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Abstract 

The present investigation was conducted at El-Mattana Agricultural Research Station, Luxor 

Governorate, Egypt during two successive seasons 2018/2019 (plant cane) and 2019/2020 (first 

ratoon) to screening of eighteen sugarcane genotypes s for the lesser sugarcane borer, smut, streak 

and mosaic diseases resistance under natural infection and elimination   of sensitive genotypes  from 

sugarcane breeding program and to evaluate the performance of some sugarcane genotypes based 

on principal components analysis biplot and genetic components; heritability and genetic advance 

for the studied traits. The experimental design used was a randomized complete block design with 

three replicates. Results show all studied traits varied significantly among evaluated different 

genotypes in the plant cane and first ratoon. Cane yield of five and two genotypes in plant cane and 

first ratoon, respectively, gave significantly the highest mean values of cane yield as compare with 

check variety. Bored stalks% and bored joints % varied significantly among evaluated genotypes. 

It found high positive correlation between bored stalks% and bored joints and brix% in the positive 

direction. Plant height and stalk diameter were positively correlated with cane yield, not only smut, 

mosaic and streak diseases but also bored stalks and bored joints were negatively correlated with 

cane and sugar yield and  negatively correlated sucrose%, purity% and recovery%. The differences 

between the estimates of GCV and PCV was comparatively narrow for all the characters (except 

stalk diameter and Mosaic disease) suggesting the possibility of affective selection of these traits 

and indicating high prospects for genetic progress through selection under the conditions of this 

investigation. 
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Introduction 

Sugarcane (Saccharum spp) is one of the major 

cash and industrial crops in Egypt. It is a source 

of raw material to sugar industry and various 

agro-based industries. Moreover, sugarcane 

ensure a lot of jobs for growers in 322,000 

feddans, (135,240 hectares) and workers in 

eight cane sugar mills producing 930,255 tons 

of sugar (Annual Report of Egyptian Sugar 

Crops Council, 2019) . The biggest challenge 

faces sugar industry in Egypt and worldwide are 

diseases and pests. Diseases and borers effect 

on sugarcane that caused great losses in cane of 

sugar yield in sugarcane. Breeders walked 

through the plots and dropped clones based on 

visual appraisal for diseases, insect damage 

(Collins kimbeng 2018) 

https://creativecommons.org/licenses/by-nc-sa/4.0/
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The sugarcane stalks borer Diatraea 

saccharalis Fab. (Lepidoptera: Crambidae) is 

the most important pest of sugarcane. However, 

despite the importance of this pest, there is a 

lack of efficient methods to compare the 

resistance of genotypes and select resistant 

sugarcane genotypes to be employed by 

sugarcane breeding programs.( Tomaz 2017). 

The borer population influences both genotypic 

variance and heritability; thus, it is necessary to 

select sugarcane clones for borer resistance in 

areas with high natural borer infestation to 

achieve suitable genetic gains (Tomaz et al. 

2020) 

Smut disease, caused by Sporisorium 

scitamineum, where it causes great reductions 

in cane and sugar yields. Sugarcane Smut 

Disease known as sugarcane cancer, sugarcane 

yield caused serious losses. Affected cane is 

severely stunted and production losses of 20-60 

% in cane yield (Annual Report of Egyptian 

Sugar Crops Council, 2017).  Streak disease 

caused by Sugarcane Streak Virus (SCSV), A 

sugarcane plant infected with the streak virus 

shows on its leaves a pattern of straight, on its 

leaves a pattern of straight, narrow, translucent 

stripes following the veins and consequently 

parallel to the length of the leaf (Martin et al.. 

(1961). The best control practice is the use of 

resistant Cultivars (Comstock, 2000; Croft 

&Braithwaite, 2006 and Sakaigaich et al.. 

2019) 

The primary responsibility of biologists (plant 

breeders and pathologists) in regard to host 

plant resistance is to produce an economically 

viable variety that will benefit both the producer 

and the consumer. Growers are interested in 

varieties that do not suffer economic loss, and 

the rating system for varietal resistance in 

sugarcane has concentrated on defining 

resistant varieties as those that do not result in 

significant economic losses from a disease in 

commercial production. This definition focuses 

the breeder on the economic genetic value of 

disease resistance and can readily be used to 

extend the results to growers. (Stringer et al.., 

2012& and Harris and Frederiksen, 1984 and 

Mehareb et al. 2018). 

The objective of this study screening  of some 

sugarcane genotypes for the lesser sugarcane 

borer, smut, streak and mosaic diseases 

resistance and  elimination of sugarcane 

sensitive genotypes from sugarcane breeding 

program and  evaluate the performance of some 

sugarcane genotypes based on principal 

components biplot analysis and genetic 

components; broad–sense heritability and 

genetic advance for the studied characters. 

Materials and Methods  

Plant materials and experimental conditions 

This study consisted of two experiments that 

were carried out at El-Mattana Agricultural 

Research Station, Luxor Governorate, Egypt 

(latitude of 25.17° N and longitude of 32. 33°E) 

during  two successive seasons 2018/2019 

(plant cane crop) and 2019/2020 (the first 

ratoon) to evaluate the some sugarcane 

genotypes (Table1) under Egyptian conditions.  

Each sugarcane genotypes were planted in three 

rows of 5 m length and 90 cm width in 

randomized complete block design with three 

replications during first week of March, 2018, 

Seed rate of 25 three - budded setts per row was 

adopted. The field was irrigated right after 

planting and all other agronomic practices were 

carried out as recommended.  Plant crop was 

ratooned. Harvest of plant crop took place 12 

months after planting. The crop raised from the 

stubble of the first plant crop represented first 

ratoon crop. 

1- Phenotypic evaluation 

Data were recorded on cane yield and juice 

quality traits. A sample of 20 stalks was used to 

measure. 
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Table 1. Geographic origins of tested sugarcane materials. 

No. Genotypes Origin  No. Genotypes Origin  

1 G 2003-47 Egypt, Giza 10 L 62-96 USA (Louisiana) 

2 88/5-27 Egypt, Hawamdiyah 11 CO 284  India, Coimbatore 

3 F 150 Taiwan 12 G 2008-20 Egypt, Giza 

4 EI 58-37 Salvador 13 G 2007-61 Egypt, Giza 

5 M 57-35 Mauritius 14 SP 81-3250 Brazil, Sao Paulo 

6 F 161 Taiwan 15 CP XX USA (Florida, Canal Point) 

7 SP 72-5181 Brazil, Sao Paulo 16 CO 182 India, Coimbatore 

8 G 2008-64 Egypt, Giza 17 G 2006-36 Egypt, Giza 

9 G 2003-49 Egypt, Giza 18 GT54-9  Egypt (Check variety) 

At each harvesting time, twenty cane stalks 

were collected at random to determine the 

following traits: 

1.1. Brix percentage was determined using 

“Brix Hydrometer” standardized at 20 ° C.  

1.2. Sucrose percentage was determined using 

“Sacharemeter” according to A.O.A.C. (1995).  

1.3. Purity percentage was calculated according 

to the following equation of Singh and Singh 

(1998):     

Purity percentage = sucrose percentage x 100/ 

brix percentage 

1.4. Sugar recovery percentage: was calculated 

according to the formula  described by (Yadav 

and Sharma 1980):  

Sugar recovery % =  

[sucrose % -0.4 (brix % - sucrose %) × 0.73].  

2. Productivity traits:  

2.1. Cane yield (ton/ fed.), was determined from 

the weight of the four middle guarded rows of 

each plot converted into value per fad.  

2.2. Sugar yield (ton/ fed.), was estimated 

according to following equation:  

Sugar yield (ton/ fed.) =  

cane yield (tons/fad.) x sugar recovery %.  

3. Determination of the infected of sugarcane 

genotypes with some diseases.  

3.1. Streak disease (Photo, 1) and Mosaic 

disease (Photo, 2). 

Infected plants percentage with diseases 

calculated 

Infected plants% = (Number of naturally 

infected plants / Number of total grown plants) 

×100 

3. 2.  Smut disease: 

Number of smut-affected stools was counted at 

45 days after planting until 90 days age. The 

incidence of the disease was computed using 

the following formula, Amrote (2014): 

Incidence (%)= 
Number of naturally infected stools

Total number of stools
 ×100 

 

Figure 1. Sugarcane leaves 

affected with the Streak virus 

disease. 

Figure 2. Sugarcane plants affected 

with the Mosaic virus disease. 
Figure 3. Sugarcane plants 

affected with the smut disease. 
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4. Determination of the infestation of 

sugarcane genotypes with Chilo agamemnon 

Bles.  

4.1. C. Agamemnon Bles.: 

Samples of 20 stalks were taken randomly from 

the middle rows of each plot form July 17 and 

every month intervals up to harvest time for the 

all sugarcane genotypes. Cane stalks were 

stripped, cleaned and examined for various 

noticeable sign infestation with C. 

agamemnonusing the following formula 

according to Mendes et al. (1980): 

4.1.1. Percentage of bored stalks (infestation 

incidence %).  

Infestation incidence % = No. of bored stalks / 

No. of examined stalks × 100.  

4.1.2. Percentage of bored joints (infestation 

intensity %).  

Infestation intensity % = No. of bored Joints / 

No. of examined joints ×100. 

Statistical analysis:  

Analyses of variance were performed for the 

collected data according to Gomez and Gomez 

(1984) using MSTAT-C computer package by 

Freed et al. (1989) and Statistical analysis were 

done by using GENSTAT software. The 

comparison among means was done using the 

least significant difference (LSD) test at 5% 

level of probability.  

Estimation of variance components.  

Variance components were calculated by 

equating appropriate mean squares for the 

differences among genotypes to their 

expectations and solving for the components. 

Broad-sense heritability (H%) was estimated 

using variance components following the 

formula (Allard, 1960): 

H% = (σ2
g / σ

2
ph) × 100 

Where, σ2
g and σ2ph are genotypic and 

phenotypic variances respectively. 

 

 

 

Coefficient of variability 

Both genotypic and phenotypic coefficients of 

variability were computed for each character 

according to Burton and De Vane (1953):  

1. Genotypic coefficient of variation (GCV) 

%=(σg/general mean)× 100%. 

2. Phenotypic coefficient of variation (PCV) 

%= (σp/general mean) × 100%.  

Where, σg = genotypic standard deviation and 

σp = phenotypic standard deviation. 

Results and Discussion 

Performance of evaluated genotypes for agro-

nomic traits 

The analysis of variance (Table2 and Figure 6) 

presented that stalk length, stalk diameter and 

cane yield varied significantly among evaluated 

different genotypes in the plant cane and first 

ratoon. By contrast, results in (Figure 6) 

revealed that plant height and stalk diameter 

were positively correlated with cane yield, not 

only smut, mosaic and streak diseases but also 

bored stalks and bored joints were negatively 

correlated with cane yield. Plant length ranged 

from 163.33 for SP72-518 to 260 for G2006-36 

in plant cane whereas plant length varied from 

210 to 353.33 for El58-37, which increase 

136.77% compared to commercial variety 

(GT54-9) in the first ratoon. On the other hand, 

the studied sugarcane genotypes differed 

significantly in stalk diameter with a superiority 

of the genotype (SP72-5181) over the other 

genotypes in stalk diameter in the plant cane, 

recording 0.57 cm higher than that given by 

commercial variety (GT54-9). By contrast, M 

57-35 gave significantly the highest means 

value of stalk diameter, which recorded 0.47 cm 

higher that given by check cultivar (GT54-9) in 

the first ratoon. Furthermore, Cane yield of five 

genotypes, ‘F 150 (57.57 t/fad), ‘G 2007-61’ 

(56.91 t/fad), ‘SP 81-3250 (58.56 t/fad), CP XX 

(57.33 t/fad) and  G 2006-36 (62.74 t/fad gave 

the higher mean values of cane yield in plant 
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cane , which were 102.12%, 100.73% , 

103.65% , 101.47%    and 111.04% of the mean 

of the check cultivar GT54-9,respectively. 

Besides, two genotypes; 88/5-27 and EI 58-37 

gave significantly the highest mean values of 

cane yield in the first ratoon (67.30 and 67.47 

tons/fad, respectively), which were 112.17% 

and 112.45% of the mean of the check cultivar. 

These results are in accordance with those 

obtained by Mehareb et al. (2017 & 2018), 

Mehareb and Galal et al (2017), Abo Elenen et 

al.(2018) and Osman and Salem 2018)   they 

found that the studied genotypes significantly 

differed in stalk length, stalk diameter and cane 

yield.  

Table 2. Mean performance of stalk length %, stalk diameter and cane yield of the studied sugarcane 

genotypes at harvest in the plant cane (PC) and first ratoon (FR) crops. 

Genotypes 
Stalk length (cm) Stalk diameter (cm) Cane yield (t/Fed) 

PC FR PC FR PC FR 

G 2003-47 186.67 266.67 2.77 2.33 47.03 56.59 

88/5-27 198.33 258.33 2.63 2.87 47.55 67.30 

F 150 236.67 295.00 2.67 2.33 57.57 62.47 

EI 58-37 198.33 353.33 2.60 2.10 46.86 67.47 

M 57-35 183.33 226.67 2.73 3.00 45.71 61.33 

F 161 175.00 285.00 2.93 2.50 46.56 65.09 

SP 72-5181 163.33 225.00 3.17 2.53 47.21 52.06 

G 2008-64 236.67 275.00 2.57 2.37 55.29 58.89 

G 2003-49 208.33 271.67 2.77 2.30 52.32 56.64 

L 62-96 205.00 270.00 2.83 2.33 52.80 57.26 

CO 284  205.00 210.00 2.33 1.77 43.26 33.85 

G 2008-20 205.00 250.00 2.83 2.90 52.82 65.85 

G 2007-61 240.00 268.33 2.60 2.47 56.91 60.21 

SP 81-3250 226.67 256.67 2.83 2.80 58.56 65.33 

CP XX 195.00 293.33 2.60 2.93 57.33 66.00 

CO 182 201.67 263.33 2.77 2.50 51.17 59.70 

G 2006-36 260.00 260.00 3.07 2.73 62.74 64.53 

GT54-9 255.00 258.33 2.60 2.53 56.50 60.00 

LSD 5% 15.81 12.76 0.17 0.24 5.29 5.98 

 

 

Performance of evaluated genotypes for tech-

nological traits  

The following part of this paper moves on to 

describe in greater detail the technological traits 

for genotypes, data in (Table 3) revealed that 

Brix%, sucrose, purity, recovery and sugar 

yield varied significantly among evaluated 

genotypes. Brix% of nine genotypes;  G 2003-

47, EI 58-37, SP 72-5181, G 2003-49 L 62-96, 

CO 284 , G 2008-20, SP 81-3250 and G 2006-

36 gave significantly the highest mean values of 

brix% in the plant cane, brix % varied from 

19.64% to 22.47% for  L 62-96, gave 

significantly the highest mean values of brix% 

in the plant cane  as compared to the check 

cultivar GT54-9, which was 107.5% of the 

mean of the check cultivar. In addition,, in the 

first ratoon, check cultivar GT54-9 recorded the 

lowest value of brix% (20.7%) and EI 58-37 

recorded the highest value of brix% (24.96%) 

that gave significantly the highest mean values 

of brix% in the first ratoon as compared to other 

genotypes, which was 124.36 % of the mean of 

the check cultivar.  
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In contrast,, most of genotypes gave 

significantly the highest mean values of 

sucrose% in the plant cane as compared to 

commercial variety GT54-9. Sucrose % varied 

from 14.52% to 19.46% for SP 81-3250, where 

it attained 2.86% over in plant cane compared 

with commercial variety GT54-9. Despite this, 

sucrose% ranged from 15.86% to 21.65% for 

G2003-47 that gave significantly the highest 

mean value of sucrose% in the first ratoon as 

compared to other genotypes, which was 

127.53% of the mean of the check cultivar. 

On the other hand, In the plant cane, Purity% 

differed from 73.94% for 88/5-7 to 90.98% for   

SP 81-3250.  nine genotypes;  G2003-47 

(81.335), EL58-37(86.63), M57-35(81.57%), 

G2008-64(84.65%), G2003-49(85.64%),L62-

96(81.69%),CO284(82.52%), SP81-

3250(90.98%) and G2006-36 (86-98%) gave 

significantly the highest mean values of purity 

% as compared to the commercial variety GT 

54-9 (79.2%). By contrast,, in the first ratoon, 

five genotypes; G2003-47, 88/5-27, F150, 

M57-35 and SP 72-5181(88.39%)  which led to 

a significant increase of 4.87% , 9.93%, 3.61%, 

4.65% and  4.04%  higher than that compared 

to the check cultivar  GT 54-9 (79.2%). These 

results are in agreement with those obtained by 

Muchow et al (1998), Ahmed (2003), Abd El-

Razek and Besheit (2011) and Hagos et al 

(2014), Mehareb et al (2017&2018) they found 

that the studied genotypes significantly differed 

in brix, sucrose, and purity percentage. 

Recovery% ranged from 9.11 for 88/5-27 to 

13.64 for SP 81-3250 genotypes, recording 

2.78% higher than that given by check variety 

GT54-9.Not only, eleven genotypes gave 

significantly the highest mean values of of 

recovery% as compared to the check variety GT 

54-9 in plant cane, but also, in the first ratoon, 

all genotypes recorded significantly except    

three genotypes; G2007-61, SP81-325 and CPx. 

However,  in plant cane, two genotypes; SP 81-

3250 and G 2006-36 significantly recorded high 

value for sugar yield (130.44% and 135.66, 

respectively) as compared to the check variety 

G.T.54-9 (7.03 ton/fed) in the plant cane, 

respectively. On other hand, in the first ratoon, 

Eight genotypes; G 2003-47, 88/5-27, F150, EI 

58-37, M57-35 significantly recorded high 

value for sugar yield (123.42%, 144.93%, 

127.09%, 130.38%, 121.82%,  117.12%, 

126.26% and 116.06%,   respectively) as 

compared to the check variety G.T.54-9 (6.89 

ton/fed) in the first ratoon. Variations  among 

cane varieties in these chracters were also found 

by Kabiraj et al (2007), , Rahman et al (2010), 

Mahmoud et al (2012), Hagos et al (2014) and 

Mehareb et al (2017), Mohamed et al (2017) 

who carried out studies on different sugarcane 

clones and found different trend for sugar 

recovery and sugar yield. 

Susceptibility of sugarcane genotypes to infe-

station with the lesser sugarcane borer, Chilo 

agamemnon Bels.  

The following is a brief description of 

infestation with the lesser sugarcane borer, 

susceptibility of eighteen sugarcane genotypes 

to infestation with the Chilo agamemnon was 

observed under natural conditions in the two 

seasons 2018/19 (plant cane) and 2019/2020 

(first ratoon). Breeders walked through the plots 

and dropped clones based on visual appraisal 

for diseases, insect damage (Collins kimbeng 

2018). Bored stalks% and Bored joints were 

negatively correlated with quality traits 

(sucrose%, recovery%, purity% and sugar 

yield.(Figure 6). 
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Table 3. Mean performance of brix%, sucrose%, purity, sugar recovery and sugar yield (t/fed.) of 

the studied sugarcane genotypes at harvest in the plant cane (PC) and first ratoon (FR) crops. 

Genotypes 

Brix (%) Sucrose (%) Purity (%) Sugar recovery (%) Sugar yield (t/Fed) 

PC FR PC FR PC FR PC FR PC FR 

G 2003-47 21.26 24.26 17.29 21.65 81.33 89.22 11.46 15.04 5.38 8.51 

88/5-27 19.64 22.13 14.52 20.87 73.94 94.28 9.11 14.86 4.32 9.99 

F 150 21.03 23.13 15.80 20.35 75.11 87.96 10.00 14.04 5.78 8.76 

EI 58-37 22.21 24.96 19.24 20.15 86.63 80.73 13.18 13.30 6.17 8.99 

M 57-35 20.91 22.13 17.06 19.70 81.57 89.00 11.33 13.67 5.19 8.40 

F 161 20.21 22.66 15.74 17.64 77.90 77.85 10.19 11.41 4.74 7.40 

SP 72-5181 22.21 23.65 17.33 20.90 78.02 88.39 11.22 14.46 5.32 7.54 

G 2008-64 20.21 23.13 17.11 18.33 84.65 79.25 11.58 11.98 6.41 7.06 

G 2003-49 21.86 23.37 18.72 20.61 85.64 88.17 12.75 14.23 6.67 8.07 

L 62-96 22.47 23.59 18.36 18.79 81.69 79.63 12.20 12.31 6.43 7.05 

CO 284  21.74 22.54 17.94 17.99 82.52 79.82 11.99 11.81 5.18 3.98 

G 2008-20 22.21 23.59 17.68 19.67 79.60 83.38 11.58 13.21 6.11 8.70 

G 2007-61 20.34 22.54 15.08 16.07 74.14 71.29 9.47 9.84 5.39 5.93 

SP 81-3250 21.39 23.25 19.46 15.86 90.98 68.22 13.64 9.42 8.00 6.16 

CP XX 20.33 23.01 16.00 17.00 78.74 73.87 10.42 10.66 5.96 7.02 

CO 182 20.44 22.66 16.25 17.94 79.50 79.17 10.64 11.72 5.44 6.95 

G 2006-36 22.21 22.54 19.32 18.59 86.98 82.48 13.26 12.42 8.32 8.00 

GT54-9 20.90 20.07 16.60 16.98 79.20 84.35 10.86 11.49 6.13 6.89 

LSD 5% 0.28 0.42 0.26 0.32 1.55 1.09 0.20 0.21 0.57 0.74 

 

Susceptibility of sugarcane genotypes to infe-

station with the lesser sugarcane borer, Chilo 

agamemnon Bels.  

The following is a brief description of 

infestation with the lesser sugarcane borer, 

susceptibility of eighteen sugarcane genotypes 

to infestation with the Chilo agamemnon was 

observed under natural conditions in the two 

seasons 2018/19 (plant cane) and 2019/2020 

(first ratoon). Breeders walked through the plots 

and dropped clones based on visual appraisal 

for diseases, insect damage (Collins kimbeng 

2018). Bored stalks% and Bored joints were 

negatively correlated with quality traits 

(sucrose%, recovery%, purity% and sugar 

yield. (Figure 6). 

D. Bored stalks percentage:  

Results in figure (4 &6) presented that the 

sugarcane genotypes varied significantly in 

their susceptibility to C. agamemnon infestation 

in both seasons (plant cane and first ratoon).  

The highest bored stalks ( 50% recorded by L 

62-96 genotype was during the plant cane. 

however the lowest bored stalks percentage 
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(6.67%) was recorded with 88/5-27 genotype  

in plant cane. bored stalks percentage of nine 

genotypes; ‘G 2003-47 (20.00) , 88/5-

27(26.67%) , G 2008-64 (40.00% ), G 2003-49 

(20.00%), L 62-96 (50.00%), CO 284 

(20.00%), SP 81-3250 (26.67), CO 

182(30.00%) and  G 2006-36 (20.00%)  gave 

the higher mean values of bored stalks 

percentage in plant cane. But two genotypes; G 

2003-49 (50.00%) and L 62-96 (43.33%) gave 

significantly the highest mean values of of 

bored stalks % in the first ratoon as compared 

to the check cultivar GT 54-9. The differences 

among sugarcane genotypes in this respect were 

reported by Salman et al. (2014), Galal et al. 

(2017), and Mehareb et al. 2018. 

 

 

 
Figure 4. Bored stalks % of sugarcane genotypes to infestation with C. agamemnon in plant 

cane and first ratoon (2018/2019 and 2019/2020, repectively). 

 

E. Bored joints percentage:  

Bored joints % is the most effective trait for the 

prediction of yield losses (Milligan et al. 2003) 

and it is often evaluated in sugarcane 

populations as an index of the resistance level 

of the clones. The data furnished in Figure (2) 

revealed that bored joints % varied significantly 

among evaluated genotypes. In the plant cane, 

bored joints % ranged between 0.38% and 

1.12% for EI 58-37 genotype to 6.17% and 

4.65% for L 62-96 genotype in plant cane and 

first ratoon, respectively. Two genotypes; L 62-

96 and G 2008-64 (3.45%) recorded 

significantly the highest mean values of bored 

joints % in the plane cane as compared to the 

check cultivar GT 54-9. While in the first 

ratoon, four genotypes; G 2003-49 (4.21%), L 

62-96, CO 284 (4.29%) and G 2008-20 (4.17%) 

gave significantly the highest mean values of 

bored joints % as compared to the commercial 

variety GT 54-9 (2.48%). These results are in 

agreement with Salman et al. (2014), Galal et 

al. (2017) and Mehareb et al. 2018. They 

reported sugarcane varieties differed 

significantly in their susceptibility to C. 

agamemnon infestation. 

0.00
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Figure 5. Bored joints % of sugarcane genotypes to infestation with C. agamemnon in plant cane 

and first ratoon (2018/2019 and 2019/2020, repectively). 

Pathological traits 

The disease causes negative effects on sucrose 

accumulation and juice quality( Schaker et al 

2017), The following part of this paper moves 

on to describe in greater detail the diseases; 

fungal diseases( smut  disease) and viral disease 

(streak and mosaic diseases) 

1. Smut disease  

Data in (Table 4) presented the reaction of 

evaluated genotypes to smut disease infection 

significantly differed among evaluated 

genotypes   to infect with smut disease in plant 

cane and first ratoon seasons. More than 88% 

from evaluated genotypes had not infection 

with smut disease under natural conditions in 

both plant cane and first ratoon, similar results 

were obtained by Mehareb at el (2018) and 

Osman and Salem 2018; they reported most of 

tested genotypes had zero infection with smut 

disease in under natural condition. Two 

genotypes; G2014-331 (6.33% and 4.67%) and 

commercial variety GT54-9 (1.67% and 3.33%) 

appear Symptoms of smut disease under natural 

conditions in both plant cane and first ratoon, 

respectively. 

 

2. Viral disease  

2.1. Streak disease  

Results in (Table 4) show the reaction of 

evaluated genotypes to streak disease infection 

varied significantly among tested genotypes   to 

infect with streak disease in both plant cane and 

first ratoon.  About 88.88% from tested 

genotypes had not infection with i and 

apparently free to streak infection in two 

seasons, 11.11 % from evaluated genotypes 

infected with streak disease in the plant cane 

and first ratoon seasons. Two genotypes; G 

2014-331 (4.67% and 3.33%) and L 62-96 

(5.67% and 11.11%) recorded the highest 

disease infection in the plant cane and first 

ratoon, respectively. This results harmonized 

with many researchers such as (El-Sogheir and 

Abd El-Fattah, 2009 and Mehareb et al., 2018 

and Osman and Salem 2018). They reported 

that variations among sugarcane tested 

genotypes to streak virus disease may be due to 

their variations in genetic constitution.  

2.2. Mosaic disease 

Mosaic disease caused by Sugarcane (SCMV). 

Major yielding losses resulting from mosaic, 

yield reducing  about 21% in the USA 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00 Plant cane LSD = 0.23%

First ratoon LSD= 0.56%
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(Grisham, 2000) and increase to 42% in South 

Africa (Balarabe et al., 2014). In China, the 

incidence of mosaic disease ranges from 3 to 

50% decrease in cane yield (Li et al., 2014). The 

evaluated sugarcane genotypes differed to 

infect with mosaic disease virus in two seasons 

(Table 4). Approximately 88.88% of tested 

genotypes had zero infection. In 2018/2019 and 

2019/2020 seasons, 11.11 % of the tested 

genotypes infected with streak disease. Mosaic 

disease infection varied from zero infection for 

all genotypes except two genotypes; G2014-

331(3.33% and 2%) and check variety GT54-9 

(1.67% and 2%) in both plant cane and first 

ratoon, respectively. These results were 

harmony with (Mehareb et al., 2018 and Osman 

and Salem 2018). 

 

Table 4. Susceptibility of certain sugarcane genotypes to infection with smut, streak and 

mosaic diseases under natural conditions in the successive seasons 2018/19 (plant 

cane) and 2019/20 (first ratoon). 

Genotypes 

Fungal diseases Viral diseases 

Smut Streak Mosaic 

PC FR PC FR PC FR 

G 2003-47 0.00 0.00 0.00 0.00 0.00 0.00 

88/5-27 0.00 0.00 0.00 0.00 0.00 0.00 

F 150 0.00 0.00 0.00 0.00 0.00 0.00 

EI 58-37 0.00 0.00 0.00 0.00 0.00 0.00 

M 57-35 0.00 0.00 0.00 0.00 0.00 0.00 

F 161 0.00 0.00 0.00 0.00 0.00 0.00 

SP 72-5181 0.00 0.00 0.00 0.00 0.00 0.00 

G 2014-331 6.33 4.67 4.67 3.33 3.33 2.00 

G 2003-49 0.00 0.00 0.00 0.00 0.00 0.00 

L 62-96 0.00 0.00 5.67 11.11 0.00 0.00 

CO 284 ** 0.00 0.00 0.00 0.00 0.00 0.00 

G 2008-20 0.00 0.00 0.00 0.00 0.00 0.00 

G 2007-61 0.00 0.00 0.00 0.00 0.00 0.00 

SP 81-3250 0.00 0.00 0.00 0.00 0.00 0.00 

CP X 0.00 0.00 0.00 0.00 0.00 0.00 

CO 182 0.00 0.00 0.00 0.00 0.00 0.00 

G 2006-36 0.00 0.00 0.00 0.00 0.00 0.00 

GT54-9 1.67 3.33 0.00 0.00 1.67 2.00 

LSD 5% 0.47   0.13 0.46 0.64 0.76 

Biplot analysis 

Principle Component Biplot Analysis presented 

in (Fig 6) was performed for thirteen characters 

of sugarcane, two traits for insect infection 

(infestation incidence % and infestation 

intensity %) , three traits for smut, streak and 

mosaic disease & eight characters for sugarcane 

agronomic and technological traits . Principal 

component analysis (PCA) study the 

interrelation between the traits and genotypes, 

the data of PC1 and PC2  axes (80.14% and 

13.90%) estimated for 94.04% of the total 

variability. It found high positive correlation 

between bored stalks% and bored joints and 

brix% in the positive direction. Juice quality 

traits (recovery, purity and sucrose) were 

negatively correlated with smut, streak, mosaic 

disease. Plant height and stalk diameter were 

positively correlated with cane yield, not only 

smut, mosaic and streak diseases but also bored 
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stalks and bored joints were negatively 

correlated with cane and sugar yield. bored 

stalks and bored joints were  negatively 

correlated sucrose%, purity% and recovery%. 

Principal component analysis (PCA) is a 

multivariate technique that analyzes a data table 

in that observations are classified by various 

inter-correlated quantitative based on variables. 

Its goal is to extract the important information 

from the table, to appear it as a set of new 

orthogonal variables called principal 

components, and to display the pattern of 

similarity of the observations and of the 

variables as points in maps. (Herve and 

Williams 2010). Principal component analysis 

biplot is smart breeding tool commonly used by 

breeders to determine characters that could be 

used to select elite genotypes. Analysis of 

variability among characters contributing to 

high yielding would be of great importance in 

planning a successful breeding program. (Das, 

2000; Yan and Kang, 2003; Johnson, 2012; 

Mary and  Gopalan, 2006 and  Abo Elenen et al 

2019 ). 

 

 

Figure 6:  Biplot based on principal component analysis for agronomical, technological, insect 

and Pathological characters in 18 sugarcane genotypes (O1–O18). 
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Genetic components    

The data on phenotypic, genotypic variances, 

phenotypic coefficient of variation (PCV %), 

genotypic coefficient of variation (GCV%), 

broad sense heritability (H %) and genetic 

advance were existed in Tables 5, 6 and 7. The 

results manifested highly variations among the 

evaluated genotypes in all studied traits. 

Phenotypic variance was slightly higher than 

corresponding genotypic variances observed 

for all the characters. The genotypic variance 

and phenotypic variances were higher for 

%bored stalks, stalk length and purity in both 

plant cane and first ratoon while cane yield in 

the first ratoon. Low magnitude of phenotypic 

and genotypic variances were observed for 

%bored joints, stalk diameter, brix, sucrose, 

sugar recovery, sugar yield and the three 

diseases (Smut, Streak and Mosaic) in both 

plant cane and first ratoon. 

High variation between plant cane season and 

first ratoon was existed in phenotypic 

coefficient of variation (PCV %), genotypic 

coefficient of variation (GCV) and 

heritability% for all traits indicating the effect 

of environments in these traits. These results are 

in agreement with Masri et al 2016, Mehareb 

and Galal 2017, Mehareb and and Abazied 

2017, Mehareb et al (2017& 2018) and  Abo 

ELenen et al. (2018) The estimates for 

phenotypic coefficient of variation (PCV%) 

were higher than genotypic coefficient of 

variation (GCV%) in all the traits, suggesting 

that the apparent variation is not only due to 

genetics but also due to environmental 

influences. However, the differences between 

the estimates of GCV and PCV was 

comparatively narrow for all the characters 

(except stalk diameter and Mosaic diseases) 

suggesting the possibility of affective selection 

of these traits and indicating high prospects for 

genetic progress through selection under the 

conditions of this investigation. The same 

finding was observed by Abo Elenen et al. 

(2018) and Mehareb et al. (2017& 2018) 

High estimates of genotypic (GCV %) 

coefficients of variation were recorded for 

Streak disease (GCV=331.73%) in the first 

ratoon followed by smut disease 

(GCV=330.02%) in plant cane. 

The Maximum estimates of phenotypic (PCV 

%) coefficients of variation were recorded by 

smut disease infection in the plant cane crop 

(PCV=345.70%) followed by Streak disease in 

the first ratoon (PCV=335.33%). The same 

trends of our results were recorded by Nazar 

2017, how showed high magnitude of 

phenotypic (PCV%) and genotypic coefficient 

of variation (GCV%) in smut disease infection 

(PCV=396.07% and GCV= 389.40%). 

Likewise %bored stalks and %bored joints 

showed high magnitude of phenotypic (PCV%) 

and genotypic coefficient of variation (GCV%) 

in  the plant cane and first ratoon. Concerning 

to agronomic traits, moderate estimates of 

genotypic and phenotypic coefficients of 

variation (GCV & PCV) coupled with high 

heritability and genetic advance over mean 

(GAM) recorded for stalk length, sugar 

recovery and sugar yield. While low estimates 

of GCV and PCV coupled with high heritability 

and low GAM for brix, purity and cane yield in 

plant cane. The differential modes of GCV, 

PCV, heritability and Genetic advance for the 

characters in plant cane and first ratoon could 

be due to differences in environmental variation 

and crop age.  

Heritability values are categorized as low (0- 

30%), moderate (30-60%) and high (60% and 

above) as stated by Robinson et al., (1949). 

With regard to broad sense heritability (H %), 

all studied traits showed high estimates of broad 

sense heritability except stalk diameter in the 

first ratoon(57.5%) was moderate. Also Béhou 

and Péné (2020) revealed high heritability were. 
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Table 5. Variance components, coefficients of variation, broad sense heritability and genetic 

advance for studied traits of 18 sugarcane genotypes 

Parameter 
Stalk length Stalk diameter Cane yield Brix 

PC  FR PC  FR PC  FR PC  FR 

g 2σ 549.51 901.25 0.06 0.06 15.05 51.28 0.72 0.91 

p 2σ 731.05 975.24 0.08 0.10 20.41 78.23 0.77 1.04 

H % 75.17 92.41 74.52 57.50 73.74 65.56 92.66 87.48 

G.C.V % 11.16 11.29 4.91 9.57 6.16 11.79 3.99 4.15 

P.C.V % 12.88 11.74 10.19 12.60 8.77 14.57 4.15 4.44 

GA 20% 13.55 15.19 10.63 10.15 9.06 13.37 5.38 5.44 

Parameter 
Sucrose Purity Sugar recovery Sugar yield 

PC  FR PC  FR PC  FR PC  FR 

g 2σ 2.60 2.76 27.67 42.08 2.12 2.55 1.04 1.84 

p 2σ 2.65 2.83 29.42 42.42 2.15 2.57 1.27 2.26 

H % 98.09 97.63 94.04 99.20 98.65 99.24 81.67 81.69 

G.C.V % 9.44 8.76 6.54 7.85 12.91 12.59 17.50 17.63 

P.C.V % 9.52 8.87 6.74 7.88 13.00 12.64 19.37 19.51 

GA 20% 13.08 12.12 8.87 10.95 17.95 17.56 22.15 22.32 

 

Table 6.Variance components, coefficients of variation, broad sense heritability and 

genetic advance for % bored stalks and % bored joints of 18 sugarcane genotypes. 

Parameter 
% bored stalks  % bored joints  

PC  FR PC  FR 

σ2 g 114.05 97.71 1.91 0.84 

σ2 p 124.04 121.94 1.94 1.07 

H % 91.95 80.13 98.03 78.85 

G.C.V % 52.43 36.19 81.93 34.86 

P.C.V % 54.67 40.43 82.51 39.30 

GA 20% 70.38 45.36 73.60 43.39 

 

 

Table7. Variance components, coefficients of variation, broad sense heritability and 

genetic advance for smut, streak and mosaic disease of 18 sugarcane genotypes 

Parameter 
Smut Streak Mosaic 

PC  FR PC  FR PC  FR 

σ2 g 2.15 1.54 2.81 7.08 0.44 0.03 

σ2 p 2.31 1.73 2.82 7.23 0.74 0.44 

H % 92.99 89.08 99.55 97.86 59.26 5.64 

G.C.V % 330.02 279.22 291.91 331.73 237.64 71.22 

P.C.V % 345.70 295.84 294.66 335.33 306.24 299.92 

GA 20% 450.03 368.96 410.67 459.43 254.06 23.68 
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observed in sugar yield, sucrose content, 

recoverable sucrose and stem-borer 

infestation rate 

Only Mosaic disease infection trait showed 

low heritability estimate, reflecting a large 

influence of the environment. Regarding to 

the other traits, the heritability values were 

considered moderate to high, reflecting that 

most of the phenotypic variation observed 

could be attributed to differences at the 

genotypic level (Mancini et al. 2012) 

Estimates of mean genetic advance (GAM) 

are categorized similarly to GCV and PGV 

according to Falconer (1996). Higher levels of 

genetic advance (GAM) observed for Smut 

and Streak infection in both plant cane and 

first ratoon followed by %bored stalks, 

%bored joints, sugar recovery and sugar yield 

were the result of broad sense heritability and 

high GCV for these traits, in line of findings 

reported by Bakshi (2005) and Péné and 

Béhou (2019).  

The results suggest the existence of 

considerable scope for sugarcane 

improvement based on some traits like Smut 

and Streak disease,  %bored stalks, %bored 

joints, stalk length, sugar recovery and sugar 

yield, because these traits were found as the 

most relevant morphological traits in genetic 

variation of sugarcane genotypes tested in line 

of their higher broad sense heritability values. 

Conclusion 

The results suggest the existence of 

considerable scope for sugarcane 

improvement based on some traits like Smut 

and Streak disease,  %bored stalks, %bored 

joints, stalk length, sugar recovery and sugar 

yield, because these traits were found as the 

most relevant morphological traits in genetic 

variation of sugarcane genotypes tested in line 

of their higher broad sense heritability values. 

This study may contribute in sugarcane 

selection of resistant clones program. 
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