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ABSTRACT
Present study was conducted at Surgarcane Research Institute, Faisalabad during 2018-19 to 
evaluate twelve (12) exotic sugarcane clones imported from Philippines for biometric traits and 
diseases resistance in local climatic conditions. These clones were put in preliminary yield trials 
(4th stage) of varietal development program to evaluate their performance in comparison with 
local check varieties HSF 240 and CPF 249. The exotic genotypes along with local checks were 
subjected to randomized complete block design (RCBD) by keeping three replications during 
crop season 2018-19. Six biometric traits like germination%, tillers per plant, no. of canes, cane 
weight, cane yield and sugar contents along with resistance to two major diseases viz. red rot and 
smut of sugarcane were studied. Two-sided Dunnett’s multiple test was used for comprehensive 
comparison among bimetric traits. The results of this study indicated that all the clones differed 
significantly for their agronomic traits. Although some varieties of Philippines showed better 
performance for cane yield (PSR 01-46, 184.7 t/ha) as compared to check varieties but they 
could not surpass them for sugar contents (11.54%) and also found susceptible to red rot and 
smut diseases. Only three exotic clones viz. PSR 01-28, PSR 98-11 and PSR 99-182 were 
promoted to next selection stage of varietal development program on the basis of higher or 
comparable cane yield (120.7, 141.7 and 105.3 t/ha, respectively) than check varieties and 
diseases reaction. However, the sugar contents of these exotic clones were found at par with 
check varieties and thus further testing and evaluation is required to improve adaptability and 
stability for consistent performance under local agro-ecological conditions. 
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INTRODUCTION
The escalating worldwide requirement of agriculture 
commodities has become vital for ever increasing 
population. In the scenario of changing climatic 
conditions, the major crops attract more attention 
of growers to fulfill the need of people in the world. 
Sugarcane is long duration crop having wide range of 
adaptability in various climatic zones. It ranks among 
top valuable cash crops in Pakistan. It is cultivated 
all over the country except few districts of Punjab, 
KPK and Balochistan provinces and northern areas. 
During 2019-20, the national production of sugarcane 
remained 66.880 million tonnes occupying an area of 
1.040 million hectares with cane yield 64.3 t/ha (GoP, 
2020).
It has been observed that changing climatic conditions 
are affecting the growth, cane yield and sugar  
contents of sugarcane crop and also causing lodging, 
increased insects pest attack and vulnerability to 

different disease pathogens. The conditions urge the 
researches to find out well suited, localized and site 
specific varieties to be cultivated in different ecological 
zones. The events related to weather and climate play 
key role in the production of sugarcane particularly in 
developing countries (Zhao and Li, 2015). Selection 
of desirable parents is of prime importance for 
developing new variety. The yield is quantitative trait 
which is closely linked with environmental conditions 
(Pandey et al., 2018). By introducing new cultivars, 
adaptability of these clones in new climatic conditions 
has to be checked to find out well suited cultivar for that 
environment to release for general cultivation.
For a breeder, genetic variability is a key factor to develop 
new varieties. During the approval phases of varietal 
development, distinctness, uniformity and stability of 
characters is recorded. In sugarcane, normally two 
sources of genetic variations are exploited; crossing of 
different desirable parents to produce fuzz and import 
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of setts from other countries for direct introduction. The 
target of any breeding program is to find out better and 
improved clones having good sugar contents and cane 
yield, which will be more profitable for growers and 
cane processors (Jackson, 2005). 
Among sugarcane major disease in Pakistan, smut 
and red rot have destructive role in declining yield of 
sugarcane in the country. The countries like Pakistan 
where smut disease occurs; the evolution of smut 
resistant cultivars is only solution to reduce the severity 
and incidence of disease. Hence, during clonal 
selection major emphasis should be identifing the 
sugarcane clones having resistances to smut disease 
(Comstock et al., 1983; Whittle and Walker, 1982).
The objective of present study is to asses performance 
of different imported clones in comparison to local 
check varieties. By finding out well suited superior 
clones that were showing better adaptability in local 
climatic conditions would be recommended for approval 
from Punjab Seed Council and to further release for 
commercial cultivation in cane growing areas of the 
province.

MATERIALS AND METHODS
The experiment was laid out at coordinate plane 
31.39144ᵒ N and 73.0313ᵒ E during October, 2018 at 
the research area of Sugarcane Research Institute, 
Faisalabad, Pakistan. The texture of soil was loamy 
with electric conductivity (EC) 1.97, soil pH 8.1, 
organic matter 0.91%, available phosphorous 9.5 ppm, 
available potassium 200 ppm and saturation 32%. 
The weather data was recorded from the observatory 
of Agronomic Research Institute, Faisalabad (Table 
1). The experiment comprised 12 sugarcane clones 
imported from Philippines in comparison with two local 
check varieties HSF 240 and CPF 249 (Table 2).
The clones were put in preliminary yield trials (N-III), 
the 4th selection stage of varietal development program 

for testing. The entries were subjected to randomized 
complete block design (RCBD) using three (03) 
replications. The net plot size was kept 3.6 × 3 m2. 
At plantation, triple budded setts (TBS) were used 
for each replication by using recommended seed rate 
of 50000 TBS/ha in four feet apart dual row trench 
planting method. The fertilizers were applied as per 
recommendation, i.e. N:P:K 168:112:112 kg/ha. All the 
potash and phosphorous was applied in trenches at 
the time of planting, while the nitrogen was applied in 
three (03) splits viz. first at germination stage, second 
at tillering stage and third at the time of earthening up of 
crop. First irrigation was applied just after covering the 
setts with fine layer of soil. A total of 18 irrigations were 
applied during the whole crop season. The rain water 
during cropping season was also taken into account. 
The data on germination was recorded 45 days after 
plantation (DAP) and tillering data was recorded at 
120 DAP. Whereas, no. of canes, cane weight and 
cane yield were recorded at harvesting of crop after 
14 months.
Varietal screening against red rot disease was 
conducted under artificial inoculation conduction of 
pathogen. Culture of red rot pathogen was prepared by 
growing on oatmeal agar media. Inoculum of disease 
was prepared in sugarcane pathology laboratory. 
Furthermore, field inoculum was also prepared by 
inoculating suitable variety CO-1148 to grow disease 
nursery in field. Artificial inoculation of red rot pathogen 
was made during the month of July. Twenty five (25) 
clumps having at least 02 canes (per clump) of each 
clone was inoculated using plug technique @ 20-
25 spores per microscopic field or 106 spores / ml of 
water. A bore hole was made in the middle with help 
of borer cork (Granger and Horne, 1924) of about 0.5 
cm diameter by removing the plug of cane tissue. Two 
drops of spore suspension of Colletotrichum falcatom 
was dropped into the borehole and sealed tightly 

Table 1. Weather data for whole crop season (2018-19) of sugarcane cultivation

Month Mean maximum 
temperature (°C)

Mean minimum 
temperature (°C)

Mean relative humidity 
at 5 pm (%)

Total rainfall 
(mm)

October 32.9 18.4 46.7 0.6
November 27.6 12.2 50.5 0
December 22.3 5.7 53.3 0.4
January 19.3 5.7 54.6 18.4
February 20.5 8.0 55.2 56.8
March 26.1 12.7 46.9 39.3
April 35.2 20.1 39.3 33.6
May 38.7 23.0 31.3 31.6
June 41.4 26.3 31.6 29.3
July 37.0 26.7 58.5 144.6
August 37.2 26.9 61.2 84
September 36.9 26.4 56.4 48.1
October 32.9 18.9 50.8 22.4
November 26.3 12.8 55.4 3
December 17.0 6.0 67.0 7
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with stick tape. Data on the incidence of disease was 
recorded by splitting inoculating cane after two month 
of inoculation. Assessment of varietal reaction was 
carried out with the consideration of following symbolic 
points of the disease and disease rating scale (0-9) 
(Srinivasan and Bhat, 1961).

While evaluating the clones against smut, the clones 
having less than 11% smut infection were categorized 
in smut resistance. Similarly infection percentage 
ranging from 11-22% and more than 22% were rated as 
moderately resistant (MR) and moderately susceptible 
(MS), respectively (Chao and Hoy, 1989).
A sample of ten canes was used for quality analysis of 
cane juice. The commercial cane sugar (CCS%) was 
assessed by the Australian commercial cane sugar 
formula.

CCS% = 3P/2{1-(F+5)/100}-B/2{1-(F+3)/100}

Where, P stands for pol%, F for fiber% and B for brix% 
of first extracted juice.
Sugar yield was calculated by using following formula:

Sugar yield = CCS% / 100 x stripped cane yield

Statistical analysis
The data collected were subjected to statistical 
analysis employing Statistix 8.1 (MacGraw-Hill, 2008) 
and Two-sided dunnett’s multiple comparisons was 
used to check significant difference of clones with 
check varieties. The results were summarized in 
tabulated form. Basic economic parameters i.e, cane 
yield and sugar yield for each clone are also presented 
graphically for each set separately using mean values.

RESULTS AND DISCUSSION
The Table 3 indicates highly significant difference 
among clones for all traits except germination (%) 
where the difference was non-significant. In Table 4, 
the data for all traits were compared with local check 
HSF 240 and CPF 249. The germination of HSF 240 
stood as 41.9% while maximum germination (44.8%) 
was recorded in PSR 00-23. The check variety CPF 
249 showed germination of 41.1%. The germination 
difference was non-significant among all the clones. 
Maximum no. of tillers per plant (2.12) was produced by 
HSF 240, whereas all other varieties under comparison 

Table 2. Sugarcane clones planted for experimentation
S. No. Clone names S. No. Clone names

1 PSR 00-23 7 PSR 99-89
2 PSR 98-140 8 PSR 01-28
3 PSR 01-232 9 PSR 98-11
4 PSR 99-85 10 PSR 98-27
5 PSR 98-38 11 PSR 99-182
6 PSR 01-46 12 PSR 00-11

Check 
variety HSF 240 Check 

variety CPF 249

Table 3. Analysis of variance of mean square values for all traits

SOV df Germination    
(%)

No. of tillers/ 
plant 

No of canes    
(000)

Cane yield 
(t/ha)

Sugar content 
(%)

Single cane 
weight (kg)

Replication  2 1.7 0.03 795.8 1134.2 0.29 0.01
Treatment  13 78.7* 0.54** 894.6** 1476.8** 6.17** 0.12**
Error 26 29.1 0.14 200.5 204.9 0.51 0.01
Total 41

Table 4. Performance of 12 exotic clones in comparison with check varieties

Sr. 
No. Clones Germination    

(%)
No. of 

tiller/Plant
No of cane    

(000)
Cane Yield

(t/ha)

Sugar 
contents 

(%)

Single cane 
weight (kg)

Smut 
reaction

Reaction 
to red rot

1 PSR 00-23 44.8 0.76* 120 106.0 8.96*# 0.88# MS MS
2 PSR 98-140 31.8 0.89* 114 122.0 10.13 1.07 MS R
3 PSR 01-232 28.9 0.79* 100 140.0 10.62 1.44*# MS MS
4 PSR 99-85 30.3 0.65* 83*# 110.0 10.27 1.32* MS S
5 PSR 98-38 39.4 0.80* 125 150.0* 11.22 1.20* MS R
6 PSR 01-46 36.2 0.89* 128 184.7*# 11.54 1.46* MS S
7 PSR 99-89 36.8 0.50* 98 133.0 12.48 1.36*# R S
8 PSR 01-28 30.9 0.36* 108 120.7 9.40*# 1.13* R R
9 PSR 98-11 35.3 0.87* 114 141.7 9.61*# 1.24* R R
10 PSR 98-27 44.4 0.68* 106 105.0 6.98*# 1.00 MS R
11 PSR 99-182 35.5 0.49* 71*# 105.3 9.43*# 1.49*# R R
12 PSR 00-11 35.9 1.01* 122 138.3 9.81*# 1.13* R S
13 HSF 240 41.9 2.12 132 111.3 11.78 0.85# MS R
14 CPF 249 41.1 1.24 119 135.0 11.79 1.13* R S

Critical Value 13.2 0.92 35 35.1 1.76 0.25 - -
95% confidence intervals, Comparison with HSF 240 and CPF 249
# and * show significant difference from CPF 249 and HSF 240 respectively       
R=Resistance S=Susceptible MS=Moderately Susceptible and MR= Moderately Resistant

* Significant, ** Highly significant
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showed significantly less tillers per plant as compared 
to check variety. While comparing with CPF 249, all 
clones showed less but non-significant tillers per plant. 
Minimum tillers per plant (0.36) were recorded in PSR 
01-28 and critical value for this trait was 0.92 being 
a yard stick for comparison. The crop was harvested 
during January 2020 after 14 months. According to 
table -1, with fall in temperature at the start of winter the 
crop got physical maturity. The remaining characters 
were recorded at the time of harvest. No of canes are 
more important in determining the yield of sugarcane 
and it had more importance for indirect selection of 
sugarcane yield (Gravois et al., 1991; Milligan et al., 
1996). The comparison of no. of canes with HSF 240 
showed that two clones PSR 99-85 and PSR 99-182 
gave significantly low no. of canes whereas all other 
clones differed non-significantly. The data showed that 
PSR 99-85 and PSR 99-182 produced significantly less 
no. of canes than HSF 240 whereas, difference of all 
other clones was non-significant. While comparing the 
no. of canes with CPF 249, two clones PSR 99-85 and 
PSR 99-182 produced significantly less no. of canes 
while the difference for all other clones was differing 
non-significant. The cane yield of check variety HSF 
240 was recorded 111.3 t/ha against PSR 98-38 and 
PSR 01-46 with cane yield of 150.0 and 184.7 t/ha, 
respectively. The significantly maximum cane yield of 
184 t/ha was exhibited by PSR 01-46 against the check 
variety CPF 249 with having cane yield of 135 (Table 
4), maximum cane yield was recorded for PSR 01-46 
followed by PSR 98-11 and PSR 01-232, respectively. 
Wheareas by comparing the sugar contents with check 
variety HSF 240, six varieties i.e, PSR 00-23, PSR 01-
28, PSR 98-11, PSR 98-27, PSR 99-182 and PSR 00-
11 exhibited significantly low sugar contents than HSF-
240. Whereas, all other clones showed non-significant 
difference for sugar content. While comparing the 
sugar contents with CPF 249, six exotic clones ; PSR 
00-23, PSR 01-28, PSR 98-11, PSR 98-27, PSR 99-
182 and PSR 00-11 exhibited significantly low sugar 
content as compared to CPF 249. While all other 
clones had non-significant difference of sugar contents 
than CPF 249. The comparison of sugar content is 
portrayed in Table 4. Among all, comparison of single 
cane weight reveals (Table 4) that five clones; naming 
PSR 00-23, PSR 01-232, PSR 99-89, PSR 99-182 and 
HSF 240 gave significantly higher cane weight than 
CPF 249. Similarly, nine clones including PSR 01-
232, PSR 99-85, PSR 98-38, PSR 01-46, PSR 99-89, 
PSR 01-28, PSR 98-11, PSR 99-182 and PSR 00-11 
had significantly higher cane weight than HSF-240. 
The data of smut occurrence showed that six clones 
produced no symptoms of disease including CPF249. 
The other eight clones, PSR 00-23, PSR 98-140, PSR 

01-232, PSR 99-85, PSR 98-38, PSR 01-46, PSR 98-
27 and HSF 240 were found susceptible to smut under 
natural field conditions. Check varieties, CPF 249 was 
resistant while HSF 240 was susceptible to smut. The 
reaction to red rot by each clone was categorized into 
four groups, resistant (R), moderately resistant (MR), 
moderately susceptible (MS) and susceptible (S). The 
check variety HSF240 was resistant to red rot diseases 
alongwith other six clones PSR 98-140, PSR 98-38, 
PSR 01-28, PSR 98-11, PSR 98-27 and PSR 99-182. 
Whereas,  four varieties, PSR 99-85, PSR 01-46, PSR 
99-89 and PSR 00-11 were found susceptible to red rot 
disease and only two varieties PSR 00-23 and PSR 01-
232 were found moderately susceptible to this notorious 
disease. The check variety CPF 249 was susceptible 
to red rot. Although some of clones from Philippines 
were higher cane yielder than the local check varieties 
alongwith more cane weight but they failed to surpass 
for sugar contents and disease reaction. The clones 
having more tonnage were affected by red rot and 
smut disease.
This study showed variation among different clones 
imported from Philippines in comparison with local 
check varieties for major biometric and qualitative 
traits. This difference in performance by each clone was 
mainly due to genetic makeup that enables it to cope 
with the environmental conditions. The ability of the 
clones to produce more cane yield and sugar content 
indicated the level of adaptability of a particular exotic 
clone under local climatic conditions of Faisalabad, 
Punjab, Pakistan. The clones with improved genetic 
makeup have ability to perform better in particular 
set of climatic conditions (Arain et al., 2011). The 
performance of sugarcane clones were highly 
influenced by its genetic makeup and only provision of 
growing conditions and better cultural practices were 
insufficient for good performance unless accomplished 
by improved genetic makeup (El-Geddaway et al., 
2002; Keerio et al., 2003). Mahmood-Ul-Hassan et al. 
(2020) found better response of different qualitative 
and quantitative traits of sugarcane clones in specific 
climatic conditions having improved genetic makeup. 
Favorable climatic conditions during the whole cropping 
season for adaptive genotypes gave superior results 
(Afghan et al., 2013). The good results of sugarcane 
genotypes were linked with having better genotypic 
potential to give more germinant and tillers during 
earlier stages of growth and more  number of millables 
canes at the time of harvest (Arain et al., 2011; Khan 
et al., 2003; Javed et al., 2002; Al-Hiary et al., 2019). 
The good germination followed by more tillering 
and millable canes were the basic criteria to assess 
the agronomic performance of a clone (Sharma and 
Agarwal, 1985). Similarly, clones showing significantly 



J. Agric. Res. 2021, 59(3)

                                                Sugarcane clones of philippine in semi-arid conditions of Punjab   

255

lower yield related traits have poor cane yield (Arain et 
al., 2011). In present study, the attempts were made 
to find out well suited clones with better cane & sugar 
yield and have resistance to major diseases in local 
set of climatic conditions. While studying the cane and 
sugar yield related traits and reaction to two major 
diseases in local climatic conditions, only three clones 
(PSR 01-28, SR 98-11 and PSR 99-182) were found 
better to be taken in next selection stage of varietal 
development program for further evaluation.

CONCLUSION
The varietal development program of the institute 
includes both true seed (Fuzz) and imported cane setts 
(direct introduction) for testing, selection and advancing 
the clones to develop genetically improved sugarcane 
varieties. In this study, twelve clones imported from 
Philippines were evaluated against local check 
varieties HSF 240 and CPF 249. Although some of 
exotic clones performed better for agronomic traits but 
could not show better sugar contents and resistance 
to smut and red rot diseases under prevailing climatic 
conditions. Thus, only three clones viz. PSR 01-28, SR 
98-11 and PSR 99-182 were selected and promoted to 
next selection phase for further evaluation.
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