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Abstract 
 

Sugarcane (Saccharum officinarum) is the major source of sugar in Pakistan. Development of new high yielding 

cane varieties is crucial to enhance its production to meet the ever-increasing demands of sugar. In this study, 41 

sugarcane genotypes were evaluated in randomized complete block design in field conditions, with three replications. 

Seven quantitative characteristics of the crop including stalk height, number of tillers per plant, cane girth, length of the  

internodes, number of internodes per stalk, weight per stool, and the cane yield were analysed; whereas seven quality 

related traits (brix%, CCS%, fiber%, sucrose%, purity%, sugar recovery, and sugar yield) were also investigated. The 

dependency of cane and sugar yield on these parameters was determined through correlation and sca tter plot analysis. 

The analysis of variance revealed significant differences among genotypes for all the characteristics studied. NIA223P3 

showed substantial superiority recording highest cane yield of 63.33 t ha -1 against 51.66 t ha-1 of the check (Thatta-10). 

CSSG-272 surpassed all of the genotypes under study in terms of sugar yield (5.86 t ha -1), while, least sugar yield was 

observed in S2003SPSG-12 (1.76 t ha-1). Maximum cane height was recorded in BL4P70 (262.0 cm), whereas NIA86-

223 exhibited the highest cane girth (2.5). Moreover, regarding juice quality related traits, TSG-21 performed 

exceptionally good with CCS%, brix%, and sucrose% values of 11.58%, 20.5%, and 16.35%, respectively. Lowest 

qualitative parameters were, on the other hand, observed in NIA223P3 (CCS%, sucrose%, purity, and sugar recovery 

values of 5.49%, 9.18%, 68.32%, and 5.16%, respectively). Scatter plots of the data and the correlation analysis depicted 

that the cane weight, tillers per plant, internode length, and plant height contributed the most towards the cane yield. It 

was also seen that the quantitative traits were highly correlated with other quantitative traits however, negative 

correlations were observed among quantitative and qualitative characteristics. 
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Introduction 
 

Sugarcane (Saccharum officinarum L.) is world’s 

largest crop with respect to total production. Brazil, India, 

China, Thailand, and Pakistan are the top cane growing 

countries of the world. Pakistan, ranked fifth in cane 

production, is South Asia’s biggest per capita consumer 

of sugar (Azam & Khan, 2010). Therefore, sugarcane is 

one of the most important cash crops of Pakistan (Memon 

et al., 2010; Khan et al., 2017a). Being major source of 

sugar in the country, sugarcane is responsible for meeting 

the needs of the second largest industry of Pakistan by 

more than 99% (Williams & Rehman, 2016). Apart from 

sugar, it also produces numerous byproducts viz. alcohol 

for pharmaceutical industry, bagasse for paper, ethanol 

for biofuel production, and press mud for organic matter 

engenderment (Almazan et al., 2001; Szczerbowski et al., 

2014; Khan et al., 2017c). Its share in the total 

agricultural value addition is 3.1 % and 0.6 % in GDP of 

the country (Ministry of Finance, Pakistan, 2015).  

Sugarcane’s paramountcy as a crop commodity is 

increasing in Pakistan over the years. Drop in competing 

crops i.e. rice and cotton has caused an upsurge in 

sugarcane cultivation by more than 3 percent in previous 

years as per reports of Sugar Crops Research Institute, 

Mardan (SCRI, 2015).  High tariffs and support prices for 

sugarcane has made it a more looked-for agricultural 

choice for growers (Williams & Rehman, 2016). It is 

being grown in Punjab, Sindh, and Khyber Pakhtunkhwa 

(KPK) provinces of the country. Currently, 84 sugar mills 

are operating in the country, out of which Punjab, Sindh, 

and Khyber Pakhtunkhwa (KPK) have 45, 32, and 7 sugar 

mills respectively (SCRI, 2015).  

Total area under sugarcane cultivation in Pakistan is 

approximately 1.1 million hectares. Punjab shares 62 % 

of the total area, whereas Sindh and KPK account for 28, 

and 10%, respectively. Annual production of the 

sugarcane in Pakistan is 62.8 million tonnes, however, 

the per hectare yield is far lower than other cane 

growing countries (FAOSTAT, 2014, 2015). Average 

yield of cane in Pakistan is around 54.96 t/ha, well 

below the world average. The per hectare yield of the 

cane growing provinces is 54, 56, and 41 t/ha for 

Punjab, Sindh, and KPK, respectively (SCRI, 2015). 

Moreover, Sugar recovery in Pakistan stays at 9.41 % as 

per recent reports, in comparison to India’s 11.05% and 

Australia’s 13.8 % sugar recovery (Khan et al., 2013; 

FAOSTAT, 2014; Singh et al., 2016). 

There are numerous reasons of low yield in the 

country however, the major cause is the plantation of 

unapproved and low yielding varieties, while other 

factors include the limitation of irrigation resources, lack 

of technology adoption, irregular use of fertilizers, and 

poor management practices. Therefore, there is still 

considerable potential of sugarcane improvement in 

Pakistan in contrast to other top growing nations 

(Bahadar et al., 2002; Soomro et al., 2006; Williams & 

Rehman, 2016). Thus, it is extremely important to 

develop new cane varieties through varietal development 

programs to meet the increasing needs for ever-

escalating population of the country.  
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Sugarcane varietal development program in Pakistan 
is hampered by several factors which include the 
unavailability of new genetic resources, flowering 
deterrents, pollen sterility, and the subtropical climate 
(Khatri et al., 2002; Seema et al., 2017). The lack of new 
high yielding, and tolerant varieties has limited the crop’s 
potential in Sindh province as well. Moreover, it has been 
reported by several researchers that a variety loses its 
potential agronomic vigor, as well as biotic and abiotic 
stress tolerance over time as the new races or biotypes of 
diseases and insects can adopt themselves to attack the 
previously resistant varieties, thus making them 
susceptible (Bonman et al., 1992; Khush, 1995; Karyeija 
et al., 2000).  

Therefore, it is essential to develop new genotypes, 
evolved at agroclimatic conditions of the province which 
could perform well under the same environments. 
Continuous breeding efforts are essential for an 
agricultural country like Pakistan. New varieties can have 
better performance in terms of yield, vigour, and stress 
tolerance; and they can help in fulfilling the ever-
increasing food desiderata for growing population 
(Rogers et al., 2015; Khan et al., 2017b; Yasmeen et al., 
2017). This study was initiated to evaluate the exotic and 
local germplasm, as well as mutated genotypic collection 
in order to find the best performing genotypes which 
could lead to development of novel varieties, resistant to 
biotic and abiotic stresses.  
 
Materials and Methods 
 

In this study, 41 genotypes were tested along with a 
control (Thatta-10). The trials were conducted at 
experimental farm of Nuclear Institute of Agriculture 
(NIA), Tandojam, Sindh. The study area is located at 
latitude and longitude of 25.25º and 68.33º, respectively. 
The annual rainfall of the region is 145 mm, 75% of 
which occurs in monsoon period of summer season (Kazi 
et al., 2015). Trials were conducted in randomized 
complete block design (RCBD), with three replications. 
The size of each plot was 8 x 10m, while distance 
between furrows was maintained at one meter.  

Sowing was done in the month of September, 
whereas the crop was harvested in the first week of 
November. NPK fertilizer was applied at the rate of 128-
63-70 kg ha-1, and recommended agronomic practices 
were followed throughout the growth period (Khan et al., 
2005). Several qualitative and quantitative parameters 
were recorded at maturity to evaluate the performance of 
the genotypes against the check variety. Three culms were 
randomly analysed from each row for this purpose. Seven 

major quantitative characters of the crop including stalk 
height, number of tillers per plant, cane girth, length of 
the internodes, number of internodes per stalk, weight per 
stool and cane yield were analysed. Moreover, brix %, 
CCS %, fiber %, sucrose %, purity %, sugar recovery, and 
sugar yield were also investigated as qualitative traits of 
the cane crop. Sugar analysis was done following the 
protocols of Khan et al., (2015).  

Statistix version 8.1 was used for statistical analysis 
of the data. One-way analysis of variance (ANOVA) was 
done for the characteristics under study, comparing the 
means at a confidence level of p≤0.05 through Tuckey’s 
test. SPSS version 21 was used on windows operating 
system for assessing correlation of the variables, while 
scatter plots were developed for cane and sugar yield 
modulating factors through OriginLab, version 2016. 
 
Results and Discussion 
 

The germplasm under study, showed high variability 
in quantitative and qualitative characters. Significant 
differences were observed among the genotypes in this 
regard (Tables 1 and 2). Data of the quantitative 
characters of the evaluated genotypes have been presented 
in Table 3, whereas Table 4 shows data for juice quality 
related traits of the trials. Height of the plants in the trial 
ranged from 98.3 cm to 262.0 cm. The highest cane 
height was recorded in BL4P70 (262.0 cm) followed by 
NIA223P3 (255.33) and 1026P33 (248.0 cm). Least cane 
height was, on the other hand, recorded by the clones 
NIA-09P3 (98.33cm). Cane girth also considerably varied 
among the genotypes under study. Maximum values for 
girth were recorded by NIA86-223 (2.5 cm) while least 
values were presented by TSG-13 (2.06 cm).  

Tillering potential of a variety is one of the most 
important characteristics considering yield potential. 
Many of the sugarcane genotypes showed excellent 
tillering potential (NIA-09P3, CSSG-272, SPSG-2875, 
TSG-13, and Thatta-10) whereas some of the genotypes 
showed a few tillers e.g. only 2.66 tillers were recorded 
for S2003SPSG-12 on average. Internode parameters are 
also major traits regarding quantitative performance of the 
clones. Highest numbers of internodes were observed in 
BL4P70 (26.66) however Thatta-10 recorded the longest 
internode of 14.83 cm. Conversely, shortest internodes 
were seen in Ghulabi-95 (5.66 cm). Similarly, least 
number of internodes were observed in NIA-09P3 
(11.33). The internode parameters are significant 
contributors towards cane height, consequently, cane 
height for Ghulabi-95 as well as NIA-09P3 was among 
the lowest in the study.  

 

Table 1. Analysis of variance (mean squares) for different quantitative characters in sugarcane germplasm 

Source df 
Stalk  

height 

Number of 

tillers 
Girth 

Internodes 

length 

Number of 

internodes 

Weight per 

stool 

Cane  

yield 

Rep 2 2918.67 3.38889 0.11817 3.1567 4.9127 0.49008 49.008 

Germplasm 41 5848.31** 3.10492** 0.02280** 10.9265** 23.2925** 3.07515** 307.515** 

Error 82 150.32 0.29133 0.00809 0.3397 0.3111 0.20553 20.553 

Total 125        

Grand mean  177.15 5.0159 2.2508 9.5278 18.770 3.8373 38.373 

CV  6.92 10.76 4.00 6.12 2.97 11.81 11.81 

Table 1. Analysis of variance of the genotypic pool under study was done through Statistix version 8.1 on windows operating system.  

41 genotypes were subjected to the statistical analysis through this platform 
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Table 2. Analysis of variance (mean squares) for different qualitative characters in sugarcane germplasm 

Source df 
Brix  

% 

CCS  

% 

Fiber  

% 

Sucrose  

% 

Purity  

% 

Sugar 

recovery 
Sugar yield 

Rep 2 0.47151 0.14887 1.8251 0.42174 0.4927 0.13053 0.71362 

Germplasm 41 7.39862** 5.32559** 10.2057** 7.54630** 19.0845** 4.70157** 2.69508** 

Error 82 0.54037 0.33973 1.2864 0.51761 2.2663 0.30017 0.26491 

Total 125        

Grand mean  17.467 9.0314 12.868 13.293 75.867 8.4894 3.4400 

CV  4.21 6.45 8.81 5.41 1.98 6.45 14.96 

Table 2. Analysis of variance of the genotypic pool under study was done through Statistix version 8.1 on windows operating system.  

41 genotypes were subjected to the statistical analysis through this platform 

 

Table 3. Assessment of quantitative traits of sugarcane germplasm under agroclimatic conditions of Tandojam 

Genotype 
Plant height  

(cm) 

Tillers per 

plant 

Cane girth 

(cm) 

Internode 

length (cm) 

Internodes  

per stalk 

Cane weight 

per plant (kg) 

Cane yield 

(t/ha) 

NIA-09P3 98.33u 6.66a 2.26c-g 8.66i 11.33n 4.16ef 41.66ef 

NIA-03 100.33u 4.66de 2.26c-g 7.33jk 13.66l 4.33ef 43.33ef 

S-2003-QSG-22 126.67rs 3.66f 2.26c-g 10.00fg 12.66m 2.66hi 26.66hi 

AEC-1 106.33tu 4.33ef 2.16f-h 6.66k 16.00k 3.66fg 36.66fg 

HS-12 149.33o-q 5.33cd 2.20e-h 7.33jk 20.33ef 4.66de 46.66de 

BL4P70 262.00a 5.66bc 2.20e-h 12.66c 26.66a 5.50bc 55.00bc 

NIA-223P4 241.67bc 5.66bc 2.36a-d 11.33de 21.33cd 4.83c-e 48.33c-e 

CSSG-272 199.33f-h 6.66a 2.26cde-g 10.66ef 18.66h 5.66ab 56.66ab 

QSSG-239 188.00h-j 4.66de 2.26c-g 8.66i 21.66c 2.66hi 26.66hi 

BL4P36 167.33k-o 5.66bc 2.16f-h 8.66i 19.33gh 3.66fg 36.66fg 

GT-11 194.67g-i 3.66f 2.33b-e 11.66d 16.66jk 3.66fg 36.66fg 

QSG-23 199.33f-h 5.66bc 2.30b-f 8.66i 22.66b 3.33gh 33.33gh 

SIKH 231.33c-e 4.66de 2.43ab 10.66ef 21.66c 4.16ef 41.66ef 

NIA86-223 217.67d-f 4.66de 2.50a 11.66d 18.66h 3.33gh 33.33gh 

GT-7 164.67l-o 4.66de 2.30b-f 9.33g-i 17.66i 4.16ef 41.66ef 

NIA223P3 255.33ab 6.33ab 2.43ab 9.33g-i 21.66c 6.33a 63.33a 

SPSG-2875 202.00f-h 6.66a 2.20e-h 13.66b 18.66h 4.66de 46.66de 

S2003-US637 178.00i-m 3.66f 2.23d-g 10.66ef 16.66jk 2.66hi 26.66hi 

SGNIA-10 177.00i-m 3.66f 2.13gh 9.00hi 19.66fg 2.66hi 26.66hi 

1026P33 248.00a-c 4.66de 2.26c-g 12.00cd 20.66de 3.66fg 36.66fg 

Ghulabi-95 100.33u 4.66de 2.16f-h 5.66l 17.66i 3.33gh 33.33gh 

CP67-500 111.33s-u 5.00c-e 2.23d-g 6.66k 16.66jk 3.66fg 36.66fg 

S47-US-183 170.67j-n 3.66f 2.23d-g 8.66i 19.66fg 2.33i 23.33i 

S2003SPSG-12 143.33p-r 2.66g 2.40a-c 7.66j 18.66h 2.16i 21.66i 

CP-718 122.67st 4.66de 2.30b-f 7.66j 16.00k 3.33gh 33.33gh 

S2003-HOSG-4 199.33f-h 3.66f 2.16f-h 9.33g-i 21.33cd 2.16i 21.66i 

SPSG-26 213.67e-g 3.66f 2.30b-f 10.66ef 20.00e-g 2.33i 23.33i 

NIA-SP96-345 183.33h-l 5.66bc 2.26c-g 9.33g-i 19.66fg 4.16ef 41.66ef 

SPSG-449 122.00st 5.00c-e 2.30b-f 7.33jk 16.66jk 3.16gh 31.66gh 

S2006SP-18 131.00q-s 4.33ef 2.20e-h 7.00jk 18.66h 3.66fg 36.66fg 

S04-CSSG-234 167.33k-o 6.33ab 2.20e-h 8.66i 19.33gh 3.66fg 36.66fg 

S06SPSG-24 184.67h-k 4.33ef 2.16f-h 10.66ef 17.33ij 2.33i 23.33i 

CSSG-32 155.33n-p 5.66bc 2.16fgh 9.33g-i 16.66jk 4.16ef 41.66ef 

LRK-2004 231.33c-e 5.66bc 2.26c-g 10.66ef 21.66c 4.16ef 41.66ef 

GT-7 164.67l-o 4.66de 2.30bcdef 9.33g-i 17.66i 4.16ef 41.66ef 

TSG-13 199.33f-h 6.66a 2.06h 10.66ef 18.66h 4.66de 46.66de 

TSG-14 236.67b-d 5.66bc 2.26c-g 9.66gh 20.66de 5.66ab 56.66ab 

TSG-21 198.33f-h 5.66bc 2.16f-h 9.00hi 22.00bc 4.33ef 43.33ef 

TSG-16 162.00m-p 4.66de 2.23d-g 9.33g-i 17.33ij 4.66de 46.66de 

LRK-2001 178.00i-m 4.66de 2.20e-h 10.66ef 16.66jk 3.66fg 36.66fg 

BL4P36 167.33k-o 5.66bc 2.16fgh 8.66i 19.33gh 3.66fg 36.66fg 

Thatta-10 190.33h-j 6.66a 2.20e-h 14.83a 19.66fg 5.16bcd 51.66b-d 

SD 10.01 0.44 0.07 0.47 0.45 0.37 3.70 

HSD 19.91 0.87 0.14 0.94 0.90 0.73 7.36 

Table 3. The table presents the data for various quantitative characteristics of the germplasm population against the check i.e.,Thatta-10. 

Different letters in the same column represent that the difference is significant at p<0.05 
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NIA223P3 was observed to have the highest yield 

potential of 63.33 tons per hectare (t/ha), followed by 

CSSG-272 and TSG-14 (56.66 t/ha). The cane yield of a 

variety is contributed by numerous traits which include 

the cane weight, number of tillers per plant, cane height, 

girth, and number of internodes (Rahman et al., 1992; 

Khan et al., 2005). The maximum cane yield of 

NIA223P3 was indeed a result of combinatorial effect of 

all of the mentioned characteristics as it had shown a good 

blend of such traits (Table 3). Similar reports have been 

published by other researchers as well (Quebedeaux & 

Martin, 1986; Balsalobre et al., 2016).  

Regarding qualitative traits of the genotypes, TSG-

21, S47-US-183, and AEC-1 performed exceptionally 

good when compared to the other genotypes, in terms of 

CCS%, brix%, sucrose%, purity, and sugar recovery. The 

CCS%, brix%, and sucrose% values for TSG-21, and 

S47-US-183 were recorded to be 11.58, 20.5, 16.35; and 

11.48, 20.5, 16.35, respectively. Moreover, these 

genotypes also recorded highest purity, and sugar 

recovery among the genetic pool studied. Lowest values 

for the five aforementioned qualitative parameters were 

observed in NIA223P3, which recorded CCS%, brix%, 

sucrose %, purity, and sugar recovery values of 5.49, 

13.33, 9.18, 68.32, and 5.16%, respectively. Fiber 

percent, which depicts the energy potential of the 

genotypes in the crushing process, was observed to be 

highest for TSG-16 (16.43), whereas the lowest fiber 

percentage was seen in NIA-03 (9.49 %).  

Sugar yield potential is the most important parameter 

in cane varietal selection. Many of the genotypes tested in 

this study produced sugar yield values higher than control 

(Thatta-10), which demonstrates the importance of 

varietal screening for new lines. Highest sugar yield was 

observed in CSSG-272 (5.86 t/ha) which was extremely 

promising against the sugar yield potential of check 

variety Thatta-10 (4.96 t/ha). TSG-14 followed CSSG-

272 in terms of this parameter harvesting 5.55 t/ha of 

sugar, whereas TSG-21 recorded the sugar yield of 5.02 

t/ha. Lowest sugar yield was recorded by S2003SPSG-12 

(1.76 t/ha).  

The variations observed among different genotypes 

of the sugarcane evaluated in this study were in 

agreement with several previous studies (Khan et al., 

2004, 2013; Yasmin et al., 2011). The genetic 

composition of a variety dictates its yield and agronomic 

potential. Das et al., (1996), Keerio et al., (2003), Kadam 

et al., (2004), and Sohu et al., (2008) also proposed 

similar behaviour of various genotypes grown in same 

agroclimatic conditions and reported differences among 

various agronomic characters including the mentioned 

yield components. Moreover, our results were also in 

alignment with Das et al., (1996) and Sugimoto et al., 

(2012) who reported that the qualitative traits were purely 

genetic characters. Arain et al., (2011) also evaluated 12 

genotypes against same check viz. Thatta-10 in the 

agroclimatic conditions of Sindh, and reported that no 

sugarcane clone could surpass the check. However, 

contrarily our results indicated the check variety to be 

surpassed by many genotypes in numerous characteristics. 

The evaluated promising genotypes can replace the 

current varieties under cultivation in the province through 

further evaluation and selection.  

Sugarcane screening and selection is extremely tricky 

because of the fact that it is very difficult to achieve high 

cane yields, and sugar recovery, in the same genotype. It 

has been observed over the years that improvement in one 

trait results in impact on many others (Chaudhary & 

Joshi, 2005). Sugar, as well as cane yield, both are crucial 

parameters for the two major stake holders viz. the 

farmers, and the sugar mills of the country. To have an 

insight in to the interrelations of different variables of the 

cane crop, correlation analysis was done in this study.  

Results of the correlation study, were quite 

interesting obtained from the analysis of the variations in 

various parameters (Table 5). Plant height showed highest 

correlation with the internode length (0.841) and the 

number of internodes per stalk (0.707). Cane girth was 

not observed to be highly correlated to other traits 

however, it showed significant negative correlation with 

brix %, sucrose %, and purity. Whereas, number of tillers 

of the genotypes showed very significant correlation with 

the cane weight (0.767). It was evident from results of the 

correlation analysis that most of the quantitative traits had 

extremely negative correlation with the qualitative 

characters which explicates the difficulty in cane 

breeding, and the results we obtained. 

Most of the qualitative traits were seen to be highly 

correlated to each other. In many of the cases, observed 

correlation was even very close to 1 - the maximum 

correlation value. CCS% recorded the correlation of 

0.996, 0.986, 0.974, and 0.965 with the sugar recovery, 

sucrose%, brix%, and purity%. Brix%, and purity% also 

showed similar trends showing highest correlation with 

sucrose % (0.995) and sugar recovery (0.965), 

respectively. Similarly, sugar recovery was significantly 

correlated with sucrose and brix % recording the 

correlation values of 0.986, and 0.974, respectively. 

Parallel findings regarding the qualitative traits’ 

correlation were reported by Sangwan & Singh (1983) as 

well. Moreover, our finding are also confirmed by the 

reports of Soomro et al., (2006) and Khan et al., (2012).  

Cane yield and sugar yield are the most important 

parameters under consideration in varietal selection 

programs. Quantitative parameters under study, which 

contributed the most towards cane yield were observed to 

be cane weight, and tillers per plant with correlation 

values of 1 and 0.767 (significant at p<0.01), respectively. 

Internodes’ length also significantly contributed towards 

cane yield (0.320). Most of the qualitative traits, on the 

other hand, showed negative effects on cane yield to some 

extent. However, sugar yield, the other major parameter 

of concern, was observed to be contributed by both the 

quantitative as well as qualitative parameters. It showed 

strongest correlation with the cane yield and cane weight 

(0.797). Other traits which were significantly correlated to 

sugar yield at a level of p<0.01 included tillers per plant 

(0.726), CCS% (0.403), brix% (0.412), sucrose% (0.396), 

and sugar recovery (0.403), whereas purity contributed by 

correlation value of 0.314 at a level of p<0.05 (Table 5). 
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Table 4. Assessment of qualitative traits of sugarcane germplasm under agroclimatic conditions of Tandojam. 

Genotype 
Brix 

% 

CCS 

% 

Fiber 

% 

Sucrose 

% 

Purity 

% 

Sugar 

recovery 

Sugar yield 

(t/ha) 

NIA-09P3 17.66d-g 9.47d-i 10.667j-l 13.51d-g 76.49c-h 8.90d-i 3.93e-i 

NIA-03 18.66cd 10.45bc 9.49l 14.51cd 77.75a-f 9.82bc 4.53c-e 

S-2003-QSG-22 16.33hi 8.23lm 11.98f-k 12.18h-j 74.57hi 7.73lm 2.17q-s 

AEC-1 20.00ab 11.28ab 11.57g-k 15.85ab 79.24ab 10.61ab 4.12d-h 

HS-12 17.66de-g 9.27f-k 12.46fg-j 13.51d-g 76.49c-h 8.70f-k 4.31c-g 

BL4P70 16.16hi 8.05l-n 12.41f-j 12.01h-j 74.32hi 7.56l-n 4.42c-f 

NIA-223P4 14.50jk 6.37pq 16.24ab 10.35kl 71.35jk 5.98pq 3.08j-p 

CSSG-272 18.66cd 10.31cd 10.667j-l 14.51cd 77.75a-f 9.68cd 5.86a 

QSSG-239 18.16c-f 9.35e-j 15.18a-c 14.01c-f 77.15b-g 8.78e-j 2.48o-s 

BL4P36 16.66g-i 8.45j-m 12.41f-j 12.51g-j 75.08g-i 7.94j-m 3.11i-p 

GT-11 14.66j 6.88op 11.57g-k 10.51k 71.67jk 6.47op 2.51n-s 

QSG-23 18.50c-e 9.64c-h 14.97a-d 14.35c-e 77.55a-f 9.06c-h 3.21i-o 

SIKH 16.66g-i 8.52i-l 11.77g-k 12.51g-j 75.08g-i 8.01j-l 3.54g-l 

NIA86-223 14.66j 6.88op 11.76g-k 10.51k 71.67jk 6.47op 2.28p-s 

GT-7 17.16f-h 8.93g-l 11.76g-k 13.01f-h 75.61f-i 8.40g-l 3.74e-j 

NIA223P3 13.33k 5.49q 15.77ab 9.18l 68.32l 5.16q 3.52g-m 

SPSG-2875 18.66cd 10.29c-e 10.81i-l 14.51cd 77.75a-f 9.67c-e 4.82b-d 

S2003-US637 18.50c-e 10.19c-f 10.493kl 14.35c-e 77.55a-f 9.57c-f 2.73lm-r 

SGNIA-10 19.16bc 10.14c-f 15.18a-c 15.01bc 78.34a-e 9.53c-f 2.69m-r 

1026P33 16.83g-i 8.64i-l 11.98f-k 12.68g-j 75.34f-i 8.12i-l 3.18i-o 

Ghulabi-95 18.66cd 10.08c-f 12.41f-j 14.51cd 77.75a-f 9.48c-f 3.35h-n 

CP67-500 18.16c-f 9.77c-g 11.57g-k 14.01c-f 77.15b-g 9.18c-g 3.58g-k 

S47-US-183 20.50a 11.48a 13.06e-h 16.35a 79.75a 10.80a 2.68m-r 

S2003SPSG-12 16.66g-i 8.19lmn 14.97a-d 12.51g-j 75.08g-i 7.70lmn 1.76s 

CP-718 19.00bc 10.33cd 12.62f-i 14.85bc 78.14a-e 9.71cd 3.44h-m 

S2003-HOSG-4 17.00f-h 8.79h-l 11.77g-k 12.85f-i 75.57f-i 8.27h-l 1.91rs 

SPSG-26 16.33hi 8.37k-m 10.537kl 12.18h-j 74.57hi 7.87k-m 1.96rs 

NIA-SP96-345 17.00f-h 8.80h-l 11.76g-k 12.85f-i 75.57f-i 8.27h-l 3.67f-j 

SPSG-449 17.33e-h 8.92g-l 13.13d-h 13.18e-h 76.04d-h 8.38g-l 2.82k-q 

S2006SP-18 15.66ij 7.52m-o 13.68c-f 11.51jk 73.49ij 7.07m-o 2.74k-r 

S04-CSSG-234 19.33a-c 10.52bc 13.27d-g 15.18a-c 78.53a-c 9.88bc 3.86e-j 

S06SPSG-24 16.83g-i 8.19lmn 16.10ab 12.68g-j 75.31f-i 7.70lmn 1.92rs 

CSSG-32 16.66g-i 8.57i-l 11.29h-l 12.51g-j 75.91e-i 8.05i-l 3.56g-l 

LRK-2004 17.23f-h 8.99g-l 11.77g-k 13.08f-h 75.08g-i 8.45g-l 3.74e-j 

GT-7 17.16f-h 8.93g-l 11.76g-k 13.01f-h 75.61f-i 8.40g-l 3.74e-j 

TSG-13 19.23bc 10.26c-e 14.62a-e 15.08bc 78.42a-d 9.65c-e 4.79b-d 

TSG-14 17.00f-h 7.25n-p 14.52b-e 11.81ij 69.69kl 6.81n-p 5.55ab 

TSG-21 20.50a 11.58a 12.44f-j 16.35a 79.74a 10.88a 5.02a-c 

TSG-16 17.66d-g 8.81h-l 16.43a 13.51d-g 76.49c-h 8.28h-l 4.10d-h 

LRK-2001 17.66d-g 8.98g-l 14.97a-d 13.51d-g 76.49c-h 8.44g-l 3.31h-o 

BL4P36 16.66g-i 8.45j-m 12.41f-j 12.51g-j 75.08g-i 7.94j-m 3.11i-p 

Thatta-10 18.66cd 9.62c-h 16.10ab 14.51cd 77.75a-f 9.04c-h 4.96bc 

SD 0.60 0.47 0.92 0.58 1.22 0.44 0.42 

HSD 1.19 0.94 1.84 1.16 2.44 0.88 0.84 

Table 4. The table represents the data for various qualitative characteristics of the germplasm population against the check i.e., Thatta-10. 
Different letters in the same column represent that the difference is significant at p<0.05 
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Fig. 1. The scatter plots of highly correlated parameters against cane and sugar yield were developed by subjecting the data to said 

analysis through computer operated program Origin, version 2016. Weight per stool, tillers per plant, internode length, and plant 

height highly contributed towards cane yield, whereas cane yield, tillers per plant, brix%, and sugar recovery were the major traits for 

higher sugar yield. 
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Yield is one of the most complicated cane traits (Cox et 
al., 1996). Our observation of its strong dependence on stalk 
weight, tillers, and height was in accidence with many of the 
previous reports (Sharma & Agarwal, 1985; Khan et al., 
2012). Habib et al., (1991) also published similar results 
however, they proposed a high role of stalk girth which we 
did not observe in our correlation analysis. Yield is 
determined by numerous agronomic, morphological, and 
physiological factors which further have intricate 
associations and interrelations (Khan et al., 2012). Varietal 
selection on the basis of contributing components is 
advantageous as they have more heritability rather than the 
yield itself (Risch, 2000; Darvasi & Pisanté-Shalom, 2002). 

Our observation of high correlation values of cane 
yield for tillers per plant, cane height, and weight per stool, 

and non-significant correlation with cane girth were in 
alignment with Khan et al., (2013). Raman et al., (1985) 
also reported that the number of stalks per stool, and height 
are essential factors for higher cane yield. Regarding sugar 
yield, we observed the significant and positive correlation 

with tillers per plant, weight of the stool, and cane yield, 
and negative correlation with the cane girth which is 
supported by Khan et al., (2013). Soomro et al., (2006) and 
Mahmood et al., (1990) also reported highly significant and 
positive correlation among many of the dependent and 
independent traits. Moreover, Raza et al., (2014) and 

Ahmed et al., (2010) also mentioned similar correlation 
behaviours among sugarcane characters regarding cane and 
sugar yields, hence confirming our results. Correlation 
depicts the biological, genetic, physiological, and 
functional interrelations (Wagner & Schwenk, 2000). 
Based on our observations from the study, we concluded 

that tillers per plant, stool weight, and internodes length 
could serve the genotypic selection for both the cane and 
sugar yields. However, for higher sugar yields pol %, CCS 
% and recovery must also be given appropriate weightage.  

Scatter plotting of cane and sugar yield was conducted 
in order to project the variables in scatter subspace between 

cane and sugar yield, and the parameters which contributed 
towards them the most (Fig. 1). Weight per stool, tillers per 
plant, internode length, and plant height were observed to 
be major components of cane yield. Whereas, cane yield, 
tillers per plant, brix%, and sugar recovery were seen as the 
major elements of higher sugar yield. Hence, sugar yield 

augmentation can only be achieved by incorporating 
promising quantitative and qualitative characters coupled 
together in the genotypes. Gunnula et al., (2012) also 
analysed sugarcane crop data through scatter plot analysis 
and presented very similar results mentioning the strong 
relationship of stalk weight and height to cane yield as well 

as the sugar yield. Some other studies have also described 
strong relation of plant height to the ultimate crop yield (Jia 
et al., 2011). Scatter plotting can be used to draw the 
pictographic representation of relationships between two 
variables, and the extent of variability among the factors 
under study (Suryanarayana & Mistry, 2016). Tyagi et al., 

(2012) reported similar findings and presented very high 
association of cane weight, tillers, cane height, as well as 
number of internodes towards the cane yield. Moreover, 
their observations were similar to ours in terms of sugar 
yield as well, since they reported high dependence of sugar 
yield on cane weight, tillers, and sugar recovery. 

Furthermore, Johnson et al., (2012) also reported similar 

findings for assessing association and interactions of 
sugarcane’s parameters using scatter plotting.  

We observed highest sugar yield of 5.86 t/ha for 
CSSG-272 genotype which surpassed the genotype 
NIA223P3 which had shown highest cane yield. Similar 
observations were seen for TSG-14, TSG-21, and SPSG-
2875, which also produced good sugar yield as a result of 
better coalescence of various qualitative and quantitative 
traits. Hence, cane breeders are to look for excellent 
combinations of quantitative and qualitative traits which 
could benefit both the farmers and the sugar industry. 
 

Conclusions 
 

CSSG-272 surpassed all of the genotypes under study 
with its sugar yield of 5.86 t/ha, whereas, NIA223P3 
recorded highest cane yield of 63.33 t/ha against 51.66 t/ha 
of the check (Thatta-10). Further evaluation of promising 
genotypes exhibiting improved qualitative and quantitative 
traits could lead to exploration of the best possible 
combinations for sugar recovery and cane yield, to serve the 
agricultural sector and sugar industry of the country. 
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