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The species of palisade grass presents moderatowocold tolerance, with
development hindered by low temperatures and fowstation that occurs in southern
Brazil. The breeding of this species is difficultedto the presence of apomixis, which
restrict its genetic basis, providing small numizérindividuals in the Brazilian
germplasm bank. The objective of this study wasgémerate genetic variability
associated with cold tolerance in palisade grash estimate the genetic gain in
surviving individuals at low temperatures withinetipopulation (cold levels) and
among populations (M2 and M3 generations). The ex@amt was carried out in
Frederico Westphalen, southern Brazil. Activitiesrevdeveloped in the breeding and
plant production laboratory of the Federal Univigrsif Santa Maria. The climate is
humid subtropical, with occasional frost formatiduaring the winter period. Mutation
induction occurred with the methyl methanesulfor(M&S) mutagen and evaluations
were carried out in controlled germination chamB@00 individuals were evaluated in
order to carry out the study, considering the saiviate as the indicative trait of cold
tolerance. The experimental design was augmenterkblof Federer with intercalated
check varieties, with individuals of the M2 and M@8pulations and control treatments
submitted to five cold levels of 1°C, 0°C, -1°C?C2 and -3°C at 21 days after sowing
(DAS). Surviving seedlings evaluation and expostareextreme cold of -5°C were
proceeded at 26 DAS. The chemical mutation indactienerated genetic variability
for palisade grass individuals and allows genetlection for cold conditions. Genetic
variability in M2 population is greater than M3 pdgtion, allowing to obtain greater
genetic gains for cold tolerance. The palisadesgnastants can be selected in negative
temperatures in controlled germination chamber. Trgest number of surviving
individuals was observed with the cold levels -1(45.85%) and -2°C (45.68%)
associated with extreme cold of -5°C.

INTRODUCTION

The palisade grass growing area in Brazil has as=d in comparison with another forage speciesli&tu
on the genetic diversity in palisade grass haven lweeried out in Brazil (Garciat al, 2013; Torreset al,
2015). However, genetic variability is considered Idue to apomixis and chromosomal irregularitfesz{nato
et al, 2012). In study executed along with the Branriligermplasm bank, which has 222 accessions ofqolalis
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grass, it was also identified ploidy level variatioith amplitude of 2n to 6n, where only one of Hueessions
presented sexual reproduction (Resegidal, 2008). These factors hamper increasing genatiability along
the germplasm banks, conditioned on research tifiginepose alternatives to this expansion.

In the first decades of the ®@entury, the scientific society found the occucemf natural mutations,
which cause changes in the plant DNA, becomingrgoitant historic mark in understanding evolutibmthis
sense, the induced mutations can be consideredrtyehope of plant breeders to get rid of the uaiqu
dependence on nature and speed up the procesgétion and expansion of genetic variability (Adlaf971).
In Brazil, positive results were reported in oabtigh chemical mutation induction, which is presdnas an
alternative to low variability of germplasm bank¥o{mbraet al, 2004).

Recently in the literature, there are studies edraut in chickpea (Wani, 2011) and in cowpea (Mdau
Mehta, 2014), indicating the expansion of gene#igability in traits of interest after mutation unction. In a
study with tomato Jahamt al (2016), identified the methyl methane sulfonate the best inductor,
recommending the same to expand the genetic babethé culture. In lentil culture, appropriate do
inducer also provide increased frequency of deldrafutants, demonstrating their importance to egjmemof
genetic variability in crops (Amiet al, 2015).

This study, come to contribute to the genetic improent of palisade grass and other forage spegigsh
have the presence of apomixes. To which the chémicaation induction might be an alternative to the
expansion of genetic variability with methyl metkasulfonate (MMS), providing higher gain selectfoncold
tolerance in subtropical regions.

Studies on mutation induction to increase the genariability by selecting individuals for cold levant
forage species were not found in literature. Thins,objective of this study was to generate geneti@bility
associated with cold tolerance in palisade grassemtimate the genetic gain in surviving individuat low
temperatures within the population (cold levels) among populations (M2 and M3 generations).

MATERIAL AND METHODS

In this paper, we propose a methodology to evalieffect of simulating different cold levelspalisade
grass mutants, with assessments in M2 and M3 gémesa The study was carried out over the 2011-2013
agricultural years in the Breeding and Plant PrtidacLaboratory of the Federal University of SaMaria -
UFSM, located in southern Brazil at coordinate2%139'S, 53°42’0 and altitude of 461.3 m.

The U. brizanthacv. Marandu was the cultivar used for mutatioruizttbn. U. brizanthacv. Marandu and
BRS Piata cultivars were used without the mutatimuction as control treatments. Based on the éxpgertal
design, individuals originated from control treaht'ewere compared with individuals generated byatmrn
induction.

In order to expand the genetic variability, cherhioatation induction was carried out with methylthene
sulfonate (MMS) mutagen at a dosage of 0.5%, udiD@0 viable seeds. Those seeds were exposed to the
mutagen in the initial germination process, aceuydo the methodology proposed by Coimbtaal (2004).
After MMS mutagen exposure on the seeds, sowing peformed in container with soil associated with
commercial substrate. Seeds were allocated in #&allen germination chamber (B.O.D.), with alteingt
temperature of 20°C to 35°C. At 21 days after sgWDAS), plants were exposed to constant tempegaitir
0°C during one hour. This methodology was develdpesimulate periods of frost formation that ocduring
the winter period.

The surviving progenies were transplanted to thgegmental area on March 15, 2011. Those progenies
formed the base population composed by 35 indiVejuaiginating the M1 population. Seeds were hsteg
individually by plant and sown in rows, where eg@tdnt corresponded to a sowing row. Moreover, sgwas
held on April & 2012. The experimental design utilized was augetemlocks of Federer (Federer and
Raghavarao, 1975).

The utilized experimental design is based on thetrob treatments repetition in order to proceed the
environmental effects estimate. Moreover, it comasdthe progenies (mutant plants) as unique indalsl
where the genetic constitution was changed. Inféflewing year, generation with 35 lines was adwahc
where the seeds harvested from M1 generation gagie ¢o M2 generation. M2 generation was sowndws
on March 25, 2013, associated to check varietighenexperimental design of augmented blocks oeFerd
Descendants of the 35 mutant individuals gave otigithe seeds that correspond to M3 generatioithvwkere
studied under laboratory conditions in differentdctevels along with M2 generation and check vaggetn
B.O.D.

Seeds used to study the simulation of differentd ¢eVels were collected during March, 2014. Indiat
panicle harvest of all plants of M1 and M2 genemtivas performed, which constitute the seeds fagrvi2
and M3 generation, respectively. After panicle lkating, the seeds were manually threshed and sitoiszbd
storage chamber at temperature of 30°C for a pafitddlo months. After this period, seed homogemniratvas
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carried out per generation and samples were randsehected through the Bulk method. Those seed Ilsasmp
were tested in B.O.D. controlled environment.

The study in B.O.D. was performed with the use mftainer consisting of Tetra Pak® boxes with area o
approximately 1000 cinwhich were properly washed and sterilized by insioa in sodium hypochlorite at
2% for half an hour. After drying with paper toweéd, was proceeded sterilization with ethanol at 70%
concentration.

The substrate for the experiment consisted of 50%hecommercial substrate volume with specifiaadio
of pH 6.5 and mass density of 500 kg m3, with 50%he remaining volume consisting of soil collecfedm
the soil surface horizon of 20 cm, known as an @oferric Oxisol. After mixing and allocating thelsstrate
in the experimental units, the container was séddravith distilled water until field capacity. Alssmall holes
were opened for excess water drainage.

The treatments used in the study were composediftdreht cold levels, which corresponded to
temperatures of 1°C, 0°C, -1°C, -2°C to -3°C argl $hme treatments associated with the extreme-50@i
providing greater accuracy in the selection ofvittlials. Each cold level was studied with four regtions of
50 individuals, totaling 200 individuals. MoreovetQ00 individuals were used for each check variety
population (BRS Piatd, Marandu, M2 and M3 genenaliptotaling 4000 individuals (palisade grass tdan
studied until 31 DAS in B.O.D.).

After bulk selection (random selection of these@8@eds within a larger sample), these individusise
individually selected with the manual applicatiohpsessure on each seed in order to standardizedbds
using only seeds with totally full endosperm, pding seed quality standardization. Each packageived 50
seeds, that once planted were irrigated with tistilvater solution and potassium nitrate at a comagon of
0.2% to help overcome dormancy.

The experimental units were allocated in B.O.D. aadly randomized to make greater environmental
homogeneity. The temperatures were used alternaiély35°C for daylight period of 8 hours and 20fRE an
overnight period of 16 hours, until the seventh.degmperature was stabilized at 20°C from the &t ahtil
21 DAS. After 21 DAS, seedling count was perforrbefore treatment application. After that, treatrsemére
established with different cold levels (1°C, 0°CG, -2°C, and -3°C). Counting of surviving indivads was
performed 5 days after low temperature stress eghpdi the plants, with reading of the survivingni¢éaheld at
26 DAS. After counting all the different cold lesekeedlings were submitted to extreme cold ofas&f final
counting was performed at 31 DAS.

The survival rate of individuals was calculated the ratio of the counting at 26 and 31 DAS,
corresponding to the counting of individuals suiviyto the cold levels and extreme cold, respelstivEhose
counting were compared with evaluations carriedadb@1 DAS, before application of cold treatments.

Expressed by the formula:
SR =26 DAS / 21DAS
SR =31 DAS / 21DAS

The experimental design utilized in the lab wasnaeigted blocks of Federer. Complementary analysss wa
performed with the finding of significant minimunifférences of mutantss control treatments. Genetic gain
analysis of mutants was performed, evaluating #réability in survival individuals at different abllevels and
regarding to different generations (M2 and M3).

The estimated genetic gain was expressed by theufar

GGE = F"sx”i,,

The GGE corresponds to the estimated genetic fain,heritability, s2 = genetic variance, i = selection
index of 10%. Genetic variation was removed from pihenotypic variance of mutants, where the fractib
the residue mean square (environmental variance)y@maoved from the mean square variance of thermirta
order to obtain the g2thereby obtaining the genetic variation.

Data were submitted to analysis of variance by #ccording to the model proposed by the augrdente
block design, considering the control treatmentdibaesd. If there was significance in the F, compéerary
analyzes were carried out by calculating the Is@gtificant difference in each cold level at 5%oerprobability
(p <0.05).

RESULTS AND DISCUSSION

Analysis of variance through F test revealed sigaift effect for all studied cold levels and alsotlie
association of cold levels associated with extremolel (-5°C), which indicates that significant dié&ces
among palisade grass mutants and check varieties.

In the comparison of the survival rate at 1°C amoangtrol treatmentss M2 and M3 mutants, there was
significant difference (Table 1), where the 3-M29§), 4-M2 (0.75), 5-M2 (1), 7-M3 (0.98), 8-M3 (F)8 and
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9-M3 (1) mutant individuals showed higher survivale compared to the control treatments BRS P@&#]
and Marandu (0.51). The differences were even mooveounced after the association with the extreoid c
(1°C + -5°C), when mutants in M2 and M3 generatidfd2 (0.60), 4-M2 (0.63), 6-M2 (0.36), 7-M3 (0.2}
M3 (0.30), and 10-M3 (0.45) were also superior thhack varieties BRS Piaté (0.20) and Marandu (D.1%
this regard, there was genetic gain with mutargciin, since cv. Marandu was the genitor that ilex¥ seeds
used in the mutation induction.

Table 1: Comparison through least significant differencesfndy with augmented blocks among control treatses mutants for the
variable survival rate to cold in mutants of M2 an8 generations in relation to check varieties aligade grass to the level of
1°C and association to -5°C.

(o]
Control treatments/Populations Temperature °C

1°C (1°C + -5°C)
1-BRS Piata 0.640628 0.2014815
2-Marandu 0.51388875 0.1555555
3-M2 0.98243088* 0.6017095*
4-M2 0.75114738* 0.6374075*
5-M2 1* 0.2239735
6-M2 0.58202087 0.3689945*
7-M3 0.98243088* 0.2555555*
8-M3 0.87614738* 0.1731215
9-M3 1* 0.3035185*
10-M3 0.46513687 0.4512455*

*Least significant difference of 0.2343 and 0.07tbin the left toward the right respectively betweemtrol treatments and mutants.

The mutation occurrence may eventually provide frém specific modification of a gene to the
modification of the chromosome number and struci{dxéard, 1971). Proceeding mutation induction with
chemicals causes randomly changes in nucleotideaghout the genome, which can generate individwilts
traits of interest to plant breeding (Taiz and 2ej@010).

Regarding the response of genotypes exposed toa@tiCassociated with -5°C, there were significant
differences among mutants control treatments (Table 2). The 4-M2 (0.71), 5-f267), 6-M2 (1), 9-M3
(0.96), and 10-M3 (1) mutants in temperature 0°@asd a superior survival rate than control treats@&RS
Piatd (0.53) and Marandu (0.39). Furthermore, safviate decreased significantly with the exposafréhese
plants to extreme cold (0°C + -5°C), both for cohtreatments and for mutants. Only the M2-6 (0.84J 9-
M3 (0.38) mutants showed significant differencesesior to control treatments.

This information has great importance for breedingposes, as the initial process for the seleafomew
cultivars tolerant to cold, justifying by the greafpresence of surviving individuals to the cormitiof low
temperature, allowing greater variability in thdestion of this trait in comparison with controk&tments
without mutation induction. There was survival tddcof some individuals in control treatments, lgejustified
by the species presence of some level of low teatpers tolerance. Moreover, the same was observed i
study with 16 forage species undergoing evaluatiowinter place with low temperatures, where théspde
grass showed moderate cold resistance (Andztedk 2002).

Table 2: Comparison through least significant differencesfandy with augmented blocks among control treatmes mutants for the
variable survival rate to cold in mutants of M2 avfi generations in relation to check varieties aligade grass to the level of
0°C and association to -5°C.

o]
Control treatments/Populations Temperature °C

0°C (0°C + -5°C)
1- BRS Piata 0.5359063 0.16055718
2-Marandu 0.39360119 0.04166667
3-M2 0.56265584 0.08071566
4-M2 0.71566949* 0.06555474
5-M2 0.67567924* 0.08843911
6-M2 1* 0.64846041*
7-M3 0.50111738 0.0731305
8-M3 0.16951565 0.06555474
9-M3 0.96139353* 0.38605816*
10-M3 1* 0.08596041

*Least significant difference of 0.2791 and 0.13@m the left toward the right respectively betweemtrol treatments and mutants.

Regarding the -1°C cold levels, significant difieces were revealed among mutarggontrol treatments
(Table 3). The 5-M2 (1), 8-M3 (0.86), 3-M2 (0.7@M2 (0.74), 6-M2 (0.70), and 9-M3 (0.63) mutantshw
greater survival rate than the control treatmentMarandu (0.51), being only 5-M2 superior than BR&ta
(0.85). However, when the -1°C cold level was aisded with extreme cold (-1°C + -5°C), both control
treatments were inferior to the 6-M2 (0.46) and 8-(@.93) mutant individuals.

In research carried out with the forage specie®ii5, Missioneira Gigant8rachiaria Piatd e Marandu
in southern Brazil, in region with soil and weatleenditions quite similar to the conditions thasthtudy was
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carried out, the authors concluded that both pddiggrasses had greater biomass production of ditemwith
greater growth than the other species (Borstkal, 2013). However, the authors report that during
autumn/winter production decline was quite sigmifit The peculiarity observed meets this study,reviesen

in the early M2 and M3 generations, promising migdor cold tolerance stand out.

Table 3: Comparison through least significant differencesfndy with augmented blocks among control treatses mutants for the
variable survival rate to cold in mutants of M2 avi@ generations in relation to check varieties aligade grass to the level of -
1°C and association to -5°C.

o]
Control treatments/Populations Temperature °C

-1°C (-1°C + -5°C)
1- BRS Piata 0.85024025 0.33641525
2-Marandu 0.51106225 0.0261905
3-M2 0.76768825* 0.05922662
4-M2 0.74492275* 0.06869713
5-M2 1* 0.08887888
6-M2 0.70598025* 0.46904487*
7-M3 0.46768825 0.23077338
8-M3 0.86992275* 0.93130288*
9-M3 0.63974175* 0.08887888
10-M3 0.55042425 0.14904488

*Least significant difference of 0.1233 and 0.22@6n the left toward the right respectively betweemtrol treatments and mutants.

For individuals assessed at -2°C, there was sujtgriof 3-M2 (0.68), 4-M2 (1.00), and 5-M2 (0.66)
mutants and for M3 generation 8-M3 (0.58), 9-M3®€), and 10-M3 (0.62) mutants in relation to thetool
treatment Marandu (0.38). Furthermore, only 4-MD@) mutant was greater than the control treatrBé&t
Piata (0.62) (Table 4). However, when the extrenld evel (-2°C + -5°C) was used, there was supiyiof
4-M2 (0.75) and 6-M2 (0.63) mutants, indicatingajez cold tolerance of these mutants in comparisibin
check varieties. The acclimation to environmentasses has great importance in breeding progrérfiosame
species, showing great potential for the stBdgchiaria family species (Vallet al, 2009).

Table 4: Comparison through least significant differencesfandy with augmented blocks among control treatmes mutants for the
variable survival rate to cold in mutants of M2 avi@ generations in relation to check varieties aligade grass to the level of -
2°C and association to -5°C.

o]
Control treatments/Populations Temperature °C

-2°C (-2°C + -5°C)
1-BRS Piatd 0.6234025 0.1547325
2-Marandu 0.389955 0.0755
3-M2 0.68565875* 0.34486125
4-M2 1* 0.75955625*
5-M2 0.66348375* 0.33046625
6-M2 0.35132375 0.63711625*
7-M3 0.48565875 0.29486125
8-M3 0.58958375* 0.08007625
9-M3 0.56904375* 0.18046625
10-M3 0.62238375* 0.19203625

*Least significant difference of 0.1635 and 0.27@m the left toward the right respectively betweemtrol treatments and mutants.

For the -3°C cold level (Table 5), 5-M2 (0.84) nmitand M3 generation 8-M3 (0.54), 9-M3 (0.55), d6d
M3 (0.67) mutants demonstrated greater survivad campared to control treatments BRS Piatd (0.84) a
Marandu (0.33). By reducing the temperature toetkteeme cold level (-3°C + -5°C), the control treahts had
lower survival rate, providing ratios below 16%. wkver, the mutants M2-3 (0.26), 4-M2 (0.32), 5-M22(1),
and M3-8 (0.34) were greater, especially in refatmthe control treatment BRS Piaté (0.04).

Among the mechanisms developed by plants to inereakl tolerance, it is highlighted the greaterrami
acids and sugars accumulation (Alcagtal, 2011), greater fluidity of the plasma membrahaiZ and Zeiger,
2010), and greater presence and action of antifigeproteins (Wangt al, 2006). Thus, these mechanisms
may have been favored with the mutation induction.

Table 5: Comparison through least significant differencesfady with augmented blocks among control treatmes mutants for the
variable survival rate to cold in mutants of M2 avi@ generations in relation to check varieties aligade grass to the level of -
3°C and association to -5°C.

o]
Control treatments/Populations Temperature °C

-3°C (-3°C + -5°C)
1- BRS Piatd 0.34857469 0.04181185
2-Marandu 0.33640351 0.15657895
3-M2 0.45777732 0.26460893
4-M2 0.3934992 0.32192267
5-M2 0.84590743* 0.21200028

6-M2 0.39356045 0.14267366
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7-M3 0.22444399 0.03539107
8-M3 0.54804465* 0.3491954*
9-M3 0.55424076* 0.08700028
10-M3 0.6702403* 0.0991954

*Least significant difference of 0.1815 and 0.16&8n the left toward the right respectively betweemtrol treatments and mutants.

Based on results revealed by the study, the seteaf individuals with exposure to moderate cold
expressed greater frequency of surviving individu@ihcreasing the chances of selection of indiviglweth
cold tolerance associated with agronomic traitintérest as the great biomass production of drytenathe
acclimatization of tropical grasses to cold is ea#d by leaf damage and survival of plants undkdd f
conditions (Ludlow, 1980). However, the seedlinagstis considered the stage with increased subiliytio
cold (Souzaet al, 2013), justifying the use of this methodology&ancontrolled environment to pre-select
individuals adapted to environments with low tenaperes during winter period.

In research developed to study cold toleranceffergint Oryza sativgpopulations, it was observed that the
stress provided by the cold is directly linked tngtivity presented in varieties and among vargetiwith
assessments carried out with bulk and pedigrealiegevariation among studied generations (Bouhatrand
Bertin, 1997). This information consistent with thesponses found in the current study, which alas h
observed differences among M2 and M3 generatiopsiigade grass.

Regarding the genetic gain estimated among popugt(GGE), there was a higher gain in the M2
(6.59%) to M3 (3.37%) population. Comparing gerierst (Table 6), the M3 population expressed smaller
genetic gain values that the M2 generation, poggibk to the lower genetic variability due to eowimental
selection provided by the cold condition.

Table 6: Behavior of palisade grass genotypes expressestimated genetic gain within and among populatfionshe factors within the
CL population (cold levels) and CL + associatedC-told levels associated with extreme cold), amdrag populations for
individuals in M2 and M3 generation.

Genetic gain within population

____________________________ 1°C_ ... 0C____ . A°C . __.2C________..3%€C_______
CL 14.15 28.62 0.19 7,11 0,03
CL +-5°C 18.85 19.6 46.85 45,68 9,69

Genetic gain among populations
____________________________ M2 Population ___________________.__.___..___..__..__M3Population ___________________
CL 6.59 3.37
CL+ -5°C 26.78 17.33

The greater estimated genetic gains within the |adioln GGEy in function of five different cold levels
were obtained in the temperature of 0°C (28.628tlpWed by the temperature of 1°C (14.15%). The GG®E
the analyzed population in temperature of -3°C3@Pwas lower than the other estimates, not cooredipg to
an adequate temperature to generate genetic \ayiaidi cold tolerant individuals in palisade grasseeding
programs.

The GGEy in function of five cold levels at 26 DAS and tb&posure to extreme cold -5°C (Table 6)
resulted in the greatest selection gains within plopulation at temperatures of -1°C (46.85%) antC-2
(45.68%). The smaller GGEwere obtained at temperature of -3°C (9.69%).dnegal, the use of extreme cold
temperatures is important as it provided great gaiection than only the cold levels application.

Regarding the genetic gain among populations, ¢élexgon of individuals at an early developmentabe
in B.O.D. can be considered a useful tool for birggrograms by eliminating all individuals susdbigt to
cold stress at an early time. In this way, it ojit@s the resources needed for experiments cartiethdield
conditions.

Increasing the frequency of low temperatures inuige provides the selection of the most tolerant
individuals. In this sense, breeding programs shedpose genotypes to severe cold conditions, tsgdegenes
for better environment acclimatization (Rama#taal, 2012). Providing the future launching of palisagtass
cultivars with great biomass production of dry reattluring all periods of the year without goingatigh a
sharp decline in the winter period, as observestudies reported in western Santa Catarina statess@Ret al,
2013).

The presented results indicate that occurred gerggtin (cold exposure), especially for extreme cold
conditions where the effects of chemical mutatiemayated genetic variability associated with colérance
traits for all cold levels studied (1°C to -3°C ssaciations with -5°C). Due to the increased numifer
surviving individuals at low temperatures, it isoenmended to use this methodology in future studiiis
palisade grass and other forage species in ordecitease the frequency of cold tolerant individual



223 Diego Nicolau Follmannet al, 2016
Australian Journal of Basic and Applied Sciences,d(14) September 2016, Pages: 217-224

Conclusions:

The chemical mutation induction generated genedidability for palisade grass individuals and alfow
genetic selection for cold conditions. Genetic afility in M2 population is greater than M3 popidat
allowing to obtain greater genetic gains for caliétance.

The palisade grass mutants can be selected inivedamperatures in controlled germination chamber.
The largest number of surviving individuals was eved with the cold levels -1°C (46.85%) and -2°C
(45.68%) associated with extreme cold of -5°C.
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