameter x 8 cm in height. In experiments conducted between 2014 and 2019,
plants were grown in plastic pots measuring 7.5 cm in diameter x 11 cm in height. The
plants evaluated between 2008 and 2019 had the surface layer of soil removed with
the aid of a water jet, ensuring the exposure of the superficial roots of the plants, which
were the feeding sites for the nymphs of these cercopids.

In trials conducted between 2020 and 2023, the seedlings obtained as
described in Section 2.3 were maintained in the same tubes (4 cm in diameter and 14
cm in height) for 60 days, and to stimulate the growth of the roots, which were the
feeding sites for the nymphs of the insect pest, the lower part of the tube containing
the plant to be evaluated was inserted over an empty tube with the same dimensions.

Each plant was infested with six eggs of the insect pest at stage S4, and to
prevent the nymphs from escaping, the pots were properly closed, packed in trays, and
kept in a greenhouse for a period that varied between 30 and 40 days, depending on
the abiotic factors of the experimental period. After this period, surviving nymphs from
the second to fifth instars were counted. The plants tested against insects were never
re-evaluated in subsequent experiments. Only their descendants, obtained by crossing
the genotypes, were selected. The abiotic factors were recorded with the aid of a data
logger and transferred to a computer using HOBOware® version 3.7.17 software
(Onset Co., Ltd., Pocasset, MA, USA). In the experimental period, the mean
temperature was 25.6 -C (minimum = 15.4 -C, maximum = 45.9 C) and the mean
relative humidity was 80.2% (minimum = 29.6%, maximum = 98.5%) (Supplementary
Table S1).

2.6 Experimental Design

The experimental design was completely randomized blocks or Federer-
augmented blocks, depending on the selection cycle (Table 1). Nymphal development
was allowed to proceed without interference until full maturity. The survival of nymphs
from the second to fifth instars was evaluated following the adapted methodology
described by Cardona et al. [24], where the number of live nymphs present in each pot

was recorded to calculate the percentage nymph survival, which was then used to
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classify the genotypes as resistant (£33% survival) or susceptible (>33%). Genotypes
considered resistant were selected, intercrossed, and their progenies propagated by

seeds and evaluated in subsequent cycles.

2.7 Statistical Analysis

To compare the nymphal survival of M. spectabilis between the years, the data
were tested by analysis of variance and the means were compared using the Scott
Knott test at 5% probability, using SISVAR 5.1 software (Universidade Federal de
Lavras-Minas Gerais, Brazil).

Additionally, the data also were analyzed using Henderson’s linear mixed model
approach [25]. The variance components were estimated using the residual maximum
likelihood method, with significance verified using the likelihood ratio test at 5%
probability. BLUE (best linear unbiased estimator) estimates were obtained for the fixed
effects, and BLUP (best linear unbiased predictor) predictions were obtained for the
random effects.

The individual analyses for each experiment considering the fixed control and
random genotypes of the U. ruziziensis were carried out using the Ime4 package [26]
in R software [27] according to the following statistical model:

y=1u+Xp: + Zpup + Zyuy + e, (1)

where y is a vector of data; u is a constant associated with the data; g, is a vector of
fixed effects of the population of regular genotypes and of the control; and u,, is a vector
of block effects, where u,~N (0, I,67). I,, is an identity matrix of order b, where b is the
number of blocks and ¢ is the variance associated with the block effect; u, is a vector
of the effects of regular genotypes, where ug~N(0, Igaj). I, is an identity matrix of
order g, where g is the number of regular genotypes of U. ruziziensis and o/ is the
variance associated with the effect of regular genotypes; e is the vector of errors, where
e~N(0,I,02). I, is an identity matrix of order n, where n is the amount of useful data
and ¢ is the variance associated with the experimental error; 1,X,,Z,, Z, represents
the vectors of 1 s of order n, which are the design matrices of the effects g;, u;, uy,

respectively.
The following parameters were estimated from the individual analyses: the

selective accuracy on genotype average (rgg) using the estimator [28]: 75, = |1 — Pg,

9
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where PEV is the average variance of the prediction error associated with the genotype

BLUP; the coefficient of experimental variation (CV,) using the estimator (Pimentel-

CH
Gomes 2000) CV, = g where yis the overall mean of each experiment; and the

generalized heritability (hf) of [29] on the genotype mean, given by hé =1- [V“—f’f]

2><crg
where vg,yp is the average variance of the prediction error of the difference between
the BLUPs of two genotypes.
Genetic progress was then estimated using the method of the Vencovsky et al.
[30], which is based on genotypes from the breeding population in two successive
years. The average genetic gain (GG) per year relative to the previous year was

estimated using the following equation:

o T =)= (5 - %) )
n—1

where y; and y; are the averages of the regular genotypes in years i and j, respectively,
where j =i+ 1; and y., and ycj are the averages of the genotypes of the U. ruziziensis
in years i and j, respectively.

In addition, a graphical analysis of the percentage of genotypes associated with
nymphal survival was carried out for the experiments conducted each year. With this
information, for each year, the frequency of genotypes was divided into 2 groups of
plants were considered, one composed of plants that showed nymphal survival equal
to or less than 33% and the other with nymphal survival greater than 33%, following to
the classification adapted established by Cardona et al. [24] for those genotypes that

were considered resistant and susceptible, respectively.

3 Results

A discrepancy was observed in the nymphal survival of spittlebug nymphs fed
on U. brizantha and U. decumbens plants, which were used as the resistant and
susceptible controls, respectively. According to all the experiments, the average
genotypic value for nymphal survival of the insects that fed on the cultivar Marandu (U.
brizantha) was 55.18% of that observed when the host was the cultivar Basilisk (U.
decumbens) (Table 2). The only exception was when the experiment was conducted

in 2019, when the average genotypic values for nymphal survival were similar.
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Table 2. Average genotypic values for nymphal survival of spittlebugs on Urochoa
ruziziensis genotypes and resistant and susceptible control plants and estimates of
genetic gain each year (year/year) or considering the first evaluation cycle (year/first
year) in the period from 2008 to 2023.

Average genotypic value + SE Genetic gain (%)
Year Genotypes (?f u Standard Year/year Year/first year
Tuziziensis Resistant Susceptible
2008 63.73 + 24 35.00 + 8.03 66.67 + 10.54 - -
2009 4345 + 3.0 34.38 + 6.57 60.90 + 4.60 -31.81 -31.81
2010 50.80 + 4.0 22.04 + 5.68 50.10 + 4.99 16.91 11.53
2011 39.05 + 6.5 26.67 + 9.87 58.62 + 11.48 -23.14 -18.45
2012 50.75 + 6.4 4521 + 6.34 56.71 + 5.44 29.96 18.36
2013 5891 + 4.1 30.93 + 4.49 60.43 + 4.74 16.09 12.81
2014 5142 + 6.5 25.83 + 2.69 66.76 + 3.41 -12.72 -11.76
2015 60.84 * 2.5 55.79 + 7.48 76.60 * 5.83 18.32 14.78
2016 40.55 + 3.9 40.00 + 7.18 75.00 + 9.69 -33.36 -31.84
2017 29.67 +52 36.67 + 13.33 63.33 + 6.24 -26.81 -17.06
2018 37.00 + 7.6 0.00 + 0.00 26.67 + 19.44 24.68 11.49
2019 51.55 + 8.4 46.69 + 5.08 46.28 + 5.01 39.32 22.83
2020 18.02 + 1.2 19.57 + 4.10 35.51 + 4.64 -65.05 -52.62
2021 23.67 + 1.4 9.77 + 293 2529 + 4.58 31.41 8.88
2022 4240 + 25 37.88 + 8.44 57.58 + 11.32 79.11 29.39
2023 32.83 +22 14.35 £ 5.79 4491 + 7.04 -22.59 -15.03
Average 4341 + 424 30.05 + 6.13 54.46 + 7.44
Genetic gain -1.00 -15.00

* Initial plant population—no data to estimate gain. For genetic gain, negative values
(-) indicate a reduction in the survival of the insect pest and positive values (+) indicate
an increase in the survival of the insect pest in the evaluated population.

The general averages, considering all the experiments carried out during the
study period, for the genotypic value for nymphal survival of D. schach and M.
spectabilis nymphs were 43.41% when fed on the different genotypes of U. ruziziensis
and 30.05% and 54.46% for the resistant and susceptible controls, respectively. Even
though it is considered resistant, the Marandu cultivar provided conditions for the
development of insects (Table 2), but the average survival rate was less than 33%.

In each of the experiments conducted in different years, variability was observed
between the genotypes of U. ruziziensis that arose from different selection cycles (F =
124.6; p < 0.0001, df = 15). In the first trial, carried out in 2008, a 41 to 100% variation
in the nymphal survival of the insect pest was observed, with an average of 63.72% for

the genotypic value for nymphal survival, which was the highest average for the period
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from 2008 to 2023, characterized as a population of plants susceptible to spittlebugs
(Table 2, Figure 1).
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Figure 1. Average genotypic value for the nymphal survival of spittlebugs in genotypes
of Urochloa ruziziensis, the resistance standard, and the susceptible standard
evaluated over 16 cycles of recurrent selectio

In successive experiments conducted over the years, a reduction in nymphal
survival was observed, demonstrating the success of the selection of U. ruziziensis
plants, given that the improved plants were unfavorable to the development of insects
in each cycle. The lowest averages (F = 124.6; p <0.0001; df = 15) for nymphal survival
were observed in assessments carried out in 2020 and 2021, followed by 2017, 2018,
and 2023 (Table 1, Figure 1). Although the average genotypic value for the nymphal
survival of the improved genotypes was always lower than that of the initial plant
population, the sets of plants evaluated in 2010, 2012, 2013, 2015, 2018, 2019, 2021,
and 2022 showed increases in the average genotypic value of nymphal survival in
relation to the population tested in the previous year (Table 2, Figure 1).

Acording to the data from the first and last years, there was a reduction of
51.49% in the genotypic value of survival spitllebug nymphs that fed on U. ruziziensis
plants. In other words, the original population presented a genotypic value of 63.73%,

while for the improved population this value was 32.83% on average (Table 2, Figure

1),
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Given the genetic variability of U. ruziziensis, it was possible to estimate the
genetic gain from selection using the genotypic value for the nymphal survival of
spittlebug nymphs (Table 2). The heritability (h2g) was estimated and varied from
38.40 to 12.20 for the genotypic values of nymphal survival in the U. ruziziensis
genotypes tested between 2008 and 2023. The selective accuracy values were
moderate to high in 80% of the evaluated population.

Excluding the environmental component present in the evaluations, the estimate
of the genetic gain with the selection of plants less favorable to the development of
spittlebug nymphs was 15%, with a 1% gain per year (Table 2).

The increase in the number of individuals with the desired phenotype was also
observed graphically, as shown in figures 2 and 3. In the first evaluation, which was
carried out in 2008, no plants were observed in the 16.7 and 33% nymphal survival
classes. In contrast, according to the data from the 2023 population assessments, the
majority of the tested plants exhibited this phenotype, that is, low insect survival. More
than 50% of the plants evaluated in the first 8 years of selection, that is, between 2008
and 2015, had nymphal survival greater than 33%. In populations evaluated between
2016 and 2023, excluding only the population evaluated in 2019, more than 50% of
the tested genotypes had nymphal survival rates less than 33%, reinforcing the greater
possibility of identifying and selecting resistant materials in improved populations due
to the increase in the frequency of resistance genes to spittlebugs (Figure 2). Recurrent
selection contributed to a considerable increase in the number of genotypes resistant
to the insect pest, considering that after 16 selection cycles in POP36-2023,
approximately 63% of the genotypes, a total of 716 plants, had nymphal survival equal

to or less than 33% (Figures 2 and 3).
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Figure 2. Annual frequency distribution of genotypes (%) of Urochloa ruziziensis with
nymphal survival greater than 33% (susceptible) or equal to or less than 33%
(resistant) between 2008 and 2023.
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Figure 3. Frequency distribution of genotypes (%) of Urochloa ruziziensis with nymphal
survival greater than 33% (susceptible) or equal to or less than 33% (resistant).

4 Discussion

Although U. ruziziensis has good nutritional quality and is accepted by livestock,
this forage species was practically abandoned by rural producers at the end of the last
century. Among the main reasons for this abandonment was its susceptibility to
spittlebugs [31]. In the early 2000s, however, U. ruziziensis began to be cultivated
again, its planted area annually expanding, and is currently the main forage species
used in integrated cultivation systems involving crops, livestock, and forestry (ILPF)
[31]. As it is fully diploid and sexual, unlike other species of the genus, the generation
and use of genetic variability is more viable. This approach facilitates and favors
genetic improvement, which has achieved considerable gains for different traits of
forage importance, based on the phenotypic recurrent selection strategy. Even for
resistance to spittlebugs, the main pest that attacks this forage in Brazil, the results of
the selection cycles were promising [32].

With this plant improvement strategy, it is possible to evolve from a population
of plants susceptible to spittlebugs to an improved population in which more than 60%
of the plants are considered resistant to the insect pest (Figures 2 and 3). Cardona et
al. [24] studied the resistance of the genus Urochloa to spittlebugs and established that
plants with a nymphal survival percentage less than 33% should be considered

resistant to this pest. This category includes, for example, the cultivar Marandu (U.
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brizantha), which is considered a standard of resistance to spittiebugs in Brazilian
growing conditions. In the first assessment of resistance to spittlebugs, which was
carried out in 2008, 100% of the genotypes showed nymphal survival greater than
33%. After 16 selection cycles, approximately 63% of the plants showed nymphal
survival less than 33% and were considered resistant to spittlebugs notypes showed
nymphal survival greater than 33%. After 16 selection cycles, approximately 63% of
the plants showed nymphal survival less than 33% and were considered resistant to
spittlebugs (Figures 1-3).

The average genotypic values for nymphal survival obtained for the Basilisk and
Marandu cultivars reinforced the idea of them being representative cultivars of
susceptibility and resistance to spittlebugs, respectively, and demonstrated that these
cultivars were suitable for use as standards in our study (Table 2, Figure 1). These
results reinforce the efficiency of the evaluations and the ability of the methodology to
detect differences in the genotypic value for the nymphal survival of spittlebug nymphs
in host Urochloa plants over 16 cycles of recurrent selection.

Similar results showing increases in resistance to spittlebugs for Urochloa
species via recurrent phenotypic selection have already been reported by other
authors [33—40].

Employing this same improvement strategy, Miles et al. [34] managed to identify
promising Urochloa plants in terms of resistance to spittlebugs, starting from the fifth
selection cycle. In the current work, in the second selection cycle, it was verified that
almost 20% of the evaluated genotypes were considered resistant to spittlebug
nymphs, and from the eighth selection cycle onward, at least 50% of the evaluated
materials showed nymphal survival less than 33% and were therefore considered
resistant. In this context, it is important to highlight the unprecedented fact of this
research, in which 16 cycles of recurrent selection of U. ruziziensis were conducted,
increasing the reliability of the genotypes selected as resistant to spittlebugs.

According to Miles et al. [34], there is a need for subsequent cycles to increase
favorable alleles for resistance to spittlebugs. This increase in favorable alleles within
the improved population makes it possible, in practice, to more easily identify
individuals who presente the desired phenotypic characteristics as they become more
frequent. This fact is evidenced in the present work, in which in subsequent cycles of
recurrent selection, the evaluated genotypes promoted a considerable reduction in the

survival of D. schach and M. spectabilis nymphs. The recurrent selection strategy has
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been used successfully in several crops with varied objectives, always aiming to
increase the allelic frequency and, consequently, favorable genotypes within the
improved population [41-44].

The heritability was considered moderate-to-high according to the classification
proposed by Resende 2002 [45]. Heritability indicates the degree by which individuals
pass their traits over the generations and can also imply something about the genetic
control of traits. In this sense, a high heritability value indicates that there is a good
chance of genetic gain from selection [46].

The mean heritability for clones from the initial population was 38.40% for the
average genotype value for nymphal survival, showing that the variability of plant
resistance traits against D. schach and M. spectabilis can be transferred to subsequent
generations. Also, these results indicate the efficiency of selection within U. ruziziensis
for plant resistance traits. Similarly, Silva et al. [47] reported a high heritability for the
resistance traits of U ruziziensis against Collaria oleosa (Hemiptera: Miridae).

According to Juhasz et al. [48], accuracy refers to the correlation between the
expected genetic values and the true genetic value of an individual. The higher the
accuracy to a given individual, the higher the reliability of the assessment and the
expected genetic value, as well as the higher the gain from selection. In the current
work, we estimated a value above 60% for the genotypic values of nymphal survival in
the U. ruziziensis genotypes tested, reinforcing the reliability of the results.

The estimated gain from selection is influenced, among other factors, by the
heritability of the trait under consideration and the intensity of selection applied to each
cycle [42,49-51]. In all selection cycles carried out within the breeding program, an
average selection intensity was adopted, in the range of 20% of the individuals
evaluated. This association led to an estimate of genetic gain with selection of 1% per
year, that is, a 15% gain in the period evaluated (Table 2), indicating that within the
improved population, there is, over time, an increase in the frequency of favorable
alleles related to resistance to cercopid nymphs favoring their selection in future cycles.

Recurrent phenotypic selection is a method that allows the insertion of new
sources of variability throughout breeding cycles [42,50]; this method is efficient for the
improvement of forage plants and can be verified in the working population of U.
ruziziensis under evaluation in this work. The genetic improvement of any plant species

aims to increase different characteristics to obtain a product that meets demand, and
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different characteristics generally increase in each species. These different
characteristics can occur at the same time or in isolation [50,52].

When selection is carried out for different traits at the same time, normally, the
gains obtained for each trait are smaller than they would be if they were carried out
individually, even if heritability is high [50,52]. The improvement of U. ruziziensis aims
to obtain cultivars that combine high production, high biomass quality, and tolerance
to the main abiotic stresses, such as drought, cold, and toxic aluminum, and biotic
stresses [32]. As a result, the estimated gains from selection for resistance to the insect
pest in this work were not linear over the years (Figure 1). Although unfavorable, these
results were expected within the breeding strategy used, as recurrent selection was
not based solely on resistance to the insect and there was interest in introducing other
alleles into the population.

It was observed that in years in which greater emphasis was placed on the
selection of plants resistant to spittlebugs, the gains obtained for this characteristic
were more pronounced, which was the case for populations evaluated between 2008
and 2009, 2016 and 2017, and 2019 and 2020. Conversely, when selection did not
prioritize this characteristic or new genotypes were inserted into the working population
aiming to increase the genetic variability, the gain estimates for resistance to
spittlebugs were unfavorable and there was an increase in the nymphal survival of the
insect pest. Similar results for a reduction in the average number of populations
improved by the introduction of genetic variability from germplasm banks or other
sources have been commonly noted in different crops [52,53].

According to Souza Sobrinho et al. [31], improved forages contribute to the food
security of livestock by reducing the chances of limited forage availability due to pest
attacks and by providing alternative cultivars, thereby reducing the genetic vulnerability
that occurs when cultivating large areas with just one or a few forage species/cultivars.
It is therefore suggested that the improved population in the current research be
subjected to a new stage, in which it will be cloned and subjected to attack by the insect
pest in order to confirm the resistance of U. ruziziensis, guaranteeing the producer a
reduction in the problems caused by spittlebug.

It can be observed from the results of this work that the gains from selection for
resistance to pasture spittlebugs in U. ruziziensis are considerable and of great
relevance for this forage species. Therefore, the strategy adopted by the U. ruziziensis

breeding program is efficient, resulting in gains for most of the characteristics evaluated
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throughout the cycles. In the current improved population (POP36-2023), new cultivars
that combine important forage characteristics, such as resistance to spittlebugs, are

expected, which seemed impossible or at least unlikely a few years ago.

5 Conclusions

Thus, after 16 cycles of recurrent selection, it became possible to identify 716
genotypes of U. ruziziensis with nymphal survival rates less than 33%, that is, those
resistant to D. schach and M. spectabilis, enabling the development of a cultivar

resistant to these spittlebugs.
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3 CAPITULO 2

Validacao da resisténcia as cigarrinhas-das-pastagens em progénies de
Urochloa ruziziensis (Poales: Poaceae) apos dezesseis ciclos de selegao

recorrente

RESUMO

As gramineas forrageiras s&o a base da alimentacdo do rebanho bovino
brasileiro. Apesar de possuirem boa palatabilidade e qualidade, a maioria dessas
forrageiras € suscetivel as cigarrinha-das-pastagens. Dessa forma, o presente
estudos foi desenvolvido com objetivo de validar a populagdo melhorada de Urochloa
ruziziensis, oriunda de dezesseis ciclos de seleg¢ao recorrente, quanto a resisténcia as
ninfas de Deois schach (Fabricius) e Mahanarva spectabilis (Distant) (Hemiptera:
Cercopidae). Além das progénies melhoradas, avaliou-se a sobrevivéncia ninfal em
U. ruziziensis comercial, cv Kennedy (tratamento controle). O experimento foi
conduzido em blocos, e foram avaliadas 54 progénies melhoradas de U. ruziziensis
quanto a resisténcia a D. schach e, 87 progénies quanto a resisténcia a M. spectabilis.
Dentre esses materiais, foram avaliadas simultaneamente 52 progénies quanto a
resisténcia as duas espécies de cigarrinhas-das-pastagens. Cada planta foi infestada
com seis ovos do inseto-praga, no ultimo estadio embrionario (S4), e mantidas em
casa de vegetacao por 35 dias. Apos esse periodo a sobrevivéncia das ninfas do
primeiro ao quinto instar foi avaliada e a partir desses dados foi calculada a
sobrevivéncia ninfal. Para a espécie D. schach a sobrevivéncia ninfal média nas
diferentes progénies variou de 19 a 64%, com média geral de 36,3%. Ja para M.
spectabilis, a média geral da sobrevivéncia ninfal foi de 25,4% com uma amplitude de
0 a 57%. Constatou-se que 21 progénies foram classificadas como resistentes a D.
schach (Sobrevivéncia ninfal inferior a 33%) e 73 progénies resistentes a M.
spectabilis. Além disso, foram identificadas 19 progénies simultaneamente resistentes
as duas espécies dos insetos-praga. A sobrevivéncia ninfal das cigarrinhas-das-
pastagens na populagao de U. ruziziensis melhorada foi significativamente inferior a
da U. ruziziensis comercial, demonstrando a eficacia da selegao recorrente para

obtencao de forrageiras resistentes a esses cercopideos. A populagao obtida pelo



43

programa de melhoramento de forrageiras esta cada vez mais préxima da obtengao

de cultivares de U. ruziziensis resistentes as ninfas de D. schach e de M. spectabilis.

Palavras-chave: cercopideos; forrageiras; insetos-praga
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ABSTRACT

Forage grasses constitute the primary diet of Brazilian cattle. Although they offer
good palatability and nutritional quality, the majority are highly susceptible to pasture
spittlebugs. Therefore, this study was conducted with the objective of validate the
progeny of Urochloa ruziziensis genotypes from sixteen cycles of recurrent selection
for resistance to the nymphs of Deois schach (Fabricius) and Mahanarva spectabilis
(Distant) (Hemiptera: Cercopidae). Genotypes of U. ruziziensis from 16 cycles of
selection for resistance to spittlebug from Embrapa Gado de Leite's forage
improvement program were used in this research. In addition to the improved
genotypes, nymphal survival was assessed in commercial U. ruziziensis, cv Kennedy.
The experiment was conducted in completely randomized blocks, and 54 improved
genotypes of U. ruziziensis were evaluated for resistance to D. schach and 87
genotypes for resistance to M. spectabilis. Of these materials, 52 genotypes were
evaluated simultaneously for their resistance to the two species of spittlebug. Each
plant was infested with six eggs of the insect pest at the last embryonic stage (S4) and
kept in a greenhouse for 35 days. After this period, the survival of the first to fifth instar
nymphs was assessed, and the percentage of nymphal survival was calculated from
this data. For D. schach, average nymphal survival in the different genotypes ranged
from 19 to 64%, with an overall average of 36.3%. For M. spectabilis, the overall
average nymphal survival was 25.4%, with a range from 0 to 57%. It was found that
21 genotypes were classified as resistant to D. schach (nymphal survival of less than
33%) and 73 genotypes as resistant to M. spectabilis. In addition, 19 genotypes were
identified as simultaneously resistant to both species of insect pest. The nymphal
survival of spittlebugs in the improved U. ruziziensis population was significantly lower
than that of commercial U. ruziziensis, demonstrating the effectiveness of recurrent
selection in obtaining forage plants resistant to these cercopids. The population
obtained by the forage improvement program is getting closer to obtaining U.
ruziziensis cultivars resistant to D. schach and M. spectabilis nymphs.

Keywords: cercopidae; forage grass; insect pests
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3.1 Introdugao

As forrageiras sdo a base da alimentagao do rebanho bovino brasileiro, que é
estimado em 197 milhdes de cabegas em uma area de 161 milhées de hectares
ocupadas por pastos (REPORT, 2024). Estima-se que 80% da area de pastagem do
Brasil é cultivada com gramineas do género Urochloa (EMBRAPA, 2021), sendo a
Urochloa brizantha (Hochst. ex A. Rich.) Stapf (synonym Brachiaria brizantha) cv.
Marandu a forrageira predominante (SANTOS FILHO, 1998). Apesar das vantagens
apresentadas por essa cultivar, como a resisténcia a cigarrinha-das-pastagens, o bom
valor forrageiro e a alta produgdo de massa verde, sabe-se que existe alta
vulnerabilidade genética nesse sistema de monocultivo; pois, de acordo com Assis
(2009) as extensas areas ocupadas por essa cultivar estdo sujeitas a um colapso,
desencadeado por fatores bidticos ou abidticos para os quais ela n&ao foi selecionada
inicialmente.

Nesse contexto, estudos veem sendo desenvolvidos com a Urochloa
ruziziensis ((R. Germ. and C.M. Evrard) Crins (synonym Brachiaria ruziziensis) Poales:
Poaceae) que por ser espécie diploide com reprodugao sexuada, € possivel realizar
a selecdo e recombinagdo de gendtipos e selegdo daqueles melhores (Souza
Sobrinho 2005). No entanto, apesar da boa palatabilidade e qualidade, essa forrageira
€ suscetivel a cigarrinha-das-pastagens (LASCANO e EUCLIDES 1996, KELLER-
GREIN et al. 1996, SOTELO et al. 2008, SOUZA SOBRINHO et al. 2010). Dentre as
pesquisas de destaque com essa espécie forrageira, estdo aquelas que fazem a
caracterizagao da resisténcia a ninfas de cigarrinhas-das-pastagens (CARDONA et al.
2004; SOUZA SOBRINHO et al. 2010; ALVARENGA et al. 2019; RESENDE et al.
2024) e o desenvolvimento de plantas forrageiras com resisténcia do tipo antibiose,
por meio da selegéo recorrente de forrageiras (MILES et al. 2006; RESENDE et al.
2024). Ressalta-se a importancia desses estudos; pois, o ataque das cigarrinhas-das-
pastagens reduz, dentre outros aspectos, a qualidade da forragem, o seu crescimento,
producdo de matéria seca, palatabilidade e persisténcia (AUAD et al. 2007; VALERIO
e NAKANO 1988; PECK E THOMPSON 2008; SOUZA SOBRINHO et al. 2010;
RESENDE et al. 2014; CONGIO et al. 2020; RESENDE et al. 2024).

Dentre as espécies de cigarrinhas-das-pastagens mais frequentes no Brasil
estdo as dos géneros Deois (VALERIO et al. 2001) e Mahanarva (AUAD et al. 2007).

Tendo em vista que o controle quimico desses cercopideos é economicamente e
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ecologicamente pouco favoraveis, a busca por gendétipos resistentes é o método de
controle mais indicado (SOUZA SOBRINHO et al. 2010). Neste contexto, a Embrapa
Gado de Leite vem conduzindo o programa de melhoramento de U. ruziziensis, ao
longo de 17 anos, visando, dentre outras caracteristicas, a resisténcia por antibiose
as cigarrinhas-das-pastagens Deois schach (Fabricius) e Mahanarva spectabilis
(Distant) (Hemiptera: Cercopidae), por meio de ciclos de selegdo recorrente, para
obtencao de uma cultivar de U. ruziziensis que proporcione baixa sobrevivéncia ninfal
das cigarrinhas-das-pastagens (AUAD et al. 2011; AUAD et al. 2013; AUAD et al.
2014; AUAD et al. 2015; AUAD et al. 2016; RESENDE et al. 2024).

A selecéo recorrente € um processo ciclico de selecéo de individuos ou familias
dentro de uma populagdao geneticamente heterogénea, seguido de recombinagao
(intercruzamento) dos individuos selecionados para formar uma nova populagao; esta,
por sua vez, é utilizada para iniciar novo ciclo de selecdo (CORDEIRO 2001;
RAMALHO et al. 2001). E um processo dinamico e continuo, que envolve a obtengao
de individuos, a avaliacédo, a selecao e o intercruzamento dos melhores, visando,
desse modo, aumentar a frequéncia de alelos favoraveis (GERALDI 1997). Nesse
contexto, Resende et al. (2024) verificaram que a selec¢ao recorrente contribuiu para
um aumento consideravel no numero de progénies de U. ruziziensis resistentes a duas
espécies de cigarrinhas-das-pastagens. Esses autores constataram que apods 16
ciclos de selecdo aproximadamente 63% das progénies avaliadas apresentaram
sobrevivéncia ninfal igual ou inferior a 33%.

Dessa forma, o presente estudos foi desenvolvido com o objetivo de validar
uma populagdo melhorada de U. ruziziensis, ap0s dezesseis ciclos de selecao

recorrente, quanto a resisténcia as ninfas de D. schach e M. spectabilis.
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3.2 Material e métodos
3.2.1 Localizacao

Os experimentos foram conduzidos no Laboratério de Entomologia e casa de
vegetacdo da Embrapa Gado de Leite, no municipio de Juiz de Fora, Minas Gerais e,

no Campo Experimental José Henrique Bruschi, Coronel Pacheco, Minas Gerais.

3.2.2 Obtencéo e cultivo das plantas forrageiras

Uma populagdo melhorada de U. ruziziensis advinda de 16 ciclos de selegao
quanto a resisténcia as cigarrinhas-das-pastagens, originaria do programa de
melhoramento de forrageiras da Embrapa Gado de Leite foi utilizada na presente
pesquisa. Além da populacdo melhorada, avaliou-se a sobrevivéncia ninfal em U.
ruziziensis comercial, cv Kennedy, com a finalidade de comparar a resisténcia as
cigarrinhas-das-pastagens entre a populagdo melhorada e a cultivar comercial.

Adotou-se as cultivares comerciais U. decumbens Stapf (sinonimia Brachiaria
decumbens) cv. Basilisk como padrao de suscetibilidade, e a U. brizantha (Hochst. ex
A. Rich.) Stapf (sinbnimo Brachiaria brizantha) cv. Marandu como padréo de
resisténcia as cigarrinhas-das-pastagens.

As plantas forrageiras foram cultivadas a partir de sementes em bandejas
plasticas contendo substrato comercial (Carolina Soil®-Composi¢ao: Turfa de
Sphagnum, vermiculita expandida, calcario dolomitico, gesso agricola e adubo NPK),
e se desenvolveram por 40 dias, apds esse periodo foram transplantadas para tubetes

(4 cm de diametro e 14 cm de altura), contendo o0 mesmo substrato.

3.2.3 Obtencéao dos ovos das cigarrinhas-das-pastagens

Adultos das espécies D. schach e M. spectabilis foram coletadas no Campo
Experimental da Embrapa Gado de Leite. Esses foram levados para o Laboratério de
Entomologia, separados por espécie e colocados em gaiolas (30 x 30 x 55 cm). As
forrageiras (Urochloa decumbens para D. schach e Cenchrus purpupeus (sinbnimo
Pennisetum purpureum) para M. spectabilis) foram mantidas no interior da gaiola e
serviram de substrato alimentar para o inseto. Além disso, a base da planta e o
assoalho da gaiola foram cobertos com gaze hidrdfila, que foi utilizada como substrato

de oviposigao para as cigarrinhas.
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A cada 4 ou 5 dias as gazes, que continham os ovos, foram retiradas das
gaiolas e submetidas a um jato de agua sobre um conjunto de peneiras. Os ovos
extraidos ficaram retidos numa peneira de 400 mesh. Em seguida, os ovos foram
transferidos para placas de Petri cobertas com papel filtro e, periodicamente
umedecidas com uma solugdo a base de sulfato de cobre a 1%, para evitar
contaminagao com fungos. As placas contendo os ovos foram identificadas com a data
e com a espécie de cigarrinha, agrupadas em bandejas e acondicionadas em camara
climatizada a 25 + 2°C com fotofase de 12 h e umidade relativa de 70 £ 10%, até que
0s ovos atingissem o estagio S4 (estadio embrionario proximo a eclosédo da ninfa) e

foram destinados aos experimentos.

3.2.4 Bioensaio

As plantas foram mantidas em tubetes (4 cm de didmetro e 14 cm de altura)
por 60 dias. Para estimular o crescimento das raizes, sitio de alimentagao das ninfas,
na parte inferior de cada tubete, contendo as plantas, foi inserido um tubete vazio com
as mesmas dimensdes.

O experimento foi conduzido em blocos, e para a populacédo de U. ruziziensis
melhorada foram avaliadas 54 progénies, com 8 repeticdes, quanto a resisténcia a D.
schach e 87 progénies, com 7 repeticdes, quanto a resisténcia a M. spectabilis,
perfazendo o total de 1041 plantas de U. ruziziensis. Dentre esses materiais, foram
avaliados simultaneamente 52 progénies quanto a resisténcia as duas espécies de
cigarrinhas-das-pastagens. Ja para a U. ruziziensis comercial adotou-se 38 repeti¢cdes
para D. schach, e 59 repeti¢des para M. spectabilis.

Cada planta foi infestada com seis ovos do inseto-praga no estadio S4, sendo
este nivel de infestagcdo insuficiente para produzir competicdo intraespecifica
(Cardona et al. 1999, 2004). Para evitar a fuga das ninfas, os tubetes foram
devidamente fechados com auxilio de espuma, acondicionados em bandejas e
mantidos em casa de vegetagao por 35 dias. Durante esse periodo, a temperatura
média registrada foi de 25,7°C (variagao de 16,5 a 40,2°C) e a umidade relativa média
de 82,4% (variagao de 47,1 a 97,1%).

A sobrevivéncia das ninfas do primeiro ao quinto instar foi avaliada seguindo a
metodologia adaptada descrita por Cardona et al. (1999), onde o numero de ninfas

vivas presentes em cada tubete foi registado para calcular a percentagem de



49

sobrevivéncia ninfal, e posteriormente utilizada para classificar as progénies como

resistentes, intermediarias ou susceptiveis as ninfas das cigarrinhas-das-pastagens.

3.2.5 Analise estatistica

Para comparar a sobrevivéncia ninfal das cigarrinhas-das-pastagens foi
realizado o teste estatistico do tipo contraste, levando em consideracido a
sobrevivéncia ninfal média geral, independente da espécie de cigarrinha, ou
considerando cada uma das espécies, D. schach ou M. spectabilis. Por meio dessa
analise, comparou-se a sobrevivéncia ninfal média da populacdo de U.ruziziensis
melhorada com a U. ruziziensis comercial, com U. brizantha e com U. decumbens.
Para essa analise, utilizou-se o software SISVAR 5.1 (Universidade Federal de
Lavras-Minas Gerais, Brasil).

Para comparar a sobrevivéncia ninfal de D. schach ou de M. spectabilis entre
as progénies de U. ruziziensis melhoradas e a cultivar de U. ruziziensis comercial, 0s
dados foram submetidos a analise de variancia, e as médias comparadas pelo teste
de Scott Knott a 5% de probabilidade, utilizando o software SISVAR 5.1.

Além disso, foi efetuada uma analise grafica em fungdo da sobrevivéncia ninfal
e as progénies foram classificadas como resistentes (sobrevivéncia ninfal até 33%),
intermediarias (34-50%) ou suscetiveis (acima de 50%) seguindo a classificagdo
estabelecida por Cardona et al. (1999). Essa analise grafica também foi utilizada para
comparar a sobrevivéncia ninfal das 52 progénies avaliadas simultaneamente as duas

especies de cigarrinhas-das-pastagens.

3.3 Resultados

Constatou-se diferencga significativa na sobrevivéncia ninfal de M. spectabilis
em fungao das progénies de U. ruziziensis (F=2,09; p<0,0001; df=54) e também foram
detectados efeitos significativos para a espécie de cigarrinha avaliada (F=76,42;
p<0,0001; df = 01).

Por meio da analise tipo contraste verificou-se proximidade na sobrevivéncia
ninfal entre a populagdo melhorada e a testemunha resistente quando foram
submetidas a M. spectabilis ou quando se desconsiderou a espécie de cigarrinha-das-

pastagens (D. schach e M. spectabilis), porém sobrevivéncias superiores foram
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verificadas nas progénies melhoradas comparadas a cv comercial e a cv susceptivel
(Tabela 1). Para a espécie D. schach o contraste da populagdo melhorada foi

significativo somente com a testemunha susceptivel (Tabela 1).

Tabela 1 — Analise do tipo contraste comparando as progénies de U. ruziziensis
melhoradas com U. ruziziensis comercial, com U. brizantha e com U. decumbens
quanto a sobrevivéncia ninfal de D. schach ou de M. spectabilis ou de D. schach e M.
spectabilis.

Forrageiras U. ruziziensis - CV comercial U. brizantha U. decumbens
p F P F p F
D. schach
0,409 0,68 0,704 0,15 0,023 5,23
U. ruziziensis M. spectabilis
melhorada 0,000 33,65 0,485 0,49 0,000 25,62
D. schach e M. spectabilis
0,000 21,18 0,160 0,52 0,000 23,80

Para a espécie D. schach a sobrevivéncia ninfal média nas diferentes progénies
variou de 19 a 64%, com média geral de 36,3% (Figura 1). Ja para M. spectabilis, a
média geral da sobrevivéncia ninfal foi de 25,4% com uma amplitude de 0 a 57%
(Figura 2). Denotando assim alta variabilidade genética dentro da populagao
melhorada de U. ruziziensis advindas de 16 ciclos de intercruzamentos; além da nitida
diferenca de resposta das progénies em funcdo da espécie de cigarrinha-das-
pastagens.

As progénies de U. ruziziensis melhoradas foram divididas em dois grupos por
meio do teste de Scott-Knot quanto a resisténcia a D. schach (F=1,38, p=0,043,
df=56). O primeiro grupo foi composto por 36 progénies, com sobrevivéncia do
inseto-praga variando 19,5 a 41,8%, e correspondeu a 66% do total de progénies
avaliados para essa espécie. Esse grupo de progénies apresentou sobrevivéncia
ninfal significativamente igual a testemunha resistente, U. brizantha. O segundo grupo
foi composto por 18 progénies, incluindo a cv Kennedy que apresentou sobrevivéncia
ninfal média de 44,4% e da testemunha susceptivel, U. decumbens, com 60,3%

sobrevivéncia ninfal média (Figura 1).
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Figura 1- Sobrevivéncia ninfal de D. schach em progénies de U. ruziziensis
melhoradas, U. ruziziensis (cv. Comercial), e na testemunha suscepitivel (U.
decumbens) e na resistente (U. brizantha). Médias seguidas por letras iguais n&o
diferiram entre si pelo teste de Scott nott ao nivel de 5% de probabilidade.
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Mahanarva spectabilis
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Figura 2- Sobrevivéncia ninfal de M. spectabilis em progénies de U. ruziziensis
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No ensaio em que foi avaliada a resisténcia a M. spectabilis, verificou-se a
divisdo das progénies em dois grupos pelo o teste de Scott-knott (F=2,04, p< 0.0001,
df = 90). O primeiro grupo foi composto por 55 progénies de U. ruziziensis melhoradas
com sobrevivéncia ninfal variando de 0 a 23%, e correspondem a 63,2% do total de
progénies avaliadas para essa espécie. Essas progénies apresentaram sobrevivéncia
ninfal significativamente igual a testemunha resistente, U. brizantha, que apresentou
17,4% de sobrevivéncia ninfal. O segundo grupo foi composto por 32 progénies de U.
ruziziensis melhorados, juntamente com a cv Kennedy e a testemunha susceptivel U.
decumbens com meédia de sobrevivéncia ninfal de 52,5 e 55,5% respectivamente
(Figura 2).

Seguindo a classificagao proposta por Cardona et al. (1999), no qual as plantas
sao selecionadas por promoverem sobrevivéncia ninfal menor que 33%, constatou-se
que 38,9% das progénies, pertencentes a populacdo de U. ruziziensis melhorada,
foram classificadas como resistentes a D. schach , o que corresponde a 21 progénies.
Para essa espécie de cercopideo a U. ruziziensis comercial proporcionou resisténcia
intermediaria, conforme estabelecido pela classificacdo de Cardona et al. (1999) sao
plantas com sobrevivéncia ninfal entre de 34 a 50% (Figura 1). Seguindo esse mesmo
critério para M. spectabilis, classificou-se 87,9% das progénies de U. ruziziensis
melhoradas como resistentes, o que corresponde a 73 progénies. Ja a U. ruziziensis
comercial foi classificada como susceptivel (Figura 2).

Analisando-se as 52 progénies de U. ruziziensis melhoradas, e considerando a
escala proposta por Cardona et al (1999) citada anteriormente, foram identificadas 19
progénies resistentes simultaneamente as duas espécies de cigarrinhas-das-
pastagens (sobrevivéncia ninfal igual ou menor a 33%), 6 progénies com resisténcia
intermediaria (sobrevivéncia ninfal entre 34 e 50%) e apenas 1 progénie susceptivel
(com sobrevivéncia ninfal superior a 50%). Além disso, foi verificado que 17 progénies
apresentaram resisténcia intermediaria para D. schach e foram resistentes a M.
spectabilis e 9 progénies foram susceptiveis a D. schach e resistentes a M. spectabilis
(Figura 3).
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3.4 Discussao

Pragas e hospedeiros estdo sempre buscando alternativas para a
sobrevivéncia, em um processo evolutivo mutuo (PARRA, 2002). As plantas
confrontam diretamente os herbivoros, afetando o desempenho bioldgico,
principalmente em relagao a sobrevivéncia e ao sucesso reprodutivo (GOTYAL et al.
2015). No presente estudo, a variabilidade quanto a sobrevivéncia ninfal de D. schach
e de M. spectabilis na populacédo de U. ruziziensis melhorada foi confirmada. Diante
dessa variabilidade foi possivel identificar, por meio da analise do tipo contraste, que
a populacdo melhorada de U. ruziziensis promove sobrevivéncia ninfal média de D.
schach e de M. spectabilis proxima daquelas alimentadas da testemunha resistente
(U. brizantha), ou seja, houve aumento da frequéncia de alelos de resisténcia as duas
espécies de cigarrinha-das-pastagens na populagdo obtida a partir de gendtipos
advindos de 16 ciclos de selegao recorrente.

No presente trabalho, observou-se variagdo na sobrevivéncia ninfal para as
duas espécies de cigarrinhas-das-pastagens em fungdo das progénies de U.
ruziziensis, o que também foi verificado para diversas espécies desses insetos-praga,
em gendtipos de Urochloa sp., por outros autores (FERRUFINO AND LAPOINTE
1989; LAPOINTE et al. 1992; CARDONA et al. 1999; CARDONA et al. 2004; MILES
et al. 2006; AUAD et al. 2011; AUAD et al. 2014; AUAD et al. 2015; AUAD et al. 2016;
RESENDE et al. 2024) e em Capim-Elefante (AUAD et al. 2007).

O Centro Internacional de Agricultura Tropical (CIAT) foi pioneiro no
desenvolvimento de técnicas para triagem de resisténcia dentro de Urochloa spp para
varias espécies de cigarrinhas-das-pastagens, incluindo Aeneolamia varia (Fabricius,
1787), Notozulia entreriana (Berg, 1879), Mahanarva fimbriolata (Stal, 1854), Zulia
colombiana (Scudder, 1875) e Z. pubsecens (Fabricius, 1794) (CARDONA et al. 1999;
SOTELO et al. 2008; PARSA et al. 2011; AGUIRRE et al. 2013). Essa técnica vem
sendo adotada pelo programa de melhoramento de U. ruziziensis da Embrapa Gado
de Leite por 16 ciclos de selecao (Resende et al. 2024). Na populacao obtida a partir
dos genatipos selecionados no 16° ciclo foi possivel identificar progénies resistentes,
ou pelo menos com resisténcia intermediaria, simultaneamente as duas espécies de
cigarrinhas-das-pastagens avaliadas.

Teste em progénies de U. ruziziensis para verificar o efeito de antibiose as

cigarrinhas-das-pastagens tem sido realizadas desde 2008 (AUAD et al. 2011, 2013,
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2014, 2015, 2016; SOUZA SOBRINHO et al., 2010; RESENDE et al 2024) sempre
destacando a existéncia de variabilidade genética dessa espécie forrageira. E
evidente a atuacgao da selegao recorrente, com aumento da frequéncia de alelos para
resisténcia as ninfas das cigarrinhas-das-pastagens, e conseguente aumento do
numero de progénies resistentes a esses insetos-praga.

Carvalho e Webb (2005) destacam que dada a diversidade entre as espécies
de cigarrinhas-das-pastagens, muitas vezes se pode esperar que os hibridos de
Urochloa selecionados como resistentes a algumas espécies de cigarrinhas-das-
pastagens em testes de resisténcia, apresentem respostas diferentes para outras
espécies. Por meio dos resultados do presente trabalho foi possivel observar tal
ocorréncia, tendo em vista que algumas progénies se apresentaram resistente
exclusivamente a D. schach e outras a M. spectabilis. Porém, foram identificadas 19
progénies resistentes (sobrevivéncia ninfal até 33%) as duas espécies de cigarrinhas-
das-pastagens simultaneamente, demonstrando a eficacia da selegéo recorrente para
obtencao de plantas resistentes as esses cercopideos. Estudos relacionados com a
identificacdo de resisténcia multipla as cigarrinhas-das-pastagens sao fundamentais,
pois o plantio de uma cultivar resistente promovera redugdo das geragdes
subsequentes de mais de uma espécie dos insetos-praga, tendo em vista que
espécies de cigarrinhas-das-pastagens economicamente importantes podem coexistir
em um determinado ambiente (PABON et al. 2007)

A obtencdo de cultivares resistentes as cigarrinhas-das-pastagens tem sido
objetivo constante do programa de melhoramento de forrageiras, tendo em vista o
prejuizo ocasionado por esses insetos-praga. Segundo Ribeiro et al. (2022)
gramineas forrageiras atacadas por Deois flexuosa tem varios parametros afetados,
tais como a produgao de matéria seca, perfilhamento e os teores de fibra e proteina.
Neste contexto, Congio et al. (2020) constataram que Mahanarva sp. pode diminuir a
produtividade da carne bovina em até 74% e o rendimento da forrageira variando de
31 a 43%. Além disso, segundo Valério et al. (2001) e Resende et al. (2014) sob
ataque severo, toda a parte aérea da planta seca e pode até morrer. Neste contexto,
de acordo com Valério et al. (2001) e Aguirre et al. (2013) a resisténcia da planta
hospedeira pode ser um método eficaz para combater as cigarrinhas-das-pastagens,
pois € de baixo custo, sustentavel, ambientalmente correta e € compativel com outras

taticas de manejo.
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Apesar da identificacdo de progénies de U. ruziziensis resistentes
exclusivamente a cada espécie do cercopideo ou simultaneamente a essas, a
populagcdo melhorada de U. ruziziensis ainda apresenta variabilidade genética com
progénies susceptiveis. Embora essa variabilidade seja positiva para a continuidade
do melhoramento visando a resisténcia as cigarrinhas-das-pastagens (populagéo de
trabalho), essa populagdo ndo deve ser usada comercialmente.

E importante destacar que a populagdo de plantas avaliadas no trabalho foi
obtida a partir da populagao avaliada por Resende et al. (2024), a qual ja tinha sido
submetida a 25 ensaios experimentais quanto a resisténcia a M. spectabilis e 11
ensaios quanto a resisténcia a D. schach, o que pode explicar o maior numero de
progénies resistentes a M. spectabilis em comparagao a D. schach no presente
trabalho. Abdeen et al. (2005) e Pabon et al. (2007) destacam a necessidade de
expressdo combinada de genes de defesa com diferentes mecanismos de agédo no
desenvolvimento de resisténcia multipla de plantas a insetos. Assim, novos ciclos de
selegao recorrente quanto a resisténcia as ninfas de D. schach devem ser priorizados,
visando aumentar frequéncia de genes de resisténcia a essa espécie de cigarrinha na
populacao de U. ruziziensis melhorada.

A obtengao de novas cultivares de gramineas forrageiras favorece a mudanca
de monocultura de pastagens extensivas para pastagens diversificadas, com misturas
de gramineas nao hospedeiras, e/ou resistentes contribuindo para a redugao de
hospedeiros para cigarrinhas (BUITRAGO et al. 2022). Por meio dos resultados do
presente trabalho €& evidente a aproximagcdao da obtencdo de cultivares de U.
ruziziensis resistentes as duas espécies de cigarrinhas-das-pastagens avaliadas, pelo
fato de terem ocasionado redugdo da sobrevivéncia ninfal dos insetos-praga
comparado com aqueles alimentados de U. ruziziensis comercial, que apresentou
sobrevivéncia ninfal média de 44% para D. schach e 55% para M. spectabilis,
confirmando a susceptibilidade dessa espécie forrageira, anterior aos ciclos de
cruzamentos para obtencao das plantas resistentes.

Cardona et al. (2010) verificaram, apés selegéo recorrente com base em dados
fenotipicos, que a maioria dos hibridos de Urochloa por eles testados foram
classificados como resistentes devido a baixa sobrevivéncia ninfal. Miles et al. (2006)
destaca que isso é resultado do aumento nos niveis de resisténcia do tipo antibiose e
na combinag&o de resisténcia a varias espécies de cigarrinhas. Resende et al (2024)

também constataram aumento significativa no niumero de plantas resistentes as
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cigarrinhas-das-pastagens, partindo de uma populagdo susceptivel, intercruzadas
anualmente, e apos 16 ciclos de selegdo obtiveram um significativo numero de
progénies resistentes a D. schach e a M. spectabilis. Apesar disso, conforme
observado por meio dos resultados do presente estudo é evidente a necessidade de
novos ciclos de selecdo quanto a resisténcia as ninfas de D. schash, pois a populacao
avaliada ainda apresenta grande segregacdo, pois cerca de 61% das progénies
melhorados ainda apresentam resisténcia intermediaria ou sdo susceptiveis a essa
espécie de cigarrinha-das-pastagens. Por outro lado, pode-se inferir que a obtencao
de uma cultivar dessa espécie forrageira resistente a M. spectabilis esta mais préximo
tendo em vista que aproximadamente 88% das progénies avaliadas no presente
trabalho se apresentaram resistentes a essa espécie de cigarrinha-das-pastagens.
Visando o continuo avanco do programa de melhoramento de U. ruziziensis,
deve-se estabelecer critérios para a selegado simultdnea de progénies resistentes as
ninfas e aos adultos das cigarrinhas-das-pastagens, tendo em vista a capacidade de
dispersao e alto nivel das injurias causadas por essa ultima fase da vida do inseto.
Lopes et al (2009) sugerem que os mecanismos de resisténcia as duas fases de vida
das cigarrinhas-das-pastagens sao independentes. No entanto, considerando a alta
mortalidade ninfal nas progénies resistentes, acredita-se que havera menor numero
de adultos e, consequentemente redugdo nas injurias que levariam a prejuizos na

qualidade e quantidade de forragem ofertada ao gado.
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3.5 Conclusiao

A partir das progénies de U. ruziziensis desenvolvidas, pelo programa de
melhoramento de forrageiras da Embrapa Gado de Leite, a obtengao de cultivares de
U. ruziziensis resistentes as ninfas de D. schach e de M. spectabilis esta cada vez
mais préxima.

A sobrevivéncia ninfal das cigarrinhas-das-pastagens na populacédo de U.
ruziziensis melhorada foi significativamente inferior a da U. ruziziensis comercial,
demonstrando a eficacia da selecdo recorrente para obtengdo de forrageiras
resistentes a esses cercopideos.

Foi possivel selecionar 19 progénies resistentes simultaneamente as duas

especies de cigarrinhas-das-pastagens.
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4 CONSIDERAGOES FINAIS

Apods 16 ciclos de selegao recorrente, foram identificados 716 gendtipos de U.
ruziziensis resistentes aos cercopideos D. schach e M. spectabilis.

As progénies obtidas a partir dos genaétipos de U. ruziziensis melhorados foram
validadas quanto a resisténcia as ninfas de D. schach e M. spectabilis, e foi possivel
selecionar 19 progénies resistentes simultaneamente as espécies de cigarrinhas-das-
pastagens avaliadas.

A sobrevivéncia ninfal das cigarrinhas-das-pastagens na populagéo melhorada
de U. ruziziensis foi significativamente menor em comparagao a cultivar comercial,
evidenciando a eficacia do processo de selegao recorrente na obtengao de forrageiras
resistente a esses insetos-praga.

O programa de melhoramento de forrageiras da Embrapa Gado de Leite
alcangou um numero expressivo de progénies resistentes as ninfas de cigarrinhas-
das-pastagens, aproximando-se cada vez mais da obtengcdo de cultivares de U.

ruziziensis resistentes as ninfas de D. schach e a M. spectabilis.



