
 

 

GENETIC DIVERGENCE, TRAITS ASSOCIATION AND  

SELECTION INDICES IN SUGARCANE 
 

 

 

By 

MOHAMMAD TAHIR  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEPARTMENT OF PLANT BREEDING AND GENETICS 

FACULTY OF CROP PRODUCTION SCIENCES 

THE UNIVERSITY OF AGRICULTURE 

PESHAWAR, PAKISTAN 

June, 2014 

 



 

GENETIC DIVERGENCE, TRAITS ASSOCIATION AND 

SELECTION INDICES IN SUGARCANE 

 

 
 

BY 

MOHAMMAD TAHIR  

 

A dissertation submitted to the University of Agriculture, Peshawar, Pakistan,  

in partial fulfilment of the requirement for the degree of 

 

 

DOCTOR OF PHILOSOPHY (Ph. D.) IN AGRICULTURE 

(PLANT BREEDING AND GENETICS) 
 

 

 

 

 

 

DEPARTMENT OF PLANT BREEDING AND GENETICS 

FACULTY OF CROP PRODUCTION SCIENCES 

THE UNIVERSITY OF AGRICULTURE 

PESHAWAR, PAKISTAN 
June, 2014 



 

  



 

 

GENETIC DIVERGENCE, TRAITS ASSOCIATION AND 

SELECTION INDICES IN SUGARCANE 
 

 

 

BY  

 

MOHAMMAD TAHIR 

 

DOCTOR OF PHILOSOPHY (Ph. D) IN AGRICULTURE 

(PLANT BREEDING AND GENETICS) 

 

 

 

THESIS APPROVED BY 

 

 

 

 

EXTERNAL EXAMINERS: 

 

 

 



 

 

 

 

 

_____________________   



TABLE OF CONTENTS 

 

CHAPTER TITLE PAGE 

 LIST OF TABLES………………………………….……... i 

 LIST OF FIGURES…………….…………………………. vi 

 ACKNOWLEDGMENTS……………….………………… vii 

 ABSTRACT……………………………………………….. viii 

I INTRODUCTION………………….……………………… 1 

II REVIEW OF LITERATURE……….…………………….. 5 

III MATERIALS AND METHODS…….……………………. 17 

IV RESULTS AND DISCUSSION…….………….………… 29 

V CONCLUSIONS AND RECOMMENDATIONS………... 141 

 LITERATURE CITED………………………………….…. 144 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



i 
 

LIST OF TABLES 

 

NO. TITLE PAGE 

3.1. List of 28 sugarcane genotypes evaluated as 2 plant and 1 ratoon 

crops at SCRI, Mardan during 2011-13………………………….. .....26 

3.2. Outline of analysis of variance of 28 sugarcane genotypes across 

2 plant crops and one ratoon crop at SCRI, Mardan……………... .....27 

3.3. Outline of analysis of variance of 28 sugarcane genotypes 

evaluated as 2 plant crops at SCRI, Mardan……………………... .....27 

3.4. Outline of analysis of variance of 28 sugarcane genotypes 

evaluated as ratoon crop at SCRI, Mardan………………………. .....28 

4.1. Mean squares for growth traits of 28 sugarcane genotypes 

evaluated as plant and ratoon crops at SCRI, Mardan. …………..
 
.....71 

4.2. Mean squares for cane traits of 28 sugarcane genotypes evaluated 

as plant and ratoon crops at SCRI, Mardan. ……………………..
 
.....71 

4.3. Mean Squares for quality traits of 28 sugarcane genotypes 

evaluated as plant and ratoon crops at SCRI, Mardan……………
 
.....72 

4.4. Mean Squares for yield traits of 28 sugarcane genotypes 

evaluated as plant and ratoon crops at SCRI, 

Mardan………………………
 

.....72 

4.5. Means for tiller1 (per 9 m
2
) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla‟s stability 

statistics of 28 sugarcane genotypes at SCRI, Mardan…………...
 
.....73 

4.6. Means for tiller2 (per 9 m
2
) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla‟s stability 

statistics of 28 sugarcane genotypes at SCRI, Mardan…………... .....74 

4.7. Means for vigor rate1 (per day) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla‟s stability 

statistics of 28 sugarcane genotypes at SCRI, Mardan…………... .....75 

4.8. Means for growth1 (cm) of plant crops and ratoon and reduction 

as percentage of plant crops with Shukla‟s stability statistics of 

28 sugarcane genotypes at SCRI, Mardan……………………….. .....76 

4.9. Means for growth2 (cm) of plant crops and ratoon and reduction 

as percentage of plant crops with Shukla‟s stability statistics of 

28 sugarcane genotypes at SCRI, Mardan……………………….. .....77 



ii 
 

4.10.  Means for vigor rate2 (per day) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla‟s stability 

statistics for of 28 sugarcane genotypes at SCRI, Mardan………. .....78 

4.11.  Means for stalk length (cm) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla‟s stability 

statistics of 28 sugarcane genotypes at SCRI, Mardan…………... .....79 

4.12.  Means for number of internodes per cane stalk of plant crops and 

ratoon and reduction as percentage of plant crops with Shukla‟s 

stability statistics of 28 sugarcane genotypes at SCRI, Mardan…. .....80 

4.13.  Means for internode length (cm) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla‟s stability 

statistics of 28 sugarcane genotypes at SCRI, Mardan…………... .....81 

4.14.  Means for cane diameter (cm) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla‟s stability 

statistics of 28 sugarcane genotypes at SCRI, Mardan…………... .....82 

4.15.  Means number of millable canes (per 9 m
2
) of plant crops and 

ratoon and reduction as percentage of plant crops with Shukla‟s 

stability statistics for of 28 sugarcane genotypes at SCRI, 

Mardan. ……………………….…………………………………. .....83 

4.16.  Means for cane yield (t ha
-1

) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla‟s stability 

statistics of 28 sugarcane genotypes at SCRI, Mardan…………... .....84 

4.17.  Means for Brix (%) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla‟s stability statistics of 28 

sugarcane genotypes at SCRI, Mardan. …………………………. .....85 

4.18.  Means for POL (%) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla‟s stability statistics of 28 

sugarcane genotypes at SCRI, Mardan. …………………………. .....86 

4.19.  Means for purity (%) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla‟s stability statistics for of 

28 sugarcane genotypes at SCRI, Mardan. ……………………… .....87 

4.20.  Means for recovery (%) of plant crops and ratoon and reduction 

as percentage of plant crops with Shukla‟s stability statistics of 

28 sugarcane genotypes at SCRI, Mardan. ……………………… .....88 

4.21.  Genetic parameters for growth traits of 28 sugarcane genotypes 

evaluated as plant and ratoon crops at SCRI, Mardan…………… .....89 



iii 
 

4.22.  Genetic parameters for cane traits of 28 sugarcane genotypes 

evaluated as plant and ratoon crops at SCRI, Mardan…………… .....90 

4.23.  Genetic parameters for quality and yield traits of 28 sugarcane 

genotypes evaluated as plant and ratoon crops at SCRI, Mardan... .....91 

4.24.  Values of MSA for 15 characters of 28 sugarcane genotypes 

under plant crops condition. ……………………….…………….. .....92 

4.25.  Principal components for the characters of 28 sugarcane 

genotypes under plant crops condition. …………………………. .....93 

4.26.  Principal components regression for the new variables created 

using principal components (percent variation accounted for by 

principal components) under plant crops condition……………… .....94 

4.27.  Number of clusters and genotypes in each cluster of 28 sugarcane 

genotypes under plant crops condition.…………………………... .....96 

4.28.  Cluster means and standard deviations for the characters of 28 

sugarcane genotypes under plant crops condition……………….. .....97 

4.29.  Values of MSA for 15 characters in 28 sugarcane genotypes 

evaluated as ratoon crop. ……………………….………………... .....98 

4.30.  Principal components for characters of 28 sugarcane genotypes 

evaluated as ratoon crop. …………..…………………………….. .....99 

4.31.  Principal components regression for the new variables created 

using principal components (percent variation accounted for by 

principal components) under ratoon crop. ………………………. .....100 

4.32.  Number of clusters and genotypes in each cluster of 28 sugarcane 

genotypes in ratoon crop. ……………………….……………….. .....102 

4.33.  Cluster means and standard deviations for the characters of 28 

sugarcane genotypes (ratoon crop). ……………………………... .....103 

4.34.  Values of MSA for 16 characters of 28 sugarcane genotypes 

across 3 crops. ……………………….………………………….. .....104 

4.35.  Principal components for the characters of 28 sugarcane 

genotypes across 3 crops. ……………………………………….. .....105 

4.36.  Principal components regression for the new variables created 

using principal components (percent variation accounted for by 

principal components). ………………………………………….. .....106 



iv 
 

4.37.  Number of clusters and genotypes in each cluster for 28 

genotypes across 3 crops. ……………………………………....... .....109 

4.38.  Cluster means and standard deviations for the characters of 28 

sugarcane genotypes across 3 crops. …………………………….. .....110 

4.39.  Phenotypic (above diagonal) and genotypic correlations (below 

diagonal) among 11 characters of 28 sugarcane genotypes across 

3 crops. ……………………….………………………………….. .....111 

4.40.  Test of multicollinearity of 11 characters in 28 sugarcane 

genotypes across 3 crops. ……………….………………………. .....112 

4.41.  Collinearity diagnostic of the 11 characters of 28 sugarcane 

genotypes across 3 crops. ………………………………………... .....113 

4.42.  Test of multicollinearity across 3 crops (after exclusion of 5 

characters)………………………………………………………… .....114 

4.43.  Phenotypic and genotypic (in parentheses) direct (bold face) and 

indirect effects of 6 characters on cane yield of 28 sugarcane 

genotypes across 3 crops. ………………………………………... .....115 

4.44.  Phenotypic (above diagonal) and genotypic correlations (below 

diagonal) of 10 characters in 28 sugarcane genotypes under plant 

crops. ……………………….……………………………………. .....116 

4.45.  Test of multicollinearity of 10 characters in 28 sugarcane 

genotypes under plant crops. …………………………………….. .....117 

4.46.  Collinearity diagnostic of the 10 characters of 28 sugarcane 

genotypes under plant crops. …………………………………….. .....118 

4.47.  Test of multicollinearity of characters under plant crops (after 

exclusion of 3 characters). ………………………………….…… .....119 

4.48.  Phenotypic and genotypic (in parentheses) direct (bold face) and 

indirect effects of 6 characters on cane yield of 28 sugarcane 

genotypes under plant crops. ……………………………………. .....120 

4.49.  Phenotypic (above diagonal) and genotypic correlations (below 

diagonal) among 10 characters of 28 sugarcane genotypes under 

ratoon crop. ……………………….……………………………... .....121 

4.50.  Test of multicollinearity of 10 characters of 28 sugarcane 

genotypes under ratoon crop. ……………………………………. .....122 
  



v 
 

4.51.  Collinearity diagnostic of the 10 sugarcane characters of 28 

sugarcane genotypes under ratoon crop. ………………………… .....123 

4.52.  Test of multicollinearity of the characters under ratoon crop 

(after exclusion of 5 characters). ……………………………….... .....124 

4.53.  Phenotypic and genotypic (in parentheses) direct (bold face) and 

indirect effects of 4 characters on cane yield of 28 sugarcane 

genotypes under ratoon crop. ……………………………………. .....124 

4.54.  Selection indices based on any one to four characters with 

expected genetic gain of 28 sugarcane genotypes across 3 crops... .....125 

4.55.  Genotypes selected on the basis of Smith index for different 

combination of characters (selection intensity i=20%) of 28 

sugarcane genotypes across 3 crops. ……………………………. .....126 

4.56.  Selection indices based on any one to five characters with 

expected genetic gain of 28 sugarcane genotypes under plant 

crops. ……………………….……………………………………. .....128 

4.57.  Genotypes selected on the basis of Smith index for different 

combination of characters (selection intensity i=20%) of 28 

sugarcane genotypes under plant crops…………………………... .....130 

4.58.  Selection indices based on any one to 3 characters with expected 

genetic gain of 28 sugarcane genotypes under ratoon crop……… .....139 

4.59.  Genotypes selected on the basis of Smith index for different 

combination of characters (selection intensity i=20%) of 28 

sugarcane genotypes under ratoon crop. ………………………… .....139 
  



vi 
 

LIST OF FIGURES 

 

No. Title Page 

4.1. Principal components in rotated space of 28 sugarcane genotypes 

under plant crops condition………………………………………… ….93 

4.2. Dendrogram showing 28 sugarcane genotypes under plant crops 

condition. …………………………………………………………... ….94 

4.3. Plot of linkage distances across steps of 28 sugarcane genotypes 

under plant crops condition.. ..……………………………………... ….95 

4.4. Principal components in rotated space of 28 sugarcane genotypes 

under ratoon crop…………………………………………………… ….99 

4.5. Dendrogram showing 28 sugarcane genotypes under ratoon crop…. ….100 

4.6. Plot of linkage distances across steps of 28 sugarcane genotypes 

under ratoon crop. ………………………………………………….. ….101 

4.7. Principal components in rotated space of 28 sugarcane genotypes 

across 3 crops……………………………………………………….. ….106 

4.8. Dendrogram showing 28 sugarcane genotypes across 3 

crops………………………………………………………………… ….107 

4.9. Plot of linkage distances across steps of 28 sugarcane genotypes 

across 3 crops. ……………………………………………………… ….108 

 



vii 
 

ACKNOWLEDGMENTS 
 

It is with immense gratitude that I acknowledge the support and help of my 

supervisor Prof. Dr. Iftikhar Hussain Khalil, Department of Plant Breeding and Genetics, 

The University of Agriculture, Peshawar, Pakistan, for his untiring efforts, suggestions, 

and rectifications throughout the course of my study period whether during the course of 

theory or research project. He made substantial contributions to the study in the form of 

invaluable suggestions in the statistical outline and interpretation of the results for this 

project.  

I owe my deepest gratitude to my supervisory committee members, Prof. Dr. 

Raziuddin and Prof. Dr. Shad Khan Khalil, for their continuous guidance and support 

during the study period. 

In addition, many thanks are due to Prof. and Chairman Dr. Hidayat-ur-Rahman, 

and Prof. Dr. Fida Mohammad, Department of Plant Breeding and Genetics, for their kind 

auspices in the research project. 

I am indebted to many colleagues, especially Dr. Rahmani Gul, Research Officer, 

Agriculture Research Institute (North), Mingora, Swat, who supported me in literature 

searches and gave insight for classificatory analysis of the data. His help and support is 

acknowledged with thanks. 

Special thanks are due to Higher Education Commission, Islamabad, for financial 

support for 6-months research training under IRSIP, at ARS, Canal Point, Florida, USA. 

Last but not the least, this thesis would have remained a dream, was it not for the 

gracious help and support of the Director General, Agriculture Research System, and 

Secretary Agriculture, Government of Khyber Pakhtunkhwa, Pakistan. Their generous 

support is appreciated with thanks. 

 

 
 

                                                                                     MOHAMMAD TAHIR 

 

  



viii 
 

GENETIC DIVERGENCE, TRAITS ASSOCIATION, AND  

SELECTION INDICES IN SUGARCANE 

 

Mohammad Tahir and Iftikhar Hussain Khalil 

 

Department of Plant Breeding and Genetics 

Faculty of Crop Production Sciences 

The University of Agriculture 

Peshawar, Peshawar 

June, 2014 
 

 

ABSTRACT 

 

Sugarcane (Saccharum spp.) cultivation is managed both as plant cane and ratoon 

crops in Pakistan and all other sugarcane producing countries of the world. A set of 28 

sugarcane genotypes including two check cultivars (CP77-400 and Mardan-93) was 

evaluated as two plant cane (2011-12 and 2012-13) and ratoon crops (2012-13) at the 

Sugar Crops Research Institute (SCRI), Mardan, Khyber Pakhtunkhwa province, 

Pakistan. Genotypes were evaluated in a randomized complete block design with three 

replications during the two years. Data were taken on various cane, yield and quality traits 

each year. Analysis of variance across crops revealed highly significant differences 

among crops, genotypes, and genotype × crop interaction. A reduction in performance of 

the genotypes was generally observed for most traits under the ratoon crop as compared 

with the plant cane crop. Mean performance for various traits under plant crops showed 

that genotypes MS03CR8-407, MS03CR5-245, CPF-225, CoJ-76 and MS03CP-275 

performed better for tiller2 with 403.6, 402.8, 395.5, 388.0 and 386.8 tillers per 9 m
2
, 

respectively. In contrast, maximum tillers (tiller2) were observed for genotypes CPF-225 

(263.5 tillers per 9 m
2
), MS03CP-300 (254.5 tillers per 9 m

2
), MS03CP-279 (229.5 tillers 

per 9 m
2
), BF162-166 (224.5 tillers per 9 m

2
) and MS03CR7-243 (221.0 tillers per 9 m

2
) 

under ratoon crop. Averaged across crops, maximum number of tiller2 were recorded for 

genotypes MS03CP-154 (219.5 tillers per 9 m
2
) and CPF-225 (351.5 tillers per 9 m

2
). 

Genotypes MS03CR5-245, MS03CR1-129 and MS03CR8-407 had better performance 

for growth2 (223.5 to 243.5 cm) than other genotypes under plant crops. However, 

genotypes S9883CSSG-1139, MS03CR2-131, MS03CR1-79 and MS03CR7-243 

performed better for growth2 (160 to 195.3 cm) under ratoon crop. Highest growth2 

across plant and ratoon crops was observed for genotypes MS03CR2-129, MS03CR8-407 

and MS03CR7-243 with plant height of 215.7, 214.9 and 211.4 cm, respectively. Under 

plant crops, genotypes MS03CR5-245, MS03CR2-129, MS03CR1-79, CoJ-76 and 



ix 
 

S87US-1767 had higher cane yield which ranged from 81.7 to 89.7 t ha
-1

. However under 

ratoon crop, genotypes MS03CP-300, MS03CR8-407, MS03CP-301 and MS03CR7-243 

produced highest cane yield ranging from 67.3 to 73.9 t ha
-1

. Averaged across plant and 

ratoon crops, genotypes MS03CR2-129, S87US-1767, MS03CR7-243, CoJ-76 and 

MS03CR8-407 out-yielded other genotypes with cane yield of 74 to 76 t ha
-1

. Sugarcane 

genotype CPF-225 was among the top five ranking genotypes both under plant and ratoon 

crops with 395.5 and 263.5 tillers per 9 m
2
, respectively. Similarly for growth2 and stalk 

length genotype MS03CR1-79 was among the top five ranking genotypes with plant 

height of 217.1 and 120.5 cm and stalk length of 181.4 and 119.2 cm under plant and 

ratoon crops, respectively. For number of millable stalks and cane yield, none of the top 

ranking genotypes was common between plant cane and ratoon crops. However, 

sugarcane genotype MS03CP-154 performed better for most quality characters under 

plant, ratoon and across crops. Based on Shukla‟s stability parameters across plant and 

ratoon crops, genotype MS03CR8-407 was stable for tiller1, tiller2, growth1, Brix, POL 

(polarized sugar), recovery and millable stalks. Similarly, genotypes MS03CP-209, 

MS03CP-275, CoJ-76, MS03CR2-131 and MS03CR5-245 were stable for cane yield 

across crops. Genetic variances for growth characters under plant crops, ratoon and across 

crops were generally lower in magnitude than environmental variances. Growth traits, 

viz. tiller1, tiller2 and growth2, showed high heritabilities (0.77, 0.57 and 0.70, 

respectively) and high genetic advance (42.7 tillers per 9m
2
, 63.0 tillers per 9m

2
 and 35.9 

cm, respectively) under the ratoon crop. However under plant crops, heritabilities for 

growth characters were between 0.02 and 0.39.  

Principal component analysis for plant and ratoon crops resulted in 3 principal 

components using 16 characters measured on 28 genotypes. The first principal component 

under plant and ratoon crops explained 37.55 to 39.1%, second component 25.20 to 

28.17%, while the third component 11.7 to 14.81% of the total variance, respectively. 

Averaged across crops, the 3 principal components accounted for 37.1, 27.6 and 16.9% of 

the total variance, respectively, resulting in cumulative variance of 81.6%. Based on 

principal component analysis, the most important characters under both plant and ratoon 

crops were tiller1, tiller2, millable canes, cane diameter, POL and percent sugar recovery. 

These characters contributed the most to the genetic variation among the 28 sugarcane 

genotypes evaluated in the study. Cluster analysis grouped the genotypes in 3 clusters 

under plant and ratoon crops, and in four clusters based on the across-crops analysis. 

Some of the genotypes, both under plant and ratoon crops, were grouped in cluster II with 

higher means for tiller1, tiller2, vigor rate2, internode length, millable canes and cane 
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yield. Averaged across plant and ratoon crops, genotypes in cluster IV gave higher means 

for quality characters, millable canes and cane yield. Sugarcane genotypes CoJ-76, 

MS03CR5-245, MS03CR8-407 and MS03CR7-243 were common between Cluster II of 

plant and ratoon and cluster IV of across crops.  

Significant phenotypic and genotypic correlations were observed among most of 

the traits. Under ratoon crop, positive and significant phenotypic and genotypic 

correlation of tiller2 (rp = 0.52, P = 0.01; rg = 0.62, P = 0.01), growth2 (rp = 0.38, P = 

0.05; rg = 0.46, P = 0.05), internode length (rp = 0.46, P = 0.05; rg = 0.59, P = 0.01) and 

millable canes (rp = 0.40, P = 0.05; rg = 0.52, P = 0.01) were recorded with cane yield. 

However under plant crop, no significant correlations of the aforementioned traits were 

observed with cane yield. Significant phenotypic and genotypic relationship of tiller2 (rp 

= 0.29 P = 0.05; rg = 0.31, P = 0.05), growth1 (rp = 0.44, P = 0.01; rg = 0.52, P = 0.01) and 

growth2 (rp = 0.38, P = 0.05; rg = 0.47, P = 0.01) was observed with cane yield across 

crops. Due to high correlations among some of the characters, tests of multicollinearity 

were run which excluded four parameters, viz. growth1, purity, recovery and millable 

canes, from further analyses. Path analysis showed that across crops, growth2 had the 

highest direct effect (0.70) on cane yield followed by POL (0.75) and tiller2 (0.10). Stalk 

length, cane diameter, and Brix exhibited negative direct effects on cane yield across 

plant and ratoon crops. The most important characters which had high direct effect on 

cane yield under plant crops were tiller1 (0.85), vigor rate2 (0.43), stalk length (0.83), 

while under ratoon crop, tiller1 (0.28) and internode length (0.52) were important traits.  

Smith‟s selection indices were developed using four characters, viz tiller2, 

growth2, POL and cane yield. Character combinations like tiller2 + growth2, tiller2 + 

growth2 + POL, tiller2 + growth2 + cane yield and tiller2 + growth2 + POL + cane yield 

gave the desirable cumulative genetic advance of above 60%. Sugarcane genotypes CPF-

225, MS03CR5-245, MS03CR7-243 and MS03CR8-407 were found to be the best using 

Smith‟s selection index across plant and ratoon crops. However, MS03CR5-245, CPF-

225, MS03CR8-407, CoJ-76, MS03CP-275 and MS03CR6-295 were the best genotypes 

under plant crops. Similarly under ratoon crop, sugarcane genotypes MS03CP-300, 

MS03CP-209, MS03CP-279, CP77-400, MS03CR8-407 and MS03CR7-243 were 

declared as best using Smith‟s selection indices. Sugarcane genotypes viz. MS03CR8-407 

and MS03CR5-245, which were common using Smith‟s selection indices under plant, 

ratoon and across crops, need future evaluation across different locations of the Khyber 

Pakhtunkhwa province for possible releases as cultivars. 



1 
 

CHAPTER I 

INTRODUCTION 

 

Sugarcane (Saccharum spp.) is included in the genus Saccharum L. of the tribe 

Andropogoneae in the grass family (Poaceae). It contains species like S. spontaeum, S. 

officinarum, S. robustum, S. edule, S. barberi, and S. sinense (d‟Hont et al., 1998) with  

chromosome numbers in the range of 2n = 40 to 200. S. officinarum is thought to be the 

outcome of complex introgression between S. spontaneum, Erianthus arundianaceus 

(Retz.) Jeswiet, and Miscanthus sinensis (Anderson). The center of origin of S. 

officinarum is believed to be in Polynesia. It was transported throughout Asia by humans 

leading to a modern center of diversity in Papua New Guinea and Irian Java (Indonesia) 

where the majority of specimens were collected in the late 1800s. S. spontaneum is 

believed to have evolved in southern Asia (Daniels and Roach, 1987). 

Saccharum spontaneum, a wild grass, is found in the tropics and subtropics. S. 

robustum has tall and thick canes and distributed on the river banks of New Guinea and 

Indonesia. S. officinarum, also called the noble cane, can be found only under 

domesticated conditions and is available in various forms of chewing canes in New 

Guinea and Indonesia. S. barberi and S. sinense were also cultivated in northern India and 

China for sugar production. S. edule has chromosome number in the range of 60 to 80 and 

is distributed in Pacific islands where its aborted inflorescence is consumed as vegetable. 

The cane of S. edule is like S. robustum and is thought as a natural hybrid involving S. 

robustum, S. officinarum and Miscanthus spp. (ICAR, 2012). 

Sugarcane is grown in most of the tropical and subtropical places of the world, up 

to 35
o
 N and 35

o
 S. Brazil, India, China, Thailand and Pakistan are the major sugarcane 

producers of the world (Adriana et al., 2011). During 2012, average cane yield was 75 

t ha
-1

 in USA, 74 t ha
-1

 in Brazil, 69 t ha
-1

 in China, and 68 t ha
-1

 in India (FAOSTAT, 

2012). Brazil, Australia, Thailand and Guatemala were the major sugar exporters in 2010 

(ICAR, 2012). Sugarcane is the main source of sugar (75%) globally and holds a 

prominent position as a cash crop. Sugar juice is used for making white sugar, brown 

sugar, gur, and ethanol production. The main by-products of the sugarcane industry are 

bagasse, molasses, and press-mud. Sugar industry provides gainful employment to a large 

number of people. 
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The sugarcane growing areas in Pakistan fall between 24° N latitude in Sindh and 

34° N latitude in the Khyber Pakhtunkhwa (KP) province. These have been divided  into 

three zones: an irrigated sub-tropical zone,  with mild temperature having no frost lying 

between 26° N latitude and 30° N latitude;  an irrigated arid sub-tropical zone extending 

from 24
o
 N to 26

o
 N; and a temperate zone  (northern Punjab and KP) lying between 32

0 

N latitude to 34
0 

N latitude (Nadeem, 2011). 

In Pakistan, sugarcane is grown on 1.13 million hectares with a production of 

63.75 million tons (PBS, 13). Its share in value addition of agriculture and GDP (Gross 

Domestic Product) are 3.6 and 0.8%, respectively (MINFA, 2010). During 2012, areas 

planted to sugarcane in Punjab, Sindh and KP provinces were 670,000, 225,000 and 

94,000 ha, respectively. Sugarcane production of these provinces was 34.7, 13.5 and 4.6 

million tons (Rehman, 2011), equivalent to a per hectare cane yield of 51.8, 60.0 and 48.9 

tons. There are four major sugarcane growing districts in KP province, namely 

Charsadda, Mardan, Peshawar and DI Khan. Yield averages in these districts are 44.7, 

46.1, 52.0 and 42.0 t ha
-1

, respectively. 

 There is a considerable gap between the average yield in Pakistan and that in 

advanced sugar producing countries of the world. The KP province even lags behind the 

country average. There are many reasons for this yield discrepancy. These include 

traditional farming practices, costly inputs and lack of high-yielding, high-sugar content 

sugarcane varieties. In KP particularly, the growth period for sugarcane is shorter than 

that of tropical zones in the world. Another main problem of the KP province is the 

occurrence of frost during the maturation period. Freezing deteriorates the quality of the 

sugarcane crop and adversely affects sugar recovery (Edme and Glaz, 2013). With regard 

to sugarcane varieties, yield of ratoon crops of traditional low yielding varieties are not 

commensurate with that of their plant cane crops (SCRI, 2012).  

The low yield situation in Pakistan warrants development of sugarcane varieties 

which are early maturing, frost tolerant, with high yield and quality and with good 

ratooning ability. For a successful varietal development program, knowledge of the 

amount of genetic variation available in the germplasm under consideration is important.  

Genetic differences that exist in a breeding population are the primary components to 

devise selection and breeding strategies that ultimately lead to greater genetic gains. In 

the process, key traits for selection (e.g. number of millable stalks, stalk weight, brix) 
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have to be identified and separated from the traits used for advancement (e.g. cane yield 

and sugar yield). Another essential step is to consolidate important characters into a single 

selection criterion that takes their individual heritability values and their inter-correlations 

into consideration. Finally, sugarcane genotypes have to be tested for their performance 

both under plant and ratoon conditions. Ultimately, varieties having good performance 

and broad adaptability can be selected and recommended for cultivation.  

The principal component analysis (PCA) is a technique wherein a large number of 

variables in a set of data are reduced to a few components that contribute the most to the 

total variation in the data (Karl, 2013). It is often carried out before cluster analysis to 

ascertain the characters which are more important (Jackson, 1991). Apart from this, the 

correlations among various characters with yield are often misleading because they could 

have been caused by independent effects of other mutually related characters (Kang et al., 

1983). Path coefficient analysis, hence, splits these correlations into that of direct and 

indirect effects of different characters on yield (Singh and Chaudhary, 1979) which can 

be used in a selection criterion for improvement of cane yield. The characters which have 

a high direct effect on cane yield can be merged into a single selection index (Smith, 

1936) which makes it possible to select better performing sugarcane genotypes through 

multiple characters simultaneously. 
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Considering the above facts, a research was conducted on sugarcane under the 

agro-climatic conditions of Khyber Pakhtunkhwa, Pakistan with the following objectives: 

1. to compare the performance of sugarcane genotypes under both plant and 

ratoon crops conditions. 

2. to quantify genotype × crop interaction effects on sugarcane yield 

components. 

3. to estimate heritability (repeatability) and genetic advance for important 

sugarcane traits under plant and ratoon crop conditions. 

4. to identify traits contributing the most to the genetic divergence of sugarcane 

genotypes through principal component and cluster analyses. 

5. to estimate the phenotypic and genotypic correlations among traits and to 

assess direct and indirect effects of different traits on yield. 

6. to develop Smith‟s selection indices for selection of superior sugarcane 

genotypes. 
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CHAPTER II 

REVIEW OF LITERATURE 

Genotype   Environment (G × E) Interaction 

Kennedy (1978) conducted sugarcane varietal trials to quantify genotype by 

environment (G × E) interactions. The data from 24 sites showed small G × E effects. It 

was suggested to use fewer sites for efficient use of resources as each site could be 

efficiently used for discriminating and selecting the best genotypes. 

Galvez (1980) investigated G × E interactions for yield and Brix in experiments 

comprising 20 clones of sugarcane over two locations and three seasons. Significant 

G × E was noted. The data were analyzed by three methods, and all the three confirmed 

the discrimination of genotypes by their stability in relation to environmental changes. 

According to Singh (1983), sugarcane is very sensitive to environmental changes with 

special regards to commercial cane sugar (CSS) per unit area. 

The underlying G × E interaction reduces the correlation between phenotypic and 

genotypic value.  Relative ranking of genotypes across different environments are 

changed due to large G × E interactions. Non-significant G × L, G × Y and G × L × Y 

interactions indicate that little or no attention needs to be given to locations or years in 

estimating G effect and prediction of genotypic performance could be made based on one 

environment. However, this is not true for practical circumstances. When an interaction is 

significant, its cause, nature and implications should be carefully considered in breeding 

programs. In such cases, some consideration must be given to the stability of particular 

genotypes across different environments in conjunction with overall means. A genotype 

would be regarded as stable if the interaction component associated to it is significantly 

less than or equal to within-environment variance (experimental error) and would be 

considered unstable if the interaction component is significantly greater than the 

experimental error (Kang and Martin, 1987). 

Jackson and Hogarth (1992) reported that sugarcane clones interacted more with 

locations than crop-year in Australia. They suggested that since in preliminary stages of 

selection not many clones are under evaluation, testing only as plant crops might be 

satisfactory. They found nonsignificant 3-way interactions of location, crop and year. 

Comparatively, larger genotypic mean squares relative to those of the other sources of 
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variation showed that genetic variation was more important and that cultivars were 

different in their genetic worth for TCH (tons of cane per hectare) and POL% (sucrose) of 

cane. 

Bissessur et al. (2000) studied 154 sugarcane genotypes belonging to four families 

at two sites both under plant and ratoon conditions. They found significant differences 

among families, genotypes, and environments in stalk attributes, sucrose, and TCH. 

Significant G × E interaction was found for stalk, yield and quality characters. The G × E 

indicated non consistent performance of genotypes across environments for these 

characters. Family × environment interaction was significant for cane and sugar yields 

while non-significant for field Brix in either plant or ratoon crops. Bissessur et al. (2000) 

concluded that mass selection would prove more fruitful as compared with family 

selection and recommended selection for each specific environment. 

Fourteen sugarcane genotypes and three cultivars were tested by Rea and de Sousa 

Vieira (2002) for two years at six locations in Venezuela. They noticed, owing to the 

interaction of genotypes and locations for cane yield and sucrose content, that the 

genotypes ranked differently with the magnitude of differences changing from one 

environment to another. The results showed that second order interaction i.e. genotype × 

location and year was not significant for both characters. 

Genotype × environment interaction, harvest time, and their significance for 

growers were studied by Gilbert et al. (2006). The effect of these factors was assessed on 

yield and sugar characters using new sugarcane varieties in south Florida. Genotypes, 

environment, harvest time and their interaction had pronounced effects on yield and sugar 

attributes. They inferred that due to the presence of significant G × E interactions, 

evaluation of sugarcane cultivars should be continued on multiple sites during the 

breeding of varieties and their release. 

Data from eight series of trials were analyzed by Ramburan et al. (2012) using 

variance components, genotype plus genotype × environment (GGE) biplots and additive 

main effects and multiplicative interaction (AMMI). The G × E interaction accounted for 

more variation than the main effect of genotype and the repeatable component of G × E 

was dominant across all series. Two sites were identified as redundant and were 

recommended for removal. 
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Zhou et al. (2012) stated that genotype by environment interactions (G × E) 

influenced and made it difficult to select promising genotypes due to complication in 

assessing the true genetic effects. They found significant genotype by location interaction 

for irrigated and coastal sites, which indicated that the sites should be evaluated and 

characterized. Genotype × year interaction was significant and greater for rainfed 

cropping systems and ratooning ability was important for the rain-fed regions. They 

concluded that the coastal sites should be isolated to have a reduced G × E. 

The literature reviewed in the paragraphs above clearly indicates the importance 

of G × E in sugarcane. With a significant G × E interaction, selection of varieties  

becomes difficult for a range of environments. However, different techniques have been 

used for minimizing the interaction between genotypes and the environment. 

Genetic Divergence 

Punia and Hooda (1982) reported variability, heritability and expected genetic 

gain (genetic advance as percent of mean) for different characters of 41 sugarcane 

genotypes. A good amount of variability was found for all four characters in the 

population. In general, heritability estimates were quite high for most of the characters, 

especially for purity percent (70.48%) and Brix (84.42%). Commercial cane sugar (CCS)  

displayed a good amount of variability, high heritability and maximum genetic gain  of 

13.74%. They concluded that Brix should be given more emphasis for improving sugar 

yield (CCS) in the early stages of selection programs and that all these characters  should 

get due attention in later stages. 

A study conducted by Punia et al. (1982) revealed a high degree of genetic 

divergence for 12 characters studied in 41 sugarcane genotypes.  The genotypes were 

grouped in 10 clusters based on D
2
 estimates. The number of tillers/clump and number of 

internodes/stalk contributed the most to total divergence, followed by stalk weight, cane 

yield/clump and quality attributes (Brix, sucrose and purity percentage of commercial 

cane-sugar). 

Panduranga et al. (1984) studied 51 Indian and exotic sugarcane genotypes for 10 

characters using Mahalanobis‟ D
2
 analysis. The study revealed no relationship between 

genetic and geographic diversities since genotypes of diverse origins occurred together in 
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different clusters. Clump weight followed by Brix and stalk height at 9 months 

contributed the most to the genetic divergence among the 51 sugarcane genotypes. 

Zhou et al. (1984) studied eight F1 sugarcane families.  Using both principal 

component and cluster analyses to classify the families, the quantities were quite similar. 

Among the F1 populations, families 1 and 4 were placed in the same cluster (cluster I). 

Families 3, 7, 2, 6, 5 and 8 were placed in another cluster (cluster II). For the same 

cluster, the families were very close in their genetic distances although many generations 

of them came from quite different countries and regions belonging to different 

geographical sites. The families belonged to a set of closely related clones, with genetic 

effects more or less similar. It was concluded that the different families falling under the 

same cluster were in fact the reported hybrids of the same group. 

Ram and  Hemaprabha (1998) studied 30 hybrid clones involving Saccharum 

barberi, S. officinarum and a Coimbatore hybrid to find out the nature and pattern of 

genetic divergence among hybrids and their seven parents. Multivariate analysis for 11 

characters of sugar yield grouped the 37 genotypes into 15 clusters. The clustering pattern 

showed that grouping of progeny clones was independent of parent cross combinations, 

i.e. progenies of a cross and their parents were grouped in different clusters. The study 

suggested that hybridization among clones from diverse clusters may help in isolating 

progenies with higher sugar yield and component traits.  

Eighty-one sugarcane cultivars evaluated by Muyco (2000) showed moderate 

genetic diversity. Principal component analysis based on 16 morphological traits resulted 

in four principal components which accounted for 76% of the total variation. The first 

principal component accounted for 29% variation which was mainly attributed to 

variation in juice quality, yield, and stalk diameter traits. Cluster analysis of the 81 

cultivars resulted in two major and eight minor clusters. 

Ilyas (2002) used fourteen sugarcane accessions to study genetic variability. The 

genotypic correlation coefficients indicated that sucrose content was positively and 

significantly correlated with inter-nodal length, plant height, leaf area and cane diameter. 

The phenotypic correlation coefficients revealed that sucrose content was positively and 

significantly correlated with other characters except with number of tillers per plant. 

Stepwise regression analysis with R-squared values showed the effects of individual 

http://agris.fao.org/?query=%2Bauthor:%22Ram,%20B.%22
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characters. This indicated that these characters were also highly variable for the recovery 

of sucrose percentage and had significant effects on the accumulation of sucrose in 

sugarcane. Four clusters were obtained by Anderson's Metro-glyph analysis. The 

Mahalanobis's D
2
 statistic grouped the 14 sugarcane genotypes into six clusters. 

Tai and Miller (2002) evaluated sugarcane germplasm from field plots of four 

Saccharum species and four commercial cultivars by means of analysis of sugar 

composition. Cluster analysis indicated heterogeneity within and among these species. 

They concluded that information on sugar composition could assist breeders in selecting 

superior clones for their breeding programs. 

Seventy-five sugarcane clones introduced from both home and abroad were tested 

via cluster analysis by Wang et al. (2004). The germplasm was classified into four groups 

and seven sub-groups. Group I with medium yield and sugar content (including two sub-

groups);  group II with high yield and sugar content (including three sub-groups);  group 

III with low yield and medium sugar content;  group IV with high sugar content 

(including two sub-groups). 

Ninety four genotypes of S. spontaneum were studied by Zhang et al. (2006) for 

principal component and cluster analysis based on seven quantitative traits. The three 

principal components extracted accounted for 82.47% cumulative variance. The 

genotypes were grouped into four clusters based on seven traits. Cluster-I was found to 

have higher sugar content and higher plant height, more stalks and tillers. Cluster-II 

showed average level of the seven traits. Cluster-III revealed lower sugar content and 

lower plant height, less stalks, lower germination rate and more tillers. Based on sugar 

content, the genotypes were grouped into four clusters. Cluster-I had 22 genotypes with 

average sugar content of 5.63% thus showing highest sugar content among four clusters. 

Cluster-II included 31 genotypes with average sugar content of 3.98%. Cluster-III 

consisted of 18 genotypes with average sugar content of 4.64%. Cluster-IV included 23 

genotypes with average sugar content of 3.06%. 

Through characterization the genetic variability for 25 quantitative and four 

qualitative variables was determined by Rangel et al. (2007) in 1174 sugarcane clones. 

Data analysis through various methods revealed six groups of cultivars with similar 

characteristics within a group. Based on a principal component analysis, the first five 
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components explained 66.5% of the total variability. The cluster analysis accounted for 

76.2% of the total variation in the data distributed in six groups. Such groups are useful in 

population improvement to explore combinations for specific environments according to 

agro-ecological zones for sugarcane crop in the Cauca Valley, Columbia. 

Abdelmahmoud and Obeid (2010) assessed 12 sugarcane genotypes from 

Barbados, Guyana, Argentina and South India for genetic divergence. Using 

Mahalanobis‟s distance, they found six groups of genotypes. Higher inter-cluster distance 

between cluster IV and V (83.546) indicated high genetic diversity among the two 

clusters. Thus, exploitation of genotypes within these clusters as parents for crossing 

could produce promising sugarcane seggregants.  Intra-cluster distance within cluster VI 

(7.226) and II (6.666) was very low, indicating a close relationship of genotypes within 

each of these clusters. Cluster I showed high cluster mean for juice quality whereas for 

cane yield and sugar yields, cluster VI was the best. It was concluded that genotypes 

within these two clusters could show greater potential for breeding purpose by virtue of 

their desirable characters. 

In short, genetic divergence in sugarcane has been sorted out by different 

researchers. The amount and presence of genetic variability are the bases of selection in 

crop improvement programs. Researchers have used PCA and cluster analysis to ascertain 

genetic diversity in sugarcane. 

 Association among Traits 

Sharma and Singh (1982) reported high genetic variability and heritability for 

qualitative traits in sugarcane. For quantitative characters like stalk traits, genetic 

variability and heritability was prominent at the 11
th

 month of growth. Positive 

associations were found between stalk diameter, leaf area, and stalk height with stalk 

weight and between leaf area and stalk diameter. Sucrose content was associated with leaf 

area. Juice weight/stalk had a strong association with stalk height, stalk weight and stalk 

girth. Leaf area, number of tillers/clump and stalk height (9
th

 month) had high direct 

effects on stalk weight. Almost all the characters had direct effects on weight of 

juice/stalk. Juice weight/stalk, number of internodes/stalk, stalk diameter (9
th

 month), leaf 

area (11
th

 month), number of green leaves/stalk (9
th

 month) and millable canes/clump had 

direct effects on sucrose content. 
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Relationship between tonnes of sucrose and tonnes of cane per hectare (TS/TC) 

and quality traits were investigated by Olaoye and Agbana (1987) among 46 sugarcane 

cultivars in Nigeria. Negative phenotypic correlations were observed between TS/TC and 

other quality traits, except % fiber which was positively correlated. Path coefficient 

analysis revealed that agronomic practices which tend to increase cane yield are likely to 

increase the fiber content at the expense of sucrose in the juice. 

Gravois and Milligan (1992) carried out path coefficient analysis in sugarcane. 

They found that the direct
 
effect of fiber content on recoverable sucrose was –0.203,

 

indicating a weak inverse relationship between these two traits. Fiber content was found 

to be significantly correlated with stalk diameter (rg = –0.585) indicating that indirect 

selection for larger
 
stalk diameter should decrease fiber content. 

Piya (1998) evaluated yield components and CCS components of 156 sugarcane 

varieties. The highest direct effect of stalk weight was found in stalk diameter. Evaluation 

of potential varieties based on variety grouping was conducted by cluster analysis in order 

to increase the chance of selecting varieties for certain characters as parents.  

Estimation of heritability and path analysis in 16 sugarcane clones was carried out 

by Chaudhary et al. (2003). They reported high estimates of broad sense heritability for 

stalk traits, germination and cane yield. Heritability estimates for quality characters were 

found to be lower. Cane yield showed a significant positive correlation with four stalk 

characters. Correlation of internode length with Brix and sucrose content in juice was 

highly significant and positive.   Germination and number of millable stalks had positive 

direct effects on cane yield and hence were important. Path analysis suggested that stalk 

weight and length had a scope for indirect selection in cane yield improvement. 

 Singh and Khan (2003) found that quality characters, such as sucrose content,  are 

negatively correlated with cane yield in sugarcane and  a selection criterion  would 

combine these characters for higher cane and sugar yield. 

Character association and path analysis in 60 sugarcane genotypes conducted by 

Thippeswamy et al. (2003) showed that among the 20 characters evaluated, weight of 

single stalk, number of millable stalks, leaf area and percentage of germination had 

positive and highly significant associations with cane yield and commercial cane sugar 

(CCS). CCS per plot and CCS percent at harvest coupled with dry matter and internode 
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number were found to be more important in contributing to cane yield. Sugar yield was 

shown to be largely dependent on both cane yield and sucrose percent. 

All the quality parameters, such as Brix, sucrose and CCS, studied by Singh et al. 

(2005) had highly positive and significant genotypic correlations with POL percent. 

Number of millable stalks, single stalk weight and height were significantly and 

positively correlated with cane and sugar yield of ratoon crops. However, correlation 

between the number of millable stalks and weight of single stalk was weak and negative. 

Significant and positive contributions of millable canes and weight of single stalk to cane 

yield were detected by path coefficient analysis. This cane weight was shown to be 

contributed by plant height to cane yield. Millable canes and weight of single cane were 

sorted out as important contributors to ratoon yield suggesting their importance as 

selection criteria. 

Path analysis was used by de Sousa and Milligan (2005) to compare family and 

intra-row plant spacing to assess strength of testing method. The positive phenotypic and 

genotypic direct effect of all characters showed that selecting any component of plant 

weight would result in an increase in plant height. They further stated that the stalk 

characters studied explained the variation in plant height as indicated by coefficient of 

determination (R
2
). Irrespective of plant spacing, diameter and stalk number showed the 

largest direct and positive phenotypic and genotypic effects on plant weight. 

A study was conducted by Rewati and Bal (2005) to assess the importance of 

various traits on cane yield in sugarcane. Association of cane yield was positive and 

highly significant with stalk traits and number of millable stalks. Correlations of stalk 

diameter and number of internodes with cane yield were also significant. Path analysis 

revealed that weight of single stalk and number of millable stalks had positive direct 

effect on cane yield. Due to the indirect effect of weight of a single stalk, stalk diameter 

and length were positively correlated with cane yield. They suggested that weight of 

single stalk and the number of millable stalks could be used to select promising and high-

yielding genotypes. 

Correlation and path coefficient analyses were also carried out by Anand and 

Praduman (2007) for some agronomic and biochemical characters in sugarcane. Highly 

significant and positive correlations were found for plant volume with different stalk 
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characters. Cane Sugar was significantly and positively correlated with pol and purity and 

pol and purity were also strongly correlated. Path analysis for agronomic characters 

showed that millable stalk weight had highest direct effect on sugarcane yield followed 

by other stalk characters. For biochemical characters, the highest direct effect was on 

percent cane sugar followed by purity and percent fiber. It was concluded large plant 

volume, height of plant and other agronomic characters should be given emphasis in a 

breeding program.  

Abdelmahmoud et al. (2010) utilized eight sugarcane genotypes to study the 

association between characters which influenced the final behavior of clones regarding 

cane yield. Cane yield was found to be positively correlated with stalk characters. 

Improvement of one of these characters may result in positive response of the other 

character. However, cane yield was negatively associated with stalk diameter, juice pol 

and purity%. 

Hussein et al. (2012) used five statistical procedures to study the relationship 

between sugar yield and its components using data collected over two seasons. Highly 

significant and positive correlation coefficients were measured between sugar yield and 

number of internodes per stalk, number of millable stalks m
-2

, total soluble solids % and 

sucrose %. Path analysis revealed that the number of stalks m
-2

 had the highest direct and 

indirect effects on sugar yield, followed by sucrose % and stalk weight. Stalks m
-2 

turned 

out to be more important than other characters. 

Tyagi et al. (2012) showed that cane yield had positive associations with its 

component traits. Cane yield and number of stalks per plot had significant positive 

correlations at the environmental, phenotypic and genotypic levels. It also had highly 

significant correlation with cane weight, cane height and a low genotypic correlation with 

cane thickness. In the same way, sugar yield per plot had a highly significant positive 

correlation with cane yield and number of canes per plot at all three levels, showing a 

similar pattern of association with cane weight. However, the association between sucrose 

percent at harvest and sugar yield was negative and non-significant at all three levels. It 

also had negative association with cane yield at significant at genotypic level only. Cane 

and sugar yield components like number of canes, cane stalk weight and height were 

concluded to be important traits for inclusion in selection criteria in a sugarcane varietal 

development program. The weak negative correlation between sucrose% with cane and 
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sugar yields implied that both traits (i.e. yield and sucrose content) could be selected 

simultaneously. 

In short, correlation and path coefficient analyses have been used for determining 

the importance of different characters in determining the final output in sugarcane – i.e. 

the cane yield. After ascertaining the characters having highest direct effect on cane yield, 

they can be combined in to a selection criterion which would help in the selection of 

desirable, high yielding genotypes. 

Selection Index 

The selection index or total score method applies selection on all traits 

simultaneously by combining the scores of each component character properly weighed 

by their relative importance or economic values into a net merit given to each individual 

candidate of the breeding population. The individuals with highest total score are kept for 

breeding purposes. Since the traits to be considered in selection may not be equally 

important economically, this requires some kind of weighting. The amount of weight 

given to each trait depends on its relative economic value, its heritability and the genetic 

correlations among the different traits. The selection index method was more efficient 

than the method of independent culling, which is selection applied on individual traits 

(Jain, 1992). 

Godshalk et al. (1988) studied the efficacy of the estimated index in improving 

switchgrass (Panicum virgatum L.) for forage yield and in vitro dry matter disappearance. 

Selection indices were shown to be effective in obtaining moderate increases in trait 

means and in tailoring switchgrass populations with desired forage production 

characteristics. 

Gravois et al. (1991) studied ways of effectively improving sucrose yield via 

indirect selection in the first clonal testing stage of sugarcane improvement programs. 

The characters measured were stalk weight, stalk volume, stalk density, stalk height, stalk 

diameter, sucrose content, Brix, purity and pith. They emphasized selection based on high 

Brix and low pith to increase sucrose yield. 

Pillai and Ethirajan (1993) developed selection indices at different selection stages 

in sugarcane. Selection indices at seedling were found to be more important for primary 

characters than selecting yield alone. However, selection index showed no advantage over 
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direct selection at clonal selection stages. Results indicated that selection based on 

selection index in the seedling stage would result in better efficiency of selection in the 

clonal selection stages.  

Jackson et al. (1995) evaluated 48 sugarcane crosses at seven locations in the 

Herbert Region of North Queensland, Australia. The optimum selection index which 

considered both cane yield and CCS, their relative heritabilities, and genetic correlations 

was calculated by the formula 12 × CCS + cane yield (tons per hectare). This index was 

highly correlated with sugar yield and net merit grade (a selection parameter normally 

used in Australian breeding programs and is calculated in comparison to standard 

cultivars) on genetic level. The results of that study revealed that a selection strategy that 

considered these traits together would be effective. 

Bakhshi et al. (1997) constructed general (GSI) and specific (SSI) selection 

indices for three open-mating populations of sugarcane seedlings and their ratoon stages. 

They found that SSI‟s were more efficient in the improvement of mean Brix in the 

original (source) population. However, GSI showed better worth than SSI in other 

populations, showing higher means and promising clones at selection and evaluation 

stages. Although, higher genetic advance was obtained through general selection indices 

in ratoon crop, actual improvement in Brix was better in seedling crops. 

The effectiveness of indirect selection criteria for Brix based on the number of 

millable stalks, diameter, height and Brix was studied by Bakhsi et al. (1997) in three 

populations of ratoon seedlings. A selection index consisting of the number of millable 

stalks was found to be the most suitable. It was followed by the index involving the 

selection index and cane height in ratoon. Generally, all the indices except that based on 

Brix, gave similar results for Brix. They also discussed the reasons as to why selection 

was ineffective based only on the selection index. 

Various selection indices were constructed by Singh and Khan (1998) for cane 

yield in a population of 22 advanced sugarcane genotypes, tested in four locations during 

two years. Stalk, yield and quality characters were used to calculate genetic gain from 

using selection indices for cane yield. The index including the number of millable stalks, 

stalk height and weight, juice extraction percentage gave maximum genetic gain over 

direct selection for cane yield. The characters mentioned above combined with stalk 

diameter gave a genetic gain of 18.44%. The selection indices gave very low genetic 
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gains with any five characters when the number of millable stalks or cane yield was not 

included. The indices which had both millable canes and cane yield exhibited an 

advantage of 16.97% in genetic gain over direct selection. Singh and Khan (1998) 

concluded that the number of millable stalks and cane yield should be included in the 

selection index for cane yield. However, selection based on cane yield, stalk height and 

weight and juice extraction percent was important for improving cane yield. 

Milligan et al. (2003) performed a study on breeding sugarcane for resistance to 

sugarcane borer [Diatraea saccharalis (Frabricius)]. Using appropriate variance 

components, heritability, selection response and genetic correlations, they developed 

selection indices involving five damage characters. The economic weights used were 

calculated from the regressions of the traits on sucrose production. The selection indices 

indicated that percentage of bored internodes was the most suitable single trait to decrease 

damage due to sugarcane borer. Considering the costs of collecting data, the subjectively 

assessed damage rating was the most efficient compared to other traits. The correlation 

pattern of the several traits suggested that it was unnecessary to include more in the index 

than the damage ratings of bored and exited internodes.  

De Sousa and Milligan (2009) indicated that plant weight gave higher values of 

genetic advance based on indices calculated for wide-spaced than in narrow-spaced 

sugarcane populations. There was no difference due to plant spacing as revealed by the 

selection indices and efficiency in selection was higher than direct selection for plant 

weight when all the four traits of plant weight were included in the indices. A decrease in 

selection efficiency was noted when fewer traits were included in the indices. However, 

some indices consisting of two traits gave similar efficiency with the best indices. 

  



17 
 

CHAPTER III 

MATERIALS AND METHODS 

This research was conducted at the Sugar Crops Research Institute (SCRI), 

Mardan, Khyber Pakhtunkhwa, Pakistan, during 2011–13.  Mardan is situated at latitude 

34
o
 North latitude and 72

o
 East longitude. A 4-stage selection scheme is followed at 

SCRI, emulated after the one established by the United States Department of Agriculture, 

Agriculture Research Services, at Canal Point, Florida, USA. The germplasm in the form 

of fuzz (true seed) is evaluated as un-replicated seedling trials in stages 1 and 2 and 

replicated yield trials in stages 3 and 4. Visual selection criteria are applied during stages 

1 and 2, which include screening the material for better stand, freedom from diseases and 

growth cracks, absence of pubescence on leaves, no or little pith, and Brix with a field 

refractometer. The experimental material in the present study comprised 26 sugarcane 

genotypes, advanced from stages 1 and 2 and two check cultivars, viz. CP 77-400 and 

Mardan-93 (Table 3.1). CP 77-400 is a mid-maturing cultivar with medium thick, whitish 

cane stalks yielding 75 t ha
-1

 of cane and a sugar recovery of over 12%.  Mardan-93 is an 

early-maturing cultivar with medium thick, greenish cane stalks with cane yield in the 

range of 72 to 75 t ha
-1

 and a sugar recovery from 12 to 12.5% (SCRI, 2012). 

The 28 sugarcane genotypes were evaluated as two plant cane crops and one 

ratoon crop. The 1
st
 plant crop was planted in September 2010, while the 2

nd
 plant crop 

was planted in September 2011. The plant crop of the 2010 planting was maintained in 

2011 as a ratoon crop. A randomized complete block (RCB) design was used with three 

replications for each crop. There were seven rows per plot of a genotype, with a distance 

of 0.90 m between rows and row length of 10 meters. Thus the plot size for a genotype in 

each replication was 6.7 × 10 meters (67 m
2
) including 0.20 m alleys on both sides.  

For plant crop, N, P2O5, and K2O at rates of 150,100,100 kg ha
-1

, respectively, 

were applied from urea, Diammonium Phosphate (DAP) and Sulphate of Potash (SOP). 

DAP was applied at the rate of 217 kg ha
-1

 at planting time. Sulphate of Potash (217 kg 

ha
-1

) and urea (121 kg ha
-1

) were applied in the month of March/April, followed in May 

by an additional application of 121 kg ha
-1

 of urea   . Similarly, N, P2O5 and K2O at the 

respective rate of 175-100-100 kg ha
-1

 were applied to the ratoon crop. A dose of 217 kg 

ha
-1

 each of DAP and SOP with 100 kg ha
-1

 urea was applied in March/April and 195 kg 
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ha
-1

 of urea at earthing up in May. Thiodon at 2.5 l ha
-1

 was sprayed on the cane setts in 

the furrows at planting time for control of termites. For weed control, Ametrin and 

Atrazine were applied one month after planting at 1.5 kg ha
-1

. Other cultural practices, 

such as hoeing, earthing up, and irrigation, were kept uniform for all the genotypes during 

both crops and years. 

Data were recorded on the following cane growth, yield and sugar content 

parameters:  

1. First Tillering 

Data on first tillering (tiller1) was taken by counting the number of tillers from the 

central row (9 m
2
 area) during the first week of April for both the plant cane and ratoon 

crops to derive number of tillers. 

2.  Second Tillering 

Observations for second tillering (tiller2) were recorded by counting the number of 

tillers from the central row (9 m
2
 area) one month after the first tillering measurement to 

derive number of tillers under plant cane and ratoon crops. 

3. Vigor Rate 1 (VR1)  

VR1, taken as the vigor rate per day of a genotype was calculated as the difference 

between the two tillering counts divided by the number of days separating the two ratings 

according to the following formula:  

     
                             

  
 

4. First Growth (cm) 

First growth (growth1) was determined as length (in centimeters) of  10 randomly 

selected standing stalks from the ground to the top (last visible dewlap)  during the first 

week of July. 

5. Second Growth (cm) 

Second growth (growth2) was measured as height (in centimeters) of 10 randomly 

selected standing stalks from the ground to the top (last visible dewlap) during the first 

week of August. 
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6. Vigor Rate 2 (VR2)  

VR2 was determined as the vigor rate of a genotype per day, calculated as the 

difference of the two growth data divided by the number of days separating the two 

measurements: 

      
                       

  
 

7. Stalk length (cm) 

Stalk length was measured on 10 randomly selected stalks cut at the ground level 

from each genotype. Stalk length was measured in centimeters after removing the trash 

and tops in the month of October and the average lengths were used in subsequent 

analyses. 

8. Number of internodes per stalk  

Number of internodes for each genotype was counted and averaged on 10 randomly 

selected individual stalks. 

9. Internode length (cm)  

Internode length was measured and averaged on 10 randomly selected stalks as 

lengths of the 5
th

 internode from the base in centimeters. 

10. Stalk diameter (cm)  

Diameter of the stalk was derived from measuring each of 10 randomly selected stalks 

at the 5
th

 internode from the base using a digital Vernier caliper. 

11. Millable stalks 

Number of millable stalks (i.e. excluding immature canes) was counted for a 9 m
2
 

area of the plot which corresponded to the central 10-m long row. 

12. Cane yield (t ha
-1

)  

Cane yield was recorded by weighing the stalks per plot without trash and converting 

to tons of cane per hectare as follows:  

           (
          

          
)  

where, 

y          = yield of cane per plot in kg. 

10,000 = area per hectare in square meters 
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67        = area of the harvested plot. 

1,000    = Number of kg in one ton. 

13. Brix percentage 

Juice Brix is defined as the percent of total soluble solids in the cane juice. Brix 

includes sugars as well as non-sugars. A cane crusher was used to extract juice from   10 

stalks for each genotype. Using a hydrometer, Brix and temperature reading were 

recorded. Corrected Brix percent was calculated using Schmitz table (Spencer and Mead, 

1948) for a particular room temperature. 

14. POL % 

POL% refers to the proportion of sucrose in cane juice. Due to its measurement with a 

polarimeter, it is called POL % (polarization).  Lead acetate at the rate of 1.5 g was added 

to the juice and filtered. A tube containing the filtered juice was then inserted into 

polarimeter. The reading obtained was POL%. It was corrected for a specific Brix using 

Schmitz table (Spencer and Mead, 1948) to obtain corrected POL%. 

15. Purity % 

Percent sucrose present in the total solids content of the juice or Brix is referred to as 

purity %. The greater the value of purity, the higher is the sucrose content in total solids 

of the juice. It was estimated using the formula given below. 

         
     

              
      

where Corrected Brix was the Brix adjusted for the ambient temperature. 

16. Recovery % 

Percent recoverable sucrose was determined by the following formula. 

Recovery %=        
 

 
                     

where, 

0.7 = a constant and refers to the extraction percentage of the sugar mills. 

C.Brix% = Corrected Brix 

STATISTICAL ANALYSIS 

i. Genotype × Crop Interaction 

Data across three crops (two plant crops and one ratoon) were analyzed to quantify 

genotype × crop interaction effects and to estimate heritabilities and genetic advance for 
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each trait under plant crop, ratoon crop and across plant and ratoon crop conditions. 

Further, plant crops were compared to ratoon crops via single degrees of freedom 

contrast. 

The following statistical model was used for the analysis of variance performed 

across two crop conditions (Annicchiarico, 2002). 

                              

where, 

μ = the overall mean,  

αi = crop effect 

       = replications within crops effect  

γk = genotype effect  

αiγk = interaction effect between crops and genotypes  

εijk = random error.  

Crop and genotype effects in the ANOVA were tested against mean squares of 

genotype × crops interaction, while the genotype × crop interaction term was tested 

against the mean squares of pooled error (Annicchiarico, 2002). 

 For pairwise comparisons of different effects in the ANOVA like crops, genotypes 

and genotypes × crops, least significant difference (LSD) values were calculated as 

suggested by Gomez and Gomez (1984).  

ii. Estimation of Heritability  

Estimates of heritability values for the important quantitative characters were 

obtained by equating the mean squares across plant and ratoon crops (Table 3.2), across 

the two plant crops (Table 3.3) and for the ratoon crop (Table 3.4) to their expected mean 

squares. 
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a. Combined across plant and ratoon crops (Table 3.2) 

Genetic variance = Vg = M4-M5/rc = X1 

Genetic × crops variance = Vgxc = M5-M6/r= X2 

Environmental variance = Ve = M6 = X3 

Phenotypic variance = Vp = X1+X2+X3 =X4 

Heritability = Vg/Vp = X1/X4 

b. Across 2 plant crops (Table 3.3) 

Genetic variance = Vg = M3-M4/rc= X1 

Genetic × plant crop variance = Vgxpc = M4-M5/r= X2 

Environmental variance = Ve = M5 = X3 

Phenotypic variance = Vp = X1+X2+X3 =X4 

Heritability = Vg/Vp = X1/X4 

c. Ratoon crop (Table 3.4) 

Genetic variance = Vg = M2-M3/r= X1 

Environmental variance = Ve = M3 = X2 

Phenotypic variance = Vp = X1+X2 =X3 

Heritability = Vg/Vp = X1/X3 

Where, 

 r = Number of replications,  c = Number of crops. 

iii. Genetic Advance 

Genetic advance was estimated for important traits under plant crops, ratoon crop 

as well as across crops using a 20% selection intensity, following the formula given by 

Johnson et al. (1955). 

Genetic advance (GA) = K × p × h
2
 

where,  

K = 1.40 is a standardized value corresponding to a 20% selection intensity 

(Fisher and Yates, 1963). 

p = Phenotypic standard deviation for a trait under specific crop condition. 

h
2 

= Heritability for a trait. 
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iv. Shukla’s Stability Variances 

 

Stability variance (σi
2
) is a stability statistics that measures the variance of a 

genotype over environments after removing the main effects of the environments. As the 

main effect of genotype is constant, the stability variance is thus dependent on the 

residual (GEij + eij) matrix in a two-way classification.  A genotype is stable if its stability 

variance (σi
2
) is equal to the environmental variance (σe

2
) i.e. little or no involvement of 

G×E interaction or σi
2
=0. A relatively large value of σi

2
 indicates greater instability of 

genotype i. As the stability variance is the difference between two sums of squares, it can 

be negative, but negative estimates of variances are not uncommon in variance 

component estimations. Consequently, negative estimates of σi
2
 were taken as equal to 

zero (Shukla, 1972). 

Since the genotype × crop interactions for most traits were significant, Shukla‟s 

(1972) stability variances were calculated as per Kang (1993). The “Stability.par” 

function in the „Agricolae‟ package written in the R (version 2.14) was used to estimate 

stability variances for the 28 sugarcane genotypes. To select genotypes based on both 

mean performance and stability, Kang‟s yield stability (TSi) statistic (Kang, 1993) was 

estimated as a composite rank sum of LSD-adjusted trait ranks (T) and stability ratings 

(S). Genotypes having values for a character greater than mean TSi and a non-significant 

stability variance (σi
2
) were judged stable (Kang, 1993). 

v. Genetic Divergence 

Data were averaged over the three crops (two plant crops and one ratoon crop) to 

carry out Principal Component Analysis (PCA) using computer software SPSS version 

17.0. Kaiser‟s measures of sampling advocacy (MSA) and eigenvectors were calculated 

using SAS Version 9.3 (SAS Institute, 2003). The traits having MSA values less than 0.5 

were excluded and MSA analysis was done again. Yield was excluded from PCA as it 

had to be included in the principal component regression. The extracted components were 

rotated using Varimax rotation following Malik et al. (2010). A character was declared to 

load well on a principal component if its correlation with the component was greater than 

0.40 (Stevens, 1986). The most significant principal components (eigenvectors) as well as 

the raw data were transposed. The matrix product of these two new variables was used in 

subsequent analyses. These new variables were analyzed using PROC PLS for Principal 

Component Regression in SAS.  
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The newly created variables were also used in cluster analysis of genotypes. This 

was carried out using Ward‟s Method and Euclidian Distances in STATISTICA version 7 

(Kumar et al. 2010; Malik et al. 2010). Variables were standardized before cluster 

analysis to have a mean of zero and a standard deviation of one. Number of clusters was 

determined from the plot of linkage distance. Cluster means and standard deviations were 

calculated for the original data using Excel 2010. 

vi. Characters Association 

Phenotypic and genotypic correlations were estimated using PLABSTAT version 

3A, software for statistical analysis of plant breeding experiments (Utz, 2011). Standard 

errors for both correlations were computed as described by Mode and Robinson (1959). 

Before determining path coefficients, the characters were analyzed for 

multicollinearity. Multicollinearity means that there is a perfect or exact relationship 

between the regression predictor variables (James, 2013) which would add some biases in 

a multiple regression setting. Linear regression analysis assumes that there is no perfect or 

exact relationship among predictor variables. In regression analysis, when this assumption 

is violated, one or more variables have to be removed from the analysis. The traits were 

subjected to multicollinearity analysis using PROC REG in SAS Version 9.3 (SAS 

Institute, 2003) supplementing it with the variance inflation factor (VIF) and tolerance 

(TOL) options. Characters having values more than 10 for VIF and TOL respectively, 

indicated high multicollinearity and were removed from further analysis.  

The correlations (after removing collinear variables) of the characters were 

subjected to path coefficient analyses both at the phenotypic and genotypic level (Dewey 

and Lu, 1959). The „Path.analysis‟ function from the “Agricolae” package of R version 

2.14 was used to obtain direct and indirect effects following the procedure given by Singh 

and Chaudhary (1979). Cane yield was taken as the resultant (dependent) variable while 

other characters as the causal (independent) variables. 

vii. Selection Indices 

Phenotypic and genotypic variances and covariances were estimated following the 

method illustrated by Singh and Chaudhary (1979) and de Sousa and Milligan (2009). 

Index weights were calculated from the pooled data. A selection index (I) was calculated 

as follows: 
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I = b1X1 + b2X2 +…..+ bnXn 

where, 

Xi = Observed phenotypic value of the i
th

 character. 

bi = weight given to that character in the selection index. 

and 

b = P
-1

 G a 

Where, 

b = vector of the coefficients of selection index, 

P
-1 

= inverse matrix of the phenotypic variance/covariance,  

G = genotypic matrix of variance/covariance and  

a = vector of relative economic weights 

 

The genetic gain based on traits in the selection index was calculated as follows: 

 

Genetic Gain (GG)  (
 

 
)    √   

where,  

                

                  

Z/v   = the standardized selection differential (s),  

corresponding to the chosen intensity of selection (i),  

ai       = Economic weight,  

bi       = Regression coefficient,  

Gij     = Matrix of Genotypic Variance-Covariance and  

Pij      = Matrix of Phenotypic Variance-Covariance  
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Table 3.1. List of 28 sugarcane genotypes evaluated as two plant and one ratoon crops 

at SCRI, Mardan (Pakistan) during the 2011-13 cropping seasons. 

S.No. Genotype Origin S.No. Genotype Origin 

1 MS03CP-154 Canal Point, USA 15 MS03CR1-50 Brazil 

2 BF162-166 Barbados-Faisalabad 16 MS03CR1-51 Brazil 

3 MS03CP-209 Canal Point, USA 17 MS03CR1-79 Brazil 

4 MS03CP-275 Canal Point, USA 18 MS03CR2-129 Brazil 

5 MS03CP-279 Canal Point, USA 19 MS03CR2-131 Brazil 

6 MS03CP-300 Canal Point, USA 20 MS03CR2-132 Brazil 

7 MS03CP-301 Canal Point, USA 21 MS03CR2-155 Brazil 

8 MS03CP-377 Canal Point, USA 22 MS03CR5-245 Brazil 

9 MS03CP-378 Canal Point, USA 23 MS03CR6-295 Brazil 

10 S87US-1767 Saipan-USA 24 MS03CR7-243 Brazil 

11 S87US-2787 Saipan-USA 25 MS03CR8-407 Brazil 

12 CoJ-76 Coimbatore, India 26 MS03CR9-451 Brazil 

13 CPF-225 Canal Point, USA 27 CP77-400 Check Cultivar 

14 S9883CSSG-1139 Saipan-Shakar Ganj 28 Mardan-93 Check Cultivar 
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Table 3.2. Outline of analysis of variance of 28 sugarcane genotypes across two plant 

crops and one ratoon crop at SCRI, Mardan (Paksitan) in 2011-13. 

Source  

 

d.f. MS F-value 

Expected Mean 

Squares 

Crops c-1 = 2 M1 M1/M5  

Plant Crop Vs Ratoon Crop -- = 1 M2 M2/M5  

Reps within Crops c(r-1) = 6 M3 --  

Genotype g-1 = 27 M4 M4/M5               

Genotype × Crops (g-1)(c-1) = 54 M5 M5/M6          

Error c(g-1)(r-1) = 162 M6 --    

Total (gcr)-1 = 251    

 

 

Table 3.3. Outline of analysis of variance of 28 sugarcane genotypes evaluated as two 

plant crops at SCRI, Mardan (Pakistan) in 2011-13. 

 

Source 

 

d.f. 

 

MS 

 

F-value 

Expected Mean 

Squares 

Plant Crops (PC) pc-1 = 1 M1 M1/M4 -- 

Reps within PC pc(r-1) = 4 M2 -- -- 

Genotypes g-1 = 27 M3 M3/M4                

Genotype × PC (g-1)(pc-1) = 27 M4 M4/M5           

Error pc(g-1)(r-1) = 108 M5     

Total (pc×g×r)-1 = 167    
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Table 3.4. Outline of analysis of variance of 28 sugarcane genotypes evaluated as 

ratoon crop at SCRI, Mardan (Pakistan). 

Source 

 

d.f. MS F-value 

Expected Mean 

Squares 

Reps (r-1) = 2 M1 M1/M3 -- 

Genotype (g-1) = 27 M2 M2/M3        

Error (r-1)(g-1) = 54 M3 --    

Total rg-1 = 83    
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

4.1 Genotype × crop interaction 

 

Different effects included in the model, such as crops, plant crops vs ratoon, 

genotypes and genotype × crop interaction for the characters under study, showed varying 

levels of significance (Tables 4.1 to 4.4).  Mean squares for crops were highly significant 

(P < 0.01) for all growth traits (Table 4.1), stalk traits except diameter (Table 4.2), quality 

traits (Table 4.3) and yield traits (Table 4.4.). Similarly, mean squares for plant crops vs 

ratoon were significant for all the characters but stalk diameter (Tables 4.1 to 4.4). 

Looking at the overall contribution of the contrasts mean squares to the crops, it was 

noted that plant crops versus ratoon contributed a substantial amount to the crops sum of 

squares. 

The analyses of variance in present study showed that the effect of genotype × 

crop interaction was significant and smaller (except for vigor rate1) in magnitude than the 

genotype effect (Tables 4.1 to 4.4). Significant genotype × crop interaction may be 

attributed to the fact that not only the plant crops differed in performance from the ratoon 

crops, but also the two years of plant crops were different. If the variation due to the 

interaction component is substantially smaller than that due to genotypes in multiple 

environment trials, the ranking of the genotypes tend to be stable (Gomez and Gomez, 

1984). In Mauritius, Ramburan et al. (2012) reported that G × E contributed more 

variation than the main effect of the genotypes in eight series of sugarcane trials. 

Similarly, Bissessur et al. (2000) reported significant G × E for stalk number, height and 

diameter, sucrose% and cane yield. Significant G × E for the characters like cane yield, 

sucrose content and sugar yield in sugarcane has also been reported by Zhou et al. (2012). 

They worked out genotype × location interaction for irrigated and coastal sites and 

suggested that the sites should be evaluated and characterized. Similarly, Gilbert et al. 

(2006) reported significant effect of genotypes, environment, harvest time and their 

interactions and inferred that, due to the presence of significant G × E, the evaluation of 

sugarcane cultivars on multiple sites should be continued in the Canal Point (USA) 

breeding program.   
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4.2 Comparison of Plant and Ratoon crops 

 

 Sugarcane has five developmental phases namely germination, tillering, grand 

growth phase, maturation, and ripening stage. Germination or sprouting phase starts with 

appearance of at least two leaves on the stem. Tillering phase starts 15-20 days soon after 

the first sprouts appear and lasts for about 6-8 months. The grand growth phase takes 

place about 120 days after planting and may last up to 8 months, while maturation lasts 

for about 3 months (Agropedia, 2014). All these phases are important for the successful 

development and cane yield of sugarcane crop. The traits measured in this study were 

classified into growth, stalk, yield and quality groups. Growth characters included 

tillering and plant height while stalk characters consisted of stalk length, number of 

internodes per stalk, internode length, and diameter. Yield characters comprised number 

of millable stalks and cane yield.  Quality characters were Brix, POL, purity, and 

recovery. 

 

1. Growth Characters 

Tiller1 

The 28 sugarcane genotypes exhibited variable performance for tiller1 over the 

two crop conditions. The lowest number of tillers under the plant crops was noted for 

MS03CR1-50 (131.3 per 9 m
2
) and the maximum for CPF-225 (255.8 per 9 m

2
). Under 

plant crops, sugarcane genotypes MS03CP-275, MS03CR8-407, CoJ-76, MS03CR5-245 

and CPF-225 produced 245.5 to 255.8 tillers per 9 m
2
 and performed better than the other 

genotypes. Average increase in tiller1 over the check cultivars CP77-400 and Mardan-93 

was in the range of 41.5 to 64.5%. In ratoon crop, the highest number of tillers was 

recorded for genotype MS03CP-300 (132.5 per 9 m
2
) while genotype MS03CR1-79 had 

the lowest number (9.5 per 9 m
2
). The top ranking genotypes for tiller1 under ratoon crop 

were MS03CP-300, MS03CP-279, MS03CP-209, MS03CP-378 and MS03CR8-407 with 

average of 132.5, 130.5, 125.5, 113.5 and 96 tillers per 9 m
2
, respectively. These 

genotypes surpassed the check cultivars by 6 to 476% in tiller production. Across the 

three crops, maximum number of tillers was observed for genotype MS03CR8-407 

(196.6) while genotype MS03CR1-50 had the lowest (97.8). Genotypes MS03CR5-245, 

MS03CP-275, CPF-225, CoJ-76 and MS03CR8-407 were top ranking with 192.5 to 

196.6 tillers per 9 m
2
. These genotypes showed an increase of 36 to 52% over the check 

cultivars in tillers production. Reduction in number of tillers under ratoon crop was 
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lowest for genotypes MS03CP-279, MS03CP-300, MS03CP-209 and MS03CP-378 with 

mean reduction of 33.8 to 50.1 tillers per 9 m
2
 (Table 4.5). Stability analysis showed that 

genotypes BF162-166, MS03CP-301, S87US-1767, MS03CR2-131 and MS03CR8-407 

were stable for tiller1 and showed low variance (σi
2
) with mean in the range of 147.3 to 

192.5 tillers per 9 m
2
, respectively. Similarly trait stability index (TSi) of these genotypes 

ranged from 12 to 30 which were above mean TSi (11.7) (Tables 4.5). 

 

Tiller2 

The maximum number of tillers under plant crops was recorded for genotype 

MS03CR8-407 (403.6 per 9 m
2
) while genotype MS03CR1-50 (276.5 per 9 m

2
) produced 

the lowest number of tillers (Table 4.6). Top ranking five genotypes for tiller2 under plant 

crops were MS03CR8-407, MS03CR5-245, CPF-225, CoJ-76 and MS03CP-275 with 

403.6, 402.8, 395.5, 388 and 386.8 tillers per 9 m
2
, respectively. These genotypes showed 

an advantage of 11 to 35% over the check cultivars under plant crops. Under ratoon crop 

number ranged from 30 to 263.5 tillers per 9 m
2 

for genotypes S87US-2787 and CPF-225, 

respectively. Genotypes CPF-225 (263.5), MS03CP-300 (254.5), MS03CP-279 (229.5), 

BF162-166 (224.5) and MS03CR7-243 (221) produced more tillers per 9 m
2 

than the 

other genotypes under the ratoon crop and 47 to 201% more tillers than the check 

cultivars. CPF-225 was common among the top five ranking genotypes under both plant 

and ratoon crops. Across the three crops, number of tillers ranged from 219.5 to 351.5 per 

9 m
2
 for genotypes MS03CP-154 and CPF-225, respectively. Averaged across 3 crops, 

genotypes CoJ-76, BF162-166, MS03CP-300, MS03CR8-407 and CPF-225 produced 

maximum number of tillers ranging from 328 to 351.5 per 9 m
2
. Genotypes MS03CP-

300, CPF-225, MS03CP-279, MS03CP-301 and MS03CP-209 showed lower reduction in 

number of tillers (31.31 to 39.62%) under ratoon crop.  Gomathi et al. (2013) have 

reported a decline of 17% in tiller production from plant to first ratoon crop. Stability 

analysis of 28 sugarcane genotypes showed that, MS03CP-275, MS03CP-378, CoJ-76, 

MS03CR5-245 and MS03CR8-407 were stable for tiller2 with mean number of tillers in 

the range of 312.5 to 342.06 per 9 m
2
. These sugarcane genotypes had non-significant 

stability variances and higher stability index than mean TSi (12.3) (Table 4.6). 

 

  



32 
 

Vigor rate1 

Vigor rate1 under plant crops ranged from 3.4 to 6.1 tillers per day for genotypes 

S87US-1767 and MS03CR2-129, respectively. Genotypes MS03CR1-79, MS03CR1-129, 

MS03CR2-131, S87US-2787 and MS03CR2-155 performed better for vigor rate1 with 

mean values ranging from 5.5 to 6.1 tillers per day. These genotypes showed an increase 

of 19 to 27% over check cultivar CP77-400, while the first three genotypes showed an 

advantage of 3 to 5% over check cultivar Mardan-93. Under ratoon crop, maximum vigor 

rate per day was noted for genotype CPF-225 (6.4 tillers per day) and the minimum for 

genotype S87US-1767  (0.3 tillers per day). Genotypes MS03CP-300, MS03CP-301, 

MS03CR7-243, BF162-166 and CPF-225 performed better than the rest of genotypes 

under ratoon crop with mean vigor rate of 4.1 to 6.4 tillers per day (Table 4.7). These 

genotypes showed an increase of 86 to 357% in vigor rate over the check cultivars. The 

range of vigor rate1 across 3 crops was 2.8 tillers per day for genotype S87US-1767 to 

5.2 tillers per day for genotype CPF-225. Top 5 ranking genotypes for vigor rate1 across 

3 crops were BF162-166, MS03CR1-79, MS03CR2-129, MS03CR7-243 and CPF-225 

with vigor rate1 of 4.8 to 5.2 tillers per day. Genotypes CPF-225, MS03CP-301, BF162-

166, CoJ-76 and MS03CR7-243 showed the least reduction in vigor rate1 under ratoon 

crop showed (-37.75 to 14.7%). Stability analysis for vigor rate1 exhibited lowest and 

non-significant values of stability variances for genotypes MS03CP-279, MS03CP-300, 

MS03CR1-50, MS03CR1-79 and MS03CR7-243, with means in the range of 4.1 tillers 

per day for genotype MS03CR1-50 to 5.1 tillers per day for genotype MS03CR7-243. 

Hence, these genotypes were stable for vigor rate1. The TSi values for these genotypes 

ranged from 13 to 29, which were above the mean TSi of 12.3 (Table 4.7). 

 

Growth1 

 For growth1 under plant crops, maximum plant height was recorded for check 

cultivar CP77-400 (164.9 cm) and the lowest for genotype MS03CP-377 (90.7 cm). 

Genotypes MS03CR2-132, CoJ-76, MS03CR8-407, S87US-1767 and MS03CR1-129 

were taller than other genotypes with plant height ranging from 132.3 to 146.2 cm. The 

last two genotypes showed a slight increase over the check cultivar Mardan-93 and they 

showed lower values for the trait in comparison to the check cultivar CP77-400. Growth1 

under ratoon crop ranged from 37.1 cm for genotype MS03CR1-50 to 99.2 cm for the 

check cultivar CP77-400. Genotypes MS03CP301, BF162-166, MS03CR1-79, 

MS03CR7-243 and MS03CR2-131 produced taller plants with plant height ranging from 
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75.8 to 92.1 cm under ratoon crop. These genotypes showed an increase in growth1 over 

the check cultivar Mardan-93 ranging from 99 to 137%, but they grew slower than the 

check cultivar CP77-400. Genotype MS03CR1-129 was among the top ranking under 

both plant and ratoon crop conditions (Table 4.8). Averaged across the three crops, 

growth1 ranged from 80 cm for genotype MS03CP-377 to 143 cm for check cultivar CP-

77-400. Top ranking genotypes across 3 crops were MS03CR2-129, S87US-1767, 

MS03CR8-407 and CoJ-76 with height means of 143, 123, 118, 114 and 113 cm, 

respectively. Reduction in growth1 from plant crops to ratoon crop was the lowest (23.28, 

to 33.59%) for genotypes MS03CR2-131, MS03CP-301, MS03CR7-243, BF162-166 and 

MS03CP-209. Stability rankings for growth1 showed that genotypes MS03CP-154, 

S87US-1767, CoJ-76, MS03CR8-407 and MS03CR9-451 were stable. These genotypes 

had non-significant stability variances (ranging from 100.9 to 117.5 cm) and TSi values 

above the mean TSi of 11.0 (Table 4.8). 

 

Growth2 

Under plant crops, genotype MS03CP-377 had lowest plant height (156.1 cm) and 

MS03CR8-407 had maximum plant height (243.5 cm). Genotypes S87US-1767, 

MS03CR1-50, MS03CR5-245, MS03CR1-129 and MS03CR8-407 performed better with 

growth2 ranging from 219 to 243.5 cm. Genotypes MS03CR1-129 and MS03CR8-407 

showed an increase in plant height over the check cultivars CP77-400 and Mardan-93 

ranging from 0.2 to 2%. Growth2 under ratoon crop ranged from 90.5 cm for genotype 

MS03CR1-51 to 271 cm for check cultivar CP77-400. Under ratoon crop, genotypes 

MS03CP-301, S9883CSSG-1139, MS03CR2-131, MS03CR1-79 and MS03CR7-243 

performed better with growth2 between 159.3 and 195.3 cm. Although growth2 was 

lower for these genotypes as compared to the check cultivar CP77-400, they showed 

higher growth2 than the check cultivar Mardan-93 which ranged from 2 to 27%. 

Genotype MS03CR1-79 was common genotype among top 5 ranking genotypes between 

the two crops. Across the three crops, lowest plant height was recorded for genotype 

MS03CP-377 (142.4 cm), while maximum plant height was recorded for the check 

cultivar CP77-400 (249.6 cm). Averaged across three crops, genotypes MS03CR2-129, 

MS03CR8-407 and MS03CR7-243 performed better with growth2 of 215.7, 214.9 and 

211.4 cm, respectively. Reduction in growth2 under ratoon was the lowest for genotypes 

MS03CP-209, MS03CR7-243, MS03CP-301 and MS03CR6-295 ranging from 10.2 to 

19.99 cm (Table 4.9). Stable genotypes for growth2 were S9883CSSG-1139, 
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MS03CR1-50, MS03CR2-131, MS03CR5-245 and MS03CR9-451. These genotypes 

displayed non-significant stability variances which ranged from 18 to 25 and TSi values 

higher than the mean TSi of 11.1 (Table 4.9). 

 

Vigor rate2 

Maximum vigor rate2 under plant crops was recorded for the check cultivar 

Mardan-93 (3.8 cm per day), while it was the lowest for genotype MS03CR2-155 (2.3 cm 

per day). Under plant crops, genotypes MS03CR2-129, MS03CR1-279, MS03CR5-245, 

MS03CR2-131 and MS03CR8-407 showed higher vigor rate2 which ranged from 3.3 to 

3.7 cm per day. These genotypes showed an increase in vigor rate over the check cultivar 

CP77-400 ranging from 27 to 42% while they showed lower vigor rate than the check 

cultivar Maran-93. Under ratoon crop, vigor rate2 ranged from 1.7 to 5.8 cm per day for 

genotype MS03CR2-155 and the check cultivar CP77-400. Genotypes MS03CP-301, 

S9883CSSG-1139, MS03CR1-129, MS03CR8-407 and MS03CR7-243 performed better 

under ratoon crop with vigor rate2 ranging from 2.8 to 3.6 cm per day (Table 4.10). These 

genotypes showed lower vigor rates than both the check cultivars under ratoon crop. 

Genotypes MS03CR1-129 and MS03CR8-407 were in the top ranking genotypes both 

under plant and ratoon crop conditions. Across 3 crops, vigor rate2 ranged from 2.1 cm 

per day for MS03CR2-155 to 3.8 cm per day for the check cultivar Mardan-93. 

Genotypes MS03CP-275, MS03CP-209 and BF162-166 showed higher vigor rate2 

ranging from 3.2 to 3.5 cm per day. Percentage reduction in ratoon crop showed an 

increase in vigor rate2 for genotypes MS03CR7-243, MS03CP-154, MS03CP-301 and 

the check cultivar Mardan-93 ranging from 2.8 to 15.3%. Stability analysis showed that 

genotypes MS03CP-275, S9883CSSG-1139, MS03CR1-50, MS03CR1-129 and 

MS03CR5-245 were stable for vigor rate2 with lower and non-significant stability 

variances. Their TSi values ranged from 20 for genotype MS03CP-275 to 25 for genotype 

MS03CR2-131 which were higher than the mean TSi value of 13.5 (Table 4.10). 

 

Performance of 28 sugarcane genotypes as measured by different characters was 

lower in the ratoon than in the plant cane crops. The average discrepancy in plant and 

ratoon yields is 20 to 25% (Gomathi et al., 2013). However, reduction in yields of ratoon 

crop may reach up to 30 to 40% in sub-tropical and 10-20% in tropical sugarcane belts 

(Sundara, 2003). This could be attributed to poor sprouting, non-uniform and continued 
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tillering throughout the growing period which can result in tillers mortality up to 60 per 

cent and subsequently in a lower number of millable stalks (Gomathi et al., 2013).  

Some of the genotypes gave similar performance under different crops. For 

instance CPF-225, performed consistently over plant, ratoon and across three crops for 

tiller2. In the same way, MS03CR2-129 performed better than other genotypes for 

growth1. For vigor rate2, genotypes MS03CR2-129 and MS03CR8-407 were included 

among the top ranking genotypes. CP77-400 (commercial check) came out to be a good 

genotype for growth characters under both the plant and ratoon crops. 

Differential response of crop varieties in different environments poses difficulty in 

selecting genotypes generally adapted to all the environments. This interaction decreases 

correlation between phenotypic and genotypic values. Ideally, non-significant genotype 

by environment interaction would yield true genotypic effect and predict genotypic 

performance based on only one environment. A stable genotype would be considered the 

one which has its corresponding interaction component significantly less or equal to the 

within-environment variance (experimental error) while unstable would be the one having 

its interaction component significantly more than the experimental error (Shukla, 1972).  

To measure the stability of genotypes across different environment, crop breeders, 

sugarcane included, have used the Shukla‟s stability variance parameter (σ
2

i) (Kang and 

Martin, 1987). The stability variance gives contribution of each genotype to genotype × 

interaction. This statistic was combined with high yield performance into another 

parameter called TSi by Kang (1993) to select genotypes. The TSi statistic is a sum of 

LSD-adjusted trait rank (T) and stability ratings (S). Genotypes having a non-significant 

stability variance and TSi value larger than the mean TSi were judged to be stable.  

With regard to individual genotypes, Shukla‟s stability variance and TSi showed 

that none of the genotypes were stable for all the growth characters. However, 

MS03CR8-407 showed stability for tiller1, tiller2, growth1. Genotype MS03CR5-245 

was also a relatively stable variety, as it showed stability for characters like growth2 and 

vigor rate2. 
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2. Cane Characters 

Stalk length 

The average stalk length of the 28 sugarcane genotypes ranged from 155.3 cm for 

genotype MS03CP-301 to 207.9 cm for genotype MS03CR5-245 under plant cane crops. 

Under plant crops, genotypes MS03CR1-129, CPF-225, MS03CR7-243, MS03CR6-295 

and MS03CR5-245 were taller than the other genotypes with stalk lengths ranging from 

200.8 to 207.9 cm. These genotypes showed an increase in stalk length in the range of 12 

to 16% over the check cultivar CP77-400 while 6 to 9% over the check cultivar 

Mardan-93. Under ratoon crop, highest stalk length (174.7 cm) was recorded for 

Mardan-93, while the lowest stalk length was observed for MS03CR1-51 (93.8 cm). 

Genotypes MS03CR5-245, MS03CR1-129, MS03CR7-243, MS03CR2-131 and 

MS03CR8-407 gave better performance under ratoon with stalk length ranging from 

152.2 to 167.3 cm (Table 4.11). These genotypes performed better than the check cultivar 

CP77-400 which ranged from 18 to 29%, while they showed lower means than the check 

cultivar Mardan-93. Genotypes MS03CR1-129, MS03CR5-245 and MS03CR7-243 

ranked in the top five ranking genotypes both under plant and ratoon crop conditions. 

Across three crops, genotypes ranged from 147.2 cm for genotype MS03CR2-155 to 

170.7 cm for genotype MS03CR7-243. Genotypes MS03CR2-131, MS03CR2-129, 

MS03CR8-407, MS03CR5-245 and MS03CR7-243 performed better across three crops 

with stalk length ranging from 188 to 191 cm. Reduction in stalk length under ratoon crop 

ranged from 8.2 to 51%. Maximum reduction was recorded for genotypes MS03CR1-51 

(51%) and MS03CR2-155 (41.6%), while genotypes MS03CP-301, MS03CR8-407, 

MS03CR2-131 and BF162-166 showed minimum reductions ranging from 15.6 to 

18.51%. Stability analysis for stalk length revealed that genotypes S87US-2787, 

CPF-225, S9883CSSG-1139, MS03CR2-129 and MS03CR7-243 were stable for stalk 

length. These genotypes exhibited lower stability variances with TSi values in the range 

of 18 for genotype MS03CR6-295 to 30 for genotype MS03CR7-243, which were greater 

than the mean TSi value of 13.4. Mean stalk length for these genotypes was between 

171.7 and 191.0 cm (Table 4.11). 

 

Number of internodes 

 Number of internodes under plant crops ranged from 13.1 for genotype 

MS03CP-301 to 17.4 for genotype MS03CR2-155. Under plant crops, genotypes 

MS03CR2-131, MS03CP-378, S87US-2787, MS03CR5-245 and MS03CR2-155 
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produced the highest number of internodes ranging from 16.6 to 17.4. These genotypes  

had  12 to 18% more internodes than the check cultivar CP77-400 and 6 to 12% more  

than the check cultivar Mardan-93. Maximum number of internodes (13.4) under ratoon 

crop was observed for genotype MS03CR2-131 while the lowest number of internodes 

(10.2) was recorded for the check cultivar CP77-400. Genotypes MS03CR2-131, 

MS03CP-378, MS03CR1-79, MS03CR1-79 and CPF-225 had the highest number of 

internodes under the ratoon crop, ranging from 14.7 to 16.8 (Table 4.12), which 

corresponded to 44 to 64% more than the check cultivar CP77-400 and to 9 to 24% more 

internodes than the check cultivar Mardan-93. Genotypes MS03CP-378 and 

MS03CR2-131 consistently produced a higher number of internodes under both the plant 

and ratoon crops. Across three crops, number of internodes ranged from 12.9 to 16.7 for 

genotypes MS03CP-279 and MS03CR2-131, respectively. Genotypes MS03CP-378, 

MS03CR2-131, CPF-225, MS03CR2-155 and MS03CR5-245 exhibited more internodes 

than the other genotypes which ranged from 16 to 17 internodes. Maximum reduction in 

number of internodes in ratoon crop was found for genotypes MS03CR7-243 (26%) and 

S87US-1667 (24.4%). However, number of internodes was reduced the least for 

genotypes MS03CR9-451, MS03CR1-79, MS03CR2-131, MS03CP-154 and MS03CP-

301, going from -5.12 to 0.64%. For number of internodes, stable genotypes were 

MS03CP-209, CPF-225, S9883CSSG-1139, MS03CR5-245 and the check cultivar 

Mardan-93, which displayed non-significant stability variances and TSi values between 

12 and 26, which were higher than the mean TSi of 10.9. Number of internodes of these 

genotypes ranged from 14.3 to 15.9 (Table 4.12). 

 

Internode length  

 Under the plant crops, internode length in 28 sugarcane genotypes ranged from 

11.8 cm for genotype MS03CR2-115 to 16.8 cm for genotype MS03CR7-243. Under 

plant crops, genotypes MS03CP-275, BF162-166, MS03CR9-451, MS03CR8-407 and 

MS03CR7-243 had longer internodes than the other genotypes, with lengths ranging from 

16 to 16.8 cm. These genotypes had internodes   7 to 12% longer than the check cultivar 

CP77-400 and11 to 16% longer than the check cultivar Mardan-93. Under ratoon crop, 

the shortest internode was recorded for MS03CR2-155 (8.6 cm) and the longest for 

genotype MS03CR7-243 (15.3 cm). Genotypes MS03CR7-243, S87US-1767, MS03CP-

275, MS03CR1-129 and BF162-166 had longer internodes under ratoon crops going from 

13.6 to 15.3 cm (Table 4.13). Of these five genotypes, only MS03CR7-243 had longer 
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internodes than the check cultivar CP77-400 in the order of 1% whereas the other three 

from 1 to 11% longer than the check cultivar Mardan-93. Genotypes BF162-166, 

MS03CP-275 and MS03CR7-243 retained the top rankings under both plant and ratoon 

crop conditions. Across the three crops, internode length ranged from 10.7 cm for 

genotype MS03CR2-155 to 16.3 cm for genotype MS03CR7-243. However, genotypes 

MS03CR7-243, MS03CR8-407, MS03CP-275, BF162-166 and S87US-1767 showed 

longer internodes ranging from 15.1 to 16.3 cm. Genotypes MS03CR1-50, S87US-1767 

and MS03CR5-245 showed the least reduction in internode length than other genotypes 

which ranged from 6.5 to 7.8 cm. Stability analysis for internode length showed that 

genotypes MS03CP-275, MS03CP-279, CoJ-76, S9883CSSG-1139 and MS03CR1-79 

were stable based on non-significant variances and higher mean TSi values (ranging from 

13.4 to 15.3) than the overall mean TSi of 12.6 (Table 4.13). 

 

Stalk diameter 

Genotypes MS03CP-209 and Mardan-93 manifested the lowest and highest values 

for stalk diameter, respectively.  Among the 28 experimental genotypes, CoJ-76, 

S87US-2787, S87US-1767, MS03CP-377 and MS03CP-154     produced stalks of the 

largest size (2.5 cm in diameter). These genotypes were at par in cane diameter with the 

check cultivar under plant crops. Under ratoon crop, stalk diameter values ranged from 

2.0 to 2.7 cm for genotypes MS03CP-275 and MS03CP-154, respectively. MS03CP-154 

showed an increase of 10% over the check cultivars. Top ranking genotypes for cane 

diameter under ratoon crop were S87US-1767, MS03CP-377, MS03CP-301, MS03CP-

209 and MS03CP-154 with cane diameter ranging from 2.5 to 2.7 cm. Genotypes 

MS03CP-154, MS03CP-377 and S87US-1767 were common in the top 5 ranking 

genotypes between plant and ratoon crops.  Across three crops, cane diameter ranged 

from 2.2 to 2.5 cm for genotypes MS03CP-275, respectively. Across three crops, 

genotypes MS03CP-154, MS03CP-377, S87US-2787, MS03CR1-50 and MS03CR2-129 

also showed a cane diameter of 2.5 cm. Stalks were 10.0 to 25.0% larger in diameter  for 

genotypes MS03CR9-451, MS03CP-301, MS03CP-407, MS03CR1-51 and MS03CP-209 

than under the plant crops   (Table 4.14). Stability parameters showed that S9883CSSG-

1139, MS03CR2-129, MS03CR2-132 and MS03CR7-243 had non-significant stability 

variances with a mean of 2.0 to 2.5 cm. TSi values for these genotypes were between 12 

and 28 which were above the mean TSi of 11.8 and hence were stable for this character 

(Table 4.14).  
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 Stalks of the 28 sugarcane genotypes were larger in diameter and longer in the 

plant cane than in the ratoon crop. Similar trends were observed by other workers as well. 

Gomathi et al. (2013) reported that there was a mean reduction of 15.06, 12.5 and 6.32 in 

stalk length, internode length, and stalk thickness, respectively, from plant to ratoon crop. 

In this study, some of the genotypes performed better both under plant as well as ratoon 

crop. For instance, MS03CR2-129 performed better than others for stalk length while 

MS03CP-378 and MS03CR2-131 stood apart for number of internodes in plant and 

ratoon crops. MS03CP-275 and MS03CR7-243 were better than others for internode 

length under the two crops.  For cane diameter, genotype MS03-CR6-295 performed 

better under plant and ratoon crops.   

 

3. Yield Characters 

Millable stalks 

Highest number of millable canes under plant crops was observed for genotype 

MS03CR8-407 (111.5 stalks per 9 m
2
) and the lowest for genotype MS03C-377 (66.6 

stalks per 9 m
2
) (Table 4.15). Under plant crops, sugarcane genotypes MS03CP-301, 

MS03CR7-243, MS03CR9-451, MS03CR5-245 and MS03CR8-407 produced maximum 

number of millable stalks ranging from 99.8 to 111.5 stalks per 9 m
2
. These genotypes 

populated 12 to 25% more millable stalks than the check cultivar CP77-400 and 11 to 

32% more than the check cultivar Mardan-93. However, under ratoon crop, maximum 

number of millable stalks were observed for sugarcane genotype MS03CR7-243 (90.0 

stalks per 9 m
2
), and the minimum for MS03CR1-79 (26.5 stalks per 9 m

2
). Top five 

ranking genotypes for millable stalks under ratoon crop were MS03CR5-245, MS03CR2-

131, CPF-225, MS03CP-300 and MS03CR7-243, with a range of 81.5 to 90 stalks per 9 

m
2
 (Table 4.15). These genotypes had 47 to 62% more millable stalks than the check 

cultivar CP77-400 and 48 to 63% more stalks than the check cultivar Mardan-93. 

Genotypes MS03CR5-245 and MS03CR7-243 were common in the top five ranking 

genotypes under both plant and ratoon crops. Maximum number of millable stalks across 

the three crops was recorded for genotype MS03CR8-407 (99.4 stalks per 9 m
2
), while 

lowest number of millable stalks was produced by S87US-2787 (57.3 staslks per 9 m
2
). 

The top five ranking genotypes for millable stalks were MS03CP-301, MS03CR5-245, 

MS03CR2-131, MS03CR7-243 and MS03CR8-407. The least reduction in number of 

millable stalks under ratoon crop was noted for genotypes MS03CP-300, CPF-225, 

MS03CR2-132, MS03CP-377 and MS03CR7-243, ranged from -7.39 to 10.22%. 
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Gomathi et al. (2013) have reported a decrease of 15.7% in the number of millable stalks 

from plant to first ratoon crop. Non-significant stability variances for number of millable 

stalks were observed for sugarcane genotypes MS03CP-209, CoJ-76, MS03CR2-131, 

MS03CR5-245 and MS03CR8-407. Therefore, these genotypes were stable for number of 

millable stalks. Their means ranged from 81.7 to 99.3 stalks per 9 m
2 

and their TSi were 

in the range of 19 to 30 (Table 4.15). 

 

Cane yield 

The 28 sugarcane genotypes showed difference in performance for cane yield 

under the plant crops (Table 4.16). The highest mean cane yield under plant crops was 

recorded for genotype S87US-1767 (89.7 t ha
-1

) while lowest cane yield was observed for 

genotype MS03CR9-451 (67.4 t ha
-1

). Top five ranking sugarcane genotypes for cane 

yield under plant crops were MS03CR5-245, MS03CR2-129, MS03CR1-79, CoJ-76 and 

S87US-1767 with cane yields ranging from 81.7 to 89.7 t ha
-1

. These genotypes showed 

an increase of 3 to 14% in cane yield over the check cultivar CP77-400 and 16 to 28% 

increase over the check cultivar Mardan-93. In ratoon crop, the highest cane yield was 

recorded for genotype MS03CR7-243 (73.9 t ha
-1

) and the lowest for genotype MS03CP-

378 (25.9 t ha
-1

). Top five ranking genotypes under ratoon crop were CoJ-76, MS03CP-

300, MS03CR8-407, MS03CP-301 and MS03CR7-243 with cane yield from 56.6 to 

73.9 t ha
-1

. These genotypes showed an increase of 10 to 21% in cane yield over the 

check cultivar CP77-400, while 53 to 59% over the check cultivar Mardan-93. CoJ-76 

was the only common genotype among the top five high yielding genotypes between 

plant and ratoon crop conditions. Cane yield across three crops ranged from 56.2 to 75.6 t 

ha
-1

 for genotypes MS03-377 and MS03CR8-407, respectively. Across three crops, top 

five ranking genotypes for cane yield were MS03CR2-129, S87US-1767, MS03CR7-243, 

CoJ-76 and MS03CR8-407 with cane yield from 74 to 76 t ha
-1

. Under ratoon crop, the 

least reduction in cane yield (-1.37 to 22.04%) was observed for genotypes MS03CP-301, 

MS03CP-300, MS03CR7-243, MS03CR8-407 and the check cultivar CP77-400 (Table 

4.20). Sugarcane genotypes MS03CP-209, MS03CP-275, CoJ-76, MS03CR2-131 and 

MS03CR5-245, showed non-significant stability variances for cane yield and hence were 

stable for this character. Mean cane yield of these genotypes ranged from 67.2 to 75.4 

t ha
-1

 and their TSi values were greater than the overall mean TSi (12) (Table 4.16). 

 In general, performance of sugarcane genotypes under ratoon crop was less than 

under the plant cane crops for the number of millable stalks and cane yield.   Only one of 
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the top five genotypes was common both under plant and ratoon crop conditions for cane 

yield. As mentioned earlier, poor performance under ratoon crop condition could be 

attributed to poor sprouting and lower number of tillers of genotypes (Gomathi et al., 

2013). Sugarcane genotypes MS03CR8-407 showed stability for millable stalks. On the 

other hand, sugarcane genotypes MS03CP-209, MS03CP-275, CoJ-76, MS03CR2-131 

and MS03CR5-245 showed stability for cane yield. Imtiaz et al. (2002) found AEC81-

8415 as a stable sugarcane genotype across three locations in the Sindh province of 

Pakistan for cane and sugar yield. In the same way, Tiawari et al. (2011) investigated 

stability of 16 sugarcane genotypes grown for three years as two plants and one ratoon 

crop. Two of the genotypes performed better for cane yield and sucrose% than others 

over all three environments and were recommended for wider commercial cultivation. 

However, in their study, they did not take into account other relevant growth and cane 

characters. 

   

4. Quality Characters 

Brix  

Minimum and maximum Brix under plant crops were recorded for genotypes 

MS03CR7-243 (17.7%) and CoJ-76 (19.9%). The top five ranking sugarcane genotypes 

for Brix were MS03CP-300, MS03CR1-51, S87US-2787, MS03CP-154 and CoJ-76 with 

their Brix% ranging from 19.5 to 19.9%. These genotypes showed an increase of 1 to 3% 

over the two check cultivars in Brix under plant crop. Sugarcane genotypes generally had 

more Brix% under ratoon crop than plant crop. Brix under ratoon crop ranged from 

18.5% for genotype MS03CR1-79 to 22.2% for genotype MS03CP-154. Top five ranking 

sugarcane genotypes in Brix under ratoon crop were MS03CP-154, BF162-166, 

MS03CR9-451, MS03CP-275 and MS03CP-301 with Brix ranging from 21.3 to 22.2% 

(Table 4.17). These genotypes showed an increase of 5 to 9% over the check cultivar 

CP77-400, while MS03CP-154 was the only genotype which showed a small increase of 

0.9% over the check cultivar Mardan-93 under ratoon crop. Genotype MS03CP-154 

showed better Brix under both plant crops and ratoon crop. Brix across three crops ranged 

from 18.2 to 20.6% for genotypes MS03CP-209 and MS03CP-154, respectively. The top 

five ranking genotypes across three crops for Brix were MS03CP-301, MS03CP-300, 

MS03CP-275, BF162-166 and MS03CP-154 with Brix ranging from 20 to 21%. Stability 

analysis showed that sugarcane genotypes MS03CP-300, MS03CP-378, CPF-225 and 

MS03CR8-407 were stable for Brix. These genotypes had non-significant stability 
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variances and high TSi values ranging from 14 to 18. Brix of these genotypes ranged 

from of 19.4 to 20.0% (Table 4.17). 

 

POL% 

POL under plant crops ranged from 13.8% for genotype MS03CR2-155 to 17.3% 

for genotype MS03CP154, respectively. Top five ranking genotypes for POL% under 

plant crops were CPF-225, MS03CP-300, S87US-2787, CoJ-76 and MS03CP-154 with 

POL ranging from 19.4 and 19.8%. These genotypes showed an increase of 3 to 8% over 

the check cultivar CP77-400 and 1 to 6% over the check cultivar Mardan-93. Under 

ratoon crop, POL ranged from 16.2 to 19.1% for genotypes MS03CR2-132 and 

MS03CP-154, respectively. MS03CR1-50, CPF-225, MS03CR9-451, BF162-166 and 

MS03CP-154 ranked at the top with POL ranging from 18.3 to 19.1%. These genotypes 

showed an increase of 2 to 3% over the check cultivar CP77-400, but they  were lower in 

performance than the check cultivar Mardan-93. Genotype MS03CP-154 and CPF-225 

were common among the top five ranking genotypes under both plant and ratoon crop 

conditions. Across three crops, maximum POL was observed for MS03CP-154 (17.9%) 

while minimum was recorded for MS03CR2-132 (15%). However, genotypes CPF-225, 

CoJ-76, S87US-2787 and MS03CP-154 performed better with POL ranging from 16.8 to 

17.9%. Genotypes MS03CR9-451, MS03CR2-155, BF162-166, S03CR1-50 and 

MS03CR7-243 showed an increase in POL under ratoon crop which ranged from 18.61 to 

32.37% (Table 4.16). Stability analysis for POL% revealed that genotypes MS03CP-301, 

CPF-225, MS03CR1-51, MS03CR5-245 and MS03CR8-407 were stable for POL% and 

had non-significant stability variances. Their mean POL% ranged from 16.1 to 17.1% and 

TSi values ranged from 17 to 28 (Table 4.18).  

 

Purity 

Under plant crops, maximum purity was recorded for genotype MS03CP-154 

(87.6%) while the lowest was observed for genotype MS03CR2-155 (77.1%). Top five 

ranking genotypes under plant crops were MS03CP-300, MS03CR6-295, S87US-2787, 

CoJ-76 and MS03CP-154 with purity ranging from 84.2 to 87.6%. They showed an 

increase of 2 to 6 and 0.23 to 4% over the check cultivars CP77-400 and Mardan-93, 

respectively. Mean purity under ratoon crop ranged from 79.2 to 91.8% for genotypes 

MS03CR2-132 and CP77-400, respectively. Genotypes MS03CR9-451, MS03CR1-51, 

MS03CP-209, MS03CR7-243 and MS03CR1-79 ranked at the top with purity ranging 
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from 88 to 91.5% (Table 4.19). These genotypes had lower purity as compared to the 

check cultivar CP77-400 while showed an increase of 2 to 4% over the check cultivar 

Mardan-93. No genotype was common for purity in the top ranking genotypes under plant 

and ratoon crop conditions. Similarly, across 3 crops minimum purity was noted for 

genotype MS03CR2-132 (78%) and maximum for genotype MS03CP-154 (87%). Top 

ranking genotypes for purity% across 3 crops were MS03CR6-295, CPF-225, CoJ-76, 

S87US-2787 and MS03CP-154 with purity ranging from 85 to 87%. Genotypes 

MS03CR1-79, MS03CR2-131, MS03CR9-451 and MS03CR1-51 showed an increase in 

purity% ranging from 11.42 to 15.49%. Stable genotypes for purity were BF162-166, 

CPF-225, S9883CSSG-1139, MS03CR1-50 and MS03CR5-245 which had non-

significant stability variances and TSi values higher than the mean TSi (12.7). Means for 

these genotypes ranged from 82.5 to 85.0% (Table 4.19). 

 

Recovery% 

Sucrose recovery of the sugarcane genotypes under plant crops ranged from 8.2 to 

11.3% for genotypes MS03CR2-155 and MS03CP-154, respectively. Top five ranking 

genotypes for recovery under plant crops were CPF-225, MS03CP-300, S87US-2787, 

CoJ-76 and MS03CP-154 with recovery ranging from 10.4 to 11.3%. These genotypes 

showed an increase of 5 to 14% over the check cultivar CP77-400, while 0.81 to 8% over 

the check cultivar Mardan-93. Under ratoon crop, highest recovery was observed for the 

check cultivar CP77-400 (12.4%), while lowest for genotype MS03CR2-132 (8.7%). 

Genotypes MS03CR1-50, CPF-225, MS03CP-154, MS03CR9-451 and BF162-166 

ranked at the top under ratoon crop with recovery ranging from 11.9 to 12.3%. However, 

these genotypes gave lower recovery as compared with the check cultivars CP77-400 and 

Mardan-93. Genotype MS03CP-154 and CPF-225 were consistent in performance as 

being among the top five ranking genotypes both under plant and ratoon crop conditions. 

Recovery of sugarcane genotypes across three crops ranged from 9 to 11.6% for 

genotypes MS03CR2-132 and MS03CP-154, respectively. Across three crops, CPF-225, 

CoJ-76, S87US-2787 and MS03CP-154 ranked at the top with recovery values ranging 

from 10.8 to 11.6%. Recovery was increased in ratoon crop in genotypes MS03CR9-451, 

MS03CR2-155, BF162-166, MS03CR1-50 and MS03CR1-79 with a range of 26.39 to 

42.72% (Table 4.20). Stability analysis showed that MS03CP-301, CPF-225, 

MS03CR1-51, MS03CR7-243 and MS03CR8-407 were stable for sucrose recovery, had 

non-significant stability variances and TSi higher than mean TSi (Table 4.20). 
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 Genotype MS03CP-154 performed better than other genotypes under plant and 

ratoon crops for Brix% and POL% and recovery percent. It could be a good choice for 

quality characters under plant and ratoon crops. Similarly, MS03CR8-407 showed 

stability for Brix, POL%, recovery and number of millable stalks.  

These results were congruent with those found by Imtiaz et al. (2002) who 

reported cane yield, CCS and sugar yield as stable characters using the regression 

coefficient and deviation from regression as stability parameters. Similarly, Galvez 

(1980) reported a significant G × E for Brix and yield of 20 sugarcane clones and 

confirmed the discrimination of genotypes by their stability with respect to changes in the 

environment. 

4.3 Heritabilities and genetic advance  

 

Growth characters 

The genotype × crop (Vg×c) and environmental (Ve) variances for tiller1 were 2 

and 3 times larger in magnitude than the genetic variance (Vg) under the plant crop 

condition with resultant heritability of 0.16 and a genetic advance of 14.5 tillers per 9 m
2
 

(Table 4.21). Under ratoon crop, however, the genetic variance for tiller1 was nearly 3 

times greater in magnitude than environmental variance with heritability of 0.77 and a 

genetic advance of 42.7 tillers per 9 m
2
 respectively. Similarly, the genetic variance 

across crops was about 2 times lower in magnitude than genotype × crop and 

environmental variances with resultant heritability of 0.22 and genetic advance of 30.8 

tillers per 9 m
2
, respectively.  

Environmental variance for tiller2 was twice as large as the genetic variance 

(782.0) under the plant crop condition (Table 4.21). Broad sense heritability and genetic 

advance for tiller2 under the plant crops condition were 0.26 and 24.9 tillers per 9 m
2
, 

respectively. Under ratoon crop, however, the genetic variance (3537.7) was greater in 

magnitude than the environmental variance (2641.2) resulting in a heritability of 0.57 and 

a genetic advance of 44.63 tillers per 9 m
2
. Across crops, the genetic variance (1016.4) 

for tiller2 was at par with the genotype × crop variance (1055.9) but lower than the 

environmental variance (2007.6). Heritability and genetic advance for tiller2 across crops 

were 0.25 and 44.63 tillers per 9 m
2
, respectively. Silva et al. (2002) evaluated genetic 

potential of 10 full-sib sugarcane families in Brazil. Yield component traits like stalk 
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height, stalk number, stalk diameter and average Brix were included in the study. 

Heritabilities of 0.82, 0.96, 0.82 and 0.68 were found for stalk number as measured at 

four different locations. 

Greater magnitude of the genotype × crop and environmental variances were 

observed compared with the genetic variance for vigor rate1 under the plant crops 

condition (Table 4.21). Heritability for vigor rate1 was 0.02 and genetic advance was 0.03 

tillers per day. Under the ratoon crop, genetic variance for vigor rate1 was at par with 

environmental variance in magnitude and resulted in heritability of 0.44 and genetic 

advance of 1.1 tillers per day. Across 3 crops, however, environmental variance was four 

times larger in magnitude than the genetic variance. The heritability and genetic advance 

for vigor rate1 across three crops were 0.12 and 0.7 tillers per day, respectively. 

Genetic, genotype × crop and environmental variances for growth1 were similar in 

magnitude under plant crops with the resultant heritability and genetic advance of 0.34 

and 13.1 cm, respectively (Table 4.21). Under ratoon crop, however, genetic variance 

(162.5) for growth1 was larger than environmental variance (65.3) corresponding to a 

heritability and a genetic advance of 0.71 and 15.1 cm, respectively. Across crops, 

genotype × crop variance for growth1 was larger than genetic and environmental 

variances and resulted in heritability and genetic advance of 0.26 and 14.24 cm, 

respectively. 

In the same way, growth2 showed higher genetic variance (350.2) than 

genotype × crop (327.3) and environmental variance (223.5) under plant crops 

(Table 4.21). Heritability and genetic advance for growth2 under plant crops were 0.39 

and 20.4, respectively. Under ratoon crop, genetic variance (934.0) for growth2 was three 

times larger in magnitude than environmental variance (393.8) and resulted in heritability 

and genetic advance of 0.70 and 35.9 cm, respectively. Similarly, across the three crops, 

genetic and genotype × crop variances for growth2 were larger than environmental 

variance and showed moderate heritability (0.38) and genetic advance (28.0 cm) for 

growth2. 

For vigor rate2, genetic variance (0.5) was larger than environmental variance 

(0.3) under ratoon crop with heritability of 0.68 (Table 4.21). Across the three crops, 

genetic variance (0.04) for vigor rate2 was low compared with the genotype × crop  and 
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environmental  variances with heritability and genetic advance of 0.07 and 0.3 cm per 

day, respectively. These results were supported by Milligan et al. (1990) who 

reported larger environmental variances as compared to crop or genotypic variances for 

stalk number and length in sugarcane. In their study, genotypic variances and 

corresponding genetic advance increased from the plant cane to the ratoon crops and that 

resulted in variable heritability estimates, to the order of 0.67, 0.58 and 0.73 for stalk 

length under the plant cane, first and second ratoon crops, respectively. 

Stalk Characters 

Analysis for stalk length showed that the environmental variance (310.2) was 

larger than both the genetic (67.7) and genotype × crop (86.3) variances under the plant 

crops (Table 4.22). The estimated heritability and genetic advance for stalk length under 

plant crops were 0.15 and 5.5 cm, respectively. In contrast, under ratoon crop, error 

variance (230.8) for stalk length was low in magnitude than genetic variance (291.5) and 

displayed moderate heritability (0.56) and genetic advance (17.9 cm). Across the three 

crops, the error variance for stalk length was three times larger than the genetic and 

genotype × crop variance. As a result, heritability value for stalk length was low (0.21) 

across crops.  

Number of internodes for the 28 sugarcane genotypes showed lower genetic 

variance (0.4) than genotype × crop (1.5) and environmental (1.8) variances under the 

plant crops (Table 4.22). The corresponding heritability and genetic advance for this trait 

were low (0.12 and 0.4 internodes, respectively) under the plant crops. However, under 

the ratoon crop, genetic variance for number of internodes was higher than the 

environmental variance and resulted in a higher heritability (0.66). Across three crops, 

genotype × crop and environmental variances for the number of internodes were at par 

and larger than the genetic variance (0.7). This resulted in a low heritability value of 0.19 

and a genetic advance of 1.1 internodes. 

Genetic analysis for internode length showed a lower genetic variance (0.2) than 

the genotype × crop (1.7) and environmental (3.7) variances under the plant crops 

(Table 4.22). This resulted in a low heritability (0.04) value and genetic advance (0.2 cm). 

Genetic variance for internode length under ratoon crop was three times larger than the 

environmental variance and showed high heritability (0.74) and low genetic advance (2.1 

cm). Genetic variance across three crops for internode length was lower than genotype × 
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crop and environmental variances and resulted in low heritability (0.18) and genetic 

advance (1.3 cm).  

For stalk diameter under plant, ratoon and across 3 crops, components of variance 

were low in magnitude and thus resulted in low heritability values and genetic advance. 

However, under ratoon crop, stalk diameter gave higher heritability (0.64) (Table 4.22). 

Rewati (2000) found high heritability estimates of 0.84, 0.85 and 0.72 for single 

stalk weight, stalk diameter and stalk length, respectively. Genetic advance as percent of 

the mean for these characters was found to be 70, 25.58 and 38.15. On the other hand, 

Jamoza et al. (2013) found high broad sense heritability values for stalk diameter, single 

stalk weight and number of internodes with values of 0.93, 0.91 and 0.91, respectively. 

They concluded that these characters could be easily improved. Similarly, Thippeswamy 

et al. (2001) reported a heritability of 0.69 and 0.64, for number of internodes and stem 

diameter with a genetic advance of 6.0 internodes and 0.43 cm, respectively. Ahmed and 

Obeid (2012), however, found lower genetic advance of 1.54 cm, 0.02 cm and 

0.54 t acre
-1

 for stalk height, stalk diameter, and cane yield. 

 

Quality Characters 

Under ratoon crop, genetic variance (0.8) for Brix was larger than the 

environmental variance (0.6), giving a moderate heritability value of 0.6 (Table 4.23). 

Across the three crops, both genotype × crop and environmental variances for Brix were 

larger than the genetic variance and a low heritability value of 0.14 was recorded. Genetic 

advance was lower in the combined three-crop analysis. 

Similarly, for POL% under the plant cane crops and across the three crops, the 

environmental variances were larger than the genetic variances and resulted in 

respectively low heritability values   of 0.07 and 0.18. For the ratoon crop, the two 

variances for POL% were almost at par and gave moderate heritability (0.49). Genetic 

advance was low under plant, ratoon and across the three crops (Table 4.23). 

 Higher environmental variances for purity% resulted in lower heritabilities of 

0.14 and 0.16 under plant and across 3 crops (Table 4.23). However, moderate heritability 

(0.49) was noted for purity% under ratoon crop. Genetic advance values were lower 

under the combined three-crop analysis. The same trend was observed for recovery% as 
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well (Table 4.23). Environmental variances were larger than genetic variances under 

plant, ratoon and across three crops which resulted in low heritabilities and genetic 

advance. Heritability for recovery% under ratoon crop, however, was 0.46. 

 Punia and Hooda (1982) found considerable variability for all four characters in 

the population. They reported high heritability estimates of 0.71 and 0.84 for purity and 

Brix, concluding that Brix should be given importance in improving sugar yield (CCS%) 

in early selection stages. Similarly, Kang et al. (1983) reported broad sense heritability 

values of 0.77 for sugar per hectare and of 0.94 for stalk diameter. 

 

Number of Millable stalks and cane yield 

Variance component analysis of the number of millable stalks for the 28 

sugarcane genotypes showed that environmental variance under plant crops was 3 times 

larger (193.4) than genetic variance (47.0), and the genotype × crop variance (74) was 

also larger than the genetic variance (Table 4.23). This resulted in low heritability and 

genetic advance for number of millable stalks under plant crops (0.15 and 4.6 stalks, 

respectively). Under ratoon crop, the environmental variance (482.0) for number of 

millable stalks was four times larger than genetic variance (134.5) which resulted in low 

heritability (0.22) and genetic advance (7.6 stalks). The same trend was observed for this 

character when analyzed across three crops. Heritability and genetic advance for the 

number of millable stalks across three crops were 0.16 and 11.6 stalks, respectively.  

Lower genetic variance (1.5) than genotype × crop (24.1) and environmental 

(89.2) variances were noted for cane yield under plant crops, which resulted in low 

heritability and genetic advance (Table 4.23). Genetic and environmental variances were 

at par for cane yield under ratoon crop (127.5 and 135.9, respectively) with the resultant 

heritability and genetic advance of 0.48 and 11.0 t ha
-1

, respectively. Across three crops, 

however, the interaction and environmental variances for cane yield were quite higher 

than the genetic variance, and that resulted in a lower heritability value (0.12) and genetic 

advance (6.5 t ha
-1

). 

Low heritability and genetic advance for cane yield have also been reported by 

Reddy and Somarajan (1994). However, Jamoza et al. (2013) reported a higher 

heritability value of 0.91 for the number of millable stalks. Similarly, Thippesway et al. 

(2001) reported a genetic advance of 17.01 and of 83.52 for number of millable stalks and 
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cane yield with heritabilities of 0.20 and 0.68, respectively.  High heritability and genetic 

advance was estimated by Ahmed and Obeid (2012) for the number millable stalks and 

for stalk height among other characters.   

 High heritability values coupled with high genetic advance are more effective than 

heritability per se while anticipating the outcome of selection of the best genotypes 

(Jhonson et al., 1955). For growth characters in almost all instances, environmental 

variance was larger than genetic variance except for tiller2 under the plant crops and for 

growth2 both under the plant cane and combined crops analysis, thus showing the great 

influence of environment on these characters. Tiller1, tiller2 and growth2 exhibited 

higher heritabilities and genetic advance under the ratoon crop. These characters had 

higher values of genetic advance (>10) despite having lower heritabilities under the plant 

cane crop and combined analysis. This is an indication that these characters could be 

reliably selected under the 3 crops regimen. These findings are in agreement with Rewati 

(2000) conducted an experiment consisting of 32 sugarcane genotypes in Nepal. They 

reported quite high heritabilities for stalk traits especially stalk diameter and stalk length 

(0.85 and 0.72, respectively). 

 Higher heritability values for stalk characters under the ratoon crop were noted. 

However, moderate heritability and higher genetic advance were noted especially for 

stalk length. On the other hand, moderate heritabilities were noted for quality characters 

and cane yield under the ratoon crop. Overall these traits showed lower values of genetic 

advance. On the contrary, Punia and Hooda (1982) collected genetic information on 41 

sugarcane genotypes in Hissar, India and found higher estimates of heritability for purity 

and Brix (0.85 and 0.71). They stated the effectiveness of these characters for improving 

sugar content.  

  



50 
 

4.4 Principal component analysis 

The primary objective of PCA is to reduce the total number of p variables to a 

reduced set of m components that still account for most of the variance in the p variables 

(Karl, 2013). PCA is often used before cluster analysis to determine the relative 

importance of classification variables (Jackson, 1991). 

 

Plant Crops 

Prior to conducting principal component analysis (PCA), Kaiser‟s Measures of 

Sampling Advocacy (MSA) values were evaluated. According to Karl (2013) “small 

values of MSA indicate that the correlations between Xi and the other variables are 

unique, that is, not related to the remaining variables outside each simple correlation”.  

MSA values equal to or less than 0.5 are considered as not acceptable, above 0.6 as 

acceptable and those exceeding 0.8 or 0.9 as very good.  

MSA values were calculated before PCA to cull out unique variables based on the 

plant cane crop data  (Table 4.24). In the first round of MSA analysis the characters 

showed an overall MSA of 0.39 with vigor rate1 and number of internodes showing 

lowest values (0.21). After removing these two variables in succeeding analyses, the 

overall MSA improved to 0.56. In the second round growth1 and Brix were removed 

which raised overall MSA to 0.57. After removing growth2 as well, the overall MSA 

reached 0.65 which was reasonable. Maximum MSA values were noted for stalk length 

(0.83), millable stalks (0.78), internode length (0.69), stalk length (0.68), vigor rate2 

(0.64), tiller1 (0.63), tiller2 (0.63), POL (0.56) and recovery (0.54), respectively (Table 

4.24). Further calculations of MSAs were stopped because overall MSA reached a 

desirable level. 

Principal component analysis of the characters of 28 sugarcane genotypes under 

plant crops extracted three components exhibiting eigenvalues greater than 1 (3.5, 2.3 and 

1.1, respectively). The first principal component contributed 39.1, second contributed 

25.2 and the third component contributed 11.7% to the total variance (Table 4.25). The 

cumulative variance contributed by the three principal components was 76%. Squared 

Multiple Correlation coefficient (SMC or R
2
) of each variable with all other variables is 

given in the communalities column. A unique variable could be identified by these 

estimates as well (Karl, 2013). No extreme lower values were found for the character 

based on the communality estimates which were deemed suitable for the traits. 
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The character loadings as shown by rotated eigenvectors on the principal 

components showed that tiller1 (0.91
*
), tiller2 (0.85

*
) and millable stalks (0.61

*
) loaded 

well on the first principal component (Table 4.25, Fig. 4.1). Cane diameter (0.83
*
), POL 

(0.97
*
) and recovery (0.98

*
) loaded well on the second principal component. Vigor rate2 

(0.70
*
), stalk length (0.83

*
) and internode length (0.71

*
) loaded well on the third principal 

component. The loading of the characters on the three principal components is visually 

depicted in Figure 4.1. 

Rotated eigenvectors of the principal components were multiplied with the raw 

data to calculate three new variables. These variables were regressed on cane yield. First 

variable which refers to the characters in the first principal component contributed 95.3%, 

the second variable which refers to the characters in 2
nd

 principal component contributed 

4.5% and the third variable accounted for 0.2% to the variation in cane yield (Table 4.26). 

Muyco (2000) analyzed 16 characters in sugarcane through PCA with four 

principal components which accounted for 76% of the total variation. The first 

component, which contributed 29% to the total variation, was mainly attributable to 

variation in quality of juice, yield and stalk diameter traits. However, a set of 94 S. 

spontaneum genotypes evaluated by Zhang et al. (2006) resulted in three principal 

components which cumulatively accounted for 82.47% of the variation. Rangel et al. 

(2007) evaluated 1174 sugarcane clones for 25 quantitative and qualitative characters. 

PCA of these characters showed that the first five components explained only 66.5% of 

the total variation. 

 

Ratoon Crop 

The first run of the MSA analyses resulted in an overall MSA of 0.42 (Table 

4.29). Removing Brix% and POL% improved MSA by 10 points, while removing stalk 

length and diameter improved by another 4 points. When growth1 and vigor rate2 were 

removed, the overall MSA reached 0.60 which was suitable for subjecting the variables to 

PCA. Range of MSA values in the last round was 0.60 to 0.72 for growth2, internode 

length and millable stalks, while 0.49 to 0.59 for recovery, tiller2, purity, number of 

internodes and tiller1, respectively. 

Subjecting the retained traits to PCA extracted three principal components for the 

ratoon crop with eigenvalues of 3.4, 2.5 and 1.3. These components accounted for 37.55, 
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28.17 and 14.81% of the total variation, respectively (Table 4.30). The cumulative 

variance of the three components was 80.54%. Communality estimates were found 

suitable as no unique variable with lower extreme values was found. Growth2 (0.82
*
), 

vigor rate2 (0.83
*
) and internode length (0.84

*
) loaded well on the first principal 

component. Tiller1 (0.87
*
), tiller2 (0.93) and millable canes (0.86

*
) loaded on the second 

principal component and purity (0.99
*
) and recovery (0.85

*
) loaded well on the third 

principal component (Table 4.30). Character loadings are graphically represented in 

Figure 4.4. New variables created using the principal components and the raw data were 

used in principal component regression of the variables on cane yield (Table 4.31). The 

contribution of the first variable which refers to the characters of the first principal 

component was 98.85% while the other 2 contributed less than 1% to the total variation in 

cane yield.  

Smiullah et al. (2013) conducted principal component analysis using 10 sugarcane 

accessions. Number of millable stalks, stools per plant and internode length contributed 

positively to the total variation, while the remaining characters displayed negative 

loadings in the first two principal components. Largely, morphological characters 

manifested greater variability in most of the genotypes. The authors suggested that these 

accessions could be utilized as parents to produce varieties with good cane yield and 

better quality. 

 

Across 3 crops 

Following the first round of MSA analysis, the characters exhibited an overall 

MSA of 0.43 wherein the traits tiller1, vigor rate1, vigor rate2, number of internodes and 

internode length exhibited MSA values lower than 0.40 (Table 4.34). These traits were 

excluded from the second round of MSA analysis which resulted in overall MSA value of 

0.64. Maximum MSA values were recorded for stalk length (0.78), millable stalks (0.74), 

stalk diameter (0.71), recovery (0.67), purity (0.66), tiller2 (0.59), growth2 (0.58), 

growth1 (0.57) and Brix (0.57), respectively. 

Principal component analysis for 10 characters with MSA values greater than 0.50 

revealed three principal components having eigenvalues greater than 1 (Table 4.35). 

Communality estimates for the characters which represent squared multiple correlation 

coefficients (R
2
) of the variables predicted from the components, showed values above 

0.50. The first three principal components accounted for 37.1, 27.6 and 16.9% of the total 
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variance, respectively, resulting in cumulative variance of 81.6%.  Rotated eigenvectors 

showed that cane diameter (0.53
*
), Brix (0.76

*
), POL (0.99

*
), purity (0.84

*
) and recovery 

(0.99
*
) loaded well on the first principal component. In contrast, growth1 (0.94

*
), 

growth2 (0.96
*
) and stalk length (0.62

*
) loaded well on the second principal component, 

while high loading of tiller2 (0.92
*
), stalk length (0.62

*
) and millable canes (0.81

*
) was 

noted on the third principal component (Table 4.35). Although stalk length loaded 

significantly and positively on the second and third principal components, it showed 

higher loading on the second principal component. Characters loadings on three principal 

components are presented in Fig. 4.7. It is obvious from the rotated component graph that 

stalk diameter, purity, pol, recovery and Brix loaded well on the first component, stalk 

length, growth1 and growth2, on the second and tiller2 and millable stalks on the third 

component. 

Using the eigenvectors of the principal components and the raw data, three new 

variables were created. These variables were regressed on cane yield using principal 

component regression (PCR). It can be seen that variable 1 accounted for 73% and 

variable 2 accounted for 24% of the variation in cane yield (Table 4.36).  

Results of PCA for plant crops and ratoon crop revealed three principal 

components accounted for most of the variation towards the total variance. The most 

important characters which loaded well on the first two components under both plant and 

ratoon crops were tiller1, tiller2, millable stalks, stalk diameter, POL% and recovery%. 

Across 3 crops too, cane diameter, growth1, growth2, Brix, POL, Purity and recovery 

loaded well on the first two components. This showed the consistent importance of these 

characters in the genetic diversity of the 28 sugarcane genotypes. Similarly, principal 

component regression of the variables created with eigenvectors of principal components 

and the raw data revealed that the first variable caused 73 to 98% variation in cane yield 

under three crops regimen, thus stressing the importance of the characters in the first 

principal components. 

These results are in agreement with those of Muyco (2000), who reported that four 

principal components (based on 16 characters in 81 sugarcane cultivars)  accounted for 

76% of the total variation. The first component accounted for 29% of the variation and 

was mainly attributable to quality, yield and stalk diameter traits. Similarly, Zhang et al. 

(2006) studied 94 genotypes of S. spontaneum for principal component and cluster 
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analysis for seven quantitative characters. They found three principal components with 

seven quantitative traits to account for 82.47% cumulative variance. On the contrary, 

Rangel et al. (2007) reported that the first five components explained only 66% of the 

total variability.  

 

4.5 Cluster analysis  

 

Plant crops 

 The new variables calculated from the principal components and the raw data 

along with cane yield were analyzed through cluster analysis. Number of clusters was 

determined from the scree plot of linkage distances across steps (Figure 4.3). At a linkage 

distance of 4.8, there were 4 clusters (Table 4.27, Figure 4.2). Cluster I consisted of three 

genotypes namely MS03CR2-129, MS03CR1-79 and S87US-1767 while cluster II 

contained 10 genotypes viz. MS03CR5-245, CoJ-76, MS03CR6-295, MS03CR7-243, 

MS03CR2-131, MS03CR8-407, CPF-225, MS03CP-378, MS03CP-275 and BF162-166. 

Cluster III included 8 genotypes viz. MS03CP-301, MS03CR9-451, MS03CP-300, 

Mardan-93, MS03CP-377, MS03CP-279, S9883CSSG-1139 and MS03CP-209. These 

were genotypes in cluster IV (MS03CR1-50, CP77-400 (Check cultivar), MS03CR2-155, 

MS03CR1-51, MS03CR2-132, S87US-2787 and MS03CP-154) (Table 4.27). 

Cluster I contained genotypes which gave high mean values for internode length 

(15.26 cm), cane diameter (2.4 cm) and cane yield (85.99 t ha
-1

). Cluster II gave mean 

values higher than other genotypes for tiller1 (235.92 tillers per 9 m
2
), tiller2 (387.01 

tillers per 9 m
2
), vigor rate2 (3.13 cm per day), stalk length (194.70 cm) and millable 

canes (93.96 canes) (Table 4.28). Cluster IV contained genotypes which performed better 

than other genotypes for the characters like cane diameter (2.4 cm), POL (15.52%) and 

Recovery (9.64%). None of the genotypes in cluster III had better mean values as 

compared to other genotypes. 

Zhao et al. (1984) studied F1 sugarcane families. They found similar classification 

with both PCA and cluster analyses. Among F1 populations, family number 1 and 4 were 

included in cluster I, while other families were placed in Cluster II. They concluded that 

the different families falling under the same cluster were in fact the reported hybrids of 

the same group. This indicated that cluster analysis grouped the families which were 

related by parentage. Ram and Hemaprabha (1998) studied 30 hybrids for evaluation of 

their seven parents and to find pattern of genetic divergence. Multivariate analysis 
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grouped them into 15 clusters, indicating that the pattern of the grouping of the progenies 

of a cross was independent of parent cross combinations. Muyco (2000) did cluster 

analysis of 81 sugarcane cultivars which resulted in two major and eight minor clusters. 

 

Ratoon crop 

 Cluster analysis of the variables calculated through PCA along with yield 

character showed that at a linkage distance of 5 (Figure 4.4), three clusters were formed 

(Figure 4.5). Cluster I included seven genotypes which were MS03CP-378, MS03CR2-

132, MS03CP-377, CP77-400, MS03CR2-131, MS03CR5-245 and MS03CP-275 and 

cluster II consisted of 9 genotypes viz MS03CR8-407, MS03CR7-243, MS03CP-301, 

MS03CP-300, CPF-225, MS03CP-279, CoJ-76, MS03CP-209 and BF162-166. Cluster 

III consisted of 12 genotypes namely MS03CR6-295, MS03CR9-451, S9883CSSG-1139, 

S87US-1767, MS03CR1-79, S87US-2787, MS03CR2-129, MS03CR1-50, MS03CR1-51, 

Mardan-93, MS03CR2-155 and MS03CP-154 (Table 4.32, Figure 4.5). 

Cluster I gave higher mean values for growth2 (71.40 cm), vigor rate2 (2.86 cm 

per day) and number of internodes (13.67) (Table 4.33). Cluster II had genotypes which 

gave high mean values tiller1 (98.61 tillers per 9 m
2
), tiller2 (226.0 tillers per 9 m

2
), 

internode length (12.36 cm), millable stalks (75.39 canes) and cane yield (59.81 t ha
-1

). 

Cluster III gave high mean values for purity (86.54%) and recovery (11.36%). 

Tai and Miller (2002) evaluated genotypes of four Saccharum species and four 

commercial cultivars for Brix-pol composition. Clustering pattern of the 89 genotypes 

showed heterogeneity within and among the four species. They concluded that 

information on sugar composition could aid breeder in selecting improved clones for 

breeding program. 

 

Across 3 crops 

Numbers of clusters made for 28 sugarcane genotypes across three crops were 

determined from the plot of linkage distances across steps (Figure 4.9). At a linkage 

distance of 4.7, the genotypes were grouped into four clusters (Figure 4.8). Clusters I 

consisted of 7 genotypes namely MS03CP-154, MS03CR1-50, S87US-1767, S87US-

2787, MS03CR2-132, MS03CR1-51 and MS03CR2-155. Cluster II included 8 genotypes 

i.e. MS03CP-279, MS03CP-378, MS03CP-377, S9883CSSG-1139, MS03CR6-295, 

MS03CR2-131, MS03CR9-451 and Mardan-93. There were 7 genotypes in cluster III viz. 
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BF162-166, MS03CP-300, CPF-225, MS03CP-209, MS03CP-301, MS03CP-275 and 

MS03CR1-79. Similarly, cluster IV consisted of 6 genotypes i.e. CoJ-76, MS03CR5-245, 

MS03CR7-243, MS03CR8-407, MS03CR2-129 and CP77-400, respectively (Table 4.37). 

Cluster I displayed the highest mean values for cane diameter (2.2 cm) and Brix 

(19.5%). Cluster III showed high mean value for tiller2 (314.40 tillers per 9 m
2
) with a 

standard deviation of 24.84 (Table 4.38).  Cluster IV had the highest mean values for the 

most traits, including growth1 (118.3 cm), growth2 (212.1 cm), stalk length (181.1 cm), 

purity (83.8%), recovery (10.2%), POL (16.2%), millable stalks (88.2 canes) and cane 

yield (74.1 t ha
-1

).   

For POL cluster IV ranked at the top with mean value of 16.15%. Purity and 

recovery were at maximum in cluster IV with mean values of 16.15 and 10.21%, 

respectively. Highest mean number of millable stalks (88.16 canes) was noted for cluster 

IV. Cluster IV also showed high mean values for cane yield (74.07) with a standard 

deviation of 1.43. 

Overall cluster analyses of data from the three crops, i.e. plant, ratoon and across 3 

crops revealed that the genotypes grouped into 4, 3 and 4 clusters, respectively. In plant 

crops, cluster II gave better performance for the characters like tiller1, tiller2, vigor rate2, 

stalk length and millable stalks. Similarly, in ratoon crop higher mean values were found 

in cluster II as well for the characters tiller1, tiller2, internode length, millable stalks and 

cane yield. Across three crops however, cluster IV was more important with the 

characters including growth1, growth2, stalk length, purity, recovery, POL, number of 

millable stalks and cane yield.  

A comparison of cluster II for the plant cane and ratoon crop showed that they 

contained common genotypes such as BF162-166, CoJ-76, CPF-225, MS03CR5-245, 

MS03CR7-243 and MS03CR8-407. These genotypes performed better mostly for growth 

characters than other genotypes. Comparing cluster II of plant and ratoon crops with 

cluster IV of the combined three crops, common genotypes found were CoJ-76, 

MS03CR5-245, MS03CR7-243 and MS03CR8-407 with better performance than other 

genotypes for growth, yield and quality characters. Zhang et al. (2006) found four clusters 

based on seven traits in 94 genotypes of sugarcane. Cluster I was found to have genotypes 

with high sugar and plant height while cluster II showed average level of the traits. 
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Cluster III had genotypes with lower levels of plant height, less tillers, and lower 

germination rate. Ram and Hemapraba (1998) reported 15 clusters in the study of 30 

hybrid clones of Saccharum barberi, S. officinarum and a Coimbatore hybrid of 

sugarcane. The clustering pattern revealed that grouping of progeny clones was not 

related to that of parent cross combination i.e. progenies of a cross and their parents 

grouped in separate clusters. They further suggested that hybridization among clones 

from diverse clusters may help in separating offsprings with improved yield and quality 

characters. Similarly, Tai and Miller (2002) performed cluster analysis of four Saccharum 

species and four commercial cultivars by means of sugar analysis. They reported that 

cluster analysis was indicative of heterogeneity within and among these species. Wang et 

al. (2004), however, found four groups and seven sub-groups in 75 exotic and inland 

sugarcane germplasm. Group I had medium yield and sugar content, while group II had 

genotypes with high yield and sugar content. Group III contained genotypes with low 

yield and medium sugar content and group IV had high sugar content. 

The important characters manifested in the PCA and cluster analyses were 

subjected to further analyses to ascertain their association and direct/indirect effects on 

cane yield in different crop-environment scenarios. 

 

4.6 Association among the characters 

 

 For any selection program to be effective there should be accurate estimates of 

genotypic correlations of various traits with the dependent trait, such as sugarcane yield. 

Genotypic correlation of characters depends on the phenotypic and environmental 

correlations and their heritability (Falconer and Mackay, 1996). The higher the genetic 

correlation between the component traits and the resultant character, the more the gain in 

selection is. However, a significant correlation only shows degree of obvious association 

between any two characters, which could have been induced by the effect of a third 

character on each of these two independently. Therefore, simple correlations coefficient 

per se are not always as effective in finding the underlying relationship among traits, 

especially when each character is affected by many mutually related characters (Kang et 

al., 1983). Path coefficient analysis splits correlation of the traits into that of direct and 

indirect effects (Singh and Chaudhary, 1979) which could lead to meaningful conclusion 

in the form of cause and effect relations. In the following paragraphs, an account is given 

about the phenotypic and genotypic correlations and path analyses among various 
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characters of 28 sugarcane genotypes across three crops, two plant and one ratoon crops 

conditions. 

 

Across 3 crops 

 

Phenotypic and genotypic correlations 

Tiller2 showed highly significant and positive phenotypic and genotypic 

correlation with millable stalks (rp = 0.66, rg = 0.70, P = 0.01), and negative correlations 

with stalk diameter (rp = -0.52, rg = -0.55, P = 0.01) (Table 4.39). Similarly, growth1 had 

strong positive phenotypic and genotypic correlation with growth2 (rp = 0.92, rg = 0.95, 

P = 0.01) and positive correlation with stalk length (rp = 0.41, rg = 0.47, P = 0.05) and 

cane yield (rp = 0.44, P = 0.05; rg = 0.52, P = 0.01). Growth2, on the other hand, exhibited 

strong phenotypic correlation with stalk length (rp = 0.56, P = 0.01), millable stalks (rp = 

0.43, P = 0.05) and cane yield (rp = 0.38, P = 0.05). In the same way, growth2 had highly 

significant genotypic correlation with stalk length (rg = 0.60, P = 0.01), millable stalks 

(rg = 0.50, P = 0.01), cane yield (rg = 0.47, P = 0.01) and stalk diameter (rg = 0.25, 

P = 0.05). 

Stalk length had highly significant phenotypic and genotypic correlation 

(rp = 0.50, rg = 0.63, P = 0.01) with millable stalks only. Stalk diameter had highly 

significant correlations with POL (rp = 0.52, P = 0.01), recovery (rp = 0.53, P = 0.01), 

purity (rp = 0.47, P = 0.05) and millable canes (rp = -0.39, P = 0.05). Cane diameter 

showed highly significant genotypic correlation with Brix (rg = 0.43, P = 0.01), POL 

(rg = 0.67, P = 0.01), purity (rg = 0.66, P = 0.01) and recovery (rg = 0.69, P = 0.01). In 

addition, cane diameter had highly significant negative correlation with millable canes 

(rg = -0.48, P = 0.01). 

Brix was strongly associated with POL both at the phenotypic and genotypic level 

(rp = 0.81, rg = 0.82, P = 0.01) and with recovery (rp = 0.69, rg = 0.71, P = 0.01).  Purity 

had highly significant phenotypic correlation with recovery (rp = 0.89, P = 0.01). 

Phenotypic correlation of POL was significant with purity (rp = 0.80, P= 0.01) and 

recovery (rp =0.89, P= 0.01). POL also showed highly significant genotypic correlation 

with purity (rg = 0.79, P= 0.01) and recovery (rg = 0.88, P= 0.01). Similarly, purity was 

highly correlated with recovery at the phenotypic (rp = 0.89, P= 0.01) and genotypic level 

(rg = 0.88, P = 0.01).  
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Jamoza et al. (2014) found significant phenotypic correlation of internode 

number, stalk diameter, stalk height, weight of single stalk and number of millable canes 

with yield in plant crop. However, low to moderate genetic correlations of these 

characters were found with cane yield (-0.30 to 0.60), except for the number of 

internodes.  

Smiullah et al. (2013) reported positive and significant genotypic and phenotypic 

relationship of number of tillers, cane thickness, and cane yield with Brix. Similarly, 

Tyagi et al. (2012) found significant correlations of stalks per plot with cane yield both at 

the phenotypic and genotypic levels (rp = 0.68, rg = 0.68). Sucrose yield also displayed 

highly significant phenotypic and genotypic correlations with cane yield and number of 

stalks per plot. Tyagi et al. (2012) suggested that cane and sucrose yield components such 

as number of stalks, stalk weight and height could be suitable traits for improving cane 

yield. Ishaq et al. (2002) reported that stalk weight, height and number and CCS% were 

the major traits which contribute to cane yield. In contrast, negative phenotypic and 

genotypic correlation between stalk height and diameter were reported by Silva et al. 

(2002).   

 

Test of multicollinearity 

Correlation among the some sugarcane characters of 28 sugarcane genotypes 

measured over three crops were high in magnitude, ranging from 0.80 to 0.98 

(Table 4.39). For instance, correlations between growth1 and growth2, POL and Brix and 

recovery, purity and recovery, were higher. Therefore, prior to performing the path 

coefficients analyses, the characters were analyzed for multicollinearity. Multicollinearity 

means that there happens to be an exact or perfect relationship among the regression 

predictor variables (James, 2013). In linear regression, no perfect or exact relationship is 

assumed between predictor variables. When this assumption is violated, one or more 

redundant variables are excluded from the analysis. There are basically three criteria 

based on which variables are declared collinear. These are the variance inflation factor 

(VIF), the tolerance and condition index. When VIF and tolerance values are >10, the 

characters are judged to be collinear and multicollinearity can be reduced by removing 

either of the correlated characters. Similarly, values of condition index from 100 to 1000 

show moderate to high multicollinearity.  
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The characters which had VIF values >10 were growth2, Brix, POL, purity and 

recovery (Table 4.40). In this case, growth1 was removed. Since purity and recovery were 

calculated/derived traits, they were removed from further analysis as well. In addition, a 

high condition index was noted for recovery and millable canes, so millable canes were 

also excluded (Table 4.41). Results of the second analysis of multicollinearity are 

presented in Table 4.42. The resultant VIF values for the remaining characters were 

acceptable in acceptable range (<10) (Table 4.42). 

Path coefficient analysis 

Phenotypic path coefficient analysis of 16 sugarcane characters measured across 

three crops showed high and positive direct effects of tiller2, growth2 and POL on cane 

yield (Table 4.43). However, stalk length, stalk diameter, and Brix exhibited negative 

direct effects on yield. Growth2 manifested a positive high direct effect (0.44) on yield 

and had a correlation of 0.38 with cane yield. Negative direct effect of -0.13, -0.32 

and -0.33 was noted for stalk length, stalk diameter, and Brix on cane yield.  

At the genotypic level, the path coefficients displayed positive and high direct 

effects of growth2 (0.70) and POL (0.75) on cane yield. Tiller2 showed positive indirect 

effect via growth2, stalk diameter, and Brix on cane yield. Low indirect effects of 

growth2 via tiller2, Brix and POL were observed.  Similarly, POL showed positive and 

low indirect effect on cane yield through growth2. Stalk length, stalk diameter, and Brix 

showed moderate to high negative direct effects on cane yield (Table 4.43). 

 Negative direct effects of stalk height, stalk diameter and internode length on cane 

yield were reported by Smiullah et al. (2013) and even though the number of millable 

stalks and of internodes had positive direct effect on cane yield their magnitude was low. 

Piya (1998) reported direct effect of single stalk weight on stalk thickness.  In contrast, 

Singh and Khan (2003) reported a negative association of cane yield with sucrose content 

and recommended a selection strategy that would combine these two characters for high 

yield of cane and of sugar. 

 

Plant Crops 

Phenotypic and genotypic correlations 

Phenotypic and genotypic correlations for 10 characters measured on 28 

sugarcane genotypes revealed that tiller1 was strongly and positively correlated with 
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tiller2 (rp = 0.85, rg = 0.87, P = 0.01) and millable stalks (rp = 0.53, rg = 0.57, P = 0.01), 

but negatively correlated with stalk diameter (rp = -0.42, P = 0.05) (Table 4.44). On a 

genotypic level, however, tiller1 showed significant and moderate correlation with vigor 

rate2 (rg = 0.36, P = 0.05), stalk length (rg = 0.41, P = 0.05) and internode length 

(rg = 0.36, P = 0.05), while negative with stalk diameter (rg = -0.45, P = 0.01). Tiller2 on 

the other hand, showed highly significant phenotypic and genotypic correlation with vigor 

rate2 (rp = 0.51, rg = 0.67, P = 0.01) and millable stalks (rp = 0.52, rg = 0.56, P = 0.01).  

Significant positive correlation of tiller2 with stalk length (rp = 0.43, P = 0.05, rg = 0.56, 

P = 0.01) and negative correlation with stalk diameter (rp = -0.44, P = 0.05; rg = -0.43, 

P = 0.01) were also noted. ). Similarly, vigor rate2 showed significant and positive 

correlations, both at the phenotypic and genotypic levels, with stalk length (rp = 0.43, 

P = 0.05, rg = 0.57, P = 0.01), millable stalks (rp = 0.47, P = 0.05, rg = 0.79, P = 0.01) and 

internode length (rg = 0.44, P = 0.05), but its correlation with quality characters (i.e. POL 

and recovery) were negative and significant both at phenotypic and genotypic levels. 

There was significant correlations between stalk length and length of internode 

(rp = 0.50, P = 0.01, rg = 0.41, P = 0.05) and a non-significant negative correlation with 

cane yield (rp = 0.31) was higher than with other characters. Stalk length had highly 

significant positive genotypic correlation with millable stalks (rg = 0.50, P = 0.01) and 

negative correlation with stalk diameter (rg = -0.25, P = 0.05). In contrast to other 

characters, stalk length had a strong and significant correlation with cane yield (rg = 0.64, 

P = 0.01). Internode length, in turn, was positively correlated with millable stalks 

(rp = 0.38, P = 0.05) but negatively associated with stalk diameter (rp = -0.29, rg = -0.48, 

P = 0.01), POL (rp = -0.2, rg = -0.46, P = 0.05), and recovery (rp = -0.19, rg = -0.46, 

P = 0.05). Internode length showed significant correlation with cane yield (rg = 0.56, 

P = 0.01). In the same way, stalk diameter was moderately and positively correlated with 

POL (rp = 0.49, rg = 0.61, P = 0.01), recovery (rp = 0.50, rg = 0.64, P = 0.01) and cane 

yield (rg = 0.47, P = 0.01), but negatively correlated with millable stalks (rp = -0.37, 

P = 0.05, rg = -0.41, P = 0.05). POL and recovery had a very strong correlation (rp = 0.99, 

rg = 0.99, P = 0.01) and negative with millable canes (rp = -0.05).  

 Chaudhary et al. (2003) reported that cane length, cane weight, number of 

internodes and internode length were positively and significantly correlated with cane 

yield. Sharma and Singh (1982) found a significant association of juice weight per stalk 
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with cane length, weight and thickness. Negative phenotypic correlations were found 

between cane yield and other quality traits, except fiber percent (Olaoye and Agbana, 

1987). 

 

Test of multicollinearity 

Before conducting a path coefficient analysis, test of multicollinearity was run for 

the characters of the 28 sugarcane genotypes evaluated in two plant crops and the results 

are presented in Table 4.45. Values of the variance inflation factor (VIF) for recovery, 

and millable stalks were substantially high (with values 51.92 and 53.99 respectively). 

POL was removed as it had a high VIF value from the path coefficient analysis (Table 

4.45). Recovery and millable canes had high condition index values; hence, they were 

removed as well (Table 4.46). Test of multicollinearity for the remaining characters gave 

VIF values smaller than 10, which were acceptable (Table 7.47) for subsequent path 

coefficient analysis. 

Path coefficient analysis 

Phenotypic path coefficients 

 Under plant crops, tiller1 had a positive and high direct effect on cane yield (0.35) 

and had the same trend in indirect effect via tiller2 (0.33) (Table 4.48). It had low and 

negative indirect effect via vigor rate2 and stalk length with values -0.02 and -0.09, 

respectively. Tiller2 showed high direct effect and a high indirect effect via tiller1 on 

cane yield. Its indirect effect via other characters was low and negative (vigor rate2 and 

stalk length). Vigor rate2 had a negative and low direct effect on cane yield. Its indirect 

effects via other characters were low. Stalk length, on the other hand, had high direct 

effect on cane yield. It‟s indirect effect via vigor rate2 and stalk length, however, was low 

and negative. Internode length had high negative indirect effect on cane yield. Similarly, 

it too had negative and low indirect effect via vigor rate2. Cane diameter had a low and 

negative direct effect on cane yield. In the same way, it had negative and low indirect 

effect via tiller1 (-0.12), tiller2 (-0.16) and stalk length (-0.03). 

Genotypic path coefficients 

 Tiller1 had a very high direct effect (0.85) on cane yield. Its indirect effects via 

tiller2, stalk length and cane diameter were low and negative giving values -0.01, -0.22 

and -0.15, respectively (Table 4.48). Tiller2 had low and negative direct effect on cane 

yield (-0.01). However, it had a high indirect effect (0.71) via tiller1 on cane yield. 
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However, it also exerted negative and low indirect effect on cane yield via stalk length 

(-0.22) and (-0.19). Similarly, vigor rate2 which showed a negative phenotypic direct 

effect on cane yield displayed a high direct effect on cane yield. However, it exhibited a 

high indirect effect via stalk length (-0.31) and cane diameter (-0.40).  Stalk length 

showed a very high genotypic direct effect (0.83) on cane yield. However, it displayed a 

high indirect effect via stalk length (-0.47). Internode length, on the other hand, showed 

very high negative genotypic direct effect (-0.77) on cane yield. However, it had a high 

indirect effect via stalk length (0.51). Cane diameter also showed a high direct effect on 

cane yield (0.45). However, it showed considerable negative indirect via tiller1 (-0.29), 

vigor rate2 (-0.38), a low indirect effect via stalk length (-0.12). 

 Kang et al. (1983) reported that cane diameter and number of stalks were more 

important than cane height in determining cane yield at genotypic level. However, they 

were equally important at phenotypic level. Brix had a negligible effect on sugar yield, 

while it in turn had a high direct effect on cane yield. On the other hand, number tillers, 

stalk thickness and stalk length were shown to be responsible for almost all the changes in 

stalk height by de Sousa et al. (2005). 

 

Ratoon Crop 

Phenotypic and genotypic correlations 

Correlation among 10 characters of 28 sugarcane genotypes under ratoon crop 

condition revealed that tiller1 had highly significant phenotypic and genotypic correlation 

with tiller2 (rp = 0.84, rg = 0.86, P = 0.01) and millable canes (rp = 0.62, rg = 0.79, 

P = 0.01) (Table 4.49). However, it had a negative correlation with number of internodes 

(rp = -0.18), purity% (rp = -0.19) and recovery% (rp = -0.17). Tiller1 was significantly 

associated with growth2 (rg = 0.27, P = 0.05) and internode length (rg = 0.21, P = 0.01) as 

well, while negatively correlated with number of internodes (rg = -0.22, P = 0.05) and 

purity (rg = -0.27, P = 0.01). Tiller2 showed highly significant correlation with millable 

canes (rp = 0.71, rg = 0.79, P = 0.01) and cane yield (rp = 0.52, rg = 0.62, P = 0.01), while 

it was significantly correlated with internode length (rg = 0.27, P = 0.05). Growth2 

showed highly significant correlation with vigor rate2 (rp = 0.93, rg = 0.93, P = 0.01) and 

internode length (rp = 0.72, 0.74, P = 0.01), while significant correlation with cane yield 

(rp = 0.38, P= 0.05, rg = 0.46, P = 0.01). However, it was negatively correlated with 

number of internodes (rp = -0.34). Growth2 was also significantly correlated with purity 

(rg = 0.40), recovery (rg = 0.42, P = 0.05) and millable canes (rg = 0.31, P = 0.05). 
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Similarly, vigor rate2 showed strong correlation with internode length (rp = 0.68, 

rg = 0.70, P = 0.01) and positive and significant correlation with recovery% (rp = 0.44, 

P = 0.05, rg = 0.56, P= 0.01). However, it had a significant and negative correlation with 

number of internodes (rp = -0.38, P = 0.05). Vigor rate2 displayed strong correlation on 

genotypic level, with internode length (rg = 0.70, P = 0.01), purity% (rg = 0.43, P = 0.01) 

and cane yield (rg = 0.45, P = 0.01). However, it showed a strong negative correlation 

with number of internodes (rg = -0.47, P = 0.01).  

Number of internodes had only significant and negative correlation with internode 

length (rp = -0.46, P = 0.05, rg = -0.55, P = 0.01) and cane yield (rg = -0.39, P = 0.05). 

Internode length, in turn, was significantly correlated with cane yield (rp = 0.46, P = 0.05, 

rg = 0.59, P= 0.01). It showed significant correlation with recovery (rg = 0.29, P = 0.05) 

and millable canes (rg = 0.28, P = 0.05).  

Purity on the other hand, was strongly correlated with recovery (rp = 0.70, 

P = 0.01) and negatively correlated millable canes (rp = -0.26, rg = -0.52, P = 0.01). Purity 

showed positive and significant genotypic correlation with cane yield (rg = 0.31, 

P = 0.05). Recovery was negatively correlated with millable canes (rp = -0.21, rg = -0.44, 

P = 0.01), while millable canes showed significant correlation with cane yield (rp = 0.40, 

P = 0.05). However, it displayed a significant correlation with cane yield (rg = 0.37, 

P = 0.05). Similarly, millable canes had a significant association with cane yield 

(rg = 0.52, P = 0.01). 

 Milligan et al. (1990) reported cane and sugar yields were highly correlated 

(r = 0.91) in older ratoon crops. Other important traits were stalk number and stalk 

thickness in determining cane yield in older ratoon crops. Similarly, Brix and sugar 

content were highly correlated and were least affected by the age of the crop. They 

suggested selecting for those components of yield which would affect sucrose yield. In 

the same way, Abdelmahmoud et al. (2010) found positive correlations of cane yield and 

stalk characters and suggested for improvement in cane yield via these characters. 

However, they found a negative association among stalk diameter, juice POL and purity. 
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Test of multicollinearity 

 Due to the presence of high correlation coefficients among some of the characters 

under ratoon crop, test of multicollinearity was warranted before conducting path 

analysis. Results of the first run of the multicollinearity are given in Table 4.50. Growth2 

and vigor rate2 showed VIF values greater than 10. Similarly, millable stalks had high 

condition index value (Table 4.51). Removing these characters corrected multicollinearity 

problem. Test of multicollinearity without these characters is given in Table 4.52. 

 

Path analysis 

Phenotypic path coefficients 

Tiller1 had a positive direct effect on cane yield (0.25) and had a positive 

correlation with cane yield (0.34) (Table 4.53). Growth2 showed a low direct effect on 

cane (0.02) even though it had a correlation with cane yield to the tune of 0.38. Number 

of internodes had a low and negative direct effect on cane yield (-0.06). It showed a low 

and negative indirect effect via other characters as well. Internode length on the other 

hand showed a high direct effect on cane yield (0.37) while its indirect effect through 

other characters was low. 

 

Genotypic path coefficients 

Under ratoon crop, tiller1 had a positive direct effect on cane yield (0.28), while 

its indirect effect via other characters was low (Table 4.53). Growth2 showed a low and 

negative direct effect on cane yield (-0.02). However, it showed a high indirect effect 

through internode length (0.38) on cane yield. Number of internodes too, displayed a low 

and negative direct effect (-0.05) on cane yield and showed a considerable indirect 

negative effect via internode length (-0.29) on cane yield. Internode length came out to be 

the character which exhibited a high direct effect on cane yield (0.52) and its correlation 

with cane yield was also high. Its indirect effect via other characters was low. 

Chaudhary et al. (2003) suggested that weight and length of stalk were important 

characters of cane yield and should be included in selection for improved cane yield. 

 Phenotypic and genotypic correlation estimates of 28 sugarcane genotypes 

evaluated as 3 crops showed a strong negative association of tiller2 with cane diameter 

and strong positive associations of growth2 with stalk length and cane yield. In addition, 

POL had strong association with Brix and cane diameter. Overall, cane yield showed 

negative correlation with cane diameter and Brix and positive but non-significant 
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correlation with tiller2, stalk length and POL. Olaoye and Agbana (1987) reported 

negative phenotypic association between cane yield and other quality traits. However, 

Chaudhary et al. (2003) found that stalk length, stalk weight and internode number and 

length displayed significant and positive correlation with cane yield.  

At the genotypic level, stalk length and cane diameter had positive and significant 

associations with tiller2 and growth2. In the same way, cane diameter was strongly 

correlated with Brix and POL. On the other hand, tiller2, growth2 and stalk length had 

significant positive correlations with cane yield. This is in conformity with Tyagi et al. 

(2012) who reported highly significant positive correlations of cane yield with cane 

weight, cane height and lower genotypic correlation with cane thickness. 

Path analysis of the 7 characters across crops revealed that the highest direct effect 

on cane yield was manifested by growth2 followed by POL and tiller2. However, 

negative direct effect of stalk length, cane diameter and Brix were observed on cane yield.  

Chaudhary et al. (2003) reported the importance of stalk length contributing to cane yield. 

Rewati and Bal (2005) reported that stalk length and stalk diameter were positively 

associated with cane yield because of indirect effect of height of single cane. In the same 

way, stalk height and thickness were described as important characters by Anand and 

Praduman (2007). Similarly, Hussein et al. reported the importance of number of 

stalks/m
2
, sucrose% and stalk weight having highest direct and indirect effects (Hussein 

et al., 2012). 

 The results based on phenotypic and genotypic correlations among the characters 

of 28 sugarcane genotypes under two plant crops displayed varying amount of association 

among them. Growth1 and growth2 had a signification correlation with cane yield while 

tiller1, thought non-significant had a positive association with cane yield. Similarly, 

tiller1, tiller2, growth1 and growth showed significant genotypic correlation with cane 

yield. Path analysis of the remaining characters revealed that tiller1, vigor rate2, stalk 

length and cane diameter were important characters to be considered for improvement in 

cane yield. 

 Under ratoon crop, phenotypic character association in 28 sugarcane genotypes 

showed that tiller2, growth2, internode length and millable canes had significant 

correlations with cane yield. On genotypic level all the characters showed signification 
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association with cane yield. However, number of internodes was negatively associated 

with cane yield. Among the characters, path analysis showed that tiller1 and internode 

length were the most important characters having positive direct effect on cane yield and 

may be chosen for selection to improve cane yield. 

 The characters extracted through correlation and path analysis were used in 

developing selection indices for the combined, 2 plant crops and one ratoon crop. The 

details of the selection indices are given in the following section. 

 

4.7 Development of Smith’s selection indices across crops 

 

Selection index is used for simultaneous selection of multiple characters in a plant 

breeding context   and in the case of indirect selection (Falconer and Mackay, 1996). The 

Simth‟s (1936) selection index was used for the characters having high direct effects on 

cane yield as measured in this study. 

Selection indices for cane yield based on three characters (tiller2, growth2 and 

POL) are presented in Table 4.54. Individual genetic gain (GG) was 48.5 tillers per 9 m
2
 

for tiller2 and 31.6 cm for growth2. POL and cane yield showed individual values of 

genetic gain of 0.8% and 5.4 t ha
-1

, respectively. Higher cumulative genetic gains (CGG) 

were recorded (more than 60) when the indices included  tiller2 + growth2, tiller2 + 

growth2 + POL, tiller2 + growth2 + cane yield, and tiller2 + growth2 + POL + cane yield. 

The highest CGG was recorded for the selection index including all the 4 characters. 

Based on corresponding CGG, genotypes were selected based on a 20% selection 

intensity (Table 4.55). Selection index I (SI-I) included tiller2 and growth2 and selected 

genotypes MS03CR8-407, MS03CR7-243, CPF-225, MS03CR5-245, CoJ-76 and 

CP77-400. Mean of selected individuals was 319.7 and 206.1 for tiller2 and growth2, 

respectively, which was higher than the mean of all the genotypes for these two traits 

(283.2 and 184.8, respectively). 

Selection index II (SI-II) which included tiller2, growth2 and POL. The genotypes 

in this selection index were MS03CR8-407, MS03CR7-243, CPF-225, MS03CR5-245, 

MS03CR1-79 and CoJ-76. The individual trait means for these genotypes were 325.3 

tillers per 9 m
2
, 200.4 cm and 17.0%, respectively, which were above the means of these 

traits. 
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Selection index-III (SI-III) included tiller2, growth2 and cane yield. Sugarcane 

genotypes selected via SI-III were MS03CP-279, MS03CR7-243, CPF-225, MS03CR5-

245, CoJ-76 and CP77-400. Traits means of selected genotypes were 319.7 tillers per 9 

m
2
, 206.1 cm and 72.9 t ha

-1
, respectively.  The trait means of all individuals were lower 

than those selected with selection index III. 

Selection Index (SI-IV) comprised tiller2, growth2, POL, and cane yield. The 

genotypes selected were MS03CR8-407, MS03CR7-243, CPF-225, MS03CR5-245, 

MS03CR1-79 and CoJ-76. Trait means of the selected individuals were 325.3 tillers per 9 

m
2
, 200.4 cm, 16.2% and 75.5 t ha

-1
. These means were higher than the trait means based 

on all individuals. Singh and Khan (2003) also reported an improvement in genetic gain 

with three characters, viz. juice extraction per cent, cane yield and CCS selected 

simultaneously, over gains derived from selection based on each individual character. 

Similarly, Singh and Khan (1998) suggested selection based on number of millable stalks, 

cane yield, stalk height, stalk weight and juice extraction percent as important characters 

for improvement of cane yield. 

 

Selection Indices for plant crops 

Selection indices based on five characters viz. tiller1, vigor rate2, stalk length, 

cane diameter and cane yield measured in the plant crops are presented in Table 4.56. 

Individually, they showed a genetic gain of 14.5 tillers per 9 m
2
, -0.03 cm per day, 5.5 

cm, 0.03 cm and 0.2 t ha
-1

, respectively. In various selection indices they showed variable 

genetic gains. However, the highest CGG (above 48) were obtained with the trait 

combinations such as tiller1, stalk length and cane yield; tiller1, vigor rate2, stalk length 

and cane yield; tiller1, vigor rate2, stalk length, stalk diameter and cane yield; and 

combination of all  five characters. However, highest absolute value was recorded (48.79) 

for the selection index containing tiller1, vigor rate2, stalk length, and cane yield. 

Selection indices developed on the basis of five characters are presented in 

Table 4.57. Selection index number 15 identified genotypes MS03CR5-245, CPF-225, 

MS03CR8-407, CoJ-76, MS03CP-275 and MS03CR6-295 as performing better than the 

rest, based on tiller1, stalk length and cane yield characters. Means of selected individuals 

were 245.2 tillers per 9 m
2
, 198.9 cm and 79.5 t ha

-1
, for tiller1, stalk length and diameter, 

respectively, which were higher than the mean of all individuals for these characters 

(202.8 tillers per 9 m
2
, 187.7 cm and 76.1 t ha

-1
). 
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Selection index number 22 consisted of tiller1, vigor rate2, stalk length and cane 

yield. The genotypes selected on the basis of this index included MS03CR5-245, 

CPF-225, MS03CR8-407, CoJ-76, MS03CP-275 and MS03CR6-295. Collectively they 

gave mean of 245.2 tillers per 9 m
2
, 3.2 cm per day, 198.9 cm and 79.5 t ha

-1
, 

respectively, for tiller1, vigor rate2, stalk length and cane yield. These means were higher 

than means of all individuals i.e. 202.8 tillers per 9 m
2
, 3.0 cm per day, 187.7 cm and 76.1 

t ha
-1

, respectively. 

Selection index 24 was based on tiller1, stalk length, stalk diameter and cane yield 

and identified genotypes MS03CR5-245, CPF-225, MS03CR8-407, CoJ-76, MS03CP-

275 and MS03CR6-295 as the top ranked genotypes. They showed superiority in means 

over the means of all individuals  with 245.2 tillers per 9 m
2
, 198.9 cm, 0.9 cm and 79.5 t 

ha
-1

 respectively, for tiller1, stalk length, cane diameter and cane yield. 

Selection index 26 comprised of all five characters. The genotypes selected with 

this index were CPF-225, MS03CR5-245, MS03CR8-407, CoJ-76, MS03CP-275 and 

MS03CR6-295. They showed a mean advantage over the mean of all individuals giving 

mean values 245.2 tillers per 9 m
2
, 3.2 cm per day, 198.9 cm, 0.9 cm and 79.5 t ha

-1
, 

respectively, for tiller1, vigor rate2, stalk length, stalk diameter and cane yield. Means of 

all individuals were 202.8 tillers per 9 m
2
, 3.0 cm per day, 187.7 cm, 0.9 cm and 76.1 

t ha
-1

, for these characters. 

 

Selection Indices for ratoon crop 

Selection indices based on any one of three characters with genetic gain and CGG 

in ratoon crop for 28 sugarcane genotypes are given in Table 4.58. The highest CGG 

(54.88) was obtained with a combination of all characters (tiller1, internode length and 

cane yield), followed by tiller1 and cane yield (53.90). 

Selection index number 2 which consisted of tiller1 and cane yield selected the 

genotypes MS03CP-300, MS03CP-209, MS03CP-279, CP77-400, MS03CR8-407 and 

MS03CR7-243 (Table 4.59). Means of these genotypes were higher for tiller1 (112.4 

tillers per 9 m
2
) and cane yield (61.8 t ha

-1
) than means of all individuals which were 65.3 

tillers per 9 m
2 

and 48.3 t ha
-1

, respectively. 

Selected genotypes based on selection index number 4 were MS03CP-300, 

MS03CP-209, MS03CP-279, CP77-400, MS03CR8-407 and MS03CR7-243, 
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respectively. They gave means of 112.4 tillers per 9 m
2
, 12.9 cm and 61.8 t ha

-1
 for tiller1, 

internode length and cane yield. Means of all individuals were 65.3 tillers per 9 m
2
, 11.9 

cm and 48.3 t ha
-1

, respectively. 

 Smith selection indices developed with up to four characters across three crops 

showed that an index based on tiller2, growth2, POL and cane yield gave a cumulative 

genetic gain above 60, while selection on individual characters yielded  genetic gains 

ranging from  0.8 to 48.5. The individuals selected on the basis of these selection indices 

showed higher means than that of the overall mean and revealed higher genetic advance. 

Entries CPF-225, MS03CR5-245, MS03CR7-243 and MS03CR8-407, were selected 

using any of the selection indices. 

Selection indices developed for only for plant crops revealed that the index 

involving tiller1, vigor rate2, stalk length and cane yield gave the highest genetic 

advance. The genotypes selected on the basis of this index were MS03CR5-245, CPF-

225, MS03CR8-407, CoJ-76, MS03CP-275 and MS03CR6-295. They showed their worth 

in respective means over the mean of all the genotypes. 

 For the ratoon crop, the selection index involving tiller1, internode length, and 

cane yield gave the highest genetic advance. The genotypes selected using this selection 

index were MS03CP-300, MS03CP-209, MS03CP-279, CP77-400, MS03CR8-407 and 

MS03CR7-243.  

  



71 
 

Table 4.1. Mean squares for growth traits of 28 sugarcane genotypes evaluated in 

the plant cane and ratoon crops at SCRI, Mardan (Pakistan). 

Source d.f. Tiller1  Tiller2  

Vigor 

rate1 Growth1 Growth2 

Vigor 

rate2 

Crops 2 531199.4
**

 1214753.7
**

 155.2
**

 123398.2
**

 104537.6
**

 4.5* 

Plant Crops vs Ratoon 1 1060125.5
**

 2419041.5
**

 307.1
**

 173550.1
**

 192418.9
**

 6.1
**

 

Reps w/n Crops 6 30.7 1323.2 1.1 59.9 166.7 0.2 

Genotypes 27 7770.2
**

 14322.6
**

 3.3
**a 

1580.4
**

 4963.0
**

 1.4
**

 

Genotypes × Crops 54 3425.9
**

 5175.4
**

 3.6
**

 649.5
**

 1372.2
**

 1.0
**

 

Error 162 880.5 2007.6 1.1 116.7 280.2 0.3 

CV (%) -- 18.9 15.8 24.7 10.5 9.1 20.4 
*,**

= Significant at 5 and 1% probability, respectively. 
a 
tested against error MS 

 

Table 4.2. Mean squares for stalk traits of 28 sugarcane genotypes evaluated in the 

plant cane and ratoon crops at SCRI, Mardan (Pakistan). 

Source d.f. 

Stalk 

Length 

Number of 

internodes 

Internode 

length 

Stalk 

diameter 

Crops 2 77399.4
**

 131.7
**

 188.1
**

 0.03 

Plant Crops vs Ratoon 1 145629.1
**

 150.0
**

 362.1
**

 0.06
* 

Reps w/n Crops 6 291.9 0.3 3.7 0.0375 

Genotypes 27 1484.6
**

 11.1
**

 15.1
**

 0.13
**

 

Genotypes × Crops 54 582.3
**

 5.2
**

 6.8
**

 0.08
**

 

Error 162 283.8 1.5 2.8 0.02
 

CV (%) -- 9.9 8.5 12.3 6.6 

**
= Significant at 1% probability. 
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Table 4.3. Mean Squares for quality traits of 28 sugarcane genotypes evaluated in 

the plant cane and ratoon crops at SCRI, Mardan (Pakistan). 

Source d.f. Brix POL Purity Recovery 

Crops 2 63.1
**

 122.5
**

 632.2
**

 78.8
**

 

Plant Crops vs Ratoon 1 123.8
**

 244.6
**

 1120.2
**

 156.3
**

 

Reps w/n Crops 6 1.5 4.1 64.2 3.6 

Genotypes 27 2.4
**

 4.5
**

 45.7
**

 3.3
**

 

Genotypes × Crops 54 2.1
**

 2.9
**

 32.4
**

 2.1
**

 

Error 162 0.7 1.1 12.2 0.8 

CV (%) -- 4.4 6.6 4.2 8.9 
**

= Significant at 1% probability. 

 

Table 4.4. Mean Squares for yield traits of 28 sugarcane genotypes evaluated as 

plant and ratoon crops at SCRI, Mardan. 

Source d.f. 
Millable 

stalks 

Cane  

yield 

Crops 2 31473.9
**

 21695.1
**

 

Plant Crops Vs Ratoon 1 39600.3
**

 43216.1
**

 

Reps w/n Crops 6 114.5 661.8 

Genotypes 27 1078.4
**

 296.7
**

 

Genotypes × Crops 54 462.5
* 

276.8
**

 

Error 162 289.6 104.8 

CV (%) -- 21.5 15.3 
*,**

= Significant at 5 and 1% probability, respectively. 
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Table 4.5. Means for tiller1 (per 9 m
2
) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and Kang’s 

rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 187.0 27.5 133.8 85.3 2046.9 5 

BF162-166 236.5 82.0 185.0 65.3 1320.7 23 
†
 

MS03CP-209 203.5 125.5 177.5 38.3 3889.9 
*
 17 

†
 

MS03CP-275 245.5 87.0 192.7 64.6 2839.8 
*
 23 

†
 

MS03CP-279 197.0 130.5 174.8 33.8 5310.8 
**

 12 
†
 

MS03CP-300 214.5 132.5 187.2 38.2 3271.2 
*
 20 

†
 

MS03CP-301 211.5 80.5 167.8 61.9 -67.6 
ψ 

18 
†
 

MS03CP-377 183.8 74.0 147.2 59.7 1021.4 11 

MS03CP-378 227.3 113.5 189.3 50.1 4013.8 
*
 21 

†
 

S87US-1767 193.3 55.5 147.3 71.3 -31.5 12 
†
 

S87US-2787 160.0 20.0 113.3 87.5 393.8 1 

CoJ-76 250.3 86.5 195.7 65.4 12263.74 
**

 21 
†
 

CPF-225 255.8 71.0 194.2 72.2 4058.5 
*
 24 

†
 

S9883CSSG-1139 198.3 37.0 144.5 81.3 758.3 10 

MS03CR1-50 131.3 31.0 97.8 76.4 4663.3 
**

 -10 

MS03CR1-51 184.5 18.0 129.0 90.2 1071.0 3 

MS03CR1-79 200.0 9.5 136.5 95.3 5182.6 
**

 0 

MS03CR2-129 185.8 32.0 134.5 82.8 2157.2 7 

MS03CR2-131 204.3 62.5 157.0 69.4 -34.7 15 
†
 

MS03CR2-132 169.8 55.0 131.5 67.6 1411.4 4 

MS03CR2-155 149.0 29.5 109.2 80.2 661.2 -1 

MS03CR5-245 251.5 74.5 192.5 70.4 6285.4 
**

 18 
†
 

MS03CR6-295 221.3 36.5 159.7 83.5 2493.0 16 
†
 

MS03CR7-243 220.0 83.0 174.3 62.3 3038.1 
*
 15 

†
 

MS03CR8-407 246.9 96.0 196.6 61.1 1191.4 30 
†
 

MS03CR9-451 222.3 46.5 163.7 79.1 2289.6 17 
†
 

CP77-400 155.5 107.0 139.3 31.2 13631.2 
**

 1 

Mardan-93 173.5 23.0 123.3 86.7 10795.9 
**

 -6 

Means 202.8 65.3 156.9 -- -- 11.7 

LSD (0.05 across crops) Crops = 9.0 Genotypes = 27.6 Geno. × Crops =33.8 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.6. Means for tiller2 (per 9 m
2
) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and Kang’s 

rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 293.0 72.5 219.5 75.3 8177.9 
*
 -5 

BF162-166 384.5 224.5 331.2 41.6 3103.8 27 
†
 

MS03CP-209 339.5 205.0 294.7 39.6 5597.3 18 
†
 

MS03CP-275 386.8 164.0 312.5 57.6 192.3 22 
†
 

MS03CP-279 346.8 229.5 307.7 33.8 9611.9 
**

 12 

MS03CP-300 370.5 254.5 331.8 31.3 10256.2 
**

 20 
†
 

MS03CP-301 341.3 209.0 297.2 38.8 7716.8 
*
 15 

†
 

MS03CP-377 331.8 145.5 269.7 56.1 649.5 10 

MS03CP-378 374.0 184.5 310.8 50.7 2199.7 21 
†
 

S87US-1767 296.3 103.0 231.8 65.2 62.1 2 

S87US-2787 331.5 30.0 231.0 91.0 9389.1 
*
 -3 

CoJ-76 388.0 208.0 328.0 46.4 2837.6 25 
†
 

CPF-225 395.5 263.5 351.5 33.4 6207.3 
*
 26 

†
 

S9883CSSG-1139 346.8 107.5 267.0 69.0 918.9 9 

MS03CR1-50 276.5 112.5 221.8 59.3 7273.2 
*
 -4 

MS03CR1-51 332.5 46.0 237.0 86.2 6465.6 
*
 1 

MS03CR1-79 384.0 78.0 282.0 79.7 11099.6 
**

 4 

MS03CR2-129 367.3 117.5 284.0 68.0 4436.5 15 
†
 

MS03CR2-131 383.3 105.5 290.7 72.5 6013.9 17 
†
 

MS03CR2-132 301.5 99.0 234.0 67.2 5234.2 4 

MS03CR2-155 313.3 73.0 233.2 76.7 1107.1 3 

MS03CR5-245 402.8 149.5 318.3 62.9 2886.1 24 
†
 

MS03CR6-295 370.0 90.5 276.8 75.5 7581.7 
*
 7 

MS03CR7-243 381.8 221.0 328.2 42.1 6459.5 
*
 22 

†
 

MS03CR8-407 403.6 219.0 342.1 45.7 903.8 29 
†
 

MS03CR9-451 378.4 100.0 285.6 73.6 7269.5 
*
 12 

CP77-400 299.9 150.0 249.9 50.0 3573.6 7 

Mardan-93 348.8 87.5 261.7 74.9 7686.1 
*
 4 

Means 352.5 144.6 283.2 -- -- 12.3 

LSD (0.05 across crops) Crops = 13.7 Genotypes = 41.7 Geno. × Crops = 51.0 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.7. Means for vigor rate1 (tillers per day) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla’s stability statistics 

(σi
2
) and Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, 

Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 3.5 1.5 2.9 57.6 2.7 0 

BF162-166 4.9 4.8 4.9   3.7 4.9 
*
 22 

†
 

MS03CP-209 4.5 2.7 3.9 41.5 0.3 5 

MS03CP-275 4.7 2.6 4.0 45.5 1.5 8 

MS03CP-279 5.0 3.3 4.4 33.9 1.4 20 
†
 

MS03CP-300 5.2 4.1 4.8 21.8 2.4 23 
†
 

MS03CP-301 4.3 4.3 4.3   1.0 7.2 
**

 10 

MS03CP-377 4.9 2.4 4.1 51.7 1.4 11 

MS03CP-378 4.9 2.4 4.1 51.6 0.1 9 

S87US-1767 3.4 1.6 2.8 53.9 0.4 -1 

S87US-2787 5.7 0.3 3.9 94.2 11.2 
**

 -1 

CoJ-76 4.6 4.1 4.4 11.8 7.5 
**

 11 

CPF-225 4.7 6.4 5.2 -37.8 18.9 
**

 22 
†
 

S9883CSSG-1139 5.0 2.4 4.1 52.5 0.04 11 

MS03CR1-50 4.8 2.7 4.1 43.9 0.2 13 
†
 

MS03CR1-51 4.9 0.9 3.6 81.1 3.2 3 

MS03CR1-79 6.1 2.3 4.9 62.8 2.7 25 
†
 

MS03CR2-129 6.1 2.9 5.0 52.9 0.7 27 
†
 

MS03CR2-131 6.0 1.4 4.5 76.0 5.6 
**

 13 
†
 

MS03CR2-132 4.4 1.5 3.4 66.6 2.2 2 

MS03CR2-155 5.5 1.5 4.1 73.5 4.2 
*
 9 

MS03CR5-245 5.0 2.5 4.2 50.4 1.6 15 
†
 

MS03CR6-295 5.0 1.8 3.9 63.7 1.8 5 

MS03CR7-243 5.4 4.6 5.1 14.7 2.6 29 
†
 

MS03CR8-407 5.2 4.1 4.8 21.5 1.6 24 
†
 

MS03CR9-451 5.2 1.8 4.1 65.7 1.4 10 

CP77-400 4.8 1.4 3.7 70.2 9.04 
**

 -4 

Mardan-93 5.8 2.2 4.6 63.2 3.1 22 
†
 

Means 5.0 2.7 4.2 -- -- 12.3 

LSD (0.05 across crops) Crops = 0.3 Genotypes = 1.0 Geno. × Crops = 1.2 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.8. Means for growth1 (cm) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and Kang’s 

rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes Plant crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction (% 

of PCs) σi
2
 TSi 

MS03CP-154 121.9 59.0 100.9 51.6 102.8 12 
†
 

BF162-166 114.0 77.2 101.7 32.3 581.5 
**

 5 

MS03CP-209 92.0 61.1 81.7 33.6 710.8 
**

 -9 

MS03CP-275 131.7 62.2 108.5 52.8 511.9 
*
 17 

†
 

MS03CP-279 113.6 67.1 98.1 40.9 134.5 8 

MS03CP-300 108.0 69.5 95.1 35.6 393.2 
*
 3 

MS03CP-301 103.5 75.8 94.2 26.7 926.6 
**

 -4 

MS03CP-377 90.7 58.6 80.0 35.4 655.6 
**

 -10 

MS03CP-378 112.2 57.2 93.8 49.0 271.4 3 

S87US-1767 141.0 70.6 117.5 49.9 336.6 28 
†
 

S87US-2787 122.7 56.8 100.7 53.7 101.7 11 

CoJ-76 137.2 63.3 112.5 53.9 391.6 
*
 22 

†
 

CPF-225 111.0 62.6 94.9 43.6 86.8 6 

S9883CSSG-1139 112.2 72.5 99.0 35.4 306.1 10 

MS03CR1-50 130.5 64.1 108.3 50.9 101.6 20 
†
 

MS03CR1-51 105.1 37.1 82.4 64.7 311.0 0 

MS03CR1-79 129.0 63.0 107.0 51.2 553.7 
**

 11 

MS03CR2-129 146.2 77.6 123.3 46.9 1135.3 
**

 22 
†
 

MS03CR2-131 120.1 92.1 110.7 23.3 836.2 
**

 16 
†
 

MS03CR2-132 132.3 63.7 109.4 51.9 155.2 22 
†
 

MS03CR2-155 105.5 48.2 86.4 54.3 
a
-12.2 2 

MS03CR5-245 126.1 66.8 106.3 47.0 122.4 17 
†
 

MS03CR6-295 113.6 69.1 98.7 39.2 442.1 
*
 5 

MS03CR7-243 121.6 88.4 110.5 27.3 642.2 
**

 15 
†
 

MS03CR8-407 138.4 66.2 114.3 52.2 298.2 27 
†
 

MS03CR9-451 124.4 62.2 103.7 50.0 227.3 16 
†
 

CP77-400 164.9 99.2 143.0 39.9 3981.6 
**

 23 
†
 

Mardan-93 140.1 38.8 106.3 72.3 3881.3 
**

 10 

Means 121.7 66.1 100.9 -- -- 11.0 

LSD (0.05 across crops) Crops = 3.3 Genotypes = 10.1 Geno. × Crops = 12.3 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.9. Means for growth2 (cm) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and Kang’s 

rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 189.8 134.6 171.4 29.1 813.7 4 

BF162-166 188.9 150.6 176.1 20.3 1817.8 
**

 -1 

MS03CP-209 159.1 142.9 153.7 10.2 2460.4 
**

 -7 

MS03CP-275 212.4 141.4 188.7 33.4 124.5 20 
†
 

MS03CP-279 201.9 137.6 180.4 31.8 469.6 12 
†
 

MS03CP-300 185.1 133.9 168.0 27.6 16.7 3 

MS03CP-301 184.6 159.3 176.2 13.7 1261.2 
*
 4 

MS03CP-377 156.1 112.1 141.4 28.2 294.9 -2 

MS03CP-378 200.9 131.1 177.6 34.7 1341.2 
**

 1 

S87US-1767 219.0 143.0 193.6 34.7 904.6 
*
 17 

†
 

S87US-2787 198.6 124.4 173.8 37.4 814.0 6 

CoJ-76 211.2 126.8 183.0 40.0 1003.5 
*
 9 

CPF-225 197.5 143.8 179.6 27.2 114.8 10 

S9883CSSG-1139 201.3 160.0 187.5 20.5 280.0 19 
†
 

MS03CR1-50 220.0 147.3 195.8 33.1 260.0 22 
†
 

MS03CR1-51 172.6 90.5 145.2 47.6 602.4 -1 

MS03CR1-79 217.1 120.5 184.9 44.5 1909.8 
**

 8 

MS03CR2-129 239.8 167.5 215.7 30.2 1540.8 
**

 22 
†
 

MS03CR2-131 214.7 166.4 198.6 22.5 175.7 25 
†
 

MS03CR2-132 212.9 129.4 185.0 39.2 646.6 17 
†
 

MS03CR2-155 168.5 98.9 145.3 41.3 1889.5 
**

 -8 

MS03CR5-245 223.5 148.4 198.5 33.6 370.4 24 
†
 

MS03CR6-295 192.9 154.3 180.0 20.0 2369.1 
**

 3 

MS03CR7-243 218.7 195.3 210.9 10.7 1353.0 
**

 19 
†
 

MS03CR8-407 243.5 157.8 214.9 35.2 1322.2 
*
 25 

†
 

MS03CR9-451 213.3 134.6 187.0 36.9 617.9 18 
†
 

CP77-400 238.5 271.7 249.6 -13.9 11051.9 
**

 23 
†
 

Mardan-93 239.3 155.6 211.4 35.0 2594.2 
**

 20 
†
 

Means 204.3 145.7 184.8 -- -- 11.1 

LSD (0.05 across crops) Crops = 5.1 Genotypes = 15.6 Geno. × Crops = 19.0 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.10. Means for vigor rate2 (cm per day) of plant crops and ratoon and 

reduction as percentage of plant crops with Shukla’s stability statistics 

(σi
2
) and Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, 

Mardan. 
Genotypes Plant 

crops
a 

Ratoon Genotype 

mean
b
 

Reduction 

(% of PCs) 

σi
2
 TSi 

MS03CP-154 2.4 2.5 2.5 -3.3 0.7 3 

BF162-166 2.9 2.5 2.7 15.2 1.1
*
 8 

MS03CP-209 2.7 2.7 2.7 -1.9 0.9 10 

MS03CP-275 3.1 2.6 3.0 15.9 0.0 20 
†
 

MS03CP-279 3.3 2.4 3.0 27.9 0.7 19 
†
 

MS03CP-300 2.9 2.2 2.6 25.9 0.3 7 

MS03CP-301 2.7 2.8 2.7 -2.8 0.3 11 

MS03CP-377 3.0 1.8 2.6 41.3 2.4 
**

 -2 

MS03CP-378 2.9 2.5 2.8 16.0 0.01 13 

S87US-1767 2.8 2.4 2.7 12.8 0.3 8 

S87US-2787 2.6 2.3 2.5 13.3 0.9 4 

CoJ-76 2.6 2.1 2.4 18.5 0.3 2 

CPF-225 3.1 2.7 2.9 11.6 0.5 18 
†
 

S9883CSSG-1139 3.2 2.9 3.1 8.7 0.1 22 
†
 

MS03CR1-50 3.1 2.8 3.0 10.3 -0.04
 ψ

 21 
†
 

MS03CR1-51 2.5 1.8 2.3 29.3 0.2 0 

MS03CR1-79 3.1 1.9 2.7 37.4 0.7 9 

MS03CR2-129 3.3 3.0 3.2 9.4 0.1 24 
†
 

MS03CR2-131 3.5 2.5 3.2 29.0 0.5 23 
†
 

MS03CR2-132 2.8 2.2 2.6 22.1 0.2 5 

MS03CR2-155 2.3 1.7 2.1 26.8 1.7 
**

 -9 

MS03CR5-245 3.5 2.7 3.2 22.4 0.2 25 
†
 

MS03CR6-295 2.9 2.8 2.9 3.4 0.6 17 
†
 

MS03CR7-243 3.1 3.6 3.2 -15.3 0.9 26 
†
 

MS03CR8-407 3.7 3.1 3.5 16.5 0.6 28 
†
 

MS03CR9-451 3.1 2.4 2.9 22.5 0.9 16 
†
 

CP77-400 2.6 5.8 3.7 -118.5 13.1 
**

 21 
†
 

Mardan-93 3.8 3.9 3.8 -2.1 0.4 30 
†
 

Means 3.0 2.7 2.9 -- -- 13.5 

LSD (0.05 across crops) Crops = 0.2 Genotypes = 0.6 Geno. × Crops = 0.7 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.11. Means for stalk length (cm) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and 

Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes Plant crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 179.9 139.0 166.3 22.8 117.7 9 

BF162-166 182.8 149.0 171.6 18.5 583.1 17 
†
 

MS03CP-209 191.6 130.7 171.3 31.8 1192.6 
*
 12 

MS03CP-275 191.2 148.3 176.9 22.4 847.9 20 
†
 

MS03CP-279 176.2 125.2 159.2 29.0 360.6 5 

MS03CP-300 179.6 138.8 166.0 22.7 90.6 8 

MS03CP-301 155.3 131.0 147.2 15.6 796.1 -1 

MS03CP-377 169.2 118.3 152.2 30.1 -21.9
 ψ

 1 

MS03CP-378 168.1 126.7 154.3 24.6 444.4 2 

S87US-1767 189.4 133.0 170.6 29.8 192.3 13 

S87US-2787 195.4 133.0 174.6 31.9 268.7 19 
†
 

CoJ-76 185.8 127.3 166.3 31.5 53.4 9 

CPF-225 203.5 143.3 183.4 29.6 193.2 23 
†
 

S9883CSSG-1139 190.1 134.8 171.6 29.1 203.8 18 
†
 

MS03CR1-50 181.9 138.5 167.4 23.9 100.9 12 

MS03CR1-51 191.4 93.8 158.9 51.0 2873.4 
**

 -4 

MS03CR1-79 181.4 119.2 160.7 34.3 210.7 6 

MS03CR2-129 200.8 163.0 188.2 18.8 248.7 27 
†
 

MS03CR2-131 198.7 165.8 187.7 16.5 428.6 26 
†
 

MS03CR2-132 188.7 124.2 167.2 34.2 329.8 11 

MS03CR2-155 170.9 99.8 147.2 41.6 1088.9 
*
 -4 

MS03CR5-245 207.9 152.2 189.3 26.8 2025.5 
**

 21 
†
 

MS03CR6-295 204.6 122.8 177.3 40.0 1072.6 
*
 18 

†
 

MS03CR7-243 204.3 164.4 191.0 19.5 280.9 30 
†
 

MS03CR8-407 200.2 167.3 189.2 16.4 471.5 28 
†
 

MS03CR9-451 198.0 135.2 177.1 31.7 346.7 21 
†
 

CP77-400 179.1 129.0 162.4 28.0 180.9 7 

Mardan-93 190.4 174.7 185.1 8.2 1322.9 
*
 21 

†
 

Means 187.7 136.7 170.7 -- -- 13.4 

LSD (0.05 across crops) Crops = 5.1 Genotypes = 15.7 Geno. × Crops =19.2 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.12. Means for number of internodes per cane stalk of plant crops and ratoon 

and reduction as percentage of plant crops with Shukla’s stability 

statistics (σi
2
) and Kang’s rank sum (TSi) for 28 sugarcane genotypes at 

SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 14.1 14.2 14.1 -0.6 4.1 10 

BF162-166 13.4 12.8 13.2 4.4 1.2 3 

MS03CP-209 14.7 13.5 14.3 8.0 0.9 12 
†
 

MS03CP-275 13.6 12.0 13.1 11.7 -0.2 0 

MS03CP-279 13.3 12.2 12.9 8.8 5.7 
*
 -5 

MS03CP-300 14.8 13.5 14.3 8.5 1.0 13 
†
 

MS03CP-301 13.1 13.0 13.1 0.6 3.0 0 

MS03CP-377 13.9 12.8 13.6 7.8 0.7 5 

MS03CP-378 16.7 16.5 16.6 1.0 2.2 30 
†
 

S87US-1767 14.3 10.8 13.2 24.4 10.9 
**

 -6 

S87US-2787 16.7 13.0 15.4 22.0 11.4
**

 16 
†
 

CoJ-76 14.6 12.8 14.0 12.0 1.6 8 

CPF-225 16.5 14.7 15.9 11.1 0.2 26 
†
 

S9883CSSG-1139 15.4 13.8 14.9 10.3 0.03 19 
†
 

MS03CR1-50 16.3 13.3 15.3 18.0 5.3 
*
 19 

†
 

MS03CR1-51 14.3 12.3 13.6 13.5 1.7 7 

MS03CR1-79 14.6 15.2 14.8 -4.0 7.9 
**

 10 

MS03CR2-129 15.3 14.3 15.0 6.5 4.7 
*
 17 

†
 

MS03CR2-131 16.6 16.8 16.7 -1.5 11.8 
**

 23 
†
 

MS03CR2-132 14.5 13.2 14.1 9.2 7.3 
**

 1 

MS03CR2-155 17.4 14.3 16.4 17.7 18.6 
**

 20 
†
 

MS03CR5-245 16.8 14.2 15.9 15.4 0.9 26 
†
 

MS03CR6-295 16.4 12.8 15.2 21.8 6.5 
*
 18 

†
 

MS03CR7-243 16.0 11.8 14.6 26.0 12.4 
**

 9 

MS03CR8-407 14.5 13.7 14.2 5.6 7.9 
**

 3 

MS03CR9-451 14.1 14.8 14.4 -5.1 9.3
**

 6 

CP77-400 14.8 10.2 13.2 31.1 9.1 
**

 -4 

Mardan-93 15.6 13.5 14.9 13.4 0.6 20 
†
 

Means 15.1 13.4 14.5 -- -- 10.9 

LSD (0.05 across crops) Crops = 0.4 Genotypes = 1.2 Geno. × Crops = 1.4 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.13. Means for internode length (cm) of plant crops and ratoon and reduction 

as percentage of plant crops with Shukla’s stability statistics (σi
2
) and 

Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 13.6 11.8 13.0 13.6 0.9 8 

BF162-166 16.1 13.6 15.3 15.5 1.8 27 
†
 

MS03CP-209 14.4 10.8 13.2 24.6 1.9 11 

MS03CP-275 16.0 14.0 15.3 12.5 0.1 28 
†
 

MS03CP-279 14.7 11.5 13.6 21.6 0.2 17 
†
 

MS03CP-300 13.0 11.3 12.4 12.8 0.8 3 

MS03CP-301 13.3 11.8 12.8 11.6 1.9 7 

MS03CP-377 13.4 9.8 12.2 26.7 1.9 1 

MS03CP-378 12.0 9.5 11.1 20.6 7.0 0 

S87US-1767 15.5 14.4 15.1 6.7 4.9 26 
†
 

S87US-2787 13.2 11.3 12.6 13.9 0.3 5 

CoJ-76 14.2 11.8 13.4 16.7 0.9 13 
†
 

CPF-225 14.9 11.7 13.8 21.8 3.2 19 
†
 

S9883CSSG-1139 14.5 12.7 13.9 12.6 1.5 20 
†
 

MS03CR1-50 13.5 12.6 13.2 6.5 13.6 
**

 2 

MS03CR1-51 15.3 8.8 13.1 42.6 38.8 
**

 1 

MS03CR1-79 15.1 9.8 13.3 34.8 9.3 
*
 8 

MS03CR2-129 15.3 13.8 14.8 9.8 1.1 23 
†
 

MS03CR2-131 13.1 11.7 12.6 11.1 1.1 6 

MS03CR2-132 14.9 10.8 13.5 27.7 6.8 14 
†
 

MS03CR2-155 11.8 8.6 10.7 27.2 14.2 
**

 -10 

MS03CR5-245 14.0 12.9 13.6 7.8 10.7 
*
 14 

†
 

MS03CR6-295 13.8 9.8 12.4 29.3 8.7
*
 -1 

MS03CR7-243 16.8 15.3 16.3 9.0 29.2 
**

 23 
†
 

MS03CR8-407 16.4 13.5 15.4 17.7 4.5 29 
†
 

MS03CR9-451 16.4 10.6 14.5 35.4 12.1 
*
 18 

†
 

CP77-400 14.9 15.1 14.9 -1.6 9.3 
*
 21 

†
 

Mardan-93 14.4 13.8 14.2 3.7 4.9 21 
†
 

Means 14.4 11.9 13.6 -- -- 12.6 

LSD (0.05 across crops) Crops = 0.5 Genotypes = 1.6 Geno. × Crops = 1.9 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 

  



82 
 

Table 4.14. Means for stalk diameter (cm) of plant crops and ratoon and reduction 

as percentage of plant crops with Shukla’s stability statistics (σi
2
) and 

Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 2.5 2.7 2.5 -8.0 0.02 
**

 23 
†
 

BF162-166 2.2 2.2 2.2 0.0 0.00 5 

MS03CP-209 2.0 2.5 2.2 -25.0 0.03 
**

 -8 

MS03CP-275 2.2 2.0 2.2 9.1 0.01 6 

MS03CP-279 2.2 2.2 2.2 0.0 0.01 16 
†
 

MS03CP-300 2.2 2.2 2.2 0.0 0.00 13 
†
 

MS03CP-301 2.2 2.5 2.2 -13.6 0.00 14 
†
 

MS03CP-377 2.5 2.5 2.5 0.0 0.01 24 
†
 

MS03CP-378 2.2 2.2 2.2 0.0 0.01 10 

S87US-1767 2.5 2.0 2.2 20.0 0.08 
**

 6 

S87US-2787 2.5 2.5 2.5 0.0 0.01 
*
 24 

†
 

CoJ-76 2.5 2.2 2.2 12.0 0.02 
**

 13 
†
 

CPF-225 2.2 2.2 2.2 0.0 0.00 6 

S9883CSSG-1139 2.2 2.2 2.2 0.0 0.00 20 
†
 

MS03CR1-50 2.5 2.5 2.5 0.0 0.01 23 
†
 

MS03CR1-51 2.0 2.5 2.2 -25.0 0.05 
**

 0 

MS03CR1-79 2.2 2.2 2.2 0.0 0.01 8 

MS03CR2-129 2.5 2.5 2.5 0.0 0.00 22 
†
 

MS03CR2-131 2.2 2.2 2.2 0.0 0.01 10 

MS03CR2-132 2.2 2.2 2.2 0.0 0.00 16 
†
 

MS03CR2-155 2.2 2.2 2.2 0.0 0.01 
*
 -4 

MS03CR5-245 2.2 2.2 2.2 0.0 0.00 0 

MS03CR6-295 2.5 2.5 2.5 0.0 0.00 27 
†
 

MS03CR7-243 2.2 2.2 2.2 0.0 0.00 12 
†
 

MS03CR8-407 2.0 2.5 2.2 -25.0 0.04 
**

 -8 

MS03CR9-451 2.0 2.2 2.2 -10.0 0.01 -1 

CP77-400 2.5 2.5 2.5 0.0 0.00 28 
†
 

Mardan-93 2.5 2.5 2.5 0.0 0.01 26 
†
 

Means 2.2 2.2 2.2 -- -- 11.8 

LSD (0.05 across crops) Crops = 0.05 Genotypes = 0.14 Geno. × Crops = 0.1 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.15. Means for number of millable stalks (per 9 m
2
) of plant crops and ratoon 

and reduction as percentage of plant crops with Shukla’s stability 

statistics (σi
2
) and Kang’s rank sum (TSi) for 28 sugarcane genotypes at 

SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 87.9 38.5 71.4 56.2 911.6 
*
 3 

BF162-166 84.2 58.5 75.7 30.5 194.7 11 

MS03CP-209 90.8 63.5 81.8 30.1 116.1 19 
†
 

MS03CP-275 85.0 56.5 75.5 33.5 1247.5 
*
 6 

MS03CP-279 86.7 69.5 81.0 19.9 370.5 18 
†
 

MS03CP-300 82.4 88.5 84.4 -7.4 1223.3 
*
 17 

†
 

MS03CP-301 99.8 72.0 90.5 27.8 410.4 25 
†
 

MS03CP-377 66.6 60.0 64.4 10.0 410.6 1 

MS03CP-378 85.2 58.0 76.1 31.9 115.2 12 

S87US-1767 82.9 49.5 71.8 40.3 76.0 8 

S87US-2787 70.5 31.0 57.3 56.0 235.1 -1 

CoJ-76 93.9 74.5 87.4 20.6 52.3 23 
†
 

CPF-225 87.4 87.0 87.3 0.5 933.4 
*
 18 

†
 

S9883CSSG-1139 76.3 60.5 71.1 20.7 290.2 6 

MS03CR1-50 79.6 53.5 71.0 32.8 4.8 5 

MS03CR1-51 71.1 39.0 60.4 45.1 761.9 0 

MS03CR1-79 87.8 26.5 67.4 69.8 1436.0 
**

 -5 

MS03CR2-129 86.9 45.5 73.2 47.7 219.9 9 

MS03CR2-131 99.3 84.5 94.4 14.9 171.6 28 
†
 

MS03CR2-132 84.2 80.0 82.8 5.0 534.2 20 
†
 

MS03CR2-155 75.1 52.5 67.6 30.1 280.3 4 

MS03CR5-245 100.5 81.5 94.2 18.9 132.6 27 
†
 

MS03CR6-295 92.4 57.5 80.8 37.8 200.5 17 
†
 

MS03CR7-243 100.3 90.0 96.8 10.2 529.9 29 
†
 

MS03CR8-407 111.5 75.0 99.4 32.7 134.3 30 
†
 

MS03CR9-451 108.1 51.5 89.2 52.4 1175.2 
*
 20 

†
 

CP77-400 89.1 55.5 77.9 37.7 337.6 13 

Mardan-93 93.5 55.0 80.6 41.2 444.8 16 
†
 

Means 87.8 61.3 78.9 -- -- 13.5 

LSD (0.05 across crops) Crops = 5.2 Genotypes = 15.8 Geno. × Crops = 19.4 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.16. Means for cane yield (t ha
-1

) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and 

Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 75.2 51.5 67.2 31.5 6.9 16 
†
 

BF162-166 75.0 50.0 66.7 33.4 1.0 11 

MS03CP-209 75.8 53.9 68.6 28.9 27.5 19 
†
 

MS03CP-275 77.9 47.8 67.8 38.7 -2.4
 ψ

 18 
†
 

MS03CP-279 74.0 42.7 63.6 42.3 16.1 8 

MS03CP-300 67.8 67.3 67.6 0.7 1151.7 
**

 9 

MS03CP-301 71.0 72.0 71.4 -1.4 886.5 
**

 14 
†
 

MS03CP-377 68.2 32.5 56.2 52.4 91.9 -1 

MS03CP-378 74.0 25.9 57.9 65.0 473.6 
*
 -4 

S87US-1767 89.7 42.8 74.1 52.3 772.1 
**

 18 
†
 

S87US-2787 74.7 29.0 59.3 61.3 360.0 
*
 0 

CoJ-76 85.0 56.5 75.4 33.5 25.7 29 
†
 

CPF-225 74.9 50.4 66.8 32.7 81.1 13 
†
 

S9883CSSG-1139 75.5 38.3 63.1 49.3 85.2 6 

MS03CR1-50 71.7 49.6 64.4 30.8 334.7 
*
 5 

MS03CR1-51 77.3 54.9 69.8 29.0 43.7 21 
†
 

MS03CR1-79 84.6 39.2 69.3 53.7 497.8 
**

 12 

MS03CR2-129 83.7 54.9 74.0 34.5 93.9 25 
†
 

MS03CR2-131 75.2 44.6 65.0 40.8 17.8 10 

MS03CR2-132 73.1 29.7 58.7 59.4 251.9 2 

MS03CR2-155 76.1 47.9 66.7 37.0 40.6 11 

MS03CR5-245 81.7 51.9 71.8 36.5 -5.5 23 
†
 

MS03CR6-295 80.2 29.9 63.3 62.7 636.7 
**

 -1 

MS03CR7-243 75.5 73.9 75.0 2.2 733.2 
**

 20 
†
 

MS03CR8-407 77.4 71.6 75.6 7.5 564.9 
**

 22 
†
 

MS03CR9-451 67.4 39.6 58.0 41.3 303.1 1 

CP77-400 78.6 61.3 72.7 22.0 225.4 24 
†
 

Mardan-93 69.9 44.0 61.3 37.0 36.7 5 

Means 76.1 48.3 66.8 -- -- 12.0 

LSD (0.05 across crops) Crops = 3.1 Genotypes = 9.5 Geno. × Crops = 11.6 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.17. Means for Brix (%) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and 

Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 19.8 22.2 20.6 -12.6 4.6 
**

 22 
†
 

BF162-166 18.9 21.7 19.8 -14.5 1.7 25 
†
 

MS03CP-209 17.8 19.2 18.2 -8.1 0.9 -1 

MS03CP-275 18.6 21.4 19.5 -14.8 1.7 19 
†
 

MS03CP-279 18.3 20.8 19.2 -13.6 1.2 8 

MS03CP-300 19.5 20.2 19.7 -3.4 0.7 24 
†
 

MS03CP-301 19.2 21.3 19.9 -10.7 1.6 26 
†
 

MS03CP-377 18.7 21.0 19.5 -12.3 1.9 17 
†
 

MS03CP-378 19.0 20.2 19.4 -5.9 0.2 14 
†
 

S87US-1767 19.0 20.3 19.4 -6.4 1.7 15 
†
 

S87US-2787 19.8 19.3 19.6 2.5 4.7 
**

 12 

CoJ-76 19.9 19.3 19.7 3.0 6.7 
**

 15 
†
 

CPF-225 19.4 21.3 20.0 -9.5 0.1 27 
†
 

S9883CSSG-1139 18.7 21.0 19.5 -12.0 1.8 16 
†
 

MS03CR1-50 18.4 20.9 19.2 -13.6 1.2 9 

MS03CR1-51 19.6 19.5 19.6 0.5 2.9 
*
 16 

†
 

MS03CR1-79 18.7 18.5 18.6 0.6 2.7 
*
 -3 

MS03CR2-129 18.7 19.4 18.9 -3.8 0.6 4 

MS03CR2-131 19.1 18.8 19.0 1.6 5.2 
**

 -3 

MS03CR2-132 18.4 20.4 19.1 -10.9 0.3 7 

MS03CR2-155 17.9 20.7 18.9 -15.4 2.1 3 

MS03CR5-245 18.8 20.5 19.3 -9.0 -0.03
 ψ

 11 

MS03CR6-295 18.9 19.2 19.0 -1.4 2.9 
*
 2 

MS03CR7-243 17.7 19.8 18.4 -11.7 2.7 
*
 -4 

MS03CR8-407 19.3 20.0 19.5 -3.7 1.1 18 
†
 

MS03CR9-451 18.2 21.5 19.3 -18.3 3.6 
**

 2 

CP77-400 19.3 20.3 19.6 -5.0 0.6 22 
†
 

Mardan-93 19.3 22.0 20.2 -14.3 4.8 
**

 21 
†
 

Means 18.9 20.4 19.38 -- -- 11.9 

LSD (0.05 across crops) Crops = 0.3 Genotypes = 0.8 Geno. × Crops = 1.0 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 



86 
 

Table 4.18. Means for POL (%) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and 

Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 
Genotypes Plant 

crops
a 

Ratoon Genotype 

mean
b
 

Reduction 

(% of PCs) 

σi
2
 TSi 

MS03CP-154 17.3 19.1 17.9 -10.0 6.4 
**

 23 
†
 

BF162-166 15.1 19.0 16.4 -25.5 3.3 22 
†
 

MS03CP-209 14.4 17.0 15.3 -18.3 0.2 4 

MS03CP-275 14.6 17.0 15.4 -16.1 0.3 5 

MS03CP-279 15.0 16.9 15.6 -12.4 -0.04
 ψ

 7 

MS03CP-300 16.4 16.4 16.4 -0.1 8.7 
**

 15 
†
 

MS03CP-301 15.8 17.3 16.3 -9.5 0.6 21 
†
 

MS03CP-377 15.0 17.5 15.8 -16.8 3.1 9 

MS03CP-378 15.2 17.5 15.9 -15.7 0.01 12 

S87US-1767 15.4 16.9 15.9 -10.1 0.7 11 

S87US-2787 16.9 16.7 16.8 1.7 5.9 
**

 17 
†
 

CoJ-76 17.1 16.8 17.0 1.9 10.4 
**

 19 
†
 

CPF-225 16.4 18.5 17.1 -13.4 -0.06 28 
†
 

S9883CSSG-1139 15.4 18.1 16.3 -17.2 2.0 20 
†
 

MS03CR1-50 14.8 18.3 15.9 -24.0 2.2 13 
†
 

MS03CR1-51 15.6 17.2 16.1 -10.6 0.1 17 
†
 

MS03CR1-79 14.7 17.0 15.5 -15.0 0.04 6 

MS03CR2-129 14.6 16.5 15.2 -13.0 0.6 1 

MS03CR2-131 14.7 16.3 15.3 -10.6 3.6 
*
 -1 

MS03CR2-132 14.4 16.2 15.0 -12.4 0.5 -1 

MS03CR2-155 13.8 17.4 15.0 -26.3 5.0 
*
 -4 

MS03CR5-245 15.5 17.6 16.2 -13.6 0.1 19 
†
 

MS03CR6-295 16.1 16.3 16.1 -1.4 7.9 
**

 10 

MS03CR7-243 14.8 17.6 15.7 -18.6 0.9 8 

MS03CR8-407 15.2 17.4 16.0 -14.4 0.1 13 
†
 

MS03CR9-451 14.3 18.9 15.8 -32.4 7.4 
**

 2 

CP77-400 15.9 18.6 16.8 -17.2 2.5 24 
†
 

Mardan-93 16.2 19.1 17.2 -17.7 8.2 
**

 21 
†
 

Means 15.4 17.5 16.1 -- -- 12.2 

LSD (0.05 across crops) Crops = 0.3 Genotypes= 1.0 Geno. × Crops = 1.2 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.19. Means for purity (%) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and 

Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 87.6 85.7 87 2.2 64.5 
**

 22 
†
 

BF162-166 80.0 87.6 83 -9.6 9.7 13 
†
 

MS03CP-209 81.2 88.6 84 -9.2 31.9 19 
†
 

MS03CP-275 78.5 79.2 79 -0.9 19.8 0 

MS03CP-279 82.0 81.0 82 1.1 34.6 8 

MS03CP-300 84.2 81.8 83 2.8 151.7 
**

 10 

MS03CP-301 82.1 81.3 82 1.0 33.1 10 

MS03CP-377 79.8 83.2 81 -4.2 16.2 5 

MS03CP-378 79.5 87.0 82 -9.4 16.8 11 

S87US-1767 80.6 83.4 82 -3.5 7.0 6 

S87US-2787 85.4 86.3 86 -1.1 18.0 28 
†
 

CoJ-76 85.6 87.1 86 -1.7 24.9 29 
†
 

CPF-225 83.9 87.2 85 -3.9 4.4 23 
†
 

S9883CSSG-1139 82.6 86.3 84 -4.5 4.5 20 
†
 

MS03CR1-50 80.2 87.6 83 -9.2 8.7 14 
†
 

MS03CR1-51 79.1 88.2 82 -11.4 24.5 12 

MS03CR1-79 79.2 91.5 83 -15.5 66.4 
**

 9 

MS03CR2-129 77.9 84.9 80 -8.9 14.9 3 

MS03CR2-131 77.3 86.7 80 -12.2 40.3 
*
 0 

MS03CR2-132 78.1 79.2 78 -1.4 35.7 -1 

MS03CR2-155 77.1 84.7 80 -9.8 47.8 
*
 -3 

MS03CR5-245 82.7 86.3 84 -4.3 6.9 21 
†
 

MS03CR6-295 85.1 85.2 85 -0.2 49.5 
*
 20 

†
 

MS03CR7-243 83.7 88.9 85 -6.2 11.3 26 
†
 

MS03CR8-407 78.8 87.0 82 -10.4 14.1 7 

MS03CR9-451 78.7 88.0 82 -11.8 45.9 
*
 5 

CP77-400 82.1 91.8 85 -11.7 54.1 
*
 21 

†
 

Mardan-93 84.0 86.7 85 -3.3 49.9 
*
 18 

†
 

Means 81.3 85.8 82.8 -- -- 12.7 

LSD (0.05 across crops) Crops = 1.1 Genotypes = 3.3 Geno. × Crops = 2.0 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.20. Means for recovery (%) of plant crops and ratoon and reduction as 

percentage of plant crops with Shukla’s stability statistics (σi
2
) and 

Kang’s rank sum (TSi) for 28 sugarcane genotypes at SCRI, Mardan. 

Genotypes 

Plant 

crops
a 

Ratoon 

Genotype 

mean
b
 

Reduction 

(% of PCs) σi
2
 TSi 

MS03CP-154 11.3 12.2 11.6 -8.5 4.5 
**

 23 
†
 

BF162-166 9.3 12.3 10.3 -33.3 2.1 19 
†
 

MS03CP-209 8.9 11.2 9.6 -25.4 0.5 5 

MS03CP-275 8.8 10.3 9.3 -17.0 0.3 1 

MS03CP-279 9.4 10.4 9.7 -11.5 0.4 6 

MS03CP-300 10.4 10.2 10.3 2.0 8.1 
**

 15 
†
 

MS03CP-301 9.9 10.7 10.2 -8.7 0.7 18 
†
 

MS03CP-377 9.2 11.0 9.8 -20.1 1.9 8 

MS03CP-378 9.3 11.4 10.0 -22.8 0.3 12 

S87US-1767 9.5 10.7 9.9 -12.8 0.2 10 

S87US-2787 10.9 10.7 10.8 1.1 3.5 
*
 22 

†
 

CoJ-76 11.0 10.8 10.9 1.2 6.2 
**

 20 
†
 

CPF-225 10.4 12.0 10.9 -15.9 0.0 27 
†
 

S9883CSSG-1139 9.7 11.6 10.3 -20.6 1.1 21 
†
 

MS03CR1-50 9.1 11.9 10.0 -31.4 1.5 13 
†
 

MS03CR1-51 9.5 11.3 10.1 -18.6 -0.05
 ψ

 15 
†
 

MS03CR1-79 9.0 11.3 9.7 -26.4 0.5 7 

MS03CR2-129 8.8 10.5 9.3 -19.9 0.5 2 

MS03CR2-131 8.8 10.5 9.4 -19.8 2.1 3 

MS03CR2-132 8.7 9.8 9.0 -13.5 0.9 -1 

MS03CR2-155 8.2 11.1 9.2 -34.7 3.6 
*
 -4 

MS03CR5-245 9.7 11.4 10.3 -16.8 0.2 20 
†
 

MS03CR6-295 10.3 10.4 10.3 -1.5 5.5 
**

 13 
†
 

MS03CR7-243 9.4 11.5 10.1 -23.2 0.3 14 
†
 

MS03CR8-407 9.2 11.3 9.9 -22.2 0.2 11 

MS03CR9-451 8.6 12.3 9.9 -42.7 4.9 
**

 1 

CP77-400 9.9 12.4 10.7 -25.5 2.5 24 
†
 

Mardan-93 10.3 12.3 10.9 -19.9 5.3 
**

 21 
†
 

Means 9.5 11.2 10.1 -- -- 12.4 

LSD (0.05 across crops) Crops = 0.3 Genotypes = 0.8 Geno. × Crops = 1.0 

a 
Average of 2 plant crops

 b 
Genotype mean over 3 crops 

*,**
= Significant at 5 and 1% probability, 

respectively, and also indicate that genotype was judged to be not stable. 
†
= Selected genotypes based on 

values greater than mean TSi. 
ψ
 Negative values for stability variance were taken as zero. 
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Table 4.21. Genetic parameters for growth traits of 28 sugarcane genotypes 

evaluated as plant and ratoon crops at SCRI, Mardan. 

 Traits Crops 

  

 

Vg       

  

 

Vg × c 

  

 

Ve       

 

 

h
2
 

 

Exp. GA  

Tiller1 (no.) Plant 416.1 978.5 1143.1 0.16 14.5 

 

Ratoon 1204.3 --- 355.2 0.77 42.7 

 

Across 482.7 848.5 880.5 0.22 30.8 

Tiller2 (no.) Plant 782.0 557.6 1690.8 0.26 24.9 

 

Ratoon 3537.7 --- 2641.2 0.57 63.0 

 

Across 1016.4 1055.9 2007.6 0.25 44.6 

Vigor rate1 ( tillers per day) Plant 0.02 0.5 0.8 0.02 0.03 

 

Ratoon 1.3 --- 1.7 0.44 1.1 

 

Across 0.3 0.8 1.1 0.12 0.7 

Growth1 (cm) Plant 165.0 175.3 142.5 0.34 13.1 

 

Ratoon 162.5 --- 65.3 0.71 15.1 

 

Across 103.4 177.6 116.7 0.26 14.2 

Growth2 (cm) Plant 350.2 327.3 223.5 0.39 20.4 

 

Ratoon 934.0 --- 393.8 0.70 35.9 

 

Across 399.0 364.0 280.2 0.38 28.0 

Vigor rate2 (cm per day) Plant -0.01 0.1 0.4 -0.02 -0.03 

 

Ratoon 0.5 --- 0.3 0.68 0.8 

 

Across 0.04 0.2 0.3 0.07 0.3 

Vg = Genetic variance. Vg × c = Genotype by Crop Variance. Ve= Environmental Variance. h
2
= Heritability. 

Exp. GA= Expected Genetic Advance 
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Table 4.22. Genetic parameters for cane traits of 28 sugarcane genotypes evaluated 

as plant and ratoon crops at SCRI, Mardan. 

Traits Crops 

  

 

Vg       

  

 

Vg × c 

  

 

Ve       

 

 

h
2
  

 

Exp. GA  

Stalk length (cm) Plant 67.7 86.3 310.2 0.15 5.5 

 

Ratoon 291.5 --- 230.8 0.56 17.9 

 

Across 100.3 99.5 283.8 0.21 14.0 

Number of internodes Plant 0.4 1.5 1.8 0.12 0.4 

 

Ratoon 1.8 --- 0.9 0.66 1.5 

 

Across 0.7 1.2 1.5 0.19 1.1 

Internode length (cm) Plant 0.2 1.7 3.7 0.04 0.2 

 

Ratoon 3.1 --- 1.1 0.74 2.1 

 

Across 0.9 1.4 2.8 0.18 1.3 

Stalk diameter (cm) Plant 0.001 0.002 0.004 0.17 0.030 

 

Ratoon 0.005 --- 0.003 0.64 0.080 

 

Across 0.002 0.003 0.004 0.22 0.060 

Vg = Genetic variance. Vg × c = Genotype by Crop Variance. Ve= Environmental Variance. h
2
= Heritability. 

Exp. GA= Expected Genetic Advance 
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Table 4.23. Genetic parameters for quality and yield traits of 28 sugarcane 

genotypes evaluated as plant and ratoon crops at SCRI, Mardan. 

Traits Crops 

  

 

Vg       

  

 

Vg × c 

  

 

Ve       

 

 

h
2
 

 

Exp. GA  

Brix % Plant -0.02 0.3 0.6 -0.02 -0.04 

 

Ratoon 0.8 --- 0.6 0.57 0.9 

 

Across 0.2 0.5 0.7 0.14 0.6 

POL % Plant 0.1 0.6 1.2 0.07 0.2 

 

Ratoon 0.6 --- 0.6 0.49 0.8 

 

Across 0.4 0.6 1.1 0.18 0.9 

Purity % Plant 2.9 6.1 12.2 0.14 1.1 

 

Ratoon 7.5 --- 7.8 0.49 2.7 

 

Across 3.7 6.7 12.2 0.16 2.7 

Recovery % Plant 0.1 0.5 0.9 0.10 0.2 

 

Ratoon 0.4 --- 0.5 0.46 0.6 

 

Across 0.3 0.4 0.8 0.18 0.7 

Millable stalks (no.) Plant 47.0 74.8 193.4 0.15 4.6 

 

Ratoon 134.5 --- 482.0 0.22 7.6 

 

Across 68.4 57.6 289.6 0.16 11.6 

Cane yield (t ha
-1

) Plant 1.5 24.1 89.2 0.01 0.2 

 

Ratoon 127.5 --- 135.9 0.48 11.0 

 

Across 21.3 57.4 104.8 0.12 6.5 

Vg = Genetic variance. Vg × c = Genotype by Crop Variance. Ve= Environmental Variance. h
2
= Heritability. 

Exp. GA= Expected Genetic Advance 
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Table 4.24. Values of MSA for 15 characters of 28 sugarcane genotypes under plant crops condition. 

Tiller1 Tiller2 Vigor  

Rate1 

Growth1 Growth2 Vigor 

rate2 

Stalk 

length 

No. of 

internodes 

Internode 

length 

Stalk 

diameter 

Brix POL Purity Recovery Millable 

Stalks 

Overall MSA = 0.39           

0.30 0.35 0.21 0.27 0.36 0.30 0.40 0.21 0.43 0.59 0.36 0.48 0.79 0.49 0.66 

Overall MSA = 0.56          

0.59 0.71 -- 0.40 0.51 0.45 0.71 -- 0.50 0.73 0.41 0.52 0.92 0.53 0.76 

Overall MSA = 0.57         

0.58 0.66 -- -- 0.47 0.72 0.79 -- 0.64 0.68 -- 0.49 0.48 0.51 0.62 

Overall MSA = 0.59          

0.61 0.64 -- -- -- 0.56 0.71 -- 0.70 0.86 -- 0.49 0.47 0.50 0.83 

Overall MSA = 0.65         

0.63 0.63 -- -- -- 0.64 0.68 -- 0.69 0.83 -- 0.56 -- 0.54 0.78 
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Table 4.25. Principal components for the characters of 28 sugarcane genotypes 

under plant crops condition. 

  PC1 PC2 PC3 

Eigenvalues 3.5 2.3 1.1 

% of variance 39.1 25.2 11.7 

Cumulative % of variance 39.1 64.4 76.0 

Traits Communalities Eigenvectors (Rotated) 

Tiller1 0.89
 

0.91
*
 0.14 0.19 

Tiller2 0.84 0.85
*
 0.003 0.33 

Vigor rate2 0.56 0.25 -0.13 0.70
*
 

Stalk length 0.72 0.17 0.09 0.83
*
 

Internode length 0.57 0.18 -0.18 0.71
*
 

Stalk diameter 0.77 -0.62 0.62
*
 -0.004 

POL 0.97 0.07 0.97
*
 -0.11 

Recovery 0.97 0.06 0.98
*
 -0.09 

Millable stalks 0.56 0.61
*
 -0.04 0.44 

*
 Values greater than 0.40 for characters loading (Stevens, 1986). 

 

 

 
 

Figure 4.1. Principal components in rotated space of 28 sugarcane genotypes 

under plant crops condition. 
 

PC I 

PC II 

PC III 
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Table 4.26. Principal components regression for the new variables created using 

principal components (percent variation accounted for by principal 

components) under plant crops condition. 

Number of 

extracted 

factors 

Model effects Dependent variables 

Current Total Current Total 

1 95.3 95.3 2.0 95.3 

2 4.5 99.8 5.9 4.5 

3 0.2 100.0 3.0 0.2 
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Figure 4.2. Dendrogram showing 28 sugarcane genotypes under plant crops 

condition. 
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Figure 4.3. Plot of linkage distances across steps of 28 sugarcane genotypes under 

plant crops condition. 
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Table 4.27. Number of clusters and genotypes in each cluster of 28 sugarcane 

genotypes under plant crops condition. 

Cluster Number  Genotypes 

Cluster I 1. MS03CR2-129 

 2. MS03CR1-79 

 3. S87US-1767 

Cluster II 1. MS03CR5-245 

 2. CoJ-76 

 3. MS03CR6-295 

 4. MS03CR7-243 

 5. MS03CR2-131 

 6. MS03CR8-407 

 7. CPF-225 

 8. MS03CP-378  

 9. MS03CP-275 

 10. BF162-166 

Cluster III 1. MS03CP-301 

 2. MS03CR9-451 

 3. MS03CP-300 

 4. Mardan-93 (Check cultivar) 

 5. MS03CP-377 

 6. MS03CP-279 

 7. S9883CSSG-1139 

 8. MS03CP-209 

Cluster IV 1. MS03CR1-50 

 2. CP77-400 (Check cultivar) 

 3. MS03CR2-155 

 4. MS03CR1-51 

 5. MS03CR2-132 

 6. S87US-2787 

 7. MS03CP-154 
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Table 4.28. Cluster means and standard deviations for the characters of 28 

sugarcane genotypes under plant crops condition.  

Traits Cluster1 Cluster II Cluster III Cluster IV 

Tiller1 (no.) 
193.0 ± 7.1

* 
235.9 ± 17.0 200.5 ± 16.2 162.4 ± 19.8 

Tiller2 (no.) 
349.2 ± 46.6 387.0 ± 11.1 350.5 ± 15.9 306.9 ± 20.4 

Vigor rate2 ( cm per day) 
3.1 ± 0.3 3.1 ± 0.3 3.1 ± 0.4 2.6 ± 0.3 

Stalk length (cm) 
190.6 ± 9.8 194.7 ± 12.6 181.3 ± 14.1 183.9 ± 8.4 

Internode length (cm) 
15.3 ± 0.2 14.7 ± 1.6 14.3 ± 1.1 13.9 ± 1.2 

Stalk diameter (cm) 
2.5 ± 0.0 2.4 ± 0.1 2.4 ± 0.1 2.5 ± 0.1 

POL % 
14.9 ± 0.4 15.5 ± 0.8 15.3 ± 0.8 15.5 ± 1.3 

Recovery % 
9.1 ± 0.4 9.6 ± 0.7 9.5 ± 0.6 9.6 ± 1.1 

Millable Stalks (no.)  
85.9 ± 2.6 94.0 ± 8.9 88.0 ± 13.1 79.6 ± 7.7 

Cane yield (t ha
-1

) 
86.0 ± 3.3 77.7 ± 3.6 71.2 ± 3.5 75.2 ± 2.4 

*
Standard deviation 
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 Table 4.29. Values of MSA for 15 characters in 28 sugarcane genotypes evaluated as ratoon crop. 

Tiller1 Tiller2 Vigor 

rate1 

Growth1 Growth2 Vigor 

rate2 

Stalk 

length 

No. of 

Internodes 

Internode 

length 

Stalk 

diameter 

Brix POL Purity Recovery Millable 

stalks 

Overall MSA = 0.42          

0.37 0.45 0.37 0.47 0.56 0.54 0.36 0.18 0.44 0.25 0.25 0.40 0.49 0.42 0.76 

Overall MSA = 0.46          

0.41 0.49 0.40 0.44 0.55 0.51 0.37 0.18 0.47 0.36 -- -- 0.52 0.48 0.75 

Overall MSA = 0.52          

0.41 0.49 0.39 0.42 0.52 0.48 -- 0.51 0.88 -- -- -- 0.49 0.64 0.89 

Overall MSA = 0.56         

0.62 0.54 0.42 0.53 0.49 -- -- 0.65 0.81 -- -- -- 0.60 0.54 0.75 

Overall MSA = 0.60          

0.59 0.54 0.66 -- 0.60 -- -- 0.59 0.61 -- -- -- 0.55 0.49 0.72 
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Table 4.30. Principal components for characters of 28 sugarcane genotypes 

evaluated as ratoon crop. 

  PC1 PC2 PC3 

Eigenvalues 3.4 2.5 1.3 

% of variance 37.6 28.2 14.8 

Cumulative % of variance 37.6 65.7 80.5 

Traits Communalities Eigenvectors (Rotated) 

Tiller1 0.81 0.17 0.87
*
 -0.13 

Tiller2 0.87 0.11 0.93
*
 -0.002 

Growth2 0.86
 

0.82
*
 0.25 0.36 

Vigor rate2 0.89 0.83
*
 0.12 0.43 

No. of internodes 0.71 -0.75 0.10 0.36 

Internode length 0.75 0.84
*
 0.19 0.10 

Purity 0.83 0.06 -0.16 0.99
*
 

Recovery 0.77 0.18 -0.11 0.85
*
 

Millable stalks  0.76 0.05 0.86
*
 -0.13 

*
 Values greater than 0.40. 

 

 

 
 

Figure 4.4. Principal components in rotated space of 28 sugarcane genotypes under 

ratoon crop. 

PC I 

PC III 

PC II 



100 
 

Table 4.31. Principal components regression for the new variables created using 

principal components (percent variation accounted for by principal 

components) under ratoon crop. 

Number of 

extracted 

factors 

Model effects Dependent variables 

Current Total Current Total 

1 98.8 98.8 23.0 98.8 

2 0.8 99.6 8.9 0.8 

3 0.4 100.0 0.8 0.4 
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Figure 4.5. Dendrogram showing 28 sugarcane genotypes under ratoon crop. 
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Figure 4.6. Plot of linkage distances across steps of 28 sugarcane genotypes under 

ratoon crop. 
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Table 4.32. Number of clusters and genotypes in each cluster of 28 sugarcane 

genotypes in ratoon crop. 

Cluster Number  Genotypes 

Cluster I 1. MS03CP-378 

 2. MS03CR2-132 

 3. MS03CP-377  

 4. CP77-400 (Check cultivar) 

 5. MS03CR2-131 

 6. MS03CR5 -245 

 7. MS03CP-275 

Cluster II 1. MS03CR8-407 

 2. MS03CR7-243 

 3. MS03CP-301 

 4. MS03CP-300 

 5. CPF-225 

 6. MS03CP-279 

 7. CoJ-76 

 8. MS03CP-209 

 9. BF162-166 

Cluster III 1. MS03CR6-295 

 2. MS03CR9-451 

 3. S9883CSSG-1139 

 4. S87US-1767 

 5. MS03CR1-79 

 6. S87US-2787 

 7. MS03CR2-129 

 8. MS03CR1-50 

 9.. MS03CR1-51 

 10. Mardan-93 (Check cultivar) 

 11. MS03CR2-155 

 12. MS03CP-154 
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Table 4.33. Cluster means and standard deviations for the characters of 28 

sugarcane genotypes (ratoon crop).  

 

Cluster1 Cluster II Cluster III 

Tiller1 (no.) 81.9 ± 21.9
* 

98.6 ± 24.1 30.5 ± 12.6 

Tiller2 (no.) 142.6 ± 30.6 226.0 ± 20.5 84.8 ± 26.6 

Growth2 (cm) 71.4 ± 17.0 70.1 ± 8.8 59.9 ± 12.9 

Vigor rate2 (tillers per day) 2.9 ± 1.3 2.7 ± 0.5 2.5 ± 0.6 

No. of internodes 13.7 ± 2.4 13.1 ± 0.9 13.5 ± 1.2 

Internode Length (cm) 12.0 ± 2.1 12.4 ± 1.4 11.5 ± 2.0 

Purity % 84.8 ± 4.6 85.6 ± 3.3 86.5 ± 2.1 

Recovery % 11.0 ± 0.9 11.2 ± 0.7 11.4 ± 0.7 

Millable stalks (no.) 68.0 ± 13.2 75.4 ± 11.2 46.7 ± 10.7 

Cane yield (t ha
-1

) 41.9 ± 13.0 59.8 ± 11.6 43.5 ± 8.7 

*
Standard deviation 
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Table 4.34. Values of MSA for 16 characters of 28 sugarcane genotypes across 3 

crops. 

 Character 
MSA Values 

1
st
 round 

MSA Values 

2
nd

 round 

Tiller1  0.37 -- 

Tiller2  0.43 0.59 

Vigor rate1 0.31 -- 

Growth1  0.40 0.57 

Growth2 0.41 0.58 

Vigor rate2 0.39 -- 

Cane stalks 0.40 0.78 

Number of internodes 0.13 -- 

Internode length 0.39 -- 

Stalk diameter 0.54 0.71 

Brix 0.52 0.52 

POL 0.59 0.64 

Purity 0.73 0.66 

Recovery 0.61 0.67 

Millable stalks 0.49 0.74 

Overall MSA 0.43 0.64 
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Table 4.35. Principal components for the characters of 28 sugarcane genotypes 

across 3 crops. 

  PC1 PC2 PC3 

Eigenvalues 3.7 2.8 1.7 

% of variance 37.1 27.6 16.9 

Cumulative % of variance 37.1 64.7 81.7 

Traits Communalities Eigenvectors (Rotated) 

Tiller2 0.84 0.04 -0.001 0.92
*
 

Growth1 0.89 0.02 0.94
*
 -0.09 

Growth2  0.94 0.07 0.96
*
 0.10 

Stalk length  0.61 0.06 0.62
*
 0.47

*
 

Stalk diameter  0.80 0.53
* 

0.29 -0.67 

Brix  0.59 0.76
*
 -0.08 -0.10 

POL  0.99 0.99
*
 0.04 -0.04 

Purity  0.73 0.84
*
 0.13 0.05 

Recovery  0.99 0.99
*
 0.07 -0.02 

Millable stalks 0.79 -0.02 0.37 0.81
*
 

*
 Values greater than 0.40 for characters loading (Stevens, 1986). 
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Figure 4.7. Principal components in rotated space of 28 sugarcane genotypes 

across 3 crops. 

 

Table 4.36. Principal components regression for the new variables created using 

principal components (percent variation accounted for by principal 

components). 

Number of 

extracted 

factors 

Model effects Dependent variables 

Current Total Current Total 

1 73.4 73.4 11.6 73.4 

2 24.7 98.1 9.1 24.7 

3 1.9 100.0 1.0 1.9 

 

PC I PC II 

PC II 
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Figure 4.8. Dendrogram showing 28 sugarcane genotypes across 3 crops. 
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Figure 4.9. Plot of linkage distances across steps of 28 sugarcane genotypes across 

3 crops. 
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Table 4.37. Number of clusters and genotypes in each cluster for 28 genotypes across 

3 crops. 
Cluster Number  Genotypes 

Cluster I 1.  MS03CP-154 

 2.  MS03CR1-50 

 3.  S87US-1767 

 4.  S87US-2787 

 5.  MS03CR2-132 

 6.  MS03CR1-51 

 7.  MS03CR2-155 

Cluster II 1.  MS03CP-279 

 2.  MS03CP-378 

 3.  MS03CP-377 

 4.  S9883CSSG-1139 

 5.  MS03CR6-295 

 6.  MS03CR2-131 

 7.  MS03CR9-451 

 8.  Mardan-93 (Check cultivar) 

Cluster III 1. BF162-166 

 2. MS03CP-300 

 3. CPF-225 

 4. MS03CP-209 

 5. MS03CP-301 

 6. MS03CP-275 

 7. MS03CR1-79 

Cluster IV 1.  CoJ-76 

 2.  MS03CR5-245 

 3.  MS03CR7-243 

 4.  MS03CR8-407 

 5.  MS03CR2-129 

 6.  CP77-400 (Check cultivar) 
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Table 4.38. Cluster means and standard deviations for the characters of 28 

sugarcane genotypes across 3 crops. 

Character Cluster I Cluster II Cluster III Cluster IV 

Tiller2 (no.) 229.8 ± 6.5
* 

283.8 ± 15.7 314.4 ± 24.8 308.4 ± 34.7 

Growth1 (cm) 100.8 ± 12.6 98.8 ± 9.3 97.6 ± 9.2 118.3 ± 13.3 

Growth2 (cm) 172.9 ± 20.9 183.0 ± 20.2 175.3 ± 11.6 212.1 ± 22.2 

Stalk length (cm) 164.6 ± 9.0 170.6 ± 13.0 168.1 ± 11.8 181.1 ± 13.1 

Stalk diameter (cm) 2.2 ± 0.1 2.2 ± 0.1 2.2 ± 0.02 2.2 ± 0.1 

Brix %  19.5 ± 0.6 19.4 ± 0.4 19.4 ± 0.7 19.3 ± 0.5 

POL % 16.1 ± 1.0 16.0 ± 0.5 16.1 ± 0.7 16.2 ± 0.7 

Purity % 82.5 ± 3.1 82.6 ± 1.7 82.6 ± 1.9 83.8 ± 2.4 

Recovery %  10.1 ± 0.9 10.0 ± 0.5 10.1 ± 0.5 10.2 ± 0.6 

Millable stalks (no.) 68.9 ± 8.4 79.7 ± 9.5 80.4 ± 7.9 88.2 ± 10.7 

Cane yield (t ha
-1

) 65.8 ± 5.1 61.1 ± 3.0 68.3 ± 1.6 74.1 ± 1.4 

*
Standard deviation
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Table 4.39. Phenotypic (above diagonal) and genotypic correlations (below diagonal) among 11 characters of 28 sugarcane 

genotypes across 3 crops. 

 

Tiller2 Growth1 Growth2 

Stalk 

length 

Stalk 

diameter  Brix POL Purity Recovery  

Millable  

stalks 

Cane  

yield 

Tiller2 --- -0.02 0.13 0.34 -0.52** -0.04 0.001 0.05 0.01 0.66** 0.29* 

Growth1 -0.03 --- 0.92** 0.41* 0.26 0.03 0.07 0.09 0.08 0.26 0.44* 

Growth2 0.12 0.95
**

 --- 0.56** 0.20 0.01 0.11 0.16 0.13 0.43* 0.38* 

Cane length 0.38
*
 0.47

**
 0.60

**
 --- -0.08 -0.1 0.05 0.18 0.09 0.50** 0.24 

Cane diameter -0.55
**

 0.32
*
 0.25

*
 -0.11 --- 0.37 0.52** 0.47* 0.53** -0.39* -0.16 

Brix -0.06 0.001 -0.01 -0.15 0.43
**

 --- 0.81** 0.29 0.69** -0.1 -0.08 

POL -0.07 0.06 0.08 0.03 0.67
**

 0.82
**

 --- 0.80** 0.98** -0.04 0.05 

Purity -0.04 0.09 0.14 0.19 0.66
**

 0.30
*
 0.79

**
 --- 0.89** 0.04 0.18 

Recovery -0.07 0.07 0.10 0.07 0.69
**

 0.71
**

 0.98
**

 0.88
**

 --- -0.02 0.09 

Millable canes 0.70
**

 0.29
*
 0.50

**
 0.63

**
 -0.48

**
 -0.23 -0.19 -0.06 -0.16 --- 0.33 

Cane yield 0.31
*
 0.52

**
 0.47

**
 0.31

*
 -0.07 -0.11 0.01 0.15 0.05 0.34

*
 --- 

*: Values greater than 1 standard error; **: Values greater than twice the standard error.   
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Table 4.40. Test of multicollinearity of 11 characters in 28 sugarcane genotypes 

across 3 crops. 

Variable d.f. 

Parameter 

estimate SE t Value Pr > |t| Tolerance VIF 

Intercept 1 -867.39 860.46 -1.01 0.33 -- 0 

Tiller2 1 0.01 0.04 0.13 0.9 0.39 2.58 

Growth1 1 0.45 0.21 2.17 0.04 0.12 8.33 

Growth2 1 -0.12 0.13 -0.92 0.37 0.09 10.75
†
 

Stalk length 1 0 0.1 -0.04 0.97 0.53 1.91 

Stalk diameter 1 -54.6 33.2 -1.64 0.12 0.35 2.87 

Brix 1 80.14 42.75 1.87 0.08 0.002 549.9 

POL 1 -157.9 96.63 -1.63 0.12 0 5191.52 

Purity 1 11.47 10.09 1.14 0.27 0.002 575.36 

Recovery 1 98.7 103.23 0.96 0.35 0 4347.46 

Millable stalks 1 0 0.14 -0.01 0.99 0.37 2.72 
†
: Values of Variance Inflation Factor (VIF) greater than 10 are given in Bold
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Table 4.41. Collinearity diagnostic of the 11 characters of 28 sugarcane genotypes across 3 crops. 

No. 

Eigen

value 

Condition 

Index 

Proportion of variation 

Intercept Tiller2 Growth1  Growth2  

Stalk 

length 

Stalk 

diameter  Brix POL  Purity  Recovery 

Millable 

stalks 

1 10.937 1 0 0 0 0 0 0 0 0 0 0 0 

2 0.027 20.069 0 0.109 0.001 0 0 0.004 0 0 0 0 0.083 

3 0.023 21.703 0 0.02 0.03 0.021 0 0.001 0 0 0 0 0.003 

4 0.005 46.305 0 0.596 0.021 0.003 0.007 0.001 0 0 0 0 0.647 

5 0.003 57.144 0 0.005 0.015 0 0.69 0.001 0 0 0 0 0.112 

6 0.002 73.518 0 0.001 0.044 0.04 0.053 0.016 0 0 0 0 0.008 

7 0.001 106.836 0 0.074 0.456 0.344 0.049 0.371 0 0 0 0 0.003 

8 0.001 129.351 0 0.086 0.43 0.572 0.058 0.366 0 0 0 0 0.098 

9 0 158.287 0 0.03 0 0.01 0.083 0.182 0.001 0 0.001 0 0.015 

10 0 4977.493† 0.999 0.078 0.001 0.004 0.059 0.059 0.461 0.003 0.998 0.189 0.028 

11 0 6794.097 0.001 0 0 0.005 0.001 0.001 0.538 0.997 0.001 0.811 0.004 
†
: Values of  condition index greater than  100 to 1000 show moderate to high multicollinearity. 
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Table 4.42. Test of multicollinearity across 3 crops (after exclusion of 5 characters). 

 Parameter estimates 

 

Variable 

 

d.f. 

Parameter 

estimate 

Standard 

error 

 

t Value 

 

Pr > |t| 

 

Tolerance 

 

VIF 

Intercept 1 107.331 53.156 2.020 0.056 -- 0.000 

Tiller2 1 0.009 0.036 0.240 0.814 0.544 1.837 

Growth2 1 0.117 0.058 2.030 0.055 0.607 1.646 

Cane length 1 -0.060 0.108 -0.560 0.584 0.580 1.723 

Cane diameter 1 -45.776 34.660 -1.320 0.201 0.396 2.525 

Brix 1 -3.890 3.610 -1.080 0.294 0.316 3.163 

POL 1 3.966 3.032 1.310 0.205 0.243 4.122 

*
VIF: Variance inflation factor 
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Table 4.43. Phenotypic and genotypic (in parentheses) direct (bold face) and indirect 

effects of 6 characters on cane yield of 28 sugarcane genotypes across 3 crops. 

 

Tiller2 Growth2 

Stalk 

length 

Stalk 

diameter Brix POL 

Corr. with 

Cane 

yield† 

Tiller2 0.10 

(0.09) 

 

0.06 

(0.08) 

-0.04 

(-0.11) 

0.17 

(0.27) 

0.01 

(0.03) 

0.00 

(-0.05) 

0.29 

(0.31) 

Growth2 0.01 

(0.01) 

 

0.46 

(0.70) 

-0.07 

(-0.18) 

-0.06 

(-0.12) 

0.00 

(0.01) 

0.05 

(0.06) 

0.38 

(0.47) 

Stalk 

length 

0.03 

(0.03) 

 

0.26 

(0.42) 
-0.13 

(-0.30) 

0.03 

(0.05) 

0.03 

(0.08) 

0.02 

(0.02) 

0.24 

(0.31) 

Stalk 

diameter 

-0.05 

(-0.05) 

 

0.09 

(0.17) 

0.01 

(0.03) 
-0.32 

(-0.50) 

-0.12 

(-0.23) 

0.23 

(0.50) 

-0.16 

(-0.07) 

Brix 0.00 

(-0.01) 

 

0.00 

(-0.01) 

0.01 

(0.05) 

-0.12 

(-0.21) 
-0.33 

(-0.54) 

0.36 

(0.61) 

-0.08 

(-0.11) 

POL 0.00 

(-0.01) 

 

0.05 

(0.06) 

-0.01 

(-0.01) 

-0.17 

(-0.33) 

-0.27 

(-0.44) 
0.44 

(0.75) 

0.05 

(0.01) 

Residual P= 0.72 G= 0.63  
†
 Correlations calculated again after removing problem variables 
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Table 4.44. Phenotypic (above diagonal) and genotypic correlations (below diagonal) of 10 characters in 28 sugarcane genotypes under 

plant crops. 

 

Tiller1 Tiller2 

Vigor 

rate2 

Stalk 

length 

Internode 

length 

Stalk 

diameter POL Recovery 

Millable 

stalks Cane yield 

Tiller1 --- 0.85
**

 0.29 0.33 0.35 -0.42
*
 0.15 0.15 0.53

**
 0.18 

Tiller2 0.87
**

 --- 0.51
**

 0.43
*
 0.3 -0.44

*
 -0.01 -0.02 0.52

**
 0.1 

Vigor rate2 0.36
*
 0.67

**
 --- 0.43

*
 0.3 -0.14 -0.19 -0.19 0.47

*
 -0.1 

Stalk length 0.41
*
 0.56

**
 0.57

**
 --- 0.50

**
 -0.15 0.01 0.03 0.35 0.31 

Internode length 0.36
*
 0.34

*
 0.44

*
 0.41

*
 --- -0.29 -0.2 -0.19 0.38

*
 0.23 

Stalk diameter -0.45
**

 -0.43
**

 -0.24 -0.25
*
 -0.48

**
 --- 0.49

**
 0.50

**
 -0.37

*
 0.14 

POL 0.14 -0.04 -0.40
*
 -0.09 -0.46

*
 0.61

**
 --- 0.99

**
 -0.05 0.06 

Recovery 0.11 -0.08 -0.45
*
 -0.07 -0.46

*
 0.64

**
 0.99

**
 --- -0.03 0.04 

Millable stalks 0.57
**

 0.56
**

 0.79
**

 0.50
**

 0.52
**

 -0.41
*
 -0.18 -0.16 --- 0.06 

Cane yield 0.19 -0.05 -0.15 0.64
**

 0.56
**

 0.47
**

 0.05 -0.02 -0.08 --- 
*: Values greater than 1 standard error (Significant at P = 0.05); **: Values greater than twice the standard error (Significant at P = 0.05). 
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Table 4.45. Test of multicollinearity of 10 characters in 28 sugarcane genotypes 

under plant crops. 

Variable d.f. 

Parameter estimates 

Parameter 

estimate 

Standard 

error t Value Pr > |t| Tolerance VIF 

Intercept 1 -25.11 48.59 -0.52 0.61 . 0.00 

Tiller1 1 0.06 0.07 0.90 0.38 0.18 5.51 

Tiller2 1 -0.01 0.07 -0.20 0.85 0.17 5.84 

Vigor rate2 1 -6.64 3.92 -1.69 0.11 0.49 2.03 

Stalk length 1 0.19 0.10 1.80 0.09 0.57 1.75 

Internode length 1 0.32 1.01 0.32 0.76 0.60 1.67 

Stalk diameter 1 48.47 25.83 1.88 0.08 0.46 2.17 

POL 1 10.27 8.11 1.27 0.22 0.02 51.92† 

Recovery 1 -14.29 9.57 -1.49 0.15 0.02 54.00 

Millable stalks 1 0.07 0.13 0.52 0.61 0.54 1.85 
 †: Values of Variance Inflation Factor (VIF) greater than 10 are given in Bold. 
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. 

Table 4.46. Collinearity diagnostic of the 10 characters of 28 sugarcane genotypes under plant crops. 

Number 

Eigen 

value 

Condition 

index 

Proportion of variation 

Intercept 

 

Tiller1 

 

Tiller2 

Vigor 

rate2 

Stalk 

length 

Internode 

length 

Stalk 

diameter 
POL Recovery 

Millable 

stalks 

1 9.93 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2 0.03 18.41 0.00 0.05 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.02 

3 0.02 25.72 0.00 0.09 0.00 0.19 0.00 0.01 0.00 0.00 0.00 0.02 

4 0.01 36.09 0.00 0.01 0.02 0.30 0.00 0.15 0.00 0.00 0.00 0.31 

5 0.01 37.50 0.00 0.01 0.00 0.01 0.03 0.22 0.00 0.00 0.00 0.50 

6 0.00 61.72 0.01 0.09 0.13 0.30 0.32 0.32 0.00 0.00 0.00 0.02 

7 0.00 65.31 0.03 0.00 0.04 0.05 0.36 0.00 0.16 0.00 0.01 0.01 

8 0.00 88.81 0.00 0.59 0.41 0.00 0.25 0.17 0.34 0.00 0.00 0.01 

9 0.00 115.59† 0.29 0.16 0.38 0.13 0.00 0.12 0.47 0.00 0.00 0.07 

10 0.00 506.92 0.66 0.00 0.01 0.02 0.03 0.00 0.02 0.99 0.98 0.04 

†
: Values of  condition index greater than  100 to 1000 show moderate to high multicollinearity 
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Table 4.47. Test of multicollinearity of characters under plant crops (after exclusion 

of  3 characters). 

 Parameter estimates 

 

Traits 

 

d.f. 

Param. 

estimate 

Standard 

error 

 

t Value 

 

Pr > |t| 

 

Tolerance 

 

VIF 

Intercept 1 31.90 30.82 1.04 0.31 . 0.00 

Tiller1 1 0.06 0.07 0.83 0.41 0.19 5.19 

Tiller2 1 0.00 0.07 -0.04 0.97 0.18 5.71 

Vigor rate2 1 -5.47 3.66 -1.50 0.15 0.57 1.75 

Stalk length 1 0.16 0.10 1.53 0.14 0.60 1.68 

Internode length 1 0.44 1.01 0.43 0.67 0.61 1.64 

Stalk diameter  1 40.68 24.99 1.63 0.12 0.50 2.00 
*
VIF=Variance inflation factor 
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Table 4.48. Phenotypic and genotypic (in parentheses) direct (bold face) and indirect 

effects of 6 characters on cane yield of 28 sugarcane genotypes under 

plant crops.  

 

Tiller1 Tiller2 

Vigor 

rate2 

Stalk 

length 

Internode 

length 

Stalk 

diameter 

Corr. with 

cane yield
†
 

Tiller1 
0.35 0.33 -0.02 0.07 -0.09 0.03 0.67 

(0.85) (-0.01) (0.02) (0.22) (-0.22) (-0.15) 0.71 

Tiller2 

0.29 0.39 -0.07 0.05 -0.09 0.03 0.61 

(0.71) (-0.01) (0.23) (0.12) (-0.22) (-0.19) 0.64 

Vigor rate2 

0.03 0.12 -0.22 0.02 -0.04 0.02 -0.06 

(0.03) (-0.004) (0.43) (-0.07) (-0.31) (-0.40) -0.31 

Stalk length 

0.08 0.06 -0.01 0.32 -0.17 0.01 0.28 

(0.23) (-0.001) (-0.03) (0.83) (-0.47) (-0.07) 0.48 

Internode length 

0.10 0.12 -0.03 0.19 -0.30 0.01 0.1 

(0.25) (-0.002) (0.17) (0.51) (-0.77) (-0.05) 0.12 

Stalk diameter 

-0.12 -0.16 0.08 -0.03 0.04 -0.08 -0.27 

(-0.29) (0.003) (-0.38) (-0.124) (0.08) (0.45) -0.26 

Residual: P= 0.435 G= 0.346       
†
 Correlations calculated again after removing problem variables 
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Table 4.49. Phenotypic (above diagonal) and genotypic correlations (below diagonal) among 10 characters of 28 sugarcane genotypes 

under ratoon crop. 

 

Tiller1 Tiller2 Growth2 

Vigor 

rate2 

No. of 

internodes 

Internode 

length Purity Recovery 

Millable 

stalks Cane yield 

Tiller1 --- 0.84
**

  0.29 0.2 -0.18 0.20 -0.19 -0.17 0.62
**

  0.34 

Tiller2 0.86
**

  --- 0.25 0.14 -0.09 0.29 -0.12 -0.01 0.71
**

  0.52
**

 

Growth2 0.27
*
  0.21 --- 0.93

**
 -0.34 0.72

**
  0.32 0.3 0.25 0.38

*
  

Vigor rate2 0.19 0.12 0.93
**

  --- -0.38
*
  0.68

**
  0.37 0.44

*
  0.12 0.34 

No. of internodes -0.22
*
  -0.18 -0.44

**
 -0.47

**
  --- -0.46

*
 0.14 0.04 0.05 -0.28 

Internode length 0.21
*
  0.27

*
  0.74

**
  0.70

**
 -0.55

**
  --- 0.07 0.24 0.23 0.46

*
  

Purity -0.27
*
  -0.19 0.40

*
  0.43

**
  0.2 0.04 --- 0.70

**
 -0.26 0.13 

Recovery -0.2 0.01 0.42
*
  0.56

**
  0.11 0.29

*
  0.66

**
  --- -0.21 0.14 

Millable stalks 0.79
**

  0.79
**

  0.31
*
  0.15 0.01 0.28

*
  -0.52

**
  -0.44

**
  --- 0.40

*
  

Cane yield 0.39
*
  0.62

**
  0.46

**
  0.45

**
 -0.39

*
  0.59

**
  0.31

*
  0.37

*
  0.52

**
  --- 

*: Values greater than 1 standard error (Significant at P= 0.05); **: Values greater than twice the standard error (Significant at P = 0.05). 
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Table 4.50. Test of multicollinearity of 10 characters of 28 sugarcane genotypes 

under ratoon crop. 

Traits d.f. 

Parameter 

estimate SE t Value Pr > |t| Tolerance VIF 

Intercept 

1 -37.26 82.74 -0.45 0.66 -- 0.00 

Tiller1 

1 -0.12 0.14 -0.89 0.39 0.21 4.77 

Tiller2 

1 0.13 0.08 1.50 0.15 0.17 6.00 

Growth2 

1 -0.05 0.25 -0.21 0.84 0.08 12.63 

Vigor rate2 

1 2.24 10.04 0.22 0.83 0.08 11.98 

No. of internodes 

1 -1.96 1.99 -0.98 0.34 0.62 1.61 

Internode Length 

1 1.58 2.15 0.74 0.47 0.33 3.03 

Purity 

1 1.21 1.15 1.05 0.31 0.39 2.55 

Recovery 

1 -2.44 5.31 -0.46 0.65 0.34 2.94 

Millable stalks 

1 0.14 0.22 0.63 0.54 0.38 2.66 
†
: Values of Variance Inflation Factor (VIF) greater than 10 are given in Bold.  
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Table 4.51. Collinearity diagnostic of the 10 sugarcane characters of 28 sugarcane genotypes under ratoon crop. 

Number 

Eigen 

value 

Condition 

index 

Proportion of variation 

Intercept 
Tiller1 Tiller2 

Vigor 

rate2 
Stalk length 

Internode 

length 

Stalk 

diameter 
POL Recovery  

Millable 

stalks 

1 9.531 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

2 0.295 5.686 0.000 0.074 0.026 0.000 0.001 0.001 0.001 0.000 0.000 0.002 

3 0.092 10.167 0.000 0.009 0.004 0.007 0.031 0.013 0.001 0.000 0.000 0.016 

4 0.038 15.937 0.001 0.421 0.089 0.001 0.001 0.005 0.003 0.000 0.001 0.290 

5 0.025 19.437 0.000 0.175 0.498 0.001 0.000 0.002 0.012 0.000 0.002 0.393 

6 0.011 29.667 0.001 0.064 0.110 0.003 0.071 0.098 0.438 0.000 0.001 0.004 

7 0.005 45.346 0.007 0.000 0.007 0.153 0.095 0.527 0.097 0.006 0.060 0.164 

8 0.003 58.049 0.014 0.070 0.027 0.546 0.419 0.354 0.261 0.016 0.001 0.002 

9 0.001 96.504 0.236 0.156 0.217 0.164 0.368 0.000 0.021 0.017 0.705 0.074 

10 0.000 171.960 0.741 0.031 0.021 0.125 0.015 0.000 0.167 0.959 0.230 0.055 

†
: Values of  condition index greater than  100 to 1000 show moderate to high multicollinearity. 
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Table 4.52. Test of multicollinearity of the characters under ratoon crop (after 

exclusion of  5 characters). 

 Parameter estimates 

Traits d.f. Parameter 

estimate 

Standard 

error 

t Value Pr > |t| Tolerance  

VIF 

Intercept 1 
34.96 33.53 1.04 0.31 . 0.00 

Tiller1 1 -0.14 0.12 -1.18 0.25 0.24 4.09 

Tiller2 1 0.15 0.06 2.30 0.03 0.25 4.05 

Growth2 1 0.06 0.10 0.65 0.53 0.42 2.35 

Nof internodes 1 -1.47 1.70 -0.86 0.40 0.74 1.35 

Internode Length 1 0.95 1.92 0.49 0.63 0.36 2.77 

*
VIF=Variance inflation factor 

 

Table 4.53. Phenotypic and genotypic (in parentheses) direct (bold face) and indirect 

effects of 4 characters on cane yield of 28 sugarcane genotypes under 

ratoon crop.  

 

Tiller1 Growth2 No. of 

internodes 

Internode 

length 

Corr. with 

cane yield
†
 

Tiller1 

0.25 0.01 0.01 0.07 0.34 

(0.28) (-0.01) (0.01) (0.11) 0.39 

Growth2 

0.07 0.02 0.02 0.26 0.38 

(0.07) (-0.02) (0.02) (0.38) 0.46 

No. of internodes 

-0.04 -0.01 -0.06 -0.17 -0.28 

(-0.06) (0.01) (-0.05) (-0.29) -0.39 

Internode length 

0.05 0.02 0.03 0.37 0.46 

(0.06) (-0.02) (0.03) (0.52) 0.59 

Residual P= 0.72         G= 0.58 
†
Correlations calculated again after removing characters 
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Table 4.54. Selection indices based on any one to four characters with expected 

genetic gain of 28 sugarcane genotypes across 3 crops. 

Selection Index I 
GG (genetic gain at 20% selection 

intensity) 
CGG

* 

Tiller2 
48.5       48.5 

Growth2 
31.6 

   

31.6 

POL 
0.8 

   

0.8 

Cane yield 
5.4 

   

5.4 

Tiller2 + Growth2 
41.5 19.3 

  

60.8 

Tiller2 + POL 
48.6 -0.1 

  

48.5 

Tiller2 + Cane yield 
48.2 2.3 

  

50.5 

Growth2 + POL 
31.6 0.1 

  

31.7 

Growth2 + Cane yield 
31.3 3.6 

  

34.9 

POL + Cane yield 
0.1 5.3 

  

5.4 

Tiller2 + Growth2 + POL 
41.6 19.3 -0.1 

 

60.9 

Tiller2 + Growth2 + Cane yield 
40.8 19.8 3.3 

 

63.9 

Tiller2 + POL + Cane yield 
48.3 -0.1 2.3 

 

50.5 

Growth2 + POL + Cane yield 
31.3 0.0 3.6 

 

35.0 

Tiller2 + Growth2 + POL + Cane yield 
40.9 19.9 -0.1 3.3 64.0 

*
Cumulative Genetic Gain 
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Table 4.55. Genotypes selected on the basis of Smith index (S.I) for different 

combination of characters (selection intensity i=20%) of 28 sugarcane 

genotypes across 3 crops. 

 Characters  

S.I.1 Tiller2 Growth2   Smith index 

 MS03CR8-407 342.1 214.9     388.3 

 MS03CR7-243 328.2 210.9     376.0 

 CPF-225 351.5 179.6     368.2 

 MS03CR5-245 318.3 198.5     360.2 

 CoJ-76 328.0 183.0     355.1 

 CP77-400 249.9 249.6     352.7 

Mean of selected genotypes 319.7 206.1       

Mean of all genotypes 283.2 184.8       

S.I.2 Tiller2 Growth2 POL   Smith index 

 MS03CR8-407 342.1 214.9 16.0   115.5 

 MS03CR7-243 328.2 210.9 15.7   111.6 

 CPF-225 351.5 179.6 17.1   107.6 

 MS03CR5-245 318.3 198.5 16.2   105.8 

 MS03CR1-79 284.0 215.7 15.2   103.5 

 CoJ-76 328.0 183.0 17.0   103.4 

Mean of selected genotypes 325.3 200.4 16.2     

Mean of all genotypes 283.2 184.8 16.1     
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Table 4.55 (Cont‟d) Characters  

S.I.3 Tiller2 Growth2 Cane yield   Smith index 

 MS03CR8-407 342.1 214.9 75.5   388.0 

 MS03CR7-243 328.2 210.9 75.0   376.5 

 CPF-225 351.5 179.6 66.7   365.7 

 MS03CR5-245 318.3 198.5 71.8   360.5 

 CoJ-76 328.0 183.0 75.5   356.9 

 CP77-400 249.9 249.6 72.8   355.1 

Mean of selected genotypes 319.7 206.1 72.9     

Mean of all genotypes 283.2 184.8 66.8     

S.I.4 Tiller2 Growth2 POL Cane yield Smith index 

 MS03CR8-407 342.1 214.9 16.0 75.5 117.1 

 MS03CR7-243 328.2 210.9 15.7 75.0 113.4 

 CPF-225 351.5 179.6 17.1 66.7 108.4 

 MS03CR5-245 318.3 198.5 16.2 71.8 107.5 

 MS03CR1-79 284.0 215.7 15.2 74.1 105.9 

 CoJ-76 328.0 183.0 17.0 75.5 105.5 

Mean of selected genotypes 325.3 200.4 16.2 73.1   

Mean of all genotypes 283.2 184.8 16.1 66.8   
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Table 4.56.  Selection indices based on any one to five characters with expected 

genetic gain of 28 sugarcane genotypes under plant crops. 

Selection Index I 

GG (Genetic gain at 20% 

selection intensity) 

CGG
* 

Tiller1 14.5         14.5 

Vigor rate2 0.0 
    

-0.03 

Stalk length 5.5 
    

5.5 

Stalk diameter 0.03 
    

0.03 

Cane yield 0.2 
    

0.2 

Tiller1 + Vigor rate2 39.8 0.1 
   

40.0 

Tiller1 + Stalk length 38.8 8.4 
   

47.1 

Tiller1 + Stalk diameter 39.8 -0.03 
   

39.8 

Tiller1 + Cane yield 39.8 0.8 
   

40.6 

Vigor rate2 + Stalk length 0.2 12.4 
   

12.6 

Vigor rate2 + Stalk diameter 0.2 0.0 
   

0.2 

Vigor rate2 + Cane yield -0.01 3.3 
   

3.2 

Stalk length + Stalk diameter 12.5 -0.02 
   

12.5 

Stalk length + Cane yield 12.5 3.3 
   

15.8 

Stalk diameter + Cane yield 0.1 3.7 
   

3.7 

Tiller1 + Vigor rate2 + Stalk length 38.8 0.2 8.4 
  

47.3 

Tiller1 + Vigor rate2 + Stalk diameter 39.8 0.1 -0.03 
  

39.9 

Tiller1 + Vigor rate2 + Cane yield 39.8 0.1 0.8 
  

40.7 

Tiller1 + Stalk length + Stalk diameter 38.8 8.4 0.0 
  

47.1 

Tiller1 + Stalk length + Cane yield 38.2 8.9 1.6 
  

48.6 

Tiller1 + Stalk diameter + Cane yield 39.7 0.0 0.9 
  

40.6 

Vigor rate2 + Stalk length + Stalk diameter 0.2 12.5 -0.02 
  

12.7 

Vigor rate2 + Stalk length + Cane yield 0.2 12.6 3.2 
  

16.0 

Vigor rate2 + Stalk diameter + Cane yield -0.03 0.1 3.6 
  

3.7 

Cane length + Stalk diameter + Cane yield 12.6 -0.01 3.3 
  

15.8 

Tiller1 + Vigor rate2 + Stalk length + Stalk diameter 38.7 0.2 8.4 -0.03 
 

47.3 
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Selection Index I 

GG (Genetic gain at 20% 

selection intensity) 

CGG
* 

Tiller1 + Vigor rate2 + Stalk length + Cane yield 38.2 0.2 8.8 1.6 
 

48.8 

Tiller1 + Vigor rate2 + Stalk diameter + Cane yield 39.7 0.1 -0.03 0.9 
 

40.8 

Tiller1 + Stalk length + Stalk diameter + Cane yield 38.2 8.8 -0.03 1.6 
 

48.6 

Vigor rate2 + Stalk length + Stalk diameter + Cane yield 0.2 12.6 -0.01 3.2 
 

16.0 

Tiller1 + Vigor rate2 + Stalk length + Stalk diameter + 

Cane yield 38.2 0.2 8.8 -0.03 1.6 48.8 
*
Cumulative Genetic Gain 
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Table 4.57. Genotypes selected on the basis of Smith index (S.I) for different 

combination of characters (selection intensity i=20%) of 28 sugarcane 

genotypes under plant crops. 

 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.1 

       CPF-225  255.8 3.1       212.0 

 MS03CR5-245 251.5 3.5 
   

208.2 

 CoJ-76 250.3 2.6 
   

207.6 

 MS03CR8-407 246.9 3.7 
   

204.3 

 MS03CP-275 245.5 3.1 
   

203.4 

 BF162-166 236.5 2.9 
   

196.0 

Mean of selected genotypes 247.7 3.1 
    

Mean of all genotypes 202.8 3.0         

S.I.2 

   

 

   CPF-225 255.8   203.5     326.7 

 MS03CR5-245 251.5 
 

207.9 
  

326.3 

 MS03CR8-407 246.9 
 

200.2 
  

317.8 

 CoJ-76 250.3 
 

185.8 
  

311.0 

 MS03CP-275 245.5 
 

191.2 
  

310.9 

 MS03CR6-295 221.3 
 

204.6 
  

301.1 

Mean of selected genotypes 245.2 
 

198.9 
   

Mean of all genotypes 202.8   187.7       

S.I.3 

   

 

   CPF-225 255.8     0.9   34.6 

 MS03CR5-245 251.5 
  

0.9 
 

34.0 

 CoJ-76 250.3 
  

1.0 
 

33.8 

 MS03CR8-407 246.9 
  

0.8 
 

33.4 

 MS03CP-275 245.5 
  

0.9 
 

33.1 

 BF162-166 236.5 
  

0.9 
 

31.9 

Mean of selected genotypes 247.7 
  

0.9 
  

Mean of all genotypes 202.8     0.9     
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 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.4 

   

 

  CPF-225 255.8       74.9 262.3 

 MS03CR5-245 251.5 
   

81.7 258.8 

 CoJ-76 250.3 
   

85.0 257.9 

 MS03CR8-407 246.9 
   

77.4 253.8 

 MS03CP-275 245.5 
   

77.9 252.5 

 BF162-166 236.5 
   

75.0 243.2 

Mean of selected genotypes 247.7 
   

78.7 
 

Mean of all genotypes 202.8       76.1   

S.I.5 

   

 

   MS03CR5-245 

 

3.5 207.9     48.1 

 MS03CR7-243 

 

3.1 204.3 
  

46.9 

 MS03CR6-295 

 

2.9 204.6 
  

46.8 

 CPF-225 

 

3.1 203.5 
  

46.7 

 MS03CR8-407 

 

3.7 200.2 
  

46.6 

 MS03CR1-79 

 

3.3 200.8     46.4 

Mean of selected genotypes 3.3 203.6 

   Mean of all genotypes 

 

2.9 187.7 

   S.I.6 

   

 

   Mardan-93 

 

3.6   1.0   3.5 

 MS03CR8-407 

 

3.7 
 

0.8 
 

3.5 

 MS03CR2-131 

 

3.5 
 

0.9 
 

3.4 

 MS03CR5-245 

 

3.5 
 

0.9 
 

3.4 

 MS03CR1-79 

 

3.3 
 

1.0 
 

3.3 

 MS03CP-279 

 

3.3   0.9   3.2 

Mean of selected genotypes 3.5 

 

0.9 

  Mean of all genotypes 

 

2.9 

 

0.9 

  



 

132 
 

 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.7 

   

 

   S87US-1767 

 

2.8     89.7 77.0 

 CoJ-76 

 

2.6 
  

85.0 72.9 

 MS03CR1-79 

 

3.1 
  

84.6 72.8 

 MS03CR1-79 

 

3.3 
  

83.7 72.2 

 MS03CR5-245 

 

3.5 
  

81.7 70.7 

 MS03CR6-295 

 

2.9 
  

80.2 69.1 

Mean of selected genotypes  3.0 
  

84.2 
 

Mean of all genotypes 

 

3.0 
  

76.1 
 

S.I.8 

 
  

 
  

 MS03CR5-245 

 
 

207.9 0.9 
 

5.8 

 MS03CR7-243 

 
 

204.3 0.9 
 

5.6 

 CPF-225 

 
 

203.5 0.9 
 

5.6 

 MS03CR8-407 

 
 

200.2 0.8 
 

5.6 

 MS03CR6-295 

 
 

204.6 1.0 
 

5.5 

 MS03CR9-451 

 
 

198.0 0.8 
 

5.5 

Mean of selected genotypes  
 

203.1 0.9 
  

Mean of all genotypes 

 
 

187.7 0.9 
  

S.I.9 

 
  

 
  

 MS03CR5-245 

 
 

207.9 
 

81.7 207.0 

 MS03CR6-295 

 
 

204.6 
 

80.2 203.6 

 MS03CR1-79 

 
 

200.8 
 

83.7 203.2 

 MS03CR7-243 

 
 

204.3 
 

75.5 200.1 

 CPF-225 

 
 

203.5 
 

74.9 199.1 

 S87US-1767 

 
 

189.4 
 

89.7 199.1 

Mean of selected genotypes  
 

201.8 
 

81.0 
 

Mean of all genotypes 

 

  187.7   76.1   
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 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.10 

   

 

   S87US-1767       1.0 89.7 2.7 

 CoJ-76 
   

1.0 85.0 2.6 

 MS03CR1-79 
   

1.0 83.7 2.5 

 MS03CR1-79 
   

0.9 84.6 2.5 

 CP77-400 
   

1.0 78.6 2.5 

 MS03CR6-295 
   

1.0 80.2 2.5 

Mean of selected genotypes  
  

1.0 83.6 
 

Mean of all genotypes 
   

0.9 76.1 
 

S.I.11 
    

 
 

 CPF-225 255.8 3.1 203.5 
  

316.4 

 MS03CR5-245 251.5 3.5 207.9 
  

316.0 

 MS03CR8-407 246.9 3.7 200.2 
  

307.7 

 CoJ-76 250.3 2.6 185.8 
  

301.3 

 MS03CP-275 245.5 3.1 191.2 
  

301.1 

 MS03CR6-295 221.3 2.9 204.6 
  

291.7 

Mean of selected genotypes 245.2 3.2 198.9 
   

Mean of all genotypes 202.8 3.0 187.7 
   

S.I.12 
    

 
 

 CPF-225 255.8 3.1 
 

0.9 
 

31.7 

 MS03CR5-245 251.5 3.5 
 

0.9 
 

31.2 

 CoJ-76 250.3 2.6 
 

1.0 
 

31.0 

 MS03CR8-407 246.9 3.7 
 

0.8 
 

30.6 

 MS03CP-275 245.5 3.1 
 

0.9 
 

30.4 

 BF162-166 236.5 2.9 
 

0.9 
 

29.3 

Mean of selected genotypes 247.7 3.1 
 

0.9 
  

Mean of all genotypes 202.8 3.0   0.9     
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 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.13 

    

 

  CPF-225 255.8 3.1     74.9 114.2 

CoJ-76 250.3 2.6 
  

85.0 112.5 

 MS03CR5-245 251.5 3.5 
  

81.7 112.1 

 MS03CR8-407 246.9 3.7 
  

77.4 109.8 

 MS03CP-275 245.5 3.1 
  

77.9 109.7 

 BF162-166 236.5 2.9 
  

75.0 105.8 

Mean of selected genotypes 247.7 3.1 
  

78.7 
 

Mean of all genotypes 202.8 3.0 
  

76.1 
 

S.I.14 
    

 
 

 MS03CR5-245 251.5 
 

207.9 0.9 
 

15.6 

 CPF-225 255.8 
 

203.5 0.9 
 

15.6 

 MS03CR8-407 246.9 
 

200.2 0.8 
 

15.3 

 MS03CP-275 245.5 
 

191.2 0.9 
 

14.8 

 CoJ-76 250.3 
 

185.8 1.0 
 

14.8 

 MS03CR7-243 220.0 
 

204.3 0.9 
 

14.3 

Mean of selected genotypes 245.0 
 

198.8 0.9 
  

Mean of all genotypes 202.8 
 

187.7 0.9 
  

S.I.15 
    

 
 

 MS03CR5-245 251.5 
 

207.9 
 

81.7 335.1 

 CPF-225 255.8 
 

203.5 
 

74.9 333.6 

 MS03CR8-407 246.9 
 

200.2 
 

77.4 325.7 

 CoJ-76 250.3 
 

185.8 
 

85.0 319.8 

 MS03CP-275 245.5 
 

191.2 
 

77.9 318.7 

 MS03CR6-295 221.3 
 

204.6 
 

80.2 311.5 

Mean of selected genotypes 245.2 
 

198.9 
 

79.5 
 

Mean of all genotypes 202.8   187.7   76.1   
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 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.16 

    

 

  CPF-225 
255.8   0.9   74.9 8.8 

 CoJ-76 
250.3 

 

1.0 

 

85.0 8.6 

 MS03CR5-245 
251.5 

 

0.9 

 

81.7 8.6 

 MS03CP-275 
245.5 

 

0.9 

 

77.9 8.4 

 MS03CR8-407 
246.9 

 

0.8 

 

77.4 8.4 

 BF162-166 
236.5 

 

0.9 

 

75.0 8.1 

Mean of selected genotypes 
247.7 

 

0.9 

 

78.7 

 
Mean of all genotypes 

202.8 

 

0.9 

 

76.1 

 
S.I.17 

    

 

 
 MS03CR5-245 

 

3.5 207.9 0.9 

 

6.3 

 MS03CR8-407 

 

3.7 200.2 0.8 

 

6.1 

 MS03CR7-243 

 

3.1 204.3 0.9 

 

6.1 

 CPF-225 

 

3.1 203.5 0.9 

 

6.0 

 MS03CR6-295 

 

2.9 204.6 1.0 

 

6.0 

 MS03CR1-79 

 

3.3 200.8 1.0 

 

5.9 

Mean of selected genotypes 
 3.3 203.6 0.9 

  
Mean of all genotypes 

 

3.0 187.7 0.9 

  
S.I.18 

    

 

 
 MS03CR5-245 

 

3.5 207.9 

 

81.7 91.4 

 MS03CR1-79 

 

3.3 200.8 

 

83.7 89.7 

 MS03CR6-295 

 

2.9 204.6 

 

80.2 89.5 

 MS03CR7-243 

 

3.1 204.3 

 

75.5 88.1 

 MS03CR8-407 

 

3.7 200.2 

 

77.4 87.9 

 CPF-225 

 

3.1 203.5 

 

74.9 87.6 

Mean of selected genotypes 
 3.3 203.6 

 

78.9 

 
Mean of all genotypes 

  3.0 187.7   76.1   
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 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.19 

    

 

  S87US-1767   2.8   1.0 89.7 2.8 

 CoJ-76 
 

2.6 
 

1.0 85.0 2.7 

 MS03CR1-79 
 

3.3 
 

1.0 83.7 2.7 

 MS03CR1-79 
 

3.1 
 

0.9 84.6 2.7 

 MS03CR6-295 
 

2.9 
 

1.0 80.2 2.6 

 CP77-400 
 

2.6 
 

1.0 78.6 2.6 

Mean of selected genotypes  2.9 
 

1.0 83.6 
 

Mean of all genotypes 
 

3.0 
 

0.9 76.1 
 

S.I.20 
    

 
 

 MS03CR5-245 
  

207.9 0.9 81.7 75.7 

 MS03CR6-295 
  

204.6 1.0 80.2 74.3 

 MS03CR1-79 
  

200.8 1.0 83.7 74.2 

 MS03CR7-243 
  

204.3 0.9 75.5 73.1 

 CPF-225 
  

203.5 0.9 74.9 72.7 

 S87US-1767 
  

189.4 1.0 89.7 72.7 

Mean of selected genotypes  
 

201.8 1.0 81.0 
 

Mean of all genotypes 
  

187.7 0.9 76.1 
 

S.I.21 
     

 

 MS03CR5-245 251.5 3.5 207.9 0.9 
 

15.4 

 CPF-225 255.8 3.1 203.5 0.9 
 

15.4 

 MS03CR8-407 246.9 3.7 200.2 0.8 
 

15.0 

 MS03CP-275 245.5 3.1 191.2 0.9 
 

14.6 

 CoJ-76 250.3 2.6 185.8 1.0 
 

14.6 

 MS03CR7-243 220.0 3.1 204.3 0.9 
 

14.1 

Mean of selected genotypes 245.0 3.2 198.8 0.9 
  

Mean of all genotypes 202.8 3.0 187.7 0.9     
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 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.22 

     

 

 MS03CR5-245 251.5 3.5 207.9   81.7 119.0 

 CPF-225 255.8 3.1 203.5 
 

74.9 118.9 

 MS03CR8-407 246.9 3.7 200.2 
 

77.4 115.4 

 CoJ-76 250.3 2.6 185.8 
 

85.0 114.0 

 MS03CP-275 245.5 3.1 191.2 
 

77.9 113.3 

 MS03CR6-295 221.3 2.9 204.6 
 

80.2 110.9 

Mean of selected genotypes 245.2 3.2 198.9 
 

79.5 
 

Mean of all genotypes 202.8 3.0 187.7 
 

76.1 
 

S.I.23 
     

 

 CPF-225 255.8 3.1 
 

0.9 74.9 8.6 

 CoJ-76 250.3 2.6 
 

1.0 85.0 8.6 

 MS03CR5-245 251.5 3.5 
 

0.9 81.7 8.4 

 MS03CP-275 245.5 3.1 
 

0.9 77.9 8.3 

 MS03CR8-407 246.9 3.7 
 

0.8 77.4 8.2 

 BF162-166 236.5 2.9 
 

0.9 75.0 8.0 

Mean of selected genotypes 247.7 3.1 
 

0.9 78.7 
 

Mean of all genotypes 202.8 3.0 
 

0.9 76.1 
 

S.I.24 
     

 

 MS03CR5-245 251.5 
 

207.9 0.9 81.7 55.6 

 CPF-225 255.8 
 

203.5 0.9 74.9 55.4 

 MS03CR8-407 246.9 
 

200.2 0.8 77.4 54.0 

 CoJ-76 250.3 
 

185.8 1.0 85.0 53.2 

 MS03CP-275 245.5 
 

191.2 0.9 77.9 52.9 

 MS03CR6-295 221.3 
 

204.6 1.0 80.2 51.8 

Mean of selected genotypes 245.2 
 

198.9 0.9 79.5 
 

Mean of all genotypes 202.8   187.7 0.9 76.1   
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 Tiller1 

Vigor 

rate2 

Stalk 

length 

Stalk 

diameter 

Cane 

yield 

Smith 

index 

S.I.25 

     

 

 MS03CR5-245   3.5 207.9 0.9 81.7 66.4 

 MS03CR1-79 
 

3.3 200.8 1.0 83.7 65.1 

 MS03CR6-295 
 

2.9 204.6 1.0 80.2 64.9 

 MS03CR7-243 
 

3.1 204.3 0.9 75.5 63.9 

 MS03CR8-407 
 

3.7 200.2 0.8 77.4 63.8 

 CPF-225 
 

3.1 203.5 0.9 74.9 63.5 

Mean of selected genotypes  3.3 203.6 0.9 78.9 
 

Mean of all genotypes 
 

3.0 187.7 0.9 76.1 
 

S.I.26 
      

 CPF-225 255.8 3.1 203.5 0.9 74.9 47.1 

 MS03CR5-245 251.5 3.5 207.9 0.9 81.7 47.1 

 MS03CR8-407 246.9 3.7 200.2 0.8 77.4 45.7 

 CoJ-76 250.3 2.6 185.8 1.0 85.0 45.2 

 MS03CP-275 245.5 3.1 191.2 0.9 77.9 44.9 

 MS03CR6-295 221.3 2.9 204.6 1.0 80.2 44.1 

Mean of selected genotypes 245.2 3.2 198.9 0.9 79.5 
 

Mean of all genotypes 202.8 3.0 187.7 0.9 76.1   
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Table 4.58. Selection indices based on any one to 3 characters with expected genetic 

gain of 28 sugarcane genotypes under ratoon crop. 

Selection Index I 

GG (Genetic gain at 20% 

selection intensity) 

CGG
* 

Tiller1       42.7 

Internode length   
 

2.1 

Cane yield   
 

11.0 

Tiller1 + Internode length 46.4 0.6 
 

47.1 

Tiller1 + Cane Yield 45.3 8.6 
 

53.9 

Internode length + Cane yield 1.8 13.9 
 

15.7 

Tiller1 + Internode length + Cane yield 44.9 0.9 9.1 54.9 
*
Cumulative Genetic Gain 

 

Table 4.59. Genotypes selected on the basis of Smith index for different combination 

of characters (selection intensity i=20%) of 28 sugarcane genotypes 

under ratoon crop. 

 

Tiller1 Internode length Cane yield 

Smith 

index 

S.I.1 

     MS03CP-300 132.5 11.3   95.9 

 MS03CP-279 130.5 11.5 
 

94.7 

 MS03CP-209 125.5 10.8 
 

90.9 

 MS03CP-378 113.5 9.5 
 

82.0 

 CP77-400 107.0 15.1 
 

81.9 

 MS03CR8-407 96.0 13.5 
 

73.4 

Mean of selected genotypes 117.5 12.0 
  

Mean of all genotypes 65.3 11.9 
  

S.I.2 
    

 

132.5  67.3 145.8 

 MS03CP-209 125.5  53.9 132.1 

 MS03CP-279 130.5  42.7 129.1 

 CP77-400 107.0  61.3 122.0 
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Tiller1 Internode length Cane yield 

Smith 

index 

 MS03CR8-407 96.0  71.6 119.8 

 MS03CR7-243 83.0  73.9 110.9 

Mean of selected genotypes 112.4  61.8 
 

Mean of all genotypes 65.3   48.3   

S.I.3 

     MS03CR7-243   15.3 73.9 36.9 

 MS03CR8-407  13.5 71.6 34.6 

 MS03CP-301  11.8 72.0 33.0 

 CP77-400  15.1 61.3 32.9 

 MS03CP-300  11.3 67.3 31.2 

 MS03CR1-79  13.8 54.9 29.7 

Mean of selected genotypes  13.4 66.8 
 

Mean of all genotypes  11.9 48.3 
 

S.I.4 
    

 MS03CP-300 132.5 11.3 67.3 77.7 

 MS03CP-209 125.5 10.8 53.9 71.1 

 MS03CP-279 130.5 11.5 42.7 70.6 

 CP77-400 107.0 15.1 61.3 69.9 

 MS03CR8-407 96.0 13.5 71.6 67.1 

 MS03CR7-243 83.0 15.3 73.9 64.4 

Mean of selected genotypes 112.4 12.9 61.8 
 

Mean of all genotypes 65.3 11.9 48.3   
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

 

 Pooled analysis of variance over plant and ratoon crops showed significant genetic 

variation among sugarcane genotypes in growth, cane yield and quality traits. The 

performance of the sugarcane genotypes also differed significantly under plant vs 

ratoon crops for all traits. Genotype × crop interaction effects were also significant, 

indicating differential performance of sugarcane genotypes under plant and ratoon 

crop conditions. There was general reduction in means of the genotypes for most traits 

under ratoon as compared to plant crops.  

 Based on mean performance in plant, ratoon and across crops, MS03CP-154 was the 

top ranking genotype for most quality characters. Stability analysis discriminated 

genotypes for different characters. MS03CR8-407 was stable genotype for tiller1, 

tiller2, growth1, Brix, POL, recovery and millable canes. Similarly, genotype, 

MS03CR5-245 was relatively stable for growth2, vigor rate2, number of internodes 

per stalk, POL and cane yield. Genotypes MS03CP-209, MS03CP-275, CoJ-76, 

MS03CR2-131, and MS03CR5-245 were stable for cane yield. 

 Variance component analysis for different characters of sugarcane genotypes under 

the three crop regimes i.e. plant, ratoon, and across crops, showed that the 

environmental variances were greater than genetic variances for growth characters. 

Tiller1, tiller2 and growth2 showed high heritabilities and genetic advance under the 

ratoon crop. These characters also had higher genetic advance (>10) under plant and 

across three crops.  This suggests genetic improvement in these characters under 

aforementioned crop conditions will be effective.  

 Principal component analysis for plant and ratoon crops grouped the characters in 

three principal components. Most important characters which loaded well both under 

plant and ratoon crops were tiller1, tiller2, millable canes, Stalk diameter, POL%, and 

recovery%. These characters were important in imparting genetic divergence of 28 

sugarcane genotypes under the three crop conditions.  

 Cluster analyses under plant, ratoon and across three crops grouped genotypes into 3-

4 clusters. Most genotypes were grouped together both under plant and ratoon crops 

in cluster II and showed higher means for tiller1, tiller2, vigor rate2, internode length, 
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millable canes, and cane yield. Genotypes in this cluster could be used for the 

improvement of these characters. Across 3 crops cluster IV showed higher means for 

quality characters, millable canes and cane yield. Genotypes CoJ-76, MS03CR5-245, 

MS03CR8-407 and MS03CR7-243 were common and grouped in cluster II of plant, 

and ratoon, and cluster IV of across 3 crops. 

 Phenotypic and genotypic correlations among characters of 28 sugarcane genotypes 

revealed that tiller2, growth1, and growth2 had significantly positive relationship with 

cane yield across 3 crops. Similarly under ratoon crop, tiller2, growth2, internode 

length and millable stalks showed significantly positive correlation with cane yield 

both at the phenotypic and genotypic levels. However, number of internodes was 

negatively correlated with cane yield. 

 Path analysis of the characters after multicollinearity analyses revealed the importance 

of characters viz. growth2, POL and tiller2 across 3 crops. However, stalk length, 

stalk diameter and Brix had negative direct effect on cane yield. Under plant crops, 

however, the most important characters affecting cane yield were tiller1, vigor 

rate2,stalk length and stalk, diameter while in ratoon crop tiller1 and internode length 

were the most important characters. The characters having direct effect on cane yield 

could be used as selection criteria for improving cane yield. 

 Smith‟s selection indices showed that selection of genotypes based on tiller2, 

growth2, POL, and cane yield resulted in cumulative genetic gain (CGG) of above 60. 

Sugarcane genotypes CPF-225, MS03CR5-245, MS03CR7-243 and MS03CR8-407 

were superior according to the selection indices across three crops. The selection 

index under plant crops pointed to genotypes MS03CR5-245, CPF-225, MS03CR8-

407, CoJ-76, MS03CP-275, and MS03CR6-295 as better performers. Similarly under 

ratoon crop, genotypes MS03CP-300, MS03CP-209, MS03CP-279, CP77-400, 

MS03CR8-407 and MS03CR7-243 were selected.  

 Sugarcane genotype MS03CR8-407 was a common selected genotype by the selection 

indices in all three crop scenarios, i.e. plant, ratoon as well as across crops. Genotype 

MS03CR5-245 showed its merit in selection indices in plant crop as well as across 3 

crops. These genotypes were also stable for growth, quality and yield characters and 

were in the same cluster obtained by cluster analyses. Similarly, these two genotypes 

were clustered together with genotypes having higher means for many characters in 
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cluster analysis. Genotypes MS03CR8-407 and MS03CR5-245 will be further 

evaluated in multi-location plant as well as ratoon crop conditions in Khyber 

Pakhtunkhwa province of Pakistan for possible release as new cultivars. 
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