
REPEATABILITY, GENETIC GAIN AND  
PATH COEFFICIENT ANALYSIS IN  

SUGARCANE (SACCHARUM OFFICINARUM L.) 
 

By 

AMJAD ALI 

REGISTRATION NO 12F-UH-93 

 

 

 

Doctor of Philosophy 

in 

Agricultural Sciences 
(Plant Breeding and Genetics) 

 

 

Department ofPlant Breeding and Genetics 
The University of Haripur  

Khyber Pakhtunkhwa, Pakistan 
January, 2019 

 



REPEATABILITY, GENETIC GAIN AND  
PATH COEFFICIENT ANALYSIS IN  

SUGARCANE (SACCHARUM OFFICINARUM L.) 
 

 

BY 

AMJAD ALI 

REGISTRATION NO 12F-UH-93 

 

 

 

A dissertation submitted in partial fulfillment of the 
requirements for the degree of 

 
Doctor of Philosophy 

in 

Agricultural Sciences 
(Plant Breeding and Genetics) 

 
Department of Plant Breeding and Genetics 

The University of Haripur 
KhyberPakhtunkhwa, Pakistan 

January, 2019 







REPEATABILITY, GENETIC GAIN AND  
PATH COEFFICIENT ANALYSIS IN  

SUGARCANE (SACCHARUM OFFICINARUM L.) 
 

By 

AMJAD ALI 

THESIS APPROVED BY 

EXTERNAL EXAMINARS 

 

 
 
AKHTAR ALI, PhD 
DEPARTMENT OF BIOLOGICAL SCIENCES, 
THE UNIVERSITY OF TULSA, OK, USA. 
 
 
 

 
 
TARIQ SHEHZAD, PhD 
COLLEGE OF AGRICULTURAL AND ENVIORNMENTAL 
SCIENCES, PLANT GENOME MAPPING LABORTERY, 
THE UNIVERSITY OF GEORGIA 
 
 

 



 

 

 

 

 

 

________TO MY PARRENTS AND BILAL 

 

 

 

  



TABLE OF CONTENTS 

S. No. Contents  Page. No. 

 List of abbreviations  i 

 List of tables                                                  ii 

 List of figures   iv 

 Acknowledgements   vii 

 Abstract viii 

Chapter 1. INTRODUCTION 1 

Chapter 2. REVIEW OF LITERATURE 6 

Chapter 3. MATERIALS AND METHODS 20 

3.1 Growth traits 21 

3.2 Cane traits 21 

3.3 Quality traits 22 

3.4 Yield traits 22 

3.5 Statistical analysis 22 

3.5.1 ANOVA 22 

3.5.2 Estimation of repeatability (Broad sense heritability) 25 

3.5.3 Genetic gain 25 

3.5.4 Character association 25 

Chapter 4. RESULTS AND DISCUSSION 27 

4.1 Basic statistics of the parameters 27 

4.2 Analysis of variance  28 

4.3 Mean performances 30 

4.3.1 1st tillering 30 

4.3.2 2nd tillering 31 

4.3.3 1st plant height 31 

4.3.4 2nd plant height 32 

4.3.5 Cane length 33 

4.3.6 Number of nodes per plant 33 

4.3.7 Internode length 34 

4.3.8 Cane diameter 35 



4.3.9 Brix % 35 

4.3.10 POL % 36 

4.3.11 Purity % 37 

4.3.12 Recovery % 37 

4.3.13 Millablecane 38 

4.3.14 Cane yield 39 

4.4 Repeatability (broad sense heritability) and Genetic gain 39 

4.5 Association among the traits 44 

4.6 Phenotypic and genotypic correlation among various traits 

inplant crop 

45 

4.7 Test of multicollinearity 48 

4.8 Path coefficient analysis of plant crop 48 

4.8.1 Phenotypic effect 48 

4.8.2 Genotypic effect 49 

4.9 Phenotypic and genotypic correlation among various traits 

inratooncrop 

51 

4.10 Test of multicollinearity 54 

4.11 Path coefficient analysis of ratoon crop 54 

4.11.1 Phenotypic effect 54 

4.11.2 Genotypic effect 55 

4.12 Phenotypic and genotypic correlation among various traits 

across crops 

57 

4.13 Test of multicollinearity 60 

4.14 Path coefficient analysis across crops 60 

4.14.1 Phenotypic effect 60 

4.14.2 Genotypic effect 61 

Chapter 5. SUMMARY, CONCLUSIONS AND 

RECOMMENDATIONS  

102 

Chapter 6. LITRATURE CITED 106 

 APPENDICES  122 

 
 



LIST OF ABBREVIATIONS 
 
    

1T 1st tillering 

2T 2nd tillering 

1PH 1st Plant height 

2PH 2nd Plant height 

CL Cane length 

NON Number of nodes 

IL Internode length 

CD Cane diameter 

BR Brix 

PT Purity 

RC Recovery 

MC Millablecane 

NMC Number of millablecane 

CY Cane yield 

t ha-1 Tons per hactare 

PC Plant crop 

H Heritability  

GG Genetic gain 

δ Standard deviation 

δ2 Variance  

Vg  Genetic variance 

Ve Environmental variance 

Vgxc Genotype x crop variance 

  



 
LIST OF TABLES 

 
No. Title Page No. 

1.  List of sugarcane genotypes and their sources.  20 

2.  ANOVA model for 16 sugarcane genotypes evaluated as across crops. 24 

3.  ANOVA model for 16 sugarcane genotypes evaluated as plant crop. 24 

4.  ANOVA model for 16 sugarcanegenotypes evaluated as ratoon crop. 24 

5.  Basic statistics of 16 sugarcane genotypes evaluated as plant crop. 64 

6.  Basic statistics of 16 sugarcane genotypes evaluated as ratoon crop. 65 

7.  Basic statistics of 16 sugarcane genotypes evaluated as across crops. 66 

8.  Variances, repeatability and expected genetic gain for growth, cane, quality 

and yield traits of 16 sugarcane genotypes evaluated as plant crop. 

81 

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

among growth, cane, quality and yield characters evaluated asplant crop. 

83 

10.  Test of multicollinearity of 16 sugarcane genotypes evaluated as plant crop 

(After elimination of 4 traits). 

84 

11.  Phenotypic direct (diagonal) and indirect effects of 9 characters on cane 

yield evaluated as plant crop. 

85 

12.  Path index of 16 sugarcane genotypes evaluated as plant crop. 87 

13.  Variances, repeatability and expected genetic gain for growth, cane, quality 

and yield traits of 16 sugarcane genotypes evaluated as ratoon crop. 

88 

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

among growth, cane, quality and yield characters evaluated as ratoon crop. 

90 

15.  Test of multicollinearity for 16 sugarcane genotypes evaluated as ratoon 

crop (after exclusion of 4 characters). 

91 

16.  Phenotypic direct (diagonal) and indirect effects of 9 characters on cane 

yield evaluated as ratoon crop. 

92 

17.  Path index of 16 sugarcane genotypes evaluated as ratoon crop. 94 

18.  Variances, repeatability and expected genetic gain for growth, cane, quality 

and yield traits of 16 sugarcane genotypes evaluated as across crops. 

95 

19.  Phenotypic (above diagonal) and genotypic (below diagonal) correlations 97 



among growth, cane, quality and yield characters evaluated as across crops. 

20.  Test of multicollinearity of 16 sugarcane genotypes evaluated as across 

crops (after exclusion of 4 characters). 

98 

21.  Phenotypic direct (diagonal) and indirect effects of 9 characters on cane 

yield evaluated as across crops. 

99 

22.  Path index of 16 sugarcane genotypes evaluatedas across crops. 101 

 
  



LIST OF FIGURES 
 

No. Title Page No. 

4.1.1a Means performance for 1st tillering (per 9 m2) of plant, ratoon and across crop 

condition for 16 sugarcane genotypes. 

67 

4.1.1b Percent reduction in mean performance of 1st tillering from plant to ratoon crop. 67 

4.2.1a Means performance for 2nd tillering (per 9 m2) of plant, ratoon and across crop 

conditions for 16 sugarcane genotypes. 

68 

4.2.1b Percent reduction in mean performance of 2nd tillering from plant to ratoon crop 68 

4.3.1a Means for 1st plant height (cm) of plant, ratoon and across crop conditions for 

16 sugarcane genotypes. 

69 

4.3.1b Percent reduction in mean performance of 1st plant height (cm) from plant to 

ratoon crop. 

69 

4.4.1a Means for 2nd Plant Height (cm) plant, ratoon and across crop conditions for 16 

sugarcane genotypes. 

70 

4.4.1b Percent reduction in mean performance of 2nd plant height (cm) from plant to 

ratoon crop. 

70 

4.5.1a Means for cane length (cm) of plant, ratoon and across crop conditions for 16 

sugarcane genotypes. 

71 

4.5.1b Percent reduction in mean performance of cane length (cm) from plant to ratoon 

crop. 

71 

4.6.1a Means for number of nodes of plant, ratoon and across crop conditions crops for 

16 sugarcane genotypes. 

72 

4.6.1b Percent reduction in mean performance of number of nodes from plant to ratoon 

crop. 

72 

4.7.1a Means for Internode length (cm) of plant, ratoon and across crop conditions for 

16 sugarcane genotypes. 

73 

4.7.1b Percent reduction in mean performance of internode length (cm) from plant to 

ratoon crop. 

73 

4.8.1a Means for cane diameter (cm) of plant, ratoon and across crop conditions for 16 

sugarcane genotypes. 

74 



4.8.1b Percent reduction in mean performance of cane diameter (cm) from plant to 

ratoon crop. 

74 

4.9.1a Means for brix% of plant, ratoon and across crop conditions and for 16 

sugarcane genotypes. 

75 

4.9.1b Percent reduction in mean performance of brix %from plant to ratoon crop. 75 

4.10.1a Means for POL% of plant, ratoon and across crop conditions for 16 sugarcane 

genotypes. 

76 

4.10.1b Percent reduction in mean performance of POL %from plant to ratoon crop. 76 

4.11.1a Means for purity% of plant, ratoon and across crop conditions and for 16 

sugarcane genotypes. 

77 

4.11.1b Percent reduction in mean performance of purity % from plant to ratoon crop. 77 

4.12.1a Means for recovery % plant, ratoon and across crop conditions for 16 sugarcane 

genotypes. 

78 

4.12.1b Percent reduction in mean performance of recovery % from plant to ratoon 

crop. 

78 

4.13.1a Means for millablecane (no.) of plant, ratoon and across crop conditions for 16 

sugarcane genotypes. 

79 

4.13.1b Percent reduction in mean performance of millablecane (no.) from plant to 

ratoon crop. 

79 

4.14.1a Means for cane yield (t ha-1) of plant, ratoon and across crop conditions for 16 

sugarcane genotypes. 

80 

4.14.1b Percent reduction in mean performance of cane yield (t ha-1) from plant to 

ratoon crop. 

80 

4.4a Repeatability and genetic gain for 16 sugarcane genotypes evaluated as plant 

crop. 

82 

4.4b Genotypic, environmental and phenotypic variances for 16 sugarcane genotypes 

evaluated as plant crop. 

82 

4.7.2 Genotypic direct and indirect effect of 9 characters on cane yield evaluated as 

plant crop conditions. 

86 

4.4c Repeatability and genetic gain of 16 sugarcane genotypes evaluated as ratoon 

crop. 

89 



4.4d Genotypic, environmental and phenotypic variances for 16 sugarcane genotypes 

evaluated as ratoon crop. 

89 

4.10.2 Genotypic direct and indirect effect of 9 characters on cane yield evaluated as 

ratoon crop. 

93 

4.4e Repeatability and genetic gain for 16 sugarcane genotypes evaluated as across 

crops. 

96 

4.4f Genotypic, environmental and phenotypic variances for 16 sugarcane genotypes 

evaluated as across crops. 

96 

4.13.2 Genotypic direct and indirect effects of 9 characters on sugarcane genotypes 

evaluated as across crops. 

100 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



ACKNOWLEDGMENTS 
 

I have no words to express my deepest sense of gratefulnessto Almighty ALLAH, 

Most Gracious, Merciful and Beneficent to His creation. 

 
Peace and blessing of ALLAH be upon the Holy Prophet, Muhammad (PBUH), 

who advised his followers to seek the knowledge from cradle to grave. 

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

supervisor Associate Prof. Dr.SherAslam Khan, Department of Agricultural Sciences, 

Haripur, Khyber Pakhtunkhwa, 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 

priceless 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. 

Ayub Khan and Dr. Naushad Ali, Assistant Professor for their continuous guidance and 

support during the study period.  

In addition, many thanks are due to Prof. Dr. AbidFarid, Dean Faculty of Basic 

and Applied Sciencesand Dr. Shah Masaud, Assistant Professor, for their kind auspices in 

the research project.  

I am indebted to many colleagues, especially Dr.Muhammad Tahir, Senior 

Research Officer, Sugar Crops Research Institute Mardan, who supported me in literature 

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

acknowledged with thanks.  

Last but not the least I am thankful to Muhammad Tahir, Ex-Director SCRI 

Mardan, Muhammad Ismail, Research Officer, NurUlHaq, Research Officer, Shah Faisal, 

computer operator and all the staff of Sugar Crops Research Institute Mardan who helped 

me a lot during the study. 

 
 
 

  



REPEATABILITY, GENETIC GAIN AND PATH COEFFICIENT ANALYSIS IN 
SUGARCANE(SACCHARUM OFFICINARUM L.) 

 

AMJAD ALI AND SHER ASLAM KHAN 
 

ABSTRACT 
 

A set of 16 sugarcane genotypes comprising two check cultivars (CP-77/400 and 

Mardan-93) were assessed for repeatability, genetic gain and path coefficient analysis 

during 2012-14 and 2013-15 at Sugar Crops Research Institute (SCRI) Mardan, Khyber 

Pakhtunkhwa, Pakistan. The data were recorded on growth, cane, quality and yield traits 

for three crop seasons. Analysis of variance showed significant differences among 

genotypes, crops and genotypes x crops interaction. Repeatability (h2 broad sense) under 

plant crop, for different characters showed varying levels and it was moderate for  

internode length (43%), cane yield (41%), number of nodes (39%), cane length (39%), 

millablecane (35%) and 2nd plant height (30%). Low repeatability was noted for 2nd 

tillering (12%) and 1st tillering (10%) under plant crop. Under ratoon crop, moderate 

repeatability was noted for 2nd tillering (47%), 1st tillering (39%) and internodes length 

(34%). Low repeatability was noted for brix (28%), cane yield (25%), cane diameter 

(23%), 1st plant height (19%), millablecane (17%), number of node (16%), recovery 

(16%) and cane length (15%) under ratoon crop. Across crops low repeatability was 

noted for internode length (26%), number of nodes (23%), 2nd tillering (14%) and 1st 

tillering (10%). Genetic gain under plant crop was higher for cane length (36.53 cm), 2nd 

plant height (31.84 cm) and 2nd tillering (12.98 tillers per 9 m2).  Under ratoon crop, the 

genetic gain was higher for 2nd tillering (54.86 tillers per 9 m2), 1st tillering (40.88 tillers 

per 9 m2) and 1st plant height (15.63 cm). Genetic gain across crops was higher for 2nd 

tillering (15.52 tillers per 9 m2), cane length (9.55 cm) and 1st tillering (9.24 tillers per 9 

m2). Under plant crop, highly significant and positive correlation of 1st tillering (rg = 1.00 

, rp = 0.85), 2nd tillering (rg =0.96, rp =0.83  ), 1st plant height (rg =0.89, rp =0.77), 2nd 

plant height (rg =0.95, rp = 0.81  ), cane length (rg =0.90, rp = 0.76  ), number of nodes (rg 

=0.79 , rp = 0.67), internode length (rg =0.80, rp =0.74) and millablecane (rg =0.96, rp = 

0.87) was noted with cane yield at genotypic and phenotypic levels. Similarly brix 

showed positive and highly significant phenotypic correlation with POL (rp =0.84) and 

recovery (rp = 0.71). Under ratoon crop, highly significant and positive correlation of 



1sttillering (rg = 0.89 , rp = 0.81), 2nd tillering (rg = 0.92 , rp = 0.84), 1st plant height (rg = 

0.86 , rp = 0.75),  2nd plant height (rg = 0.96 , rp = .78), cane length (rg = 0.97 , rp = 0.69), 

internode length (rg = 0.77 , rp = 0.71), recovery (rg = 0.83 , rp = .64) and millablecane (rg 

= 0.85 , rp = 0.67) was noted with cane yield at genotypic and phenotypic levels. Brix 

showed positive and highly significant phenotypic and genotypic correlation with POL 

(rg = 0.99, rp = 0.98) and recovery (rg = 0.68, rp = 0.65). POL also has highly significant 

and positive correlation with recovery (rg = 0.72, rp = 0.70) at both the levels. Across 

crops, highly significant and positive correlation of 1st tillering (rg = 0.78 , rp = 0.70), 2nd 

tillering (rg = 0.86 , rp = 0.76), 1st plant height (rg = 0.95 , rp = 0.73), 2nd plant height (rg = 

1.00 , rp = 0.77), cane length (rg = 0.77, rp = 0.63), internode length(rg = 0.85 , rp = 0.77) 

and cane diameter (rg = 1.00 , rp = 0.72) was observed with cane yield at phenotypic and 

genotypic levels. Millablecane showed highly significant and positive correlation at 

genotypic level while significant at phenotypic level (rg = 0.64, rp = 0.57) with cane yield. 

Brix showed highly significant and positive correlation with POL (rg = 1.00, rp = 0.95) 

and recovery (rg = 0.66, rp = 0.67) at genotypic and phenotypic levels. POL also has 

highly significant and positive correlation with recovery (rg = 0.74, rp = 0.79) at both the 

levels. Path analysis showed direct positive phenotypic effect on cane yield by 2nd 

tillering (P1,10 = 0.12), 2nd plant height (P2,10= 0.13), number of nodes (P3,10= 0.14), 

internode length (P4,10=0.32), brix (P5,10= 0.39), purity (P7,10=0.36) and millablecane 

(P9,10=0.39)under plant crop. However at genotypic level direct positive effect on cane 

yield was showed by 2nd tillering (P1,10=0.21), 2nd plant height (P2,10=0.42), number of 

nodes (P3,10=0.03) and millablecane (P9,10=0.63. Under ratoon crop, path analysis showed 

direct positive phenotypic effect on cane yield by 2nd tillering (P1,10=0.28), 2nd plant 

height (P2,10=0.04), cane length (P3,10=0.33), internode length (P5,10=0.32), cane diameter 

(P6,10=0.08), recovery (P8,10=0.06) and millablecane (P9,10=0.37). The direct positive 

genotypic effect on cane yield was exhibited by 2nd tillering (P1, 10= 0.16), 2nd plant height 

(P2, 10=0.40), cane length (P3,10=0.07), internode length (P5,10=0.24) and recovery 

(P8,10=0.73). Across crops, direct positive phenotypic effects on cane yield was showed 

by 2nd tillering (P1,10=0.20), 2nd plant height (P2,10=0.27), cane length (P3,10=0.19), 

internode length (P5,10= 0.28), recovery (P8,10=0.42) and millablecane (P9,10=0.05), 

however cane length (P3,10=2.36) and recovery (P8,10=1.94) had direct positive genotypic 



effect on cane yield. GenotypeMS-91-CP-523 had the highest path index values of 240.39 

and 439.69 and performed better than rest of the genotypes under plant and across crops, 

respectively. Under ratoon crop genotype MS-2000-Ho-360 had the highest path index 

value of 141 and performed better than rest of the genotypes. 

Results further suggested that path analysis technique combined with 

development of path index could be successful in selection of sugarcane genotypes for 

improving overall selection approaches. The parameters with more broad sense 

heritability and genetic gain can be exploited in sugarcane breeding programs. The 

parameters having direct effect on cane yield must be given more importance in the 

breeding and selection strategies. Research should be focused on the selection of 

genotypes which has good performance both under plant and ratoon crops conditions. 

The genotypes with good performance may be tested further. 
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CHAPTER 1. 

INTRODUCTION 

 
Sugarcane (Saccharum officinarum L.) belongs to genus Saccharum, tribe 

Andropogoneae, subfamily Panicoideae, familyPoaceae and order Poales in the kingdom Plantae 

(Poehlmanet al., 1995).It is a perennial plant, which grows in clusters and comprising a number 

of strong unbranched stems which are called tillers (James, 2008).The hardness and colour of the 

stem vary with the variety. The stem is joined by nodes and consists of a lateral bud located in the 

axil of the leaf. The internodes contain fibrous tissues absorbed in sugary sap (James, 2008). The 

leaves attain length sizeup to 1m and a width up to 10 cm and are composed of thick midribs and 

saw-toothed edges. Two kinds of roots develop in sugarcane, sett roots and shoot roots. Initially 

the sett roots develop and on the new developing tillers the shoot roots develop from the root 

primordia. The inflorescence is a panicle 25-50 cm long known as an arrow. The spikelet’s are 

borne on ultimate branches and are hidden in bunches of long, silky hairs. The fruits are dry and 

each one contains a single seed. The seeds are collectively known as fuzz (James, 2008). 

Flowering is undesirable in commercial cane. However, flowering and the capacity to produce 

fertile pollen and true seeds are important and necessary in breeding sugarcane in order to obtain 

genetic recombination(Poehlmanet al., 1995). 

The Saccharumspecies are complex polyploids with high chromosome numbers. The 

chromosome number may vary with a particular clone (Tomkins et al., 1999). The most common 

basic chromosome numbers are eight and ten.Sachacrum officinarum is considered to be an 

octaploid with a basic chromosome number of ten (Zhang et al., 2014). There are three species of 

cultivated sugarcane within the genus Saccharum i.e.S. officinarum (2n = 80 or 10x = 100-130), 

S. sinense(2n = 111 to 120) and S. barberi(2n = 81 to 124), and two wild species S. robustum(2n 

= 60 to 80) and S. spontaneum (2n = 40 to 128) (D’ Hontet al., 1998). 

Sugarcane is native to tropical South and Southeast Asia. Sugarcane was first 

domesticated as a crop in New Guinea around 6000 BC. The earliest evidence of sugar 

production comes from earliest Sanskrit and Pali texts. Saccharum edule and Saccharum 

officinarum originated in New Guinea while Saccharum barberi originating in India (Daniel and 

Roach, 1987). Areas with ample supply of water for a constant period of more than six to seven 

months each year, either from natural rainfall or through irrigation are suitable for sugarcane 

cultivation. As sugarcane crop cannot tolerate severe frost therefore, most of the world's 
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sugarcane is grown between 22°N and 22°S and to 33°N and 33°Sin the northern hemisphere. In 

Pakistan sugarcane is grown between 24° N latitude and34 ° N latitude (Nadeem, 2011).  

Sugar consumption in Pakistan is very high like other Asian countries (Nazliet al., 2008). 

Sugar consumption per capita and the overall calorie intake in Pakistan is increasing constantly 

(Zaman, 2011). In Pakistan total per capita consumption of refined sugar is about25 kg per 

individual per year which is very high compared to other Asian countries like India where per 

capita consumption of sugar is 14 kg per individual per year, China with 11 kg per individual and 

Bangladesh with only just 10 kg per individual (Chhapraet al. 2013). Sugar industry of Pakistan 

consists of 81 sugar mills and crushing capability of approximately 6.1 million tons annually. The 

stake of sugar industry in Gross Domestic Product (GDP) is 1.9%, provides 1.5 million 

employments (directly and indirectly) and brings about an estimated investment of PKR. 100 

billion (Chhapraet al. 2013). 

Other than sugar, products derived from sugarcane include cane top, bagasse, molasses 

and press mud (Partha  andSivasubramanian, 2006). Sugarcane bagasse (SB) and leaves (SL) 

have been explored for both biotechnological and non‐biotechnological uses (Chandelet al. 

2012). 

Sugarcane is cultivated on about 26 million hectares, in more than 90 countries, with a 

production of 1.83×109 tons. Brazil lead the world in sugarcane production with cane yield of 

7,68,090 TMT (Thousand Metric Tons).India was the second largest producer with 3,41,200 

TMT and China the third largest producer with 1,28,200 TMT cane yield. Pakistan ranked five 

with a production of 63,749 TMT and about 3.3% of world total production (FAOSTAT 2016). 

Sugarcane was grown on 1341 thousand hectares with a production of 82,127 thousand tons in 

Pakistan ((MNFS&R, 2017-18). 

Sugarcane contribution to value addition of agriculture is 3.6% while to GDP 0.7%, 

respectively (PES 2017-18).Sugarcane growing area in Punjab, Sindh and KP provinces were 

859,333and 148thousand hectares, respectively. Sugarcane production of these provinces was 

55,067, 20,611 and 6,405 thousand tons equivalent to per hectare cane yield of 64, 61.89 and 

43.27 t ha-1(MNFS&R, 2017-18). In KP four major sugarcane growing districts are Charsadda, 

Mardan, Peshawar and D.I.Khan giving an averages yield of 44.7, 46.1, 52.0 and 42.0 t ha-1, 

respectively (Tahir et al., 2015).  

The average yield of Khyber Pakhtunkhwa province is less than the other 
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provinces. It is because of outdatedagricultural practices, expensive inputs, absence of 

varieties with desirable characteristics. In Khyber Pakhtunkhwashorter growth period and 

the existence of frost during maturity phase are the main reasons for low yield. Similarly 

ratoon crop give less yield as compared to plant crop. Cold weather badly affects the 

recovery of sugarcane crop (Edme and Glaz, 2013).  

Sugarcane varieties tend to run out or decline after some years in a specific area. 

To obtain high yield on sustainable basis it has been essential to substitute varieties 

regularly with new clones. The sugarcane varieties are clonally (cuttings, also known as 

asexual reproduction) propagated and is not expected to undergo genetic change as occur 

in a seed propagated crop. However, in change of disease pattern the variety decline 

usually occurs and it needs to be replaced. In Pakistan due to low yield condition it has 

been necessary to develop sugarcane varieties with high cane and sugar yield and noble 

rationing capacity. It is important that the germplasm must contain sufficient amount of 

variations for the varietal development program. Like other vegetativelypropagated 

crops, plant introduction and clonal selection have been the principal breeding procedures 

and are playing an important role in varietal development program at SCRI Mardan, 

Khyber Pakhtunkhwa. In every breeding population the genetic alterations are found and 

these variations are the basic mechanisms to develop selection and breeding approaches 

that eventually lead to better genetic gains. In the selection procedure, identification and 

separation of the dependent and independent characters is important. For a successful 

selection program the development of selection criterion is mandatory. In sugarcane 

breeding strategies, plant and ratoon crops both must be given importance. Finally, 

genotypes with better yield and quality parameters and broader adoptability can be 

selected and suggested for cultivation.  

Development of cultivars which can give good yield both under plant and ratoon crop is 

the finalobjective of plant breeders in sugarcane crop enhancement programs. The performance of 

a genotype over different crops cycles is established by the degree of its interaction with diverse 

environments (years/season).The consistency of a genotype in yielding ability over different 

environment makes it more adaptive. 

Planting operations (land preparation, fertilizers, labor, water etc.)  and sett costs 

constitute the largest inputs of sugarcane production (Salassi and Giesler, 1995). Usually two 
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crops i.e. plant and ratoon crops are obtained from sugarcane. Inadequate ratoon crop yields limit 

the economic production of sugarcane in subtropical regions where ratoon crop yields typically 

decrease with age. Cane yield decline of 10 - 15% in ratoon is a common phenomenon 

throughout the world (Sundara, 1997). The reasons for this decline are complex but primarily 

relate to disease, insect, weed competition and ratoon management practices. Most of the farmers 

did not give more importance to the crop as they consider it a free crop as there is no new sowing 

involves. Furthermore, genotypes can vary considerably in their ratooning ability. In absolute 

terms, a good ratooning cultivar is one that produces high ratoon crop yields or several profitable 

ratoon crops (Milligan et al., 1996). A ratoon crop usually gets maturity earlier than plant crop as 

the roots of the ratoon crop have already been established. Yield decreases significantly with age 

of the plant and plant crop give more yield than ratoon while the juice quality components are not 

much affected by the crop age (Singh and Singh, 2002). 

Although numerous studies have been conducted on genotype x environment 

interaction (GEI), however, genotype x crop/year interaction is also an integral part of 

sugarcane crop as it takes more than one year on a single place and hence, more 

importance should be given to such study. The good performing genotypes are tested 

over different environments (locations and seasons) before choosing desirable genotypes 

in breeding program. Usually differences exist among the genotypes for quantitative traits 

such as yield, when tested in different environments i.e. one environment to another and 

from year to year (from plant to ratoon crop and ratoon to ratoon crop as well). Different 

genotypes perform differently which make the selection process difficult for the breeders 

(Nguyen et al., 1980). In sugarcane crop, high yield and good quality are the basic 

parameters for the commercial purposes of varietal release. Genetic makeup and 

environmental stimuli should be kept in mind during the selection strategies. The breeder 

has to exploit the genetic basis of traits so that released cultivars can perform 

consistently. The change in environmental conditions creates variations in gene 

expression which ultimately affect the yield performance of a variety. As a result 

genotypic performance changes over different environments (years/locations) and there is 

uncertainty of the repeatability of genotypic performance. 

Repeatability (Broad sense heritability) and genetic gains study can be used in a 

breeding program. The characters with higher repeatability and genetic gain can be used 

for selection. The correlation among various characters and with yield is important and 
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also gives an insight between the parameters relation (Kang et al., 1983a). The 

correlation split into direct and indirect effects of different characters on yield using path 

coefficient analysis for the development of selection criteria to improve cane yield (Singh 

and Chaudhary, 1977). On the other hand path indices developed by the direct genotypic 

effects in path coefficient analysis tells about the performance of the genotypes under 

different crop conditions. 

Based on the above facts, the present research study was designed to evaluate the genotypes 

through repeatability, genetic gain and path coefficient analysis. This will help to understand the 

importance of genetic potential of different sugarcane genotypes for various growth, cane, quality 

and yield traits. It will also help in developing a selection criterion for sugarcane breeding 

program especially in Khyber Pakhtunkhwa province and generally in Pakistan. The specific 

objectives were to: 

1. Compare sugarcane genotypes throughplant and ratoon crop, for yield and its 

associated traits. 

2. Calculate the impact of genotype x crop interaction effects on sugarcane yield and 

its constituents.  

3. Evaluate repeatability (broad sense heritability) and genetic gain for important 

sugarcane characters among various sugarcane genotypes.  

4. Estimate association among various traits i.e. correlation and path analysis. 

5. Select genotypes with superior yield for plant, ratoon and across crops under the 

prevailing climatic conditions. 
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CHAPTER 2. 

REVIEW OF LITERATURE 

 

Khalid et al. (2018) evaluated sugarcane genotypes at two locations during 2011-12 and 

2012-13. They observed significant variation for cane yield among the two environments. None 

of the genotype showed superiority with respect to all attributes. They concluded that genotypes 

MS99HO317, MS99HO93, MS92CP979 and MS91CP238were superior at SCRI, Mardan (test 

location-I) based on tillering ability, millablecane, cane yield, sugar recovery and sugar yield. 

Sugarcane Seed Multiplication Farm (SSMF), HarichandCharsadda. (test location-II), the 

cultivars MS91CP272, MS99HO391, MS94CP15 and MS99HO391 were superior based on 

tillers, millablecane, sugar recovery and sugar yield compared to other genotypes. The combined 

over years and locations performance exhibited that the genotypes MS99HO317, MS91CP238, 

MS92CP979 and CP89831 were superior in terms of percentage germination, tillers, cane yield, 

number of millable canes, sugar recovery and sugar yield. 

Tenaet al. (2016a) performed an experiment at Wonji and Metehara Estates of Sugar 

Corporation of Ethiopia during 2012-13. During the study high broad sense heritability was noted 

for cane diameter (0.730), single cane weight (0.672), millablecane number (0.624), stalk height 

(0.624) and pol % (0.608) along with high genetic advance i.e. cane diameter (16.2 %), single 

cane weight (32.5 %), millablecane number (53.2 %), stalk height (15.3 %) and pol % (8.5 %). 

All traits had low to high genetic correlations (rg =−0.005 to 0.884) with cane yield and (rg = 

0.027 to 0.999) with sugar yield. On average genetic correlations were higher than phenotypic 

correlations. They suggested that selection strategy based on these traits could lead to 

improvement in cane and sugar yield. 

Tenaet al. (2016b) conducted an experiment at Wonji and Metehara Sugar Estates, 

Ethiopia between March 2012 and October 2013 comprising of 400 sugarcane genotypes of 

which 174 were local and 226 introduced. Data was collected on cane yield and its components, 

sugar yield and sugar quality traits. Cane yield showed strong positive and highly significant (P < 

0.01) correlation with millablecane number (r = 0.832), single cane weight (r = 0.528), stalk 

height (r = 0.517) and sugar yield (r = 0.987). There was also positive significant (P = 0.05) 

correlation of tiller count and cane diameter with cane yield. Path analysis revealed the highest 

positive direct effect of millable cane number (0.812) on cane yield followed by single cane 

weight (0.682) and pol percent (0.550). However, stalk diameter and brix percent had significant 
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negative direct effects and indirect positive effects through single cane weight on cane yield. 

Therefore, in view of their significant positive association with cane yield, indirect effects of stalk 

diameter and brix percent via single cane weight should be considered during selection. It was 

suggested that genotypes should be selected on the basis of millable cane number, single cane 

weight and pol percent for getting higher cane and sugar yield. 

Kishore et al. (2015) carried out an experiment on genetic variability, correlation and 

path analysis for yield and yield components inpromising rice (Oryza sativa L.) genotypes. 

During the study seventy three rice genotypes were assessed for their variability with regards to 

yield and yield components. Heritability estimates and genetic advance in percent of mean were 

also found for the traits studied. Similarly, studies on character associations and path coefficients 

were also undertaken. The results showed high variability, heritability and genetic advance in 

percent of mean for grain yield while panicle bearing tillers and 1000 grain weight had recorded 

high heritability combined with low genetic advance as percent of mean. Further, yield was 

observed to be positively associated with panicle bearing tillers and number of filled grains per 

panicle and these characters were noticed to exert high direct effects on grain yield per plant. 

Most of the characters exhibited high indirect effects through panicle bearing tillers per hill 

indicating importance of the trait as selection criteria in crop yield enhancement programs. 

Sangheraet al. (2015) estimated path analysis for cane yield and its constituent traits in 

early maturing sugarcane clones. They reported high heritability estimates for stalk diameter and 

moderate heritability estimates for cane yield. Stalk length exhibited maximum genetic gain, 

followed by number of shoots. Significant and positive correlation of cane yield with number of 

millablecane, stalk length, single cane weight, cane diameter and germination % was noted. They 

also noticed that growth traits have maximum constructive direct outcome on cane yield. 

Therefore they suggested that the growth traits should be given importance during the selection 

program. 

Bora et al. (2014) evaluated thirty oneearly sugarcane (Saccharumspp)clones for yield, 

yield components and quality characters under rainfed condition at the Sugarcane Research 

Station, Buralikson (Assam), India during 2008-2009 and 2010-2011. They noticed that 

germination (%), shoots number at 120 days, number of millablecane (’000/ha), cane height (cm), 

single cane weight (kg), cane yield (t ha-1) and commercial cane sugar (t ha-1) showed high range 

of variation while cane diameter and quality characters gave low variations. The characters 

showing high genotypic and phenotypic variance, genotypic and phenotypic coefficient of 
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variation, heritability with high genetic advance were number of millablecane, cane height and 

single cane weight. The characters showing high and significant correlation with cane yield were 

number of millablecane, germination (rg=0.64*), shoot count, cane height and single cane 

weight. Therefore they suggested that these characters must be given importance while selecting 

sugarcane clones for improvement in yield. The sugar recovery had high and significant 

correlation with field brix and sucrose (rg= 0.64*). Therefore, these two characters must be given 

importance for improvement sugar recovery. 

Jamozaet al. (2014) evaluated fourteen sugarcane clones including one check cultivar in 

randomized block design at three locations in western Kenya for broad-sense heritability and 

correlation. During the study one plant and one ratoon crop was considered. Significant (p ≤ 0.05) 

differences among the genotypes for all the traits wereobserved. High broad sense heritability (h2) 

was noticed for stalk diameter (0.928), number of millablecane (0.912), single stalk weight 

(0.907) and number of internodes (0.907)specifying the importance of these traits in selection 

program. Highest expectedgenetic gains were observed in stalk weight (34%) and number of 

millablecane (26.7%). It was observed that all traits had low to moderategenetic correlations (rg= 

-0.299 to 0.586) with cane yield excluding number of internodes. On averagegenetic correlations 

were higher than phenotypic correlations. They suggested that traits having high heritability and 

expected genetic gain should be selected for improvement in cane yield. 

Tadesseet al. (2014) studied genetic variability and heritability of ten exotic sugarcane 

genotypes at Wonji Sugar Estate of Ethiopia. Ten sugarcane varieties introduced from Cuba and 

designated by C86-12, C90-501, C86-165, C132-81, C120-78, C1051-73, B78-505, B80-250, 

SP70-1284, and C86-56 were evaluated along with standard checkNCO334. High GCV were 

recorded for millablecane (19.33), cane yield (26.69) andsugar yield (29.93), number of internode 

(2.02) and cane diameter (2.09). High phenotypic coefficients of variation were also recorded for 

sugar yield (32.26), cane yield (30.82), millablecane (21.42) but moderate phenotypic coefficients 

of variation were recordedfor cane height (12.01). High GCV and PCV indicated that selection 

may be effective based on thesecharacters and their phenotypic expression would be good 

indication of the genotypic potential.High heritability were recorded forcharacters of sugar yield 

(86.09), cane yield (75.02) and millablecane (81.51), low heritability for number of internodes 

(28.02) and can diameter (12.01) while moderate heritability were recorded for cane height 

(36.89) and sucrose % (55.67). They stressed that characters with high heritability should be 

given importance during the selection program. 
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Tahiret al. (2014a) evaluated important characters for improving cane yield in sugarcane 

at sugar crops research institute Mardan, Khyber Pakhtunkhwa, Pakistan and found highly 

significant variationsamonggenotypes. They suggested that characters having the highest direct 

effect on cane yield must be given importance for enhancing cane yield. 

Tahiret al. (2014b) studied character association and selection indices in 28 sugarcane 

genotypes at sugar crops research institute Mardan, Khyber Pakhtunkhwa, Pakistan. They found 

that 1st germination and 2ndgermination had highly significant phenotypic and genotypic 

correlation with cane yield,while brix had a negative correlation with cane yield. Path coefficient 

analysis indicates that 2ndtiller, 2ndgermination and POL had positive direct phenotypic and 

genotypic effect on cane yield. They concluded that traits having direct effect on cane yield must 

be given importance during selection program. 

Tahiretal. (2014c) conducted study onphenotypic selection of sugarcane genotypes using 

best linear unbiased predictors in Canal Point, Florida, USA. They observed higher heritability 

for CRS, brix, SWT and higher genetic advance at 20 % selection intensity for CRS, SPP, and 

recovery. Test of multicollinearity was conducted which reduced the number of parameters and 

found positive direct effect for purity, SWT, SPP and CRS on cane yield. They concluded that 

before path analysis, test of multicollinearity be carried out to reduce the number of parameters 

and hence reduce collinearity problems. 

Ahmed et al. (2010b) carried out study on 8 sugarcane genotypes. They found the 

relationship of characters which affect the final behavior of clones regarding cane yield. Results 

displayed a positive correlation of cane yield with different traits. They suggested a strong 

relation between these parameters and cane yield. 

Yakubu (2010) determined path coefficients of body weight and biometric traits in 

yanksalambs. The path indices were determined by using multiple regression equation using 

intercept as selection criterion. The less significant parameters were excluded from the regression 

model to obtain a much more simplified equation. The forecast indices obtained in the study 

could aid in weight estimation, selection and breeding programs. 

Tyagi and Lal(2007) carried out correlation and path coefficient analysis among 

agronomic and bio-chemical characters in sugarcane. Correlation analysis for agronomic 

characters revealed positive and significant (P = 0.01) correlation between plant volume and 

number of millablestalks (r=0.874), plant volume and weight per stalk (r=0.812), plant volume 
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and weight of millablestalks (r=0.962), plant volume and stalk thickness (r=0.842), number of 

millablestalks and weight of millablestalks (r=0.889) and other agronomic characters. There was 

a non-significant but positive correlation between number of millablestalks, brix (r=0.05), 

number of millablestalks, stalk height (r=0.285) and other characters. In case of bio-chemical 

characters, positive and significant (P = 0.01) correlation was recorded between Pure Obtainable 

Cane Sugar (POCS) and POL (r=0.901), POCS and purity (r=0.763), and POL and purity (0.780). 

Negative but non-significant correlation was observed between POCS and fiber. Correlation 

studies indicated that for sugarcane yield plant volume, plant height, number of millablestalks per 

stool, stalk thickness and weight of millablestalks are the most important characters. However, for 

biochemical characters, POCS, POL and purity are the most important characters. Path 

coefficient analysis in the case of agronomic characters exposed that the weight of millable stalks 

was the most significant character having the highest direct effect on sugarcane yield followed by 

stalk height, number of millablestalks and stalk thickness among agronomic traits. In bio-

chemical characters highest direct effect was on percent POCS followed by percent purity and 

percent fiber. In the study it was suggested by correlation and path coefficient that clones or 

varieties with high plant volume, plant height and other agronomic characters should be used in 

hybridization program. 

Chaudhary and Joshi (2005) studied correlation and path analysis to determine the 

contribution of different traits to cane yield in sugarcane (Saccharumofficinarum L). Cane yield 

showed positive and highly significant correlation with single cane weight, stalk length and 

millablecane number. Significant positive correlation of cane diameter and number of internode 

with cane yield was noted. Length of internodes had positive non-significant correlation with 

cane yield. Single cane weight had the maximum positive direct effect on cane yield followed by 

millablecane number. Stalk diameter and stalk length was positively and significantly correlated 

with cane yield, which was due to indirect effect of single cane weight. It was concluded by the 

results that single cane weight and number of millablecane should be given importance in the 

breeding program for obtaining maximum produce 

Singh et al. (2005) studied correlation and path analysis among different agronomic as 

well as quality characters with ratoon cane yield. In the study it was noted that in the month of 

November the quality parameters had highly positive significant correlation with POL% at 

genotypic level. Number of millablecane (NMC), single cane weight and cane height exhibited 

significant positive correlation with cane yield and sugar yield per hectare but there was a weak 

negative correlation between number of millablecane and single cane weight under the ratoon 
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crop experiment. During Path analysis study two characters namely number of millablecane and 

single cane weight showed significant positive direct effect on cane yield. Due to the more cane 

height, more cane weight was obtained and as a result the yield was increased. All the characters 

which showed significant positive correlation were important. Millablecane and single cane 

weight had subsidized significantly to ratoon crop yield. It was suggested that in early maturing 

genotypes under the ratoon crop condition, more importance should be given to number of 

millablecane and single cane weight. 

Rea and Vieira (2002) tested sugarcane cultivars for two years at six different 

environments in Venezuela. Genotypes exhibited different behavior from one environment to 

another for cane yield and sucrose content while genotype, location and year were exhibited non-

significant for these traits. 

Khan et al.(2001)conducted a study during 1993-94 in Dargai, Pakistan, and evaluate 27 

indigenous sugarcane crosses for cane yield, brix, plant height, brix value, number of internodes 

per stalk and millablecane per stool. Heritability values ranged from -3.24% for millable cane per 

stool to 75.46% for plant height. The results showed that cane yield had positive genotypic 

relationship with internodes per stalk and millablecane per stool. Path coefficient analysis 

revealed positive direct effect of internodes per stalk, plant height and millable canes per stool on 

cane yield. Negative direct influence ofbrix value on cane yield was observed during the study. 

They suggested that characters with high heritability and high direct effect on cane yield should 

be used as selection criteria in sugarcane breeding program.  

Bissessuret al. (2000) studied the possibility of selecting superior sugarcane varieties 

specifically adapted to the extremely dry and wet zones of Mauritius using the 

geneticcombinations obtained from bi-parental crosses between sugarcane varieties of 

differentbackgrounds. RCBD was used with two replicates across the plant crop and first ratoon 

crops. G x E interaction was determined using a mixed model analysis of variance and genetic 

advance was estimated at 25% selection intensity. Significant differences among genotypes were 

found for germination count, tillering count, stalk number, stalk height, stalk diameter, field brix, 

sucrose content, fiber% ,cane yield (t ha-1) and  sugar yield (t ha-1). The expected genetic 

advances showed that the population offered a very good potential for improvement by selection. 

However, the least potential for genetic gain was found to exist for field brix, suggesting that a 

low selection pressure is necessary for this character. 
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Chaudhary RR (2000) conducted study on genetic variability and heritability in 

sugarcane Nepal during 2000/2001. During the study 32 genotypes were evaluated in replicated 

trial. High heritability estimates were recorded for millablecane number, stalk diameter and single 

cane weight. Maximum genetic gain as percent of means was observed for single cane weight and 

millablecane number. He suggested that selection should be practiced on the basis of single cane 

weight and millablecane number for higher cane yield. He suggested that improvement in these 

traits would lead to a significant improvement in yield in limited selection cycles.  

Ram et al. (2000) studied relationships between seedling attributes, seedling ratoon and 

settling stages in two open pollinated populations of sugarcane. Significant correlations were 

recorded between brix yield and its components. There was no difference in the nature of trait 

associations in the two populations at the clonal stage under normal conditions. Path analysis 

revealed that NMS was the most important trait of brix as it showed the highest direct effect and 

correlation values at all stages in two populations. The correlation between different selection 

stages were calculated to study the relationships of different attributes between the crop stages 

and to identify attributes as efficient selection criteria at the seedling stage. Generally, significant 

phenotypic correlations were observed for the same traits, measured at different selection stages 

with a few exceptions. However, the association of stalk diameter and SSW did not change 

during different stages. This suggests that improvement in stalk diameter and SSW could be 

achieved by seedling selection. Stalk diameter showed greater inter-stage correlations. Thus, stalk 

diameter can be regarded as an efficient selection criterion. 

Nair et al. (1999) selected 14 intraspecific hybrids of S. officinarumfor better stalk 

thickness and soft rind was estimated for yield and quality attributes. Selection for stalk thickness 

had resulted in low variability for this character. Stalk thickness, however, was not correlated 

with stalk and sugar yields. Stalk height had a very high genotypic correlation with stalk and 

sugar yields and was the most important yield component. Path analysis showed stalk height had 

positive indirect effects on stalk yields through number of millable canes/plot (NMC) and stalk 

thickness. It was concluded that selection for stalk height and NMC in this population, which had 

already been selected for stalk thickness might improve stalk and sugar yields.   

Singh and Singh (1999) studied genetic relationships, repeatability and predictability of 

yield-related traits and sugar content in plant cane and first ratoon crops of 16 early maturing 

sugarcane genotypes at Shahjahanpur in 1994/95 and 1995/96. Results showed that GCV, PCV, 

heritability and genetic advance values were high for stalk weight, number of millable canes 
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(NMC) and cane yield in both plant and ratooncrops, whereas stalk height was high only in the 

ratoon. Repeatability values of characters between crops were 0.97, 0.96, 0.97, 0.79, 0.75 and 

0.71 for juice brix, sucrose content (at 7 months), cane yield (at 10 months), stalk height, number 

of stalks and stalk diameter (at 7 months), respectively. Genetic association values among 

characters were relatively low in both crops (r = -0.15 to 0.78). It was suggested that stalk 

diameter was the most predictable character followed by stalk number, when the genetic 

expression for yield contributing and quality characters was highest. 

Vermaet al. (1999) conducted study on sugarcane genotypes and found significant 

positive relation between number of internodes, stalk height, cane yield, stalk diameter, stalk 

weight and CCS %. They concluded that millable canes/plot, CCS % and yield kg/plot can be 

used as selection criteria. 

Pal et al. (1998) studied correlations and path coefficient in Saccharumcomplex hybrid 

clones. Path coefficient analysis showed highest direct effects of NMC and SSW and both cane 

and sugar yield. It also revealed that stalk height itself was not an important trait for direct 

selection for higher cane and sugar yield. Both NMC and SSW being the most important 

characters for increasing cane and sugar yield were advocated as parameters in selection. 

Singh and Khan (1998) created several selection indices for cane yield in a population of 

22 advanced sugarcane genotypes, tested in 4 locations x 2 yearly environments. The selection 

indices were used for estimation of genetic gain for cane yield and other agronomic and quality 

characters. Maximum genetic gain (18.47%) was shown by NMC, stalk height, stalk weight and 

juice extraction percent and cane yield itself. The genetic gain of SI with five characters described 

above and cane thickness was 18.44 %. Excluding the NMC (1.20%) or cane yield (6.04%), the 

genetic gains of SI’s were very low with any five characters. SI’s with both NMC and cane yield 

had 16.97 percent genetic gain over straight selection. It was concluded that NMC and cane yield 

should be included in SI for maximum cane yield. However, selection based on NMC, cane yield, 

stalk height, stalk weight and juice extraction percent was important for maximum improvement 

in cane yield. 

Singh and Singh (1998) evaluated 26 early maturing high-sugar genotypes for brix, POL 

and purity of cane juice in September, October, November, December and February1993-94. The 

genetic variability, degree of genetic determination, genetic advance over the mean, correlation 

between sampling dates and complete maturity and association between quality traits at each 

sampling date were assessed. Results showed that the genotypic and phenotypic coefficients of 
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variance, degree of genetic determination, genetic advance over the mean and correlation between 

POL and Brix were higher in the September and October sampling dates compared with the other 

sampling dates (when they decreased with maturity). However, genotypic, phenotypic and 

environmental correlations were all found to increase with increasing maturity. The results 

suggested that it was feasible to select for quality traits just before the start of the crushing season 

(in October) from a clonal population of sugarcane genotypes. Their findings also showed that 

genotypic differences between clones were most pronounced in October, which is, therefore, the 

optimal time for selectionof desirable early maturing high-sugar genotypes. 

Tyagi and Singh (1998) conducted study using 22 sugarcane genotypes grown at the 

Sugarcane Research Station, Kashipur. Significant variability was detected between genotypes for 

all the traits. Heritability and genetic advance as a percentage of mean for the different characters 

ranged from medium to high, indicating that traits can be improved through straight selection. 

Stalk density and stalk weight showed high heritability and genetic advance indicating that 

selection of specific traits will be more effective. 

Berding (1997) tested the hypothesis that there is no genetic variation for sucrose 

percentage in dry matter and that selection for sucrose percentage fresh weight, merely exploits 

variation in moisture content. Data for CCS (commercial cane sugar), dry matter pol, fiber, 

moisture, and POL in cane from 3 Stage 4 selection trials were examined for genetic variability 

and direct and correlated selection responses in CCS. The basic constituents of soluble, insoluble 

and moisture were determined independently. Little difference was found between dry matter 

POL and CCS for heritability and genetic variability. Genetic variability for moisture was limited. 

CCS and moisture were negatively and weakly correlated, while CCS and dry matter POL were 

moderately to highly correlated. Moisture and dry matter POL were moderately correlated in two 

trials. Directselection for moisture and dry matter pol resulted in average correlated responses in 

the CCS of 39.3 % and 73.3%, respectively of the 10.0 g kg-1 estimated gain from direct 

selection.  

Chang (1997) found 92-97 %improvement in sugar content through indirect selectionfor 

brix as compared to direct selection under the same selection intensity. It was suggested that 

indirect selection for brix could be used to replace for direct selection of sugar content. Path 

coefficient analysis showed stalk weight exercised the greatest effect on stalk yield, followed by 

number of millable stalks/ha. The multiple regression equation involving the number of millable 

stalks and stalk weight was as efficient as an equation involving all the yield components. 
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Discriminant function analysis revealed the numberofmillable stalks and stalk weight to be the 

most appropriate selection index, with a relative efficiency of 79.11 %. 

 Das et al. (1997a) determined character association between sugar productivity and its 

components in 27 mid-late sugarcane cultivars under field conditions.Sugar yield was positively 

and significantly associated with cane productivity individual cane weight, purity of juice, and 

CCS percentage and cane height at maturity. Individual cane weight and its thickness were 

positively correlated. Number of millablecane was negatively correlated with individual cane 

weight and its length. Quality traits including sucrose and CCS percentage were positively 

correlated with each other and also with sugar productivity. Indirect components i.e. individual 

cane weight and its diameter, CCS and sucrose percentages, influenced sugar yield.  

Das et al.(1997b) found correlations between dependent and independent variables in 24 

early maturing sugarcane varieties. Significant association was observed between cane yield and 

commercial cane sugar (t/ha) and stalk parameters whereas millablecane/ha was negatively 

related with single cane weight, millablecane and sucrose % in the juice. Path coefficient analysis 

revealed that CCS (t ha-1) had the highest direct positive effect on cane yield, followed by number 

of millable canes/ha, stalk weight and stalk diameter. Stalk weight, stalk diameter, CCS 

percentage and sucrose percentage in the juice were indirectly associated with cane yield via CCS 

(t ha-1). 

Kadianet al. (1997) evaluated thirty two genotypes for variability, heritability and genetic 

advance sown on 3 dates during 1990-91. Significant differences and high variability among the 

genotypes for all the traits were observed for each sowing date. Phenotypic variation and 

genotypic coefficients of variation were highest for single cane weight followed by cane 

productivity/clump. Broad sense heritability estimates were moderate to high for all traits, except 

number of millable canes/clump and leaf length. Highest genetic advance was observed for leaf 

width and single cane weight. High genetic advance was observed for single cane weight and 

cane yield/clump and was associated with high heritability. They suggested that yields could be 

improved by direct selection for single cane weight combined with indirect selection for cane 

productivity. 

Kundu and Gupta (1997) evaluated forty one S. officinarumclones for yield and quality 

characters and found that sugarcane efficiency and productivity depends on number of 

millablecane, stalk height, stalk weight and internode length. 
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Ram et al. (1997a) created selection indices for three open-mating populations of 

sugarcane (Saccharumspp.) seedlings and their ratoon stages. Though specific indices were found 

to be the most effective in improving mean brix yield in their own source populations, but the 

GSI was better to SSI in other populations as indicated by higher mean values and more number 

of superior clones at selection and evaluation stages. This indicated the wider applicability of the 

GSI over SSI. In spite of better expected genetic advance through GSI in ratoon crop, the actual 

gain in brix yield attained through GSI, was better in seedlings. 

Ram et al. (1997b) studied 30 F1 hybrids from crosses of S. officinarum. Path analyses 

were performed to determine correlation coefficients. Cane yield and millablecane showed 

positive association in all crosses. Cane length also showed significant association with cane yield 

in the OB and OH groups. Sugar yield was associated with NMC in the OB, OH and ORcrosses, 

with percentage of brix and sucrose in the OB, OR and OS crosses and with percentage juice 

extraction only in the OS cross. Path analysis indicated the importance of different traits in the 

different crosses. NMC and percentage sucrose were important traits of sugaryield. 

Repale and Hapase (1997) carried out an experiment to determine the extent of genetic 

variability, interrelationships and cause and effect relationship of cane yield and sugar yield with 

growth and cane traits in 12 varieties of sugarcane grown at Pune. They observed sugar yield/ha 

was closely related with quality traits and cane yield ha-1. Path coefficient analysis indicated that 

cane yield ha-1, tillering, juice purity, number of millable canes/ha, germination, plant height and 

single cane weight exerted a positive direct effect on sugar yield ha-1 whereas tillering, cane 

height, cane girth, sucrose content and CCS% were important components of cane yield ha-1. 

Sandhuetal. (1997) evaluated cane yield, commercial cane sugar (CCS), internode length 

and number, stalk length, thickness, weight and number and sugar recoveryin 17 diverse clones of 

sugarcane (7 early, 6 mid-season and 4 late)grown in flooded (FE) and non-flooded (NFE) 

environments, in the Indian Punjab during October 1991 and 1992. Cane yield had a significant 

positive phenotypic correlation coefficient (PCC) with stalk number in FE and NFE.Stalk length 

had a significant positive PCC with stalk weight in both environments and with internodes length 

in FE. CCS had a significant positivePCC with cane yield in both environments and with stalk 

number in NFE. Generally, genotypic correlation coefficients were in the same direction as PCC 

but higher in magnitude. In both environmentsstalk number and stalk weight had relatively high 

positivedirect effects on cane yield. However, flooding enhanced the direct effect of stalk weight 

and diminished the direct effect of stalk number on cane yield. Only cane yield and sugar 
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recovery had high direct effects on CCS. It was suggested that selection for improvement of cane 

yield could be based on stalk number and stalk weight in both environments. 

Chang (1996) suggested that improvement of Brix, purity and sugar content in breeding 

programs could be achieved by selection for high brix, purity and sucrose. Greatest correlation 

coefficient was found between brix and sugar content, demonstrating that the brixreading is a 

reliable index for sugar content. 

Das et al.(1996) examined the range of variability components, heritability and expected 

genetic improvement in 24 early maturing test genotypes in 1992 to 1995. They observed that 

quality characterslike sucrose percentage and CCS percentage offered less variability, 

intermediate heritability and low genetic gain. They suggested that introducing improvement via 

quality characters is difficult. 

Phillip et al. (1995) assessed 48 sugarcane families (crosses) at seven sites in Australia. 

An optimal selection index, balancing the relative economic importance of cane yield and CCS, 

the relative heritability of these two components and their genetic correlation, was estimated as 

12 × CCS + cane yield (t ha-1). This index had a high genetic correlation with sugar yield and net 

merit grade. They recommended that selection criteria based on sugar yield or net merit grade 

was satisfactory in most situations. 

Reddy and Somarajan (1994) derived an interspecific hybrid population of 46 clones 

from crosses between 4 Saccharum species. The variability and relative importance of different 

characters were assessed using genetic parameters. Cane yield did not have significant positive 

association with any of the yield components except number of millablecane (NMC). Among 

species used in the crossing program, S. robustumand S. barberiwere superior for improving 

NMC per plot, cane yield and cane diameter, while keeping sucrose and other quality parameters 

high. S.spontaneumimproved NMC but reduced yield and quality traits. Hybrids derived from 

crosses of S. officinarumwith the progeny of commercial hybrids crossed with S. robustumor S. 

barberiwere superior in yield components to hybrids derived from single cross of S. 

officinarumwith commercial hybrids or any other species. 

Singh et al. (1994a) performed path analysis of 5 sugarcane (Saccharumofficinarum) 

varieties grown at Uchani, Karnal during the 1992-93. Number of millable canes followed by 

stalk weight had the greatest direct effects on cane yield. The direct effects of stalk height, stalk 

girth, brix percentage and sucrose percentage on cane yield were generally very low. 
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Sharma and Singh et al. (1993) studied heritability, genetic variance and combining 

ability for different quantitative characters in the F1 hybrids of crosses involving10 

Saccharumofficinarumlines and one tester. They concluded that only additive gene effects were 

important for Brix percentage. 

In our research we worked on the cropping years rather than environments because in 

sugarcane the cropping year i.e. 1st and 2nd crop, plant and ratoon, plays an important role. The 

four years data were taken so that a reliable selection strategy can be established. More over the 

path indices were developed for the 1st time after path analysis which helped in the selection of 

desirable genotypes. The multicollinearity analyses were also performed for the 1st time which 

helped in the selection process. 
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CHAPTER 3. 

MATERIAL AND METHODS 

 
The research work was carried out during 2012–15at Sugar Crops Research Institute, 

Mardan, Khyber Pakhtunkhwa, Pakistan,. The experimental material comprisedof 14 sugarcane 

genotypes, advanced from previous selection trials on the basis of better agronomic and 

phenotypic suitability. In addition two check cultivars viz. Mardan-93 and CP-77/400 were also 

used for comparison. 

 

Table 1: List of sugarcane genotypesand their sources.  

S. No. Genotype Source 

1. MS-2000-Ho-535 Houma , Louisiana, USA  

2. MS-99-Ho-6 Houma , Louisiana, USA 

3. MS-2000-Ho-115 Houma , Louisiana, USA 

4. MS-2000-Ho-357 Houma , Louisiana, USA 

5. S-98-SSG-363 Guatemala  

6. S-98-SSG-612 Guatemala 

7. MS-91-CP-248 Canal Point, USA 

8. MS-91-CP-249 Canal Point, USA 

9. S-92-US-72 Canal Point, USA 

10. MS-91-CP-523 Canal Point, USA 

11. MS-92-CP-99 Canal Point, USA 

12. MS-2000-Ho-360 Houma , Louisiana, USA 

13. MS-2003-HS-274 Habib Sugar Mill Research Farm, Sindh, Pakistan 



 

20 
 

14. MS-2003-HS-366 Habib Sugar Mill Research Farm, Sindh, Pakistan 

15. CP-77/400 Check cultivar 

16. Mardan-93 Check cultivar 
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The sugarcane genotypes wereevaluated in the following three experiments. 

1. Two plant crops 

2. Two ratoon crops 

3. Across crops(plant and ratoon crops combined) 

 

The two plant crops were sown in September 2012 and 2013 respectively. Ratoon crops 

weremaintainedin 2013-14 and 2014-15 as well. Randomized complete block design was used 

with a plot size of67 m2 (6.7 x 10) per genotype. There were seven rows per plot, 0.90 meters 

apart with a row length of 10 meters.Numbers of buds in the central row were kept 150. 

Data was recorded on the following growth,cane,quality and yield traits. 

 

3.1 Growth traits 

i. 1st tillering: During 1st week of April the actual number of tillers per 10 m central row were 

counted and recorded as 1st tillering. 

ii. 2nd tillering: During month of May, the number of tillers were counted again and noted per 10 

m central row. 

iii. 1st plant height: It was recorded in the field on five randomly selected plants with the help of 

a tap in centimeters and then averaged. The data was recorded in 1st week of July. 

iv. 2nd plant height: This data was taken during 1st week of August.  

 
3.2 Cane traits 

i. Cane length:Five plants were selected randomly in each genotype. The trash was removed 

and the length was measured in centimeters during month of October and then averaged. 

ii. Number of nodes: Random selection was performed and five plants were selected for each 

genotype. Number of nodes for each genotype was counted and averaged.  

iii. Internode length: The said data was also taken in centimeters. The 5th internode from the 

base of plant was measured for five randomly selected stalks and averaged. 

iv. Cane diameter: A digital vernier caliper was used for this data. Diameter of the stalk was 

measured for each of the five randomly selected stalks at the 5th internode from the base. 

3.3 Quality traits: 

i. Brix %: Juice Brix refers to the total solids content present in the juice expressed in 

percentage. Brix includes sugars as well as non-sugars. It was taken by measuring the brix 
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(total soluble solids) in the cane in laboratory using a hydrometer. Five canes per samples 

were obtained for estimation of brix. 

ii. POL % (Polarized sugar %): it is the actual sugar present in the juice. Polari meter was used 

for determining POL%. 

iii. Purity %: The percentage of sucrose present in the total solids content in the juice is called 

purity %. It was calculated by the following formula: 

𝑃𝑢𝑟𝑖𝑡𝑦 % =
𝑃𝑂𝐿%

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑𝐵𝑟𝑖𝑥
𝑋 100 

Brix adjusted in the table is corrected brix. 

iv.   Recovery %: 

00.7 x [Polarized sugar % - 0.5 (Corrected brix – polarized sugar %)] 

 

3.4 Yield traits 

i.    Millablecane: This data was taken by counting the number of millablecane in the mid row 

(without the undeveloped tillers). 

ii.   Cane yield (tha-1): This data was taken by weighing the cane without trash per plot in kilo 

grams and converting in to tha-1 by the following formula. 

𝐶𝑎𝑛𝑒𝑦𝑖𝑒𝑙𝑑 =
 

   
Where “x” is the yield in kg per plot. 

 

3.5 Statistical analysis 

3.5.1 ANOVA  

The following statistical model was used to determine ANOVA (Annicchiarico, 

2002).  

 

Where 

 µ= Overall mean 

αi= Crop/year effect  

f3j (α i)= Replications within crops effect  

γk= Genotype effect  
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αiγk= Interaction effect between crops and genotypes  

εijk= Random error.  

 

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

genotype x crop interaction, while the genotype x 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 x crops, least significant difference (LSD) values were 

calculated as suggested by Gomez and Gomez (1984).  
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Table 2: ANOVA model for 16 sugarcane genotypes evaluated as across crops. 

 

Source of variation DF MS F value EMS 

Crops/Years 3 M1 M1/M4  

Reps within Crops 8 M2 --  

Genotype 15 M3 M3/M4 𝑉 + 𝑟𝑉 + 𝑟𝑐𝑉  

Genotype × Crops 45 M4 M4/M5 𝑉 + 𝑟𝑉  

Error 120 M5 -- 𝑉  

Total 191    

 

Table 3: ANOVA model for 16 sugarcane genotypes evaluated as plant crop. 

 

Source of variation DF MS F value EMS 

 

Plant Crops (PC) 1 M1 M1/M4  

Reps within PC 2x2:4 M2 --  

Genotype 15 M3 M3/M4 𝑉 + 𝑟𝑉 + 𝑟𝑐𝑉  

Genotype × PC 15 M4 M4/M5 𝑉 + 𝑟𝑉  

Error 60 M5  𝑉  

Total 95    

 

Table 4: ANOVA model for 16 sugarcane genotypes evaluated as ratoon crop. 
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 Source of variation DF MS F value EMS 

 

Ratoon Crops (RC) 1 M1 M1/M4  

Reps within RC 2x2:4 M2 --  

Genotype 15 M3 M3/M4 𝑉 + 𝑟𝑉 + 𝑟𝑐𝑉  

Genotype × RC 15 M4 M4/M5 𝑉 + 𝑟𝑉  

Error 60 M5  𝑉  

Total 95    
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3.5.2 Estimation of repeatability (broad senseheritability) 
 

Repeatability (broad sense heritability) for important quantitative traits was worked out 

both under plant and ratoon crops as well as averaged over the two crops using the mean squares 

given in Tables 2, 3, and 4, respectivelySingh et al. (1993). 

Repeatability (broad sense heritability) = Vg/Vp= X1/X4 

Where 

Genetic variance = Vg 

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

3.5.3 Genetic Gain 

Genetic gain was estimated for important traits using 10% selection intensityunder 

different crop conditions (Johnson et al.1955). 

Genetic gain = K ×p× h2(bs) 

Where,  

K= 1.75 at 10% selection intensity(Fisher and Yates, 1963). 

p= Standard deviation (phenotypic) for a character under particular crop condition. 

h2(bs) = broad sense heritability for a trait under specific crop condition. 

 

3.5.4 Characters Association  

Version 3A of PLABSTAT software of plant breeding experiments (Utz, 2011) was 

used to determine phenotypic and genotypic correlations. Standard errors for these 

correlations were calculated as suggested by Mode and Robinson (1959).  

Multicollinearity analysis was performed before determining path coefficient analysis 

for the characters under study. PROC REG in SAS Version 9.3 (SAS Institute, 2003) was 

used for determining multicollinearity analysis. The variance inflation factor (VIF) and 

tolerance (TOL) options were also performed.  

Path coefficient analysis was carried out using the correlations (Dewey and Lu, 1959). 
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Direct and indirect effects of the characters (independent variables) on cane yield 

(dependent variable) were determinedusing the 'Path analysis, function of the "Agricolae" 

package of R version 2.14 (Singh and Chaudhary, 1977). Path index was used as 

selection criterion using linear regression equation. The following formula was used 

omitting the intercept. 

 

Y = X1b1 + X2b2 + X3b3 ……….Xnbn. 

Where   

X = Path Coefficient 

b = mean of observed variable 

The genotypes were evaluated by using this path index as selection criterion and the 

top genotypes were selected as better performer for a particular character (Yakubu, 

2010). 
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CHAPTER 4. 

RESULTS AND DISCUSSION 

4.1 Basic statistics of the parameters 

In sugarcane usually the standing of the plant crop is more than the ratoon crop 

resulting best performance of plant crop than the ratoon crop. Under plant crops, 1st and 

2ndtillering ranged from 134.5to 240.83 (no.) and 163.33 to 287.50 (no.) with mean value 

of 189.53 and 222.69 (no.)respectively.Similarly 1st and 2nd plant height ranged from 

135.90cm to 227.66cm and 164.16cm to 273.33cm with mean value of 164.99cm and 

200.98cm, respectively. Cane length ranged from 122cm to 240cm with mean value of 

163.5cm. Number of nodes ranged from 9.5 to 18 with mean value of 13.09. Internode 

length ranged from 12.28cm to 16.56cm with mean value of 14.69cm. Cane diameter 

ranged from 0.83cm to 1.03cm with mean value of 0.93cm. Millablecane and cane yield 

ranged from 65.66(no.) to 94.66(no.) and 70.33 (t ha-1) to 88.33 (t ha-1) with mean values 

of 78.45(no.) and 77.38 (t ha-1), respectively. Quality characters are measured to identify 

varieties with more sweetness. Among the qualitative traits brix ranged from 19.38 to 

20.72 %, POLranged from 17.63 to 19.02 %, purity ranged from 90.46 to 92.85 %, 

recovery ranged from 11.73 to 12.72 % with mean values of 19.90 %, 18.30 %, 91.78 % 

and 12.22 % respectively. Higher variance and standard deviation were shown by 

2ndtillering (805.50 and 28.38), 2nd plant height (722.82 and 26.89cm), cane length 

(656.77 and 25.63cm), 1st plant height (641.91 and 25.34cm) and 1sttillering (632.55 and 

25.51). Almost similar trend was found in these characters as means of % of variance 

(Table 5). 

Ratoon crop comes early as compared to plant crop.Under ratoon crop, 1st and 2nd 

tillering ranged from 64.33 to 178.33 (no.) and 88.33 to 228.33 (no.) with mean value of 

98.16 and 128.85 (no.), respectively. Similarly 1stand 2nd plant height ranged from 

103.83cm to 187.57cm and 139.43cm to 220cm with mean value of 131.80cm and 

166.54cm, respectively.Cane length ranged from 107.5cm to 149.17cm with mean value 

of 125.83cm. Number of nodes ranged from 10 to 14.66 with mean value of 11.67. 

Internode length ranged from 9.47cm to 13.82cm with mean value of 11.89cm. Cane 

diameter ranged from 0.68cm to 0.91cm with mean value of 0.78cm. Millablecane and 

cane yieldranged from 50.16 (no.) to 70.5 (no.) and 44.33 (t ha-1) to 74.0 (t ha-1) with 
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mean values of 57.28 (no.) and 57.12 (t ha-1)respectively.Among the qualitative traits brix 

ranged from 17.95 to 21.01 %, POL ranged from 15.54 to 18.31 %, purity ranged from 

86.58 to 90.11 %, recovery ranged from 10.03 to 12.35 % with mean values of 19.62 %, 

17.33 %, 88.32 % and 11.13 %, respectively. Higher variance and standard deviation 

were shown by 2nd tillering (1463.01 and 38.25), 1st tillering (1057.33 and 32.52), 1st 

plant height (431.22 and 20.76cm), 2nd plant height (410.57 and 20.26cm)and cane length 

(136.34 and 11.68cm). Almost similar trend was found in these characters as means of % 

of variance (Table 6). 

Among the growth traits tillering phase starts 20-25 days after the first sprouts 

appear. Across the crops 1st and 2ndtillering ranged from 115.16 to 189.58 (no.) and 

141.16 to 277.75 (no.) with mean value of 143.85 (no) and 175.77 (no.) respectively. 

Similarly 1st and 2ndplant height ranged from 124.92 (cm) to 171.90 (cm) and 165.75(cm) 

to 211.95(cm) with a mean value of 148.40 (cm)& 183.76 (cm), respectively. Cane length 

ranged from 117.25cm to 177.08cm with mean value of 144.95cm. Number of nodes 

ranged from 10 to 15.66 with mean value of 12.38 (no.). Internode length ranged from 

11.45cm to 15cm with mean value of 13.29cm. Cane diameter ranged from 0.81cm to 

0.94cm with mean value of 0.86cm.Yield traits comprised of millablecane and cane yield. 

These traits ranged from 63.92 (no.) to 77.08 (no.) and 60.49 (t ha-1) to 74.92 (t ha-1) with 

mean values of 67.86 (no.) and 67.25 (t ha-1), respectively. Among the qualitative traits 

brix ranged from 18.67 to 20.41 %, POL ranged from 16.58-18.37 %, purity ranged from 

88.74 to 91.33 % and recovery ranged from 10.88-12.44 % with mean values of 19.75 %, 

17.81 %, 89.95 % and 11.67 %, respectively. Higher variance and standard deviation 

were shown by 2nd tillering (623.16 and 24.96), 1st tillering (430.02 and 20.74), 2nd plant 

height (215.57 and 14.68cm), cane length (209.70 and 14.48cm) and 1st plant height 

(196.24 and 14.01cm). Similar trend was found in these characters as means of % of 

variance (Table 7). 

4.2 Analysis of variance 

Genotypes, crops and genotype x crop interactions included in the model, for 

characters studied showed varying levels of significance (Appendix 3a, b). Across crops 

conditions among genotypes highlysignificant differences were present for 2nd tillering, 

1st plant height, 2ndplant height, cane length, number of nodes, internode length , brix , 
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POL, millablecane and cane yield while significant for 1st tillering, recoveryandnon-

significant for cane diameter andpurity. Mean squares for crops were highly significant 

for all traits except brix. Theeffect of genotype x crop interaction were highly significant 

for 1st and 2nd tillering, 1st and 2nd plant height, internode length, millablecaneand cane 

yield, while non-significantforother characters. (Appendix 3a,b) 

Under the plant crop conditions, among genotypes highly significant differences 

were present for 1st and 2nd tillering, 1st and 2ndplant height, cane length, number of 

nodes, internode length, millablecaneand cane yield  while non-significant for others 

characters(Appendix 1a, b). Mean squares for crops were highly significant for 1st 

tillering, 2nd tillering, POL, purity, and recovery, significant for millablecane and cane 

yield while non-significant for the remaining characters. Theeffect of genotype x crop 

interaction was highly significant for 1st and 2ndtilleringwhilenon-significant for other 

characters. (Appendix 1a, b) 

Under the ratoon crop conditions mean squares for crops were highly significant 

for1st plant height, 2nd plant height, cane length, internode length, recovery, millablecane 

and cane yield while non-significant for others characters. Similarly among genotypes 

under ratoon crops environment highly significant differences were present for 1st 

tillering, 2nd tillering, 1st plant height, 2ndplant height, internode length, cane diameter, 

brix, POL, recovery, millablecane and cane yield while significant for cane length and 

number of nodes and non-significant for purity. Theeffect of genotype x crop interaction 

was highly significant for 1st tillering, 2nd tillering, significant for 2nd plant height, 

internode length and cane yield while non-significant for other characters. (Appendix 2a, 

b) 

The performance of the genotypes under plant crop condition was better than the 

ratoon crop as the plant crop has longer growth period than ratoon crop. However we 

need varieties with persistent performance so that a good plant as well as ratoon crop is 

obtained. The effect of cropping year is an important factor which was not worked out as 

compared to the effect of environment. As the plant crop performed differently than 

ratoon crop therefore significant genotype x crop interactions persists. Genotype x 

crops/environment interaction reflects the performance of genotypes across the 

years/crops and showed the consistency of the genotypes over the years/crops.Tahir et al. 
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(2014, d) described similar kind of crops, genotypes and genotypes x crops interaction 

based on three cycles (two plant and one ratoon crop). He suggested working for more 

than three years. Significant genotype x environment interaction was also reported by 

Khalid et al. (2015). Ramburanet al. (2012) reported more variation for sugarcane 

genotypes under different environments. Bissessuret al. (2000) also reported significant 

differences under different environments for millablecane, cane height, cane diameter, 

sucrose and cane yield. Zhou et al. (2012) noted significant differences under different 

environments for cane yield, sucrose and sugar yield. Gilbert et al. (2006) conducted 

experiment on genotypes x environment interaction and concluded that the assessment of 

sugarcane genotypes on more locations should be carried out for a successful breeding 

program.  

 

4.3 Mean performances 

4.3.1    1st Tillering 

The 16 sugarcane genotypes exhibited variable performance for 1st tillering. In plant crop mean 

performance showed that the maximum number of 1st tillering were noted for genotype MS-91-

CP-523(240.83per 9 m2) while minimum number of 1st tillers was noted for genotype S-98-SSG-

663(134.50per 9 m2) and. Genotypes S-92-US-72, MS-2000-Ho-360, MS-91-CP-249 and Mardan 

93 produced 219.50, 214.17, 206.33 and 200.50 tillers per 9 m2. In ratoon crop, the maximum 

number of tillers was observed for genotype MS-92-CP-99(178.33 per 9 m2). GenotypeMS-2000-

Ho-535had the least number (64.33per 9 m2) of tillers. Genotypes with maximum number of 1st 

tillers under ratoon crop were MS-2000-Ho-360 and MS-2003-HS-274 with average of 165 and 

120.50 tillers per 9 m2, respectively. Across the three crops, more number of tillers were noted for 

genotype MS-2000-Ho-360 (189.58 per 9 m2) while genotype S-98-SSG-363 had the lowest 

(115.17per 9 m2) number of tillers. Genotypes MS-92-CP-99, MS-91-CP-523 and Mardan 93 

were top ranking with 185, 163.33 and 155.25 tillers per 9 m2 (Fig 4.1.1a). Highly significant 

differences were observed for this parameter under plant crops, ratoon crops and across crops 

conditions. Means performance showed that this parameter gives higher values than the ratoon 

crop (Fig 4.1.1b), it may be because of the fact that plant crop takes more time in the field and 

thus gives more tillers and vigor as a result higher yield is obtained. Tillering behavior is a 

beneficial attribute of a variety because it provides theplants with appropriate number of stalks for 

a good yield. Our results are also in line with those of Khalid et al.(2015). 
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4.3.2    2nd Tillering 

The maximum number of tillers under plant crops were recorded for genotype 

MS-91-CP-523(287.50per 9 m2) while genotype S-98-SSG-363(163.33 per 9 m2) gave 

the less number of tillers. Outstanding genotypes for 2nd tillering under plant crops were 

MS-2000-Ho-360, S-92-US-72,Mardan93andMS-91-CP-249 with 255.50, 247.83, 243.33 

and 236.50 tillers per 9 m2, respectively. Number of tillers ranged from 88.33 to 228.33 

tillers per 9 m2 for genotypes MS-2000-Ho-535and MS-92-CP-99, respectively under 

ratoon crop. Genotypes MS-2000-Ho-360(200), MS-2003-HS-366(157.33) 

andMardan93(140.0) produced more tillers per 9 m2 under the ratoon crop. Number of 

tillers ranged from 141.17 to 227.75 per 9 m2 for genotypes S-98-SSG-363and MS-2000-

Ho-360, respectively under across crops conditions. Genotypes MS-92-CP-99, MS-91-

CP-523 and Mardan93produced maximum number of tillers i.e. 225.50, 201.25 and 

191.67 per 9 m2 respectively (Fig 4.2.1 a).Highly significant difference was observed for 

this parameter under the three conditions. Our results showed that most of the genotypes 

had a better performance under plant crops conditions. As tillering have a direct effect on 

cane yield therefore genotypes with more tillering are needed. Usually reduction in 

ratoon crops for this character is observed. This reduction may be due to the effect of 

frost which occurs heavily in Mardan area and as a result the newly developed buds are 

affected. Means performance shows that this parameter gives higher values under plant 

crop than the ratoon crop (Fig 4.2.1 b). Reduction in performance is also reported by 

Tahiretal. (2014 a) from plant to ratoon crop. 

4.3.3   1st plant height  

Maximum 1stplant height was recorded for MS-91-CP-523 (227.67cm) and the 

lowest for genotype S-98-SSG-363 (135.90cm) under plant crop condition. 

GenotypesCP-77-400, S-92-US-72 and Mardan93were taller than other genotypes with 

plant height of 197.30, 195 and 179.37, respectively.The 1st plant height under ratoon 

crop ranged from 187 cm for genotype MS-2000-Ho-360to 103.83cm for genotype MS-

91-CP-249. Genotypes MS-2003-HS-366, MS-2003-HS-274 and MS-92-CP-99produced 

taller plants with mean values of 153.43, 147.87 and 145.83, respectively.1st plant height 
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across crops ranged from 124.92 to 171.90 for genotype MS-91-CP-249and MS-91-CP-

523, respectively. Genotypes MS-2000-Ho-360, CP-77-400 and S-92-US-72produced 

taller plants with mean values of 169.25, 165.30 and 158.62cm, respectively (Fig 4.3.1a). 

Plant height is an important parameter and contributes in the cane yield. Usually the plant 

crop took more time in the field and gets more plant height. When a genotype gets more 

height it will have more internodes. Highly significant differences were observed for this 

trait under the three crops conditions. Most of the genotypes gave more plant height 

under plant crops than the ratoon (Fig 3b). 

4.3.4   2nd plant height  

Under plant crops, genotype S-98-SSG-363 had lowest 2ndplant height of 

(164.17cm) and MS-91-CP-523 had maximum 2ndplant height (273.33cm). 

GenotypesCP-77-400,Mardan93, S-92-US-72 and MS-2003-HS-274 performed better 

with mean values of 224.13, 222.33, 221.33 and 214.97cm, respectively.The 2ndplant 

height under ratoon crop ranged from 139.43 cm for genotype MS-2000-Ho-115to 220 

cm for genotype MS-2000-Ho-360. Under ratoon crop, genotypesMS-92-CP-99, MS-

2003-HS-274, MS-2003-HS-366performed better with mean values of 192.53, 181.93 

and 178.33cm, respectively. Across crops, lowest 2ndplant height was recorded for 

genotype MS-91-CP-249(165.75cm) while maximum plant height was recorded for the 

genotype MS-91-CP-523(211.95cm). Averaged across crops, genotypesMS-2000-Ho-

360and MS-2003-HS-274 performed better with mean values of 206.58 and 198.45cm, 

respectively (Fig 4.4.1a).Highly significant differences were observed for this trait under 

the three crops conditions. Most of the genotypes gave more plant height under plant 

crops than the ratoon (Fig 4.4.1b). The 2nd plant height data was taken after one month to 

the data taken for 1st plant height. At that time the sugarcane plant crop obtained 

maximum plant height. The plant and ratoon crops usually came at par in plant height at 

this time. The plant height contributes in the cane yield production. Our result suggested 

that those genotypes should be selected in breeding programs which have more plant 

height. However genotypes with logging problems must be kept in mind. A study based 

on crop cycled by Tahiret al., (2014,d ) obtained similar results for 2nd plant height under 

the three crops conditions. 
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4.3.5   Cane length  

Sugarcane genotype MS-91-CP-523 gave maximum number of cane length with a 

value of 240cm while genotype S-98-SSG-363 gave the lowest cane length of 122.00cm. 

The top ranking genotypes for cane length were CP-77-400, Mardan 93 and MS-99-Ho-6 

with a value of 190.17 cm, 177.50 cm and 173.00 cm, respectively. Genotype MS-2003-

HS-274 gave maximum cane length of 149.17cm and genotype MS-2000-Ho-535 gave 

the lowest cane length of 107.50 cm under ratoon crop conditions. The top ranking 

genotypes for cane length were MS-92-CP-99, MS-2000-Ho-360 and MS-2003-HS-366 

with mean values of 147.50, 135.83 and 133.33cm, respectively. Across crop conditions 

genotype MS-91-CP-523 gave maximum cane length of 177.08 cm, genotype S-98-SSG-

363 gave the minimum cane length with mean value of 117.25cm. Genotype CP-77-400, 

MS-92-CP-99 and MS-2003-HS-366 were the top ranking genotypes with mean values of 

160.50, 158.75 and 158.17 cm, respectively (Fig 4.5.1a). Highly significant differences 

were observed for cane length under the three crops conditions. A reduction in 

performance from plant to ratoon crops was observed up to 52.43 % (Fig 4.5.1b). Cane 

length is an important parameter which is obtained after the removal of trash. Our 

findings suggested for the selection of better performing genotypes at the three crops 

conditions for this trait. Significant differences for this trait were obtained by Sujetet al., 

(2017) for genotypes and locations. They concluded that G × E interaction could increase 

the efficiency of selection of stable genotypes for different agro-climatic region. 

 

4.3.6   Number of nodes per plant 

 

Maximum number of nodes under plant crop condition were given by genotype MS-91-

CP-523 (18 no.), the lowest number of nodes were given by genotype S-98-SSG-363 (9.5 no.). 

Top ranking genotypes for number of nodes were MS-2000-Ho-357, Mardan 93, CP-77-400 and 

S-98-SSG-612 with mean values of 14.67, 14.50, 14.17 and 14.0 (no.), respectively. Under ratoon 

crop condition genotype MS-92-CP-99 gave the maximum number of nodes with a mean value of 

14.67 (no.)while genotype number MS-2000-Ho-535 gave the lowest number of nodes with a 

value of 10. Top ranking genotypes for number of nodes were MS-91-CP-523, S-92-US-72 and 

MS-2003-HS-274 with mean values of 13.33, 12.83 and 12.50 (no.), respectively. Across crop 
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conditions genotype MS-91-CP-523 gave the maximum number of nodes with mean value of 

15.67, genotype S-98-SSG-363 gave the minimum number of nodes with mean value of 10. 

Genotype MS-92-CP-99, MS-2000-Ho-357 and S-92-US-72 were the top ranking with mean 

values of 14.17, 13.08 and 12.92 (no.), respectively (Fig 4.6.1a). Highly significant differences 

were observed under plant and across crops conditions while significant differences were 

observed under ratoon crops condition. These results displayed that the individual performance of 

the genotypes is different under plant and ratoon crops conditions; therefore, there is a need to 

test these genotypes for more years.Jackson and Hogarth (1992) found that genotype x location 

interactions were more important than genotype x crop-year interactions in Australia.Arainet al., 

(2011) evaluated sugarcane varieties during 2001-04 crop seasons and got similar results 

4.3.7   Internode length  

Genotype MS-91-CP-523 was the top ranking genotype for internode length 

under plant crop conditions with a value of 16.57 cm. Genotype S-98-SSG-363 gave the 

lowest internode length with a mean value of 12.28 cm. The top ranking genotypes for 

internodes length were genotype S-92-US-72 (16.42 cm) and MS-2000-Ho-360(16.18 

cm). Maximum internode length under ratoon crop was given by genotype MS-2000-Ho-

360 (13.82cm). Minimum internode length was given by genotype MS-99-Ho-6 (9.47 

cm). Genotype MS-2003-HS-274, CP-77-400 and S-98-SSG-363 gave the maximum 

internode length with mean values of 13.28 cm, 12.92 cm and 12.77cm, respectively. 

Genotype MS-2000-Ho-360 gave the maximum internode length of 15.00 cm under 

across crops condition. Genotype MS-2000-Ho-535 gave the minimum internode length 

with value of 11.45cm. Top ranking genotypes for internode length under across crops 

conditions were S-92-US-72, MS-91-CP-523 and MS-2003-HS-274 with mean values of 

14.75 cm, 14.49 cm and 14.41 cm, respectively (Fig 4.7.1a).Highly significant 

differences were observed for this trait under the three crops conditions. A reduction in 

internode length is observed from plant to ratoon crops (Fig 4.7.1b). Sujaetet al., (2017) 

found significant differences for this trait under different environment and observed that 

less number of genotypes are stable for both environments. He suggested that this 

inconsistent performance is due to the change in environmental factors. 

4.3.8   Cane diameter  
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Genotype S-92-US-72 gave the maximum cane length with a value of 1.03cm 

followed by check cultivar Mardan 93 (1.005 cm) and genotype MS-92-CP-99 (0.98 cm). 

Genotype MS-91-CP-248 gave the lowest cane diameter with a value of 0.83 cm. 

Maximum cane diameter under ratoon crop was given by genotype MS-92-CP-99 with a 

mean value of 0.91 cm. Genotype Mardan 93 gave the minimum cane diameter with 

mean value of 0.68 cm. Top ranking genotypes for cane diameter were MS-2000-Ho-360, 

S-98-SSG-363 and MS-91-CP-248 with mean values of 0.86, 0.85 and 0.84 cm, 

respectively. Genotype MS-92-CP-99 gave the maximum cane diameter with a value of 

0.94cm. Genotype MS-2003-HS-366 gave the minimum cane diameter with a value of 

0.81 cm under across crops conditions. Top ranking genotypes for cane diameter were S-

92-US-72, S-98-SSG-612 and MS-2003-HS-274 with mean values of 0.92 cm, 0.89 cm 

and 0.88 cm, respectively (Fig 4.8.1a). Non-significant differences were observed for this 

trait under plant and across crop conditions while highly significant differences were 

observed under ratoon crops conditions.Our results are in contrary with those of Tahiret 

al.,(2014 b) who reported highly significant differences across crops conditions. This 

might be due to the fact that the materials are from diverse origins. Our results are in line 

with those of Arainet al.,(2011).Our results suggested different performances of the 

genotypes under the three crops conditions and needs more work to assess the 

performances of the genotypes under plant and ratoon crops conditions. 

4.3.9   Brix % 

Genotype MS-2000-Ho-357(19.38 %) gave minimum brix while genotype MS-

2000-Ho-535(20.72 %) gave the maximum brix. The top ranking sugarcane genotypes 

for brix were MS-92-CP-99, S-92-US-72, MS-91-CP-248 and S-98-SSG-612 with their 

brix ranging from 20.31 % to 20.14 %. Brix under ratoon crop ranged from 17.94 for 

genotype MS-91-CP-249to 21.01 % for genotype MS-2000-Ho-115. Top ranking 

sugarcane genotypes in brix under ratoon crop were CP-77-400, MS-92-CP-99, MS-91-

CP-248 and S-98-SSG-612 with brix ranging from 20.64 % to 20.34%. Brix across crops 

ranged from 18.67 % to 20.41 % for genotypes MS-91-CP-249 and MS-92-CP-

99,respectively. The outstanding genotypes across three crops for brix were MS-2000-

Ho-115, MS-91-CP-248 and S-98-SSG-612 with brix values of 20.37 %, 20.30% and 
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20.45 %, respectively (Fig 4.9.1a). Highly significant differences were observed for this 

trait under ratoon and across crop conditions while non-significant differences were 

observed under plant crops.Tahiretal., (2014 c) tested sugarcane genotypes performance 

under the three environments at Mardanand got similar results for brix across crops 

conditions.The non-significant genotype x year interaction suggested that there is no need 

of separate selection.  

4.3.10 POL% 

POL% under plant crops ranged from 17.63 % for genotype MS-91-CP-249to 

19.02 % for genotype MS-2000-Ho-535, respectively. Top ranking genotypes for POL% 

under plant crops were S-98-SSG-363, MS-92-CP-99, S-92-US-72, MS-99-Ho-6and MS-

2000-Ho-360with POL ranges from 18.71 % to 18.54 %. Under ratoon crop, POL% 

ranged from 15.54 % to 18.31 % for genotypes MS-91-CP-249 and MS-2000-Ho-115, 

respectively (Fig 10a). CP-77/400,S-98-SSG-612 and MS-92-CP-99ranked at the top 

with POL% ranging from 18.2 % to 18.1 %. Across crops, maximum POL% was 

observed for MS-91-CP-249 (18.38 %) while minimum was recorded for MS-92-CP-99 

(16.58 %). However genotypes S-98-SSG-612, MS-2000-Ho-535, S-98-SSG-

363performed better with POL% values of 18.26 %, 18.22 % and 18.18 % respectively 

(Fig 4.10.1a).POL% showed non-significant differences under plant and across crops 

conditions while significant differences were found under ratoon crop conditions. The 

crop x genotype effect is non-significant for this trait which suggested that only one year 

trial is sufficient and no need of separate selection for this trait. Our findings are in 

agreement with that of Khalid et al., (2015)who described significant variations across 

crops condition. Our results are contrary with those of Rea and Vieira (2002) who 

calculated genotype x environment interaction and got different results for this trait. 
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4.3.11 Purity% 

Under plant crops, maximum purity was recorded for genotype MS-2000-Ho-357 

(92.85%) while the lowest was observed for genotype MS-2000-Ho-115(90.46 %). Top 

ranking genotypes under plant crops wereMS-99-Ho-6, MS-2003-HS-274, MS-2000-Ho-

360and MS-91-CP-248with purity was ranging from 92.56 % to 91.95%. Mean purity 

under ratoon crop ranged from 86.58 % to 90.11 % for genotypes MS-91-CP-249 and 

MS-99-Ho-6, respectively. Genotypes MS-2000-Ho-360, MS-2000-Ho-357,MS-2003-

HS-366ranked at the top with purity ranging from 89.2 % to 88.90 

%respectively.Acrosscrops maximum purity was noted for genotype MS-99-Ho-6 (91.34 

%) and minimum for genotype MS-91-CP-249 (88.74 %). Top ranking genotypes for 

purity across crops were MS-2000-Ho-357,MS-2000-Ho-360 and S-98-SSG-612 with 

mean values of 90.91 %, 90.74 % and 90.18 %, respectively (Fig 4.11.1a). Non-

significant differences were observed for this trait under the three crops conditions. The 

check cultivars give less purity across the three crops condition as compared to MS-2000-

Ho-357 and MS-99-Ho-6. As the purity % is dependent parameter on brix % and POL%, 

therefore its performance for all the genotypes did not show any significant difference. 

Genotype x crop interaction was also non-significant suggested that a single experiment 

is sufficient for the selection of this parameter. The results are in strong agreement with 

those of Khalid et al., (2015) who also describednon-significant differences for this trait 

across years and locations.  

4.3.12 Recovery% 

Under plant crops conditions recovery % ranged from 11.73 % to 12.72 % for 

genotypes MS-91-CP-249andMS-2000-Ho-535, respectively. Top five ranking genotypes 

for recovery % under plant crops were MS-2000-Ho-360, MS-92-CP-99, MS-99-Ho-6, 

S-92-US-72and S-98-SSG-612 with recovery ranging from 12.58 % to 12.33 %. Under 

ratoon crop, highest recovery % was observed for genotype MS-92-CP-99 (12.35) while 

lowest for genotype MS-91-CP-249 (10.03%). Check cultivars CP-77-400 and Mardan93 

gave more recovery than the others with mean values of 11.58 %, 11.57 % and 11.49 % 

respectively.Recovery % of sugarcane genotypes across crops ranged from 10.88 % to 

12.44 % for genotypes MS-91-CP-249 and MS-92-CP-99, respectively. Across crops, 
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genotypesMS-2000-Ho-360, MS-99-Ho-6 and S-98-SSG-612ranked at the top with 

recovery values of 11.89 %, 11.89 % and 11.87 %, respectively (Fig 4.12.1a).Highly 

significant, significant and non-significant differences were present under ratoon, across 

and plant crops conditions, respectively. Our results suggested that under plant and ratoon 

crops the genotypes performed differently while the cropping year did not affect the 

genotypes. However we need genotypes with persistent performance for this parameters.  

Non-significant differences for genotypes, genotypes x years and years were reported by 

Khalid et al., 2018 and suggested that this might be due to more tested locations.  

4.3.13 Millablecane 

Highest number of millablecane under plant crops was observed for genotype 

MS-91-CP-523 (94.66 stalks per 9 m2) and the lowest for genotype S-98-SSG-363 (65.66 

stalks per 9 m2). Under plant crops, sugarcane genotypes S-92-US-72, MS-91-CP-249 

and MS-99-Ho-6 produced maximum number of millablecane with mean values of 89.16, 

80.66 and 80.50 (no.), respectively. Under ratoon crop, highest number of millablecane 

were noted for sugarcane genotype MS-92-CP-99 (70.50 stalks per 9 m2) and the 

minimum number of millablecane was noted for MS-91-CP-249 (50.17 stalks per 9 m2). 

Outstanding genotypes for millablecane under ratoon crop were S-98-SSG-363, MS-

2000-Ho-360 and MS-99-Ho-6 with mean values of 63, 61.33 and 60 (no.), respectively. 

Maximum number of millablecane across crops was recorded for genotype MS-91-CP-

523 (77.08 stalks per 9 m2) while less number of millablecane were produced by MS-91-

CP-248 (63.92 stalks per 9 m2). The top genotypes for millablecane were MS-92-CP-99, 

S-92-US-72 and MS-99-Ho-6 with mean values of 74.50, 73.50, and 70.25, respectively 

(Fig 4.13.1a).Highly significant differences were observed for this trait under the three 

crops conditions. Our results suggested that genotypes which have good yield both under 

crop and ratoon crops must be selected for good yield. The significant differences for 

genotypes x year suggested more trials under different years and environments. 

Millablecane are directly related to cane yield and influence the yield. If the number of 

millablecane increases it will boost the cane yield. A decrease in millablecane was noted 

from plant to ratoon crop up to 37.81% (Fig 4.13.1b). Gomathietal., (2013) alsoreported a 

reduction in number of millablecane from plant to ratoon crop. Sumroet al., 2006 worked 
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on sugarcane varieties and got significant results for millablecane under two different 

years.  

4.3.14 Cane Yield 

Genotype MS-91-CP-523 (88.33 t ha-1) gave the maximum cane yield while 

genotype S-98-SSG-363 (70.33 t ha-1) gave the minimum cane yield under plant crop 

conditions. Top five sugarcane genotypes for cane yield were S-92-US-72, MS-2003-HS-

274, MS-91-CP-248, Mardan93 and MS-2000-Ho-360 with cane yield ranging from 

82.08 t ha-1 to 78.12 t ha-1under plant crops. Highest cane yield was recorded for 

genotype MS-92-CP-99(74.00 t ha-1) and the lowest for genotype MS-91-CP-249(44.33 t 

ha-1) in ratoon crop. Genotypes MS-2000-Ho-360and MS-2003-HS-274 with cane yield 

of 66.17 t ha-1 and 64.17 t ha-1respectively were the highest yielding in ratoon crop.  

Across crops, the highest cane yield was recorded for genotype MS-92-CP-99(74.92 t ha-

1) and the lowest for genotype MS-91-CP-249(60.49 t ha-1). Top ranking genotypes were 

MS-2000-Ho-360, MS-2003-HS-274 and MS-91-CP-523with cane yield of 72.14 t ha-1, 

72.05 t ha-1and 71.58 tha-1 (Fig 4.14.1a). Highly significant differences were observed for 

this trait under the three crops conditions. A reduction in performance was also noted 

from plant to ratoon crops (Fig 4.14.1b). A consistent yield of sugarcane crop is a need of 

sugarcane farmers (Tiwariet al.,2011).Our results are in strong agreements with those of 

Tahiretal. (2014 b)who also report highly significant difference for the trait and reduction 

in performance from plant to ratoon crops. The ratoon crop gave less yield than the plant 

crop. Poor performance under ratoon crop conditions could be attributed to less tillering 

ability of genotypes (Gomathiet al., 2013).  

4.4 Repeatability (Broad sense heritability) and Genetic gain 

Repeatability (broad sense heritability) and genetic gain are important tools of a 

breeding program. It not only shows the effectiveness of selection, but also reflects the 

choice of breeding method and response of different traits under a specific selection 

pressure. High repeatability and genetic gain results in higher probability of selecting 

genotypes with improved performance. 

Genotype x crop variance (Vg x c) and environmental (Ve) variance for 1sttiller 
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were larger as compared to genetic variance (Vg) pertaining to plant crop conditions. As 

a result low broad sense heritability of 0.10 and genetic gain of 9.77 tillers per 9 m2was 

obtained (Table 8). Under ratooncrop conditions the genetic variance for 1st tiller was 

739.5 and environmental variance was 764 with moderate broad sense heritability of 0.39 

and a genetic gain of 40.88 tillers per 9 m2, respectively (Table 13). The genetic variance 

across crop conditions was lower in magnitude than genotype x crop andenvironmental 

variances with subsequent low broad sense heritability of 0.09 and genetic gain of 9.24 

tillers per 9 m2, respectively (Table 18). Low broad sense heritability was noted for 

1sttillering across crop conditions. This may be due to the fact that most of the selection 

took place in early stages and the final stage showed low broad sense heritability. 

Sangheraetal., (2015)evaluated 13 sugarcane clones in subtropical area of India and 

found a genetic advance of 34.70 and heritability of 72.26 for number of tillers.  

Environmental variance for 2nd tillering was 831 and genetic variance was 237.56 

under the plant crop conditions. In plant crops condition, the broad sense heritability and 

genetic gain values for 2ndtilleringwere 0.12 and 12.98 tillers per 9 m2, 

correspondingly(Table 8). The genetic variance pertaining to ratoon crop was 1117.59 

and the environmental variance was 872.69 resulting in a moderate broad sense 

heritability (0.46) and genetic gain (54.86 tillers per 9 m2)(Table 13). Across crops, the 

genetic variance (300.58) for 2nd tillering was lower than the environmental variance 

(852). Broad sense heritability and genetic gain for 2nd tillering across crops were 0.13 

and 15.52 tillers per 9 m2, respectively(Table 18). Present results were in agreement with 

those of Tahiretal., (2014a) who reported moderate to low broad sense heritability and 

low genetic gain in sugarcane crop. Higher heritability of 94.8 and genetic gain of 7.32 

was noted in rice by Seedeket al., (2009).In present findings it was observed that the 

broad sense heritability was larger for ratoon crop which suggested considerable scope of 

improvement for said trait. 

Genetic and environmental variances for 1st plant height were -122.75 and 0 under 

plant crops resulting in broad sense heritability and genetic gain of -0.30 and -14.58cm, 

respectively (Table 8). However, under ratoon crop, for 1st plant height the genetic 

variance (219.33) was smaller than environmental variance (735.31) with resulting broad 
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sense heritability and genetic gain of 0.19 and 15.63cm, respectively(Table 13). Across 

crops, the genetic variance (23.70) and environmental variance (1163.9) resulted in broad 

sense heritability and genetic gain of 0.01 and 1.47cm, respectively(Table 18). Present 

results are in agreement with those of Tahiret al., (2014 c) who reported a negative 

heritability and negative genetic advance for purity %.Low heritability and genetic gain 

in this trait showed that very less scope of improvement is there. Therefore the character 

cannot be used in selection program due to low heritability under the three crops 

conditions. 

For 2ndplant height, genetic variance was 580.32 and environmental variance was 

1570.37 which resulted in moderate broad sense heritability (0.30)and genetic gain 

(31.84cm) under plant crop(Table 8).Under ratoon crop conditions for 2ndplant height, the 

environmental variance (861.3) was larger than genetic variance (122.16) with low broad 

sense heritability (0.09) and genetic gain(8.21cm) (Table 13). Across crop conditions, for 

2ndplant height low broad sense heritability and genetic gain values were 0.01 and 

1.60cm, were noted respectively(Table 18). Our results suggested that the moderate 

heritability were obtained under ratoon crop conditions and there is a scope of 

improvement present for this trait. A heritability of 99.2 and genetic gain of 22.7% was 

noted in rice for plant height by Seedeketal., (2009). 

Higher environmental variance (1168.03) was noted for cane length under plant 

crop conditions while genetic variance value was lower (589.95). As a result moderate 

broad sense heritability value was 0.39 while genetic gain value was higher (36.53cm) 

(Table 8).Cane length under ratoon crop condition gave higher environmental variance 

(448.65) than the genetic gain (74.30) which revealedlow broad sense heritability (0.15) 

and genetic gain (7.99cm) (Table 13). Across crops, the environmental variance (808.3) 

was larger than genetic variance (125.92)withlow broad sense heritability (0.012) and 

genetic gain (9.55cm) (Table 18). Present results were in agreement with those of 

Sangheraetal.,(2015)who reported higher heritability and genetic advance for this trait in 

sugarcane.Similarly a moderate broad sense heritability value was obtained from number 

of nodes (0.38) with genetic gain value(2.55) under plant crop conditions (Table 8). 

Under ratoon crop conditions, the number of nodes exhibited environmental variance of 
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4.41 and genetic variance of 0.82 which resulted in low broad sense heritability (0.16) 

and genetic gain (0.88 no.) (Table 13). Across crops, number of nodes gave higher 

environmental variance of 4.7 and genetic variance of 1.4 which resulted in low broad 

sense heritability of 0.22 and genetic gain of 1.36 (no.) (Table 18). Environmental 

variance value was larger for internode length i.e. 1.94 while genetic variance value was 

smaller i.e. 1.38. As a result moderate broad sense heritability was shown by said 

character (0.43) with high genetic gain(1.86 cm) under plant crop conditions(Table 8). 

Under ratoon crop conditionsthe environmental variance for internode length was 1.55 

while genetic variance was 1.06, which resulted in moderate broad sense heritability 

(0.34) and genetic gain (1.45cm) (Table 13). Across crops, internode length revealedlow 

broad sense heritability (0.26) and genetic gain (1.12cm) (Table 18).Under plant crop 

conditions, for cane diameter the environmental variance was 0.011 while genetic 

variance value was 0.0017. As a result low broad sense heritability (0.15)and genetic gain 

(0.039 cm) were obtained(Table 8). Lower genetic and environmental variances were 

obtained under ratoon crop condition for cane diameter which resulted in low broad sense 

heritability (0.23) and genetic gain (0.068cm) (Table 13). Similarly across crop 

conditions, low broad sense heritability of 0.014 and genetic gain of 0.0040cm was 

obtained(Table 18). Present results were in line with those of Sangheraetal., (2015)who 

reported higher heritability and genetic gain for said trait. This may be due to the diverse 

background of the materials used. Most of the cane traits showed higher heritabilities 

than the growth characters suggested that a scope of improvement present in these traits. 

Brix exhibited genetic variance of 0.60 and the environmental variance of 1.49, 

which resulted inlow broad sense heritability (0.28) and genetic gain (0.99 %) (Table 13). 

Across crops, genotypic variance was 0.21 and environmental variance was 1.44, resulted 

in low broad sense heritability(0.13) and genetic gain (0.41%) (Table 18). Similarly for 

POL % under the plant, ratoon and across crops the environmental variances were larger 

than the genetic variances and revealed low broad sense heritability 0.02, 0.10 and 0.13 

respectively. Genetic gain under plant, ratoon and across crops were 0.06, 0.35 and 

0.38% respectively(Table 8,13,18). Higher environmental variances than genetic 

variances for purity resulted in low broad sense heritability (-0.01,-0.07 and 0.06 
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respectively) under plant, ratoon and across crops. Genetic gain values were -0.07, -0.37 

and 0.35%, respectively(Table 8, 13, 18). Environmental variances were larger than 

genetic variances for recovery under the three crops conditions which resulted in low 

broad sense heritability (0.01, 0.16 and0.07) and genetic gain(0.02, 0.39 and 0.16 %) 

respectively(Table 8,13,18). Quality characters are very important in sugarcane selection 

programs. Varieties with good recovery and sugar yield are demanded. Therefore those 

quality traits which have more heritabilities and genetic gain are given more importance. 

Although low heritabilities were observed for the materials tested however the brix and 

recovery with 0.16 and 0.13 % heritabilities should be incorporated in the breeding 

programs. Punia and Hooda (1982) described high heritability of 0.71 and 0.84 for purity 

and brix, ending that brix is an important character for increasing sugar yield in early 

selection stages. Tenaet al., (2016) obtained high broad sense heritability (h2) for 

stalkdiameter (0.730), single cane weight (0.672), millable cane number (0.624), stalk 

height (0.624) and pol % (0.608), with moderate to high expected genetic gain indicating 

that selection strategy based on these traits could lead to improvement in cane and sugar 

yield. 

Number of millablecane revealed larger environmental variance (43.85) than 

genetic variance (28.84) pertaining to plant crops condition. This resulted in moderate 

broad sense heritability (0.34) and genetic gain (7.59) (Table 8). Under ratoon crops, the 

environmental variance (65.79) for number of millablecane was larger than genetic 

variance (13.86) which resulted in low broad sense heritability (0.17) and genetic gain 

(3.78 stalks)(Table 13). The same trend was observed for this character under across crop 

conditions. Broad sense heritability and genetic gain for the number of millablecane 

across crop conditions were 0.08 and 1.87 stalks, respectively(Table 18). This suggested 

that the said parameter had the potential for improvement. Sengheraetal., (2015) reported 

heritability (72.49) and genetic gain (29.22%) in sugarcane clones investigated in 

subtropical area of Punjab, India. Millablecane is an important yield parameter. The 

higher heritability in the said character makes it an important selection parameter. In 

present study heritability of 0.34% was noted under plant crops conditions. 

Lower genetic variance (13.79) than environmental (20.052) variance were 
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observed for cane yield resulting in moderate broad sense heritability (0.40) and genetic 

gain (5.69 t ha-1) in plant crops experiments (Table 8). Genetic and environmental 

variances were 32.57 and 77.37, respectivelyfor cane yield under ratooncrops which 

resultedin low broad sense heritability (0.24)and genetic again (6.84 t ha-1) (Table 13). 

Across crops, environmental variance for cane yield was relatively higher than the 

genetic variance which resulted in low broad sense heritability (0.05) and genetic gain 

(1.29 t ha-1) (Table 18). Ahmed and Obeid (2012) obtained more heritability and genetic 

gain for number of millable stalks and cane height. Higher heritability and genetic 

advance makes the breeding program effective and as a result a best genotype can be 

selected (Jhonsonet al., 1955). The effects of environment was larger on growth 

parameters as a result larger environmental variances were obtained except for 2nd 

tillering under the plant crops and for 2nd plant height both under the plant and across 

crops analysis. 1sttillering, 2nd tillering and 2nd plant height showed moderate broad sense 

heritability and genetic gain under the ratoon crop. These traits had higher values of 

genetic gain (>10) even though having lower broad sense heritability under the plant crop 

and combined analysis. It shows that these characters could be consistently selected 

under the 3 crops conditions i.e. plant, ratoon and across crops. High heritability for stalk 

diameter (0.85) and stalk length (0.72) were observed by Chaudhary et al.,(2001). 

However, moderate broad sense heritability and genetic gain were noted especially for 

POL, stalk length, internode length and millablecane, moderate heritabilitywas noted for 

quality characters and cane yield under the ratoon crops. Generally these characters 

exhibited lower values of genetic gain. Punia and Hooda (1982) in their findings obtained 

higher estimates of heritability for purity and brix. They concluded that these characters 

should be given importance for enhancing sugar content. 

4.5 Association among the traits 

Measurement of genotypic correlation of different independent traits with 

dependent trait i.e. sugarcane yield is very important for the effectiveness of selection. 

Genotypic correlation of characters is influenced by the phenotypic and environmental 

correlations and their heritability (Falconer and Mackay, 1996). More gain in selection is 

possible if the genetic correlation between the independent and dependent traits is 



 

46 
 

greater. A significant correlation only shows degree of apparent association between any 

two characters. When a character is affected by many related characters then simple 

correlations coefficient are not effective in finding the original relationship among 

traits(Kang et al., 1983). The direct and indirect correlation effects of the characters can 

be split by path coefficient analysis (Singh and Chaudhary, 1977) resulting in 

significantsupposition in the form of cause and effect relations. Phenotypic, genotypic 

correlations and path analyses among different traits of 16 sugarcane genotypes among 

plant, ratoon and across crops conditions are discussed below.  

4.6 Phenotypic and genotypic correlations among various traits in plant crop 

Under the plant crop conditions, 1sttillering showed highly significant phenotypic 

correlation with 2ndtillering (rp = 0.97) , 1st plant height (rp = 0.66), 2nd plant height (rp = 

0.73) , cane length (rp = 0.67) , number of nodes (rp = 0.65), internode length (rp = 

0.77),millablecane (rp = 0.86) cane yield (rp = 0.85) and positive  phenotypic correlation 

with cane diameter (rp = 0.36), recovery (rp = 0.06) and purity (rp = 0.34) while negative 

phenotypic correlation with brix (rp = -0.27) and POL (rp = -0.24). Genotypic correlation 

of 1st tillering with 2nd tillering (rg = 0.99), 1st plant height (rg = 0.83), 2nd plant height (rg 

= 0.90), cane length (rg= 0.78), number of nodes (rg = 0.77), internode length (rg = 0.87), 

millablecane (rg = 1.00) and cane yield (rg = 1.00) was highly significant. Genotypic 

correlation of 1st tillering with cane diameter (rg = 0.57) is significant. The 2nd tillering 

exhibited highly significant phenotypic correlation with 1st plant height (rp = 0.68),2nd 

plant height (rp = 0.73), cane length (rp = 0.74), number of nodes (rp = 0.68), internode 

length (rp = 0.81),millablecane (rp = 0.86) and cane yield (rp = 0.83). The 2nd tillering 

showed positivephenotypic correlation with cane diameter (rp = 0.29),recovery (rp = 0.05) 

and purity (rp = 0.26) while negative with brix (rp = -0.27) and POL (rp = -0.24). The 

genotypic correlation of 2nd tillering with 1stplant height (rg = 0.85), 2nd plant height (rg = 

0.93), cane length (rg = 0.86),number of nodes (rg = 0.81), internode length (rg = 0.93), 

millablecane (rg = 0.98) and cane yield (rg = 0.96) was highly significant and genotypic 

correlation with cane diameter (rg = 0.41) was positive. The 1stplant height showed highly 

significant positive phenotypic correlation with 2nd plant height (rp = 0.97), cane length 

(rp = 0.89) , number of nodes (rp = 0.75), internode length (rp = 0.77), millablecane (rp = 
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0.83) and cane yield (rp = 0.77), positive correlation with cane diameter (rp = 0.50) and 

purity (rp = 0.1) while negative with brix (rp = -0.18), POL (rp = -0.17) and recovery (rp = 

-0.01). Genotypic correlation of 1st plant height with 2nd plant height (rg = 1.00), cane 

length (rg = 0.95), number of nodes (rg = 0.86), internode length (rg =.90), millablecane 

(rg = 0.96), cane yield (rg = 0.96) was highly significant and had significant genotypic 

correlation with cane diameter (rg = 0.65). The 2nd plant height showed highly significant 

phenotypic correlation with cane length (rp = 0.93), number of nodes (rp = 0.78) internode 

length (rp = 0.80),millablecane (rp = 0.84) and cane yield (rp = 0.81), positive with cane 

diameter (rp = 0.44) and purity (rp = 0.12) while negative with brix (rp= -0.29), POL(rp = -

0.28) and recovery (rp = -0.09). Genotypic correlation of 2nd plant height with cane length 

(rg = 0.99), number of nodes (rg = 0.91), internode length (rg = 0.92), millablecane (rg = 

0.99), cane yield (rg = 0.95) was highly significant and its correlation with cane diameter 

(rg = 0.60) is positive (Table 9). 

Cane length exhibited highly significant phenotypic correlation with number of 

nodes (rp = 0.85), internode length (rp = 0.72), millablecane (rp = 0.79), cane yield (rp = 

0.76) and showed positive correlation with cane diameter (rp = 0.27), purity (rp = 0.04) 

while negative with brix (rp = -0.28), POL (rp = -0.31) and recovery (rp = -0.10). 

Genotypic correlation of cane length with number of nodes (rg = 0.97), internode length 

(rg = 0.79), millablecane (rg = 0.92), cane yield (rg = 0.90) was highly significant and 

positive with cane diameter (rg = 0.23). Number of nodes showed highly significant 

phenotypic correlation with internode length (rp = 0.62), millablecane (rp = 0.67) cane 

yield (rp = 0.67), positive with cane diameter (rp = 0.43) and purity (rp = 0.06) while 

negative with brix (rp = -0.37), POL (rp = -0.43) and recovery (rp = -0.20). Genotypic 

correlation of number of nodes with internode length (rg = 0.69), millablecane (rg = 0.74) 

and cane yield (rg = 0.79) was highly significant while significant with cane diameter (rg 

= 0.56). Internode length showed highly significant phenotypic correlation with 

millablecane (rp = 0.78) and cane yield (rp = 0.74), significant correlation with cane 

diameter (rp = 0.51), positive with purity (rp = 0.18) and recovery (rp = 0.12) while 

negative phenotypic correlation with brix (rp = -0.26) and POL (rp = -0.17). Genotypic 

correlation of internode length with millablecane (rg = 0.89) and cane yield (rg = 0.80) 
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was highly significant while significant with cane diameter (rg = 0.75). Cane diameter 

showed positive phenotypic correlation with brix (rp = 0.03), POL (rp = 0.01), purity (rp = 

0.07), recovery (rp = 0.19), millablecane (rp = 0.41) and cane yield (rp = 0.26). Cane 

diameter exhibited significant genotypic correlation with millablecane (rg = 0.62) and 

positive with cane yield (rg = 0.39) (Table 9).Brix showed highly significant positive 

phenotypic correlation with POL (rp = 0.84) and recovery (rp = 0.71) while positive with 

and purity (rp = 0.02)and negative with cane millablecane (rp = -0.05) and yield (rp = -

0.13).SimilarlyPOL has highly significant phenotypic correlation with recovery (rp = 

0.90) and positive with purity (rp = 0.28) while negative with millablecane (rp = -0.16) 

and cane yield (rp = -0.18).Purity has positive correlation with recovery (rp = 0.47), 

millablecane (rp= 0.09) and cane yield (rp = 0.31). Recovery has positive phenotypic 

correlation with millablecane (rp = 0.05) and cane yield (rp = 0.02)(Table 9).Millablecane 

exhibited highly significant phenotypic and genotypic correlation with cane yield (rp = 

0.87, rg = 0.96). 

Correlation study revealed that most of the growth, cane and yield characters had 

highly significant correlations with cane yield and also with each other. This shows that 

these characters are very important in the breeding programs and must be given 

importance for increase cane yield. However the correlations of the quality characters 

with each other were positive and small which explicates the difficulty in cane breeding. 

Khan et al., (2018) also got similar results for qualitative and quantitative parameters 

with cane yield. Sangheraetal., (2015) also found positive phenotypic and genotypic 

correlation of different morphological and cane characters with cane yield. Chaudharyet 

al.,(2003) reported significant correlation of cane yield with cane length, cane weight, 

number of internodes and internode length. Sharma and Singh (1984) reported that 

increase cane length, weight and thickness will increase juice quantity. While Olaoye and 

Agbana (1987) reported that increase in quality parameters resulted in low cane yield. 
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4.7 Test of multicollinearity 

Analysis of multicollinearity of the characters under study is very important 

before conducting path coefficients analyses. For conformation of collinearity three 

criteria’s persist which include variance inflation factor (VIF), tolerance and condition 

index. The characters are decided to be collinear when VIF and tolerance values are > 10, 

and reduction in multicollinearity can occur by eliminating the correlated parameter. 

Values from 100 to 1000 for condition index show moderate to high multicollinearity. 

The parameters which had VIF values less than 10 were 2nd tillering, 2nd plant height, 

millablecane, brix, purity recovery, number of nodes, internode length and cane diameter 

(Table 10). 

 
4.8 Path coefficient analysis of plant crop 

4.8.1 Phenotypic effect 

Phenotypic path coefficient analysis measured under plant crops conditions which 

exhibited positivedirect effect of 2nd tiller on cane yield (P1,10 = 0.12). It showed positive 

indirect effect viamillablecane (P1,9 = 0.34), internode length (P1,4 = 0.26),2nd plant height 

(P1,2 = 0.1), purity (P1,7 = 0.09) and number of nodes (P1,3 = 0.09). The indirect effect of 

2ndtiller on cane yield through brix (P1,6 = -0.11), cane diameter (P1,5 = -0.05) and 

recovery (P1,8 = -0.02) was negative. The 2nd plant height showed positive direct 

phenotypic effect on cane yield (P2,10 = 0.13), similarly 2nd plant height showed positive 

indirect effect through millablecane (P2,9 = .33), internode length (P2,4 = .26), number of 

nodes (P1,3 = .11), 2nd tillering (P2,1 = 0.09), purity (P2,7 = .04) and recovery (P2,8 = 

.04).The 2ndplant height showed negative indirect effect on cane yield via brix (P2,6 = -

0.11) and cane diameter (P2,5 = -0.08). Number of nodes showed positive direct effect of 

(P3,10 = 0.14) on cane yield while it showed positive indirect effect via millablecane (P3,9 

= 0.26), internode length (P3,4 = 0.2) , 2nd plant height (P3,52 = 0.1), purity (P3,7 = 0.02), 

recovery (P3,8 = 0.08) and 2ndtillering (P3,1 = 0.08). Number of nodes showed negative 

indirect effect via brix (P3,6 = -0.14) and cane diameter (P3,5 = -0.07). Internode length 

showed positive direct effect on cane yield (P4,10 = 0.32) at the phenotypic level. Its 

indirect effect via millablecane (P4,9 = 0.31), 2nd plant height (P4,2 = 0.11), 2nd tillering 

(P4,1 = 0.10), number of nodes (P4,3 = 0.08) and purity (P4,7 = 0.07) was positive. 
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Theindirect effect of internode length via brix (P4,6 = -0.10), recovery (P4,8 = -0.05) and 

cane diameter (P4,5 = -0.09) was negative.The direct effect of cane diameter on cane yield 

was negative on phenotypic level (P5,10 = -0.17). Indirect effect of cane diameter via 

millablecane (P5,9 = 0.16), internode length (P5,4 = 0.16), brix (P5,6 = 0.01), purity (P5,7 = 

0.03), 2nd tillering (P5,1 = 0.03), 2nd plant height (P5,2 = 0.06) and number of nodes (P5,3 = 

0.06) was positive. Its effect via recovery was negative (P5,8 = -0.08)(Table 11). 

Brix showed positive direct effect on cane yield (P6, 10 = 0.39). Its indirect effect 

through purity (P6,7 = 0.01) was positive while its effect through 2nd tillering (P6,1 = -

0.03), 2nd plant height (P6,2 = -0.04), number of nodes (P6,3 = -0.05), internode length (P6,4 

= -0.08), cane diameter (P6,5 = -0.01), recovery (P6,8 = -0.30) andmillablecane (P6,9 = -

0.02) was negative.Purity showed positive direct effect on cane yield (P7,10 = 0.36). Its 

indirect effect through 2nd tillering (P7,1 = 0.03), 2nd plant height (P7,2 = 0.02), number of 

nodes ((P7,3 = 0.01), internode length (P7,4 = 0.06), brix (P7,6 = 0.01) and millablecane 

(P7,9 = 0.04) was positive while its indirect effect via recovery (P7,8 = -0.20) and cane 

diameter (P7,5 = -0.01) was negative.Recovery showed high direct negative effect on cane 

yield (P8,10 = -0.42). Its indirect effect through 2nd tillering (P8,1 = 0.01), internode length 

(P8,4 = 0.04), brix (P8,6 = 0.28), purity (P8,7 = 0.17) and millablecane (P8,9 = 0.02) was 

positive and negative via 2nd plant height (P8,2 = -0.01), number of nodes (P8,3 = -0.03) 

and cane diameter (P8,5 = -0.03)(Table 11).Millablecane showed positive direct effect on 

cane yield (P9,10 = 0.39). Similarly the indirect effect via 2ndtillering(P9,1 = 0.10), 2nd plant 

height (P9,2 = 0.11), number of nodes (P9,3 = 0.09), internode length (P9,4 = 0.25) and 

purity (P9,7 = 0.03) was positive while the indirect effect through brix (P9,6 = -0.02) and 

cane diameter (P9,5 = -0.07) was negative(Table 11). 

4.8.2 Genotypic effect 

At the genotypic level, path coefficients displayed positive direct effects of 2ndtiller 

on cane yield (P1,10 = 0.21) and its indirect effect via 2nd plant height (P1,2 = 0.39) , 

millablecane (P1,9 = 0.62), number of nodes(P1,3 = 0.02) was positive, while its indirect 

effect via internode length(P1,4 = -0.20) and cane diameter was negative (P1,5 = -0.08). 

The 2nd plant height also showed positive direct effect on cane yield (P2,10 = 0.42) while 

its indirect effect via 2nd tillering (P2,1 = 0.19), millablecane(P2,9 = 0.63)and number of 
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nodes(P2,3 = 0.03) was positive and it had negative indirect effect through internode 

length(P2,4 = -0.20)  and cane diameter (P2,5 = -0.11) on cane yield. Number of nodes 

showed direct positive effect on cane yield (P3,10 = 0.03) while it showed positive indirect 

effect via 2nd tillering (P3,1 = 0.17), 2nd plant height (P3,2 = 0.38) and millablecane (P3,9 = 

0.47) was positive. Its effect via internode length (P3,4 = -0.15) and cane diameter (P3,5 = -

0.11) was negative. Internode length showed direct negative effect (P4,10 = -0.22) on cane 

yield while its effect via 2nd tillering (P4,1 = 0.19), 2nd plant height (P4,2 = 0.39), number 

of nodes (P4,3 = 0.02) and millablecane (P4,9 = 0.56) was positive. Internode length 

showed negative indirect effect on cane yield via cane diameter (P4,5 = -0.14). Cane 

diameter showed negative (P5,10 = -0.19) direct effect on cane yield. It showed positive 

indirect effect via 2nd tillering (P5,1 = 0.08), 2nd plant height (P5,2 = 0.25), number of 

nodes (P5,3 = 0.02) and millablecane (P5,9 = 0.39) was positive. The indirect effect of cane 

diameter via internode length was negative (P5,4 = -0.16).On the genotypic level 

millablecane showed positive direct effect on cane yield (P9,10 = 0.63) while its indirect 

effect via 2nd tillering (P9,1 = 0.20), 2nd plant height (P9,2 = 0.41), number of nodes (P9,3 = 

0.02) was positive and negative through internode length (P9,4 = -0.19) and cane diameter 

(P9,5 = 0.12)(Figure 4.7.2). 

Path analysis showed that number of millablecane (0.39), internodes length (0.32), 

number of nodes (0.14), plant height (0.13) and number of tillers (0.12) had the direct 

positive effect on cane yield on phenotypic level. In case of genotypic level number of 

millablecane (0.63), plant height (0.42) and number of tillers (0.21) had the highest direct 

positive effect on cane yield. Results showed that these characters are the most essential 

constituents of cane yield.Path coefficient analysis revealed the importance of characters 

with direct and indirect effect on cane yield. Number of tillers, plant height, number of 

millablecane, number of nodes had positive direct effects on cane yield. Selection criteria 

can be based on the traits having direct effect on the dependent variable (cane yield). 

Kang et al., (1983) described that cane diameter and number of millablecane are more 

important traits in increasing cane yield. Therefore these characters should be kept in 

mind while selection and breeding for more cane yield. According to de Sousa et 

al.,(2005) the brix had a high direct effect on cane yield. 
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4.9 Phenotypic and genotypic correlations among various traits in ratoon crop 

Under the ratoon crop conditions, the 1st tillering showed highly significant 

phenotypic correlation with 2ndtillering (rp = 0.99), 1st plant height (rp = 0.69), 2nd plant 

height (rp = 0.71),cane length (rp = 0.64), millablecane (rp = 0.70) and cane yield (rp = 

0.81) while significant phenotypic correlation with number of nodes (rp = 0.56), internode  

length(rp= 0.50) andrecovery (rp = 0.57) and positive with cane diameter (rp = 0.41), brix 

(rp = 0.19), POL (rp = 0.21) and  purity (rp = 0.19). Genotypic correlation of 1st tillering 

with 2nd tillering (rg = 1.00), 1st plant height (rg = 0.80), 2nd plant height (rg = 0.88), cane 

length (rg = 0.91), number of nodes (rg =  0.71), internode length(rg = 0.55),recovery (rg = 

0.70), millablecane (rg = 0.96) and cane yield (rg = 0.89) was highly significant, while the 

genotypic correlation of 1st tillering with cane diameter (rg = 0.49) was significant and it 

was positive with brix (rg = 0.20), POL (rg = 0.23)and purity ( rg = 0.43).2nd tillering 

showed highly significant phenotypic correlation with 1st plant height (rp = 0.69),2nd plant 

height (rp = 0.71) , cane length (rp = 0.70), millablecane (rp = 0.68) and cane yield (rp = 

0.84) while significant phenotypic correlation with number of nodes (rp = 0.60), internode  

length(rp = 0.52) and recovery (rp = 0.55)and positive with cane diameter (rp = 0.43), brix 

(rp = 0.16), POL (rp = 0.17) and purity (0.10). The genotypic correlation of 2nd tillering 

with 1stplant height (rg = 0.79), 2nd plant height (rg = 0.86), cane length (rg = 1.00), 

number of nodes (rg =  0.81), internode length (rg = 0.57), recovery (rg = 0.68), 

millablecane (rg = 0.92) and cane yield (rg = 0.92) was highly significant while its 

genotypic correlation with cane diameter (rg = 0.49) was significant and positive with 

brix (rg = 0.19), POL (rg = 0.20) and purity (rg = 0.23). The 1stplant height showed highly 

significant positive phenotypic correlation with 2nd plant height (rp = 0.95), internode 

length (rp = 0.63), and cane yield (rp = 0.75), significant correlation with cane length (rp = 

0.56) while positive correlation with cane diameter (rp = 0.44), number of nodes (rp = 

0.25),millablecane (rp = 0.41) and quality traits. Genotypic correlation of 1st plant height 

with 2nd plant height (rg = 0.97) , cane length (rg =  0.61), internode length (rg = 0.75) and 

cane yield (rg = 0.86) was highly significant while it has significant genotypic correlation 

with cane length (rg = 0.61), cane diameter (rg = 0.54),purity (rg = 0.89) , recovery (rg = 

0.46), millablecane (rg = 0.62) while positive with number of nodes (rg = 0.20) , brix (rg = 

0.06) and POL ( rg = 0.16).Phenotypic correlation of 2nd plant height with internodelength 
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(rp = 0.63) and cane yield (rp = 0.78) was highly significant, while significant with cane 

length (rp = 0.60) and cane diameter (rp = 0.57) and positive with number of nodes (rp = 

0.33), millablecane(rp = 0.46), and quality traits. The 2nd plant height showed highly 

significant genotypic correlation withcane length (rg = 0.67), internode length (rg = 0.78), 

cane diameter (rg = 0.77), millablecane (rg = 0.73) andcane yield (rg = 0.96), significant 

with purity (rg = 0.76) and recovery (rg = 0.54) and positivewithnumber of nodes (rg = 

0.33), (brix (rg = 0.05)and POL (rg = 0.14)(Table 14). 

Cane length showed highly significant phenotypic correlation with number of 

nodes (rp = 0.64), cane yield (rp = 0.69) and significant with internode length (rp = 0.60) 

while cane length showed positive correlation with cane diameter (rp = 0.32), purity (rp = 

0.01), recovery (rp = 0.36) and millablecane (rp = 0.27). Genotypic correlation of cane 

length with number of nodes (rg = 0.79), internode length (rg = 0.90) and cane yield (rg = 

0.97) was highly significant and significant with recovery (rg = 0.63) and millablecane (rg 

= 0.47) while positive with cane diameter (rg = 0.37).  Number of nodes showed 

significant correlation with millablecane (rp = 0.56), positive phenotypic correlation with 

internode length (rp = 0.47),cane diameter (rp = 0.48), recovery (rp = 0.16) and cane yield 

(rp = 0.49) while negative correlations with brix (rp = -0.24), POL (rp = -0.27) and purity 

(rp = -0.22). Genotypic correlation of number of nodes with internode length (rg = 0.61) 

and millablecane (rg = 1.00) was highly significant while significant with cane diameter 

(rg = 0.47) and cane yield (rg = 0.52), positive with recovery (rg = 0.34) while negative 

with brix (rg = -0.25), POL (rg = -0.30) and purity (rg = -0.44). Internode length showed 

highly significant phenotypic correlation with cane yield (rp = 0.71) and significant 

correlation with cane diameter (rp = 0.58), positive with recovery(rp = 0.30) and 

millablecane (rp = 0.27) while negative with brix (rp = -0.04), POL (rp = -0.06) and purity 

(rp = -0.12). Genotypic correlation of internodes length with cane diameter (rg = 0.75) and 

cane yield (rg = 0.77) was highly significant, and its correlation with recovery (rg = 0.39) 

and millablecane (rg = 0.35) was significant while negative with brix (rg = -0.03), POL (rp 

= -0.06) and purity (rp = -0.25). Cane diameter showed highly significant 

phenotypiccorrelation with millablecane (rp = 0.62), significant with cane yield (rp = 

0.62) and positive with recovery (rp = 0.32) while it had highly significant genotypic 
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correlation with millablecane (0.96) and cane yield (0.73) while significant with recovery 

(rg= 0.59) and positive with brix (rg = 0.14) and POL (rg = 0.11)(Table 14). 

Brix showed highly significant positive phenotypic correlation with POL (rp = 

0.98) and recovery (rp = 0.65) while positive with purity (rp = 0.2), millablecane (rp = 

0.19) and cane yield (rp = 0.21). Genotypic correlation of brix with POL (rg = 0.99) and 

recovery (rg = 0.68) was highly significant, while positive with purity (rg = 0.43), 

millablecane (rg = 0.34) and cane yield (rg = 0.27).SimilarlyPOL has highly significant 

phenotypic and genotypic correlation with recovery (rp = 0.70), (rg = 0.72), respectively 

while significant genotypic correlation with millablecane (rg = 0.40).Purity has 

positivephenotypic correlation with recovery (rp = 0.47), millablecane (rp = 0.29) and 

cane yield (rp = 0.12) and significant genotypic correlation with recovery (rg = 0.67) and 

millablecane (rg = 0.69). Recovery has highly significant phenotypic and genotypic 

correlation with cane yield (rp = 0.64) (rg = 0.83), respectively and its genotypic 

correlation with millablecane (rg = 0.85) was highly significant and its phenotypic 

correlation with millablecane (rp = 0.59) was significant.Millablecane exhibited highly 

significant phenotypic and genotypic co relation with cane yield (rp = 0.6, rg = 

0.85)(Table 14). 

It was observed that most of the growth, cane and yield parameters had significant 

phenotypic and genotypic correlations with cane yield which showed their importance in 

selection programs. Unlike the plant crops, in ratoon crops, recovery also had a highly 

significant correlation with cane yield and millablecane. This correlation is of great 

importance and suggested that recovery must be given importance in selection program. 

High correlation (r = 0.91) in mature ratoon crops were reported by Milligan et al.,(1990) 

for cane and sugar yields. In ratoon crop millablecane and cane diameter are equally 

important in determining cane yield. Likewise, age of the crop did not affect brix and 

sugar content. They suggested that these yield components should be selected which 

would affect sucrose yield ultimately. Similarly, Ahmedet al.,(2010 b) found positive 

correlations of cane yield and stalk characters. Selection for these characters would bring 

development in cane yield.  
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4.10 Test of multicollinearity 

In ratoon crops some characters showed high correlation coefficient therefore 

before accompanying path analysis, test of multicollinearity was carried out. The traits 

which had VIF values > 10 were 2nd tillering, 2nd plant height, millablecane, brix, 

recovery, cane length, number of nodes, internode length and cane diameter (Table 15). 

4.11Path coefficient analysis of ratoon crop 

4.11.1 Phenotypic effect 

Phenotypic path coefficient analysis of 16 sugarcane genotypes evaluated under 

ratoon crop conditions, showed positivedirect effect of 2nd tiller on cane yield (P1,10 = 

0.28).It showed positive indirect effect via 2nd plant height (P1,2 = 0.03), millablecane 

(P1,9 = 0.25),recovery(P1,8 = 0.03), cane length (P1,3 = 0.23), internode length (P1,5 = 0.22) 

and cane diameter (P1,6 = 0.04) while the indirect effect of 2nd tiller on cane yield through 

brix (P1,7 = -0.001) and number of node (P1,4 = -0.19) was negative. The 2nd plant height 

showed positive direct phenotypic effect on cane yield (P2,10 = 0.04). Similarly 2nd plant 

height showed positive indirect effect through 2nd tillering (P2,1 = 0.19), millablecane (P2,9 

= 0.17),recovery (P2,8 = 0.02),cane length (P2,3 = 0.19), internode length (P2,5 = 0.20) and 

cane diameter (P2,6 = 0.05) while indirect effect via number of nodes was negative(P2,4 = 

-0.10). Cane length showed positive direct effect on cane yield (P3,10 = 0.33). Its indirect 

effect through 2nd tillering (P3,1 = 0.19), 2nd plant height (P3,2 = 0.02), internode length 

(P3,5 = 0.19), cane diameter (P3,6 = 0.03), recovery (P3,8 = 0.02) and millablecane (P3,9 = 

0.10) was positive while through number of nodes was negative (P3,4 = -0.20). Number of 

nodes showed negative (P4,10 = -0.31) direct effect on cane yield on phenotypic level 

while positive indirect effect via 2nd tillering (P4,1 = 0.17), 2nd plant height (P4,2 = 0.01), 

cane length (P4,3 = 0.21),  internode length (P4,5 = 0.15), cane diameter (P4,6 = 0.04), brix 

(P4,7 = 0.001), recovery (P4,8 = 0.01) and millablecane (P4,9 = 0.21). Internode length 

showed positive direct effect on cane yield (P5,10 = 0.32) and indirect effect via 

2ndtillering (P5,1 = 0.14), 2nd plant height (P5,2 = 0.02), cane length (P5,3 = 0.19), cane 

diameter (P5,6 = 0.05),recovery (P5,8 = 0.02) and millablecane(P5,9 = 0.10) was also 

positive. Its effect via number of nodes was negative (P5,4 = -0.15). Cane diameter also 

showed positive direct effect on cane yield (P6,10 = 0.08). Similarly it showed positive 
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indirect effect via 2nd tillering (P6,1 = 0.12), 2nd plant height (P6,2 = 0.02), cane length (P6,3 

= 0.10), internode length (P6,5 = 0.19), recovery (P6,8 = 0.02) and millablecane (P6,9 = 

0.23) was positive. Its effect via number of nodes (P6,4 = -0.15) was negative(Table 16). 

Brix showed small negativephenotypic direct effect on cane yield (P7,10 = -0.005). 

Its indirect effect through 2nd tillering (P7,1 = 0.04), number of nodes (P7,4 = 0.07), cane 

diameter (P7,6 = 0.001), recovery (P7,8 = 0.04)and millablecane (P7,9 = 0.07) was positive. 

The effect of brix through cane length (P7,3 = -0.003) and internode length (P7,5 = -0.01) 

was negative. Recovery showed direct positive effect on cane yield (P8,10 = 0.06). Its 

indirect effect through 2nd tillering (P8,1 = 0.15), 2nd plant height (P8,2 = 0.02), canelength 

(P8,3 = 0.12), internode length (P8,5 = 0.09),cane diameter (P8,6 = 0.03) and 

millablecane(P8,9 = 0.22) was positive while through number of nodes(P8,4 = -0.05) and 

brix (P8,7 = -0.003) it was negative. Millablecane showed positive direct effect on cane 

yield (P9,10 = 0.37). Similarly the indirect effect via 2nd tillering (P9,1 = 0.19), 2nd plant 

height (P9,2 = 0.02), cane length (P9,3 = 0.09), internode length (P9,5 = 0.09), cane 

diameter (P9,6 = 0.05) andrecovery (P9,8 = 0.04) was also positive while the indirect effect 

through brix (P9,7 = -0.001) and number of nodes (P9,4 = -0.17) was negative(Table 16). 

4.11.2 Genotypic effect 

Under ratoon crop conditions at the genotypic level, the path coefficients 

displayed positive direct effects of 2ndtiller on cane yield (P1,10 = 0.16), while its indirect 

effect via 2nd plant height (P1,2 = 0.34), cane length (P1,3 = 0.07), internode length (P1,5 = 

0.14) and recovery (P1,8 = 0.50) was positive and indirect effect via millablecane (P1,9 = -

0.01), brix (P1,7 = -0.05), number of nodes (P1,4 = -0.14) and cane diameter (P1,6 = -0.08) 

was negative. The 2nd plant height also showed positive direct effect on cane yield (P2,10 = 

0.40) while its indirect effect via 2ndtillering (P2,1 = 0.13), recovery (P2,8 = 0.39), cane 

length (P2,3 = 0.04) and internode length (P2,5 = 0.19) was also positive and it had 

negative indirect effect via millablecane(P2,9 = -0.01), brix (P2,7 = -0.01), number of 

nodes (P2,4 = -0.06) and cane diameter (P2,6 = -0.12).Cane length showed (P3,10 = 0.07) 

positive direct genotypic effect on cane yield. Its effect through 2nd tillering (P3,1 = 0.16), 

2nd plant height (P3,2 = 0.27), internode length (P3,5 = 0.22) and recovery (P3,8 = 0.46) 

wasalso positive. Cane length effect through number of nodes (P3,4 = -0.13) and cane 
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diameter (P3,6 = -0.06) was negative. Number of nodes showed direct negative effect on 

cane yield (P4,10 = -0.17) while its effect via 2nd tillering (P4,1 = 0.13), 2nd plant height 

(P4,2 = 0.13), cane length (P4,3 = 0.05), internode length (P4,5 = 0.15), brix (P4,7 = 0.07) 

and recovery (P4,8 = 0.25) was positive. Its indirect effect via cane diameter (P4,6 = -0.07) 

and millablecane (P4,9 = -0.02) was negative. Internode length showed direct positive 

effect (P5,10 = 0.24) on cane yield, while its indirect effect via 2nd tillering (P5,1 = 0.09), 

2nd plant height (P5,2 = 0.31), cane length (P5,3 = 0.06),brix (P5,7 = 0.01)and recovery (P5,8 

= 0.28) was positive while negative indirect effect on cane yield via number of nodes 

(P5,4 = -0.10), cane diameter (P5,6 = -0.12)and millablecane (P5,9 = -0.01). Cane diameter 

showed negative direct effect on cane yield (P6,10 = -0.16). Its indirect effect via 2nd 

tillering (P6,1 = 0.08), 2nd plant height (P6,2 = 0.31), cane length (P6,3 = 0.02), internode 

length (P6,5 = 0.18) and recovery (P6,8 = 0.43) was positive and its indirect effect on cane 

yield via number of nodes (P6,4 = -0.08), brix (P6,7 = -0.04) and millablecane (P6,9 = -0.01) 

was negative (Figure 4.10.2). 

Brix showed negative (P7,10 = -0.28) direct effect on cane yield. It also has 

negative indirect effect via internode length (P7,5 = -0.01) and can diameter (P7,6 = -0.02). 

Its effect via 2nd tillering (P7,1 = 0.03), 2nd plant height (P7,2 = 0.02), number of nodes (P7,4 

= 0.04) and recovery (P7,8 = 0.50) was positive.Recovery also showed high positive 

genotypic direct effect on cane yield (P8,10 = 0.73) and its indirect effect via 2nd tillering 

(P8,1 = 0.11), 2nd plant height (P8,2 = 0.22), cane length (P8,3 = 0.04), internode length (P8,5 

= 0.09) was positive and through number of nodes (P8,4 = -0.06), cane diameter(P8,6 = -

0.09) and millablecane(P8,9 = -0.02) was negative.On the genotypic level millablecane 

showed small negative direct effect on cane yield (P9,10 = -0.02) while its indirect effect 

via brix (P9,7 = -0.10), number of nodes (P9,4 = -0.17) and cane diameter (P9,6 = -0.15) was 

also negative. The effect of millablecane through 2nd tillering (P9,1 = 0.14), 2nd plant 

height (P9,2 = 0.29), cane length (P9,3 = 0.03), internode length (P9,5 = 0.08) and recovery 

(P9,8 = 0.73) was positive (Figure 4.10.2) 

Results revealed that on phenotypic level the highest direct effect on cane yield 

was shown by millablecane followed by number of tillers while on genotypic level the 

highest effect was shown by plant height and recovery. Results confirmed that these 
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characters are the most essential constituents of cane yield.Selection criteria can be based 

on the traits having direct effect on the dependent variable (cane yield).Sangheraetal., 

(2015) also worked on sugarcane and found similar results for different parameters.  

4.12 Phenotypic and genotypic correlations among various traits across crops 

Under across crops, the 1st tillering showed highly significant phenotypic 

correlation with 2ndtillering (rp =0.98), 1st plant height (rp=0.67), 2nd plant height (rp = 

0.75),cane length (rp = 0.65), number of nodes (rp = 0.64), internode length (rp = 0.66), 

millablecane (rp = 0.65) and cane yield (rp = 0.70), significant phenotypic correlation with 

cane diameter (rp = 0.50) while positive with purity(rp = 0.04) and recovery (rp = 0.25) 

and negative with brix (rp = -0.24) and POL (rp = -0.17). Genotypic correlation of 1st 

tillering with 2nd tillering (rg = 1.00), 1st plant height (rg = 0.89), 2nd plant height (rg = 

1.00), cane length (rg =  0.77), number of nodes (rg = 0.72), internode length(rg = 0.72), 

cane diameter (rg = 0.83),millablecane (rg = 0.78)and cane yield (rg = 0.78) was highly 

significant while the genotypic correlation of 1st tillering with recovery (rg = 0.42) was 

significant and with brix (rg = -0.34) and POL (rg = -0.22) was negative. Across crops 2nd 

tillering showed highly significant phenotypic correlation with 1st plant height (rp = 

0.70),2nd plant height (rp = 0.79), cane length (rp = 0.70), number of nodes (rp = 0.64), 

internode length (rp = 0.71), millablecane (rp = 0.62)  and cane yield (rp = 0.76) while it 

showed positive correlation with cane diameter(rp = 0.48)  and recovery (rp = 0.24), 

negative with brix (rp = -0.25), POL (rp = -0.20) and recovery (rp = -0.05). The genotypic 

correlation of 2nd tillering with 1st plant height (rg = 0.94), 2nd plant height (rg = 1.00 ), 

cane length (rg = 0.82), number of nodes (rg = 0.73), internode length (rg = 0.78), cane 

diameter (rg = 0.76) ), millablecane (rg = 0.73),  and cane yield (rg = 0.86) was highly 

significant, while its genotypic correlation with recovery (rg = 0.40) was significant and it 

was negatively correlated with brix (rg =  -0.33) and POL (rg = -0.26) (Table 19).  

The 1st plant height showed highly significant positive phenotypic correlation 

with 2nd plant height (rp = 0.97), cane length (rp = 0.79) , number of nodes (rp = 0.68), 

internode length (rp = 0.86), millablecane (rp = 0.65)and cane yield (rp = 0.73), significant 

with cane diameter (rp = 0.50) positive correlation with purity ( rp = 0.17)  and recovery ( 
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rp = 0.25)and negative with brix (-0.22) and POL (rp = -0.11). Genotypic correlation of 1st 

plant height across crops with 2nd plant height (rg = 1.00) , cane length (rg = 0.85), no of 

nodes (rg =  0.83), internode length (rg = 1.00), cane diameter (rg = 0.77), millablecane (rg 

= 0.87) and cane yield (rg = 0.95) was highly significant while it had significant 

genotypic correlation with recovery (rg = 0.58) and negative correlation with brix (rg = -

0.33) and POL (rg = -0.07) (Table 19). 

The 2nd plant height showed highly significant phenotypic correlation with cane 

length (rp = 0.85), number of nodes (rp = 0.71), internode length (rp = 0.86), millablecane 

(rp = 0.68) and cane yield (rp = 0.77), positive with cane diameter (rp = 0.49),purity (rp = 

0.11) and recovery (rp = 0.16) while negative correlation with brix (rp = -0.34) and POL 

(rp =-0.25). Genotypic correlation of 2nd plant height cane length (rg= 0.95), number of 

nodes (rg = 0.89), internode length (rg = 1.00), millablecane (rg = 0.94) and cane yield (rg 

= 1.00) was highly significant while its correlation with cane diameter (rg = 0.80) was 

significant and positive with recovery (rg= 0.42). 2nd plant height had negative genotypic 

correlation with brix (rg = -0.50) and POL (rg = -0.29) (Table 19). 

Cane length showed highly significant phenotypic correlation with number of 

nodes (rp = 0.87), internode length (rp = 0.70), millablecane (rp = 0.65) and cane yield (rp 

= 0.63) while cane length showed positive correlation with cane diameter (rp = 0.37) and 

negative phenotypic correlations with quality traits. Genotypic correlation of cane length 

with number of nodes (rg = 1.00), internode length (rg = 0.81), millablecane (rg = 0.83) 

and cane yield (rg = 0.77) was highly significant while significant with cane diameter (rg 

= 0.48), positive with recovery (rg = 0.13) and significant negative genotypic correlation 

with brix (rg = -0.46) and POL. (rp = -0.46).Number of nodes showed significant 

phenotypic correlation with internode length (rp= 0.58), cane diameter (rp= 0.50), 

millablecane (rp = 0.70) and cane yield (rp= 0.50) and negative correlations with quality 

traits. Genotypic correlation of number of nodes with internode length (rg= 0.64), 

millablecane (rg = 0.85) and cane yield (rg= 0.54) was highly significant while significant 

with cane diameter (rg= 0.67) and significantly negative with brix (rg = -0.42) and POL 

(rp = -0.47).Internodes length showed highly significant phenotypic correlation with cane 

yield (rp= 0.77) and significant correlation with cane diameter (rp= 0.54) and millablecane 
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(rp = 0.51). It had positive correlation with recovery (rp= 0.14)and negative with brix (rp= 

-0.30), POL (rp= -0.26) and purity (rp= -0.06). Genotypic correlation of internodes length 

with cane diameter (rg= 0.86), millablecane (rg = 0.59) and cane yield (rp= 0.85) was also 

highly significant. Positive with recover (rg= 0.28) and negative with brix (rg= -0.39) 

andPOL (rg= -0.31).Cane diameter also showed highly significant phenotypic correlation 

with millablecane (rp= 0.64)and cane yield (rp= 0.72) while positive with the quality 

traits. Genotypic correlation of cane diameter with millablecane (rg= 1.00) and cane yield 

(rg= 1.00) was highly significant while significantly correlated with recovery (rg= 1.00), 

positive correlated with brix (rg= 0.46) and POL (rg= 0.57)(Table 19). 

Brix showed highly significant positive phenotypic and genotypic correlation with 

POL (rp= 0.95, rg= 1.00) and recovery (rp= 0.67,(rg= 0.66) while negative correlation with 

millablecane (rg = -0.26). Similarly POL had strong and significant phenotypic and 

genotypic correlation with recovery (rp= 0.79, rg= 0.74). Purity had positive phenotypic 

correlation with recovery (rp= 0.41). Recovery had positive phenotypic correlation with 

millablecane (rp = 0.20) and cane yield (rp= 0.47) while its correlation with cane yield on 

genotypic level was highly significant (rg= 0.70)(Table 19). Millablecane showed highly 

significant genotypic correlation with cane yield (rg= 0.64) while significant phenotypic 

correlation with cane yield (rp = 0.57)(Table 19). 

Results suggested that all the parameters except quality parameters had highly 

significant correlation with cane yield at phenotypic and genotypic level. The quality 

parameters had highly significant correlation with each other as discussed. Results 

confirmed the importance of the characters studied. Theses parameters should be kept in 

mind while selecting the best genotypes.  Sangheraetal., (2015) reported highly 

significant and positive genotypic and phenotypic correlation for numbers of tillers, 

millablecane, stalk length, single cane weight, number of shots, stalk diameter and 

germination percentage respectively. Tahiretal. (2014) reported negative phenotypic and 

genotypic correlation of brix with cane yield. Smiullahet al., (2013) reported positive 

association of tillers, cane diameter and yield with brix. Likewise, Tyagiet al.,(2012) 

reported substantial correlations of millablecane with cane yield (rp, = 0.68, rg = 0.68). 

Number of cane s per plot and cane yield also showed significant phenotypic and 
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genotypic correlations with sucrose %. They suggested that these characters could be 

selected for improving cane yield. De Almeida et al.,(2002) described negative 

phenotypic and genotypic correlation between stalk height and diameter in sugarcane.  

4.13 Test of multicollinearity 

Like plant and ratoon crops, test of multicollinearity was run for the traits of the 

16 sugarcane genotypes assessed as across crops before accompanying path coefficient 

analysis. The characters which had VIF values > 10 were 2nd tillering, 2nd plant height, 

millablecane, brix, purity recovery, cane length, number of nodes and internode 

length(Table 20). 

4.14 Path coefficient analysis across crops 

4.14.1 Phenotypic effect 

Across crops phenotypic path coefficient analysis showed positive effect of 2nd 

tillering on cane yield (P1,10 = 0.02). Itshowed positive indirect effect via2ndplant height 

(P1,2 = 0.22), millablecane (P1,9 = 0.03) , purity (P1,7 = 0.01) , recovery (P1,8 = 0.10), cane 

length (P1,3 = 0.13) and internode length (P1,5 = 0.20) while the indirect effect of 2nd 

tillering on cane yield through number of nodes was negative (P1,4 = -0.13). The 2nd plant 

height showed positive direct effect on cane yield (P2,10 = 0.27), similarly 2nd plant height 

showed positive indirect effect through 2ndtillering (P2,1 = 0.15), millablecane (P2,9 = 

0.03) , brix (P2,6 = 0.01),recovery (P2,8 = 0.07), cane length (P2,3 = 0.16) and internode 

length (P2,5 = 0.24). The 2nd plant height showed negative indirect effect on cane yield via 

number of nodes (P2,4 = -0.14) and purity (P2,7 = -0.02).Cane length showed positive 

direct effect on cane yield (P3,10 = 0.19). Its indirect effect through 2nd tillering (P3,1 = 

0.14), 2nd plant height (P3,2 = 0.23), internode length (P3,5 = 0.19), brix (P3,6 = 0.01), 

purity (P3,7 = 0.02)and millablecane(P3,9 = 0.03) was positive. Cane length showed 

negative indirect effect through number of nodes (P3,4 = -0.17) and recovery (P3,8 = -

0.01). Number of nodes showed small negative direct effect on cane yield (P4,10 = -0.20). 

Its indirect effect through 2nd tillering (P4,1 = 0.12), 2nd plant height (P4,2 = 0.19), cane 

length (P4,3 = 0.16), internode length (P4,5 = 0.16), brix (P4,6 = 0.01), purity (P4,7 = 0.03) 

and millablecane (P4,9 = 0.03) was positive, while negative through recovery (P4,8 = -
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0.02). Internode length showed positive direct effect on cane yield (P5,10 = 0.28) at the 

phenotypic level. Its indirect effect via 2nd tillering (P5,1 = 0.14), 2nd plant height (P5,2 = 

0.24), cane length (P5,3 = 0.13), brix (P5,6 = 0.01), purity (P5,7 = 0.01), recovery (P5,8 = 

0.06) and millablecane (P5,9 = 0.02) was positive while its effect through number of nodes 

(P5,4 = -0.11) was negative(Table 21). 

Brix showed small negative direct effect on cane yield (P6,10 = -0.02). Its indirect 

effect through recovery (P6,8 = 0.28) and number of nodes (P6,4 = 0.06) was positive while 

its effect through 2nd tillering (P6,1 = -0.05), 2ndplant height (P6,2 = -0.09), cane length 

(P6,3 = -0.07), internode length (P6,5 = -0.08), purity (P6,7 = -0.01) and millablecane (P6,9 = 

-0.01) was negative. Purity showed negative direct effect on cane yield (P7,10 = -0.21). Its 

indirect effect through 2nd plant height (P7,3 = 0.03), number of nodes (P7,4 = 0.03) and 

recovery (P7,8 = 0.17) was positive while its effect through 2nd tillering (P7,1 = -0.01), 

cane length (P7,3 = -0.02) and internode length (P7,5 = -0.02) was negative. Recovery 

showed high direct and positive effect on cane yield (P8,10 = 0.42). Its indirect effect 2nd 

tillering (P8,1 = 0.05), 2ndplant height (P8,2 = 0.04), number of nodes (P8,4 = 0.01), 

internode length (P8,5 = 0.04) and millablecane (P8,9 = 0.01) were positive and low. Its 

indirect effect via brix (P8,6 = -0.01) and purity (P8,7 = -0.08) was negative and low(Table 

21). 

Millablecane showed positive direct low effect on cane yield (P9,10 = 0.05). 

Similarly the indirect effect via 2nd tillering (P9,1 = 0.12), 2nd plant height (P9,2 = 0.19), 

cane length (P9,3 = 0.12), internode length (P9,5 = 0.14)  and  recovery (P9,8 = 0.08) was  

positive while the indirect effect through number of nodes (P9,4 = -0.14) was 

negative(Table 21). 

4.14.2 Genotypic effect 

At the genotypic level, path coefficients displayed negative direct effects of 2nd 

tiller on cane yield (P1,10 = -0.42) while its indirect effect through 2nd plant height (P1,2 = -

0.49), millablecane (P1,9 = -0.69), number of nodes (P1,4 = -0.41) and internode length 

(P1,5 = -0.23) was negative. Its indirect effect via brix (P1,6 = 0.38), recovery (P1,8 = 0.78) 

and cane length (P1,3 = 1.94) was positive. The 2nd plant height also showed negative 
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direct effect on cane yield (P2,10 = -0.47) while its indirect effect via 2nd tillering (P2,1 = -

0.44),millablecane (P2,9 = -0.88), number of nodes (P2,4 = -0.50) and internode length 

(P2,5 = -0.33) was also negative and it had positive indirect effect on cane yield via brix 

(P2,6 = 0.58), recovery (P2,7 = 0.81) and cane length (P2,3 = 2.24). Cane length showed 

high direct effect (P3,10 = 2.36) on cane yield and negative indirect genotypic effect via 

2nd tillering (P3,1 = -0.35), 2nd plant height (P3,2 = -0.44), number of nodes (P3,4 = -0.57) 

and internode length (P3,5 = -0.24) while positive through brix (P3,6 = 0.54) and recovery 

(P3,8 =.0.25). Number of nodes also showed negative direct effect on cane yield (P4,10 = -

0.56) and its indirect effect via 2nd tillering (P4,1 = -0.31), 2nd plant height (P4,2 = -0.42), 

internode length (P4,5 = -0.19), recovery (P4,8 = -0.06) and millablecane (P4,9 = -0.8) was 

also negative. Its effect via cane length (P4,3 = 2.38) and brix (P4,6 = 0.49) was positive. 

The direct genotypic effect of internodes length on cane yield was negative (P5,10 = -

0.30). Similarly its indirect effect on cane yield via 2nd tillering (P5,1 = -0.33), 2nd plant 

height (P5,2 = -0.52), number of nodes (P5,4 = -0.36) and millablecane (P5,9 = -0.55) was 

also negative. Its indirect effect via cane length (P5,3 = 1.91), brix (P5,6 = 0.45) and 

recovery (P5,8 = 0.54) was positive(Figure 4.13.2). 

Brix exhibited negative direct effect on cane yield (P6,10 = -1.16) on the genotypic 

level, while its indirect effect via cane length was also negative (P6,3 = -1.09) and its 

effect via 2nd tillering (P6,1 = 0.14), 2nd plant height (P6,2 = 0.23), number of nodes (P6,4 = 

0.24), internode length (P6,5 = 0.12), recovery (P6,8 = 1.28) and millablecane (P6,9 = 0.24) 

was positive. Recovery showed high positive and direct effect on cane yield (P8,10 = 1.94) 

while its indirect effect via cane length (P8,3 = 0.31) and number of nodes (P8,4 = 0.02) 

was positive. While its indirect effect via 2nd tillering (P8,1 = -0.17), 2nd plant height (P8,2 

= -0.20), internode length (P8,5 = -0.08), brix (P8,6 = -0.77) and millablecane (P8,9 = -0.35) 

was negative(Figure 4.13.2).On the genotypic level millablecane also showed negative 

direct effect on cane yield (P9,10 = -0.94) while its indirect effect via 2nd tillering (P9,1 = -

0.31), 2nd plant height (P9,2 = -0.44), number of nodes (P9,4 = -0.48) and internode length 

(P9,5 = -0.18) was also negative and its indirect effect on cane yield via cane length (P9,3 = 

1.96),brix (P9,6 = 0.3) and recovery (P9,8 = 0.72) was positive (Figure 4.13.2). 

Results revealed that the highest positive direct effect on phenotypic level was 
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shown by recovery followed by internodes length. On genotypic level the highest effect 

was shown by cane length, recovery and millablecane. These results suggested that these 

characters are important in the overall yield performance and they must be given 

importance in breeding programs. Negative direct effect of tillers, stalk length, and 

germinating was also noted by Sangheraetal., (2015). Negative direct effects of internode 

length, stalk height, stalk diameter, leaf area, brix on cane yield were noted by Tenaet al. 

, (2016) while they observed positive direct effects of leaf length, stalk count and pol%. 

The characters having direct positive effects must be given importance during the 

selection process. On the other hand Singh and Khan (2003) described a negative 

relationship of cane yield with sucrose content and suggested a combine selection 

approach for these traits to obtain more cane and sugar yield. 
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Table 5: Basic statistics of 16 sugarcane genotypes evaluated as plant crop. 

 

Parameters Mean δ2 δ Minimum Maximum δ2as % of mean 

1st tillering (No.) 189.53 632.55 25.15 134.50 240.83 333.74 

2nd tillering (No.) 222.70 805.50 28.38 163.33 287.50 361.70 

1st plant height (cm) 165.00 641.91 25.34 135.90 227.67 389.04 

2nd plant height (cm) 200.98 722.82 26.89 164.17 273.33 359.65 

Cane length (cm) 163.50 656.77 25.63 122.00 240.00 401.69 

Number of nodes (No.) 13.09 3.51 1.87 9.50 18.00 26.79 

Internode length (cm) 14.69 1.64 1.28 12.28 16.57 11.19 

Cane diameter (cm)  0.94 0.00 0.05 0.83 1.03 0.30 

Brix (%) 19.90 0.14 0.37 19.39 20.73 0.69 

POL (%) 18.30 0.14 0.38 17.63 19.02 0.79 

Purity (%) 91.59 0.49 0.70 90.47 92.85 0.54 

Recovery (%) 12.22 0.08 0.28 11.73 12.72 0.64 

Millablecane (No.) 78.45 41.39 6.43 65.67 94.67 52.76 

Cane yield ( t ha-1) 77.39 17.13 4.14 70.33 88.33 22.13 

δ2 = variance, δ = standard deviation 
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Table 6: Basic statistics of 16 sugarcane genotypes evaluated as ratoon crop. 

 

Parameters Mean δ2 δ Minimum Maximum δ2as % of mean 

1st tillering (No.) 98.17 1057.33 32.52 64.33 178.33 1077.08 

2nd tillering (No.) 128.85 1463.02 38.25 88.33 228.33 1135.41 

1st plant height (cm) 131.81 431.22 20.77 103.83 187.57 327.16 

2nd plant height (cm) 166.54 410.58 20.26 139.43 220.00 246.53 

Cane length (cm) 125.83 136.39 11.68 107.50 149.17 108.39 

Number of nodes (No.) 11.68 1.49 1.22 10.00 14.67 12.77 

Internode length (cm) 11.90 1.57 1.25 9.47 13.82 13.23 

Cane diameter (cm)  0.79 0.01 0.07 0.68 0.91 0.66 

Brix (%) 19.62 0.86 0.92 17.95 21.01 4.36 

POL (%) 17.33 0.73 0.86 15.54 18.31 4.24 

Purity (%) 88.32 0.72 0.85 86.58 90.11 0.82 

Recovery (%) 11.13 0.34 0.58 10.03 12.35 3.02 

Millablecane (No.) 57.28 23.53 4.85 50.17 70.50 41.08 

Cane yield ( t ha-1) 57.12 55.75 7.47 44.33 74.00 97.59 

δ2 = variance, δ = standard deviation 
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Table 7: Basic statistics of 16 sugarcane genotypes evaluated as across crops. 

 

Parameters Mean δ2 δ Minimum Maximum δ2as % of mean 

1st tillering (No.) 143.85 430.02 20.74 115.17 189.58 298.94 

2nd tillering (No.) 175.78 623.16 24.96 141.17 227.75 354.52 

1st plant height (cm) 148.40 196.24 14.01 124.92 171.90 132.24 

2nd plant height (cm) 183.76 215.57 14.68 165.75 211.95 117.31 

Cane length (cm) 144.67 209.70 14.48 117.25 177.08 144.95 

Number of nodes (No.) 12.39 1.85 1.36 10.00 15.67 14.94 

Internode length (cm) 13.29 1.12 1.06 11.46 15.00 8.45 

Cane diameter (cm)  0.86 0.00 0.04 0.81 0.94 0.17 

Brix (%) 19.76 0.30 0.55 18.67 20.42 1.53 

POL (%) 17.81 0.27 0.52 16.58 18.38 1.51 

Purity (%) 89.95 0.47 0.68 88.74 91.34 0.52 

Recovery (%) 11.67 0.13 0.36 10.88 12.44 1.13 

Millablecane (No.) 67.86 16.14 4.02 63.92 77.08 23.78 

Cane yield ( t ha-1) 67.25 16.10 4.01 60.49 74.92 23.93 

δ2 = variance, δ = standard deviation 
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Figure 4.1.1a:   Means performance for 1st tillering (per 9 m2) of plant, ratoon and across 
crops for 16 sugarcane genotypes. 
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Figure 4.1.1b: Percent reduction in mean performance of 1st tillering from plant to ratoon 
crop. 
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Figure 4.2.1a: Means performance for 2ndtillering (per 9 m2) of plant, ratoon and across 
crops for 16 sugarcane genotypes. 

 

 

 

 

0.00

50.00

100.00

150.00

200.00

250.00

300.00

2nd
Ti

lle
ri

ng
 (N

um
be

r)

Genotypes

PLANT

RATOON

ACROSS

-10

0

10

20

30

40

50

60

70

2nd
til

le
rin

g 
(n

um
be

r)

Genotypes

Series1

Plant LSD (0.05)  = 33.29 

Ratoon LSD (0.05) = 34.16 



 

72 
 

 

Figure 4.2.1b: Percent reduction in mean performance of 2nd tillering from plant to ratoon 
crop.  
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Figure 4.3.1a: Means for 1st plant height (cm) of plant, ratoon and across crops for 16 
sugarcane genotypes. 
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Figure 4.3.1b: Percent reduction in mean performance of 1st plant height (cm) from plant to 
ratoon crop.  
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Figure 4.4.1a: Means for 2nd plant height (cm) of plant, ratoonand across crops for 16 
sugarcane genotypes. 
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Figure4.4.1b: Percent reduction in mean performance of 2nd plant height (cm) from plant to 
ratoon crop. 

 

 

 

Figure 4.5.1a: Means for cane length (cm) of plant, ratoon and across cropsfor16 sugarcane 
genotypes. 
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Figure4.5.1b: Percent reduction in mean performance of cane length (cm) from plant to 
ratoon crop. 
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Figure 4.6.1a: Means for number of nodes of plant, ratoon and across cropscrops for 16 
sugarcane genotypes. 
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Figure 4.6.1b: Percent reduction in mean performance of number of nodes from plant to 
ratoon crop. 
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Figure 4.7.1a: Means for Internode length (cm) of plant, ratoon and across crops 

for 16 sugarcane genotypes. 
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Figure 4.7.1b: Percent reduction in mean performance of internode length (cm) from plant 
to ratoon crop.  
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Figure4.8.1a: Means for cane diameter (cm) of plant, ratoon and across crops for 16 
sugarcane genotypes. 
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Figure4.8.1b: Percent reduction in mean performance of cane diameter (cm) from plant to 
ratoon crop.  
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Figure 4.9.1a: Means for brix% of plant, ratoon and across cropsfor 16 sugarcane 
genotypes. 

 

 

 

16.00
16.50
17.00
17.50
18.00
18.50
19.00
19.50
20.00
20.50
21.00
21.50

Br
ix

 (%
)

Genotypes

PLANT

RATOON

ACROSS

-8

-6

-4

-2

0

2

4

6

8

10

Br
ix

 (%
)

Genotypes

Series1

Plant LSD(0.05) = NS 

Ratoon LSD(0.05) = 1.4 



 

85 
 

Figure 4.9.1b: Percent reduction in mean performance of brix %from plant to ratoon crop. 
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Figure 4.10.1a: Means for POL% of plant, ratoon and across crops for  

16 sugarcane genotypes. 
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Figure4.10.1b: Percent reduction in mean performance of POL %from plant to ratoon 
crop.  
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Figure4.11.1a: Means for purity% of plant, ratoon and across cropsfor  

16 sugarcane genotypes. 
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Figure 4.11.1b: Percent reduction in mean performance of purity % from plant to ratoon 
crop.  
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Figure 4.12.1a: Means for recovery % plant, ratoon and across crops for 16 sugarcane 
genotypes. 
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Figure4.12.1b: Percent reduction in mean performance of recovery % from plant to ratoon 
crops.  
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Figure 4.13.1a: Means for millablecane of plant, ratoon and across crops for 16 sugarcane 
genotypes. 
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Figure4.13.1b: Percent reduction in mean performance of millablecane from plant to ratoon 
crop.  
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Figure4.14.1a: Means for cane yield (t ha-1) of plant, ratoon and across crops for 16 
sugarcane genotypes. 
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Figure 4.14.1b: Percent reduction in mean performance of cane yield (t ha-1) from plant to 
ratoon crop.  
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Table 8: Variances, repeatability (broad sense heritability) and expected genetic gain for 
growth, cane, quality and yield traitsof 16 sugarcane genotypes evaluated as plant 
crop. 

 

 

Traits Vg Vgxc Ve h2 Exp.GG 

1st tillering (No.) 161.43 708.79 700.3 .10 9.77 

2nd tillering (No.) 237.56 858.86 831 .12 12.98 

1st plant height (cm) -122.75 530.85 0 -0.30 -14.58 

2nd plant height (cm) 580.31 -238.45 1570.37 0.30 31.84 

Cane length (cm) 589.95 -255.72 1168.03 0.39 36.53 

Number of nodes  2.90 -0.45 5.00 0.39 2.55 

Internode length(cm) 1.38 -0.13 1.94 0.43 1.86 

Cane diameter (cm) 0.002 -0.002 0.01 0.15 0.04 

Brix % -0.005 -0.19 1.41 -0.00 -0.01 

POL % 0.028 -0.33 1.69 0.02 0.06 

Purity % -0.080 -1.72 8.61 -0.01 -0.07 

Recovery% 0.0091 -0.19 1.01 0.01 0.03 

Millablecane (No.) 28.84 10.47 43.85 0.35 7.59 

Cane yield (t ha-1) 13.798 -0.02 20.05 0.41 5.69 

 

V g = Genetic variance. V g x C = Genotype by Crop Variance. Ve= Environmental Variance. h2 = Repeatability 
(broad sense heritability).  
Exp. GG= Expected Genetic gain 
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Figure 4.4.a: Repeatability (broad sense heritability) and genetic gain for 16 sugarcane genotypes 
evaluated as plant crop. 
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Figure 4.4.b: Genotypic, environmental and phenotypic variances for 16 sugarcane genotypes 
evaluated as plant crop. 
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Table 9: Phenotypic (above diagonal) and genotypic (below diagonal) correlations among growth, cane, quality and yield  

characters evaluated as plant crop. 

 

 
1T 2T 1PH 2PH CL NON IL CD BR POL PT RC MC CY 

1T 1 0.97** 0.66** 0.73** 0.67** 0.65** 0.77** 0.36 -0.27 -0.24 0.34 0.06 0.86** 0.85** 

2T 0.99++ 1 0.68** 0.77** 0.74** 0.68** 0.81** 0.29 -0.27 -0.24 0.26 0.05 0.86** 0.83** 

1PH 0.83++ 0.85++ 1 0.97** 0.89** 0.75** 0.77** 0.50 -0.18 -0.17 0.10 -0.01 0.83** 0.77** 

2PH 0.90++ 0.93++ 1.00++ 1 0.93** 0.78** 0.80** 0.44 -0.29 -0.28 0.12 -0.09 0.84** 0.81** 

CL 0.78++ 0.86++ 0.95++ 0.99++ 1 0.85** 0.72** 0.27 -0.28 -0.31 0.04 -0.10 0.79** 0.76** 

NON 0.77++ 0.81++ 0.86++ 0.91++ 0.97++ 1 0.62** 0.43 -0.37 -0.43 0.06 -0.20 0.67** 0.67** 

INL 0.87++ 0.93++ 0.90++ 0.92++ 0.79++ 0.69++ 1 0.51* -0.26 -0.17 0.18 0.12 0.78** 0.74** 

CD 0.57+ 0.41 0.65+ 0.60+ 0.23 0.56+ 0.75+ 1 0.03 0.01 0.07 0.19 0.41 0.26   

Brix 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 0.84** 0.02 0.71** -0.05 -0.13   

POL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 0.28 0.90** -0.16 -0.18   

PT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 0.47 0.09 0.31   

RC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 0.05 0.02   
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MC 1.00++ 0.98++ 0.96++ 0.99++ 0.92++ 0.74++ 0.89++ 0.62+ 0.00 0.00 0.00 0.00 1 0.87** 

CY 1.00++ 0.96++ 0.89++ 0.95++ 0.90++ 0.79++ 0.80++ 0.39 0.00 0.00 0.00 0.00 0.96++ 1 

 

1T= 1ST tillering, 2T= 2nd tillering, 1PH= 1st plant height, 2PH=2nd plant height, CL= cane length, NON= Number of nodes, IL= internode length, 
CD=cane diameter,BR=brix, POL, PT=purity, RC=recovery, MC=millablecane, CY= cane yield.  
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Table 10: Test of multicollinearity of 16 sugarcane genotypes evaluated as plant crop (After 
elimination of 4 traits). 

 

Parameter Estimates 

Variable DF 
Parameter 

Estimate 

Standard 

Error 
t Value Pr > |t| Tolerance 

Variance 

Inflation 

Intercept 1 -179.3 110.037 -1.63 0.1543 . 0 

2nd tillering 1 0.02434 0.05494 0.44 0.6733 0.1299 7.6993 

2nd plant height 1 0.02516 0.05287 0.48 0.6509 0.1563 6.3965 

Number of nodes 1 0.25174 0.54478 0.46 0.6603 0.3032 3.2987 

Internode Length 1 1.08135 1.11591 0.97 0.37 0.154 6.4941 

Cane diameter  1 -13.052 14.4761 -0.9 0.402 0.5626 1.7774 

Brix 1 5.13656 3.82798 1.34 0.2282 0.1588 6.2967 

Purity 1 2.26944 1.1476 1.98 0.0953 0.4855 2.0598 

Recovery 1 -7.1711 5.10604 -1.4 0.2098 0.1559 6.4162 

Millablecane 1 0.21372 0.2751 0.78 0.4667 0.1008 9.9199 
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Table 11: Phenotypic direct (diagonal) and indirect effects of 9 characters on cane yield evaluated as plant crop. 

 

 

2nd 

tillering 
2nd plant 

height 
Number 
of nodes 

Internode 
length 

Cane 
diameter 

Brix Purity Recovery Millablecane 
Cane 
yield 

2nd tillering (0.12) 0.1 0.09 0.26 -0.05 -0.11 0.09 -0.02 0.34 0.83 

2nd plant height 0.09 (0.13) 0.11 0.26 -0.08 -0.11 0.04 0.04 0.33 0.81 

Number of nodes 0.08 0.1 (0.14) 0.2 -0.07 -0.14 0.02 0.08 0.26 0.67 

Internode Length 0.1 0.11 0.08 (0.32) -0.09 -0.1 0.07 -0.05 0.31 0.74 

Cane diameter 0.03 0.06 0.06 0.16 (-0.17) 0.01 0.03 -0.08 0.16 0.26 

Brix -0.03 -0.04 -0.05 -0.08 -0.01 (0.39) 0.01 -0.3 -0.02 -0.13 

Purity 0.03 0.02 0.01 0.06 -0.01 0.01 (0.36) -0.2 0.04 0.31 

Recovery 0.01 -0.01 -0.03 0.04 -0.03 0.28 0.17 (-0.42) 0.02 0.02 

Millablecane 0.1 0.11 0.09 0.25 -0.07 -0.02 0.03 -0.02 (0.39) 0.87 

Residual  0.11   
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Table 12: Path index of 16 sugarcane genotypes evaluated as plant crop. 

 

S. No. Genotype  No. Genotype Path index 

1.  10 MS-91-CP-523 240.39 

2.  9 S-92-US-72  205.21 

3.  16 Mardan-93 198.85 

4.  15 CP-77/400 193.69 

5.  13 MS-2003-HS-274 191.79 

6.  12 MS-2000-Ho-360 188.12 

7.  2 MS-99-Ho-6 185.89 

8.  8 MS-91-CP-249 182.75 

9.  11 MS-92-CP-99 182.72 

10.  4 MS-2000-Ho-357 181.72 

11.  3 MS-2000-Ho-115 178.84 

12.  1 MS-2000-Ho-535 174.59 

13.  14 MS-2003-HS-366 169.70 

14.  7 MS-91-CP-248 168.39 

15.  6 S-98-SSG-612 164.33 

16.  5 S-98-SSG-363 147.57 
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Table 13: Variances, repeatability (broad sense heritability) and expected genetic gain for growth, 
cane, quality and yield traits evaluated as ratoon crop. 

 

 

Traits Vg Vgxc Ve h2 Exp.GG 

1st tillering (No.) 739.5 381 764 0.39 40.88 

2nd tillering (No.) 1117.59 399.95 872.69 0.47 54.86 

1st plant height (cm) 219.33 178.66 735.31 0.19 15.63 

2nd plant height (cm) 122.16 289.73 861.30 0.10 8.22 

Cane length (cm) 74.30 -25.38 448.57 0.15 7.99 

Number of nodes  0.83 -0.15 4.41 0.16 0.88 

Internode length (cm) 1.067 0.49 1.55 0.34 1.45 

Cane diameter (cm) 0.0035 -0.001 0.013 0.23 0.07 

Brix % 0.60 0.013 1.49 0.28 0.99 

POL % 0.21 0.61 1.28 0.10 0.35 

Purity % -0.30 1.006 3.14 -0.07 -0.37 

Recovery% 0.16 0.07 0.78 0.16 0.39 

Millablecane (No.) 13.86 -2.59 65.79 0.17 3.79 

Cane yield (t ha-1) 32.57 20.55 77.37 0.25 6.84 

 

V g = Genetic variance. V g x C = Genotype by Crop Variance. Ve= Environmental Variance. h2 = Repeatability 
(broad sense heritability).  
Exp. GG= Expected Genetic gain 
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Figure 4.4c: Repeatability (broad sense heritability) and genetic gain of 16 sugarcane genotypes 
evaluated as ratoon crop. 
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Figure 4.4d: Genotypic, environmental and phenotypic variances for 16 sugarcane 

genotypes evaluated as ratoon crop.  
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Table 14:Phenotypic (above diagonal) and genotypic (below diagonal) correlations among growth, cane, quality and yield characters 
evaluated as ratoon crop. 

 

 

 
1T 2T 1PH 2PH CL NON IL CD BR POL PT RC MC CY 

1T 1 0.99** 0.69** 0.71** 0.64** 0.56* 0.50* 0.41 0.19 0.21 0.19 0.57* 0.70** 0.81** 

2T 1.00++ 1 0.69** 0.71** 0.70** 0.60* 0.52* 0.43 0.16 0.17 0.10 0.55* 0.68** 0.84** 

1PH 0.80++ 0.79++ 1 0.95** 0.56* 0.25 0.63** 0.44 0.02 0.09 0.39 0.37 0.41 0.75** 

2PH 0.88++ 0.86++ 0.97++ 1 0.60* 0.33 0.63** 0.57* 0.00 0.06 0.32 0.42 0.46 0.78** 

CL 0.91++ 1.00++ 0.61++ 0.67++ 1 0.64** 0.60* 0.32 -0.01 -0.01 0.01 0.36 0.27 0.69** 

NON 0.71++ 0.81++ 0.20 0.33 0.79++ 1 0.47 0.48 -0.24 -0.27 -0.22 0.16 0.56* 0.49   

INL 0.55++ 0.57++ 0.75++ 0.78++ 0.90++ 0.61++ 1 0.58* -0.04 -0.06 -0.12 0.30 0.27 0.71** 

CD 0.49+ 0.49+ 0.54+ 0.77++ 0.37 0.47+ 0.75++ 1 0.01 -0.01 -0.10 0.32 0.62** 0.62*  

Brix 0.20 0.19 0.06 0.05 0.00 -0.25 -0.03 0.14 1 0.98** 0.20 0.65** 0.19 0.21   

POL 0.23 0.20 0.16 0.14 -0.01 -0.30 -0.06 0.11 0.99++ 1 0.38 0.70** 0.23 0.22   

PT 0.43 0.23 0.89+ 0.76+ -0.01 -0.44 -0.25 -0.18 0.43 0.53+ 1 0.47 0.29 0.12   

RC 0.70++ 0.68++ 0.46+ 0.54+ 0.63+ 0.34 0.39+ 0.59+ 0.68++ 0.72++ 0.67+ 1 0.59* 0.64** 
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MC 0.96++ 0.92++ 0.62+ 0.73++ 0.47+ 1.00++ 0.35+ 0.96++ 0.34 0.40+ 0.69+ 1.00++ 1 0.67** 

CY 0.89++ 0.92++ 0.86++ 0.96++ 0.97++ 0.52+ 0.77++ 0.73++ 0.27 0.29 0.30 0.83++ 0.85++ 1 

 

1T= 1st tillering, 2T= 2nd tillering, 1PH= 1st plant height, 2PH=2nd plant height, CL=cane length, NON=Number of nodes, IL= internode length, 
CD=cane diameter, BR=brix, POL, PT=purity, RC=recovery, MC=millablecane, CY= cane yield.
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Table 15: Test of multicollinearity for 16 sugarcane genotypes evaluated for ratoon crop (after 
exclusion of 4 characters) 

 

Parameter Estimates 

Variable DF 
Parameter 

Estimate 

Standard 

Error 
t Value Pr > |t| Tolerance 

Variance 

Inflation 

Intercept 1 -24.4874 33.43223 -0.73 0.4915 . 0 

2nd tillering 1 0.05863 0.05846 1 0.3546 0.16998 5.88315 

2nd plant height 1 0.00551 0.09347 0.06 0.9549 0.23697 4.21995 

Cane length 1 0.21845 0.17173 1.27 0.2504 0.21134 4.73179 

Number of nodes 1 -2.05389 1.68445 -1.22 0.2685 0.20095 4.97637 

Internode Length 1 1.85524 1.19516 1.55 0.1716 0.37814 2.64452 

Cane diameter 1 11.092 22.65188 0.49 0.6418 0.31616 3.16291 

Brix 1 -0.20306 1.62993 -0.12 0.9049 0.37503 2.66643 

Recovery 1 0.9966 3.20568 0.31 0.7664 0.24721 4.0452 

Millablecane 1 0.55402 0.4787 1.16 0.2911 0.15768 6.34195 
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Table 16: Phenotypic direct (diagonal) and indirect effects of 9 characters on cane yield evaluated as ratoon crop. 

. 

 

 

2nd 

tillering 

2nd plant 
height 

Cane length 
Number 
of nodes 

Internode 
length 

Cane 
diameter 

Brix Recovery Millablecane 
Cane 
yield 

2nd tillering (0.28) 0.03 0.23 -0.19 0.17 0.04 -0.001 0.03 0.25 0.84 

2nd plant height 0.19 (0.04) 0.19 -0.10 0.20 0.05 0 0.02 0.17 0.78 

Cane length 0.19 0.02 (0.33) -0.20 0.19 0.03 0 0.02 0.10 0.69 

Number of nodes 0.17 0.01 0.21 (-0.31) 0.15 0.04 0.001 0.01 0.21 0.49 

Internode Length 0.14 0.02 0.19 -0.15 (0.32) 0.05 0 0.02 0.10 0.71 

Cane diameter 0.12 0.02 0.10 -0.15 0.19 (0.08) 0 0.02 0.23 0.62 

Brix 0.04 0 -0.003 0.07 -0.01 0.001 (0.005) 0.04 0.07 0.21 

Recovery 0.15 0.02 0.12 -0.05 0.09 0.03 -0.003 (0.06) 0.22 0.64 

Millablecane 0.19 0.02 0.09 -0.17 0.09 0.05 -0.001 0.036 (0.37) 0.67 
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Residual  0.09    
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Table 17:Path index of 16 sugarcane genotypes evaluated as ratoon crop. 

 

S. No. Genotype  No. Genotype  Path index 

1.  12 MS-2000-Ho-360 141.00 

2.  11 MS-92-CP-99 135.87 

3.  14 MS-2003-HS-366 117.20 

4.  13 MS-2003-HS-274 115.31 

5.  15 CP-77/400 109.19 

6.  5 S-98-SSG-363 106.38 

7.  6 S-98-SSG-612 105.24 

8.  16 Mardan-93 104.60 

9.  7 MS-91-CP-248 101.96 

10.  9 S-92-US-72 99.44 

11.  1 MS-2000-Ho-535 99.06 

12.  10 MS-91-CP-523 97.21 

13.  2 MS-99-Ho-6 96.55 

14.  4 MS-2000-Ho-357 96.37 

15.  3 MS-2000-Ho-115 95.15 

16.  8 MS-91-CP-249 91.75 
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Table 18: Variances, repeatability (broad sense heritability) and expected genetic gain for growth, 
cane, quality and yield traits of 16 sugarcane genotypes evaluated as across crops. 

 

 

Traits Vg Vgxc Ve h2 Exp.GG 

1st tillering (No.) 160.16 835.33 732 0.10 9.24 

2nd tillering (No.) 300.58 1006.33 852 0.14     15.52 

1st plant height (cm) 23.71 302.16 1163.9 0.016 1.47 

2nd plant height (cm) 26.71 350.16 1215.8 0.018 1.60 

Cane length (cm) 125.92 65.66 808.3 0.013 9.55 

Number of nodes (No.) 1.42 0.14 4.709 0.23 1.36 

Internode length (cm 0.83 0.57 1.75 0.26 1.13 

Cane diameter (cm) 0.00 0.00 0.012 0.014 0.004 

Brix % 0.21 -0.13 1.45 0.14 0.41 

POL % 0.19 -0.19 1.48 0.13 0.38 

Purity % 0.32 -1.38 5.87 0.07 0.35 

Recovery% 0.06 -0.04 0.90 0.07 0.17 

Millablecane (No.) 6.99 18.30 54.82 0.09 1.87 

Cane yield (t ha-1) 4.89 28.55 48.71 0.06 1.29 

 

 

 

V g = Genetic variance. V g x C = Genotype by Crop Variance. Ve= Environmental Variance. h2 = Repeatability 
(broad sense heritability).  
Exp. GG= Expected Genetic gain 
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Figure 4.4e: Repeatability (broad sense heritability) and genetic gain for 16 sugarcane 

genotypes evaluated as across crops. 
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Figure 4.4f: Genotypic, environmental and phenotypic variances for 16 sugarcane 

genotypes evaluated as across crops. 
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Table 19: Phenotypic (above diagonal) and genotypic (below diagonal) correlations among growth, cane, quality and yield characters 
evaluated as across crops. 

 

 

1T 2T 1PH 2PH CL NON IL CD BR POL PT RC MC CY 

1T 1 0.98** 0.67** 0.75** 0.65** 0.64** 0.66** 0.50* -0.24 -0.17 0.04 0.25 0.65** 0.70** 

2T 1.00++ 1 0.70** 0.79** 0.70** 0.64** 0.71** 0.48 -0.25 -0.20 -0.05 0.24 0.62* 0.76** 

1PH 0.89++ 0.94++ 1 0.97** 0.79** 0.68** 0.86** 0.50* -0.22 -0.11 0.17 0.25 0.65** 0.73** 

2PH 1.00++ 1.00++ 1.00++ 1 0.85** 0.71** 0.86** 0.49 -0.34 -0.25 0.11 0.16 0.68** 0.77** 

CL 0.77++ 0.82++ 0.85++ 0.95++ 1 0.87** 0.70** 0.37 -0.35 -0.37 -0.10 -0.02 0.65** 0.63** 

NON 0.72++ 0.73++ 0.83++ 0.89++ 1.00++ 1 0.58* 0.50* -0.31 -0.35 -0.15 -0.04 0.70** 0.50*  

IL 0.72++ 0.78++ 1.00++ 1.00++ 0.81++ 0.64++ 1 0.54* -0.30 -0.26 -0.06 0.14 0.51* 0.77** 

CD 0.83++ 0.76++ 0.77+ 0.80+ 0.48+ 0.67+ 0.86++ 1 0.16 0.19 0.01 0.48 0.64** 0.72** 

BR -0.34+ -0.33+ -0.33 -0.50+ -0.46+ -0.42+ -0.39+ 0.46 1 0.95** 0.04 0.67** -0.17 0.02   

POL -0.22 -0.26 -0.07 -0.29 -0.46+ -0.47+ -0.31 0.57 1.00++ 1 0.30 0.79** -0.14 0.06   

PT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 0.41 -0.01 -0.02   

RC 0.42+ 0.40+ 0.58+ 0.42 0.13 -0.03 0.28 1.00+ 0.66++ 0.74++ 0.00 1 0.20 0.47   

MC 0.78++ 0.73++ 0.87++ 0.94++ 0.83++ 0.85++ 0.59++ 1.00++ -0.26 -0.21 0.00 0.37 1 0.57*  
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CY 0.78++ 0.86++ 0.95++ 1.02++ 0.77++ 0.54++ 0.85++ 1.00++ 0.00 0.06 0.00 0.70++ 0.64++ 1 

 

1T= 1ST tillering, 2T= 2nd tillering, 1PH= 1st plant height, 2PH=2nd plant height, , CL=cane length, NON=Number of nodes ,IL=internode length, 
CD=cane diameter ,BR=brix, POL ,PT=purity, RC=recovery, MC=millablecane, CY= cane yield.
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Table 20: Test of multicollinearity of 16 sugarcane genotypes evaluated as across crops(after 
exclusion of 4 characters). 

 

Parameter Estimates 

Variable DF Parameter Standard t Value Pr > |t| Tolerance Variance 

Estimate Error Inflation 

Intercept 1 99.26689 142.6066 0.7 0.5124 . 0 

2nd tillering 1 0.03076 0.05353 0.57 0.5863 0.26284 3.80452 

2nd plant height 1 0.09447 0.16978 0.56 0.598 0.07553 13.24059 

Cane length 1 0.042 0.13984 0.3 0.774 0.11444 8.73821 

Number of nodes 1 -0.514 1.1661 -0.44 0.6748 0.18632 5.36725 

Internode Length 1 0.90365 1.46086 0.62 0.5589 0.19587 5.10545 

Brix 1 -0.1939 2.5694 -0.08 0.9423 0.23539 4.2482 

Purity 1 -1.34407 1.55911 -0.86 0.4218 0.41341 2.41888 

Recovery 1 4.87264 4.44483 1.1 0.315 0.18141 5.51239 

Millablecane 1 0.01988 0.28171 0.07 0.946 0.36661 2.7277 
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Table 21: Phenotypic direct (diagonal) and indirect effects of 9 characters on cane yield evaluated as across crops. 

 

 

2nd 

tillering 

2nd plant 
height 

Cane 
length 

Number 
of nodes 

Internode 
length 

Brix Purity Recovery Millablecane 
Cane 
yield 

2nd tillering (0.20) 0.22 0.13 -0.13 0.2 0 0.01 0.1 0.03 0.76 

2nd plant height 0.15 (0.27) 0.16 -0.14 0.24 0.01 -0.02 0.07 0.03 0.77 

Cane length 0.14 0.23 (0.19) -0.17 0.19 0.01 0.02 -0.01 0.03 0.63 

Number of nodes 0.12 0.19 0.16 (-0.20) 0.16 0.01 0.03 -0.02 0.03 0.50 

Internode Length 0.14 0.24 0.13 -0.11 (0.28) 0.01 0.01 0.06 0.02 0.77 

Brix -0.05 -0.09 -0.07 0.06 -0.08 (-0.02) -0.01 0.28 -0.01 0.02 

Purity -0.01 0.03 -0.02 0.03 -0.02 0 (-0.21) 0.17 0 -0.02 

Recovery 0.05 0.04 0 0.01 0.04 -0.01 -0.08 (0.42) 0.01 0.47 

Millablecane 0.12 0.19 0.12 -0.14 0.14 0 0 0.08 (0.05) 0.57 

Residual  0.18    
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Table 22: Path index of 16 sugarcane genotypes evaluated as across crops. 

 

S. No. Genotype  No. Genotype  Path index 

1.  10 MS-91-CP-523 439.69 

2.  15 CP-77/400 401.81 

3.  11 MS-92-CP-99 398.78 

4.  13 MS-2003-HS-274 395.29 

5.  16 Mardan-93 384.66 

6.  12 MS-2000-Ho-360 369.99 

7.  2 MS-99-Ho-6 367.82 

8.  9 S-92-US-72 360.45 

9.  14 MS-2003-HS-366 359.49 

10.  4 MS-2000-Ho-357 352.75 

11.  3 MS-2000-Ho-115 347.35 

12.  8 MS-91-CP-249 342.66 

13.  6 S-98-SSG-612 339.47 

14.  7 MS-91-CP-248 338.56 

15.  1 MS-2000-Ho-535 326.47 

16.  5 S-98-SSG-363 299.69 
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CHAPTER 5. 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

 SUMMARY 

A set of 16 sugarcane genotypes including two check cultivars were evaluated 

during 2012-15 for plant crop, ratoon crop and across crops at Sugar Crops Research 

Institute (SCRI) Mardan, Pakistan. During the study different growth, cane, quality and 

yield parameters were investigated. The materials used were from diversed background 

and were checked for heritability, genetic gain and path coefficient analysis. Significant 

differences were observed for most of the parameters under the three crops conditions. 

Ratoon crop performance was lower as compared to plant crops for most of the 

characters.  

Growth parameters comprised of plant height and tillers. Usually a variety with 

more tillers and plant height is desirable. On the other hand cane characters include cane 

length, cane diameter, internode length and number of nodes. These characters should 

also be kept in mind during a varietal development program. Quality characters include 

brix, purity, POL and recovery. A variety with more recovery is also desirable. A variety 

having more juice and recovery can play a key role for selection program. Genotype MS-

91-CP-523 was the top ranking for cane yield under plant cropon the basis of mean 

performance. Under ratoon and across cropsthe MS-92-CP-99 followed by MS-2000-Ho-

360 was the top ranking genotypes for cane yield. 

It is obvious from variance component analysis among the three cropthat the 

environmental variances were larger than genetic variances for most of the characters. High broad 

sense heritability with genetic gain was more effective in selection of the best genotypes. For 

growth characters, environmental variance was larger than genetic variance except for 2nd tillering 

under the plant crops and for 2nd plant height both under plant and across crops analysis, 

consequentlydisplaying the great effect of environment on these traits. The 1st tillering, 2nd 

tillering and 2nd plant height exhibited low broad sense heritability and genetic gain under the 

ratoon crop. These traits had higher values of genetic gain (>10) regardless of having lesser broad 

sense heritability under plant and across crops. Results suggested that the selection of these 

characters would be effective in the varietal selection program.However, moderate broad sense 

heritability and genetic gain were noted especially for POL, cane length, internode length and 
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millablecane. Under the ratoon crop, moderate heritability was noted for quality characters and 

cane yield. Internode length (43%), cane yield (41%), number of nodes (39%), cane length 

(39%), millablecane (35%) and 2nd plant height (30%) exhibited moderate broad sense heritability 

(repeatability) under plant crop. High genetic gain was observed for cane length (36.53 cm), 2nd 

plant height (31.84 cm) and 2nd tillering (12.98 tillers per 9 m2) under plant crop. Under the 

ratoon crop moderate broad sense heritability (repeatability) was noted for 2nd tillering (47%), 1st 

tillering (39%), internode length (34%) and brix (28%). High genetic gain was observed for 2nd 

tillering (54.86 tillers per 9 m2), 1st tillering (40.88 tillers per 9 m2) and 1st plant height (15.63 cm) 

respectivelyunder the ratoon crop. The parameters with more heritability and genetic gain could 

be used to make the selection program more effective. 

An effective selection program needs an accurate estimate of genotypic and 

phenotypic correlations of different independent characters with the dependent character 

i.e. sugarcane yield. Gain in the selection will be higher if the genetic correlation among 

the independent traits and the resultant character is greater. Phenotypic and genotypic 

correlations among characters of 16 sugarcane genotypes revealed that most of the 

genotypes had significant positive correlation with cane yield under plant, ratoon and 

across crops conditions. 

Multicollinearity analysis was performed for characters before path coefficients 

analyses. Redundant variables were omitted from the analysis when no exact relationship 

was expected between predictor variables. Path analysis of the traits exposed that 

recovery and cane length had the highest positive effect on cane yield across crops. The 

2ndtillering, 2nd plant height, millablecane, number of nodes had positive direct effects on 

cane yield under plant crop. Under ratoon crop the most essential characters affecting 

cane yield were 2ndtillering, 2nd plant height, recovery, cane length and internode length. 

Selection criteria for improving cane yield are based on the characters having direct 

effect on cane yield. Correlation and path analysis exhibited that cane parameters were 

correlated with each other proving that any of the cane parameter could be used to select 

or reject genotype for better yield. Under plant and across crops, MS-91-CP-523 was the 

top ranking genotype having path index values of 240.39 and 439.69, respectively. Path 

Index indicates that MS-2000-Ho-360 was the superior genotype under ratoon crop with 

a path index value of 141.00. Looking at the results of the study it can be determined that 

path analysis technique combined with development of path index for selection of 
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sugarcane genotypes could be successful in improving overall selection approaches. The 

parameters having more direct and indirect effect on the cane yield will be given more 

importance in the future breeding and selection programs. 

 

CONCLUSIONS 

 

• Significant differences were observed among the genotypes for almost all the traits under 

the three crops conditions. 

• Genotypes x crop interactions were also significant. 

• General reduction was observed in mean performance of the genotypesin ratoon crop 

conditions. 

• Under plant crop moderate broad sense heritability was noted for internode length, cane 

yield, number of nodes, cane length, millablecane and 2nd plant height. High genetic gain 

was noted for cane length, 2nd plant height and 2nd tillering. Under ratoon crop moderate 

broad sense heritability was noted for 2nd tillering, 1st tillering, internode length and brix. 

High genetic gain under the ratoon crop was observed for 2nd tillering, 1st tillering and 1st 

plant height respectively.  

• Correlation study showed that most of the parameters were positively correlated with 

cane yield. 

• Path analysis of the characters revealed that recovery and cane length had the highest 

direct positive effects on cane yield across crops. The 2ndtillering, 2nd plant height, 

millablecane, number of nodes had positive direct effect on cane yield under plant crop. 

Under ratoon crop, the most important characters affecting cane yield were 2ndtillering, 

2nd plant height, recovery, cane length and internode length. 

• Under plant and across crops, MS-91-CP-523 was the top ranking genotype having path 

index values of 240.39 and 439.69 respectively. MS-2000-Ho-360 was the superior 

genotype under ratoon crop condition with path index value of 141.00. 

RECOMMENDATIONS 
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• Ratoon crop management should be focused for obtaining maximum yield. 

• Evaluating sugarcane genotypes for more years/crops may be satisfactory. 

• The parameters i.e. internodes length, number of nodes and cane length with more broad 

sense heritability and genetic gain could be exploited in sugarcane breeding programs.   

• Path analysis procedure along with construction of path index for selection could be 

productive in successful selection strategies. 

• Based on the best performances, the genotypes MS-91-CP-523 and 2000-Ho-360 were 

recommended under plant and ratoon crop for further evaluation in uniform yield trials 

and on farmer’s fields. 

• Research should be focused on the selection of genotypes which has good performance 

both under plant and ratoon crop. 

• The characters i.e. tillering, plant height, number of nodes, internodes length, cane length 

and recovery having direct effect on cane yieldcould be used as selection criteria in the 

improvement of cane yield.  

• Moreover, it is suggested that genotypes with poor performance may also be 

tested further. 
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APPINDICES  

Appendix 1a: Mean squares of growth and cane traits under plant crop evaluated at SCRI, Mardan. 

 

Source DF 1st Tillering 2nd Tillering 
1st Plant 
Height 

2nd Plant 
Height 

Cane  
length 

Number of  
nodes 

Internodes 
length 

Cane 
diameter 

Crops 1 51661.8** 76444.6** 314.65ns 70.04ns 0.17ns 0.0104ns 4.99594ns 1.041ns 
Reps(Crops) 4 1438.9 1129.9 193.02 226.2 58.58 6.9583 4.22937 0.00891 
Genotypes 15 3795.3** 4833** 3851.44** 4336.92** 3940.6** 21.0438** 9.86555** 0.01681ns 

Crops x Genotypes 15 2826.694** 3407.594** 856.02ns 855.01ns 400.86ns 3.6326ns 1.54683ns 0.00632ns 
Error 60 700.3 831 1592.55 1570.37 1168.03 5.0028 1.94171 0.01156 
CV%  13.96 12.94 24.19 19.72 20.90 17.08 9.49 11.50 

*,**=Significant at 5% and 1% levels of probability. 

 

Appendix 1b: Mean squares of quality and yield traits under plant crop evaluated at SCRI, Mardan. 

 

Source DF Brix POL Purity Recovery Millablecane Cane yield 
Crops 1 0.49738ns 19.485** 297.187** 22.1242** 189.844* 81.126* 

Reps(Crops) 4 0.90034 1.7917 2.708 0.7669 24.74 40.683 
Genotypes 15 0.81837ns 0.8662ns 2.965ns 0.469ns 248.327** 102.772** 

Crops x Genotypes 15 0.84848ns 0.6936ns 3.446ns 0.4144ns 75.266ns 19.984ns 
Error 60 1.4138 1.6955 8.616 1.0141 43.851 20.052 
CV%  5.97 7.11 3.20 8.24 8.44 5.79 

*,**=Significant at 5% and 1% levels of probability. 
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Appendix 2a: Mean squares of growth and cane traits under ratoon crop evaluated at SCRI, Mardan. 

 

Source DF 
1st 

Tillering 
2nd 

Tillering 
1st Plant 
Height 

2nd Plant 
Height 

Cane  
length 

Number of  
nodes 

Internodes 
length 

Cane 
diameter 

Crops 1 1650.04ns 1520.04ns 2963.01** 12362.4** 6337.5** 1.26042ns 23.3051** 0.03338ns 
Reps(Crops) 4 863.92 710.64 376.25 1055 241.15 7.76042 1.4117 0.02099 
Genotypes 15 6344** 8778.11** 2587.31** 2463.5** 818.33* 8.94375* 9.4454** 0.03095** 

Crops x Genotypes 15 1907** 2072.55** 1271.3ns 1730.5* 372.5ns 3.97153ns 3.0389* 0.00966ns 
Error 60 764 872.69 735.31 861.3 448.65 4.41597 1.5529 0.01278 
CV%  28.16 22.93 20.57 17.62 16.83 18.00 10.47 14.40 

*,**=Significant at 5% and 1% levels of probability. 

 

 

Appendix 2b: Mean squares of quality and yield traits under ratoon crop evaluated at SCRI, Mardan. 

 

Source DF Brix POL Purity Recovery Millablecane Cane yield 
Crops 1 2.108ns 7.247ns 5.718ns 5.01878** 981.76** 2381.04** 

Reps(Crops) 4 0.04943 0.22362 3.94861 0.45165 124.083 190.2 
Genotypes 15 5.133** 4.40534** 4.32917ns 2.01398** 141.172** 334.49** 

Crops x Genotypes 15 1.531ns 3.129ns 6.156ns 1.01849ns 58.005ns 139.04* 
Error 60 1.49063 1.28303 3.13614 0.78605 65.794 77.37 
CV%  6.22 6.54 2.01 7.97 14.16 15.40 

*,**=Significant at 5% and 1% levels of probability. 
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Appendix 3a: Mean squares of growth and cane traits across crops evaluated at SCRI, Mardan. 

 

Source DF 
1st 

Tillering 
2nd 

Tillering 
1st Plant 
Height 

2nd Plant 
Height 

Cane  
length 

Number of  
nodes 

Internodes 
length 

Cane 
diameter 

Crops 3 151330** 166895** 20819.5** 23121.5** 24813** 32.5347** 134.128** 0.37113** 
Reps(Crops) 8 1151 920 284.6 640.6 149.9 7.3594 2.821 0.01495 
Genotypes 15 5160* 7478** 2354.9** 2586.9** 2516.4** 22.2097** 13.477** 0.0177ns 

Crops x Genotypes 45 3238** 3871** 2070.4** 2266.3** 1005.3ns 5.1273ns 3.473** 0.01535ns 
Error 120 732 852 1163.9 1215.8 808.3 4.7094 1.747 0.01217 
CV%  18.81 16.60 22.99 18.98 19.65 17.52 9.94 12.83 

*,**=Significant at 5% and 1% levels of probability  

 

Appendix 3b: Mean squares of quality and yield traits across crops evaluated at SCRI, Mardan. 
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Source DF Brix POL Purity Recovery Millablecane Cane yield 
Crops 3 1.4835ns 21.7278** 270.271** 28.0558** 7558.98** 7389.49** 

Reps(Crops) 8 0.47488 1.0077 3.328 0.6093 74.41 115.44 
Genotypes 15 3.62521** 3.2354** 5.605ns 1.58* 193.62** 193.15** 

Crops x Genotypes 45 1.05222ns 0.9099ns 1.711ns 0.7786ns 109.72** 134.38** 
Error 120 1.45222 1.4893 5.876 0.9001 54.82 48.71 
CV%  6.10 6.85 2.69 8.31 10.91 10.38 

*,**=Significant at 5% and 1% levels of probability.   
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Appendix 4: Means and reduction (% of plant crop) for 1st tillering (per 9 m2) of plant, ratoon and 
across crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across Crops Reduction 
(%of PCs) 

MS-2000-Ho-535 179.83cde 64.33e 122.08fg 64.23 

MS-99-Ho-6 182.67cde 90.83bcde 136.75defg 50.28 

MS-2000-Ho-115 177.50cde 97.17bcd 137.33def 45.26 

MS-2000-Ho-357 199.83bcd 83.83cde 141.83cdef 58.05 

S-98-SSG-363 134.50f 95.83bcde 115.17g 28.75 

S-98-SSG-612 171.50de 77.00de 124.25efg 55.10 

MS-91-CP-248 178.50cde 77.50de 128.00efg 56.58 

MS-91-CP-249 206.33bc 67.00de 136.67defg 67.53 

S-92-US-72 219.50ab 68.33de 143.92cdef 68.87 

MS-91-CP-523 240.83a 85.83cde 163.33bc 64.36 

MS-92-CP-99 191.67bcd 178.33a 185.0ab 6.96 

MS-2000-Ho-360 214.17ab 165.00a 189.58 a 22.96 

MS-2003-HS-274 198.17bcd 93.33bcde 145.75cde 52.90 

MS-2003-HS-366 160.83ef 120.50b 140.67def 25.08 

CP-77/400 176.17cde 95.83bcde 136.00defg 45.60 

Mardan-93 200.50bcd 110.00bc 155.25cd 45.14 

Mean 189.53 98.17 143.85 - 

LSD (0.05) 30.56 31.92 21.87 - 
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Appendix 5: Means and reduction (% of plant crop) for 2ndtillering (per 9 m2) of plant, 
ratoonandacross crops for 16 sugarcane genotypes at SCRI, Mardan 

 

Genotypes Plant crops Ratoon crops Across crops 
Reduction 
(%of PCs) 

MS-2000-Ho-535 216.00cde 88.33f 152.17fg 59.11 

MS-99-Ho-6 206.83de 116.33cdef 161.58defg 43.76 

MS-2000-Ho-115 201.67e 128.33bcde 165.00def 36.37 

MS-2000-Ho-357 221.33cde 101.83def 161.58defg 53.99 

S-98-SSG-363 163.33f 119.00cdef 141.17g 27.14 

S-98-SSG-612 201.00e 106.67cdef 153.83fg 46.93 

MS-91-CP-248 208.67de 105.83def 157.25efg 49.28 

MS-91-CP-249 236.50bcd 98.33ef 167.42def 58.42 

S-92-US-72 247.83bc 93.33f 170.58cdef 62.34 

MS-91-CP-523 287.50a 115.00cdef 201.25b 60.00 

MS-92-CP-99 222.67bcde 228.33a 225.50a -2.54 

MS-2000-Ho-360 255.50ab 200.00a 227.75a 21.72 

MS-2003-HS-274 233.67bcde 133.00bcd 183.33bcd 43.08 

MS-2003-HS-366 201.17e 157.33b 179.25bcde 21.79 

CP-77/400 216.17cde 130.00bcde 173.08cdef 39.86 

Mardan-93 243.33bc 140.00bc 191.67bc 42.46 

Mean 222.70 128.85 175.78 - 

LSD 0.05 33.29 34016 23.59 - 
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Appendix 6: Means and reduction (% of plant crop) for 1st plant height (cm) of plant, 
ratoonandacross crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 149.20cd 129.83bcde 139.52bcde 12.98 

MS-99-Ho-6 175.27bcd 115.17cde 145.22abcde 34.29 

MS-2000-Ho-115 160.13bcd 113.80de 136.97cde 28.93 

MS-2000-Ho-357 166.40bcd 115.87cde 141.13bcde 30.37 

S-98-SSG-363 135.90d 137.13bcd 136.52cde -0.91 

S-98-SSG-612 136.47d 144.13bcd 140.30bcde -5.61 

MS-91-CP-248 142.47d 116.00cde 129.23de 18.58 

MS-91-CP-249 146.00d 103.83e 124.92e 28.88 

S-92-US-72 195.00abc 122.23bcde 158.62abc 37.32 

MS-91-CP-523 227.67a 116.13cde 171.90a 48.99 

MS-92-CP-99 164.70bcd 145.83bc 155.27abcd 11.46 

MS-2000-Ho-360 150.93cd 187.57a 169.25a -24.28 

MS-2003-HS-274 168.87bcd 147.87b 158.37abc 12.44 

MS-2003-HS-366 144.30d 153.43b 148.87abcde -6.33 

CP-77/400 197.30ab 133.30bcde 165.30ab 32.44 

Mardan-93 179.37bcd 126.77bcde 153.07abcd 29.32 

Mean 165.0 131.81 148.40 - 

LSD 0.05 46.08 31.31 27.57 - 
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Appendix 7: Means and reduction (% of plant crop) for 2nd Plant Height (cm) of plant, 
ratoonandacross cropsfor 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 183.33bcd 168.23bcde 175.78cdef 8.24 

MS-99-Ho-6 209.33bcd 147.70de 178.52bcdef 29.44 

MS-2000-Ho-115 200.00bcd 139.43e 169.72def 30.29 

MS-2000-Ho-357 199.17bcd 152.57cde 175.87cdef 23.40 

S-98-SSG-363 164.17d 169.90bcde 167.03ef -3.49 

S-98-SSG-612 169.17d 171.07bcde 170.12def -1.12 

MS-91-CP-248 175.97cd 163.27bcde 169.62def 7.22 

MS-91-CP-249 186.90bcd 144.60de 165.75f 22.63 

S-92-US-72 221.33bc 160.57bcde 190.95abcdef 27.45 

MS-91-CP-523 273.33a 150.57cde 211.95a 44.91 

MS-92-CP-99 195.87bcd 192.53ab 194.20abcd 1.71 

MS-2000-Ho-360 193.17bcd 220.00a 206.58ab -13.89 

MS-2003-HS-274 214.97bc 181.93bc 198.45abc 15.37 

MS-2003-HS-366 182.50bcd 178.33bcd 180.42bcdef 2.28 

CP-77/400 224.13b 169.20bcde 196.67abcd 24.51 

Mardan-93 222.33b 154.73cde 188.53abcdef 30.41 

Mean 200.98 166.54 183.78 - 

LSD 0.05 45.76 33.89 28.18 - 
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Appendix 8: Means and reduction (% of plant crop) for cane length (cm) of plant, 
ratoonandacross crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across Crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 150.00cd 107.50d 128.75ef 28.33 

MS-99-Ho-6 173.00bc 119.17cd 146.08bcde 31.12 

MS-2000-Ho-115 156.67bcd 119.17cd 137.92bcdef 23.94 

MS-2000-Ho-357 158.33bcd 121.67cd 140.00bcdef 23.15 

S-98-SSG-363 122.00d 112.50cd 117.25f 7.79 

S-98-SSG-612 144.00cd 124.17bcd 134.08def 13.77 

MS-91-CP-248 146.67cd 120.83cd 133.75def 17.62 

MS-91-CP-249 153.33bcd 119.17cd 136.25cdef 22.28 

S-92-US-72 156.83bcd 129.17abcd 143.00bcde 17.64 

MS-91-CP-523 240.00a 114.17cd 177.08a 52.43 

MS-92-CP-99 170.00bc 147.50ab 158.75abc 13.24 

MS-2000-Ho-360 158.17bcd 135.83abc 147.00bcde 14.12 

MS-2003-HS-274 167.17bc 149.17a 158.17abc 10.77 

MS-2003-HS-366 152.17bcd 133.33abc 142.75bcde 12.38 

CP-77/400 190.17b 130.83abcd 160.50ab 31.20 

Mardan-93 177.50bc 129.17abcd 153.33bcd 27.23 

Mean 163.50 125.83 144.67 - 

LSD 0.05 39.46 24.46 22.98 - 
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Appendix 9: Means and reduction (% of plant crop) for number of nodes of plant, 
ratoonandacross crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across Crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 11.33cd 10.00e 10.66ef 11.76 

MS-99-Ho-6 12.33bc 10.83cde 11.58cdef 12.16 

MS-2000-Ho-115 12.50bc 11.33bcde 11.91cde 9.34 

MS-2000-Ho-357 14.66b 11.50bcde 13.08bc 21.59 

S-98-SSG-363 9.50 d 10.50cde 10.00f -10.53 

S-98-SSG-612 14.00b 11.00bcde 12.50bcd 21.43 

MS-91-CP-248 11.33cd 10.16de 10.75def 10.29 

MS-91-CP-249 12.16bc 11.50bcde 11.83cde 5.48 

S-92-US-72 13.00bc 12.83abc 12.91bc 1.28 

MS-91-CP-523 18.00 a 13.33ab 15.66a 25.93 

MS-92-CP-99 13.66bc 14.66a 14.67ab -7.32 

MS-2000-Ho-360 12.16bc 12.16bcde 12.16cde 0.00 

MS-2003-HS-274 13.00bc 12.50abcd 12.75bc 3.85 

MS-2003-HS-366 13.16bc 12.00bcde 12.58bc 8.86 

CP-77/400 14.16b 11.50bcde 12.83bc 18.83 

Mardan-93 14.50b 11.00bcde 12.75bc 24.14 

Mean 13.09 11.68 12.39 - 

LSD 0.05 2.58 2.42 1.75 - 
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Appendix 10: Means and reduction (% of plant crop) for Internode Length (cm) of plant, 
ratoonandacross crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across Crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 13.05gh 9.86gh 11.45g 24.39 

MS-99-Ho-6 15.15abcde 9.46h 12.30fg 37.51 

MS-2000-Ho-115 14.00defg 11.40cdef 12.70def 18.57 

MS-2000-Ho-357 13.70efgh 10.66efgh 12.18fg 22.14 

S-98-SSG-363 12.28h 12.76abc 12.52efg -3.94 

S-98-SSG-612 14.06defg 11.28defg 12.67def 19.79 

MS-91-CP-248 13.38fgh 12.06bcde 12.72def 9.83 

MS-91-CP-249 14.31cdefg 10.48fgh 12.40efg 26.78 

S-92-US-72 16.41a 12.73abc 14.57ab 22.44 

MS-91-CP-523 16.56a 12.41abcd 14.49ab 25.02 

MS-92-CP-99 14.80bcdef 12.45abcd 13.62bcd 15.88 

MS-2000-Ho-360 16.18ab 13.81a 15.0 a 14.62 

MS-2003-HS-274 15.53abcd 13.28ab 14.40abc 14.49 

MS-2003-HS-366 14.03defg 12.75abc 13.39cde 9.14 

CP-77/400 15.76abc 12.91ab 14.34abc 18.08 

Mardan-93 15.80abc 12.02bcde 13.90bc 23.94 

Mean 14.69 11.90 13.29 - 

LSD 0.05 1.60 1.43 1.06 - 
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Appendix 11: Means and reduction (% of plant crop) for cane diameter (cm) of 
plant,ratoonandacross crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across Crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 0.91 0.72cde 0.82 21.41 

MS-99-Ho-6 0.96 0.70de 0.83 26.47 

MS-2000-Ho-115 0.95 0.75bcde 0.85 20.71 

MS-2000-Ho-357 0.96 0.71de 0.83 26.12 

S-98-SSG-363 0.85 0.85ab 0.85  0.58 

S-98-SSG-612 0.95 0.83abcd 0.89 12.22 

MS-91-CP-248 0.82 0.84abc 0.83 -2.61 

MS-91-CP-249 0.90 0.72cde 0.81 20.40 

S-92-US-72 1.03 0.81abcd 0.92 21.61 

MS-91-CP-523 0.91 0.84abc 0.88 7.46 

MS-92-CP-99 0.98 0.90a 0.94 8.16 

MS-2000-Ho-360 0.88 0.86ab 0.87  1.89 

MS-2003-HS-274 0.94 0.82abcd 0.88  13.00 

MS-2003-HS-366 0.90 0.71cde 0.80  20.19 

CP-77/400 0.95 0.74bcde 0.85  21.37 

Mardan-93 1.00 0.67 e 0.84  32.51 

Mean 0.94 .79 0.86 - 

LSD 0.05 NS 0.13 NS - 
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Appendix 12: Means and reduction (% of plant crop) for brix% of plant,ratoonandacross crops for 
16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crop Ratoon crops Across Crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 20.73  19.62abcd 20.17ab 5.55 

MS-99-Ho-6 20.06   19.32bcde 19.64abcd 3.66 

MS-2000-Ho-115 19.73   21.01a 20.37a -6.49 

MS-2000-Ho-357 19.38   19.98abc 19.68abcd -3.07 

S-98-SSG-363 19.97   19.91abc 19.94abc 0.33 

S-98-SSG-612 20.14   20.34abc 20.24ab -1.00 

MS-91-CP-248 20.22   20.38abc 20.30ab -0.75 

MS-91-CP-249 19.39   17.94e 18.67e 7.47 

S-92-US-72 20.31   19.34bcde 19.82abc 4.75 

MS-91-CP-523 19.64   18.04e 18.84de 8.13 

MS-92-CP-99 20.31   20.51ab 20.41a -0.96 

MS-2000-Ho-360 19.65   19.08cde 19.36bcde 2.93 

MS-2003-HS-274 19.72   18.24de 18.98cde 7.51 

MS-2003-HS-366 19.76   19.51bcd 19.63abcde 1.26 

CP-77/400 19.72   20.64ab 20.18ab -4.66 

Mardan-93 19.64   19.92abc 19.78abcd -1.44 

Mean 19.90 19.62 19.76 - 

LSD 0.05 NS 1.4 0.97 - 
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Appendix 13: Means and reduction (% of plant crop) for POL% of plant, ratoonandacross crops 
for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 19.02   17.42a 18.22a 8.42 

MS-99-Ho-6 18.57   17.40a 17.98ab 6.32 

MS-2000-Ho-115 17.89   18.31a 18.10ab -2.31 

MS-2000-Ho-357 17.99   17.79a 17.89ab 1.17 

S-98-SSG-363 18.71   17.66a 18.18a 5.61 

S-98-SSG-612 18.45   18.07a 18.26a 2.09 

MS-91-CP-248 18.32   17.93a 18.12a 2.11 

MS-91-CP-249 17.63   15.54d 16.58d 11.88 

S-92-US-72 18.65   17.12ab 17.88ab 8.23 

MS-91-CP-523 17.99   15.77cd 16.88cd 12.40 

MS-92-CP-99 18.71   18.05a 18.38a 3.49 

MS-2000-Ho-360 18.54   17.03abc 17.78abc 8.15 

MS-2003-HS-274 18.24   16.03bcd 17.13bcd 12.12 

MS-2003-HS-366 17.95   17.34a 17.65abc 3.41 

CP-77/400 18.16   18.19a 18.17a -0.19 

Mardan-93 17.98   17.58a 17.78abc 2.25 

Mean 18.30 17.33 17.81 - 

LSD 0.05 NS 1.30 .98 - 
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Appendix 14: Means and reduction (% of plant crop) for Purity% of plant, ratoonandacross crop 
for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across Crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 91.77   88.57  90.17  3.49 

MS-99-Ho-6 92.57   90.11  91.34  2.66 

MS-2000-Ho-115 90.46   87.20  88.83  3.61 

MS-2000-Ho-357 92.85   88.98  90.91  4.17 

S-98-SSG-363 91.11   88.65  89.88  2.70 

S-98-SSG-612 91.55   88.81  90.18  3.00 

MS-91-CP-248 91.95   88.00  89.98  4.29 

MS-91-CP-249 90.90   86.58  88.74 4.75 

S-92-US-72 91.84   88.51  90.18  3.63 

MS-91-CP-523 91.59   87.38  89.49  4.59 

MS-92-CP-99 90.95   88.04  89.49  3.20 

MS-2000-Ho-360 92.29   89.19  90.74  3.36 

MS-2003-HS-274 92.41   87.80  90.10  4.99 

MS-2003-HS-366 90.81   88.91  89.86  2.09 

CP-77/400 90.91   88.10  89.51  3.09 

Mardan-93 91.44   88.25  89.85  3.49 

Mean 91.59 88.32 89.95 - 

LSD 0.05 NS NS NS - 
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Appendix 15: Means and reduction (% of plant crop) for Recovery % plant, ratoonandacross 
crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across Crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 12.72  10.61bcde 11.66b 16.59 

MS-99-Ho-6 12.48  11.30bcd 11.89ab 9.47 

MS-2000-Ho-115 11.88   10.64bcde 11.26bc 10.43 

MS-2000-Ho-357 12.11   10.92bcde 11.52bc 9.82 

S-98-SSG-363 12.12   11.57ab 11.85ab 4.56 

S-98-SSG-612 12.33   11.43abcd 11.88ab 7.31 

MS-91-CP-248 12.15   11.46abc 11.81ab 5.65 

MS-91-CP-249 11.73   10.03e 10.88c 14.45 

S-92-US-72 12.48   11.21bcd 11.84ab 10.18 

MS-91-CP-523 12.02   10.42de 11.22bc 13.31 

MS-92-CP-99 12.53   12.35a 12.44a 1.44 

MS-2000-Ho-360 12.58   11.20bcd 11.89ab 10.97 

MS-2003-HS-274 12.25   10.45cde 11.35bc 14.70 

MS-2003-HS-366 11.93   11.36abcd 11.65b 4.62 

CP-77/400 12.16   11.58ab 11.87ab 4.76 

Mardan-93 12.01   11.49ab 11.75ab 4.35 

Mean 12.22 11.13 11.67 - 

LSD 0.05 NS 1.02 .76 - 
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Appendix 16: Means and reduction (% of plant crop) for millablecane (No.) of plant, 
ratoonandacross crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across crops 
Reduction 
(%of PCs) 

MS-2000-Ho-535  77.33b 55.00bcd 66.16cd 28.88 

MS-99-Ho-6  80.50b 60.00bc 70.25bc 25.47 

MS-2000-Ho-115  77.16b 57.00bcd 67.08cd 26.13 

MS-2000-Ho-357  74.66b 54.50bcd 64.58cd 27.01 

S-98-SSG-363 65.66c 63.00ab 64.33cd 4.06 

S-98-SSG-612  74.16b 56.33bcd 65.25cd 24.05 

MS-91-CP-248  74.83b 53.00cd 63.91d 29.18 

MS-91-CP-249  80.66b 50.16d 65.41cd 37.81 

S-92-US-72  89.16a 57.83bcd 73.50ab 35.14 

MS-91-CP-523 94.66a 59.50bcd 77.08a 37.15 

MS-92-CP-99 78.50b 70.50a 74.50ab 10.19 

MS-2000-Ho-360  78.66b 61.33abc 70.00bc 22.04 

MS-2003-HS-274  76.83b 54.30bcd 65.66cd 29.33 

MS-2003-HS-366  74.16b 56.33bcd 65.25cd 24.05 

CP-77/400 79.00b 53.83bcd 66.41cd 31.86 

Mardan-93  79.16b 53.66bcd 66.41cd 30.41 

Mean 78.45 57.28 67.86 - 

LSD 0.05 7.64 9.36 5.98 - 
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Appendix 17: Means and reduction (% of plant crop) for cane yield (t/ha)ofplant,ratoonandacross 
crops for 16 sugarcane genotypes at SCRI, Mardan. 

 

Genotypes Plant crops Ratoon crops Across Crops 
Reduction 

(%of PCs) 

MS-2000-Ho-535 74.27def 52.50defg 63.38efg 29.32 

MS-99-Ho-6 77.98bcd 51.16efg 64.57efg 34.39 

MS-2000-Ho-115 76.77cd 53.30defg 65.03efg 30.58 

MS-2000-Ho-357 76.14cde 46.16fg 61.15fg 39.37 

S-98-SSG-363 70.33f 61.66bcd 66.00defg 12.32 

S-98-SSG-612 76.62cd 56.25bcdef 66.43cdef 26.59 

MS-91-CP-248 79.03bcd 56.18bcdef 67.60bcde 28.91 

MS-91-CP-249 76.65cd 44.33g 60.49g 42.16 

S-92-US-72 82.08b 53.58defg 67.83bcde 34.72 

MS-91-CP-523 88.33a 54.83cdef 71.58abcd 37.92 

MS-92-CP-99 75.84cde 74.00a 74.92a 2.43 

MS-2000-Ho-360 78.10bcd 66.16ab 72.13ab 15.29 

MS-2003-HS-274 79.92bc 64.16abc 72.04abc 19.72 

MS-2003-HS-366 71.13ef 61.00bcde 66.06defg 14.25 

CP-77/400 76.75cd 59.16bcde 67.95bcde 22.91 

Mardan-93 78.18bcd 59.50bcde 68.84bcde 23.90 

Mean 77.39 57.12 67.25 - 

LSD 0.05 5.17 10.15 5.6 - 
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Appendix 18:  Test of multicollinearity of 13 characters evaluated as plant crops at 

SCRI, Mardan. 

 

Parameter Estimates 

Variable DF 
Parameter 

Estimate 

Standard 

Error 
t Value Pr > |t| Tolerance 

Variance 

Inflation 

Intercept 1 -109.87 137.41 -0.8 0.5078 . 0 

1st tillering 1 0.33426 0.17139 1.95 0.1904 0.0168 59.3961 

2nd tillering 1 -0.2391 0.1472 -1.62 0.2458 0.0179 55.7916 

1st plant height 1 -0.0914 0.14436 -0.63 0.5915 0.0234 42.7651 

2nd plant height 1 0.15747 0.19619 0.8 0.5064 0.0113 88.9251 

Cane length 1 -0.0193 0.13076 -0.15 0.8962 0.0279 35.8989 

Number of nodes 1 0.89026 0.93671 0.95 0.4422 0.1016 9.84454 

Internode length 1 2.49333 1.32267 1.89 0.2001 0.1086 9.20973 

Cane diameter  1 -36.475 26.3292 -1.39 0.3002 0.1685 5.93523 

Brix 1 7.8547 4.62267 1.7 0.2314 0.1079 9.26921 

POL 1 4.32148 7.47241 0.58 0.6215 0.0387 25.836 

Purity 1 0.80109 1.59193 0.5 0.6648 0.2499 4.00118 

Recovery 1 -11.632 10.711 -1.09 0.3909 0.0351 28.5004 

Millablecane 1 -0.2178 0.39912 -0.55 0.64 0.0474 21.0776 
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Appendix 19: Collinearity diagnostic of the 13 characters evaluated as plant crop at SCRI, Mardan. 

 

Collinearity Diagnostics 

NO Eigen 
value 

Condition Proportion of Variation 

Index Intercept 1T 2T 1PH 2PH CL NON IL CD BR POL PT RC MC 

1 13.9289 1 7.97E-08 1.4E-06 1E-06 3E-06 9.51E-07 3.2E-06 1E-05 4E-06 2E-06 1.78E-07 8.04E-08 7.08E-08 8.78E-08 2E-06 

2 0.04634 17.3378 2.8E-05 0.0002 0.0002 0.0013 0.00034 0.00201 0.0031 8E-06 0.0004 7.6E-05 4E-05 2E-05 3E-05 5E-06 

3 0.01122 35.2339 6.8E-06 0.00944 0.0068 0.0048 0.00051 0.00451 0.0088 0.001 0.0004 2E-05 7E-06 3E-06 2E-06 0.0004 

4 0.00617 47.5209 9.5E-06 3.3E-05 0.0002 0.0183 0.00235 0.00107 0.1937 0.004 5E-06 7.63E-08 2E-06 7E-06 4.15E-07 

 

0.0009 

5 0.00334 64.5415 7.8E-05 0.00045 0.0018 0.0066 6.77E-07 0.05548 0.037 0.0137 0.0596 0.00025 0.0001 6E-05 7E-05 0.0003 

6 0.00177 88.6045 7.33E-07 0.01288 0.0018 0.0206 8.9E-05 0.01586 0.0039 0.294 0.0002 0.00026 1E-05 4E-06 4E-06 0.0151 

7 0.00083 129.547 0.00043 0.00705 0.0102 0.0066 0.02927 0.02041 0.0003 0.0303 0.0022 0.00055 9E-05 0.0011 8E-05 0.2259 

8 0.00057 156.288 4.8E-05 0.00962 0.0022 0.1265 0.00806 0.25403 0.3114 0.0731 0.3333 0.00012 0.0004 0.0001 6E-05 0.005 

9 0.00045 176.359 0.00617 0.00422 0.0069 0.0928 0.08493 0.0449 0.001 0.006 0.0093 0.00023 0.0028 0.0029 0.008 0.0554 

10 0.00029 218.273 0.00047 0.28671 0.39 0.0082 0.02999 0.0567 0.002 0.1004 0.0414 0.00478 0.0003 0.003 0.0003 0.0052 

11 9.6E-05 380.875 0.03217 0.02612 0.197 0.6546 0.61635 0.1876 0.2918 0.0259 0.123 0.00015 0.0079 0.0033 0.0219 0.0378 

12 2.7E-05 715.026 0.00086 0.43029 0.1923 0.0006 0.0087 4.8E-05 0.0139 0.3764 0.097 0.83811 0.0042 0.0349 0.0768 0.6322 

13 1.5E-05 979.779 0.12815 0.17184 0.1229 0.0581 0.00804 0.00658 0.0308 0.0246 0.001 0.15505 0.506 0.1999 0.1384 0.0054 
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14 5.4E-06 1608.81 0.83159 0.04114 0.0679 0.0009 0.21137 0.35079 0.1023 0.0506 0.3322 0.00041 0.4781 0.7547 0.7543 0.0164 

 

1T= 1ST tillering, 2T= 2nd tillering, 1PH= 1st plant height, 2PH=2nd plant height,CL=cane length, NON=Number of nodes, IL=internode length, 
CD=cane diameter, BR=brix, POL, PT=purity, RC=recovery, MC=millablecane CY= cane yield 
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Appendix 20:  Test of multicollinearity of 13 characters evaluated as ratoon crop at  

SCRI,Mardan. 

 

Parameter Estimates 

Variable DF 
Parameter Standard 

t Value Pr > |t| Tolerance 
Variance 

Estimate Error Inflation 

Intercept 1 2032.09 2817.416 0.72 0.5457 . 0 

1st tillering 1 -0.66253 0.54857 -1.21 0.3506 0.00306 326.285 

2nd tillering 1 0.67049 0.57169 1.17 0.3616 0.00204 490.333 

1st plant height 1 0.0056 0.2422 0.02 0.9836 0.03855 25.9413 

2nd plant height 1 -0.12004 0.31862 -0.38 0.7426 0.0234 42.7411 

Cane length 1 0.11074 0.24088 0.46 0.6908 0.12323 8.11475 

Number of nodes 1 -2.60644 1.94313 -1.34 0.3118 0.17325 5.77211 

Internode Length 1 3.31011 2.55194 1.3 0.3241 0.09515 10.5093 

Cane diameter  1 3.65053 38.40438 0.1 0.9329 0.12619 7.92459 

Brix 1 -114.884 161.8837 -0.71 0.5515 4.4E-05 22926 

POL 1 131.015 185.2742 0.71 0.5528 3.9E-05 25776 

Purity 1 -23.4141 31.91128 -0.73 0.5395 0.00132 754.903 

Recovery 1 0.45294 5.52512 0.08 0.9421 0.09547 10.4742 

Millablecane 1 0.76105 0.66785 1.14 0.3726 0.09294 10.7593 
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Appendix 21: Collinearity diagnostic of the 13 characters evaluated as ratoon crop at SCRI, Mardan. 

 

Collinearity Diagnostics 

# Eigen 

value 

Condition Proportion of Variation 

Index Intercept 1T 2T 1PH 2PH CL NON IL CD BR POL PT RC MC 

1 13.8332 1 5.98E-10 1.4E-06 7.80E-07 

 

4.5E-06 1.7E-06 5.1E-06 9E-06 5E-06 5E-06 4.69E-10 4.59E-10 5.98E-10 1E-06 3E-06 

2 0.12158 10.66684 4.49E-08 0.00103 0.00042 5.9E-05 1.7E-06 1.8E-05 4E-05 4E-05 0.0001 3.05E-08 2.89E-08 4.33E-08 4E-05 2E-05 

3 0.01751 28.10563 5.70E-08 0.00044 0.00023 0.02261 0.0038 7.9E-06 0.0069 0.0038 0.0002 1.69E-07 1.31E-07 3.88E-08 0.0003 0.0019 

4 0.01157 34.58146 4.55E-08 0.00067 1.1E-05 0.00235 0.0001 0.00553 0.0558 0.0104 0.0067 8.11E-07 1.03E-06 1.29E-07 0.001 4E-05 

5 0.00668 45.50768 1.51E-07 0.00012 0.00024 2E-06 0.00058 0.04633 0.0005 0.0035 0.0521 1.59E-07 1.15E-07 1.11E-07 2E-05 0.0232 

6 0.00412 57.91685 3.96E-07 0.00065 3.8E-05 0.01288 0.00429 0.00803 0.0527 0.1276 0.0107 7.04E-07 3.67E-07 7.37E-07 0.0007 0.0053 

7 0.00224 78.53485 1.35E-06 0.00392 0.00335 0.0232 0.00657 0.09231 0.0659 0.052 0.1184 2.96E-07 1.34E-07 1.81E-06 0.0008 0.0156 

8 0.00102 116.4515 3.44E-05 0.00111 0.0029 0.04091 0.00854 0.06761 0.0105 0.0011 0.0295 1.31E-11 1.4E-06 1.9E-05 0.033 0.0999 

9 0.000809 130.77 3.39E-06 0.00484 0.00294 0.08673 0.01181 0.05751 0.2848 0.019 0.0195 2.28E-05 1.4E-05 8.7E-06 0.0513 0.049 

10 0.000649 146.0259 5.53E-06 0.00763 0.00749 0.12672 0.17964 0.12566 0.3234 1E-06 0.0355 4.15E-07 1.1E-06 4.2E-06 0.0411 0.0887 

11 0.000364 194.841 2.09E-06 0.2481 0.17192 0.01358 4.4E-05 0.25439 0.0049 0.0035 0.0478 2.88E-07 5.5E-06 4.31E-07 

 

0.0861 8E-05 

12 0.000249 235.5201 2.13E-07 0.04023 0.01569 0.30667 0.23281 0.03128 0.155 0.1314 0.3416 1.33E-05 2.5E-06 9E-06 0.2449 0.5117 
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13 8.65E-06 1264.811 0.00311 0.35889 0.36292 0.34612 0.01366 0.30207 0.0222 0.2632 0.0377 0.00185 0.00239 0.00401 0.3713 0.1011 

14 2.52E-08 23411 0.99685 0.33237 0.43184 0.01817 0.53816 0.00925 0.0174 0.3845 0.3 0.99811 0.99758 0.99594 0.1694 0.1035 

 

1T= 1ST tillering, 2T= 2nd tillering, 1PH= 1st plant height, 2PH=2nd plant height, CL=cane length, NON=Number of nodes, IL=internode length, 
CD=cane diameter, BR=brix, POL, PT=purity, RC=recovery, MC=millablecane, CY= cane yield.
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Appendix 22: Test of multicollinearity of 13 characters evaluated as across crops at SCRI. Mardan. 

 

Parameter Estimates 

Variable DF 
Parameter 

Estimate 

Standard 

Error 
t Value Pr > |t| Tolerance 

Variance 

Inflation 

Intercept 1 -151.44658 160.19699 -0.95 0.4443 . 0 

1st tillering 1 -0.94302 0.48267 -1.95 0.1899 0.00232 431.2988 

2nd tillering 1 0.79909 0.38827 2.06 0.1758 0.00247 404.4856 

1st plant height 1 -1.14797 0.71446 -1.61 0.2493 0.00232 431.3018 

2nd plant height 1 0.54979 0.35477 1.55 0.2613 0.00856 116.8072 

Cane length 1 0.08222 0.1209 0.68 0.5666 0.07578 13.19632 

Number of nodes 1 2.00616 2.20166 0.91 0.4584 0.02587 38.65695 

Internode Length 1 6.13271 3.95685 1.55 0.2613 0.01321 75.67689 

Cane diameter  1 4.99326 40.30549 0.12 0.9127 0.09886 10.11581 

Brix 1 -26.97136 20.24518 -1.33 0.3143 0.00188 532.8819 

POL 1 42.49278 30.00806 1.42 0.2924 0.000956 1046.443 

Purity 1 0.33086 1.75917 0.19 0.8682 0.16072 6.22188 

Recovery 1 -12.21545 9.27445 -1.32 0.3185 0.02062 48.48974 

Millablecane 1 0.72935 0.5382 1.36 0.3081 0.04972 20.11451 
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Appendix 23: Collinearity diagnostic of 13 characters evaluated as across crops at SCRI, Mardan. 

 

Collinearity Diagnostics 

Condition Proportion of Variation 

Index Intercept 1T 2T 1PH 2PH CL NON IL CD BR POL PT RC

1 4.35E-08 2.26E-07 2.34E-07 9.85E-08 2.61E-07 0.00000361 0.00000
148 

4.01E-07 9.27E-07 6.96E-09 3.90E-09 4.46E-08 9.51E-08

20.95597 0.00001845 0.00031123 0.00032419 0.00001074 0.00001988 0.00076662 0.00036507 1.098E-05 0.0001511 0.00000455 0.0000025 0.00001929 0.0000375

39.78317 0.00000268 0.00113 0.00082022 0.00013029 0.00015095 0.01578 0.0079 9.164E-05 5.766E-05 0.00000267 0.00000211 0.00000377 0.0000633

54.69147 0.00000835 0.00022572 0.00000787 0.00104 0.00115 0.00184 0.01927 0.00402 0.0001071 0.00000218 1.35E-07 0.00000311 1.16E-07

89.36754 0.00020537 0.00009409 0.00092899 0.0002071 0.00003842 0.10831 0.00346 0.0006318 0.02578 0.00002211 0.00000636 0.00018145 0.00002417

100.16167 0.00004307 0.00008175 0.00015732 0.00147 0.00239 0.00695 0.0166 0.02259 0.00956 5.96E-07 0.00000269 3.40E-07 0.00006084

118.37909 0.00082851 0.00000182 0.00001727 0.00353 0.00015826 0.03515 0.0302 0.00616 0.0006017 0.0000548 0.00006614 0.00052597 0.0013 

148.89205 0.00174 0.00232 0.00171 0.00111 0.00146 0.28546 0.04274 9.491E-05 0.04535 0.00004416 0.00000396 0.00244 0.00127

192.30713 0.00023093 0.00128 0.00139 0.00018676 0.01841 0.02212 0.00788 0.02741 0.16816 0.00035565 0.00004563 0.00133 0.00009725

240.70438 0.00101 0.0706 0.08053 0.00004783 0.00684 0.17473 0.01284 0.00764 0.00131 0.00000769 0.00008809 0.00001157 0.0002258

300.35825 0.00028533 0.00001214 0.00045112 0.00000898 0.01357 0.00786 0.00397 0.00287 0.02276 0.00212 0.00021644 0.00209 0.07207

486.7449 0.00738 0.00295 0.01848 0.07419 0.41691 0.29944 0.07906 0.0147 0.11717 0.00057301 0.00000204 0.00466 0.02048

1819.07508 0.96635 0.12529 0.17061 0.00784 0.00463 0.01315 0.00854 0.02852 0.0007168 0.0037 0.00017438 0.92616 0.11068

5551.47948 0.0219 0.79571 0.72456 0.91024 0.53428 0.02844 0.76717 0.88526 0.60827 0.99311 0.99939 0.06258 0.7937 

 

1T= 1ST tillering, 2T= 2nd tillering, 1PH= 1st plant height, 2PH=2nd plant height, , CL=cane length, 
NON=Number of nodes, IL=internode length, CD=cane diameter, BR=brix, POL, PT=purity, 
RC=recovery, MC=millablecane CY= cane yield 

 

 

 

 


