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Abstract

Background: Selection indices help the plant breeders to discriminate desirable genotypes on the basis of
phenotypic performance. Therefore, the present study was conducted to evaluate thirty sugarcane genotypes
(clones) along with two check cultivars in two cropping seasons at Mattana Agricultural Research Station.

Results: The results showed the studied traits observed in all genotypes were significantly different. The results
could significantly discriminate between low and high sugar yield genotypes by describing eleven traits including
sugar yield (ton/fed), cane yield (ton/fed), number of stalk/m2, stalk weight (kg), stalk height (cm), stalk diameter
(cm), number of internodes, Brix %, sucrose %, purity %, and sugar recovery %. High sugar yield genotypes were
selected by discriminant analysis. The discriminant score (DS) could explain 79.2% of sugar yield variations and had
a significant canonical correlation (0.89**). Results of discriminant function analysis (DFA) indicated that the most
important traits, in order of appearance, are stalk weight, stalk height, purity %, Brix%, and cane yields.

Conclusions: Genotypes, G.2017-43, G.2017-42, G.2017-29, G.2017-33, and G.2017-44, showed the highest values of
the discriminant score and were recognized as the highest yielder sugarcane genotypes. While the genotypes
named Vis, G.2017-30, G.2017-10, G.2017-27, G.2017-25, G.2017-70, G.2017-41, G.2017-40, G.2017-35, and G.2017-58,
recognized as the lowest yielder sugarcane genotypes which represent the lowest values of the discriminant score.
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Background
Sugarcane (Saccharum sp. hybrids) is one of the main
crops in the world and the major producer of sugar and
ethanol (Silva et al., 2016). Sugarcane is the world’s
most-produced crop (total production) and ranks among
the ten most widely grown crops worldwide. The total
global production of sugarcane in 2016–2017 was 1.9
billion tons, and it was grown in approximately 100
countries, covering an area of ~ 26 million hectares
(FAOSTAT, 2018). Early-stage of sugarcane breeding is
commonly correlated with low accuracy and selection ef-
ficiency due to the large genotypes also to environmental

interactions. In general, these methods used to predict
the genotypic and breeding values provide paths for
more accurate breeding selection (Piepho et al., 2008).
Seema et al. (2020) mentioned that sugarcane breeding
programs have sought to improve new analytical meth-
odologies to optimize the process of obtaining and
selecting superior genotypes, in order to develop genetic
materials with high yield and expressing agronomic
traits of interest. The use of selection indices is an alter-
native method recommended by breeders. The selection
index is one such method of selecting plants for crop
improvement based on several characters of importance.
This method was proposed by Smith (1937) using a
discriminant function of Fisher (1936).
Also, Smith (1937) suggested that a better way of

exploiting genetic correlation with several traits having
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high heritability is to construct an index, called selection
index, which combines information on all the characters
associated with the dependent variable like yield. Thus
selection index refers to a linear combination of charac-
ters associated with yield. The best-known selection in-
dices involve discriminant functions based on the
relative economic importance of various characters. The
discriminant function analysis measures the efficiency of
various character combinations in selection. The selec-
tion index leads to simultaneous manipulation of several
characters for genetic improvement of economic yield.
This technique provides information on yield compo-
nents and thus aids in indirect selection for genetic
improvement.
The discriminant analysis provides an equation that

gives maximum separation of high- and low-yield geno-
types (Abdolshahi et al., 2015). The linear discriminant
analysis can be used not only to examine multivariate dif-
ferences between groups but also to determine which vari-
ables are the most useful for discriminating between
groups and also whether one subclass of variables works
as well as another and which groups are similar and which
are different (Hadavani et al., 2018; Patel and Raval, 2018).
The aim of the present study was to develop a selec-

tion index approach that considers the information of
several sugarcane traits using the discriminant analysis
to better understand the relationship between the traits
and sugar yield and find a rank to select superior geno-
types in sugarcane breeding.

Methods
Experimental design and plant materials
This study was conducted at Mattana Agricultural Re-
search Station (latitude of 25° 17′ N and longitude of 32°
33′), Luxor Governorate. The climate of Luxor is classi-
fied by the Köppen-Geiger system as desert, where rain-
falls were about 2 mm/year, with a summer mean
temperature of 32.4 °C and winter mean temperature of
23.2 °C and relative humidity of 61.6% during 2017–
2018 and 2018–2019. Plant materials composed 30 ge-
notypes of sugarcane, which were tested along with two
check commercial cultivars (GT-54-9 and Ph8013)
(Table 1). Genotypes were grown in a randomized
complete block design with three replications. The plot
area was 15 m2, including 3 rows of sugarcane of 5 m
long, spaced at 1.0 m. Planting was done during March
2017 by fifteen 3-budded cane pieces in each row. The
field was irrigated right after planting and all other agro-
nomic practices were carried out as recommended.
Some physical and chemical properties of representative
soil samples of the experimental site before sowing for
2017 and 2018 seasons are shown in Table 2. Plant cane
was allowed to ratoon after harvest. Both plant cane and
its first ratoon crops were harvested at the age of 12
months. At harvest, a sample of ten stalks from each
plot was collected to determine the following traits:

1. Number of stalks per m2 (NSm−2)
2. Stalk weight (kg) (SW)

Table 1 Genotype code, pedigree of the studied sugarcane genotypes

Genotype
code

Genotype
name

Crossing pedigree Genotype
code

Genotype
name

Crossing pedigree

♀ ♂ ♀ ♂

G 1 G.2017-10 G.2009-18 × CP.46-115 G 16 G.2017-40 G.2009-44 × selfing

G 2 G.2017-14 G 17 G.2017-41

G 3 G.2017-16 G 18 G.2017-42

G 4 G.2017-17 G 19 G.2017-43

G 5 G.2017-18 G 20 G.2017-44

G 6 G.2017-25 EI.266-2 × selfing G 21 G.2017-52 EI.24-2 × EI.266-2

G 7 G.2017-26 G 22 G.2017-53

G 8 G.2017-27 G 23 G.2017-58

G 9 G.2017-29 G 24 G.2017-59

G 10 G.2017-30 G 25 G.2017-63

G 11 G.2017-32 CP.46-115 × G.2009-18 G 26 G.2017-65 CP.46-115 × EI.266-2

G 12 G.2017-33 G 27 G.2017-67

G 13 G.2017-34 G 28 G.2017-68

G 14 G.2017-35 G 29 G.2017-70

G 15 G.2017-37 G 30 G.2017-72

G 31 Check cultivar G.T.54-9 NCo.310 × F. 337-925

G 32 Check cultivar Ph.8013 CAC.71-312 × phil.642227

According to the data of the Breeding and Genetics Research Department, SCRI
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3. Stalk height (cm), which was measured from soil
surface to the visible dewlap (SH)

4. Stalk diameter (cm), which was measured at the
middle part of stalk (SD)

5. Number of internode (NI)
6. Brix (total soluble solids %), which was determined

using a hydrometer (Br)
7. Sucrose percentage, which was determined using

automatic saccharimeter, according to A.O.A.C.
(1980) (SC)

8. Juice purity % was estimated as (sucrose % × 100)/
Brix %, (Pr %)

9. Sugar recovery % was calculated according to the
formula described by Yadav and Sharma (1980)
[Sucrose % − 0.4 (Brix-sucrose %)] × 0.73 (SR)

10. Cane yield/fed (ton), which was calculated on plot
basis (one feddan = 0.42 ha)

11. Sugar yield/fed (ton) was estimated by multiplying
net cane yield/fed (ton) by sugar recovery % (SY)

Statistical analysis
Regular analysis of variance of randomized complete
block design (RCBD) and combined analyses of variance
of collected data were run as outlined by Gomez and
Gomez (1984) who mentioned that the combined ana-
lysis can be applied if the coefficient of variation (CV %)
for the individual experiments was lower than 20%. Sim-
ple correlation coefficients between various pairs of the
studied characters were computed according to Gomez
and Gomez (1984). Simple correlation coefficient ana-
lysis was automated using R studio statistical software
version (3.6.1.) The selection index developed by Smith
(1937) using the discriminate function approach (Fisher,
1936) was used to discriminate the genotypes based on
all the characters.

Among 30 sugarcane genotypes and two check culti-
vars (Table 1), the highest 16 sugar yield genotypes and
the rest 16 low sugar yield genotypes were selected as
group one and group two based on average sugar yield
over 2 years that could differentiate groups and then dis-
criminant function analysis (DFA) was performed using
SPSS software version 14 (Table 6).
Discriminant function analysis (DFA) provides an

equation that gives maximum separation or discrimin-
ation between two groups of genotypes. All trait values
were standardized before running the discriminant ana-
lysis. Also, the main terms related to DFA in our study
were as follows:

1- Independent variables (eleven measured traits):
these are the discriminating variables or
“Predictors”

2- Dependent variable (two groups of 30 genotypes
and two checks): this is the grouping variable,
which is the object of classification efforts

3- Discriminant function: it is a latent variable, which
is created as a linear combination of discriminating
(independent) variables

For the purpose of this study, the DFA was used to de-
termine which traits (independent variables) discrimin-
ate between two groups of genotypes. In simple words,
the discriminant function can be thought of as a multiple
regression equation. Accordingly, the latent variables which
are created as a linear combination of discriminating (inde-
pendent) variables would be as follows:

D2 ¼ aþ b1�X1 þ b2�X2 þ…þ bn�Xn ð1Þ

where D2 = discriminate function or the predicted score
(discriminant score), a is an intercept, b1 through bn are
the discriminant coefficients (analogous to regression
coefficients), and X1 through Xn are discriminating
variables.
The contribution of each variable to the discrimination

between groups is determined by the standardized dis-
criminant coefficients (b1 to bn) for each variable in each
discriminant function. The larger coefficient (or the
standardized coefficient) indicates greater contribution
of the respective variable (groups of genotypes).
The first statistic from the DFA is the Eigen-values of

the discriminant functions. In this investigation, we have
one discriminant function because we are only using
two groups here, namely “group 1” high yielder and
“group 2” low yielder, so only one Eigen-values displayed
that reflects the importance ratio of the measured traits,
which classify cases of the dependent variable (groups).
In other words, they reflect the percent of variance ex-
plained in this variable, cumulating to 100% for function.

Table 2 Some physical and chemical properties of
representative soil samples of the experimental site before
sowing for 2017/2018 and 2018/2019 seasons

Soil property Seasons

2017/2018 2018/2019

Sand (%) 33.17 32.35

Silt (%) 31.41 30.11

Clay (%) 35.42 37.54

Texture grade Clay loam Clay loam

EC (1:1 extract) (ds m−1) 0.87 0.92

pH (1:1 suspension) 7.62 7.54

Total nitrogen (%) 0.65 0.72

Phosphorus (ppm) 60.05 54. 63

Potassium (ppm) 0.75 0.46

Organic matter (%) 1.5 1.7
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The canonical correlation is the multiple associations
between the predictor’s independent variables (eleven
measured traits) and the discriminant function. It pro-
vides an index of overall model fit which is interpreted
as being the proportion of variance explained (R2).
The second statistic is the Wilks’ lambda statistic that

is used to test the significance of the discriminant func-
tion as a whole. The value of Wilks’ lambda ranges
between 0 and 1, when Wilks’ lambda value closes to be
0 and significant; it means that the DFA has goodness of
fit to differentiate the genotypes in two groups and vice
versa. Therefore, it tells us the variance of the dependent
variable (two groups of 30 genotypes and two check
cultivars) that is not explained by the discriminant
function.
Also, the DFA output includes two important items:

the standardized canonical discriminant function coeffi-
cients and the structure matrix. The first indicates the
relative contribution of each variable to the respective
discriminating function. Another way of investigating
the relationship between dependent variables (genotypes
groups) and discriminant functions is to look at the
structure matrix. Finally, we get discriminant scores
were a weighted linear combination (sum) of the dis-
criminating variables. Based on these discriminant
scores, we ranked genotypes in our investigation (selec-
tion index).

Results
The results proved that the coefficient of variation (CV
%) for the individual experiments was lower than 20%
that permits to apply a combined analysis as supposed
by Gomez and Gomez (1984).

Mean performance
The mean values of sugar yield and its related characters
for the thirty sugarcane genotypes along with two check
cultivars in the plant cane, first ratoon crops, and across
the two seasons are given in Tables 3, 4, and 5. Results
revealed the presence of significant differences among
genotypes (clones), seasons, and their interaction for all
studied characters except for the seasonal effect for the
number of internode per plant and sugar yield (tons per
fed); the interaction between seasons and genotypes was
insignificant for stalk diameter, stalk weight, cane yield,
and sugar yield. When the interaction effect between
genotype and season was insignificant, it means that the
sugarcane genotypes had similar behavior in the two sea-
sons. Therefore, it is enough to discuss the combined
averages across the two seasons. The coefficient of vari-
ation (CV %) values for all studied characters was laid
out in the statistically acceptable range (less than 20).
Results showed that the first season had higher mean
values for all studied traits compared to the second

season, except for the number of stacks m−2 and cane
yield representing seasonal differences.
Means listed in Tables 3, 4, and 5 indicated that the

number of stalk per m2 is an important character toward
the cane yield. Results indicated that a number of stalk
per m2 (as an average of the two seasons) ranged from
14.33 for G.2017-16 to 27.83 stalks m−2 for G.2017-59. It
is clear that clones G.2017-25 and G.2017-59 gave the
maximum number of stalks/m2 recording 27 and 27.83,
respectively, without significant differences with the used
check cultivars. Results indicated that the maximum
number of stalk/m2 was produced by genotypes (G.2017-
25, G.2017-42, and G.2017-59) with significant differences
compared to the check cultivar (Ph.8013) in the 1st season
and genotypes (G.2017-17 and G.2017-43) with no signifi-
cant differences with the check cultivar (Ph.8013) in the
2nd season.
Respect to stalk length (Tables 3, 4, and 5), the tallest

plants across the two seasons were recorded by geno-
types G.2017-35 (307.83 cm) and G.2017-44 (304.83 cm),
respectively, but did not surpass the two check cultivars.
However, in the 1st season, the genotypes (G.2017-17,
G.2017-18, and G.2017-42) surpassed the check cultivar
(G.T.54-9) for the stalk length. Meanwhile, in the 2nd
season, the tallest genotypes (G.2017-25, G.2017-37,
G.2017-41, and G.2017-58) had significant differences
with the check cultivar (Ph.8013).
The mean average of stalk diameter for all tested ge-

notypes did not surpass the check cultivars in the 1st
and 2nd seasons and across two seasons. Meanwhile, the
highest stalk diameter was obtained by check cultivar
(G.T.54-9) recording 2.87, 2.77, and 2.82 cm, respect-
ively, with a non-significant interaction effect between
seasons and genotypes.
Regarding the number of internodes per stalk (Tables

3, 4, and 5), there are significant differences among sug-
arcane genotypes. Also, it ranged from the lowest values
that were recorded by G.2017-59 (13.33, 13, and 13.17)
to the highest values (22.67, 23.33, and 23) recorded by
G.2017-10 in the 1st and 2nd seasons and across both
seasons with significant differences with other sugarcane
genotypes.
Data in Tables 3, 4, and 5 revealed that genotype

G.2017-27 had the highest Brix percent (22.41%) across
the two seasons followed by G.2017-35 (22.08%) with no
significant differences compared to the two check culti-
vars being G.T.54-9 (21.65%) and Ph.8013 (20.10 %). In
the 1st season, the highest Brix percent was obtained by
G.2017-35 (23.82%) and G.2017-52 (23.85 %), while ge-
notypes G.2017-27 and G.2017-59 gave the maximum
Brix percent of 22% in the 2nd season.
Concerning to the sucrose % content (Tables 3, 4, and

5), the results have appeared that genotypes (G.2017-29
and G.2017-33) and check cultivar (G.T.54-9) had the
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maximum percent of sucrose across the two seasons re-
cording 15.62, 15.99, and 16.37%, respectively, while in
the 1st season, the genotypes (G.2017-63) and check cul-
tivar (G.T.54-9) produced the highest sucrose % record-
ing 17 and 17.07%, respectively. In the 2nd season,

genotypes (G.2017-33) and check cultivar (G.T.54-9)
gave the maximum sucrose % over the other genotypes
recording 15.39 and 15.67%, respectively. The consider-
able variability among the aimed genotypes provides a
good chance to improve the sucrose % content.

Table 3 Mean performance of 30 sugarcane genotypes and two check cultivars for growth characters in the first, second, and
across the two seasons

Clones NSm−2 SH SD NI

1st S 2nd S Mean 1st S 2nd S Mean 1st S 2nd S Mean 1st S 2nd S Mean

G.2017-10 17.00 21.33 19.17 270.67 220.00 245.33 2.36 2.06 2.21 22.67 23.33 23.00

G.2017-14 13.00 20.33 16.67 262.33 195.00 228.67 2.36 2.33 2.35 20.00 20.00 20.00

G.2017-16 13.00 15.67 14.33 297.33 255.00 276.17 2.05 2.13 2.09 23.00 18.00 20.50

G.2017-17 18.00 31.00 24.50 319.00 233.33 276.17 2.52 1.77 2.14 21.00 17.00 19.00

G.2017-18 18.00 19.67 18.83 317.33 245.00 281.17 2.48 2.50 2.49 19.00 18.00 18.50

G.2017-25 25.33 28.67 27.00 233.00 310.00 271.50 2.59 2.17 2.38 14.00 13.67 13.83

G.2017-26 21.00 24.33 22.67 283.67 298.33 291.00 2.25 2.27 2.26 17.67 17.00 17.33

G.2017-27 17.67 23.33 20.50 262.67 280.00 271.33 2.55 2.47 2.51 18.00 18.00 18.00

G.2017-29 13.33 18.33 15.83 308.33 270.00 289.17 2.37 2.52 2.45 15.33 15.00 15.17

G.2017-30 23.67 25.67 24.67 250.33 263.33 256.83 2.29 2.20 2.25 17.00 16.67 16.83

G.2017-32 17.00 19.00 18.00 281.67 255.00 268.33 2.43 2.30 2.37 19.33 18.67 19.00

G.2017-33 18.67 21.67 20.17 281.67 265.00 273.33 2.34 2.20 2.27 14.67 14.00 14.33

G.2017-34 24.67 20.67 22.67 293.33 283.33 288.33 2.35 2.33 2.34 17.00 17.33 17.17

G.2017-35 19.00 22.67 20.83 307.33 308.33 307.83 2.66 2.33 2.49 19.67 19.67 19.67

G.2017-37 17.33 21.67 19.50 277.00 313.33 295.17 2.42 2.47 2.44 14.33 14.00 14.17

G.2017-40 22.33 27.67 25.00 262.67 295.00 278.83 2.49 2.52 2.50 18.00 17.67 17.83

G.2017-41 24.00 26.33 25.17 254.33 316.67 285.50 2.56 2.24 2.40 17.00 17.33 17.17

G.2017-42 28.33 22.00 25.17 335.33 250.00 292.67 2.39 2.51 2.45 16.67 16.00 16.33

G.2017-43 20.33 32.67 26.50 291.00 288.33 289.67 2.33 1.90 2.11 17.33 17.00 17.17

G.2017-44 22.00 28.00 25.00 314.67 295.00 304.83 2.37 2.34 2.36 15.33 16.00 15.67

G.2017-52 20.00 26.00 23.00 273.33 308.33 290.83 2.43 2.40 2.41 15.33 15.33 15.33

G.2017-53 22.33 20.00 21.17 286.67 300.00 293.33 2.38 2.40 2.39 16.67 17.00 16.83

G.2017-58 23.33 23.33 23.33 261.00 325.00 293.00 2.19 2.16 2.17 18.67 18.33 18.50

G.2017-59 25.67 30.00 27.83 296.33 298.33 297.33 2.35 2.27 2.31 13.33 13.00 13.17

G.2017-63 22.33 24.67 23.50 305.33 285.00 295.17 2.33 2.20 2.26 17.00 16.33 16.67

G.2017-65 25.33 26.33 25.83 298.67 291.67 295.17 2.85 2.12 2.48 21.00 22.00 21.50

G.2017-67 14.00 23.33 18.67 308.33 255.00 281.67 2.21 1.90 2.06 14.33 14.00 14.17

G.2017-68 21.33 25.33 23.33 270.00 275.00 272.50 2.32 2.63 2.48 19.33 19.67 19.50

G.2017-70 19.33 24.67 22.00 292.33 281.67 287.00 2.47 2.30 2.39 15.67 15.33 15.50

G.2017-72 22.33 26.00 24.17 313.00 290.00 301.50 2.21 2.40 2.30 19.67 20.00 19.83

G.T.54-9 25.33 28.67 27.00 325.00 310.00 317.50 2.87 2.77 2.82 19.00 16.33 17.67

Ph.8013 22.00 31.33 26.67 295.00 287.67 291.33 2.27 2.47 2.37 17.67 17.33 17.50

Mean 20.52 24.45 288.40 279.61 2.41 2.30 17.65 17.16

LSD0.05 Season (S) = ** S = ** S = ** S = NS

Genotype (G) = 2.43 G = 14.63 G = 0.28 G = 1.19

S × G = 3.44 S × G = 20.69 S × G = NS S × G = 1.69

CV % 9.47 4.51 10.28 6.00

NSm−2 number of stalk/m2, SH stalk height/cm, SD stalk diameter/cm, NI number of internode, CV % the coefficient of variation, LSD least significant deference
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Across the two seasons, data in Tables 3, 4, and 5
showed that the highest purity % values were gained by
genotypes (G.2017-33 and G.2017-63), and the two
check cultivars (G.T.54-9 and Ph.8013) recording 81.93,
76.88, 75.67, and 75.76%, respectively, with no significant

differences among them. The two genotypes being
G.2017-16 (80.74%) and G.2017-42 (78.36%) and the
check cultivar G.T.54-9 (78.62%) gave the maximum
purity % in the 1st season while their corresponding per-
centages in the 2nd season were obtained by genotypes:

Table 4 Mean performance of 30 sugarcane genotypes and two check cultivars for quality characters in the first, second, and across
the two seasons

Clones Br % Sc % Pr % SR %

1st S 2nd S Mean 1st S 2nd S Mean 1st S 2nd S Mean 1st S 2nd S Mean

G.2017-10 22.83 20.67 21.75 14.73 13.16 13.95 64.38 63.77 64.08 8.39 7.41 7.90

G.2017-14 21.28 20.00 20.64 15.59 13.76 14.68 73.26 68.65 70.95 9.72 8.23 8.97

G.2017-16 20.72 21.51 21.12 16.73 14.11 15.42 80.74 65.95 73.34 11.05 8.14 9.59

G.2017-17 22.11 21.67 21.89 16.23 14.19 15.21 73.41 65.50 69.46 10.13 8.17 9.15

G.2017-18 21.54 19.00 20.27 15.39 11.56 13.47 71.54 60.86 66.20 9.44 6.26 7.85

G.2017-25 22.86 18.00 20.43 15.00 11.77 13.39 65.66 65.26 65.46 8.65 6.78 7.71

G.2017-26 22.41 19.00 20.70 15.37 12.41 13.89 68.66 65.00 66.83 9.16 7.13 8.15

G.2017-27 22.82 22.00 22.41 14.90 14.03 14.46 65.28 63.73 64.51 8.56 7.91 8.24

G.2017-29 21.77 21.83 21.80 16.62 14.62 15.62 76.80 67.38 72.09 10.63 8.57 9.60

G.2017-30 23.01 18.00 20.51 15.11 11.71 13.41 65.66 65.03 65.35 8.72 6.71 7.72

G.2017-32 21.33 20.83 21.08 15.82 11.59 13.71 74.26 55.61 64.94 9.94 5.76 7.85

G.2017-33 21.34 17.87 19.60 16.58 15.39 15.99 77.72 86.13 81.93 10.71 10.51 10.61

G.2017-34 21.38 21.33 21.36 16.95 12.80 14.88 79.25 60.13 69.69 11.08 6.85 8.97

G.2017-35 23.82 20.33 22.08 16.70 13.27 14.98 70.15 65.21 67.68 10.11 7.63 8.87

G.2017-37 22.33 18.00 20.16 16.60 12.95 14.78 74.39 72.15 73.27 10.45 7.98 9.22

G.2017-40 23.13 19.00 21.07 15.78 13.44 14.61 68.20 70.62 69.41 9.37 8.19 8.78

G.2017-41 21.38 17.67 19.52 14.97 12.22 13.60 70.64 69.57 70.10 9.05 7.33 8.19

G.2017-42 18.27 18.67 18.47 14.32 12.06 13.19 78.36 64.82 71.59 9.30 6.88 8.09

G.2017-43 19.65 17.00 18.33 12.07 12.70 12.39 62.04 74.76 68.40 6.60 8.01 7.31

G.2017-44 19.09 15.00 17.05 13.89 11.83 12.86 72.77 79.03 75.90 8.62 7.71 8.17

G.2017-52 23.85 16.33 20.09 16.32 11.02 13.67 68.41 67.55 67.98 9.71 6.50 8.11

G.2017-53 22.27 17.00 19.64 16.59 12.67 14.63 74.46 74.75 74.61 10.45 7.98 9.22

G.2017-58 19.82 18.67 19.25 14.19 11.95 13.07 71.58 64.07 67.83 8.71 6.77 7.74

G.2017-59 19.99 22.00 21.00 14.26 12.94 13.60 71.34 58.94 65.14 8.74 6.80 7.77

G.2017-63 22.29 17.00 19.65 17.00 13.13 15.07 76.25 77.51 76.88 10.87 8.46 9.66

G.2017-65 22.83 18.43 20.63 14.42 12.37 13.39 63.22 67.39 65.31 8.07 7.26 7.66

G.2017-67 20.89 18.90 19.90 14.99 12.50 13.74 71.97 66.19 69.08 9.22 7.25 8.24

G.2017-68 20.89 17.67 19.28 15.94 12.03 13.99 76.33 68.44 72.39 10.19 7.14 8.66

G.2017-70 22.08 21.00 21.54 15.87 13.59 14.73 72.09 64.70 68.40 9.77 7.75 8.76

G.2017-72 21.87 18.67 20.27 16.28 13.88 15.08 74.56 74.58 74.57 10.25 8.73 9.49

G.T.54-9 21.77 21.54 21.65 17.07 15.67 16.37 78.62 72.73 75.67 11.09 9.72 10.41

Ph.8013 21.63 19.71 20.10 15.60 14.86 15.23 76.11 75.41 75.76 9.95 9.43 9.69

Mean 21.48 19.20 15.16 14.86 72.13 68.17 9.58 7.69

LSD0.05 Season (S) = ** S = ** S = * S = **

Genotype (G) = 1.13 G = 1.20 G = 6.47 G = 1.21

S × G = 1.59 S × G = 1.70 S × G = 9.14 S × G = 1.71

CV % 4.83 7.36 8.07 12.28

Br Brix %, Sc sucrose %, Pr purity %, SR sugar recovery %, CV % the coefficient of variation, LSD least significant deference
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G.2017-33, G.2017-44, and G.2017-63 recording 86.13,
79.03, and 77.51%, respectively.
Results indicated that the sugarcane genotype being

G.2017-33 and the check cultivar (G.T.54-9) surpassed
the others for sugar recovery % recording 10.71, 10.51,

and 10.61 and 11.09, 9.72, and 10.41 in the first and sec-
ond seasons and combined them.
Cane and sugar yields are the final expressions of the

most physiological processes, which have interacted with
the weather and environment during growth. Variation

Table 5 Mean performance of 30 sugarcane genotypes and two check cultivars for stalk weight, cane yield, and sugar yield in the
first, second, and across the two seasons

Clones Stalk weight Cane yield Sugar yield

1st S 2nd S Mean 1st S 2nd S Mean 1st S 2nd S Mean

G.2017-10 0.69 0.70 0.70 25.93 31.36 28.64 2.19 2.34 2.27

G.2017-14 0.77 0.64 0.71 24.60 28.73 26.67 2.38 2.37 2.38

G.2017-16 0.71 0.65 0.68 25.64 28.92 27.28 2.83 2.35 2.59

G.2017-17 0.89 0.72 0.81 43.32 43.70 43.51 4.39 3.60 4.00

G.2017-18 0.90 0.77 0.84 37.41 44.27 40.84 3.57 2.77 3.17

G.2017-25 0.91 0.67 0.79 23.83 35.10 29.46 2.07 2.37 2.22

G.2017-26 0.83 0.70 0.77 30.71 34.55 32.63 2.56 2.48 2.52

G.2017-27 0.74 0.66 0.70 23.89 26.90 25.39 2.04 2.04 2.04

G.2017-29 0.94 0.81 0.88 37.21 42.12 39.67 3.96 3.62 3.79

G.2017-30 0.61 0.57 0.59 25.11 33.67 29.39 2.19 2.24 2.22

G.2017-32 0.91 0.64 0.78 32.68 38.36 35.52 3.25 2.21 2.73

G.2017-33 0.67 0.54 0.61 27.91 37.26 32.58 3.00 3.90 3.45

G.2017-34 0.71 0.65 0.68 33.78 44.88 39.33 3.74 3.06 3.40

G.2017-35 0.62 0.50 0.56 25.45 31.07 28.26 2.61 2.25 2.43

G.2017-37 0.72 0.58 0.65 31.94 39.12 35.53 3.35 3.12 3.24

G.2017-40 0.71 0.66 0.69 26.49 30.77 28.63 2.48 2.52 2.50

G.2017-41 0.61 0.58 0.60 28.21 34.41 31.31 2.54 2.52 2.53

G.2017-42 0.73 0.68 0.71 42.81 50.83 46.82 3.96 3.49 3.73

G.2017-43 0.95 0.69 0.82 48.74 52.23 50.49 3.30 4.18 3.74

G.2017-44 0.87 0.65 0.76 39.74 44.51 42.13 3.43 3.43 3.43

G.2017-52 0.87 0.61 0.74 40.52 45.14 42.83 3.95 2.95 3.45

G.2017-53 0.61 0.58 0.60 25.57 26.96 26.27 2.66 2.15 2.40

G.2017-58 0.78 0.56 0.67 33.76 37.94 35.85 2.94 2.56 2.75

G.2017-59 0.76 0.57 0.67 38.00 41.41 39.71 3.36 2.84 3.10

G.2017-63 0.69 0.67 0.68 33.62 35.02 34.32 3.65 2.82 3.24

G.2017-65 0.90 0.78 0.84 40.90 45.77 43.33 3.28 3.35 3.31

G.2017-67 0.72 0.56 0.64 40.09 44.57 42.33 3.70 3.25 3.47

G.2017-68 0.73 0.55 0.64 36.08 35.50 35.79 3.68 2.54 3.11

G.2017-70 0.79 0.62 0.71 23.55 26.21 24.88 2.30 2.03 2.17

G.2017-72 1.11 0.79 0.95 33.28 38.85 36.07 3.40 3.40 3.40

G.T.54-9 1.22 1.02 1.12 53.58 55.01 54.30 5.95 5.34 5.65

Ph.8013 1.23 1.02 1.13 45.29 47.59 46.44 4.52 4.51 4.51

Mean 0.81 0.67 33.74 38.52 3.23 2.96

LSD0.05 Season (S) = ** S = * S = NS

Genotype (G) = 0.10 G = 4.83 G = 0.63

S × G = NS S × G = NS S × G = NS

CV % 12.27 11.69 17.78

SW stalk weight, CY cane yield (ton/fed), SY sugar yield (ton/fed), CV % the coefficient of variation, LSD least significant deference
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in stalk weight, cane yield, and sugar yield among stud-
ied sugarcane genotypes was relatively high as shown in
Tables 3, 4, and 5.
Results indicating that the check cultivars of G.T.54-9

and Ph.8013 gave the maximum values of stalk weight,
and cane and sugar yields (tons fed-1) in the 1st and
2nd seasons and across the two seasons with significant
differences with the other genotypes. It is noted that
G.T.54-9 reflected the maximum cane and sugar yields
(54.30 and 5.65 ton fed-1, respectively) across the two
seasons with significant differences than Ph.8013 that re-
corded 46.44 and 4.51 ton fed-1, respectively, while no
significant difference was found between G.T.54-9 and
Ph.8013 concerning stalk weight recording 1.12 and
1.13 kg, respectively, across both seasons.

Simple correlation coefficient
The coefficients of correlation between all pairs of the
studied traits were computed and graphically illustrated
in Fig. 1. It is obvious that the data distribution of each
variable is shown on the matrix diagonal. The bi-variant
scatter plots with a fitted line between all studied traits

are displayed below diagonal while the value of the cor-
relation plus the significance level as stars was shown
above diagonal.
Data in Fig. 1 showed that sugar yield (SY) was posi-

tively and highly significantly associated with the num-
ber of stalk/m2 (r = 0.77**), stalk weight (r = 0.84**),
stalk height (r = 0.53**), purity % (r = 0.47**), sugar re-
covery % (r = 0.58**), and cane yield (r = 0.92**). With
respect to cane yield, it was positively and highly sig-
nificantly correlated with the number of stalks per m2

(0.84**), stalk weight (0.77**), and stalk height (0.53**).
There was positively and highly significant correlation
between sugar recovery % and each of the stalk weight
(0.53**), stalk diameter (0.57**), sucrose % (0.94**),
and juice purity % (0.48**). Concerning sucrose %, it
was positively and highly significantly associated with
stalk weight (0.48**), stalk diameter (0.59**), and Brix
(0.66**).
There was also a significant and negative correlation

coefficient between the number of stalks per m2 and
stalk weight (r = − 0.48**) while it was positively corre-
lated with stalk height (0.54**). Highly significant and

Fig. 1 Correlation matrix among SY, sugar yield (ton/fed); CY, cane yield (ton/fed); NSm−2, number of stalk m−2; SW, stalk weight; SH, stalk height/
cm; SD, stalk diameter/cm; NI, number of internodes; Br, Brix %; Sc, sucrose %, Pr, purity %; and SR, sugar recovery %
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positive correlation coefficient was obtained between
stalk weight and stalk diameter (0.51**).

Discriminant function analysis
Based on average yield over 2 years, the sugarcane geno-
types were descendingly ranked for sugar yield and their
corresponding traits. The highest 16 yielder genotypes
were selected as group one (high yielder genotypes) and
the rest of the 16 genotypes as group two (low yielder
genotypes). In this approach, the result discriminant
analysis was illustrated and shown under the following
titles.

The group statistics and tests of equality of group means
Table 6 showed the mean values and standard deviation
of the studied traits for the two groups and the test of
the two group differences using Wilks’ lambda where
proceeding further with the analysis will not be mean-
ingful if there are no significant group differences. The
examination of the group means and standard deviations
can be helpful in obtaining a rough idea of variables that
may be important. Wilks’ lambda is of great analytic im-
portance where the smaller Wilks lambda indicated
more importance of the independent variable (measured
traits) than to the discriminant function.
Wilks’ lambda ranges between 0 and 1. Values close to

0 indicate different group means while the values close
to 1 indicate that the two group means are not different
(equal to 1 indicates all means are the same).
Using the statistic of Wilks’ lambda, results obtained

that there were significant differences between the two
groups for all studied traits except the number of stalk
per square meter, stalk diameter, number of internodes,

and Brix %, sucrose %, and sugar recovery % suggesting
that these may be good discriminators to differentiate
the two genotype groups.

Standardized canonical discriminant function coefficient
and structure matrix
Firstly, data (Table 7) of the standardized canonical dis-
criminant function coefficients (b) are used to create the
following highly significant discriminant function model
as follows:

DS2 ¼ 5:53 CY − 4:65 SYþ 3:54 Prþ 2:11 Br
þ 0:58 SW − 0:52 SH − 0:27 NI − 0:22 NSm − 2

þ 0:134 SCþ 0:043 SD

ð2Þ

where DS2 is the discriminant score, CY cane yield (ton/
fed), SY sugar yield (ton/fed), Pr purity %, Br Brix %, SW
stalk weight, SH stalk height, NI number of internode,
NSm−2 number of stalk/m2, Sc sucrose %, and SD stalk
diameter.
Discriminant analysis not only describes numerically

the general distance between the clones with discrimin-
ant score (DS2), but also shows the characters that serve
the purpose of distinguishing the cultivars among the
studied specification. It is possible to classify the studied
cultivars and applications using these characters, which
use the coefficients from various canonical distributions.
If a coefficient is higher than ± 0.5, that character is de-
fined as a distinguishing factor (Tatsuoka 1971).
The second item is the structure matrix; it is just like

factor a loading (0.30) is seen as the cut-off between im-
portant and less important variables. The independent

Table 6 Comparing between the two supposed groups (high and low yielder genotypes) using a test of equality of group means

Traits Group statistics Wilks’
lambdaMean values and standard deviation

(Group 1) High yielder Standard deviation (Group 2) Low yielder Standard deviation

NSm−2 22.96 3.38 22.00 3.65 0.98NS

SW 0.80 0.15 0.67 0.06 0.77**

SH 291.48 10.90 276.18 20.26 0.81**

SD 2.35 0.18 2.34 0.12 0.99NS

NI 16.88 2.10 17.91 2.48 0.94NS

Br % 20.07 1.31 20.75 0.96 0.91NS

Sc % 14.43 1.18 14.13 0.66 0.97NS

Pr % 72.11 4.48 68.18 3.32 0.71**

SR % 8.88 0.99 8.38 0.60 0.90NS

CY 41.90 5.82 30.35 4.37 0.42**

SY 3.68 0.62 2.49 0.30 0.39**

NS, *, and **: NO significant, significant at 0.05 and 0.01, probability levels, respectively
NSm−2 number of stalk/m2, SW stalk weight, SH stalk height/cm, SD stalk diameter/cm, NI number of internode, Br Brix%, Sc sucrose%, Pr purity%, SR sugar
recovery %, CY cane yield (ton/fed), SY sugar yield (ton/fed)
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variables, which have high values of structure matrix,
contribute most to the dependent variable separation.
The canonical correlation measures the degree of asso-

ciation between the predicted values (score) fitted by the
discriminant function and independent variables (eleven
measured traits). As shown in Table 7, a canonical cor-
relation of 0.89 suggests that the discriminate function
model explains 89.2% (0.892 × 100) of the variation
among the 32 genotypes. Also, results in Table 7 pre-
sented a highly significant small value of Wilks’ lambda
(0.22).

Discriminant score and ranking the aimed genotypes for
yield potential based on all studied traits
Table 8 appeared that genotype 18 (G.2017-42) is a low-
yield genotype (group 2) but based on discriminant
function (Eq. (2)) classified as group 1 (high yield). Other
genotypes (like G31 (GT.54-9), G32 (Ph.8013), and G19
(G.2017-43)) were classified in their expected groupings.
Thus, the correct classification rate was 31/32 = 96.8%.
Genotypes are ranked with a discriminant score (Table 8
and Fig. 2) as follows: G19, G31, G32, G18, G9, G12,
G20, G13, G4, G27, G21, G25, G26, and G5 (G.2017-43,
G.T.54-9, Ph.8013, G.2017-42, G.2017-29, G.2017-33,
G.2017-44, G.2017-34, G.2017-17, G.2017-67, G.2017-
52, G.2017-63, G.2017-65, and G.2017-18) as superior
genotypes (considering sugar yield and most studied
traits) recording greater discriminant score values being
3.47, 3.28, 2.86, 2.82, 2.63, 2.34,1.88,1.73, 1.41, 1.38, 1.31,

1.11, 1.07, and 0.81, respectively. The lower discriminant
score values were recorded by G10, G1, G8, G6, G29,
G17, G16, G14, and G23, (G.2017-30, G.2017-10,
G.2017-27, G.2017-25, G.2017-70, G.2017-41, G.2017-
40, G.2017-35, and G.2017-58) being − 3.40, − 3.39, −
2.81, − 2.79, − 2.66, − 2.10, and − 1.96, respectively. Plot-
ting the discriminant scores helps researchers to easily
visualize and select the superior genotypes.

Discussion
According to data in Tables 3, 4, and 5, the number of
stalk is very important in sugarcane as it is directly re-
lated to the final millable cane population at harvest.
The variation in the production of the number of stalk/
m2 may be attributed to variation in the genetic behavior
of sugarcane genotypes in addition to their interaction
with the environmental conditions. Abu-Ellail (2015) in-
dicated the varying response of different sugarcane geno-
types for the number of stalks per m2, and also, the
reduced plant population is due to the poor establish-
ment of plant crops or the infection of pests and diseases
were blamed to be responsible for the poor yield re-
ported by Singh and Dey (2002). Genotypes, G.2017-43,
G.2017-42, G.2017-29, G.2017-33, and G.2017-44,
showed the highest values of cane yield and sugar yield,
due to their performance and genetic makeup; moreover,
they recorded the highest stalk weight, stalk diameter,
and stalk number and also register the highest Brix and
sucrose percentages. Abu-Ellail et al. (2018) found that
crop cycles had a negative effect on cane and sugar
yields; it is important to study the characteristics of sug-
arcane associated with the best clones to use them as se-
lection criteria in the breeding program. These results
are in agreement with those obtained by Masri et al.
(2014) and Abu-Ellail et al. (2019) who found significant
differences among the tested sugarcane genotypes for
cane and sugar yields and other agronomic and physio-
logical characters. While the genotypes named vis.,
G.2017-30, G.2017-10, G.2017-27, G.2017-25, G.2017-
70, G.2017-41, G.2017-40, G.2017-35 and G.2017-58,
recognized as lowest yielder sugarcane genotypes, due to
significant differences among genotypes for stalk length
and diameter, and the interaction with seasons. Ahmed
and Obeid (2012) and Milligan et al. (1996) found that
stalk diameter has been suggested as being indicative of
better cultivars. Also, they reported that the number of
millable cane and stalk weight are the most useful and
reasonable selection criteria for high cane yield. There
are significant differences among genotypes for techno-
logical quality traits such as Brix and sucrose % that are
commonly used for the selection of genotypes. The se-
lected best clones should display high performance in a
series of yield and quality-related traits such as sucrose
and sugar recovery percentages. Highly significant

Table 7 Standardized canonical discriminant function
coefficients and structure matrix

Variables Standardized
canonical discriminant
function coefficient

Structure matrix
(relative
importance)

Rank

Number of
stalks m−2

− 0.22 0.07 9

Sta1k weight 0. 58 0.39 3

Stalk height 0.52 0.37 5

Stalk diameter 0.04 0.02 10

Number of
internode/plant

− 0.27 − 0.12 7

Brix % 2.11 − 0.16 6

Sucrose % 0.13 0.08 8

Purity % 3.54 0.48 4

Sugar yield − 4.65 0.65 1

Cane yield 5.53 0.61 2

Model sig. **

Canonical
correlation

0.89**

Wilks’ lambda 0.22**

NSm−2 number of stalk/m2, SW stalk weight, SH stalk height/cm, SD stalk
diameter/cm, NI number of internode, Br Brix %, Sc sucrose %, Pr purity %, SR
sugar recovery %, CY cane yield (ton/fed), SY sugar yield (ton/fed)
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genotype effects indicate the existence of differences that
can be utilized during selection; apparent sucrose con-
tent in the juice and Brix % were the major traits that
emerged most suitable for the application of selection,
while purity % was unsuitable (Zhou et al., 2012, Azer-
edo et al., 2017 and Silva et al., 2017).
Data in Fig. 1 indicated that sugar yield displayed a

strong and significant correlation of cane yield followed
by stalk weight, number of stalks per m2, and stalk
height in addition to purity % and sugar recovery %.
Kwajaffa and Olaoye (2014), Masri et al. (2014), and
Feven et al. (2018) found a significant and positive cor-
relation between sugar yield and previous traits. Due to

the importance of sugarcane production to Egypt’s econ-
omy, improved production is essential. A high correl-
ation for these traits with cane yield suggests that these
traits are a better criterion to improve yield.
Discriminant function analysis (DFA) is a better tech-

nique in comparison with multiple-regression to im-
prove yield (Farshadfar 2012). It is used to predict group
membership, so an examination of whether there are
any significant differences between two groups on each
of the independent variables (studied traits) was run.
The examination of the group means and standard devi-
ations can be helpful in obtaining a rough idea of vari-
ables that may be important. Wilks’ lambda is of great

Table 8 Discriminant score and classification for two groups of high- and low-yield genotypes

Genotype code Genotype Group Discriminant score Rank

G 1 G.2017-10 Low yielding − 3.39 31

G 2 G.2017-14 Low yielding − 1.59 22

G 3 G.2017-16 Low yielding − 0.47 19

G 4 G.2017-17 High yielding 1.41 9

G 5 G.2017-18 High yielding 0.81 14

G 6 G.2017-25 Low yielding − 2.79 29

G 7 G.2017-26 Low yielding − 0.91 20

G 8 G.2017-27 Low yielding − 2.81 30

G 9 G.2017-29 High yielding 2.63 5

G 10 G.2017-30 Low yielding − 3.41 32

G 11 G.2017-32 Low yielding − 0.42 18

G 12 G.2017-33 High yielding 2.34 6

G 13 G.2017-34 High yielding 1.73 8

G 14 G.2017-35 Low yielding − 2.10 25

G 15 G.2017-37 High yielding 0.58 16

G 16 G.2017-40 Low yielding − 2.11 26

G 17 G.2017-41 Low yielding − 2.14 27

G 18 G.2017-42 High yielding 2.82 4

G 19 G.2017-43 High yielding 3.47 1

G 20 G.2017-44 High yielding 1.88 7

G 21 G.2017-52 High yielding 1.31 11

G 22 G.2017-53 Low yielding − 1.71 23

G 23 G.2017-58 Low yielding − 1.96 24

G 24 G.2017-59 Low yielding 0.09 17

G 25 G.2017-63 High yielding 1.11 12

G 26 G.2017-65 High yielding 1.07 13

G 27 G.2017-67 High yielding 1.38 10

G 28 G.2017-68 Low yielding − 1.06 21

G 29 G.2017-70 Low yielding − 2.66 28

G 30 G.2017-72 High yielding 0.76 15

G 31 G.T.54-9 High yielding 3.28 2

G 32 Ph.8013 High yielding 2.86 3
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analytic importance where the smaller Wilks’ lambda in-
dicated more importance of an independent variable
(measured traits) to the discriminant function and its
ranges between 0 and 1. Values close to 0 indicate differ-
ent group means while the values close to 1 indicate that
the two group means are not different (equal to 1 indi-
cates all means are the same). Results obtained that
there were significant differences between the two
groups for stalk weight, stalk height, purity %, cane yield,
and sugar yield suggesting that these may be good dis-
criminators to differentiate the two genotype groups
(Table 6).
Results (Table 7) included two items: the standardized

canonical discriminant function coefficients and the
structure matrix. The first item indicates a standardized
canonical discriminant function coefficient of each vari-
able (not affected by measure unit) to the respective dis-
criminating function. Another way of investigating the
relationship between dependent variables (the two
groups of 30 genotypes and two check cultivars) and dis-
criminant function (measurement traits) is to look at the
structure matrix that reflects the relative importance of
the studied traits in separating the two yielding groups
of genotypes. Consequently, the six mentioned traits
(CY, SY, Pr%, Br%, SW, and SH) were shown as the
most distinguishing related traits. It is noted that the dis-
criminant function discarded the trait of sugar recovery
% to avoid the multicollinearity problem because it was
computed from two other traits being sucrose % and
Brix %.

Discriminant analysis has features that support univar-
iate analysis of variance and regression support their in-
terpretations rather than being one of the techniques
that can be used in place of these analyses. DFA with a
correct classification rate of 96.8% was known as a
powerful multivariate method to discriminate between
genotypes relating to group 1 (high yield) and 2 (low
yield) in sugarcane. Cane yield, purity %, Brix %, stalk
weight, and stalk height were known as the most valu-
able traits with high breeding value for improving sugar
yield in sugarcane, which is due to the high coefficients
(Eq. (2)), high Wilks’ lambda (Table 6), and positive sig-
nificant correlations with yield (Fig. 1). Therefore, select-
ing is based on these traits and can improve the sugar
yield. The importance of these traits has been confirmed
by several other studies by Hiremath and Nagaraja
(2016) and (Mohammed et al., 2019) in sugarcane. Re-
searchers have previously assessed the importance of
these traits to confirm their role in improving yield in
maize (Ahmet 2012), in wheat (Patel and Raval 2018;
Abdolshahi et al. 2015), in barley (Aram et al. 2018), in
green gram (DAS and Baisakh 2019), in melon (Naroui
et al. 2017), in vegetable cowpea (Sivakumar et al. 2017),
and in bean (Hadavani et al. 2018).
The proposed integrated selection criterion in this

study (Eq. (2)), could explain 79.2% of sugar yield vari-
ation between two groups. Results in Table 7 provided
the relative importance of the predictors by identifying
the largest loadings for each discriminate function. It is
clear that all the structure matrix values are relatively

Fig. 2 Ranking genotypes based on discriminant scores
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small (less than or equal 0.30) except for stalk weight,
stalk height, purity %, and cane and sugar yields indicat-
ing their effectiveness as discriminators between high
sugar yield and low sugar yield genotype groups. Mo-
hammed et al. (2019) observed sugar yields have been
generally improved by the characters of cane yield, stalk
weight, and increased total biomass rather than directly
by increasing sugar concentration in stalks.
Wilks’ lambda is a measure of how function separates

the 32 genotypes into two yielding groups. It ranges be-
tween 0 and 1. Results in Table 7 presented a highly sig-
nificant small value of Wilks’ lambda (0.22) which
indicates the great distinguishing ability of the function.
The Wilks’ lambda parameter provides the proportion of
total variability that is not explained by the discriminant
function model.
Discriminant function technique involves the develop-

ment of selection criteria on a combination of various
characters and aids the breeder in indirect selection for
genetic improvement in yield. In plant breeding, the se-
lection index refers to a linear combination of characters
associated with yield. The results in this study are in ac-
cordance with the result of Muhammad et al. (2014)
who reported that the important traits to be considered
in increasing sugar yield are cane productivity and stalk
crop.
The discriminant score is the predicted values of fit-

ting the discriminant function model. Based on discrim-
inant scores, all genotypes are classified and ranked into
two classes being high and low yielding groups (Table 8
and Fig. 2). As discriminant scores in Eq. (2) are calcu-
lated based on standardized data, genotypes with a
higher discriminant score than zero belong to group 1
(high-yield genotypes) and lower than zero belong to
group 2 (low-yield genotype), with cut-off value equals
to zero. In this study, discriminant analysis was used as a
powerful multivariate method to find an integrated se-
lection criterion using all studied traits not only the
yield. These results confirmed the efficiency of the pro-
posed integrated selection criteria.

Conclusion
In the current investigation, the results proved that the
coefficient of variation (CV %) for the individual experi-
ments was lower than 20% that permits application com-
bined analysis. Results revealed the presence of significant
differences among genotypes (clones), seasons, and their
interaction for all studied characters except for the seasonal
effect for the number of internodes and sugar yield and sea-
son × genotypes interaction effect for stalk diameter, stalk
weight, cane yield, and sugar yield was insignificant.
Results showed that the first season had higher mean

values for all studied traits compared to the second

season, except for stalk diameter and sugar yield repre-
senting seasonal differences.
Furthermore, the correlation coefficient presented that

cane yield was the major sugar yield contributing factor
followed by stalk weight, the number of stalks per m2,
and stalk height in addition to purity % and sugar
recovery %.
The discriminant function model explains 79.2% of the

variation among the 32 genotypes. Also, a highly signifi-
cant small value of Wilks’ lambda (0.22) indicates the
great distinguishing ability of the function by using ef-
fective traits concurrently; discriminant scores (DS2)
were calculated for all genotypes. This indicator could
successfully discriminate between high and low sugar
yield genotypes.
Consequently, traits such as stalk weight, stalk height,

purity %, Brix %, and cane yields could be employed in
future breeding programs to improve sugar yield. Their
feasibility is due to their cheap and simple measurement,
positive and significant correlations with sugar yield, and
high coefficients in discriminant function. In addition,
this criterion could successfully separate high- and low-
yield genotypes (Fig. 2). Genotypes, G.2017-43, G.2017-42,
G.2017-29, G.2017-33, and G.2017-44, showed the highest
values of the discriminant score and were recognized as
the highest yielder sugarcane genotypes, while the geno-
types named vis., G.2017-30, G.2017-10, G.2017-27,
G.2017-25, G.2017-70, G.2017-41, G.2017-40, G.2017-35,
and G.2017-58, recognized as the lowest yielder sugarcane
genotypes represent lowest values of the discriminant
score (Table 8 and Fig. 2).
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