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Introduction

Multiple pathogens affect sugarcane,
them Puccinia melanocephala H. & P. Sydow, causal
agent of brown rust. This disease, which has spread
worldwide in sugarcane growing areas (Glynn et al.,
2010), was reported in the American continent in 1978,
in the Dominican Republic (Purdy et al., 1985). The
following year it was detected in Cuba where it was
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in the country. A retrospective analysis regard to sugarcane cultivar composition resistant to
brown rust in Cuba was carried out. In addition 154 genotypes, including the most used progeni-
tors in the breeding program and commercial varieties were evaluated under natural infection
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lowed the highly susceptible B4362 to become severely
infected. This variety was rapidly replaced by Ja60-5
among which remained resistant to P. melanocephala until
1998. Since then, several varieties have had their resis-
tance broken by P. melanocephala and have needed to
be replaced.
The aims of the present work were to give an
overview of sugarcane brown rust in Cuba and show
the current disease situation in the country.

responsible for a severe attack on the B4362 variety

which occupied around 40 % of the sugarcane area of

the country at that time.

P. melanocephala causes reduced plant growth as
expressed by the reduction of the length and number of
stalks per plant (Hoy and Hollier, 2009). Thus, suscep-
tible cultivars register losses from 10 to 40 % around
the world (Costet et al., 2012). This pathogen also
generates considerable economic impact in breeding
programs since resistance to brown rust is one of the
selection criteria that leads to the elimination of pre-
commercial susceptible clones. However, an adequate
management of the varietal composition could reduce
the infected areas (Raid and Comstock, 2000).

Rust typically produces cyclic epidemic explo-
sions, which are dependent on host susceptibility, fa-
vorable environmental conditions and the inocula. The
permanence of the pathogen in the field makes possible
the emergence of more virulent strains, which could
cause resistance breakdown in certain sugarcane geno-
types. The introduction of P. melanocephala to Cuba al-
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Materials and Methods

Retrospective analysis of the disease in
production areas

Information on the behavior of sugarcane culti-
vars against P. melanocephala and the modification of
percentages of planted area with susceptible cultivars
from 1970 to the present were compiled from historical
records of the sugarcane breeding program of the Sug-
arcane Research Institute of Cuba (INICA).

In addition, a disease severity index for each year
from 2000 was calculated according to the equation
proposed by Townsend and Heuberger (1943) as fol-
lows: DS = (X (a * b)/n * k) * 100, where: a: number
of plants within each infection category on a scale rat-
ing from 1 (highly resistant) to 5 (highly susceptible) as
proposed by Rao et al. (1996) with minor modifications;
b: degree of infection according to the scale; n: total
number of plants screened and k: highest value on the
scale (5, in this case).
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Evaluation of resistance of the progenitors
frequently used in the breeding program and
major commercial cultivars

Field testing for brown rust susceptibility was car-
ried out in an experimental field in the municipality of
Jovellanos, in Matanzas province in Cuba (22°47'53" N,
81°08'33" W, 25.23 m.a.s.l.) under high inoculum pres-
sure. One hundred and fifty four progenitors used in the
breeding program that included 13 major commercial cul-
tivars were planted in a randomized block design using
three replications, each one consisting of individual 6-me-
ter-long row plots. Cultivar B4362, which is very suscepti-
ble to brown rust, was planted as borders surrounding the
trial, as well as repeatedly inside the experimental area in
order to maximize infection. Beginning at 45 days after
germination, 3+ leaves of 10 plants per cultivar were ran-
domly collected from the center of the plot for evaluating
rust severity until the plants were 6 months old. Maxi-
mum ratings were considered for each genotype.

Brown rust reaction was scored by using a scale
proposed by Rao et al. (1996) with minor modifications
with ratings varying from 1 (highly resistant) to 5 (highly
susceptible) based on visual assessment of disease symp-
toms (foliar area occupied by pustules). Standard culti-
vars representing each category on the scale were evalu-
ated (B4362 - Highly Susceptible, HS: > 30 %; My5514
and Ja60-5 - Susceptible, S: > 15 <30 %; C334-64 - Inter-
mediate, INT: > 5 < 15 %; Ja64-11 - Resistant, R: > 0 <
5 %; and PR980 - Highly Resistant, HR: 0 %). A regres-
sion equation between disease symptoms and ratings
was obtained and it was used to determine the behavior
(rating) of the tested genotypes.

Detection and identification of the causal agent of
sugarcane brown rust

In order to verify the rust pathogen’s identity in
Cuba, 94 symptomatic sugarcane samples were collect-
ed from 14 localities in three different years (Table 1,
Figure 1). Total nucleic acids were extracted by using
the Cetyl trimethylammonium bromide (CTAB) tech-
nique (Aljanabi et al., 1999), with minor modifications.
An additional cleaning step with phenol was included
to obtain a better quality of nucleic acid. Samples were
amplified by PCR with the primer pair PkPmF/PkPmR
that amplifies the ITS1 region and allows for differenti-
ating between P. melanocephala and P. kuehnii according
to the size of the fragment obtained, 585 and 606 bp,
respectively (Glynn et al., 2010).

Three samples were randomly selected including
sugarcane genotypes with different behavior to brown
rust B4362.MT.10, My5514.MT.10, and PR980.MT.10:
HS, S and HR to brown rust, respectively. In the case
of PR980 only chlorotic lesions could be found. Samples
were amplified with the pair of primers PmF/PmR, spe-
cific to P. melanocephala (Glynn et al., 2010); the ampli-
fied fragments were purified and sequenced in an au-
tomatic DNA sequencer Abi (3130xl Genetic Analyzer,
Hitachi). The results obtained from the sequencing in
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Table 1 — Sugarcane samples collected for Puccinia melanocephala
molecular detection.

ZZiwrp(?iLg Province Genotype Code
B4362 B4362.CM.10
C333-64 C333-64.CM.10
Camagiley Jab4-19 Ja64-19.CM.10
My5514 My5514.CM.10
PR980 PR980.CM.10
SP70-1284  SP70-1284.CM.10
B4362 B4362.H.10
C333-64 C33364.H.10
Habana Jab4-19 Jab4-19.H.10
My5514 My5514.H.10
PRI80 PR980.H.10
SP70-1284  SP70-1284.H.10
B4362 B4362.MT.10
C333-64 C333-64.MT.10
Jab4-19.MT.10(1)
»010 Matanzas Jaba19 Ja64-19.MT.10(2)
My5514 My5514.MT.10
PR980 PR980.MT.10
SP70-1284  SP70-1284.MT.10
B4362.ST.10(1)
B4362 B4362.ST.10(2)
C333-64 C333-64.ST.10
Santiago de Cuba Jab4-19 Ja64-19.ST.10
My5514 My5514.ST.10
PR980 PR980.ST.10
SP70-1284  SP70-1284.ST.10
B4362 B4362.VC.10
C333-64 C33364.VC.10
Villa Clara Jab4-19 Jab4-19.vC.10
My5514 My5514.VC.10
PRI80 PR980.VC.10
SP70-1284  SP70-284.VC.10
B4362.CA.12(1)
) ‘. B4362.CA.12(2)
Ciego de Avila BA4362.CA.12(3)
B4362.CA.12(4)
B4362.CF.12(1)
Cient B4362.CF.12(2)
reniuegos B4362.CF.12(3)
B4362.CF.12(4)
2012 B4362 B4362.CM.12(1)
B4362.CM.12(2)
; B4362.CM.12(3)
Camagtiey B4362.CM.12(4)
B4362.CM.12(5)
B4362.CM.12(6)
B4362.GR.12(1)
B4362.GR.12(2)
Granma

(
B4362.GR.12(3)
B4362.GR.12(4)

Continue...
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Table 1 - Continuation.

B4362.GT.12(1)

Guantanamo
B4362.GT.12(2)
B4362.HL.12(1)
Holguin B4362.HL.12(2)
B4362.HL.12(3)
Las Tunas B4362.1T.12
B4362.MT.12(1)
Matanzas B4362.MT.12(2)
B4362.MT.12(3)
Mayabeque B4362.MY.12
B4362.PR.12(1)
2012 Pinar del Rio B4362 B4362.PR.12(2)

B4362.PR.12(3)
B4362.PR.12(4)

Sancti Spiritus B4362.SS.12
B4362.ST.12(1)
. B4362.ST.12(2)
Santiago de Cuba B4362.ST12(3)
B4362.ST.12(4)

B4362.VC.12(1)

Villa Clara B4362.VC.12(2)
B4362.VC.12(3)
B4362 B4362.CA.13
Ciego de Avila C120-78 C120-78.CA.13
My5514 My5514.CA.13
Matanzas B4362 B4362.MT.13
_— B4362.MY.13(1)

B4362.MY.13(2)
C120-78 C120-78.MY.13
(33364 C33364.MY.13

C86-456.MY.13(1)
Mayabeque C864%6  (s6a56MY.1302)
Ja605 Ja605.MY.13
2013 514 My5514.MY.13(1)
y My5514.MY.13(2)
PRIS0 PROSO.MY.13
Santiago de Cuba B4362 B4362.ST.13

B4362.VC.13(1)
B4362.VC.13(2)
Ja60-5 Ja60-5.vC.13
My5514.VC.13(1)
My5514.VC.13(2)
PR980.VC.13(1)
PR980.VC.13(2)

B4362

Villa Clara My5514

PR980

both directions were used to generate the consensus
sequence by using the DNAman software program. Se-
quences were aligned by the ClustalX program (Thomp-
son et al., 1997) and their phylogeny determined by the
MEGAG6 software program (Koichiro et al., 2013) using
the neighbor-joining option with a bootstrap analysis of
1,000 random replications. Certain sequences deposited
in GenBank belong to isolates of P. melanocephala from
other countries and several species of the Puccinia genus
were included in the analysis.
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Figure 1 - Location of field trials monitored for brown rust in
sugarcane during the 2010, 2012 and 2013 seasons. 1: Pinar
del Rio (22.73-83.03), 2: Habana (23.09-82.28), 3: Mayabeque
(22.74-82), 4: Matanzas (22.75-81.24), 5: Cienfuegos (22.26-
80.39), 6: Villa Clara (22.83-80.11), 7: Sancti Spiritus (22.02-
79.57), 8: Ciego de Avila (21.67-78.91), 9: Camagiiey (21.42-
78.38), 10: Las Tunas (20.94-76.79), 11: Holguin (20.68-76.16),
Granma (20.06-77.49), 13: Santiago de Cuba (20.09-76.25) and
14: Guantanamo (20.26-75-11), in Cuba.

Results

Retrospective analysis of the disease in production
areas

In 1970, cultivar B4362, which was subsequently
determined to be highly susceptible to brown rust after
its introduction in 1979, occupied between 45 and 55 %
of Cuba's growing area. In 1979, B4362 was replaced by
Ja60-5 that was resistant to brown rust at that time. The
area planted with Ja60-5 increased rapidly, reaching 60
% of the total area until 1999 when it had its resistance
broken.

Since 2002, a varietal policy supported by a gov-
ernmental resolution (616/2014) of the Agriculture
Ministry of Cuba, was applied to avoid the risk of new
outbreaks of the disease. This policy established that no
one cultivar can occupy more than 20 % of the produc-
tion area for each production company, local area and
province. This measurement together with permanent
phytosanitary monitoring of the cultivars and commer-
cial release by the local sugarcane breeding program
of resistant and intermediate genotypes has succeeded
in avoiding new epiphytotics, reducing inoculum pres-
sure on even susceptible and highly susceptible varieties
which, according to the above mentioned governmental
resolution (616/2014), cannot occupy more than 10 % of
the planted area. This is evidenced by the reduction in
the disease severity index over the years, as presented
in Figure 2.

As regards cultivars that have occupied significant
production areas since 2000, C323-68 (resistant at that
time) was the leader reaching 20 % until 2005 when its
resistance was broken down. Since then until present,
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Figure 2 - Evolution of the sugarcane production area occupied by
susceptible cultivars to brown rust and disease severity index from
2000 to 2015 in Cuba.

as a result of the measures adopted in Cuba, there is
a varietal mosaic represented by 98 cultivars, as was
demonstrated by the census carried out in June of 2015
by the Sugarcane Research Institute of Cuba (INICA).
Out of these cultivars, 85 were obtained by the National
Breeding Program and occupy 83 % of the planted area,
whereas the rest of the genotypes were introduced from
different breeding centers in the world and occupy 17 %
of the Cuban sugarcane area.

Figure 2 showed the evolution of the commercial
production area occupied by susceptible cultivars to
brown rust in Cuba. In 2015, the cultivars covering the
largest production area were: C86-56 (6 %, R), C90-469
(5 %, INT), C323-68 (5 %, HS), C90-317 (4 %, R) and
C86-503 (3 %, S). The resistance to brown rust of cer-
tain genotypes was broken down in certain localities and
their planting was limited. However, the use of moder-
ate susceptible cultivars plays an important role, con-
sidering that low concentration of inoculum has limited
rust severity.

Evaluation of resistance of the progenitors most
frequently used in the breeding program and
major commercial cultivars

Performance of the standard cultivars correspond-
ed to their historical ratings. These data were used to
calculate the following regression equation between the
percentage of foliar area occupied by pustules in trials
and the historical ratings of the standard genotypes: Per-
centage of foliar area occupied by pustules = 15.668 *
rating - 23.6, where the correlation coefficient calculated
from the regression was 0.84. From the equation, ratings
for the tested varieties were determined on a 1-5 scale.

One hundred and fifty four progenitors most
frequently used in the Cuban breeding program were
evaluated to determine their behavior against P. mela-
nocephala. Out of these, 49 showed resistance to brown
rust, while 35 were intermediate, 39 susceptible and
31 highly susceptible. No genotype showed highly re-
sistant behavior as much as the control PR980 variety
(Table 2).
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The brown rust reactions of the most commonly
grown cultivars that are also used as progenitors by the
breeding program are shown in Table 3. These 13 culti-
vars occupy 36 % of the total area planted with sugar-
cane in Cuba. Among them, HS and S genotypes (16 %
of the total area) correspond to varieties introduced be-
fore the year 2000, whereas INT and R varieties were in-
corporated from 2002 in line with a new varietal policy.

Detection and identification of the causal agent of
brown rust

Puccinia melanocephala was detected in all col-
lected symptomatic samples by PCR. Three amplified
fragments corresponding to the ITS1 region were puri-
fied, sequenced and deposited in the GenBank with the
following accession numbers: KU180235, KU180236 and
KU180237. A phylogenetic analysis was carried out in-
cluding other available sequences at GenBank of P. mela-
nocephala and other species of the Puccinia genus (Figure
3). All P. melanocephala sequences were grouped together.

Discussion

Several pathogens affect sugarcane production
and cause devastating economic losses; therefore, it is
necessary to establish limiting percentages in the devel-
opment of cultivars to prevent the outbreak of disease.
Thus, the occurrence of rust epidemics is conditioned by
the direct relationship between the areas planted with
highly susceptible sugarcane cultivars and the presence
of the pathogen in environmental conditions favorable
to its development, which lead to a high inoculum con-
centration that guarantees auto-infection (Agrios, 2005).

Brown rust sugarcane symptoms in Cuba are
caused by the fungal pathogen P. melanocephala since its
presence was confirmed by specific PCR amplification
of DNA in all samples collected. As expected, consider-
ing that the sequence of the rDNA does not reveal the
genetic pathogen diversity as it represents only a small
fragment of the entire genome (Braithwaite et al., 2009),
the ITS sequences of three different samples did not
show any polymorphism. However, they were useful in
verifying the rust pathogen's identity.

In Cuba, two main factors have prevented the de-
velopment of new epidemics of brown rust: first, the
replacement of highly susceptible varieties that could
serve as inoculum sources, such as B4362 and Ja60-5;
and second, the limit of 20 % on the area occupied by
a single variety, which could limit pathogen specializa-
tion. Even more, susceptible cultivars do not show se-
vere symptoms indicating that the variety diversity can
be limiting the buildup of inoculum.

Genetic resistance is the most efficient measure-
ment in the implementation of brown rust control and
represents a decisive selection criterion in sugarcane
breeding programs. Resistance to this disease is con-
sidered hereditary quantitatively (Chu et al., 1982), so
progress in breeding programs for brown rust resistance

236



La O et al.

Sugarcane brown rust management

Table 2 - Behavior of progenitors more frequently used in Cuban breeding program against Puccinia melanocephala.

Behavior against P.

melanocephala

Sugarcane cultivars

Highly Susceptible

B37161, B42231, B4362, B51410, C1051-73, C120-78, C1616-75, C187-68, C2366-88, C237-80, C266-70, C323-68, C334-64,
C568-75, C87-51, C94-60, CG127-45, Co281, Co740, C0997, CP31-294, CP52-43, CP55-13, CP61-96, Ja55-663, Jab0-5, Jab4-11,
Jab4-19, Ja64-20, My54129, My5724, NCo310

Susceptible

B41227, B4A5181, B45211, B6368, B77218, B77330, B80394, B8066, C227-59, C229-84, C86-12, C86-156, C86-251, C86-503,
C86-535, £88-356, €88-380, €88-553, €89-372, €C90-105, C90-316, C91-301, C92-325, C92-514, Co419, Co421, CP27-108,
CP29-103, CP68-1154, CP70-1133, CP72-2086, CP72-356, CSG87-508, Ja60-5, ML3-18, My5514, My5823, NA63-90, Phill6607,
Pomex72, SP70-1284

Intermediate

B60267, B77311, B78505, B80250, C137-81, C147-76, C334-64, C85-154, C85-403, C86-407, C86-456, C86-502, C86-531,
C87-135, C88-383, €88-523, C89-136, C89-161, C89-176, C90-101, C90-469, C90-501, C90-530, C91-367, C91-522, C92-203,
€92-249, C92-26, C94-504, C97-59, CP56-59, CP65-392, CP70-1527, Mex66-1235, Mex68-200, P0J2878

Resistant

C1566-75, C258-88, C311-86, C85-102, C85-277, C85-293, C85-473, C85-507, C86-410, C86-534, C86-551, C86-56, C86-602,
C87-134, C87-253, C88-381, C88-556, C89-137, C89-147, C89-148, C89-250, C89-504, C89-507, C89-509, C90-159, C90-317,
90647, C91-115, C91-356, C92-524, C93-540, C93-567, C97-373, Co6806, CP49-50, CP61-83, CR63-124, CSG86-509, CSG86-

510, CSG87-502, CSG87-506, CSR100-87, CSR71-88, Ja64-11, L56-23, L60-25, L6890, M165-38, Mex60-1459, Mex65-1424

Highly Resistant PR980

In bold letters standard cultivars representing each category at the rating scale for scoring brown rust reaction.

Table 3 — Percentage of area occupied by major sugarcane varieties
in Cuba in 2015, their progenitors and their behaviors against
Puccinia melanocephala.

Cultivar % area occupied RR eroegrgﬁ:teor RR pro,\gzlr]eitor RR
C86-56 6 R NCo310 S Cl18768 HS
C90-469 5 INT  C87-51 HS  Ja60-5 S
C323-68 5 HS  B4362 HS C87-51 HS
C90-317 4 R C187-68 HS B6368 S
C86-503 3 S C568-75 HS Jab0-5 S
C89-147 2 R C236-51 S B45181 S
€90-530 2 INT  My5514 S  Co421 S|
C86-156 2 S C16-56 S (8751 HS
C87-51 2 HS  Co281 HS P0J2878 INT
C1051-73 2 HS B42231 HS (C431-62 INT
C89-176 1 INT  NCo310 S Cl18768 HS
My5514 1 S CP34-79 S  B45181 S
C120-78 1 HS  Co421 S (8751 HS

RR = reaction against P. melanocephala; HS = Highly susceptible; S =
susceptible; INT = intermediate; R = resistant.

is due mainly to this hereditability, in the wider and nar-
rower sense of the character. It must be pointed out that
as results showed, it is possible to obtain resistant prog-
eny from progenitors with susceptibility or intermediate
behavior against P. melanocephala. This demonstrated
the occurrence of transgressed segregations toward sus-
ceptibility and resistance as had been previously report-
ed (Ramdoyal et al., 2000). The aforementioned study
revealed that resistant progenitors produce the major
proportion of resistant progeny and for this reason it is
very important to incorporate resistant progenitors in
breeding programs, but also intermediate or even sus-
ceptible progenitors can produce a certain proportion of
resistant progenies. This reinforces the hypothesis that
inheritance of resistance is of a polygenic nature (Costet
et al., 2012) where, probably, effects of additive and gen-
ic interaction are manifested.
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P.melanocephala-South_Africa-GU564429
P.melanocephala-USA-GU564436
P.melanocephala-Reunion-GU564433
P.melanocephala-Panama-GU564432
P.melanocephala-Pakistan-GU564428
P.melanocephala-Japan-AJ406069
Pmelanocephala-Guatemala-GU564426
— Pmelanocephala-Australia-GU564422
P.melanocephala-Germany-FJ009327
P.melanocephala-Cuba-KU180237
P.melanocephala-Cuba-KU180236

50 P.melanocephala-Cuba-KU180235
P.melanocephala-Colombia-GU564424
P.melanocephala-Argentina-KP744149
P.melanocephala-Brazil-GU564423
P.psidii-KM083129
P.bromina-JX533582
Precondita-JX533584
P.arrhenathericola-JX533581
P.graminis-KM507454
Ppersistens-JX533580
P.brachypodii-KM391664
P.pseudostriiformis-KM507443
98! pstriiformoides-KM507442
Pargentata-KC430740
P.obscura-FJ655874
P.helianthi-FJ468397
P.komarovii-KC430822
P.dampierae-KF690671

91! Plagenophorae-FJ655872
P.kuehnii-KP203315

0.10

Figure 3 - Phylogenetic tree of Puccinia melanocephala from
different countries and several species of the Puccinia genus
based on partial ITS1, ITS2 and complete 5.8S nucleotide
sequences generated with neighbor-joining option with a bootstrap
analysis of 1,000 random replications.

In summary, the growing of varieties up to a limit
of 20 % of the sugarcane acreage in Cuba together with
permanent phytosanitary monitoring of the cultivars
and commercial release by the local sugarcane breed-
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ing program of genotypes of resistant or intermediate
behavior against brown rust resulted in the avoidance
of new epidemics. This reduced inoculum pressure even
on susceptible and highly susceptible varieties that can-
not occupy more than 10 % of the planted area. This ex-
perience could be of great assistance to other sugarcane
producer countries.
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