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Plot size in sugar cane family selection experiments
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ABSTRACT

Thisstudy aimed at verifying the effect of the number of plants per plot on the evaluation of sugarcane
families. Five full-sib families were evaluated in randomized complete blocks with 250 genotypes per plot
in 3 replications. Each plot consisted of 5 rows with 50 plants each. Based on stalk weight means per row
and different sample sizes, it was concluded that 50 plants per plot are adequate for family evaluation in
replicated trias. In order to estimate refractometer solids (brix), a sample of at least 10 plants per plot is
suggested, using a stalk in each plant for juice extraction. It was also concluded that family stalk yield
estimates can be obtained by the product between the number of stalks of the plot and the mean weight of 30

stalks taken from different plants of the family.
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INTRODUCTION

Visual selection of individuals (mass
sdection) for low heritability traits in the early
sages of plant development has been inefficient
in various crops, including sugarcane (Skinner,
1971). Based on that, sugarcane breeding
programs have applied low selection pressure
(10 to 30%) in eaxly stage trids (seedling trids)
to reduce the posshility of discarding superior
genotypes (Skinner et d., 1987).

Family sdlection is an dternative to improve
sugarcane mass sdection efficiency (Cox e d.,
1996). In Audrdia, family sdlection hasbeen used
in Bureau of Sugar Experiment Stations (BSES)
since 1986. Nowadays, al theregiond programs
are uang family sdection routindy. It has been
reported that the number of superior clones
detected in the later phases of the clond test has
sgnificantly increased when family sdection is
combined with mass sdection (Cox et d., 1996).

Applying mass selection to superior families
increases the probability of identifying elite
clones, thus improving the efficiency of the
available resources in a breeding program.
However, previous sdection of superior familiesis
necessary. Such inferences may be obtained by
evauaing agroup of doneswhichwould represent
eech family, arranged in experimenta designs
(Jackson et d. 1998). Another dternative is to
evaduate families usng replicated trids with plots
conggiing of non-doned individuas, which would
together provide information on the gentic vaue

of the evduated families, as goplied by Stringer et
d. (1996)

However, an assessment of the number of
individuas necessary to represent the mean and
variance of the familiesis required. Some dudies
have suggested sample sizes between 20 to 150
plants for evauating characterigtics such as Brix,
ddk yield and yidd components (Skinner, 1971,
Wu et d., 1977, Wu et d, 1978; Mariotti e 4.
1981; Peixoto and Ricci, 1984).

This sudy amed a verifying the effect of the
number of plants per plot for selection of
sugarcane familiesin replicated trids.

MATERIAL AND METHODS
Genetic material

Fvefull-sbfamiliesobtainedin 1996 a the Sarra
do Ouro Cross Station at the Universidade
Federd de Alagoas derived from the following
crosses: RB765418 x SP79-2233, SP79-1011
x RB855036, SP70-1143 x RB72454, SP70-
1143 x |AC68-12 and RB 72454 x SP80-1520,
were used. A total of 750 genotypes were
obtained for each family. Sowing, seedling
trangplant procedures and plant cutting without
selection were those described by Barbosa and
Siveira (2000).

L ocality and experimental details
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The experiment was set up in January 1997, at
the Centro de Me horamento da Cana-de-acUcar
—CECA of the Universdade Federd deVigosa,
in Oratdrios-MG. CECA islocated at the Zona
da Mata in Minas Gerais at 400 m altitude,
20°24’ 17’ S latitude and 42°40°'13'W
longitude.

The experiment was arranged in randomized
complete blocks with three replications. For
each family, the experimenta plot consisted
of 250 genotypes arranged in subplots of 5
rows with 50 genotypes each. Plants were
spaced at 50 cm with 1.40m between rows.
Fertilization and other cropping procedures
were those normaly used for conducting trids
a CECA.

Evaluated Traits

All plants were cut in July 1997,
approximately 7 months after planting. Data
were collected during the first 15 days of April
1998, at the firgt rattoon crop.

Five bundles with 10 stalks each obtained
from different stools were sampled from each
one of the five rows of the plots. Rows
presenting less than 50 plants due to non-
sprouting genotypes had some stools
contributing with more than one sak for the
formation of the five bundles with 10 stalks.
Thus, atotd of 25 bundles with 10 stalks each
was obtained per plot. All bundles were
weighed separately in order to obtain the row
weights in each plot as necessary.

A hydraulic press was used to extract the juice
by crushing the fifth internode starting from
the base of each of the 10 staks per bundle.
Brix readings of the extracted juice was carried
out with a manud refractometer. All the saks
in each row were weighed on a scde.

Data analysis

Variance analyses were conducted
considering the following models:

Model 1Y, =m+b +F +ey + S +d,
used to analyse the stalk yield trait, where:
Yii il = = obsarved vaue at the experimentd unit
corresponding to the ith family, jth block and

[th observation; m = overdl mean; b = random
effect of the jth block ( = 1, 2, 3) F = fixed
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effect of the ith family ( = 1, 2, 3, 4 5); ‘?.
between plots experimentd error;
effect of the Ith row within theith famiy (1=1,
2,3,4,5); and q( = within plotsexperlmentd
errorAndModel J—m+ +F+3
dZ usd to endyse the sampling
WI'[(hIn fanllles for the average brix of 10 saks
and themeanweight of 10, 20 and 30 dakstraits,
where: Y , = obsarved value at the experimental
unit correspondlng to theithfamily, jthblock and
zth observation; A, = fixed effect of the zth
samplethhlnthenhf)amlly (z=1,2,..., s, where
scorrespondsto the maximum number of bundles
or groupsof bundlesnecessary togivethesamples
required for theanalysis); andd —vvitrin plots
experimentd error. The other model components
are as previondy defined.

Different within plot stalk samplings were
evduated for the gdk yidd estimation. Stak
yield (kg), the tota number of staks, and the
weight (kg) of 5 sampleswith 10 sakseschwere
obtained in each row. Based on these data, five
gak yield estimates per row were thus obtained:
1) estimated yield with 10 stalks = (number of
gaks in a row-NC) x (mean weight of a 10
gaks sample on the same row); 2) estimated
yidd with 20 staks = (NC x mean weight of a
20 staks sample on the samerow); 3) estimated
yield with 30 stalks = (NC x mean weight of a
30 stalks sample on the samerow); 4) estimated
yield with 40 staks = (NC x mean weight of a
40 stalks sample on the same row); and 5)
esimated yield with 50 stalks = (NC x mean
weight of a 50 stalks sample on the same row).
Simple and partia correlaions, as wdl as their
respective tests, were performed according to
Sted and Torrie (1980).

RESULTS AND DISCUSSI ON

A breeder dways tries to apply methodologies
which aresuitablefor the experimentd evauation
of the populations submitted to selection. Plot
Size and shape are important aspects to be
consdered when evduating sugarcane families.
The experimental methodology for genotype
evauation isdirectly related with the efficacy of
the breeding program to obtain genetic progress
in the selection of quantitative inheritance traits.

The analysis of variance procedures for
inferring sample size and shape used in this
dudy to evduate sugarcane families were: A)
modd 1: used for stk yidd trait. Based on this
modd, the F test between rows within families
was caculated. B) modd 2: Inthis case, the F
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test wasd S0 ca culated for samplewithinfamilies
for the averagebrix of 10 gdksand meanweight
of 10, 20 and 30 gtakstraits.

According to the andlysis of variance (mode 1)
for stalk yield, no significant difference was
detected between rows within families by the
F test (P>0.05), at a reasonable experimental
precison (CV% = 13.70; Table 1). Thisshowed
that therows with 50 plants had the same mean.
Thus, the basc unit of 50 plants provided the
samegak weght informetion given by thewhole-
plot with 250 plants. It is important to mention
that this study assumed that a 250 genotype per
plot sample would be sufficient to estimate the
popul ation mean by plot, snce the genetic effect
of the ith family was expected to be the samein
the three replications.

This study was conducted on five sugarcane
families only, and since its objective was to
maximize plot Sze up to 250 genotypes, alarger
number of individualswere used within each plot
rather than alarge number of families Also, it
wasimpossibleto increasethe number of families
congderably dueto thelimited financid resources
avallablefor carrying out the experiment. Table 1
shows no sgnificant differences by the F test
among families, as expected.

It should be emphasized that the objective of this
Sudy wasto obtaininferenceson thefamily means
rather than onwithin family variance. Infact, there
is a higher probability of selecting superior
individuds in families with a superior mean and
genetic variance. However, the estimates of
vaiance within  families per gak yidd and its
components are strongly influenced by the
environment Since the estimates are obtained &
individud levels Callecting such informationisa
rather slow and laborious process to be
implemented a breeding program routine task.

Early family sdlectionisan dternative procedure
to improve mass sdection efficiency, dnce the
sdection will be applied to families with higher

Table 1 — Summary of variance andysisfor the
sak yield per row

Variation source Gl oM
Replication 2 4911.32
Family 4 3312.07™°
Error a 8 6041.90

Row (family) 20 481.93 "%
Error b 40 1049.85

Tota 74

n-s.. non-significant at 5% probability by the Ftest.
CV %=32.8 CV %=13.7 mean=236.37Kg

means. Family assays can aso be gpplied for
top—cross evauation. Thus, clones or varieties
presenting good combining ability could be later
used in alarge scaleto obtain populationswhich
will be submitted to mass selection.

Sak yied esimation can dso be obtained by the
product between the number of gaks and salk
mean weight traits. This is especidly important
when the god isto obtain seedlingsfor immediate
multiplication of the individuas slected or when
it is not possble to weigh dl the plots, which, in
thefind analyss, would be the best option. Thus,
within plot salk samplings were usad to obtain
yied esimaes. The interpretation of the results
was done through smple and partia correlations,
presented in Table 2.

The yield component number of stalks was
found to be more important (r=0.71**) than the
sak mean weight for yield estimation under
different sampling sizes (r varying from 0.13 up
to 0.49; data not shown). When the effect of
number of stalks was excluded, smaller
correlations were also detected between the
edtimated and observed sdk yied (Table2). This
was dso highlighted when the effect of the mean
weight of 10 stalks was excluded from the
correlations between the estimated and observed
gak yield. For the other sample sizes (20, 30,
40 and 50 stalks), the partid correlations, when
the effect of the mean weight of gaksisexduded
werepracticdly smilar to the smplecorrdaions
obtained between the stalk yield and the
edimated stalk yied.

Inorder to verify theweight variability of the 10-
sak sample weghts, analyses of variance were
carried out according to modd 2. Since there
were 25 bundles of 10-stalks in each plot, 25
wasthe number of 10-stalk samplesused in this
fird andyds. In Table 3, sgnificant differences
(P < 0.05) were observed among 10-stalk
samples within families. This shows that the
samplesize of, gpproximately, 5%, i.e,, abundle
with 10 staks, was not sufficient to give rdiable
edimates of family stalks mean weight. Thus, a
gmilar andyss was carried out with a 20-stalk
sample, i.e., approximately 10% of the total
number of gaksintheplot. A totd of 12 different
20-gdk sampleswereobtainedin eech plot. Each
20-gtalk sample mean was obtained asthe mean
weight of two 10-stak bundleinaparticular plot.
According to Table 3, sgnificant differences (P <
0.05) among samples within the family were
observed, providing the same conclusion as that
for the 10-gdk sampleanalyss. A amilar andyss
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was a0 carried out with a30-gtalk sample, i.e,
goproximately 15% of the total number of staks
in the plot. In this case, atotd of 8 different 30-
galk sampleswere obtained in each plot. Each
30-gak sample mean was obtained as the mean
weight of three 10-gtalk bundleinaparticular plot.
For this anadlysis no sgnificant differences (P >
0,05) among samples within families were
observed (Table 3). Thisindicates that the mean
weight of 30-stalk samples did not differ
ggnificantly by the F test. Through corrdations
(Table 2) and andyses of variance (Table 3), it
can be concluded that samples szes equd to 30
gaks in the plot are necessary to estimate salk
mean weght, and, conssquently, yield esimated
by the number of gaksin the plot and the sak
mean weight. Thisresult isin agreement with thet
obtained by Mariotti and Lascano (1969), that
suggest a sample of 30 gaks (r = 0.80**) to
obtain yidd esimatesin cdlone evduaion.

Smilarly, for the brix varigble, the sample sze
needed to represent the family mean was
investigated. Thus, brix was obtained in bundle
sampleswith 10 stalks per each row, with atotal
of 25 samples per plot.

Significant differences among samples within
families where not detected by the F test (P >
0,05), accordingto model 2 (table 4). Therefore,
it was concluded that only 10 stalks taken from
different plantsin the same plot provided reliable
esimates of average Brix per family. Thesereaults
agree with those obtained by Barbosa et al.
(1999), who used Lessman and Atkins (1963)
and Meier and Lessman (1971) methodology to
conclude that asample of 7% of the genotypes,
gpproximately 16 plants per plot, represent the
family brix average.

Few studies have related sample szes in family
evaluation. Some inferences on the family
performance have been obtained through
combined data on the clones which were
evauated in one-row plots, normaly 5to 8 m
long. Mariotti et al. (1981) concluded that a
random sample of 20 clones, evduated in the
dage 2 trid, is sufficient to estimate the family
mean for sucrose production and yied with a
reasonable precision.

Another alternative procedure to obtain
inferences on the families can be employed

Table 2 — Simple and partid correlations between stalk yield and estimated stak yied, adjusted for
sak mean weight and number of stalks, for different sample sizes.

Va_nable Partial correla_tlon of _the Variable Partial correlation of column X Simple correlation
Estimated column X variable with
- - . Mean weight variable with stalk yield without column X variablev
production stalk yield without the (columnY) the effect of column Y variable stalk yield
(column X) effect of number of stalks y
with 10 stalks 0.11 of 10 stalks 0.63** 0.67**
With 20 stalks 0.49** of 20 stalks 0.70** 0.78**
With 30 stalks 0.51** of 30 stalks 0.78** 0.79**
With 40 stalks 0.59** of 40 stalks 0.82** 0.82**
With 50 stalks 0.59** of 50 stalks 0.82** 0.81**
Number of stalks - - - 0.71**

** significant at 1% probability by thet test (Ho: My™ 0).

Table 3 — Summary of the variance andyds for the mean weaght of saks usng 10, 20 and 30-dadk samples

- 10-stalk samples 20-stalk samples 30-stalk samples
Variation Sources Df VS Df MS Df MS
Replication 2 65.62 2 32.54 2 21.66
Family 4 65.37* 4 30.23"¢ 4 20.15™*
Error a 8 15.77 8 7.97 8 5.32
Sample (family) 120 4,05+ 55 2.70* 35 1.41™
Error b 240 3.00 110 1.60 70 1.08
Total 374 179 119
CV % 38.06 27.02 22.07
CVp% 16.61 12.11 9.97
Mean 10.44 10.44 10.44

* - significant at 5% probability by the F test;
ns- non-significant at 5% probability by the F test.
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Tabda4 - Summary of variance anaysis for brixY/.

275

Variation source Df MS
Replication 2 21.36
Family 4 5.03"
Error a 8 3.15
Sample (family) 120 1.18"
Error b 240 1.06
Total 374

Y Brix: reading on the juice extracted from 10 stalks of different genotypes;

ns - non-significant at 5% probalility by the F test.

during sage 1 trid, a thesage of individud plant-
cane plant seedlings. In this case, plots would
contain genotypes which, if combined, could
provide the family mean vaue for a particular
character. Within this same context, Wu et d
(1977 and 1978), applied the Monte Carlo
method to determine that the plot size of 40
genotypes per family was adeguate to estimate
Brix mean and variance, stalk number, stalk
diameter and gak height. On the other hand,
Skinner (1971) recommended a larger plot
containing 71 plants. Theseresultsare milar to
those obtained in this study, where plotswith 50
genotypeswould be sufficient to obtain inferences
inyied of staks and their components.

CONCLUSIONS

a) Plots with 50 plants are sufficient to estimate
afamily sdk yidd.

b) Thefamily brix could be precisdly estimated by
a sample of 10 plants per plot, usng one stak
from each soal for juice extraction.

¢) Family stak yield estimates can be obtained
by the product between the number of stalks of
the plot and the mean weight of 30 stalks taken
from different plants of the family.
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RESUMO

Tamanho da par cela em experimentospara
selecdo entre familias em cana-de-agucar

O presentetraba ho teve como obyjetivo verificar
o efeito do nimero de plantas por parcela na
avaiacdo defamiliasde cana-de-acUcar. Foram
avdiadascinco familiasdeirmaos completosem
blocos casualisados com 250 gendtipos por
parcela em trés repeticdes. Cada parcela foi
congtituidapor cinco sulcos com 50 plantas cada
um. Considerando as médias de peso de colmos
por sulco, conclui-se que 50 plantas por parcela
S0 suficientes para avaliacdo de familias em
ensalos com repeticdo. Para estimativa do Brix
em refratbmetro de campo sugere-se uma
amostra minima de 10 plantas por parcela,
tomando-se para extracdo do caldo um colmo
em cada touceira. Também foi concluido que
estimativas da producéo de colmos por familia
podem ser obtidos pel o produto entre 0 nUmero
de colmos na parcela e 0 peso médio de 30
colmos obtidos de plantas diferentes na familia
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