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ABSTRACT 

The present study carried out at Giza 

Agricultural Research Station, Giza, Egypt during 

2010/2011 and 2011/2012 seasons. Five sugarcane 

genotypes (G.T.54-9, G.84-47, G.74–96, G.98-28 and 

G.98-24) conducted for estimating the broad sense 

heritability, genetic, environmental and phenotypic 

variances for yield, yield components and some quality 

characteristics. 

The obtained results showed that G.98-28 genotype 

gave the highest value of stalk diameter, while G.84-47 

genotype surpassed the other four genotypes in the number 

of millable cane/m2, millable cane length, cane and sugar 

yields/fed in both seasons as well as Brix, sucrose, and 

sugar recovery percentage in second season. Meanwhile, 

genotype G.98-24 recorded the highest values of Brix, 

sucrose, and sugar recovery percentage in 1st season.  

Broad sense heritability was found to be ranged from 

91.1% for cane yield and millable cane diameter to 59.4 % 

for number of millable cane. The results revealed that the 

broad sense heritability shown to be high. The genetic 

variance ranged from 0.2 for millable cane diameter to 

82.91 for millable cane highest. The genotypic coefficient of 

variation (GCV %) for the studied characteristics ranged 

from 3.84 calculated for millable cane highest to 28.67 for 

sugar yield. The phenotypic coefficient of variations (PCV 

%) ranged from 4.72 % for millable cane highest to 31.8 

for sugar yield. Therefore, the improvement of breeding 

program for high number of millable canes, cane yield and 

sugar yield will be more effective than that for increasing 

cane yield. The present study suggests that sugar cane 

genotype improvement will have genetic advance in 

number of millable canes, cane yield and sugar yield than 

that cane yield. 

INTRODUCTION 

Sugarcane breeding program places considerable 

emphasis on producing new high yielding genotypes, 

resistant to diseases, insects and characterized with high 

rationing ability. Recently, Sugar Crops Research 

Institute has reached many promising sugarcane 

genotypes characterized with not only high cane yield 

but also good quality traits throughout several stages of 

selection. 

Sugarcane genotype is the corner stone to minimize 

the gap between production and consumption of sugar. 

Differences among genotypes in yield, its components 

and quality characteristics were reported by (Ahmed, 

2003; El-Shafai and Ismail 2006; Ismail and El-Sogheir 

2008). Sugar cane yield is a polygenic character that 

highly affected by environmental conditions. Therefore, 

it is essential to know that the improvement of any 

character depends on the interaction between genes 

controlling this character and proper environmental 

conditions. Comstock and Moll (1963) classified the 

environment in two categories, macro and micro 

environmental variations. Macro environmental 

variation is caused by the fluctuation in variables that 

have large and easily recognized variation (i.e. years, 

locations, planting dates and plant density); whereas 

micro environmental variation arises from plant to plant 

and genotype to genotype variations within macro 

environments. Allam et al (1974) reported that a highly 

significant difference among clones was noted for the 

three variables measured, M.T. /ha, S/M.T., and S/ha, 

within all three cane types (plant, first-stubble and 

second. stubble). These authors reported that heritability 

was (0.78, 0.83, and 0.75) for plant cane, (0.87, 0.86, 

and 0.82) for first stubble, and (0.90, 0.89, 0.87) for 

second stubble. The heritability estimates increased 

from plant to first stubble to second - stubble cane for all 

traits. Hogarth (1981) estimated that the broad sense 

heritability based on a plot mean was (75%) for Brix, 

(87%) for stalk diameter and (63%) for stalk length, also 

he obtained high genetic variability for total soluble 

solids and cane yield. Kang et al (1983) estimated high 

broad sense heritability in two bi-parental crosses based 

on plot means for various traits, which was 84% for 

plant height, 94% for stalk diameter, 93% for stalk 

weight, and 91% for sucrose content. Kang et al (1987) 

mentioned that estimates of genetic and genotype X 

environment are needed to help optimize resource 

allocation across locations or years. Chang (1996) 

estimated 0.955, 0.9·14 and 0.965 broad sense 

heritability for Brix, purity and sugar content, 

respectively. El–Taib et al (2005) evaluated some 

selected of sugar cane genotypes of diverse origin. They 

found significant and highly significant differences 

between environment and genotype X environment 

interaction for stalk weight, number of millable cane 

(l000/per fed), net cane yield (t/fed), theoretical sugar 

recovery %, and sugar yield (t/fed). Ghura (2005) found 

that the broad sense heritability ranged from 90% for 

stalk diameter and sucrose percentage to 78 % for purity 

%. The results revealed that the broad sense heritability 

shown to be high. She mentioned that genetic variance 
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ranged fro. 0.209 for stalk diameter to 934.51 for stalk 

length. The genotypic coefficient of variability (GCV 

%) for the seven studied character ranged from 9.27% 

calculated for total soluble solids percent (Brix) to 

32.7% for stalk weight. The phenotypic coefficient of 

variability (PCV %) ranged from 10.02% to 35.14% for 

total soluble solids percent (Brix) and stalk weight; 

respectively. 

MATERIALS AND METHODS 

The present study carried out at Sabahia 

Agricultural Research Station, Alexandria Governorate, 

Egypt during 2010/2011 and 2011/2012 seasons. 

Five sugarcane genotypes (G.T. 54-9, G.84-47, 

G.74–96, G.98-28 and G.98-24) were employed for 

estimating the broad sense heritability, genetic, 

environmental and phenotypic variances for yield, 

yield component and some quality characteristics. 

Planting date took place in the first week of March, 

in both seasons. Each genotype sown in plots 

containing six ridges, one meter in width and seven 

meters in length. The distance between cuttings was 

30cm. Each cutting contained two buds. The plot area 

was 42.0 m2 (6.0 m x 7.0 m). Harvest took place 

thirteen months after planting. Thirty plants taken 

randomly from each plot to study the following 

characters: Number of millable canes/m2, Millable 

cane height (cm), Millable cane diameter (cm), Brix 

percentage, Sucrose percentage, Sugar recovery 

percentage, Cane yield (ton/fed) and Sugar yield 

(ton/fed). Split-plot design in three replications 

used.  All other agricultural practices needed for 

growing sugar cane crop applied as recommended. 

Recorded data: 

The following characteristics were estimated at harvest 

in samples, each of twenty millable canes represent the 

following measurements: 

1. Number of millable canes/m
2
. 

2. Millable cane height (cm) measured from soil surface 

up to the top visible dewlap. 

3. Millable cane diameter (cm) measured at the middle 

part of stalks. 

4. Total soluble solids (TSS %) or Brix percentage in 

cane juice was measured using Hand Refractometer.  

5. Sucrose percentage in cane juice was determined 

using “Saccharemeter” according to A.O.A.C. 

(1995). 

6. Sugar recovery percentage calculated according to the 

following equation as described by Yadav and 

Sharma (1980). 

Sugar recovery % = [sucrose % - 0.4 (brix % - sucrose 

%)] x 0.73. 

7. Cane yield (ton/fed) calculated based on plot area. 

8. Sugar yield (ton/fed) estimated as follows: 

Sugar yield (ton/fed)= cane yield (ton/fed) x sugar 

recovery %. 

Statistical analysis 

The collected data statistically analyzed according to 

the method of Snedecor and Cochran (1981). Least 

significant difference test (LSD) at 5% level of 

significance used to compare means.  

The form of the variance analysis and the mean 

square expectations from which estimates of variance 

components obtained presented in Table (1). Separate 

estimates of the components of variation in each mean 

square expectation calculated to evaluate the magnitude 

of the different effects. 

Variance components and the expected composition 

of the mean squares determined according to Miller et al 

(1959),  

The phenotypic variance estimated by the following 

formula as outlined by Miller et al 1959 and Comstock 

and Moll 1963. 

- Heritability in broad sense hb
2
 = (δ

2
g / δ

2
ph) x 100 

- Genotypic coefficient of variation % (GCV %) = 

(   / X) x 100 

- Phenotypic coefficient of variation % (PCV %) = 

(  / X) x 100 

Where g is number of genotypes, y = number of years, 

δ
2
e = error variance; 

2
g, 

2
gy are the variance 

attributed to genotypes, genotypes x years, respectively. 

RESULTS AND DISCUSSIONS 

Five sugarcane genotypes (G.T. 54-9, G.84-47, 

G.74–96, G.98-28 and G.98-24) were used for 

estimating the broad sense heritability, genetic, 

environmental and phenotypic variances for yield, yield 

component and some quality characteristics. Split-plot 

design in three replications used. All other agricultural 

practices needed for growing sugar cane crop applied as 

recommended. Thirty plants taken randomly from each 

plot to study the following characters: Number of 

millable canes/m2, Millable cane height (cm), 

Millable cane diameter (cm), Brix percentage, Sucrose 

percentage, Sugar recovery percentage, Cane yield 

(ton/fed) and Sugar yield (ton/fed).  

Data in Table 1 show significant differences among 

the tested sugarcane genotypes in the number of millable 

cane/m
2
. G.84-47 genotype recorded the highest values 

for number of millable cane (13.42 and 15.16/m
2
) and 

Millable cane length (260.30 and 258.40 cm) in both 

seasons, respectively compared with the other 
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genotypes.The variation among sugarcane genotypes in 

this trait
 
may referred to their variable genetic structures 

that reflected on their tellering abilities and ability of the 

formation of internodes and/or determination of their 

length. Ahmed, 2003) and Ismail and El-Sogheir (2008) 

obtained significant variations in number of millable 

cane among sugarcane genotypes. On the other hand, 

Ahmed, (2003) and Ismail et al (2008) found significant 

differences among the tested genotypes in millable cane 

height. 

Sugarcane genotype G.98-24 recorded the thickest 

stalks followed by G.74–96 while G.84-47 genotype had 

the lowest value of this trait. The superiority of G.98-24 

genotype in stalk diameter may controlled by gene 

make-up, as well as low stand density per unit area 

(Table 2). Varietals differences in relation to millable 

cane diameter reported by El-Shafai and Ismail (2006) 

and Ismail et al (2008) who obtained significant 

differences among studied genotypes in stalk diameter. 

Sugarcane genotype G.98-24 gave the highest values of 

Brix percentage (21.49 %) and higher sucrose 

percentage (17.74 %) in 1
st
 season, while in 2

nd
 season; 

G.84-47 genotype had the highest Brix and sucrose 

percentage (15.79%). The differences between the 

studied genotypes in Brix and sucrose percentage may 

be due to the variations among genotypes in gene make-

up and genetic structure. These results are in harmony 

with those outlined by Yadav and Sharma (1980), they 

reported  that  the differences among genotypes in 

sucrose, percentages were significant in both seasons. 

Sugarcane genotypes grown in 1
st
 season differed 

significantly in sugar recovery percentage. However, no 

statistical differences detected among genotypes in this 

trait in the 2
nd

 season. In the 1
st
 season, G.98-24 

genotype markedly surpassed the other genotypes in 

sugar recovery. The superiority of G.98-24 genotype in 

this trait could attributed to higher sucrose percentage 

recorded by that genotype. These results are in 

agreement with those of El-Shafai and Ismail (2006) and 

Ismail  and El-Sogheir (2008)  they found that statistical 

differences in sugar recovery percentage were recorded 

among the studied genotypes. 

Table 1. Characteristics under investigation in the tested five sugarcane genotypes and their 

means in two growing seasons 

 
          Genotypes 

Season 
G.T.54-9 G.84-47 G.74–96 G.98-28 G.98-24 Mean 

Number of millable 

canes/m
2
 

2010/2011 11.88 13.42 9.41 8.15 11.38 10.85 

2011/2012 11.14 15.16 10.47 10.07 13.01 11.97 

Mean  11.51 14.29 9.94 9.11 12.19 11.41 

Millable cane height 

(cm) 

2010/2011 228.95 260.30 186.20 221.35 208.05 221.35 

2011/2012 251.75 258.40 202.35 218.50 219.45 230.09 

Mean  240.35 259.35 194.28 219.93 213.75 225.72 

Millable cane 

diameter (cm) 

2010/2011 2.97 2.51 3.01 3.16 2.66 2.86 

2011/2012 2.81 2.44 2.93 2.95 2.77 2.78 

Mean  2.89 2.47 2.97 3.06 2.72 2.82 

Brix % 2010/2011 21.16 20.19 19.70 21.21 21.49 20.75 

2011/2012 17.10 17.65 17.26 17.58 17.46 17.41 

Mean  19.13 18.92 18.48 19.39 19.48 19.08 

Sucrose % 2010/2011 16.64 16.09 16.76 16.60 17.74 16.77 

2011/2012 14.37 15.79 14.87 15.11 15.10 15.05 

Mean  15.51 15.94 15.81 15.85 16.42 15.91 

Sugar recovery % 2010/2011 10.83 10.55 11.37 10.77 11.85 11.08 

2011/2012 9.70 10.98 10.15 10.31 10.33 10.29 

Mean  10.26 10.77 10.76 10.54 11.09 10.68 

Cane yield (ton/fed) 2010/2011 34.16 45.84 29.11 32.14 36.14 35.48 

2011/2012 35.88 47.52 31.53 34.12 37.64 37.34 

Mean  35.02 46.68 30.32 33.13 36.89 36.41 

Sugar yield (ton/fed) 2010/2011 3.70 4.84 3.31 3.46 4.28 3.93 

2011/2012 3.48 5.22 3.20 3.52 3.89 3.84 

Mean  3.59 5.03 3.26 3.49 4.09 3.89 
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Sugarcane genotype G.84-47 was proven to produce 

the highest cane yield and sugar yield/fed in both 

seasons compared with G.T.54-9, G.74–96, G.98-24 and 

G.98-28 genotypes. The increasing in sugar yield could 

attributed to higher values of cane yield recorded by 

G.84-47 genotype These results are in agreement with 

those reported by Pandey and Shukla (2001) and Ismail 

and El-Sogheir (2008) they reported that sugar cane 

genotype G.85-37 surpassed G.T.54-9 genotype in 

respect to cane and sugar yield. 

Genetic estimates 

The sugarcane genotypes under investigation are 

commercial and promising genotypes that have desired 

characters. Because of their good characteristics, they 

would chosen to be as start for breeding programs for 

developing promised sugar cane genotypes for Egypt 

and other similar countries, so some of genetic 

parameters were estimated.  Mean of the eight 

characters under investigation in five sugarcane 

genotypes average of two seasons tabulated in Table 2. 

Variance components, genotypic, coefficient of 

variations and broad sense heritability of the studied 

characters for five genotypes of sugar cane are tabulated 

in Table 3 and analysis of variance are tabulated in 

Table 4 and As shown from this table the variance due 

to the interaction of genotype X year for millable cane 

highest was 10.711. It was about eighteen times of their 

corresponding environmental variances of millable cane 

highest (0.609). A similar results were noted for number 

of millable (1.025) giving about ten times of their 

corresponding environmental variance (0.104) also for 

millable cane diameter (0.017) and brix % (0.214) 

which giving about six times of their corresponding 

environmental variance (0.003 and 0.032). This 

demonstrated the relative contribution of each variance 

in influencing the phenotype variance (125.45, 6.60, 

0.22 and 3.59) of the four characters respectively.   

Estimation of broad sense heritability for each cane 

yield and millable cane diameter (91.1%) was the largest 

one among all characters studied, followed by brix % 

(86.6%). sugar recovery % (82%), cane yield (81.9%), 

sugar yield (81.3%) and sucrose % (81.1). This is due to 

the high genetic variance obtained for these six 

characters (0.2, 3.11, 1.72, 33.40, 1.52 and 3.01) 

respectively.  This result suggests that genetic variance 

was the largest source of total variation for millable cane 

diameter, brix %, sugar recovery %, cane yield, sugar 

yield and sucrose %. On the other hand, the variance 

due to the interaction was proven to be much higher than 

that of the environmental variances for the six characters 

respectively. This conclusion suggests that the 

interaction variances were secondary to the genetic 

variances in determining the total variability for the 

previous studied characters (0.220, 3.748, 2.094, 

37.107, 1.918 and 3.441) respectively. 

The results obtained from estimating of the broad 

sense heritability for the various traits of sugar cane are 

in agreement with those obtained by Allam et al (1974), 

Hogarth (1977) , Hoganth and Heing (1981), Singh and 

Singh (1981), Kang et al (1983), Younan (1997),  EI- 

Taib et al (2005) and Ghura (2005). 

The efficiency of breeding program for improvement 

of growth, yield and quality properties depends on the 

extent of genetic variability present in genotypes and the 

heritability of the concerned characters. The results in 

Table 3 show variance components, heritability 

estimate, genotypic and phenotypic coefficients of 

variability. 

The results indicted that phenotypic coefficient of 

variation (PCV %) was in harmony with genotypic 

coefficient of variation (GVC %) for all studied traits 

except the number of millable cane, and sugar yield. The 

data indicated the heritability for number of millable 

canes and sugar yield were 59.4 and 81.3 % 

respectively. High genetic coefficients of variation in 

addition to high heritability reflect the importance for 

heritable components. The genotypic coefficient of 

variation (GCV %) values were 16.49 and 28.67 % for 

the 2 characters, respectively.  

Table 2. Mean of the eight characters under investigation in five sugarcane genotypes 

average of two seasons (2006/2007- 2007/2008) 
    Characters 

 

Genotypes 

No. 

millable 

canes 

Millable 

cane 

height 

Millable 

cane 

diameter 

Brix 

% 

Sucrose 

% 

Sugar 

recovery 

% 

Cane 

yield 

Sugar 

yield 

G.T.54-9 11.51 240.35 2.89 19.13 15.51 10.26 35.02 3.59 

G.84-47 14.29 259.35 2.47 18.92 15.94 10.77 46.68 5.03 

G.74–96 9.94 194.28 2.97 18.48 15.81 10.76 30.32 3.26 

G.98-28 9.11 219.93 3.06 19.39 15.85 10.54 33.13 3.49 

G.98-24 12.19 213.75 2.72 19.48 16.42 11.09 36.89 4.09 

Mean 11.41 225.72 2.82 19.08 15.91 10.68 36.41 3.89 
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Table 3.Variance components, heritability, genotypic and coefficient of variations for the 

studied character 
     Parameters 

 

Characters 

Mean δ
2
 g δ

2
 gy δ

2
 e δ

2
 ph 

GCV 

% 

PCV 

% 
h

2
 

Number of 

millable canes 
11.41 3.92 1.025 0.104 6.60 16.49 21.39 59.4 

Millable cane 

height 
225.72 82.91 10.711 0.609 125.45 3.84 4.72 66.1 

Millable cane 

diameter 
2.82 0.2 0.017 0.003 0.22 15.06 15.77 91.1 

Brix % 19.08 3.11 0.214 0.032 3.59 9.62 10.34 86.6 

Sucrose % 15.91 3.01 0.321 0.213 3.71 10.36 11.51 81.1 

Sugar recovery % 10.68 1.72 0.068 0.832 2.10 11.66 12.88 82.0 

Cane yield 36.41 33.4 1.920 0.781 40.79 15.08 16.67 81.9 

Sugar yield 3.89 1.52 0.200 0.249 1.87 28.67 31.80 81.3 

Table 4. Analysis of variance for the studied characteristics  

Source D. f 

Mean Square 

No. 

millable 

canes 

Millable 

cane 

height 

Millable 

cane 

diameter 

Brix  

% 

Sucrose 

% 

Sugar 

recovery 

% 

Cane 

yield 

Sugar 

yield 

Year (Y)                            1 8.106 139.378 0.08 215.11 201.253 189.98 439.132 0.198 

R(y)        4 2.624 503.311 0.223 64.722 98.373 482.726 535.479 0.687 

Genotypes (G)                 4 82.879     1606.841 3.75 59.87 55.981 32.96 643.846 28.12 

YG                         4 1.898 35.85 0.047 2.099 0.47 0.846 9.192 0.084 

Error                     16 0.601 102.186 0.032 1.134 1.588 1.09 16.432 0.164 

As for phenotypic coefficient of variation (PCV %) 

values were 21.39 and 30.8 % for number of millable 

cane and sugar yield respectively. Burton (1952) 

suggested that a genetic coefficient of variation together 

with heritability would give the best indication of the 

genetic advance to be expected from selection. This 

study suggest that the improvement of sugarcane 

genotypes will have genetic progress in number of 

millable canes, cane yield and sugar yield than the other 

studied characters which possessed low genetic 

variability. 
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 الملخص العربي

 تقدير التباين الوراثى والقدرة على التوريث فى المدى الواسع فى قصب السكر
عصام أحمد محمد عامر ،مجدى سعد صالح ،لدخالد عدلى محمد خا  

ختتتمو متتت     يزتتت  باج يزتتت  أجريتتتذ  تتترا ةلدحةستتتث ال تتتث  تتت   ةج
بغتتتتتترر التتتتتتدير ةللتتتتتتدح   0200/0200و  0202/0200ةل حةعتتتتتتث 

علتتا ةلر حيتتا د ةاتتدى ةل ةستتق عتتي  ريتتلا التتدير ةيخرم تتا  ةل حة يزتتث 
ك نااتتو وبعتت  ةاراب تتث باوصتت و وم ةلصتتتا  وةلبيزئيزتتث وةاريريتتث لتتبع 

                   صتتتتتتتتتتتا  ةجتتتتتتتتتت    سكرتتتتتتتتتتث أصتتتتتتتتتت ا  متتتتتتتتتتي  صتتتتتتتتتت  ةلرتتتتتتتتتتكر  تتتتتتتتتت 
G.T.54-9, G.84-47, G74-96, G.98-24, G.98-28 

أع تتا  G.95–19و تتد أريتتر  ةل رتتا تم ةلتتل ع ةهصتت و عليزيتتا أ  
علتتتا ةاصتتت ا  G.84-47أعلتتتا  يزكتتتث متتتي   تتتر ةلرتتتا     تتت  اتتتت  

ةاحبعتتث ةاختترى   عتتد  ةلعيزتتدة  ةللابلتتث للعصتت  و تت و ةلعتت   و صتت و 
ةلعيزدة  وةلركر للتدة    كم ةات    وكترلت اتت   د  تيزبر ةلت ك ، 

ةللابتتل لتستترفىما د ةا ستتبر ةل تتا  و   وةلرتتكرو ، وبرتتبث ةلرتتكر
 ةلركرو   وبربث   يزبر لل ك  أعلا ةالابل  لد سجلذ

 
 
 

 
                   ث ةلرتتتتتتتتتكر ةللابتتتتتتتتتل لتستتتتتتتتترفىما   ةا ستتتتتتتتتبر ةاوو للصتتتتتتتتت  وبرتتتتتتتتتب

.G.98-24 
٪  1010وارةو تتتذ ةللتتتدح  علتتتا ةلر حيتتتا د ةاتتتدى ةل ةستتتق متتتتي 

٪ لعتتتتتد  ةلعيزتتتتتدة  ةللابلتتتتتث  4115وصتتتتت و ةلعيزتتتتتدة  وو  تتتتتر ةلعتتتتت    لى 
 10110لل تتتتر ةلعتتتت    لى  210واتتتترةوت ةلربتتتتايي ةلتتتت حة ا متتتتي . للعصتتتت 

 4115متي ( ٪ GCV)وارةوت معامل ةاخرم  ةلت حة    .ل  و ةلع  
معامتل ةاخترم  ةاريتر  . وصت و ةلرتكر 01182ل  و ةلع    لى 

 . وص و ةلركر 4011٪ ل  و ةلع    لى  5120ارةوت ب  

اشتتتت   تتتترا ةلدحةستتتتث  لى أمكابيزتتتتث ةلرلرتتتت  ةلتتتت حة ا بدحجتتتتث كبتتتت   
ةلرتتتكر أك تتتر م يتتتا د  بال رتتتبث لعتتتد  ةلعيزتتتدة  ةللابلتتتث للعصتتت  و صتتت و

. الث  ص و ةلعيزدة 
 

 
 
 

 

 


