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ABSTRACT

Aims: To compare and evaluate the germination index of caryopsis obtained by means of different
crossing methods and to determine the quantitative of seeds to be used to compose the base
population for selection among families by the Simplified Selection System (SSS) method.

Study Design: The experiment was conducted under a completely randomized design.

Place and Duration of Study: Devaneio Station of Sugarcane Flowering and Crossing and
Experimental Sugarcane Station of Carpina, between February 2018 and December 2018.
Methodology: 27 crosses were performed, being eight biparental, ten polycrossing and nine self-
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fertilized. Germination tests were carried out in the greenhouse. From each crossing, four samples
were sown with 0.5g caryopsis. The number of germinated caryopsis per box, five and thirty days
after sowing, was evaluated to estimate the percentage of germination (% G).

Results: In the first evaluation, the C27 crossing (53.73%) presented the highest average. The
caryopsis obtained by self-fertilization (12.82%) presented the highest germination average,
followed by the polycrossing (10.88%) and the biparental crosses (9.99%). In the second evaluation,
it was found that the crosses C8 (76.74%), C27 (61.02%), C3 (53.99%) and C13 (49.65%)
presented with averages high. The highest percentage of germination was verified by the biparental
method (31.10%), followed by the self-fertilizations (21.35%) and the polycrossing (20.43%).
Conclusion: Only crosses that show high germination are recommended for the composition of the
families that will be evaluated through the Simplified System of Selection; caryopsis obtained
through self-fertilization germinate rapidly compared to the methods of the polycrossing and
biparental with respect to crosses between selected energy-sugarcane parents; biparental crosses
between selected energy-sugarcane parents tend to have higher fertility of caryopsis than those
obtained by means of polycrossing or self-fertilization; the families C1, C3, C8, C13, C26 and C27
can be used to compose the base populations in the SSS.

Keywords: Saccharum ssp.; caryopsis germination; crossing methods; simplified selection system;

hybridization;
1. INTRODUCTION

The genetic improvement of sugarcane presents
a long and expensive cycle, taking from 12 to 15
years until the release of a new variety [1].
According to Melo [2], it is important to invest in
methodologies that can reduce the time until the
release of a new variety.

For this purpose, the Simplified Selection System
(SSS) was developed, which presents significant
modifications in relation to the classical selection
system. Among the main changes were: the
method of obtaining and conducting the
segregating population, the genetic selection of
the family via Restricted Maximum Likelihood
(REML) and Best Linear Unbiased Prediction
(BLUP) and the early selection of sugarcane
clones [2].

In both methods, the selection of new sugarcane
genotypes by genetic improvement is carried out
via plant populations obtained by means of
seeds (caryopsis) [3]. However, in the SSS
system, it is important to evaluate the fertility of
caryopsis and to estimate the amount of
caryopsis to be sown so that the populations
present the same number of seedlings, unifying
the competition between plants for space, water,
light and nutrients.

The fertility of caryopsis may vary according to
the method of crosses used, environmental,
genetic and physiological factors [4,5]. The
influence of such factors makes it difficult to
obtain the seedlings, which will make up the

base population for selection. Each crossing
presents an intrinsic value of fertile caryopsis,
making it necessary to perform previous
germination tests.

The conduction of such tests is still quite
disputed in the literature, since sugarcane
caryopsis is not a commercial product and does
not present standardized evaluation norms and
described in the Rules for Seed Analysis [6].
Some studies were carried out by Cabral [4,7]
and Caiero [8,9], who estimated the evaluation
parameters of such seeds. According to Caiero
[8], it is important to carry out studies aimed at
understanding the physiological qualities of
caryopsis.

In this context, the objective of this work is to
compare and evaluate the germination index of
caryopsis obtained by means of different
crossing methods and to determine the
quantitative of seeds to be used to compose the
base population for selection among families by
the SSS method.

2. MATERIALS AND METHODS

Initially 27 crosses were performed, being eight
biparental, ten polycrossing and nine self-
fertilized, according to Table 1. Hybridizations
were performed at the Devaneio Station of
Sugarcane Flowering and Crossing (EFCCD),
located in Amaraji Municipality, Zone of Atlantic
forest South to the State of Pernambuco (latitude
08°19'8”S, longitude 35°24°’893"W and altitude
514m a.s.l.). The average annual precipitation of




the Region is 2600 mm, with minimum and
maximum temperatures of 18.92 °C and 28.15
°C, respectively. According to Képpen [10], the
local climate is classified as tropical with dry
season (As). This environment is considered
propitious to the flowering of sugarcane, making
it possible to carry out hybridizations
[5,11,12,13,14].

Germination tests were carried out in the
greenhouse at the Experimental Sugarcane
Station of Carpina (EECAC), belonging to the
Federal Rural University of Pernambuco
(UFRPE), a member of the Interuniversity
Network for the Development of the Sugar and
Energy Sector (RIDESA), located in the
municipality of Carpina-PE (latitude 07°51'03"S,
longitude 35°15'17"W and altitude 184m a.s.l.).

The test was conducted in a completely
randomized design, according to the model:
Yiy=M * T + &G, Where: y; is the data observed
in plot jj; u is a constant (general mean); t(; is the
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effect of the treatment i and ¢gj is the
experimental error of plot jj. The F test (P < 0.01,
P < 0.05), the Schott and Knott clustering test (P
< 0.05) [15] and the Tukey test (P < 0.05) were
performed using the GENES software application
[16].

From each crossing, four samples were sown
with 0.5g caryopsis in plastic boxes (50 x 30 cm)
containing substrate (composed of sugarcane
press mud/filter cake and straw), which were
subsequently covered with napkins.

The number of germinated caryopsis per box,
five and thirty days after sowing, was evaluated
to estimate the percentage of germination (% G).
The reference value proposed by Cabral [7] was
used to estimate the amount of fertile caryopsis
in 0.5 g. According to the author, in 2g of
unselected caryopsis, it is possible to obtain
1152 seedlings. Thus, theoretically observed at
0.5g it is possible to obtain 288 seedlings.

Table 1. Identification of sugarcane crosses performed to evaluate the fertility of caryopsis

Crossings Genitors Origin
Female Male

C1 PRBIO 392 PRBIO 215 EFCCD-EECAC-UFRPE/RIDESA
Cc2 PRBIO 273 PRBIO 163 EFCCD-EECAC-UFRPE/RIDESA
C3 PRBIO 302 PRBIO 298 EFCCD-EECAC-UFRPE/RIDESA
C4 PRBIO 298 PRBIO 150 EFCCD-EECAC-UFRPE/RIDESA
C5 PRBIO 392 PRBIO 011 EFCCD-EECAC-UFRPE/RIDESA
C6 PRBIO 221 PRBIO 215 EFCCD-EECAC-UFRPE/RIDESA
c7 PRBIO 264 PRBIO 182 EFCCD-EECAC-UFRPE/RIDESA
Cc8 PRBIO 353 PRBIO 273 EFCCD-EECAC-UFRPE/RIDESA
C9 RB027052 * EFCCD-EECAC-UFRPE/RIDESA
Cc10 PRBIO 298 * EFCCD-EECAC-UFRPE/RIDESA
C11 PRBIO 133 * EFCCD-EECAC-UFRPE/RIDESA
C12 PRBIO 150 * EFCCD-EECAC-UFRPE/RIDESA
C13 PRBIO 371 * EFCCD-EECAC-UFRPE/RIDESA
C14 IN 84-58 * EFCCD-EECAC-UFRPE/RIDESA
C15 Co285 * EFCCD-EECAC-UFRPE/RIDESA
C16 RB892783 * EFCCD-EECAC-UFRPE/RIDESA
Cc17 RB036066 * EFCCD-EECAC-UFRPE/RIDESA
Cc18 PRBIO 225 * EFCCD-EECAC-UFRPE/RIDESA
Cc19 PRBIO 298 (X) - EFCCD-EECAC-UFRPE/RIDESA
C20 PRBIO 273 (%) - EFCCD-EECAC-UFRPE/RIDESA
C21 PRBIO 163 (x) - EFCCD-EECAC-UFRPE/RIDESA
C22 PRBIO 393 - EFCCD-EECAC-UFRPE/RIDESA
C23 RB036066 % - EFCCD-EECAC-UFRPE/RIDESA
C24 MEX54-81 - EFCCD-EECAC-UFRPE/RIDESA
C25 PRBIO 212 % - EFCCD-EECAC-UFRPE/RIDESA
C26 PRBIO 589 (%) - EFCCD-EECAC-UFRPE/RIDESA
c27 PRBIO 392 - EFCCD-EECAC-UFRPE/RIDESA

* unknown genitor;@self—fertilization.



3. RESULTS AND DISCUSSION

According to the F test, there was a significant
difference at the 1% probability level for the
source of variation caryopsis fertility. The
coefficients of variation were 13.95% and
10.66% for the first and second evaluation,
respectively, being considered medium, which
demonstrates good experimental precision [17].
Such precision, in this case, is closely associated
with good homogenization of caryopsis before
sowing, as described in the Rules for Seed
Analysis (RAS) of the Ministry of Agriculture
Livestock and Food Supply (MAPA) [6] (Table 2).

Due to the significant effect for the source of
variation caryopsis fertility, the method of Schott
and Knott [15] was applied to form the groupings
of the means. In the first evaluation, ten distinct
groups were formed by the method of Schott and
Knott [15]. It was verified that the crossing C27
(53.73%), with a germination index above 50%,
obtained through self-fertilization, presented the
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highest germination average of the caryopsis, as
opposed to the data obtained by Cabral [4],
which concluded that the highest percentages of
fertile spikelet's and caryopsis with higher
physiological potential were obtained from
multiple crossing. The highest mean germination
of caryopsis, obtained through polycrossing, was
also verified in the study presented by Caiero [8]
(Table 3).

In turn, in the second evaluation, eleven groups
were formed. It was found that the crosses C8
(76.74%), C27 (61.02%), C3 (53.99%) and C13
(49.65%), although they were statistically
different, presented with averages high. It was
observed that the C8 crossing, obtained through
the biparental method, presented the highest
germination average of the caryopsis, followed
by the C27 crossing, which was acquired through
self-fertilization, once again diverging from the
considerations made by Cabral [4] and Caiero
[8], where both stated that the highest averages
come from polycrossing (Table 3).

Table 2. Result of the analysis of variance of the caryopsis fertility averages of the 27 families

evaluated
Source of variation Degrees of Average square Average square
freedom 1st evaluation 2nd evaluation
Fertility of caryopsis 26 513.1869** 1507.6761**
Residue 81 2.4271 6.4899
Overall average 11.17 23.90
Coefficient of variation (%) 13.95 10.66

** significant at the 1% probability level by the F test (P < 0.01)

Table 3. Grouping of mean values of caryopsis fertility of crosses according to the Schott and

Knott test [15]

Crosses Averages of the Averages of the Crosses

1st evaluation 2nd evaluation

Averages of the
1st evaluation

Averages of the
2nd evaluation

c27 53.73a 61.02b
C3 27.08b 53.99¢
C10 21.27c 25.61¢g
c17 21.09c 21.27h
C13 18.66d 49.65d
C19 15.63e 26.399
C6 15.28e 23.09¢
C15 14.84e 25.09¢
C14 14.24e 26.82g
C24 13.98e 11.37j
C23 13.28e 17.10i
C7 12.41f 18.40i
C12 11.37f 21.44h
C8 10.94f 76.74a

C26 7.20g 44.18e
c25 5.21h 8.42]
c4 4.77b 23.78g
C2 3.91i 12.67]
C9 3.47i 3.82k
c11 3.21i 4.60k
c21 2.95i 3.73k
C1 2.69i 39.84f
c22 2.34j 2.52k
C20 1.04j 17 45i
c16 0.35] 1.04k
c18 0.35] 25.00g
C5 0.26] 0.26k

Averages followed by the same letter do not differ by the Schott and Knott test [15]



Once that there were divergences in the
literature regarding the crossing method of
Saccharum spp. which can generate more fertile
offspring, proceeded a comparative analysis of
averages between the methods that were worked
out, according to Table 4.

Due to the significant effect for the crossing
methods, the Tukey test at 5% probability was
applied to identify the method that presented the
highest percentage of fertile caryopsis, according
to Table 5.

In the first evaluation, the caryopsis obtained by
self-fertilization (12.82%) presented the highest

germination  average, followed by the
polycrossing (10.88%) and the biparental
crosses (9.99%). However, in the second
evaluation, the highest percentage of

germination was verified by the biparental
method (31.10%), while the self-fertilizations
(21.35%) and the polycrossing (20.43%) were
not statistically different from each other. It is
inferred that the germination of the caryopsis
obtained through self-fertilization shows a higher
germination speed in the first days after sowing,
whereas the biparental and polycrossing present
a slower germination speed. However, the
biparental showed greater germination power at
the end of the last evaluation (Table 5).

After estimating the percentages of caryopsis
germination, it was possible to establish the
quantitative data of the caryopsis to be sown and
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to relate the crosses that will enter the simplified
selection system (SSS). According to Melo [2]
the population density for composition and
selection of families is one seedling per square
centimeter. Taking into account that the sowing
was carried out in boxes with dimensions of 40
cm x 30 cm, the total area corresponds to 1200
cm?, making it necessary to obtain 1200
seedlings per family.

It is observed in Table 6 that a large amount of
caryopsis will be necessary to compose the base
population with the same number of plants, by
the majority of the crosses. According to Simdes-
Neto [1], it is necessary 3 g of seeds to compose
the basic populations for the classic genetic
improvement, in which the physiological quality
and the percentage of germination of caryopses
are not measured. However, in the SSS method,
it is important to estimate such parameters [2].
According to Ramos [18], the evaluation of the
percentage of caryopsis germination can be
done with 0.6 g of unselected caryopsis. The
reduction of the seed quantity occurs due to the
high density of the seedlings, which favors
greater competition for space, water, light and
nutrients.

Thus, in order to work with the study population,
it will be necessary to reduce the density of
plants per cm? so that the limit of 3 g per box is
not exceeded. The exact number is still under
study and soon more information will be available
in the literature.

Table 4. Results of variance analysis of caryopsis fertility averages of biparental crosses,
polycrossing and self-fertilization methods

Source of variation Degrees of Average square Average square
freedom 1st evaluation 2nd evaluation

Crossing methods 2 10.0951** 139.6752**

Residue 9 0.2096 0.5334

General average 11.12 24.29

Coefficient of variation (%) 412 3.01

** significant at the 1% probability level by the F test(P < 0.01)

Table 5. Results of the comparative test of the mean values of caryopsis fertility of the
crossing methods evaluated according to the Tukey test.

Crossing methods

Averages of the 1st evaluation (%) Averages of the 2nd evaluation

(%)
Self-fertilization 12.822 21.35b
Polycrossing 10.88b 20.43b
Biparental 9.99c 31.10a
DMS 0.90 1.44

Means followed by the same letter do not differ statistically by the Tukey test (P<0.05).
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Table 6. Number of seedlings obtained in 0.5 g of caryopsis and estimation of the amount in
grams of seeds per crossing required to compose the base population with 1200 seedlings in
the Simplified System of Selection [2]

Crosses N° of plants  Estimate (g) Crosses NP° of plants Estimate (g)
C8 221 2.71 Cc17 61 9.80
c27 176 3.41 Cc7 53 11.32
C3 156 3.86 C20 50 11.94
C13 143 4.20 C23 49 12.18
C26 127 4.72 Cc2 37 16.44
C1 115 5.23 C24 33 18.32
C14 77 7.77 C25 24 24.74
C19 76 7.89 C11 13 45.28
C10 74 8.14 C9 11 54.55
C15 72 8.30 C21 11 55.81
C18 72 8.33 C22 7 82.76
C4 69 8.76 C16 3 200.00
C6 67 9.02 C5 1 800.00
C12 62 9.72
4. CONCLUSION 3. Cesnik R, Miocque J. Melhoramento da
cana-de-agucar. Brasilia: Embrapa
Only crosses that show high germination are Informag&o Tecnologia; 2004.
recommended for the composition of the families 4. Cabral FF, Silva CB, Ferreira VM, Aratjo
that will be evaluated through the Simplified JCN, Barbosa GVS. Fertiidade de
System of Selection. cruzamentos, potencial fisioldgico e
armazenamento de sementes de cana-de-
Caryopsis obtained through self-fertilization acucar. Pesquisa aplicada &
germinate rapidly compared to the methods of agrotecnologia. 2011;4(1):66-82.
the polycrossing and biparental with respect to 5 Melloni MLG. Sugarcane flowering
crosses between selected energy-sugarcane physiology and pollen viability (Saccharum
parents. sp.). Masters dissertation. Paulista State
. University. 2012;80.
Biparental crosses between selected energy- . . . .
sugarcane parents tend to have higher fertility of 6-  Brasil. Ministério da Agricultura Pecuaria e
caryopsis than those obtained by means of Abastecimento. Regras para analise de
polycrossing or self-fertilization. ﬁ,grgzentes. Brasilia: SNDA/DNDV/CLAV;
The families C1, C3, C8, C13, C26 and C27 can 7. Cabral FF. Physiological quality,
be used to compose the base populations in the determination of water content and storage
simplified selection system. of sugarcane seeds from different crosses.
Masters dissertation. Federal University of
COMPETING INTERESTS Alagoas. 2007;58.
8. Caieiro JT. Evaluation of the quality of
AUthOI’S haVe deCIared that no Competing Seeds (Caryopsis) Of Sugarcane
interests exist. (Saccharum spp.), as support for genetic
improvement. Masters dissertation.
REFERENCES Federal University of Parana. 2008;56.
9. Caieiro JT, Panobianco M, Bespalhok
1. Simbes Neto DEMelo LJOT,Chaves Filho JC, Ohlson OC. Physical purity and
AlLima ROR. Langamento de novas germination  of  sugarcane  seeds
variedades RB de cana-de-agucar. Recife: (caryopsis) (Saccharum  spp.). Revista
Imprensa Universitaria UFRPE; 2005. brasileira de sementes. 2010;32(2):140-
2. Melo LJOT. Simplified system selection for 45.
initial phase of breeding of sugarcane. 10. Képpen W, Geiger R.Klimate der

Doctoral thesis. Federal

Parana. 2014;142.

University of

erde. Gotha: Verlag Justus Perthes. 1928.
Wall-map 150 cm x 200 cm.



11.

12.

13.

14.

Araldi R, Silva FML, Ono EO, Rodrigues
JD. Florescimento em cana-de-agucar.
Ciéncia Rural. 2010;40(3):694-702.
Berding N. Improved flowering and pollen
fertility in sugarcane under increased night
temperature. Crop Science. 1981;21(6):
863-67.

Moore PH, Nuss KJ. Flowering and flower
synchronization. In: Heinz DJ editor.

Sugarcane Improvement through
Breeding. Aiea: Elservier; 1987.
Nuss KJ, Berding N. Planned

recombination in sugarcane breeding:
artificial initiation of flowering in sugarcane
in subtropical and tropical conditions.
Annals of the International Society of
Sugarcane Technologists. 1999;23(1):202-
205.

15.

16.

17.

18.

Ramos et al; JEAI, 32(3): 1-7, 2019; Article no.JEAI. 47731

Scott AJ, Knott M. A cluster analysis
method for grouping means in the analysis
of variance. Biometrics. 1974;30(3):507-
12.

Cruz CD. GENES - a software package for
analysis in experimental statistics and
quantitative genetics. Acta Scientiarum.
2013;35(3):271-76.

Gomes FP. Curso de estatistica
experimental. 13th ed. Piracicaba: Nobel;
1990.

Ramos RS. Conservation and viability of
pollen in sugarcane. Masters dissertation.
Federal Rural University of Pernambuco.
2016;84.

© 2019 Ramos et al; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle3.com/review-history/47731




