
September 2017 | Volume 30 | Issue 3 | Page 303

Pakistan Journal of Agricultural Research

Research Article

Introduction

The sugarcane is an important cash crop of Pa-
kistan used for the production of refined sugar 

and jaggery (Gur). Its value added share in agriculture 
and GDP is 3.4 and 0.7 percent, respectively (GOP, 
2017). It was grown over 1,217 thousand hectares 
with production of 73.6 million tonnes of cane giv-
ing average stripped cane yield of 60.4 t ha-1 during 
2016-17, however it is lower than world average pro-
duction of 65.20 t ha-1 (FAO, 2014). Globally Paki-
stan ranked 5th largest in sugarcane area, production 

and cane sugar manufacturing (ISO, 2016 and FAO, 
2014). It not only provides main stay to sugar indus-
try but also raw material to many allied industries like 
chip board manufacturing and ethanol in addition to 
direct or indirect employment to more than four mil-
lion peoples of Pakistan (Naqvi, 2005). 

In Punjab province, more than 50% of total sugarcane 
cropped area is kept under ratoon crop but its pro-
duction is 25-30% less than fresh crop (Rehman and 
Ullah, 2008). It is due to improper attention of sug-
arcane growers that leads to 35% loss in production 
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(Malik, 1997). The main reason of decline in yield of 
ratoon crop in sugarcane is different ratooning po-
tential of cultivars and suboptimal crop management. 
Ratoon keeping is 25-30% economical than plant 
crop and get ready for harvest before plant crop with 
supplementary advantage of better juice quality and 
sugar recovery (Yadav, 1991). Similarly, spring har-
vested crop prove to be better ratoon than autumn 
because of moderate temperature conducive for stub-
ble sprouting. Earlier studies showed that sugarcane 
cultivars with good ratoonig potential has the charac-
teristics like rapid canopy development, early devel-
opment of adequate number of stalks for more light 
interception at early growth stage and stability in 
cane weight at harvesting to maintain yield in ratoons 
(Gomathi et al., 2013; Sundara, 1996 and Sundara 
et al., 1992). In the sub-tropical regions, sugarcane is 
harvested under low temperature (early harvesting) 
and high temperature (late harvest) conditions. The 
yield of ratoon crop is affected and much influenced 
by environmental factors (Gomathi et al., 2013 and 
Shrivastava et al., 1992). 

The major cane growing countries usually take two 
or more sugarcane ratoons (Yadav, 1991). Singh and 
Dey (2002) reported varying response of ratooning 
of different sugarcane genotypes for sprouting, mill-
able canes and commercial cane sugar. The proper 
development of ratoon crop depends upon sprouting 
of underground buds those stay behind after har-
vesting of plant crop (Hunsigi and Krishna, 1998). 
The sugarcane clones differ in their ability to survive 
and produce profitable ratoon crop (Bhatnagar et al., 
2003). The genetic variation among the genotypes for 
ratooning potential was also reported by Bhatnagar 
et al. (2003) and Rafiq et al. (2006) thus ratooning 
behavior of sugarcane cultivar is a function of geno-
type and environment interaction. Similarly, Shih and 
Gascho (1980) found declining trend in the yield of 
sugarcane ratoons with varying ratooning potential of 
genotypes. Saeed (1993) recorded bumper yields from 
first and second ratoon crops of sugarcane with prop-
er crop management under Faisalabad conditions. 

Adaptation and success of a sugarcane variety depends 
upon its adaptability to agro-climatic conditions of 
the area. Selection of a proper variety to be planted 
in a particular agro-ecological zone is a primary req-
uisite to explore its quantitative and qualitative char-
acteristics. Ratoon keeping is very important in our 
cropping system for overall profitability of sugarcane 

cultivation as it save operational cost by 30%, mainly 
due to seed and reduced expenses for soil manage-
ment (Sundara, et al., 1992). The genetic potential 
of a variety to give better yields in plant and ratoon 
crops is a focal point for sustaining high productivity 
and its acceptance by the farmers for good ratoon-
ing potential (Arain et al., 2011). The candidate sug-
arcane varieties in variety development program of 
Sugarcane Research Institute, Faisalabad are tested 
for ratoonability. Thus, sugarcane varieties with good 
performance in plant and ratoon crops should be pro-
moted for commercial cultivation. As good ratooning 
in sugarcane is beneficial for the farming community 
as its production costs lower than the plant crop and 
also ratoon crop exists over more than half of cultivat-
ed area of sugarcane in Punjab, the prime objective of 
present study was to evaluate the ratooning potential 
of promising sugarcane genotypes by keeping ratoon 
at varying harvesting times of plant crop under the 
agro-climatic conditions of Faisalabad.

Materials and Methods

The study was conducted during 2011-2013 at the 
Sugarcane Research Institute, AARI, Faisalabad, sit-
uated at the Latitude of 31° 25’ N and Longitude of 
73° 09’ E. The soil was loamy having pH of 7.6, EC 
of 0.36 dsm-1 and organic matter of 0.85%. The ex-
periment was laid out in randomized complete block 
design (RCBD) with split plot arrangements having 
three replications. Five genotypes viz. S2003-US-704, 
S2006-SP-30, S2003-US-410, S2006-US-321 and 
HSF 240 (check) were kept under study with five 
harvesting dates: 1st November, 1st December, 1st Jan-
uary, 1st February and 1st March in 2011-2012. The 
genotypes were placed in main plot while harvesting 
dates in sub-plot. The experiment was planted in Feb-
ruary-2011 and plant crop was harvested and kept as 
first ratoon on different dates, as mentioned.  Plant-
ing was done in 120 cm apart dual row trenches with 
a net plot size of 4.8m × 4m  at seeding rate of 50000 
triple budded billets (setts) per hectare. Standard crop 
production technology needed for sugarcane crop was 
employed in the experiment in addition to the ap-
plication of 30% more fertilizer for ratoon crop. All 
agronomic and plant protection measures were kept 
uniform for all the experimental units.

Meteorological observations
The data (Figure 1) showed that there were varied 
meteorological parameters during both years (plant 
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and ratoon). The rainfall pattern during both years 
was more varied as during 1st year (2011) rainy season 
was extended (from July to September) which was 
squeezed only to September in 2nd year (2012). 

Figure 1: Meteorological observations during plant (a) 
and ratoon (b) crop season.

The standard procedure was followed while recording 
the observations on number of sprouts, millable canes, 
striped cane yield (t ha-1), sugar content (CCS%) and 
sugar yield (CCS t ha-1). Data on number of sprouts 
were recorded by counting all the tillers in plot and 
number of millable canes per plot was recorded at 
harvest and both were converted into thousand/hec-
tare. Cane yield was recorded by harvesting the whole 
plots and stalks were stripped, topped ad weighed 
with the help of floor balance. The cane yield (kg) of 
each plot was expressed as tonnes/ha. Ten canes were 
randomly selected from cane stool in the field for 
qualitative juice analysis. The juice was extracted by 
cane crusher having 60% extraction. While brix were 
recorded by brix hydrometer standardized at 20°C 
and pol percent were determined by Horn’s dry lead 
sub-acetate method of sucrose analysis (Anonymous, 
1970). The commercial cane sugar (CCS%) was cal-
culated by using following formula:

(P stands for pol%, F for fibre% and B for Brix% 
(Anonymous, 1970)).

Sugar yield was calculated by using the formula:

Sugar yield (tonnes/ha) = CCS% / 100 × stripped cane 
yield

The data collected were statistically analyzed employ-
ing MSTATC; version 1.3 (Freed, 1990) and least 
significant difference test (LSD) was applied to com-
pare the treatment means (Steel et al., 1997). 
      
Results and Discussion

Number of sprouts
Results obtained from the ratoon crop of sugarcane 
revealed that number of sprouts varied significantly 
among the genotypes and harvesting dates (Table 
1). On an average, the check variety (HSF 240) pro-
duced highest number of sprouts but it was at par with 
S2006-SP-30 as against the lowest in case of S2003-
US-410. The variation in number of sprouts was due 
to different genetic potential of genotypes. Similar 
results were reported by Bashir et al. (2012), Shah et 
al. (2008) and Jamro et al. (2000) who found signif-
icant variation among the ratoons of different sug-
arcane genotypes for number of sprouts. As regards 
harvesting dates, the highest numbers of sprouts were 
recorded in ratoon crop kept on 1st February. It was 
due to upcoming spring season conducive for stubble 
sprouting. It is also depicted from the data that the 
lowest sprouting was observed when the plant crop 
was harvested on 1st December, mainly due to low 
temperature effect on it which normally prevails at 
this time in semi arid tropics and sub tropics.

Number of millable canes
The data shown in Table 2 indicated that highest 
number of millable canes were produced by HSF 240 
but stands at par with S2006-SP-30 as against the 
lowest for S2003-US-410. The variation in number of 
millable canes was attributed to varied genetic poten-
tial under the prevailing agro-ecological conditions. 
These results are in line with those of Bhatnagar et al. 
(2003) who found significant variation in number of 
millable canes for ratoon of different sugarcane gen-
otypes. Conversely, the 1st February kept ratoon crop 
exhibited the highest number of millable canes and it 
was closely followed by ratoon kept on 1st March. The 
maximum number of millable canes produced in 1st 
February kept ratoon crop were due to frost free pe-
riod that had been over before the start of the month 
which is the a prevailing environmental scenario in 
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Table 1: Effect of harvesting dates on number of sprouts (000 ha-1) of different sugarcane genotypes in subsequent 
ratoon crop.

Genotypes Harvesting dates of plant crop Average
1st Nov 1st Dec 1st Jan 1st Feb 1st Mar

S2003-US-704 77 50 83 101 96 82 b
S2006-SP-30 106 91 108 138 134 116 a
S2003-US-410 37 30 41 49 44 40 c
S2006-US-321 67 45 73 89 86 72 b
HSF-240 122 104 126 138 134 125 a
Average 82 d 64 e 86 c 103 a 99 b

Any two means not sharing a letter in common differ significantly at p ≤0.05; -LSD values for Genotypes = 19.3;  Harvesting dates = 4

Table 2: Effect of harvesting dates on number of millable canes (000 ha-1) of different sugarcane genotypes in subse-
quent ratoon crop
Genotypes Harvesting dates of plant crop Average

1st Nov 1st Dec 1st Jan 1st Feb 1st Mar
S2003-US-704 68 45 73 87 85 71 b
S2006-SP-30 91 77 99 111 108 97 a
S2003-US-410 33 27 35 44 38 35 c
S2006-US-321 61 37 60 79 79 63 b
HSF-240 104 88 108 115 113 106 a
Average 71 b 55 c 75 b 87 a 84 a

Any two means not sharing a letter in common differ significantly at p ≤0.05; -LSD values for Genotypes = 15.6; Harvesting dates = 4.20

Table 3: Effect of harvesting dates on striped cane yield (t ha-1) of different sugarcane genotypes in subsequent ratoon 
crop

Genotypes Harvesting dates of plant crop Average
1st Nov 1st Dec 1st Jan 1st Feb 1st Mar

S2003-US-704 52.60 35.67 58.00 71.92 69.67 57.57 b
S2006-US-30 76.58 62.57 84.17 96.00 92.67 82.40 a
S2003-US-410 23.33 18.00 24.33 32.00 26.33 24.80 c
S2006-US-321 54.67 32.49 47.92 68.67 66.25 54 b
HSF 240 87.22 73.51 95 102 99 91.34 a
Average 58.88 b 44.45 c 61.88 b 74.12 a 70.78 a

Any two means not sharing a letter in common differ significantly at p ≤0.05; -LSD values for Genotypes = 16.4; Harvesting dates = .094

most of the semi-arid regions. Frost suppresses the 
growth of sprouts. Bashir et al. (2012) also report-
ed similar results and recorded maximum number of 
millable canes in February kept ratoon crop. 

Striped cane yield
The perusal of the data in Table 3 shown that the 
genotypes and harvesting times differ significant-
ly for cane yield. On an average, maximum yield of 
91.35 t ha-1 was recorded in plots of HSF 240 but it 
was at par with S2006-SP-30 (82.4 t ha-1). Whereas, 
the minimum cane yield (24.8 t ha-1) was obtained in 

case of S2003-US-410. The difference in cane yield 
of ratoon of sugarcane genotypes was due to their 
varied genetic potential which exploit edaphic and 
aerial factors of crop production. These results are in 
accordance with those of Bashir et al. (2012), Ongin 
et al. (2011) and Shah et. al. (2008) who reported 
significant difference among the ratoon of sugarcane 
genotypes for cane tonnage. As regards the harvesting 
time, the maximum stripped cane yield (74.12 t ha-1) 
was obtained when the plant crop was harvested on 
1st February but it was closely followed by 1st March 
harvest (70.78 t ha-1). The lowest production (44.45 t 
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ha-1) was recorded in ratoon of plant crop harvested 
on 1st December. Similar trend was observed in case 
of number of millable canes. These results are in ac-
cordance with those of Bashir et al. (2012). 

It is also evident from the data that stripped cane 
yield of the ratoon crop was highly dependent on the 
sprouting potential of the genotypes which was fur-
ther affected by the harvesting time of the plant crop 
also (Figure 2).

Sugar content (%)
The results presented in Table 4 indicated that high-
est commercial cane sugar (%) were recorded in plots 
of S2003-US-704 (13.55%) but it was at par with 
S2006-SP-30(13.13%). The results are in line with 
the findings of Shah et al. (2008) and Gowda et al. 
(2000). As regards the harvesting dates the sugar con-
tents were found to be non-significant. 

Sugar yield
It is evident from data (Table 5) that there was signif-
icant difference among the genotypes and harvesting 
dates for sugar yield. The variety HSF 240 was found 
to be superior to all tested genotypes giving maxi-
mum sugar yield (11.80 t ha-1) which was followed by 
S2006-SP-30  (10.74 t ha-1). However, the minimum 
sugar yield was given by S2003-US-410(3.01 t ha-1). 
Genetic variation among sugarcane genotypes for 
this trait has previously been reported by Sundra et al. 
(1992) and Das et al. (1996). Whereas,  ratoon kept 
on 1st Februaryyielded highest sugar tonnage(9.39 t 
ha-1) but it was at par with 1st March (9.12 t ha-1) as 
against lowest in case of ratoon kept on 1st December 
(5.74 t ha-1). The increase in sugar yield was attributed 
to highest cane tonnage and sugar content of particu-
lar genotypes. Bashir et al. (2012) reported the similar 
variation among the genotypes and harvesting times 

for sugar yield of ratoon crop. 

Figure 2: Cane yield dependent on sprouts m-2 as influ-
enced by harvesting time (a) and genotypes (b)

Table 4: Effect of harvesting dates on commercial cane sugar (%) of different sugarcane genotypes in subsequent ratoon 
crop

Genotypes Harvesting dates of plant crop Average
1st Nov 1st Dec 1st Jan 1st Feb 1st Mar

S2003-US-704 13.63 13.18 13.60 13.54 13.79 13.55 a
S2006-SP-30 12.50 13.82 13.41 13.07 12.12 13.13 a
S2003-US-410 12.50 12.01 12.24 11.77 12.65 12.13 b
S2006-US-321 12.65 12.54 12.15 11.81 11.53 12.14 b
HSF-240 13.45 12.37 12.91 12.62 13.17 12.90 ab
Average 12.87 12.88 12.82 12.62 12.67

Any two means not sharing a letter in common differ significantly at p ≤0.05; -LSD values for Genotypes = 0.89; Harvesting dates = 0.68
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Table 5: Effect of harvesting dates on commercial cane sugar (t ha-1) of different sugarcane genotypes in ratoon crop
Genotypes Harvesting dates of plant crop Average

1st Nov 1st Dec 1st Jan 1st Feb 1st Mar
S2003-US-704 7.16 4.69 7.90 9.79 9.65 7.82 b
S2006-SP-30 9.43 8.63 11.24 12.26 12.13 10.74 a
S2003-US-410 2.83 2.23 2.93 3.93 3.15 3.01 c
S2006-US-321 6.94 4.01 5.83 8.11 7.65 6.51 b
HSF-240 11.70 9.12 12.29 12.87 13.04 11.80 a
Average 7.61 b 5.74 c 8.04 b 9.39 a 9.12 a

Any two means not sharing a letter in common differ significantly at p ≤0.05; -LSD values for Genotypes = 2.03; Harvesting dates = 0.73

Conclusion
 
It can be concluded from the study that sugarcane 
genotypes differ in ratooning ability for cane and 
sugar yield and for good ratoon, plant crop should 
be harvested from 1st February to 1st March to attain 
better productivity in semi-arid areas of the country 
as the cane yield of the ratoon crop is highly affected 
by the sprouting behavior of the genotypes which is 
influenced by the harvesting time of the plant crop.

Author’s Contribution

MUH conducted field trial, collected data, entry and 
statistical analysis of data, conceived idea, wrote ar-
ticle and did overall management of the article. NF 
helped in collection of data, proof reading of article 
and technical inputs at every step. MAM did proof 
reading, incorporated meteorological data and did re-
gression analysis and technical input at each step. MY 
provided technical input at each step.

References

Anonymous. 1970. Laboratory Manual for 
Queensland Sugar Mills. (5th Ed.) Watson, 
Ferguson and Co. Pp. 94-150.

Arain Y.M., R.N. Panhwar, N. Gujar, M. Chohan, 
M.A. Rajput, A.F. Soomro and S. Junejo. 
2011. Evaluation of new candidate sugarcane 
varieties for some qualitative and quantitative 
traits under Thatta agro-climatic conditions. J. 
Anim. Plant Sci. 21(2): 226-230.

Bashir, S., N. Fiaz, A. Ghaffar and F. Khalid. (2012). 
Ratooning ability of sugarcane genotypes 
at different harvesting dates. Int. Sugar J. 
114(1360): 273-276.

Bhatnagar, P.K., A.Q. Khan, A. Singh and K.A. 
Khan. 2003. Studies on genetic variability, 

heritability and genetic advance in plant and 
ratoon crops of sugarcane. Indian Sugar LIII. 
(3):183-185.

Das, P.K., B.C. Jena, N. Nayak and A.K. Parida. 
1996. Correlation and path analysis of cane 
yield in sugarcane. Cooperative Sugar. 27(7): 
509-512.

FAO. 2014. Food and Agriculture Organization 
of the United Nations (FAO). http://www.fao.
org/faostat/

Freed R. D. 1990. MSTATC Ver. 1.2. Michigan 
State. Univ., Michigan, USA.

Gomathi, R., P. Nagaraja, G. Rao, P. Rakkiyappan, B. 
P Sundara and S. Shiyamala. 2013. Physiological 
studies on ratoonability of sugarcane varieties 
under tropical Indian condition. Am. J. Plant 
Sci. 4:274-281. https://doi.org/10.4236/
ajps.2013.42036

GOP. 2017. Government of Pakistan, Islamabad. 
Pakistan Economic Survey. Pp. 27-28.

Gowda, C.C., S. Panchaksharaiah and T.G. 
Shivappa. 2000. Yield and quality performance 
of mid-late sugarcane varieties insouthern 
transition zone of Karnataka. Crop Res. Hisar. 
20(2): 308-311.

Hunsigi, G. and K.R. Krishna. 1998. Science of 
Field Crops. Oxford & IBH Publishing Co., 
(Pvt.), Ltd., New Delhi. Pp. 328-352.

ISO.  2016. International Sugar Organization. 
Sugar Year Book.

Jamro, G.H., A.M. Kumbhar, A. Ullah and A.G. 
Soomro. 2000. To study the performance of 
different sugarcane varieties under climatic 
conditions of upper Sindh. Sarhad J. Agric. 
16(5): 515-519.

Malik, K.B. 1997. Profitable cultivation of sugarcane. 
Directorate of Agricultural Information, 
Agriculture Department of Punjab, Lahore, 
Pakistan. Pp. 49.

http://www.fao.org/faostat/
http://www.fao.org/faostat/
https://doi.org/10.4236/ajps.2013.42036
https://doi.org/10.4236/ajps.2013.42036


Ratooning potential of sugarcane under varying harvesting times

September 2017 | Volume 30 | Issue 3 | Page 309 

Naqvi, H.A. 2005. Pakistan Sugar Book. Pakistan 
Society of Sugar Technologists, Pakistan.

Ongin’ Jo E., and C.O. Olwen .2011. Determination 
of optimum harvesting age for sugarcane ratoon 
crop at the Kenyan Coast. J. Microbiol. Biotech. 
Res. 1(2): 113-118.

Rafiq, M., A.A. Chatta and M.R. Mian. 2006. 
Ratooning potential of different sugarcane 
genotypes under Faisalabad conditions. J. Agric. 
Res. 44(4): 269-275.

Rehman, A. and Ullah, E. 2008. Increasing yield of 
ratoon sugarcane. DAWN-Business, April 07, 
2008.

Saeed, M. 1993. Yield potential of second ratoon of 
promising varieties of sugarcane. Thesis. M.Sc. 
(Hons.) Agriculture, Department of Agronomy, 
Univ. Agric., Faisalabad, Pakistan.

Shah, S.M.A., Z. Hidayat-ur-Rehman, F.M. Iqbal, 
Abbassi, Durrishahwar, A. Ali, M.Y. Khan and 
D. Jan. 2008. Genotypic evaluation of sugarcane 
genotypes for rationing ability. Sarhad J. Agric. 
24(4): 613-617

Shih, S.F. and G.T. Gascho. 1980. Sugarcane stalk 

distribution in two row spacings. 17th ISSCT 
Proceedings. Pp. 34-58.

Shrivastava, K.A., A.K. Ghosh and V.P. Agnihotri. 
1992. Sugarcane Ratoons. Oxford & I.B.H. 
Publishing Co. Pvt. Ltd., New Delhi. Pp. 182.

Singh, R.K. and P. Dey. 2002. Genetic variability in 
plant and ratoon of sugarcane genotypes grown 
under saline conditions. Indian Sugar. 10: 725-
727.

Steel, R.G.D., J.H. Torrie and D.A. Dickey. 
1997. Principles and procedures of statistics: A 
biometrical approach. 3rd edn. McGraw-Hill, 
New York. Pp. 633.

Sundara, B. 1996. Studies on Multiratooning 
Potential of Sug-arcane Varieties; 58th Annual 
Convention, STAI, 14-16 September. Pp. 3-8. 

Sundara, B., P. Sankaranarayanan and G.R. Barcha. 
1992. Varietal characteristics affecting ratooning 
potential of sugar cane. Sugarcane. 6:1-4.

Yadav, R.L. 1991. Sugarcane production technology; 
Constraints and potentialities. Oxford & IBH 
Publishing Co. (Pvt.) Ltd.


