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Abstract

Varietal improvement in sugarcane is often targeted at high yield and sucrose quality. Effective genetic
improvement of the crop requires understanding of the various attributes contributing to the existing diversity
through genetic analysis. Hence, the objectives of this study were to evaluate sugarcane cultivars in the plant
and ratoon crop cycles with a view to estimate the variance components, heritability and genetic gain of the
characters and also to determine the association between them, both at phenotypic and genotypic levels. In
the present investigation, twelve cultivars of sugarcane were evaluated in the two crop cycles in 2013 and
2014. The experiment was laid out in a randomized complete block design with three replications at Ibadan,
Nigeria. Data were recorded on formative, vegetative and yield characters. Brix per cent (BP) was recorded
at 9, 10, 11 and 12 months after planting (MAP) and denoted as BP9, BP10, BP11 and BP12. Data were
subjected to analysis of variance for each crop and across crop cycles. Significant variations (p<0.001)
existed among the cultivars, crop cycles and cultivars x crop cycles for all the formative, vegetative, yield
characters and BP. Phenotypic variance for all the characters were higher than their respective genotypic
variance. Estimates of heritability and genetic gain for the characters ranged from 23.3 % to 95.9 %, and
from 10.4 to 23.0, respectively. However, days to flower initiation (DFI), stalk diameter (STD) and millable
stalk (MBS) had high genetic gain across crop cycles. Additive gene action controlled inheritance of number
of tillers and stalk, stalk diameter, total stalk at harvest, DFI, and brix per cent at 9 and 11 MAP, while both
additive and non-additive genes governed inheritance of number of nodes, MBS, mean stalk weight and
BP12. Phenotypic correlations in plant crop cycle were mostly positive and significant whereas both positive
and negative correlations existed in ratoon crop cycle. Positive phenotypic and genotypic correlations existed
among BP9, BP10 and BP11 in both crop cycles. The results of the study indicated that meaningful selection
of genotypes for sugarcane improvement should be carried out at the formative growth phase or at maturity
phase using yield and brix per cent attributes.
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Introduction

Sugarcane (Saccharum spp) is a perennial crop of
Poaceae family in Andropogonae tribe of plants
(Malavolta, 1994) grown mainly for cane and
sucrose. It originated in Papua New Guinea. The
commonest species of botanical genus Saccharum
is Saccharum officinarum while two other sugar-
bearing species of the genus are S. sinense and S.
barberi. The genus also has three non-sugar-bearing

species, namely, S. robustum, S. spontaneum and S.
edule. A sugarcane plant contains 5 to 20 tillers per
stand. It re-grows after each harvest and stem is a
succession of nodes and internodes. The plant can
grow up to 5 metres (Bigman, 2001). The stem has
the capacity to store crystallizable sucrose in the
pith, under the hard waxy bark. The major product
of the crop is sugar. It can be converted into energy
such as combustible material, charcoal or biofuel.
Its bye-products are also used in industries for
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medicine, pharmaceuticals, confectioneries,
beverages, electricity and motor fuels, while the
leaves are good fodder for livestock (Wada et al.,
2017).

Most sugarcane varieties currently grown are
hybrids of several genotypes belonging to the
common species in genus Saccharum (Sreenivasan
and Jalaja, 1983). The varieties are cultivated in a
wide range of environmental conditions all over the
world. Variation in performance and use is expected
with respect to variety, cultivation conditions, as
well as the intention for cultivating the crop.
Farmers prefer high cane yielding and early
maturing varieties while the industries demand those
with high sucrose. For this reason, varietal
improvement of the crop is often targeted at high
cane yields and high sucrose quality. Cane yield and
sucrose quality of the crop are affected by several
biotic and abiotic factors as well as physiological
factors (Clarke, 1996). Breeders have directed their
efforts to address the needs of farmers in spite of
varying climate and edaphic conditions, and also
for industrial use in terms of high sucrose content.
Varietal differences in growth and maturity rates
are important for breeders or farmers to make
effective and informed harvest scheduling decisions
(Caldron et al., 1996; Donaldson et al., 2008).
Harvesting age is one of the most important
physiological factors affecting sugarcane
productivity. The optimum age to harvest varies
from variety to variety and depends on the maturity
time at which it develops highest sucrose content
in the cane. Based on the age at harvest the crop
can be early maturing (10-12 months), medium
maturing (12 months) or late maturing (14-16
months) (Sreenivasan and Jalaja, 1983; Caldron et
al., 1996; Donaldson et al., 2008). However, early
maturing varieties may be harvested when they may
not have reached their peak sucrose content, but
have higher sucrose content than other late maturing
varieties (Khan et al., 2017).

Time of maturity depends on characteristics
associated with growing periods and plant

physiological conditions during maturation.
Variation in the association between physiological
parameters with yield of plant and ratoon crops is
also helpful in deciding the ratooning potential of
the crop (Muschow et al., 1993; Gilbert et al., 2004).
Climatic elements such as temperature, solar
radiation, relative humidity and amount of rainfall,
which jointly decide environment, account for a
major variation in suitable harvest age of the crop
(Jorge etal., 2010; Gomathi et al., 2013). Similarly,
the type of crop (plant or ratoon) and management
practices, which differ with both the crop’s
physiological status and the environmental
conditions to a certain extent, may affect the genetic
expression of the cultivars evaluated.

Estimation of the heritability and genetic advance
offers reliable guidance for rapid and effective
selection in a breeding programme. Heritability of
a character gives insight into the expected
performance of genotypes for the character (Tazeen
et al., 2009). On the other hand, genetic advance,
which measures the response of the characters to
selection, explains the degree of gain obtained in a
character under a particular selection pressure.
Genetic parameters had been used to determine the
relationships among agronomic characters in
genetically diverse population for enhanced
progress in crop improvement (Soomoro et al.,
2006; Ogunniyan and Olakojo, 2014; Ogunniyan
et al., 2015). High heritability and high genetic
advance indicate the presence of additive genes in
the trait and therefore suggests the importance of
such characters in crop improvement through
selection.

Sugarcane breeders began generation of hybrids
from S. officinarum and other species in the 18"
century but genotypic performance and consumer’s
preference vary with changes in the environment
and consumer’s requirements. This makes
continuous improvement of the crop inevitable.
However, effective genetic improvement of the crop
requires demystification of the various attributes or
characters of the existing diversity through genetic
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analysis. Hence, the objectives of this study were
to evaluate the plant and ratoon crops of sugarcane
with a view to estimate the variance components,
heritability and genetic gain of the characters. The
association between characters, both at phenotypic
and genotypic levels were also estimated.

Material and Methods

Experimental Material

The experimental material comprising of 12
cultivars of sugarcane obtained from Sugar
Research Institute, University of Ilorin, Nigeria were
evaluated in two crop cycles at Ibadan representing
a Forest-Savannah Transition agro-ecology of
Nigeria from 2013 to 2014. Total amount of rainfall
received at the experimental location was 1921.9
cm in 2013 and 1836.7 cm in 2014. Mean
temperature was 26.6 °C and 25.7 °C in 2013 and
2014, respectively. The plots were irrigated to
complement soil water during water shortage for
ratoon crop cycle.

Field Layout and Agronomy

The experiment was laid out in a randomized
complete block design with three replications. Each
plot comprised of four rows of 5 m length and 1.5
m width (4 rows x 5 m x 1.5 m) representing unit
plot size of 36 m?. The plots were separated by 3 m
and replicates were 4.5 m apart. The planting was
done in November 2012 and October 2013, whereas
the ratoon crop cycle was between October 2013
and September 2014.

Pest and disease free, six months old cane setts that
had three eyes each were planted by laying
horizontally end-to-end in rows in the ploughed and
harrowed field. NPK fertilizer was applied at the
rate of 150 kg N, 60 kg P and 90 kg K in two equal
split doses at planting and 10 weeks after planting
(WAP). The plots were kept weed free throughout
the experiment by applying herbicide (as pre-
emergence at 5.0 1 ha' each of paraquat and
atrazine, two days after planting) and two hoe
weeding operations at 4 WAP and 12 WAP. Stalks
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of the canes were harvested from the two middle
rows of the plots at 52 WAP by cutting the canes at
5 cm above the ground.

Data Collection

Total stand per plot was counted at 3, 8 and 12 WAP.
Ten randomly selected millable stalks of the cane
were sampled for brix per cent. Stalk height was
measured from the ground to the top visible dew-
lap leaf using metre rule, and stalk diameter was
measured using a pair of Vernier caliper, while stalk
weight per plot was measured using weighing scale.
Harvested cane stalks were bundled per plot and
weights were expressed as t ha'. Internodes were
counted and inter-nodal length was measured with
metre rule at harvest.

Data Analysis
The data collected were analyzed separately for
plant crop and ratoon crop for analysis of variance
(ANOVA) using SAS software(SAS, 2009). The
data pooled over two years (plant and ratoon crop
cycles) were also subjected to ANOVA. Mean
separation was conducted using Least Significant
Difference wherever significant differences were
detected in the F-test between crop cycles and
Duncan Multiple Range Test among cultivars within
crop cycles. Phenotypic (6%p) and genotypic (6°g)
variances were estimated followingBaye (2002).
The mean values were used for genetic analyses to
determine phenotypic coefficient of variation (PCV)
and genotypic coefficient of variation (GCV),
according to Singh and Chaudhury (1985) as:

0/ \= 2
GCV(%)= \/%X 100

PCV(%)= Vo, 10
X

where, 6’g = genotypic variance, 6 *p = phenotypic
variance and x = sample mean.

Genotypic and phenotypic correlation coefficients
between pairs of characters were calculated from
the genotypic, phenotypic and environmental
covariance to determine inter-character associations
according to Sharma (1998), as:
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Genotypic correlation= COV

Vo’gx x o’gy
and
Phenotypic correlation = COVpxy

Volgx x 6°gy
where COV_ _and COV __ are genotypic covariance
(GV) between two characters (x and y), and
phenotypic covariance of the progeny means
between the two characters, respectively. 6°g was
genotypic variance of the first character while
G2gy was the genotypic variance (PV) of the second
character. 6°p and ngy were the phenotypic
variances for the first and second character,
respectively. The calculated phenotypic correlation
coefficients were tested for their significance using
t-test. Broad sense heritability (4°,) estimate of each
trait was computed according to the procedure
outlined by Falconer (1989) as:
Heritability (7°,) = 6°g

Where 62g = genotypic variance and 6% =
phenotypic variance. Expected genetic advance
percentage of mean (GAM) was calculated
according to Shukla et al.(2006) as:

— 2
GAM = k.o’g 100

where, k is standardized selection differential
constant (2.06) at 5% selection intensity, o°p is
phenotypic standard deviation and /’, is broadsense
heritability. Heritability was rated low (when the
estimate was less than 40%); medium (40-59%),
high (60-79%) and very high (> 80%). The GAM
was rated as low (when the estimate was less than
10%), medium (10-20%) and high (> 20%)(Singh,
2001).

Results and Discussion

Analysis of variance for establishment, maturity,
yield and brix per cent of the sugarcane cultivars

o’p Mean squares and coefficients of variation (CV)

Table 1. Mean square and coefficient of variation for formative, vegetative, yield characters and brix per cent for plant
and ratoon crop of sugarcane cultivars evaluated in Ibadan, Nigeria in 2013 and 2014

Parameter Plant crop cycle Ratoon crop cycle Cultivar x ratoon crop cycles
Mean square Coefficient Mean square Coefficient Mean square Mean square Mean square Coefficient
Cultivar ~ of variation ~ Cultivar  of variation Crop Cultivar Cultivar X of variation
(df=11) (%) (df=11) (%) (df=1) (df=11)  crop (df=11) (%)
Formative Phase
GMC 387.00™ 2247 15710.13™  20.12 112575.13™"  8699.19™  7397.94™ 20.01
TLC 2121,73"  20.83 14993.00™  19.46  210060.01™" 11927.50™"  5187.23™ 20.80
STC 54338 21.84 2142.20™ 26.78 1662A2.72"" 2080.56" 603.03 26.72
Vegetative phase
NND 9.38" 7.50 20.32" 9.02 46.14™ 18.14™ 11.57 8.24
SHT 11.46 10.86 033" 6.48 17.02x 5.42m 6.36™ 14.39
STD 0.41™ 6.34 0.42" 7.80 1.00™ 0.66™ 0.18™ 7.06
INL 7.94™ 11.19 244.05™ 10.02 463.80™ 122.59m 129.39m™ 13.23
Yield component
TSC 1212.82" 16.21 1845.017 22.06 1473472 2503.81™ 554.02 15.07
MSW 0.80™ 20.13 038" 23.43 229" 0.79™ 0.38"™ 19.59
TSW 503.91" 21.82 1482.70"™ 2242 12329.47™  1034.08™ 952.53™ 19.70
MBS 10.35" 13.97 24.61" 14.80 4.01 2141 13.56™ 14.42
Flowering and brix per cent
DFI 30191.617 0.06 558.17™ 0.65 1330.42"" 17227.82"" 13521.96™ 0.46
BP9 11.08™ 5.95 11.04™ 5.08 21.51™ 17.65™ 447 5.56
BP10 5.15™ 231 1.86™ 1.16 0.26™ 4.19™ 2,82 1.83
BPI11 220" 3.15 3.55 3.16 0.004 ™ 437 1.38° 3.16
BP12 3.49™ 3.64 1.44™ 4.40 6.81™ 627" 3.98™ 4.02

GMC, TLC, STC, NND, SHT, INL, TSC, MSW, TSW, MBS and DFI are germination count, tiller count, stalk count, number of nodes/plant, stalk
height, internode length, total stalk count, mean stalk weight, total stalk weight, millable stalk and days to flower initiation. BP9, BP10, BP11 and
BP12 mean brix per cent at 9, 10, 11 and 12 weeks after planting, respectively, CV - coefficient of variation
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for the agronomic characters for the plant crop and
first ratoon crop cycles as well as pooled values for
the two crop cycles are shown in Table 1. Significant
variations existed in the cultivars for all the growth
parameters at the formative and maturity phases
except stalk height (SHT). All the yield contributing
characters and brix per cent (BP) in the plant crop
significantly varied between cultivars. Significant
variation that existed in the cultivars for the
formative and vegetative parameters in each crop
cycle and across cycles indicated that selection of
superior cultivars for the characters could be
achieved effectively in each cycle and across crop
cycles. Similarly, days to flowering and brix per
cent are important criteria to be considered during
breeding for cane yield and quality in sugarcane.
The significant variation in the characters across
growth phases indicated that there was a rich pool
of variability to be used for improvement of the
crop. Chang (1996) also observed that mean yield
performance of sugarcane cultivars could be used
in selecting superior genotypes.

Coefficient of variation ranged from 6.3% for stalk
diameter (STD) to 21.8% for total stalk count (TSC)
in the vegetative phase while the CV ranged from
14.0% for millable stalk (MBS) to 20.0% for total
stalk weight (STW) among the yield characters. It
was also shown that BP10 had least CV (2.3%)
whereas BP9 had the highest (6.0%) among the BP.
Significant differences existed among cultivars for
all the parameters considered in the ratoon crop
cycles. The CV for the characters considered in the
formative stage were greater than 20.0% whereas
all the vegetative parameters at maturity as well as
BPs had CV lower than 10.0% in the ratoon crop
cycle.The CV was relatively higher in the formative
phase and in yield contributing characters than the
stalk height, diameter and internode length, which
were considered in the vegetative phase in each crop
and across crops. However, days to flower initiation
(DFI)and BP had least CV suggesting that selection
was more suitable in the formative phase or with
yield contributing characters.
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The analysis of the pooled data showed that there
were significant variations among the cultivars for
all the formative, yield, flowering parameters and
BP, except SHT and INL. The crop (plant and
ratoon) cycles had significant effects (p<0.001) for
all the characters in the formative stage as well as
BP9 and BP12. The effect of crop cycles was
significant for all the yield characters also except
MBS. Combined ANOVA further showed
significant differences for GMC and TLC (p<0.001)
among the formative phase parameters and only
STD (p<0.01) among growth parameters at
maturity. All the yield characters except TSC had
significant variation (p<0.001) due to cultivars x
crop cycles.

The interaction effects on all the BP were highly
significant. The CVs for all the parameters
considered in this study across crop cycles were less
than 15.0% except for GMC, TLC, stalk count
(STC), mean stalk weight (MSW) and days to flower
initiation (DFI) which ranged between 19.6% for
MSW to 30.5% for DFI. Significant effects of
cultivars x crop cycles on the yield characters and
brix per cent were indicative of consequences of
environment and difference in ratoonability of the
cultivars. On the other hand, non-significant
variation for brix per cent at 10 and 11 MAP across
crop cycles showed that sucrose accumulation of
the cultivars did not vary with years or ratooning.
The result corresponded with that of Jamoza (2013),
who found that significant genotype x environment
interactions existed for cane yields but not for brix
per cent of sugarcane.

Means, variance, heritability and genetic gain for
establishment, maturity, yield and Brix per cent of
the sugarcane cultivars

Mean values were higher in the plant crop than
ratoon crop for number of nodes (NND), MSW, DFI,
BP9 and BP12, while values for the GMC, TLC,
stalk count (STC), TSC and TSW were higher in
the ratoon crop cycles (Table 2). Mean values of
the plant characters in the formative phase and yield
components were higher in the ratoon cycles due to
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Table 2. Mean yield, variances, heritability and genetic gain for formative, vegetative, yield characters and brix per cent of plant and
ratoon crops of sugarcane cultivars evaluated in Ibadan, Nigeria in 2013 and 2014

Character Crop Mean Phenotypic  Genotypic Environmental Phenotypic Genotypic Broadsense Genetic
Variance Variance Variance CV (%)  CV (%) Heritability Gain
GMC Plant 2717 129.00 116.58 12.42 41.80 39.74 90.37 71.82
Ratoon  106.25 5236.71 4999.34 237.37 68.11 66.55 95.47 93.94
TLC Plant 5717 707.24 659.96 47.29 46.52 44.94 93.31 89.42.
Ratoon  165.20 4997.67 4653.22 344.44 42.79 41.29 93.11 82.08
STC Plant 31.06" 180.46 147.87 32.60 43.25 39.15 81.94 73.00
Ratoon  61.45 714.07 543.81 170.26 43.49 37.95 76.16 68.23
NND Plant 21.39 3.13 227 0.86 8.27 7.05 72.58 12.36
Ratoon  19.78 6.77 5.71 1.06 13.16 12.09 74.36 13.87
SHT(m) Plant 3.33m 3.85 2.04 0.02 58.81 5.61 90.91 21.10
Ratoon 2.36 3.11 2.10 0.01 14.04 13.52 92.75 26.83
STD (cm) Plant 278" 0.14 0.13 0.01 13.68 13.17 92.77 26.13
Ratoon 248 0.14 0.13 0.01 15.04 14.35 90.35 28.18
INL (cm) Plant 12.12m 62.65 12.03 0.86 13.42 11.76 76.82 21.23
Ratoon  14.42 98.66 17.31 1.35 17.75 24.19 67.55 20.87
TSC Plant 54.53" 104.27 336.18 68.10 36.87 33.63 83.16 63.17
Ratoon  83.14 615.00 378.25 236.76 29.83 23.39 61.50 37.79
MSW (g) Plant 1.23 0.27 0.25 0.02 42.03 40.39 92.37 79.97
Ratoon 0.87 0.23 0.21 0.01 40.63 38.29 88.83 74.34
TSW (g/36m?) Plant 50.82" 167.97 126.95 41.02 25.50 22.17 75.58 39.70
Ratoon  76.99 494.23 397.94 99.30 28.88 25.81 79.91 47.53
MBS Plant 9.28™ 3.45 2.89 0.56 20.02 18.33 83.78 34.56
Ratoon 9.81 8.20 7.51 0.69 29.38 27.11 91.54 55.40
DFI (days) Plant 257.88° 163.87 163.87 0.09 38.90 38.90 100.00 80.14
Ratoon ~ 249.28 186.06 185.17 0.89 3547 35.46 99.52 81.22
BP9 (%) Plant 19.09° 3.69 3.26 0.43 10.07 9.46 88.29 18.31
Ratoon  17.99 3.68 3.40 0.28 10.66 10.25 92.45 20.31
BP10 (%) Plant 18.96" 1.72 1.65 0.06 6.91 6.78 96.26 13.71
Ratoon  19.08 1.62 1.60 0.02 4.12 4.07 97.36 8.27
BP11 (%) Plant 20.45m 0.73 0.60 0.14 4.19 3.78 81.17 7.01
Ratoon  20.46 1.18 1.04 0.14 5.31 4.99 88.19 9.65
BP12 (%) Plant 2148 1.16 0.96 0.20 5.02 4.56 82.47 8.53
Ratoon  20.87 2.25 1.97 0.28 7.19 6.73 87.51 12.96

GMC, TLC, STC, NND, SHT, INL, TSC, MSW, TSW, MBS, DFI, BP9, BP10, BP11 and BP12 are significant (p=0.05), germination, tiller count,
stalk count, number of nodes/plant, stalk height, internode length, total stalk count, mean stalk weight, total stalk weight, millable stalk, days to

flower initiation, brix per cent at 9, 10, 11 and 12 weeks after planting.

the higher tiller counts which eventually culminated
in the total cane yield. This result could be explained
by the observation that the plants in the ratoon crop
cycle established more rapidly than in the plant crop.
Hence, food materials were utilized more effectively
by the plants which had well developed root and
shoot systems at early stage. However, plants in the
main crop require longer time for initial adaptation
to the micro-environment where they were grown
before effective uptake and utilization of plant
nutrients or solar radiation. Khan et al. (2013) found
that higher number of tillers contributed to higher
sugar yields in sugarcane genotypes. Similarly,
Ogunniyan et al. (2018) had reported higher

productivity of ratoon crop over the plant crop cycle
of sugarcane.

The phenotypic variances for all the parameters
were higher than their respective genotypic variance
indicating influence of environmental conditions
under which the crop was grown. However, the PV
and GV were similar for DFI and BP9. Variances
were higher for the ratoon crop than plant crop cycle,
but the parameters were similar for STD, MSW, BP9
and BP10. The PCV and GCV were higher in plant
crop than ratoon crop cycle except for STC, MSW
and BP10 where the parameters were not
significantly different. Variance estimates for the
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characters at the formative stage as well as the yield
and brix per cent at the later stage of maturity were
higher for the ratoon crop than the plant crop cycle.
This variation might have been due to
environmental effects and differences in
ratoonability of the cultivars and supported the view
that selection was more effective in ratoon cycle
than plant crop cycle. Phenotypic variance for all
the characters were higher than their respective
genotypic variance indicating the effect of
environment or differences in their ratoonability
which might have affected performance of the
cultivars. However, DFI and BP at 9 MAP showed
similar variance in the plant and ratoon crop cycles.
Thus, effect of environment and crop cycle was
negligible on the expression of the characters or
biochemical activities in the plant.

Heritability varied for the parameters between crops
(Table 2). It was lower in the plant crop than ratoon
crop cycle for GMC, NND, SHT, TSW, MBS, BP9
and BP12, not significantly different in both the
plant and ratoon crop cycles for TLC, DFI and BP10
but higher in the ratoon than the plant crop cycle
for the remaining parameters. The parameter ranged
from 72% and 74% for NND in the plant and ratoon
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crop, respectively to 100% for DFI in both crops.
The genetic gain ranged from 7.0 to 89.4 in the plant
crop, and from 9.7 to 93.9 in the ratoon crop cycle.
The genetic gain was consistently lowest for BP11
and highest for TLC in the two crop cycles.
Heritability estimates were higher in most of the
parameters in ratoon crop than the plant crop cycle
portending adaptation of the cultivars to the
environmental conditions in the ratoon. The asexual
mode of reproduction of the crop caused high to
very high heritability estimates for all the characters
in each of the two crop cycles.

Mean and estimates of genetic parameters for the
characters of the two crop cycles are shown in Table
3. The phenotypic and genotypic variance for all
the characters were higher than their corresponding
error variance (EV) except for MSW. The PV for
cultivar x crop cycle was higher than GV for GMC,
NND, TSW, MBS, DFI, BP10 and BPI12.
Conversely, PV and GV estimates were lower than
EV for STC, NND and TSC, but similar to EV for
INL. Furthermore, it was found that PCV was higher
than the GCV for all the characters. Estimates of
heritability and genetic gain ranged from 23.3% for
INL to 95.9% for DFI, and from 10.4 for BP11 to

Table 3. Mean, variances, heritability and genetic gain for formative, vegetative, yield characters and brix percentage
from combined analysis of plant and ratoon crops of sugarcane cultivars evaluated in Ibadan, Nigeria in 2013 and 2014

Character Mean Phenotypic Genotypic ~ Cultivar x  Environmental Phenotypic Genotypic Broadsense Genetic
Variance ~ Variance Crop Variance  Variance CV (%)  CV (%) Heritability Gain
GMC 66.71  1449.86 216.87 1170.54 62.45 0.44 0.17 28.96 13.03
TLC 111.18  1987.92 1123.38 766.61 97.93 0.37 0.28 70.51 13.34
STC 46.25 346.76 246.26 49.79 50.71 0.90 0.75 85.02 14.21
NND 20.59 3.02 1.09 1.45 0.48 9.59 5.77 50.20 12.05
SHT (m) 2.85 1.06 0.16 0.06 0.97 16.19 6.21 28.74 17.82
STD (cm) 2.60 0.11 0.08 0.02 0.01 50.29 43.10 87.44 19.99
INL (cm) 13.27 21.57 11.13 439 4.82 3.59 0.82 23.26 13.29
TSC 68.83 417.30 324.97 16.12 76.21 0.82 0.72 91.87 14.21
MSW (g) 1.05 0.13 0.07 0.06 0.01 45.84 33.00 65.83 17.85
TSW (g/36 m?) 63.91 172.35 33.59 123.67 13.08 1.27 0.36 31.89 13.11
MBS 9.54 3.57 1.31 1.95 0.31 8.82 5.34 50.66 1956
DFI(days) 253.58  2871.30 617.64 2253.44 0.22 0.31 0.14 95.51 23.04
BP9 (%) 18.54 2.94 220 0.57 0.18 9.25 7.99 88.67 12.85
BP10 (%) 19.02 0.70 0.23 0.45 0.02 19.94 11.40 46.67 12.32
BP11 (%) 20.46 0.73 0.50 0.16 0.07 19.53 16.15 82.41 10.42
BP12 (%) 21.17 1.04. 0.38 0.54 0.12 16.31 9.85 50.46 12.15

GMC, TLC, STC, NND, SHT, INL, TSC, MSW, TSW, MBS and DFI are germination count, tiller count, stalk count, number of nodes/plant, stalk
height, internode length, total stalk count, mean stalk weight, total stalk weight, millable stalk and days to flower initiation; BP9, BP10, BP11 and
BP12 - mean brix per cent at 9, 10, 11 and 12 weeks after planting, respectively; SE and CV are standard error and coefficient of variation.
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23.0 for DFI, respectively. Only DFI, STD and MBS
had genetic gain equal to or greater than 20.0%
across crop cycles.

Genetic gains for the characters were similar for
plant and ratoon crop cycles suggesting selection
based on certain characters such as number of nodes
per plant, internode length, days to flower initiation
and brix per cent at 9 MAP Genetic gain for
characters in the formative phase, particularly GMC
and TLC, flowering and yield characters (for
instance MSW and STC) were consistently high.
Therefore, these characters were critical for
selection in both the crop cycles. Estimates of
heritability and genetic gain were high for TLC,
STC, STD, TSC, DFI, BP9 and BP11 signifying
additive gene action controlling inheritance of the
characters. On the other hand, both additive and non-
additive gene actions governed inheritance of NND,
MBS, MSW, BP12 because of their high heritability
and medium genetic gain.

Genetic correlation among establishment, maturity,
yield and Brix percentage of the sugarcane cultivars
Various significant levels of positive and negative
phenotypic correlations existed among the
parameters considered for each of the two crop
cycles (Table 4). In the plant crop cycle in 2013,
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germination count had significant correlation with
stalk count (0.58) only while the latter correlated
with TSC (0.65%) and BP at 10 WAP (-0.76"); stalk
diameter and mean stalk weight correlated with days
to flower initiation (0.71"). Contrary to the
significantly positive phenotypic correlations in the
plant crop, both positive and negative correlations
existed in ratoon crop in 2014. The GMC had highly
significant phenotypic correlation with STC, STD,
TSC, MSW, MBS and BP10 in the ratoon crop.
MBS had positive significant phenotypic
correlations with all other characters except STC,
SHT and MSW. The MSW had negative phenotypic
correlations with BP9 and BP10 while MBS had
negative phenotypic correlation with BP11 (-0.56").
The BP9, BP10 and BP11 had significant
phenotypic correlations with BP12 in the ratoon
crop cycle in 2014.

In the plant crop cycle, GMC had positive genotypic
significant correlations (p<0.05) with STC and TSW
while STC significantly correlated with STD (-
0.68™) and TSC (0.77") only (Table 5). SHT
exhibited significant correlations (p<0.05) with
MBS and BP9, STD correlated with DFI (0.74™)
only while INL correlated with TSC (0.62") and
TSW (0.87(0.77°"). The TSC had significant
correlation with TSW (0.65%) and BP10 (-0.67%)

Table 4. Phenotypic correlations among formative, vegetative, yield and brix per cent in plant crop in 2013 (above
diagonal) and ratoon crop in 2014 (below diagonal) of sugarcane cultivars evaluated in Ibadan, Nigeria in 2013 and

2014

Character GMC STC SHT STD INL TSC MSW TSW MBS DFI BP9 BPI0 BPIl BPI2
GMC 0.58"  0.02 -0.01 031 041 009 046 013 024 -020 -032 -0.18 -0.26
STC 0.70" -0.08 -054 0.19 0.65 -030 0.14 032 -037 013 -037 -029 -0.76"
SHT 0.17 048 0.02 0.06 007 -039 -0.17 054 -027 -051 -0.18 -023 045
STD 071" -0.52 -0.02 039 -0.19 -022 042 -027 071" -0.11 0.03 041 047
INL 036 000 004 -048 054 -043 064" -037 020 -009 -029 022 0.15
TSC 0.73" 0.82™ 027  -049 0.27 -0.34 0.65° -021 000 -0.17 -0.63 -032 -0.45
MSW -0.56© -0.11 046 054 -042 -045 -0.14 -022 071" 011 0.10 0.01 0.02
TSW 0.21 039 0.66° 021 027 025 0.43 -0.52 038 -0.18 -029 -0.03 0.02
MBS 0.68" 051 0.0l -0.69" 0.62° 0.65° -0.54 0.90™ -043  -033 -024 -034 -0.22
DFI -047 -0.58" 0.03 0.60" -0.23 -0.51 025 001 -0.54 -014 -0.16 0.18  0.20
BP9 047 016 -036 -022 0.09 035 -0.59" -043 028 0.03 0.67° 0.66° -0.21
BP10 0.70" 050 030 -0.52 027 0.56° -0.57" 0.00 047 0.04 0.60" 0.65° 022
BP11 -027 -0.16 025 050 -045 -025 040 0.06 -0.56" 059" 024 0.09 0.24
BP12 033 -0.02 006 004 014 021 -032 -0.13  -0.02 032 075" 0.60" 0.56"

GMC, TLC, STC, NND, SHT, INL, TSC, MSW, TSW, MBS and DFI are germination count, tiller count, stalk count, number of nodes/plant, stalk
height, internode length, total stalk count, mean stalk weight, total stalk weight, millable stalk and days to flower initiation.
BP9, BP10, BP11 and PB 12 mean brix per cent at 9, 10, 11 and 12 weeks after planting, respectively.
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Table 5. Genotypic correlations among formative, vegetative, yield and brix per cent in plant crop in 2013 (above
diagonal) and ratoon crop in 2014 (below diagonal) of sugarcane cultivars evaluated in Ibadan, Nigeria in 2013 and 2014

Character GMC STC SHT STD INL TSC MSW TSW MBS DFI BP9 BPI0 BPIl BPI2
GMC 0.61" 049 -0.01 045 051 0.07 0577 022 025 -0.19 -036 -023 -0.28
STC 0.79" -0.18 -0.68" 021 0.77" -037 0.15 042 -041 020 -041 042 -037
SHT 0.18  0.65 -0.01 025 -025 -044 -024 0.60° -028 -0.59° -027 -027 049
STD 0.77" -0.70"  0.00 045 -025 021 042 -027 074" -0.11 0.05 046 048
INL 0.92™ -0.63" 0.16 -0.98™ 0.62° -0.52 087" -0.53 023 -0.10 -029 023 0.19
TSC 0.96™" 0.98™ 042 -0.31 0.98™ -043 0.65° -025 000 -023 -0.67" -0.34 -0.54
MSW -0.65° -022 0.51  0.58 0.96™ -0.67" -0.19 -021 0.74" 0.2 0.14 0.01 0.03
TSW 0.21 048 0.81" 0.16 -0.71" 0.09 0.47 -0.61" 044 -026 -033 -0.03 0.01
MBS 0.71" 056" 0.05 -0.7770.98™ 093"  0.64" -0.61" -047 -049 -025 -034 -0.25
DFI -047 -0.65" 0.03 -0.63" -0.57° -0.67° 028 0.00 -0.56" -0.15 -0.17 020 0.22
BP9 045 011 -037 -027 022 042 -0.72" -0.577 029 0.04 0.75" 091" -0.25
BP10 071" 058 032 -0.55 0.60° 0.74™ -0.62" -0.02 0.50 0.04 0.62 0.73™ 0.25
BP11 -026 -022 027 056" -024 -040 041 0.10 -0.62° 0.63" 029 0.10 0.37
BP12 032 -0.07 005 006 049 031 -040 -0.13 -0.03 035 0.77" 0.63° 0.67"

GMC, TLC, STC, NND, SHT, INL, TSC, MSW, TSW, MBS and DFI are germination count, tiller count, stalk count, number of nodes/plant, stalk
height, internode length, total stalk count, mean stalk weight, total stalk weight, millable stalk and days to flower initiation; BP9, BP10, BP11, and

BP12 mean brix per cent at 9, 10, 11 and 12 weeks after planting, respectively

while MSW had positive correlation with DFI and
TSW was negatively correlated with MBS. This
showed positive correlations among BP9, BP10 and
BP11. Genotypic correlation in the ratoon crop in
2014 between GMC, STC, STD, INL, TSC, MBS
and BP10 were positive and highly significant. The
STD had high significant correlation with GMC and
STC (P<0.01); INL had significant negative
correlations with STC and STD while TSC had
highly significant and positive correlations with
GMC (0.96"), STC (0.98"") and INL (0.98™). The
MSW had negative correlation with GMC and TSC.
Similarly, TSW was highly correlated with SHT and
INL while MBS correlated with all the formative,
vegetative and yield parameters except SHT. The
DEFT also correlated with STC, STD, INL, TSC and
MBS. Correlations among BP9, BP10, BP11 and
BP12 were positive in the ratoon crop. In the
formative phase, most of the characters significantly
correlated with one another. The GMC
phenotypically correlated with STC while TSC had
phenotypic correlation with TSW showing that cane
yield depended on crop establishment among other
factors. The results obtained for genotypic
correlations were almost similar to those for
phenotypic correlations. Hence, decisions could be
made without recurrence to the environment. This
was proved with the preponderance of non-
significant environmental correlations among the

characters for each of the cycles. However,
correlations among BP9, BP10 and BP11 were more
of genotypic than phenotypic nature. This meant
that genetic factors played more significant roles
than environmental parameters or crop cycle in the
sucrose accumulation of the cultivars. Correlations
among phenotypic characters indicated biological
processes that were of considerable interest and
could be the result of genetic, functional and
physiological or developmental nature (Soomoro
etal., 2006).

Unlike phenotypic and genotypic correlation
estimates, significant environmental associations
(p<0.05) existed among a few pairs of characters
of the crop for either plant or ratoon crop cycles
(Table 6). For plant crop cycle in 2013,
environmental correlations existed between STD
and TSW (0.56") and DFI (0.64%), TSC and TSW
(0.67%), MSW with DFI (0.64") and BP10 (-0.67")
and between BP9 and BP11 (0.57%) only. The GMC
had significant correlations with MSW (0.60°) and
BP9 (0.58") for ratoon crop in 2014, while TSW
correlated with STD (0.56%) and TSC (0.66") and
BP9 correlated with GMC (0.58") and MSW (0.61%)
only. According to the result of this study, quality
of sugarcane with respect to sucrose was basically
due to genetic factors and environment did not have
significant influence on the changes in the sucrose
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Table 6. Environmental correlations among formative, vegetative, yield and brix per cent in plant crop in 2013 (above
diagonal) and ratoon crop in 2014 (below diagonal) of sugarcane cultivars evaluated in Ibadan, Nigeria in 2013 and

2014

Character GMC STC SHT STD INL TSC MSW TSW MBS DFI BP9 BPI0 BPIl BPI2
GMC 041 -009 005 -045 -020 030 -0.07 047 022 -030 0.17 018 -0.15
STC 0.29 0.06 049 0.01 0.08 0.14 0.10 0.15 -034 -033 -0.13 029 0.20
SHT -0.01  -0.50 0.09 0.08 -0.09 0.04 0.04 004 -024 006 -031 0.00 0.04
STD 0.05 039 -0.15 0.07 029 030 056" -028 0.4 -0.18 -020 0.08 049
INL -0.10 051 -0.08  0.02 0.23 0.01 -0.11 031 019 -0.02 -040 0.19 -0.10
TSC -0.01 050 -031 037 -0.22 031 0.67° -0.04 0.00 018 -037 -0.19 -0.01
MSW 0.60° 041 006 0.10 -0.06 0.22 0.18 -0.28 0.64" 0.00 -0.67" 0.01 -0.06
TSW 0.31 0.08 -033 0.56" 0.00 0.66" 0.22 0.16 036 018 -0.06 -0.04 0.05
MBS 0.31 033 029 016 050 -025 037 -0.02 -040 0.63" -027 -037 -0.07
DFI -042  -0.18 -027 004 0.15 037 -053 032 -031 -0.13  -0.15 0.17  0.18
BP9 0.58" 051 -025 029 -0.10 0.19 061" 043 0.10 -0.22 -0.25 -0.57°  0.02
BP10 034 -0.01 007 -0.06 014 -014 024 0.18 0.02 -0.05 031 0.11  -0.07
BP11 -0.50  0.15  0.02 004 012 022 029 -0.17 -0.01 -0.02 -0.25 -0.07 -0.32
BP12 054 023 010 -0.11 -0.16 -0.07 024 -0.16 0.04 002 055 031 -0.27

GMC, TLC, STC, NND, SHT, INL, TSC, MSW, TSW, MBS and DFI are germination count, tiller count, stalk count, number of nodes/plant, stalk
height, internode length, total stalk count, mean stalk weight, total stalk weight, millable stalk and days to flower initiation; BP9, BP10, BP11 and
BP12 mean brix per cent at 9, 10, 11 and 12 weeks after planting, respectively.

as the plant aged. The brix per cent at 9 MAP had
significant negative genotypic correlation with cane
yield as has also been observed in early maturing
cultivars (Ahamed et al., 2010; Sanghera et al.,
2015). It has been shown that early maturing
cultivars produced highest sucrose at 9 MAP, hence
this might be responsible for the significant
correlation of only BP9 with TSW while BP status
at other stages did not correlate with cane yield.

This study concluded that meaningful selection for
sugarcane improvement should be carried out at the
formative or maturity phase and based on the brix
per cent attributes. Ratoon crop cycle provided more
reliable conditions for improvement of yield
attributes, especially total stem count, mean stem
weight, total stem weight and millable stalk, in the
crop. Genes played more significant roles in the
sucrose content of the cultivars than crop cycles.
Tiller count, stalk count, stalk diameter, total stalk
count, days to flower initiation, and brix per cent at
9 and 11 MAP were governed by additive gene
actions, while both additive and non-additive gene
actions governed inheritance of number of nodes,
millable stalk, mean stalk weight and brix per cent
at 12 MAP. These characters were suitable and
reliable selection indices due to their high
heritability and medium genetic gain. It was

therefore advisable for sugarcane breeders to give
attention to these characters for improvement.

References

Ahamed, A.O., Obeid, O. and Dafallah, B. 2010. The
influence of character association behavior — on
sugarcane genotype (Saccharum spp) for cane yield
and juice quality. World J. Agric. Sci.,, 6(2): 207-
211.

Baye, T. 2002. Genotypic and phenotypic variability in
Vernonia galamensis germplasm collected from
eastern Ethiopia. J. Agric. Sci., 139:161-168.

Bigman, M. 2001. Sugar Cane: A case as development
crop in South Africa. Paper presented at the SARPN
Conference on Land Reform and Poverty Alleviation
in Southern Africa, Pretoria, 4-5th June, 2001.

Caldron, H., Besosa, R.A. and Luna, A. 1996. Evaluation
of sugarcane varieties suitable for early harvesting
under tropical conditions. Proceedings of
International Sugarcane Technology, 22:239-297.

Chang, Y.S. 1996. Estimating heritability and correlations
among brix, purity and sugar content in sugarcane
using balanced multiple location and year data. Report
on Taiwan Sugar Research Institute, 151:1-10.

Clarke, M.A. 1996. Sugarcane quality analysis by near
infra-red spectroscopy. Proceedings, South African
Technology Association, 70:127-130.

Donaldson, R.A., Redshaw, K.A.R., Rhodes, R. and
Antwerpen, V.R. 2008. Season effects on



D.J. Ogunniyan, O.0. Olakojo, M.O. Olowolafe and B.O. Ogunruku

productivity of some commercial South African
Sugarcane cultivars and trash production.
Proceedings of South African Sugar Technology
Association, 81:528-538.

Falconer, D.S. 1989. Introduction to Quantitative
Genetics (3 Ed.) Longman Scientific and Technical,
Longman House, Burnt Mill, Harlow, Essex,
England. 386p.

Gilbert, R., Shine, J., Miller, J.R. and Rainbolt, C. 2004.
Maturity curves and harvest schedule
recommendations for canal point sugarcane varieties
at Florida. University of Florida, pp.1-12.

Gomathi, R., Rao, PN.G, Rakkiyappan, P., Sundara, B.P.
and Shiyamala, S. 2013. Physiological studies on
ratoonability of sugarcane genotypes under Tropical
Indian condition. Am. J. Plant Sci., 4: 274-281.

Jamoza, J.E. 2013. Kenya Sugar Research Foundation
Growers Guide. Kenya Research Institute (KARI).
pp. 2-19.

Jorge, H., Garcia, H., Jorge, I. and Bernal, N. 2010.
Improving the harvest season based on the maturity
in four sugarcane growing regions in Cuba.
Proceedings of International Sugar Cane Technology,
27:56-59.

Khan, LA, Nighat, S., Raza, S., Yasmine, S. and Sajida,
B. 2013. Environmental interaction of sugarcane
genotypes and yield stability analysis of sugarcane.
Nuclear Institute of Agriculture, Tando Jam,
Pakistan.

Khan, Q.A., Tadesse, A.K. and Robe, L.B. 2017. Quality
characteristics and their relation with flowering in
sugarcane (Saccharum spp) in Ethiopia. Int. J. Plant
Breed. Genet, 11: 84-91.

Malavolta, E. 1994. Nutrient and fertilizer management
in sugarcane, International Potash Institute Bulletin
No.14. International Potash Institute, Basel,
Switzerland.

Muschow, R.C., Wood, A.W., Spillman, M.F., Robertson,
M.J. and Thomas, M.R. 1993. Field techniques to
quantify the yield-determining processes in
sugarcane. Proceedings of the Australian Society of
Sugarcane Technology, 15:336-343.

Ogunniyan, D.J. and Olakojo, S.A. 2014. Genetic
variation, heritability, genetic advance and
agronomic character association of yellow elite
inbred lines of maize (Zea mays L.). Nigerian J.
Genet. 28:24-28.

Ogunniyan, D.J., Oduwaye, O.A., Olakojo, S.A. and Ojo,
D.K. 2015. Genetic variability, repeatability,
characters relationships and path coefficient analysis

157

in low-nitrogen donor white inbred lines of maize
(Zea mays L). Maydica, 60(3):M25.
www.maydica.org

Ogunniyan, D.J., Olakojo, S.A., Olaoye, G., Ogunruku,
B.O. and Busari, L.D. 2018. Agronomic
performances and ratoon-ability of sugarcane
(Saccharum officinarum L.) genotypes in Forest-
Savannah-Transition Agro-ecology. J. Agric. Sust.,
11(1): 54-74.

SAS. 2009. SAS Institute User’s Guide: Statistics,
version 9.0. SAS Institute Incorporated, Cary, North
Carolina, USA, 1028p.

Sharma, J.R. 1998. Statistical and Biometrical
Techniques in Plant Breeding. New Age International
Limited, New Delhi. 432 p.

Shukla, S., Bhargava, A., Chatterjee, A., Sirivastava, J.,
Singh, N. and Singh, S.P. 2006. Mineral profile and
variability in vegetable amaranth. Plant Foods. Hum.
Nutr., 61:23-28.

Singh, B.D. 2001. Plant Breeding: Principles and
Meth-ods. Kalyani Publishers, New Delhi, India.
923p.

Singh, R.K. and Chaudhary, B.D. 1985. Biometrical
Methods in Quantitative Analysis. Kalyani
Publishers, New Delhi.

Sreenivasan T.V. and Jalaja, N.C. 1983. Sugarcane
Varietal Improvement Through Tissue Culture. In:
Sen S.K. and Giles K.L. (eds),Plant Cell Culture in
Crop Improvement. Basic Life Sciences, Springer,
Boston, MA. 22: 371-376.

Soomoro, A.F., Junejo, S., Ahamed, A. and Aslam, M.
2006. Evaluation of different promising sugarcane
varieties for some quantitative and qualitative
attributes under Thatta (Pakistan) conditions. Int. J.
Agric. Biol., 8(2):195-197.

Sanghera, S.G., Tyagi, V. Kumar, R., Thind, K.S. and
Shama, B. 2015. Variability association and their
dissection through path analysis for cane yield and
its components characters in early maturing
sugarcane clones. J. Sci., 15 (1): 28-34.

Tazeen, M., Nadia, K. and Farzana, N.N. 2009.
Heritability, phenotypic correlation and path
coefficient studies for some agronomic characters
in synthetic elite lines of wheat. J. Food Agric.
Environ., 7(3&4): 278-282.

Wada, A.C., Abo-Elwafa, A., Salaudeen, M.T., Bello,
L.Y. and Kwon-Ndung, E.H. 2017. Sugar cane
production problems in Nigeria and some Northern
African countries. Direct Res. J. Agric. Food Sci.,5
(3): 141-160.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


