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Abstract  

     Eleven genotypes of sugarcane (ten genotypes and one commercial variety G.T.54-9 as a control) 

were evaluated at twelve environments; three locations (Agric. Res. Stations of Kom-Ombo, Aswan 

governorate, El-Mataana, Luxor governorate and Shandaweel, Sohag governorate and two harvesting 

dates; 11 and 12 month-old in  2015/2016 (plant-cane) and 2016/2017 (first-ratoon).The differences 

among genotypes, locations and between harvesting dates were significant for all studied traits; stalk 

length, stalk weight, cane yield, brix, sucrose and sugar yield. The interaction of locations × genotypes 

was highly significant in plant-cane and first-ratoon for all studied traits. Locations × harvesting dates 

interaction was significantly for stalk length in plant-cane crop and for stalk weight, sucrose and sugar 

yield in first-ratoon crop. Mean squares due to interaction between genotypes, harvesting dates and 

locations were significantly for all studied traits, except cane and sugar yields in plant-crop and stalk 

length in first-ratoon. Mean cane yield ranged from 54.23 and 52.61 to 57.61 and 56.71t/fed at 

harvesting dates and from 46.66 and 50.12 to 60.71 and 58.69 t/fed under locations in plant-cane and 

first-ratoon, respectively. Late harvesting date increased cane yield and its components. The stability 

analysis of variance for cane yield showed that the intermediate yielding genotypes (G.2003-47, 

G.2004-27 and G.2011-82) were more stable than the rather responsive high yielding ones. However, 

the genotype G. 2004-27 was stable for cane yield and its components. In addition, it was considered 

to be superior for cane yield under different environments. However, the highest yielding genotype 

(G.99-103) was unstable.  
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Introduction 

     Sugarcane is one of the major cash crops 

grown extensively all over the world from 

tropical to subtropical regions. Egypt is the first 

country in productivity of sugarcane by 

8647219 tons of cane resulted from 248220 

faddan(faddan = 0.42 ha.) produced 930250 

tons of sugar, (Annual Report of Sugar crops 

Council, 2019). The great challenge faces the 

sugar industry from sugarcane is the lacking of 

the commercial varieties. Furthermore, the 

Egyptian sugarcane-breeding program is 

working hard to develop new sugarcane 

varieties having high and stable yield of cane 

and sugar, in addition to, resistance to diseases, 

pests and adverse conditions. High and stable 

cane and sugar yields of sugarcane genotypes 

across varying environments of production 

regions are the basic and desirable traits for 

selection in all sugarcane-breeding programs. 

Therefore, elite sugarcane genotypes normally 

evaluated in multi-environments trails, which 

take into account the multiple harvest nature 

https://svuijas.journals.ekb.eg/?_action=article&au=197319&_au=Dionesio+M.+Ba%C3%B1oc
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and maturity pattern of the sugarcane crop. 

Harvesting of sugarcane extends for five 

months at least and it involves more than one 

crop class, i.e., plant-cane and ratoon crops 

which are different in growing seasons and 

years. Eberhart and Russell (1966) model has 

been widely used in studies of adaptability and 

stability of genotypes, the most desired and 

stable genotypes can be considered when their 

regression coefficient equal one (bi=1) with 

mean square deviations from regression (S2di) 

closed zero. The differences in relative 

performance of sugarcane genotypes due to the 

differences in GE interaction in different 

environments were found and significant 

genotype – environment interactions were 

reported by (Queme et al., 2005,Rea et al., 

2014;Guddadamathet al., 2014;Rea et al., 

2015;Sphamandla et al., 2017;Premaet al., 

2017).The objective of this study was 

estimation the performance and stability of 

tested elite genotypes for cane, sugar yields and 

related components across the entire range of 

environments in three production areas in 

Egypt. 

Materials and Methods    

     The present investigation was carried out 

under Upper Egypt conditions during 

2015/2016 and 2016/2017 growing seasons. 

Ten new genotypes of sugarcane (Saccharum 

officinarum L.); G. 84-7, G. 99-103, G. 2003-

44, G. 2003-47, G. 2003-49, G. 2004-27, G. 

2007-61, G. 2010-7, G. 2010-26 and G. 2011-

82 in addition to the commercial variety 

G.T.54-9 as a control were used in this study. 

     The eleven genotypes were evaluated at 

twelve environments (six environments for 

each year). These environments included three 

locations, i.e., Kom-Ombo Agric. Res. Station, 

Aswan, governorate, El-Mataana Agric. Res. 

Station, Luxor governorate and Shandaweel 

Agric. Res. Station, Sohag governorate and two 

harvesting dates; 11 and 12 month-old.  The 

genotypes were planted in the first week of 

March in 2015/16 season. The harvesting dates 

of the plant-cane and its first-ratoon crops were 

11 and 12 month-old from planting in plant 

crop, or from harvesting plant-cane for the first-

ratoon crop. 

     The experimental design was a randomized 

complete block in split-plot arrangement with 

three replications at each location. The two 

harvesting dates were applied to the main plots, 

while the sugarcane genotypes were randomly 

distributed on the subplots. The experimental 

unit area was 56 m2 including eight rows of 7m 

long and one meter apart. 

     The traits were studied at each harvesting 

date, i.e., stalk length, stalk weight, cane yield, 

brix, sucrose, and sugar yield. 

Statistical analysis 

     The combined analysis of variance was 

performed according to Gomez and Gomez 

(1984). The stability analysis for all studied 

traits was carried out  according to Eberhart  and 

Russell (1966). The means of genotypes were 

compared using the Revised Least Significant 

Difference (RLSD) method at 5% and 1% of 

probability. 

Results and Discussion   

     The differences among locations and 

between harvesting dates were highly 

significant for all studied traits; stalk height, 

stalk weight, cane yield, brix, sucrose and sugar 

yield in the two seasons (2015/2016; plant-cane 

and 2016/2017; first-ratoon). This indicates 

that the wide differences in climatic and 

edaphically factors prevailing at the three 

locations. The studied genotypes as well highly 

significant differed for all studied traits in each 

of plant-cane and first-ratoon, for all studied 

traits. Locations × harvesting dates interaction 

was highly significant for stalk length stalk 

weight, sucrose and sugar 
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yield in first-ratoon crop. In addition, mean 

squares due to interaction between genotypes, 

harvesting dates and locations were significant 

and highly significant for four of them in plant-

crop and for five of them in first-ratoon (Tables 

1).Accordingly, there were a differential 

response between genotypes to harvesting 

dates and locations. 

A- The performance of genotypes: 

a1- Stalk length 

     Mean stalk length ranged from 288.2 to 

290.4 cm and from 265.1 to 309.2 cm for 

harvesting dates and locations in plant-cane, 

respectively (Table 2). However, it ranged from 

283.6 to 285.4 cm and from 263.5 to 296.2 cm 

for harvesting dates and locations in first-

ratoon, respectively (Table 2). The average 

stalk length of the eleven genotypes ranged 

from 244.8 and 214.8 (G. 2010-26) to 311.9 

(G.84-47) and 303.3 (G. 2010-7) with an 

overall average of 289.3 and 284.4 cm in plant-

cane and first-ratoon, respectively (Table 3). 

The tallest genotype was G. 99-103 (335.0 and 

321.0 cm in plant-cane and first-ratoon, 

respectively) at Kom-Ombo in the second 

harvesting date (Table 3). From data (Tables 3), 

five genotypes (G.84-47, G.99-103, G.2003-

44, G.2004-27 and G.2010-7) were taller than 

the control variety (G.T.54-9). This indicates 

that these genotypes had accumulated 

favorable alleles for tallness and could be used 

in future breeding programs. Ahmed (2003), 

Osman  et al. (2011),  Hagos et al. (2014 b) and 

Ahmed et al. (2016 a) reported that delay 

harvesting date up to 14 months gave the 

highest values of stalk height in plant-cane and 

1stratoon-crops.  

a2- Stalk weight 

     Results in Table 2 illustrated that most 

genotypes under late harvesting date gave 

heavier stalk weight than early harvesting one 

in both plant-cane and first-ratoon crops. Late 

harvesting date gave 1.46, 1.45 and 1.17 kg 

compared to 1.38, 1.38 and 1.05 kg for early 

harvesting date at L1, L2 and L3 in plant-cane, 

respectively. While, it gave 1.31, 1.03 and 1.18 

kg compared to 1.14, 1.03 and 1.10 kg for early 

harvesting at L1, L2 and L3 in first-ratoon, 

respectively. The average stalk weight of the 

eleven genotypes ranged from 1.11 (G.2011-

82) and 0.98 (G. 2010-26) to 1.70 and 1.43 

(G.99-103) with an overall average of 1.31 and 

1.13 kg in plant-cane and first-ratoon, 

respectively. It noticed that the genotypes 

G.99-103 and G.2010-7 in plant-cane as well as 

two genotypes; G.99-103 and G.2004-27 in 

first-ratoon were heavier in stalk weight than 

the control variety; G.T.54-9 (Table 4).Ahmed 

(2003) and Osman et al. (2011) concluded that 

the 14-month-old was the most suitable age for 

harvesting whether for plant-cane or ratoon-

crops on stalk weight. 

a3- Cane yield 

The average cane yield of the various 

genotypes ranged from 54.23 to 57.61 t/fed and 

from 46.66 to 60.71 t/fed for harvesting dates 

and locations in plant-cane, respectively (Table 

2). In addition, it ranged from 52.61 to 56.71 

t/fed and from 50.12 to 58.69 t/fed for 

harvesting dates and locations in first-ratoon, 

respectively (Table 2). The early harvesting 

date gave 59.55, 58.92 and 44.21 compared 

with 61.78, 61.94 and 49.11 t/fed produced 

from late harvesting date at L1, L2 and L3 in 

plant-cane, respectively. In addition, it gave 

54.61, 54.87and 48.35 compared to 62.77, 

55.48 and 51.88 t/fed for late harvesting date at 

L1, L2 and L3 in first-ratoon, respectively. 

Genotypes showed differential responses for 

either harvesting dates or locations for cane 

yield (Table 5). The average cane yield of the 

different genotypes ranged from 48.02 and 

39.66 (G. 2010-26) to 64.09 and 62.31 (G.99-

103) with an overall average of 55.92 and 54.66 

t/fed in plant-cane and first-ratoon, respectively 

(Table 5). In the late harvesting
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Table 1. Mean squares of the combined analysis of variance for the studied traits of 11 genotypes over 6 environments in the two seasons 

(2015/2016; plant-cane and 2016/2017; first-ratoon). 

 

 

S. O. V 

 

df 

2015/2016 (plant-cane) 2016/2017 (first-ratoon) 

Stalk length 

(cm) 

Stalk 

weight 

(kg) 

Cane yield 

(t/fed) 
Brix (%) 

Sucrose 

(%) 

Sugar 

yield 

(t/fed) 

Stalk length 

(cm) 

Stalk 

weight 

(kg) 

Cane yield 

(t/fed) 

Brix 

(%) 

Sucrose 

(%) 

Sugar 

yield 

(t/fed) 

Locations (L) 2 33382.36** 2.068** 4245.31** 67.68** 70.27** 51.06** 21889.02** 0.636* 1224.97* 26.87** 86.55** 46.63** 

Error (a) 6 59.85 0.034 121.97 1.79 1.39 1.52 11.99 0.075 222.48 0.63 0.59 3.71 

Harvesting (H) 1 1693.14** 0.397** 566.29* 96.01** 45.85** 17.46** 158.23** 0.350** 833.45** 83.41** 124.63** 47.50** 

L × H 2 878.61** 0.011 31.06 0.99 1.93 1.41 2.02 0.111* 238.66 1.96 9.66** 3.10* 

Error (b) 6 34.47 0.029 73.37 0.50 0.87 0.74 2.83 0.013 52.16 0.46 0.49 0.51 

Genotypes (G) 10 5977.09** 0.479** 302.01** 14.32** 20.44** 4.29** 11446.78** 0.246** 610.41** 10.69** 18.49** 8.61** 

L × G 20 1289.41** 0.081** 480.99** 1.02** 1.77** 4.56** 2211.89** 0.153** 387.50** 3.28** 5.46** 4.98** 

H × G 10 118.64** 0.027 23.98 0.53 0.94 0.53 2.58* 0.009 28.47 2.32** 2.70** 0.76** 

L × H × G 20 85.34** 0.036* 26.62 1.20* 1.83** 0.61 1.69 0.013* 36.54* 0.54** 0.77* 1.55** 

Error (c) 120 28.86 0.020 64.45 0.45 0.83 0.62 1.36 0.008 22.01 0.23 0.45 0.30 

*, ** Significant at 0.05 and 0.01 probability levels, respectively. 

 

Table 2. Means of the studied traits over genotypes for locations and harvesting dates in the two seasons (2015/2016; plant-cane and 2016/2017; 

first-ratoon). 

       L1=Kom-Ompo   L2 =El-Mattana   L3 = Shandaweel H1 = Early harvesting date H2 = Late harvesting dat 

 

 

 

            Seasons 

 

 

Item 

2015/2016 (plant-cane) 2016/2017 (first-ratoon) 

Stalk 

length (cm) 

Stalk 

weight 

(kg) 

Cane yield 

(t/fed) 

Brix (%) Sucrose 

(%) 

Sugar 

yield 

(t/fed) 

Stalk 

length (cm) 

Stalk 

weight 

(kg) 

Cane yield 

(t/fed) 

Brix  

(%) 

Sucrose 

(%) 

Sugar 

yield 

(t/fed) 

Locations L1 307.8 1.42 60.71 20.14 17.40 6.98 293.8 1.24 58.69 21.42 18.66 6.88 

2L 295.0 1.42 60.43 18.61 15.46 5.72 296.2 1.03 55.18 20.26 16.37 5.59 

3L 265.2 1.11 46.66 20.53 17.04 5.28 263.5 1.14 50.12 21.30 17.61 5.30 

Harvesting date 1H 288.2 1.27 54.23 19.06 16.15 5.61 283.6 1.09 52.61 20.35 16.75 5.43 

2H 290.4 1.36 57.61 20.45 17.11 6.29 285.4 1.17 56.71 21.65 18.34 6.41 
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date, the highest cane yield were observed for 

the genotype G.99-103 (85.98 t/fed.) at El-

Mattana and the genotype G.2007-61(79.75 

t/fed.) at Kom-Ombo in plant-cane and first-

ratoon, respectively (Table 5). The results 

showed that half genotypes were higher in cane 

yield than the control variety (G.T.54-9), 

indicating that these genotypes could be used in 

future breeding programs. These results are in 

harmony with those obtained by Arumugam et 

al. (2002), Ahmed (2003), Ramburan et al. 

(2009), Osman et al. (2011), Abd El-Razek and 

Besheit (2012), Bashir et al. (2012), Hagos et 

al. (2014 b), Ahmed et al. (2016 a) and 

Mehareb and Sakina (2017) who concluded 

that cane yield increased with increase of crop 

age up to 13-14 month-old. Bashir et al. (2013) 

and Abdul Khaliq et al. (2018) found that the 

highest cane yield was in February in both 

different cropping seasons. Hamam et al. 

(2015) found that delaying harvesting times of 

sugarcane from 11 to 14 month-old caused 

increasing cane yield of sugarcane from 51.42 

to 61.23 t/fed and from 58.37 to 63.35 t/fed in 

the first and second seasons, respectively. 

a4- Brix 

The early harvesting date gave brix percentage 

of 19.46, 18.02 and 19.70 compared with 

20.81, 19.20 and 21.35% for late harvesting 

one at L1, L2 and L3 in plant-cane, 

respectively. In addition, it gave 20.84, 19.42 

and 20.78 compared to 22.00, 21.11 and 

21.83% for late harvesting date at L1, L2 and 

L3 in first-ratoon, respectively. Genotypes 

showed differential responses for either 

harvesting dates or locations for brix (Table 6). 

The average brix percentage of the different 

genotypes ranged from 17.84 and 19.33 

(G.2010-7) to 20.68 and 21.93 (G.2003-47) 

with an overall average of 19.76 and 20.99% in 

plant-cane and first-ratoon, respectively (Table 

6). The highest percentage of brix was obtained 

from the genotype G.2010-26 (22.44%) at 

Shandaweel and the genotype G.84-47 

(23.50%) at Kom-Ombo in plant-cane and first-

ratoon, respectively (Table 6). Most of 

genotypes were higher in percentage of brix 

than the control variety (G.T.54-9). Ahmed 

(2003), Hagos et al. (2014a), Hagos et al. (2014 

b), Ahmed et al. (2016 a) found that brix was 

significantly influenced by delaying the 

harvesting ages from 12 to 14 month-old either 

in plant-cane or first-ratoon. Mebrahtom et al. 

(2017) suggested that brix accumulation of the 

studied genotypes depends on crop-age, which 

governed by location. 

a5- Sucrose 

The early harvesting date gave sucrose 

percentage of 16.84, 15.17 and 16.44compared 

with 17.95, 15.74 and 17.64% for late 

harvesting one at L1, L2 and L3 in plant-cane, 

respectively. In addition, it gave 18.00, 15.14 

and 17.10 compared to 19.31, 17.59 and 

18.11% for late harvesting date at L1, L2 and 

L3 in first-ratoon, respectively. Genotypes 

showed differential responses for either 

harvesting dates or locations for sucrose (Table 

7). The average sucrose percentage of the 

different genotypes ranged from 14.17 and 

15.90 (G.2010-7) to 17.93(G.2003-47) and 

19.17 (G.2003-49) with an overall average of 

16.63 and 17.54% in plant-cane and first-

ratoon, respectively (Table 7). The highest 

percentage of sucrose was obtained from the 

genotype G.2003-47 (19.47%) and the 

genotype G.84-47 (21.21%) at Kom-Ombo for 

late harvesting date in plant-cane and first-

ratoon, respectively (Table 7). Most of the 

studied genotypes were higher in percentage of 

sucrose than the control variety (G.T.54-9) in 

plant-cane, while, three genotypes were higher 

in percentage of sucrose than the control 

variety (G.T.54-9) in first-ratoon. Ahmed 

(2003) and Ahmed et al. (2016 a) indicated that 
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sucrose increased with the increase of crop age 

from 10 to 12 month-old. Viator et al. (2010) 

indicated that early harvesting date of both 

plant-cane and first-ratoon reduced sucrose 

yield for all cultivars compared to the mid-

season harvesting date. Rakkiyappanet al. 

(2009), Yohannes and Netsanet (2014) and 

Priyankaet al. (2016) found that juice sucrose 

increased at the 13 month-old followed by at 14 

month-old. 

a6- Sugar yield 

The average sugar yield of the various 

genotypes ranged from 5.61 to 6.29 t/fed and 

from 5.28 to 6.98 t/fed for harvesting dates and 

locations in plant-cane, respectively (Table 2). 

In addition, it ranged from 5.43 to 6.41 t/fed 

and from 5.30 to 6.88 t/fed for harvesting dates 

and locations in first-ratoon, respectively 

(Table 2). The early harvesting date gave 6.74, 

5.54 and 4.82 compared with 7.22, 5.91 and 

5.75 t/fed produced from late harvesting date at 

L1, L2 and L3 in plant-cane, respectively. In 

addition, it gave 6.20, 5.05 and 5.05 compared 

to 7.56, 6.12 and 5.55 t/fed for late harvesting 

date at L1, L2 and L3 in first-ratoon, 

respectively. Genotypes showed differential 

responses for either harvesting dates or 

locations for sugar yield (Table 8). The average 

sugar yield of the different genotypes ranged 

from 5.27(G. 2010-7) and 4.29 (G. 2010-26) to 

6.87(G. 2003-47) and 6.70 (G.T. 54-9) with an 

overall average of 6.00 and 5.92 t/fed in plant-

cane and first-ratoon, respectively (Table 8). 

The highest sugar yield were observed for the 

genotype G. 2003-47 (8.86 t/fed.) and the 

genotype G.84-47 (8.98 t/fed.) in late 

harvesting date at Kom-Ombo in plant-cane 

and first-ratoon, respectively (Table 8).Most of 

the studied genotypes were higher in sugar 

yield than the control variety (G.T.54-9) in 

plant-cane, while, all genotypes were lower in 

sugar yield than the control variety (G.T.54-9) 

in first-ratoon. Similar results were obtained by 

Arumugam et al. (2002), Ahmed (2003), 

Osman et al. (2011), Abd El-Razek and Bekheit 

(2012), Hagos et al. (2014a and b), and Ahmed 

et al. (2016 a) who found that the harvesting 

date up to 14 months gave the highest values of 

sugar yield in plant-cane and 1stratoon crops 

over the other harvesting dates. Gilbert et al. 

(2006) and Viator et al. (2010) found that early 

harvesting date of both plant-cane and first-

ratoon reduced sugar yields for all cultivars 

compared to the mid-season harvesting date. 

On the other hand, sugar yield decreased from 

7.76 to 6.47 t/fed and from 8.30 to 7.63 t/ 

feddan with delaying harvesting times from 13 

to 14 months in the first and second seasons, 

respectively (Hamam et al., 2015). Harvesting 

age at 13 month-old not significantly, increased 

sugar yield compared with harvesting at 12 

months in plant-cane and first-ratoon (Mehareb 

and Sakina, 2017). 

     From previous results declared significant 

effects of locations and harvesting dates and 

their different order interactions on the 

different genotypes for most of the studied 

traits. This means that the studied genotypes 

responded differently for harvesting dates and 

locations, which caused difficulty in 

demonstrating the significant superiority of any 

genotype for all locations and harvesting dates. 

Therefore, it may be informative to study the 

stability parameters of each genotype. 

B- Stability analysis 

The joint regression analysis of variance for 

stalk length, stalk weight, cane yield, brix, 

sucrose and sugar yield are listed in Table 9. 

The differences among genotypes were highly
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Table 3. Average performance of 11 genotypes in two seasons, at three locations and two harvesting dates for stalk length. 

Genotypes 2015/2016 (plant-cane) 2016/2017 (first-ratoon) 

L1 L2 L3 Mean L1 L2 L3 Mean 

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 

G.84-47 305.3 307.7 329.3 331.0 298.0 300.3 311.9 304.3 305.0 314.0 315.0 284.7 286.0 301.5 

G.99-103 325.3 335.0 315.0 321.0 271.0 277.0 307.4 319.3 321.0 300.7 305.0 270.0 274.0 298.3 

G.2003-44 313.7 316.3 297.3 300.3 274.3 276.7 296.4 292.7 295.0 301.0 301.7 295.0 296.7 297.0 

G.2003-47 301.7 304.7 267.3 270.7 266.0 271.0 280.2 285.3 286.7 284.7 288.3 283.7 285.3 285.7 

G.2003-49 305.7 305.7 287.7 292.3 258.3 262.0 285.3 287.7 290.0 290.7 293.3 258.0 260.0 279.9 

G.2004-27 312.7 315.7 300.3 305.0 278.3 283.7 299.3 301.0 305.0 303.7 306.7 292.3 293.3 300.3 

G.2007-61 303.0 304.3 286.3 287.7 264.0 223.0 278.1 274.7 276.7 293.3 293.7 253.0 254.0 274.2 

G.2010-7 310.0 313.3 298.3 301.7 286.0 289.7 299.8 304.0 305.0 314.3 315.7 290.0 290.7 303.3 

G.2010-26 275.0 276.0 266.0 270.0 188.7 193.3 244.8 234.7 238.3 262.3 263.3 145.0 145.3 214.8 

G.2011-82 309.0 311.0 299.0 304.0 247.0 249.7 286.6 310.7 313.3 290.7 291.7 233.3 233.7 278.9 

G.T.54-9 308.0 312.0 277.0 281.7 286.3 289.3 292.4 305.7 306.7 291.3 293.3 285.3 286.7 294.8 

Average 306.3 309.2 293.1 296.8 265.3 265.1 289.3 292.7 294.8 295.2 297.1 262.8 264.2 284.4 

RLSD05       1.55       0.74 

RLSD01       2.03       0.98 
L1 =Kom-Ombo   L2=El-Mattana   L3=ShandaweelH1= early harvesting dateH2= late harvesting date.
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Table 4. Average performance of 11 genotypes in two seasons, at three locations and two harvesting dates for stalk weight. 

Genotypes 2015/2016 (plant-cane) 2016/2017 (first-ratoon) 

L1 L2 L3 Mean L1 L2 L3 Mean 

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 

G.84-47 1.18 1.24 1.42 1.44 1.10 1.15 1.26 0.98 1.21 1.10 1.13 1.02 1.08 1.09 

G.99-103 1.87 1.81 1.75 2.04 1.30 1.42 1.70 1.29 1.37 1.20 1.30 1.67 1.73 1.43 

G.2003-44 1.19 1.24 1.45 1.48 0.96 1.04 1.23 1.00 1.22 0.89 0.94 1.02 1.13 1.03 

G.2003-47 1.41 1.49 1.36 1.41 1.17 1.25 1.35 1.16 1.32 1.10 0.94 1.23 1.28 1.17 

G.2003-49 1.48 1.52 1.24 1.32 1.07 1.18 1.30 0.95 1.27 1.02 1.04 1.23 1.31 1.14 

G.2004-27 1.72 1.41 1.19 1.29 0.99 1.12 1.29 1.28 1.44 1.05 1.01 1.10 1.21 1.18 

G.2007-61 1.21 1.23 1.42 1.43 0.92 0.94 1.19 1.05 1.34 0.83 0.80 1.10 1.21 1.06 

G.2010-7 1.46 1.83 1.40 1.48 1.16 1.36 1.45 1.29 1.21 1.09 1.11 0.97 1.06 1.12 

G.2010-26 1.09 1.20 1.28 1.39 0.90 1.19 1.17 1.07 1.32 1.16 1.07 0.63 0.65 0.98 

G.2011-82 1.21 1.23 1.13 1.25 0.90 0.94 1.11 1.11 1.27 1.07 1.01 0.92 1.00 1.06 

G.T.54-9 1.34 1.89 1.52 1.38 1.08 1.28 1.42 1.35 1.40 0.78 0.98 1.20 1.29 1.17 

Average 1.38 1.46 1.38 1.45 1.05 1.17 1.31 1.14 1.31 1.03 1.03 1.10 1.18 1.13 

RLSD05       0.09       0.06 

RLSD01       0.12       0.08 
L1 =Kom-Ombo   L2 =El-Mattana   L3 =ShandaweelH1 = early harvesting date H2 = late harvesting date.
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Table 5. Average performance of 11 genotypes in two seasons, at three locations and two harvesting dates for cane yield. 

Genotypes 2015/2016 (plant-cane) 2016/2017 (first-ratoon) 

L1 L2 L3 Mean L1 L2 L3 Mean 

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 

G.84-47 46.84 49.51 77.68 78.67 40.22 42.51 55.90 52.35 64.60 66.82 68.86 45.09 47.93 57.61 

G.99-103 64.34 63.47 73.91 85.98 46.55 50.26 64.09 52.06 55.71 69.65 75.93 59.19 61.32 62.31 

G.2003-44 48.66 51.65 69.11 70.32 32.49 34.53 51.13 47.91 58.52 50.85 53.78 42.52 46.88 50.08 

G.2003-47 65.13 68.86 55.50 57.23 45.54 48.28 56.76 57.39 64.58 59.37 50.31 55.82 58.04 57.59 

G.2003-49 65.85 67.84 48.78 49.11 48.30 53.19 55.51 47.43 63.50 45.98 46.73 55.76 59.35 53.13 

G.2004-27 70.42 59.80 57.93 63.03 43.33 48.64 57.19 54.55 61.36 59.33 57.40 51.56 56.71 56.82 

G.2007-61 65.49 66.61 57.02 57.14 48.22 49.27 57.29 62.20 79.75 42.86 42.45 54.49 60.05 56.97 

G.2010-7 62.20 70.45 50.04 53.41 53.77 62.40 58.71 65.34 61.35 58.38 59.86 43.44 47.13 55.92 

G.2010-26 49.78 54.69 44.36 48.14 39.36 51.77 48.02 40.84 50.49 47.79 44.52 26.73 27.60 39.66 

G.2011-82 56.95 60.01 54.27 60.13 45.54 47.73 54.10 54.45 62.05 61.23 58.26 43.98 48.00 54.66 

G.T.54-9 59.40 66.67 59.53 58.19 42.98 51.61 56.40 66.14 68.52 41.25 52.25 53.27 57.69 56.52 

Average 59.55 61.78 58.92 61.94 44.21 49.11 55.92 54.61 62.77 54.87 55.48 48.35 51.88 54.66 

RLSD05       5.76       2.49 

RLSD01       8.17       3.43 
L1 =Kom-Ombo   L2 = El-Mattana   L3  =ShandaweelH1 = early harvesting date  H2 = late harvesting date.
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Table 6.  Average performance of 11 genotypes in two seasons, at three locations and two harvesting dates for brix. 

Genotypes 2015/2016 (plant-cane) 2016/2017 (first-ratoon) 

L1 L2 L3 Mean L1 L2 L3 Mean 

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 

G.84-47 19.62 22.01 18.33 20.57 20.80 21.99 20.55 22.00 23.50 18.87 22.13 20.19 21.95 21.44 

G.99-103 18.03 19.50 17.13 18.57 18.24 20.40 18.65 18.67 21.05 18.63 20.47 19.83 21.46 20.02 

G.2003-44 19.56 21.13 19.17 19.70 20.13 21.11 20.13 22.50 21.41 20.07 20.37 20.84 21.27 21.08 

G.2003-47 20.56 21.84 19.27 19.97 20.15 22.32 20.68 21.86 23.13 20.07 21.83 21.83 22.87 21.93 

G.2003-49 20.26 21.73 19.00 19.13 19.67 21.75 20.26 21.83 22.61 19.90 21.00 22.11 22.91 21.73 

G.2004-27 20.08 19.89 17.33 19.50 18.71 21.27 19.46 21.05 22.13 18.77 21.67 19.07 20.50 20.53 

G.2007-61 19.70 21.32 18.13 19.70 20.80 21.36 20.17 20.49 22.13 19.60 19.93 21.59 22.39 21.02 

G.2010-7 16.72 19.31 17.13 17.23 17.70 18.95 17.84 18.13 19.33 19.93 20.57 18.73 19.27 19.33 

G.2010-26 20.06 20.70 18.97 19.37 20.23 22.44 20.29 21.22 21.99 19.77 21.13 21.91 22.48 21.42 

G.2011-82 19.81 21.31 17.23 20.20 20.62 22.01 20.20 20.85 23.45 18.57 21.33 21.48 22.96 21.44 

G.T.54-9 19.71 20.20 16.57 17.23 19.61 21.30 19.10 20.64 21.21 19.40 21.73 20.99 22.05 21.01 

Average 19.46 20.81 18.02 19.20 19.70 21.35 19.76 20.84 22.00 19.42 21.11 20.78 21.83 20.99 

RLSD05       0.43       0.31 

RLSD01       0.59       0.43 
L1 =Kom-Ombo   L2 = El-Mattana   L3  =ShandaweelH1 = early harvesting date  H2 = late harvesting date. 
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Table 7.  Average performance of 11 genotypes in two seasons, at three locations and two harvesting dates for sucrose. 

Genotypes 2015/2016 (plant-cane) 2016/2017 (first-ratoon) 

L1 L2 L3 Mean L1 L2 L3 Mean 

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 

G.84-47 16.88 18.83 16.30 18.10 17.04 18.24 17.57 18.60 21.21 13.66 18.30 15.55 17.12 17.41 

G.99-103 15.67 16.99 14.62 15.37 14.76 16.87 15.71 15.87 18.00 14.11 16.74 16.19 17.62 16.42 

G.2003-44 17.49 18.46 15.84 16.37 17.26 17.65 17.18 19.29 18.88 16.57 16.75 17.61 17.91 17.84 

G.2003-47 18.09 19.47 17.15 16.05 17.92 18.88 17.93 19.75 20.62 16.39 19.23 18.57 19.58 19.02 

G.2003-49 18.03 19.31 16.54 16.10 16.70 18.34 17.50 19.17 19.96 16.32 18.65 20.02 20.92 19.17 

G.2004-27 17.52 16.65 13.81 16.63 14.91 17.22 16.12 18.03 18.61 14.26 16.73 14.94 16.46 16.50 

G.2007-61 16.94 17.51 15.19 16.38 18.19 17.76 17.00 17.78 19.41 14.07 16.13 17.89 18.58 17.31 

G.2010-7 13.39 16.22 13.46 13.69 13.96 14.30 14.17 14.90 16.64 16.54 17.27 14.81 15.25 15.90 

G.2010-26 17.24 17.83 16.13 14.89 17.06 18.95 17.02 18.19 19.13 15.35 17.49 17.40 18.15 17.62 

G.2011-82 16.98 18.43 14.04 15.50 16.87 18.15 16.66 18.11 21.21 14.19 17.38 17.59 18.94 17.91 

G.T.54-9 17.01 17.74 13.81 14.07 16.13 17.71 16.08 18.32 18.71 15.10 18.85 17.60 18.64 17.87 

Average 16.84 17.95 15.17 15.74 16.44 17.64 16.63 18.00 19.31 15.14 17.59 17.10 18.11 17.54 

RLSD05       0.59       0.43 

RLSD01       0.81       0.59 
L1 =Kom-Ombo   L2 = El-Mattana   L3  =ShandaweelH1 = early harvesting date  H2 = late harvesting date. 
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Table 8.  Average performance of 11 genotypes in two seasons, at three locations and two harvesting dates for sugar yield. 

Genotypes 2015/2016 (plant-cane) 2016/2017 (first-ratoon) 

L1 L2 L3 Mean L1 L2 L3 Mean 

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 

G.84-47 5.40 6.36 7.27 7.75 4.56 5.25 6.10 6.10 8.98 5.30 7.34 4.44 4.50 6.11 

G.99-103 6.56 7.02 5.35 6.44 4.54 5.67 5.93 5.18 6.41 5.90 7.27 5.93 6.34 6.17 

G.2003-44 5.89 6.53 7.41 7.33 3.83 4.09 5.85 5.83 7.12 5.55 5.62 4.59 4.78 5.58 

G.2003-47 8.14 8.86 6.32 6.05 5.69 6.17 6.87 6.47 8.23 6.01 5.76 6.27 7.20 6.66 

G.2003-49 8.24 8.45 5.55 5.30 5.47 6.58 6.60 5.74 8.21 4.92 5.52 7.24 8.12 6.63 

G.2004-27 8.04 6.69 5.35 6.52 4.25 5.55 6.07 6.17 7.17 5.00 6.17 4.64 5.34 5.75 

G.2007-61 7.19 7.37 5.83 6.26 6.07 5.87 6.43 7.09 8.79 3.36 5.52 6.21 5.31 6.05 

G.2010-7 5.49 7.03 4.34 4.78 4.35 5.66 5.27 6.42 6.51 6.03 6.12 3.49 4.31 5.48 

G.2010-26 5.86 6.66 4.14 4.71 4.58 6.47 5.40 4.56 6.10 4.42 4.89 2.96 2.85 4.29 

G.2011-82 6.65 6.72 4.76 5.35 5.11 5.79 5.73 6.27 7.30 5.49 5.86 3.90 5.57 5.73 

G.T.54-9 6.66 7.74 4.59 4.49 4.62 6.12 5.70 8.32 8.35 3.63 7.27 5.84 6.79 6.70 

Average 6.74 7.22 5.54 5.91 4.82 5.75 6.00 6.20 7.56 5.05 6.12 5.05 5.55 5.92 

RLSD05       0.56       0.35 
RLSD01       0.79       0.49 

L1 =Kom-Ombo   L2 = El-Mattana   L3  =ShandaweelH1 = early harvesting date  H2 = late harvesting date. 
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significant for these traits. In addition, 

partitions of the genotypes × environments 

interaction to Env. + (G × Env.), Env. (Linear) 

and genotype × environment (Linear) were 

significant and highly significant. Therefore, 

the stability analysis was performed according 

to Eberhart& Russell (1966). This indicates 

that the change in the performance of a 

genotype fromone location to another or 

genotypes showed different responses in yield 

and its components when growing in different 

environments. 

b1- Stalk length 

     Concerning stalk length, it noticed that the 

genotype G.2003-49 was stable because the 

regression coefficient (bi) was insignificant 

from unity and the deviation from regression 

(S2di) was insignificant from zero. The 

remainder genotypes were unstable and gave 

highly significant S2di, irrespective of the two 

genotypes, which showed regression 

coefficients, which did not differ significantly 

from unit slope (Table 10 and Fig. 1). Tahir et 

al. (2013) showed that all genotypes were 

unstable overall environments for plant height.  

b2- Stalk weight 

    Considering stalk weight, six genotypes 

(G.2003-44, G.2003-47, G.2003-49, G.2004-

27, G.2007-61 and G.2011-82) were stable 

(Table 10 and Fig. 2). Three of them (G.2003-

47, G.2004-27 and G.2011-82) were also stable 

for cane yield. The stable genotypes ranged 

from 1.09 to 1.26 kg. According to Eberhart & 

Russell (1966) the genotype G.2004-27 

considered to be superior because the 

regression coefficient of this genotype equal 

one (bi = 1), the deviation from regression 

(S2di) was insignificant from zero and it had a 

high mean of performance when compared 

with the mean overall genotypes. Moreover, 

three of them (G.2003-47, G.2003-49 and 

G.2011-82) performed consistently better in 

unfavorable environments because the 

regression coefficient (bi) was less than one. 

Means of stalk weight ranged from 1.08  

to 1.56 kg (Table 10 and Fig. 1). The other 

genotypes were unstable (S2di gave highly 

significant from zero). These results are in line 

with those reported by Guddadamath et al. 

(2014) and Dubey et al. (2017).

 

Table 9. Analysis of variance of 11 genotypes for the studied traits overall environments. 

 

 

S. O. V 

 

 
df 

Mean squares 

Stalk 

length 

(cm) 

Stalk 

weight 

(kg) 

Cane yield 

(t/fed) 
Brix (%) Sucrose 

(%) 
Sugar 

yield 

(t/fed) 

Genotypes (G) 10 5513.028** 0.230** 194.79** 8.05** 11.73** 2.77** 
Env.+ (G × Env.) 121 527.702** 0.050** 65.15** 1.88** 2.37** 1.93** 
Env. (Linear) 1 36576.37** 3.667** 3171.67** 175.24** 196.57** 129.82** 
G ×Env. (Linear) 10 1686.76** 0.039** 76.50* 0.84** 1.45** 1.66** 
Pooled deviation 110 94.62** 0.019** 35.88** 0.40** 0.69** 0.79** 
Pooled error 240 5.28 0.006 7.85 0.12 0.22 0.19 

   *, ** Significant at 0.05 and 0.01 probability levels, respectively. 

 

b3- Cane yield 

     The stability parameters (Table 10 and Fig. 

3) showed that the genotypes varied in their bi 

values as well as S2di. It noticed that the 

intermediate yielding genotypes (G.2003-47, 

G.2004-27 and G.2011-82) were stable and 

ranged in cane yield from 54.38 to 57.17 t/fed. 

According to Eberhart & Russell (1966) the 

genotype G.2004-27 considered to be superior 
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       Table 10. Stability parameters for stalk length stalk weight and cane yield of 11 genotypes over 12 environments. 

 

No. Pedigree Stalk length  Stalk weight Cane yield 

Means ( ) bi S2d 
Means (  ) bi S2d Means ( ) bi S2d 

1 G.84-47 306.7 0.55** 121.34** 
1.17 0.47** 0.015** 56.76 1.45 117.41** 

2 G.99-103 302.9 1.31 46.21** 
1.56 1.46 0.027** 63.20 1.13 89.86** 

3 G.2003-44 296.7 0.45** 60.48** 
1.13 1.05 0.008 50.60 1.59 40.75** 

4 G.2003-47 282.9 0.39** 114.49** 
1.26 0.82 0.003 57.17 0.88 14.28 

5 G.2003-49 282.6 1.03 -3.15 
1.22 0.83 0.007 54.32 0.52 51.34** 

6 G.2004-27 299.8 0.59* 15.42** 
1.23 1.01 0.009 57.01 1.00 7.05 

7 G.2007-61 276.1 1.24 117.40** 
1.12 1.07 0.009 57.13 1.07 74.51** 

8 G.2010-7 301.6 0.55** 18.57** 
1.29 1.37 0.028** 57.32 0.55 48.96** 

9 G.2010-26 229.8 2.67** 290.01** 
1.08 0.77 0.022** 43.84 0.89 48.97** 

10 G.2011-82 282.8 1.75** 105.37** 
1.09 0.64 0.001 54.38 0.95 3.19 

11 G.T.54-9  293.6 0.37** 96.57** 
1.29 1.52** 0.015** 56.46 0.98 37.10** 

Mean 
286.9 - -  

1.22 - - 55.29 - - 

R. L. S. D. 0.05 
30.12 - -  

0.06 - - 2.46 - - 

R. L. S. D. 0.01 
41.16 - -  

0.09 - - 3.49 - - 

         *, ** Significantly from unity for (bi) and from zero for (S2d) at 0.05 and 0.01 probability levels, rspectively

X X X
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because the regression coefficient of this 

genotype equal one (bi = 1), the deviation from 

regression (S2di) was insignificant from zero 

and a high mean when compared with the mean 

over all genotypes. The genotype G.2003-47 

was relatively better in unfavorable 

environments because the regression 

coefficient (bi) was less than one (Table 10 and 

Fig. 3).  The other genotypes were unstable 

(S2di gave highly significant from zero). 

Similar results obtained by Bissessur et al. 

(2001), , Jun et al. (2009), Rea et al. (2011), 

Tiawari et al. (2011), Dutra et al. (2014),  Jun 

et al. (2014), Rea et al. (2015), Anand et al. 

(2016) and Prema et al. (2017). Klomsa et al. 

(2013) noticed that the genotype K88-92 was 

the most superior genotype in cane yield. Alida 

et al. (2013) obtained three varieties; V98-62, 

V99- 236 and V00-50 were the most promising 

ones in all four agro-ecological zones. These 

sugarcane varieties were excellent yield 

potential, adaptation, and stability in different 

environments tested. Imtiaz et al. (2013) 

indicated that the clone NIA0819/P5 produced 

maximum stable cane yield and sugar yield 

compared to the commercial varieties. Otieno 

(2016) indicated that the five from 33 cultivars 

were considered ideal cultivars where exhibited 

stable and high yielding. 

b4-Brix: 

     The results of brix (Table 11 and Fig. 4) 

exhibited that the four genotypes (G.99-103, 

G.2003-47, G.2003-49 and G.2010-26) were 

stable because these genotype shave regression 

coefficient (bi) which are not different from the 

unit slope and have S2di, which are not 

significantly different from zero. The stable 

genotypes ranged in percentage of brix from 

19.33 to 21.33%. According to Eberhart & 

Russell (1966) two genotypes (G.2003-47 and 

G.2003-49) considered to be superior because 

the regression coefficient of these genotypes 

equal one (bi = 1), the deviation from 

regression (S2di) was insignificant from zero 

and had a high mean percentage of brix when 

compared with the mean overall genotypes. 

The genotype G.2010-26 performed 

consistently less in favorable environments 

(bi< 1.0). The genotype G.2003-47 was also 

stable for cane yield (Table 11 and Fig. 4). The 

other genotypes were unstable and gave highly 

significant S2di, irrespective of the four 

genotypes that showed regression coefficient, 

which did not differ significantly from unit 

slope (Table 11 and Fig. 4).These results are in 

accordance with those reported by Irlane et al. 

(2009)  

b5- Sucrose: 

                 As shown in Table 11 and Fig. 5, the 

regression coefficient (bi) for five genotypes 

(G.T.54-9, G.99-103, G.2003-44, G.2003-47 

and G.2010-26) were insignificant from unity 

and the deviation from regression (S2di) were 

also insignificant from zero. This indicates that 

these genotypes considered being stable for 

such trait. The stable genotypes ranged in 

sucrose from 16.07 to 18.48% for sucrose. 

According to Eberhart & Russell (1966) the 

genotype (G.2003-47) considered to be 

superior because the regression coefficient of 

this genotype equal one (bi = 1), the deviation 

from regression (S2di) was insignificant from 

zero and had a high mean percentage of sucrose 

when compared with the mean over all 

genotypes. This genotype was also stable for 

cane yield. However, two genotypes (G.2003-

44 and G.2010-26) performed consistently less 

in favourable environments (bi< 1.0) (Table 11 

and Fig. 2). The other genotypes were unstable 

(S2di significantly different from zero) (Table 

11 and Fig. 5). Similar results obtained by 

Bissessur et al. (2001), Jun et al. (2009), Rea et 

al. (2011), Tiawari et al. (2011), Imtiaz et al. 

(2013), Guddadamath et al. (2014) and Rajesh 

and Sinha (2015). 
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Fig. 1. Graphical illustration of the stability parameter (bi) and the mean performance of individual 

genotypes ( ) for stalk length. 

 
 Fig. 2. Graphical illustration of the stability parameter (bi) and the mean performance of individual 

genotypes ( ) for stalk weight. 

 

 
Fig. 3. Graphical illustration of the stability parameter (bi) and the mean performance of individual  

genotypes ( ) for cane yield. 
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Table 11. Stability parameters for brix, sucrose and sugar yield of 11 genotypes over 12 environments. 

No. Pedigree Brix  Sucrose Sugar yield 

Means  

( ) bi S2d 

Means 

 ( ) 

bi S2d Means  

( ) 

bi S2d 

1 G.84-47 21.00 1.13 0.430** 17.49 1.13 1.40** 6.10 1.22 1.18** 

2 G.99-103 19.33 1.03 0.136 16.07 0.88 0.04 6.05 0.45** 0.25 

3 G.2003-44 20.60 0.63* 0.230* 17.51 0.69 0.10 5.71 0.62 1.02** 

4 G.2003-47 21.31 1.03 -0.063 18.48 1.05 -0.04 6.76 0.65 0.40* 

5 G.2003-49 20.99 1.06 0.134 18.34 1.09 0.54** 6.61 0.61 1.10** 

6 G.2004-27 20.00 0.98 0.533** 16.31 0.94 0.73** 5.91 1.17 -0.04 

7 G.2007-61 20.60 0.91 0.242* 17.15 0.97 0.56** 6.24 1.68** 0.48** 

8 G.2010-7 18.58 0.64* 0.813** 15.04 0.47** 1.39** 5.38 1.03 0.37* 

9 G.2010-26 20.86 0.93 0.069 17.32 0.93 0.12 4.85 1.09 0.67** 

10 G.2011-82 20.82 1.37* 0.224* 17.28 1.55** -0.05 5.73 1.19 0.16 

11 G.T.54-9  20.05 1.30 0.369** 16.97 1.29 0.36 6.20 1.30 1.05** 

Mean 20.38 - - 17.09 - - 5.96 - - 

R. L. S. D. 0.05 0.0.51 - - 0.39 - - 0.89 - - 

R. L. S. D. 0.01 0.70 - - 0.55 - - 1.31 - - 

*, ** Significantly from unity for (bi) and from zero for (S2d) at 0.05 and 0.01 probability levels, respectively 

 

X X X
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Fig. 4. Graphical illustration of the stability parameter (bi) and the mean performance of individual 

genotypes ( ) for brix. 

 
Fig. 5. Graphical illustration of the stability parameter (bi) and the mean performance of individual 

genotypes ( ) for sucrose. 

 

 
Fig. 6. Graphical illustration of the stability parameter (bi) and the mean performance of individual 

genotypes (  ) for sugar yield
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b6- Sugar yield      

     Regard to sugar yield (Table 11 and Fig. 6), 

the two of the studied genotypes (G.2004-27 

and G.2011-82) were stable (bi and S2di not 

significantly differed from unit and zero, 

respectively). These genotypes were also stable 

for cane yield. The remainder genotypes were 

unstable and gave highly significant S2di.The 

sugar yield ranged from 4.85 to 6.76 ton/fed. 

Similar results obtained by Bissessur et al. 

(2001), Dutra et al. (2014), Jun et al. (2014), 

Sujeet et al. (2017), Prema et al. (2017), 

Muhammad et al. (2018) and Esayas et al. 

(2019). 

Conclusions  

     In conclusion, these results showed that 

delaying harvesting date increased cane yield; 

stalk length, stalk weight, brix, sucrose and 

sugar yield. However, the intermediate yielding 

genotypes (G.2003-47, G.2004-27 and G.2011-

82) were more stable than the rather responsive 

high yielding ones. Moreover, the genotype G. 

2004-27 was stable for cane yield and its 

components. In addition, it was considered to 

be superior for cane yield under different 

environments. However, it could be said the 

highest yielding ability genotype (G.99-103) at 

different environments was unstable. This 

could be due to the wide differences in both 

edaphic and climatic conditions prevailed at the 

three locations of the experiment. However, the 

unstable high yielding genotype G.99-103 still 

have higher yield compared to the other stable 

genotypes under the three locations. This 

indicates that stability analysis alone is not 

enough to decide on which genotypes to be 

recommended in certain locations without 

considering the average performance of such 

genotypes. Thus the genotype G.99-103 could 

be recommended to be grown in the locations 

under investigations. 
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