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ABSTRACT 

A field-experiment was conducted during 2001-02 and 2002-03 at Lucknow with 3 S doses (40, 60 and 80 kg 
Slha) and 3 sources (elemental S, gypsum and single superphosphate) for improving yield and quality of sugar- 
cane. Significant improvement in cane diameter (2.51 cm) and individual cane weight (1,100 g) was observed at 
60 kg Slha. This registered an increase of 9.87% in cane yield and 8.77% in commercial cane sugar over 40 kg S/ 
ha. Pol % in juice increased significantly when S dose increased from 40 to 60 kglha. Application of elemental sul- 
phur resulted in significantly higher cane yield (83.5 Vha) as well as commercial cane sugar (CCS 9.96 Vha) over 
other sources. In plant-ratoon system, by taking 1 plant and 1 ratoon crop in account, maximum net return ( R s  
111,032/ha) and benefit : cost ratio (3.18) were obtained at 80 kg Slha. 
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Decreased use of low-analysis fertilizers like ammo- 
nium sulphate and single superphosphate, and organic 
manures have rendered the Indian soils deficient in sul- 
phur. Yield improvement with sulphur application has 
been attributed to enhanced nitrogen use efficiency 
(Ghosh et al., 1990), possibly by increasing nitrate reduc- 
tase activity. At Mandya, use of ammonium sulphate im- 
proved juice quality in S-deficient soil (Rabindra and 
Swamy Gawda, 1989). A dose of 30-40 kg Slha was 
found optimum for improvement in plant cane yield at 
Lucknow (IISR, 1999-2000; Shukla and Lal, 2001). 
Ghosh et al., (1990) observed in increase in cane yields up 
to 80 kg Sha.  Large increase with soil application of el- 
emental S has been reported from alkaline-calcareous soils 
of Rajasthan (Hunsigi, 2001). It was also observed that 
yield of sugarcane was positively correlated with the sul- 
phur content of cane leaves. Thus keeping these points in 
view, a study was undertaken to optimize the dose and 
sources of sulphur for a plant-ratoon system, to find the 
optimum dose and source of sulphur fertilizer in relation 
to cane yield and juice quality in sugarcane plant and ra- 
toon crops. 

MATERIALS AND METHODS 

The field experiment was initiated on research farm of 
Indian Institute of Sugarcane Research, Lucknow. The cli- 
mate of the experimental site was semi-arid subtropical 
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with hot dry summer and cold winter. The average annual 
rainfall is 976 mm, and nearly 80% of the total rainfall 
received is through south-west monsoon (July-Septem- 
ber). The average monthly minimum temperature fluctu- 
ates from 6.9 to 8 "C in January (the coldest month) and 
from 25.9 to 28 "C in May (the hottest month). The respec- 
tive maximum temperature ranges from 21.2 to 23 "C in 
January and 39.0 to 40.6 "C in May. 

The experiment was conducted during 2001-02 and 
2002-03 with 3 doses (40, 60 and 80 kg Slha) and 3 
sources (elemental sulphur 41 % S, gypsum 18.6% S and 
single superphosphate 16% P,O, and 12% S) of sulphur. 
Nine treatment combinations were replicated thrice in ran- 
domized block design. Total amount of sulphur as per the 
treatments was supplied as basal dose in furrow. Recom- 
mended doses of N (150 kgha) and K (50 kglha) were 
applied to sugarcane plant crop. Out of the total recom- 
mended dose of N and K, one-third dose of N and full 
dose of K were applied at the time of planting and remain- 
ing two-thirds N was top dressed in 2 instalments during 
tillering stage from April to June. The amount of phospho- 
rus was balanced keeping all the sources of sulphur in 
view with reference to single superphosphate. Among 
various levels, D, (23.29 kg Pha), D, (34.9 kg Pha) and 
D, (46.6 kg Plha) were applied. At D, there was 46.6 kg PI 
ha, so D, and D, were balanced as D,. Thus extra P re- 
quired in D, and D, were 23.29 and 11.66 kglha, respec- 
tively, which was applied through diammonium phos- 
phate. Thus requirement of diarnmonium phosphate in D, 
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was 15.97 kgha and in D, 58.04 kgha. N added through 
diammonium phosphate was 20.87 kgha and 10.44 kgha, 
in D, and D, respectively. This amount of N was deducted 
from basal N applied through urea, i.e. 50 kgha, so the 
required amount of N from urea would be 29.13 kg/ha in 
D,, 39.56 kgha in D, and 50 kg Nha  in D,. Initial soil 
physical and chemical parameters for both the seasons in- 
dicated that soil had 1.40 and 1.37 gfcc bulk density dur- 
ing first and second cropping seasons respectively. Soil 
had 60.9, 23.7 and 15.4% sand, silt and clay respectively 
during first season, and 62.4,2 1.6 and 16% during second 
season. Experimental soil was sandy loam, analysed low 
organic carbon (0.45 and 0.42%, during both the years, re- 
spectively), low available N (210 and 220 kgha), medium 
available P (14.6 and 16.2 kg Pha), medium K (210 and 
195 kg Nha) and low available S (24.5 and 27.2 kg Sha) 
at moderately neutal pH (7.6 and 7.4). Carry-over effect of 
different treatments was observed on ratoon cane. Sugar- 
cane juice of plant and ratoon crops was analysed at the 
time of harvesting. 

Sugarcane was planted on 12 March 2001 and 16 
March 2002 in 75 cm row spacing with a seed rate of 
45,000 three-budded cane settsha. From the main sugar- 
cane crop of both years, ratoon was raised during 2002 
and 2004. The harvesting of sugarcane plant and ratoon 
crops was done manually (1 1 March 2002 and 10 March 
2003 for plant cane; 16 December 2003 and 10 January 
2004 for ratoon cane) in various years. After harvesting of 
crops, trash and dry leaves were burnt in the field, stubbles 
were shaved to the ground level and field was irrigated for 
raising ratoon crop. Fertilizers were applied at first inter 
culture operation. Nitrogen was applied in 2 splits as per 
standard practice. Transplanting of clumps in gaps was 
done to have a uniform plant population. Inter-culture 
operations and plant-protection measures were adopted as 
per requirement. All the agronomic and plant-protection 

operations were carried out uniformly as and when re- 
quired. Available sulphur in soil was also determined in 
0.15% CaC1, extract turbidimetrically. The incidence of 
diseases and pests was below economic threshold and 
plant-protection measures were applied irrespective of the 
treatments in plant and ratoon crops. 

RESULTS AND DISCUSSION 

Sulphur in plant cane 
The mean data from two cropping seasons indicated 

that various doses of sulphur significantly increased num- 
ber of millable canes at 60 kgha (Table 1). Sulphur-medi- 
ated nitrogen metabolism might have increased the nitrate 
reductase and sulphate reductase activities, thereby im- 
proving chlorophyll formation, which contributed greatly 
to increased number of millable canes and greater cane 
diameter (Jamal et al., 2003). Highest cane diameter was 
recorded at 60 kg Sha, but it did not differ significantly 
from that recorded at 80 kg Sha. The highest individual 
cane weight was recorded at 80 kg Sha. This might be due 
to the role of sulphur in carbohydrate metabolism. Since 
cane weight is a function of cane length and diameter, 
these contributed positively (Verma et al., 1996). Increas- 
ing levels of sulphur increased S uptake at harvest. Differ- 
ent sources could not influence millable canes signifi- 
cantly. Application of elemental S improved the individual 
cane length (244.8 cm), diameter (2.53 cm) and cane 
weight (1,139 g) significantly over gypsum. Elemental S 
improved 12.5% individual cane weight over gypsum. 

Significantly higher cane yield and commercial cane 
sugar (CCS) were obtained at 60 kg S h a  (Table 1). The 
increase was 9.87% in cane yield and 8.77% in CCS with 
60 kg S h a  over 40 kg Slha. The differences between 60 
and 80 kg Sha were however not significant. Significantly 
higher cane yield and sulphur uptake were obtained with 
elemental S over other sources that increased commercial 

Table 1. Influence of different treatments on growth, yield and quality of plant cane (mean data of 2 cropping seasons) , . 

Treatment Millable Cane Cane Cane Cane yield S uptake OBrix Pol % Purity CCS 
canes length diameter weight (tha) at harvest juice (%I 

('000ha) (cm) (cm) (g) ( k g w  

Sulphur dose (kgha)  
40 
60 
80 

SEmi 
CD (P=0.05) 

S sources 
Element at S 
Single super phosphate 
Gypsum 

SEm* 
CD (P=0.05) 
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cane sugar (9.96 tha) as well. Higher number of rnillable 
canes and improved individual cane weight also contrib- 
uted to the increased cane yield with elemental S. Pol % 
improved when sulphur dose increased from 40 to 60 kg/ 
ha. Further increase in S dose to 80 kgka, however, did 
not improve juice quality significantly. These results are in 
conformity with the findings of Amodkar and Joshi 
(2002). Various sources of sulphur could not influence 
juice quality parameters significantly. 

Sulphur in ratoon cane 
Number of millable canes in ratoon was not signifi- 

cantly influenced by S doses applied in plant cane. How- 
ever, individual cane weight in ratoon significantly im- 
proved up to 80 kg S h a  (Table 2). This was due to re- 
sidual effect of sulphur obtained at 80 kg S k a  applied in 
plant cane. These results c o n f m  the findings of Ghosh et 
al. (1990) and Shukla and La1 (2004) in alluvial soils. 
Ratoon yield and commercial cane sugar increased up to 
80 kg Ska ,  indicating that residual effect of sulphur was 
highly pronounced in ratoon when 80 kg S h a  was applied 

to the plant crop. Higher commercial cane sugar was ow- 
ing to increase in ratoon yield despite optimum cane qual- 
ity. However, various sources of sulphur applied in plant 
cane could not influence ratoon growth and yield signifi- 
cantly during both the seasons. 

~conomics of sugarcane (plant)-ratoon system 
The highest gross returns were obtained with 60 kg S/ 

ha in plant cane. Net returns and benefit : cost ratio were 
also maximum with this dose (Table 3). In sugarcane ra- 
toon, improvement in gross returns, net returns and benefit 
: cost ratio were obtained owing to reduced cost of produc- 
tion. Maximum gross return, net return and benefit : cost 
ratio (4.15) were obtained at 80 kg Ska,  indicating that a 
dose of 80 kg Slha in plant cane improved net profit from 
ratoon cane. However, in plant cane application of 60 kg 
S k a  maximized benefit. In plant-ratoon system, by taking 
p ant and ratoon crop in consideration, maximum net re- 
turn and benefit : cost ratio were obtained at 80 kg Ska .  It 
showed that sugarcane production in north India responds 
to sulphur applicaton and higher production from plant as 

Table 2. Influence of different treatments on growth, yield and quality of plant cane (mean data of 2 cropping seasons) 

Treatment Millable Cane Cane Cane Cane yield S uptake Brix Pol % Purity CCS 
canes length diameter weight (tonnesl at harvest juice (%) @/ha) 

('000ha) (cm) ( 4  (g) ha) (kglha) 

Sulphur dose ( k g h a )  
40 
60 
80 

SEmk 
CD (P=0.05) 

S sources 
Elemental S 
Single superphosphate 
Gypsum 

SEmk 
CD (P=0.05) 

Table 3. Influence of different treatments on economics of sugarcane (plant)-ratoon system (mean data of 2 cropping seasons) 

Treatment Plant cane Ratoon cane Plant-ratoon system 
Cost of Net Benefit : Cost of Net Benefit : Cost of Net Benefit: 

production returns cost ratio production returns cost ratio production returns ratio 
(Rsha) (Rslha) (Rsha) (Rska) (Rsha) (Rsha) (Rslha) (Rsha) ratio 

Sulphur dose ( k g h a )  -b 

40 28,788 39,489 2.37 21,022 55,795 3.65 49,810 95,284 2.91 

S source 
Elemental S 30,101 49,224 2.63 21,022 61,049 3.90 51,123 1,10,272 3.16 

Single super-phosphate 29,501 41,113 2.39 21,022 60,887 3.89 50,523 1,02,161 3.02 
Gypsum 28,300 39,606 2.40 21,022 57,923 3.75 49,322 97,529 2.98 
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well as ratoon cane may be obtained by supplementing 
sulphur fertilizer. 

The elemental S resulted in highest net returns and ben- 
efit : cost ratio (2.63) in plant cane. A similar trend was 
observed for ratoon and plant-ratoon system. Higher mean 
benefit : cost ratio in ratoon cane as compared to plant 
cane was due to lower cost of production of ratoon that 
maximized profit. Correlation among various growth char- 
acters indicated that in ratoon crop, millable canes had 
greater contribution to yield (r=-0.98) as compared to 
plant cane (r=0.84). However, contribution of individual 
cane weight in plant and ratoon to cane yields was 0.96 
and 0.90. It showed the importance of number of millable 
canes in ratoon and cane weight in plant crop. Degree of 
correlation between cane yield and CCS was 0.95 and 
0.98 in plant and ratoon crops, indicating the importance 
of cane yield 'as compared to quality. 

Thus, it could be concluded that application of 80 kg S/ 
ha improved the yied and quality of sugarcane. Elemental 
sulphur appeared to be better than others. 
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