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ABSTRACT

This study evaluated seven early maturing sugarcane clones across three crop cycles at
the Regional Agricultural Research Station, Anakapalle, to estimate genetic variability, heritability,
trait associations, and direct effects on key economic traits. The analysis of variance indicated
significant effects of genotype, season and genotype x season interactions for all traits under
this study, except for number of millable canes, cane girth and single cane weight. Among ten
sugarcane clones across three crop cycles, clone 2018A 133 showed the best overall performance
for cane yield, sugar yield and millable canes, while 2018A 65 excelled in juice quality traits.The
ratoon crop consistently exhibited higher genotypic coefficients of variation, broad-sense
heritability, and genetic advance, especially for cane yield, commercial cane yield and number of
millable canes, signifying their selection potential in later stages. Brix, Sucrose and CCS%
demonstrated moderate to low GCV values over crop cycles, suggesting limited genetic variability.
Cane yield and CCS yield both exhibited high heritability across the three crop cycles. Traits like
Brix, CCS%, and Sucrose showed low to moderate heritability in the early crop cycles but exhibited
substantial increase in later crop cycles. Traits such as cane yield, CCS yield, and number of
millable canes had both high heritability and high genetic advance as a percentage of mean in
the ratoon crop. In contrast, traits like single cane weight and cane girth showed inconsistent
heritability and genetic advance across cycles, reflecting genetic instability. Juice quality traits
(Brix, Sucrose, CCS%) showed increased heritability and genetic advance in the ratoon crop.
Cane yield showed a strong positive correlation with CCS yield in all crop cycles. Juice quality
traits such as Brix, Sucrose, and CCS% showed very strong positive correlations among themselves
in all cycles. CCS vyield exhibited significant positive correlations along with substantial direct
effects in each season, highlighting their importance as key selection criteria in sugarcane
breeding programs.
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INTRODUCTION grown across 56.48 lakh hectares, producing

Sugarcane is cultivated extensively in the an annual yield of 446.43 million tonnes in the
tropical and subtropical regions of India. twas ~ country (E&S, DAC - *2nd Adv. Est. - 2023).

*Corresponding author email id: d.adilakshmi@angrau.ac.in
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However, the area and production of
sugarcane in Andhra Pradesh had been
declining steadily since 2014-15. Over the past
Six years, there has been a drastic reduction
in both the area under cultivation and
production. Data from 2018-19 to 2023-24
indicated a drop in the area from 1.02 lakh
hectares to 0.27 lakh hectares, representing
a nearly 74% decline. Correspondingly,
production fell from 8.09 million tonnes in
2018-19 to only 2.10 million tonnes in 2023—
24 (E&S, DAC - *2nd Adv. Est. — 2023-2). The
long duration conventional sugarcane varieties
posed challenges, particularly when early
crushing schedules of sugar mills did not align
with the maturity of the crop. This mismatch
led to poor sugar recovery and economic
losses for both farmers and millers (Tyagi et
al., 2023). To address these challenges, the
introduction of early maturing sugarcane
clones was proposed as a strategic solution.

Effective selection of cultivars within a
plant population across diverse environments
requires a thorough understanding of the
genetic relationships among key traits. Insights
into genetic and phenotypic variances,
covariances and associated statistical
parameters are essential for predicting the
response to selection and for developing best
selection strategies (Tolera et al., 2024).
Genetic parameters are population and
environment specific, meaning they are
influenced by the particular genotypes and
environmental conditions under which they are
estimated (Barreto et al., 2021). Misleading
conclusions can arise from unrepresentative
sampling of genotypes or production
environments, including variations across
years and locations (Tolera et al., 2023).
Consequently, genetic correlations among
sugarcane traits reported in other studies had
limited applicability to multi-yield traits under
the North Coastal Zone of Andhra Pradesh

over the crop cycles. Therefore, region-specific
and cycle-wise genetic evaluations were
essential to ensure accurate selection and
genetic improvement of sugarcane cultivars in
this agro-climatic zone.

The present study aimed to estimate the
genetic correlations among key yield-related
traits in sugarcane and to understand the nature
of these correlations through path coefficient
analysis. Additionally, the study sought to
examine the influence of different crop cycles
on the genetic relationships among sugarcane
clones.The investigation was conducted using
seven sugarcane clones evaluated under multi-
yield trait trials across three cropping cycles at
the Regional Agricultural Research Station,
Anakapalle.

MATERIAL AND METHODS

The experimental material comprised
seven early maturing sugarcane clones, namely
2018A 133, 2018A 30, 2018A 31, 2018A 37,
2018A 65, 2018A 107 and 2018A 152, which
were evaluated along with three standard
checks: 87A 298, CoC 01061, and 2000A 128.
The field experiments were conducted at the
Regional Agricultural Research Station (RARS),
Anakapalle, located at 17.6914° N latitude and
83.0041° E longitude, with an altitude of 26
meters above sea level. The study was carried
out over three crop cycles, including the first
plant and ratoon crops during 2022-23 and
2023-24, respectively, and a second plant crop
during 2023-24. The experiment was laid out
in a Randomized Block Design (RBD) with three
replications. Each genotype was grown in plots
consisting of six rows, each six meters long,
with a row-to-row spacing of 90 cm. Standard
agronomic practices were uniformly followed
throughout all three seasons, as recommended
for the region (Sugeerthi et al., 2018). Both
the plant and ratoon crops were harvested at
10 months of age, specifically during the
second fortnight of November, to maintain
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uniformity in harvesting age for precise and
comparable data analysis.

The present study recorded phenotypic
data from nine quality and quantitative traits
of sugarcane according to the guidelines
provided by PPV & FR, 2001, under the DUS
criteria. These traits included the number of
millable canes (NMC) expressed in ‘000/ha,
single cane weight (SCW) in kg, and cane yield
(CY) in t/ha, it was measured on a per-plot
basis and subsequently calculated per
hectare. CCS yield (CCSY) was determined
using the formula (Cane yield x CCS %) / 100.
At the harvest stage, brix (%) (BP) and sucrose
(%) (SP) were recorded using a Brix
refractometer and a sucrolyser, respectively.
The Commercial Cane Sugar percentage
(CCSP) was calculated by the formula (Sucrose
% x 1.022) — (Brix % x 0.292). Cane length
(cm) and girth (cm) recorded at harvest stage
(Nair et al., 1999).

Phenotypic data from both plant crops
and ratoon crop were collected and analysed
to assess genetic variability and trait
associations. Bartlett’s test was performed to
evaluate the homogeneity of error variances
across three crop cycles using Grapes
statistical software. The non-significant results
obtained from the three crop cycles indicated
consistent error variance, allowing the data to
be pooled for further analysis. All genetic
analyses were performed using Grapes
statistical software. Genotypic and phenotypic
variations were calculated following the method
described by Burton and De Vane (1953).
Coefficients of variation were computed
according to the guidelines of Singh and
Chaudhary (1999). Broad-sense heritability was
estimated using the formula provided by Allard
(1960). Genetic advance was recorded
following the approach of Johnson et al, (1955).
Genotypic correlations were calculated using
the method suggested by Al-Jibouri et al.

(1958) and were analyzed for direct and
indirect effects based on the methodology of
Dewey and Lu (1959).

RESULTS AND DISCUSSION

Analysis of variance and mean
performance

Genetic analysis for cane yield and juice
quality traits among ten early maturing
sugarcane clones evaluated across three crop
cycles is presented in Table 1. All traits exhibited
statistically significant (P < 0.05) differences for
genotype, season, and genotype x season
interaction effects, except for number of millable
canes, cane girth and single cane weight, which
were non-significant for genotypic means.
These results indicated the presence of
considerable genetic variation among the
clones, which is essential for effective selection
and genetic improvement. Similar findings were
reported by Shanmuganathan et al. (2015),
who observed significant variation for cane
yield and CCS yield. Yadawad et al. (2022) also
reported significant genetic variability for
sucrose content (%), Brix (%), and CCS (%).
In contrast, Vinu et al. (2024) observed non-
significant variation for number of millable
canes and single cane weight across crop
cycles, which support the current results. The
detection of significant genotype x season
interaction further emphasized the importance
of evaluating genotypes across multiple
environments, as also highlighted by Milligan
et al. (1990), to ensure stable performance
and reliable selection of superior clones.

The mean performance of ten early
maturing sugarcane clones over three crop
cycles was illustrated in Table 2. The IIP crop
recorded the highest millable cane population,
showing improved establishment during the
second crop cycle.Clones 2018A 133 and CoC
01061showed superior stooling capacity (>115
canes in IIP), suggesting good ratoon
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vigor.Sucrose and Brix content increased
notably in the ratoon crop, indicating enhanced
sugar accumulation in later crop stages.CCS
improved with successive crop cycles, aligning
with sucrose trends.2018A 65 had the highest
ratoon CCS (14.60%), suggesting strong
recovery potential for sugar yield.The clones
2018A 107 and 2018A 37 maintained relatively
high SCW (>1.0 kg) in IP, beneficial for early
yield.Yield dropped notably in the ratoon crop
(“21.6%), showing moderate ratoon
decline.2018A 133 achieved the highest cane
yield across all cycles (average H” 101 t/ha),
marking it as a top-performing genotype.The
study indicates clone 2018A 133 as the best
performer for both cane and sugar yield stability
across cycles, while 2018A 65 shows strong
potential for sugar recovery. The ratoon decline
is evident mainly due to reduced cane weight
and population, despite improvements in juice
quality.

Genetic Variability Analysis

The genetic variance components for
cane yield and juice quality traits among ten
sugarcane clones over three crop cycles were
summarized in Table 3. In this study, the
phenotypic coefficient of variation (PCV)
consistently exceeded the genotypic coefficient
of variation (GCV) for all traits. The ratoon crop
(RA) exhibited higher GCV values for most
economic traits, except for cane length and
girth, suggesting a greater potential for genetic
gain in later cycles. Thus, selection was
recommended to prioritize ratoon crop
performance due to its pronounced genetic
variability (Tena et al. 2016).

Cane yield, commercial cane yield, and
single cane weight exhibited moderately to high
GCV and PCV across all crop cycles, with the
highest values observed in the ratoon crop,
indicating greater genetic variability and
selection potential at later stages. Particularly,
cane yield and commercial cane yield showed

GCV values of 21.20 and 20.24, respectively,
suggesting strong prospects for genetic
improvement. These results were in alignment
with the findings of Tena et al. (2023), who
reported increased genetic advance in older
crop cycles. In contrast, single cane weight
displayed erratic behavior, especially in the
second plant stage, where a high PCV (26.01)
and low GCV (2.07) indicated a strong
environmental influence. Brix, Sucrose, and
CCS% demonstrated moderate to low GCV
values over crop cycles, suggesting limited
genetic variability. Cane length and girth
showed very high GCV and PCV in the second
plant stage, suggesting that these traits were
more influenced by genotype X crop
interactions. These observations were
consistent with Milligan et al. (1990), who
highlighted strong genotype x crop and location
interactions for stalk traits such as length and
girth.

The heritability estimates across crop
cycles revealed valuable insights for sugarcane
improvement. In the present study, most traits
showed higher heritability (CY: 90.28%, NMC:
89.18%, CCS Yield: 84.61%, and Sucrose:
80.39%) in the ratoon crop, suggesting that
genetic factors played a more significant role
in later crop cycles. These findings aligned with
those of Abu-Ellail et al. (2017), who reported
increased heritability and genetic gain in older
ratoon crops due to reduced environmental
variance and improved genotype differentiation.
Cane yield and CCS yield both maintained high
heritability across all stages, indicating strong
selection potential for yield improvement
throughout the crop cycle. Traits like Brix,
CCS%, and Sucrose showed low to moderate
heritability in the early crop cycles but exhibited
substantial increases in later cycles. This trend
indicated environmental sensitivity in the early
stages but greater genetic determination as the
crop matured. Milligan et al. (1990) observed
similar increases in genetic parameters in
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older crops, emphasizing the need to evaluate
advanced stages for juice quality traits. Single
cane weight exhibited very high heritability in
the first plant crop (91.43%) and the ratoon
crop (85.81%) but showed almost negligible
heritability in the second plant crop (0.63%),
implying that environmental influence or
inconsistency in expression strongly affected
this trait during the second plant stage, as also
discussed by Milligan et al. (1990) regarding
the instability of stalk weight across cycles.
Overall, the results suggested that ratoon crops
offered a more reliable stage for the selection
of key economic traits, while traits with
fluctuating heritability required stage-specific
breeding strategies.

Cane yield, commercial cane yield, and
number of millable canes exhibited high
heritability in the ratoon crop (90.28%, 84.61%,
and 89.18%, respectively) along with high GAM
values (41.49%, 38.35%, and 26.12%,
respectively). These results indicated strong
additive gene effects and suggested that direct
phenotypic selection in the ratoon phase would
be highly effective, as also emphasized by
Jeena (2023), who reported greater selection
efficiency in older crop stages due to increased
genetic expression. Brix, Sucrose, and CCS%
showed low to moderate heritability and genetic
advance in the first and second plant crops, but
exhibited substantial increases in the ratoon
crop, where Brix reached 44.66% heritability
and 6.35% GAM, and Sucrose reached 80.39%
heritability and 10.71% GAM. This trend aligned
with the findings of Abu-Ellail et al. (2022), who
noted that environmental variation strongly
affected juice quality traits in early crops, while
ratoon crops provided more stable expression
and better genetic differentiation.

Cane length demonstrated extremely
high heritability (96.10%) and genetic advance
(100.52) in the second plant crop, with GAM
peaking at 45.98%, indicating strong selection

potential at this stage. However, in the ratoon
crop, although heritability remained high
(92.93%), GAM dropped to 22.08%, likely due
to a decline in mean values or increased
environmental effects, as also noted by
Saadan et al. (2025) in ratooning studies.
Cane girth showed good potential in the
second plant crop (81.38% heritability and
34.72% GAM) but dropped significantly in the
ratoon crop (37.92% heritability and 12.34%
GAM), suggesting instability and environmental
sensitivity of this trait in later cycles. Single
cane weight exhibited practically zero genetic
advance and GAM in the second plant crop,
reflecting poor genetic expression during this
stage, potentially due to stress or
environmental interactions, a phenomenon
also reported by Milligan et al. (1990) in their
studies on ratoon performance.

The results indicate that ratoon crops are
most suitable for effective selection, particularly
for yield traits like cane yield, CCS yield, and
number of millable canes, due to high
heritability and high genetic advance. Juice
quality traits become more responsive to
selection in later cycles, suggesting that early
selection may be inefficient. Morphological traits
like cane length and girth require crop-specific
selection strategies and erratic traits like single
cane weight must be interpreted cautiously.

Correlation Studies

Trait correlation analysis provided
insights into the direction and strength of
associations between traits, which was crucial
for indirect selection in sugarcane breeding.
The present study assessed genetic
correlations among key agronomic and juice
quality traits across three crop cycles, as
presented in Table 4. The findings revealed both
consistent and cycle-specific relationships,
reflecting the dynamics of trait expression over
time.
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Cane yield showed a strong positive
correlation with CCS vyield in all crop cycles,
particularly in the ratoon crop (r = 0.948**),
indicating that selection for CCS yield would
simultaneously improve cane yield. In the first
plant and ratoon crops, cane yield was also
positively correlated with single cane weight (r
= 0.755** in the first plant and 0.804** in the
ratoon), confirming the significant role of this
trait in determining yield. These results were
consistent with the findings of Reddy et al.,
(2024), who identified stalk weight and number
as primary determinants of yield. Number of
millable canes and cane yield showed a strong
positive correlation in the second plant (r =
0.646**) and ratoon crops (r = 0.809**),
supporting indirect selection through number of
millable canes, especially in the later stages.
However, in the first plant crop, the number of
millable canes showed a significant negative
correlation with single cane weight (r = -0.555%)
and cane girth (r = -0.724**), suggesting a
trade-off between the number and size of canes
a trend also observed in ratooning studies by
Tabassum et al. (2023).

Juice quality traits such as Brix, Sucrose,
and CCS% showed very strong positive
correlations among themselves in all crop
cycles. This reflected their shared biochemical
basis and suggested that selection for one was
likely to improve the others. However, Brix and
the number of millable canes were negatively
correlated in the second plant and ratoon crops,
reflecting a dilution effect, where an increased
number of canes might reduce overall juice
concentration. The correlation between CCS
percentage and cane yield in the first plant crop
was positive and significant (r = 0.360%),
suggesting that sucrose-based yield gains
could be realized in later cycles. Single cane
weight showed a strong positive correlation with
cane girth in all crop cycles, while it was
negatively correlated with the number of
millable canes, highlighting the inverse

relationship between cane number and cane
size. Cane length and cane yield showed a
weak to moderate correlation, suggesting that
gains in cane length might not directly translate
into higher yield unless supported by
improvements in weight or juice traits. Cane
girth and cane yield were mostly uncorrelated,
except for a weak negative correlation in the
second plant crop (r =-0.351%*), possibly due to
competition or lodging effects.

Path coefficient analysis

The results of the genotypic path
coefficient analysis, presented in Table 5,
revealed that cane yield exerted the strongest
positive direct effect on Brix percentage and
CCS vyield across all crop cycles. CCS vyield
exhibited significant positive correlations along
with substantial direct effects in each season,
highlighting its importance as a key selection
criterion in sugarcane breeding programs. Cane
length and single cane weight showed positive
direct effects on cane yield across the first and
second plant crops. The number of millable
canes also exhibited a positive direct effect on
cane yield in the first plant and ratoon crops.
Tena et al. (2023) reported similar findings for
cane yield and CCS yield. Abu-Ellail et al.
(2017) reported comparable results for the
number of millable canes, and Reddy et al.
(2024) observed similar effects for single cane
weight.

CONCLUSION

This study highlights significant genetic
variability, heritability, and trait interrelationships
among ten early maturing sugarcane clones
evaluated across three crop cycles. The
analysis of variance suggesting that selection
across seasons is necessary for stable trait
expression. These findings emphasize that the
ratoon crop is the most reliable stage for
selection in early maturing sugarcane due to
higher heritability, stronger genetic correlations,
and better trait stability. Traits such as cane
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yield, CCS yield, number of millable canes, and
single cane weight emerged as primary targets
for selection, particularly in the ratoon crop.
Juice quality traits are best selected in
advanced cycles due to reduced environmental
interference. Meanwhile, traits like single cane
weight and cane girth, which display
inconsistent behavior, require stage-specific
selection strategies or further environmental
stabilization.
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