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ABSTRACT

A field experiment was conducted at New Delhi, during rainy seasons of 2009 and 2010 to evaluate 3 sweet
sorghum {Sorghum bicolour (L.) Monech} genotypes (‘RSSV 9’, ‘SSV 84’ and hybrid ‘CSH 22 SS’) under four ni-
trogen levels (0, 50, 100 and 150 kg N/ha) for productivity of ethanol, grain and fodder, nitrogen-use efficiency and
economics of production. Results pooled over two years indicated that stalk yield (75.3 t/ha) and fodder yield (16.0
t/ha) recorded significant increase only up to 100 kg N/ha, while fermentable sugar (4.34 t/ha), estimated ethanol
(2.46 KL/ha) and grain yields (2.6 t/ha) responded up to 150 kg N/ha. Hybrid ‘CSH 22 SS’ recorded 28, 40, 34, 34,
33 and 26% higher stalks (85.6 t/ha), juice (30 KL/ ha), fermentable sugar (4.6 t/ha), estimated ethanol  (2.6 KL/
ha), grain  (2.4 t/ha and  fodder (16.8 t/ha) yields than genotype ‘RSSV 9’ and 57, 110, 112, 112, 41 and 46% than
genotype ‘SSV 84’. Sorghum grain equivalent (11.1 t/ha) based on ethanol, grain and fodder yields recorded with
150 kg N/ha was significantly higher over 100 kg N/ha. Hybrid ‘CSH 22 SS’ recorded significantly higher sorghum
grain equivalent yield (11.35 t/ha), when compared to ‘SSV 84’ (6.15 t/ha) and ‘RSSV 9’ (8.53 t/ha). Nitrogen-use
efficiencies like partial factor productivity, agronomic nitrogen-use efficiency and crop recovery efficiency de-
creased with increasing dose of nitrogen. ‘CSH 22 SS’ had the highest agronomic nitrogen-use efficiency (14.5 kg
grain/kg N applied) and partial factor productivity (30.7 kg/kg N applied) followed by ‘RSSV 9’. Maximum gross re-
turns (`101,410), net returns (`55,670) and net B:C ratio (1.17) were recorded with application of 150 kg N/ ha.
‘CSH 22 SS’ produced the highest net returns (`55,900), which was (105 and 39% higher over ‘SSV 84’ and
‘RSSV 9’, respectively. Application of 150 kg N with ‘CSH 22 SS’ produced the highest values of juice yield (40KL/
ha), estimated ethanol yield (3.47 KL/ha) and grain yield (3.3 t/ha).

Key words : Economics, Ethanol yield, Genotypes, Grain yield, Nitrogen-use efficiency, Sweet sorghum.

Sweet sorghum is an attractive bio-fuel crop because of
an easy accessibility of readily fermentable sugars com-
bined with very high yields of green biomass suitable for
production of more quantity of ethanol per unit time, per
unit cost and per unit of water and nutrients used (Sipos et
al., 2009; Ratnavathi et al., 2010). Besides, bio-fuel, it is
good yielder of nutritious food, feed and fodder. India is
resorting to the import of ethanol for meeting the require-
ment of ethanol for blending the petrol as per the
programme of Govt. of India.   In India, sweet sorghum
has been used in the past to produce concentrated syrup
with a distinctive flavour due to its characteristic of juicy
stalks high in sugar (Lakkana et al., 2009). It belongs to

the C
4
 family with a high photosynthetic activity and

drought tolerance; therefore, it can be cultivated in almost
all temperate and tropical climatic areas. The ethanol pro-
duction process is more eco-friendly than that of sugar-
cane and its molasses (Morris, 2006; Sipos et al., 2009).
At present, area under sorghum in India is fluctuating
around 8 million hectare, a part of which can be easily
diverted for sweet sorghum to supplement the requirement
of ethanol for blending petrol. Recently a good number of
varieties and genotypes of sweet sorghum has been devel-
oped under Directorate of Sweet Sorghum, Hyderabad for
different locations.  There is need to evaluate the suitabil-
ity of these genotypes for different agro-climatic condi-
tion, which is a pre-requisite for exploiting the yield poten-
tial of any genotypes.

Nitrogen is the most important among plant nutrients
required for crop production and is required in the great-
est quantities among fertilizer nutrients. Although N plays
a very important role for good growth and development of
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sorghum, over-fertilization is often harmful as it results in
lodging, more susceptibility to insect-pests and diseases
and thus reduction in yield and quality. Fertilizer sources
of this nutrient are becoming costly, while inefficient use
is partly responsible for air and water pollution and global
warming. Nitrogen recommendations will vary with ex-
pected yield, soil texture, cultivars and cropping sequence
(Amal, 2007). Optimum amounts of N fertilizer combined
with other inputs play crucial roles in yield and overall
quality of sorghum products. Keeping in view the above
facts, the present study was conducted to evaluate sweet
sorghum genotypes under different levels of nitrogen for
higher productivity, nitrogen-use efficiency and economic
returns under agro-climatic conditions of north-west plain
zones of India.

MATERIALS AND METHODS

A field experiment was conducted during kharif 2009
and 2010 at research farm of   Division of Agronomy, In-
dian Agricultural Research Institute, New Delhi, to study
the effect of nitrogen levels and genotypes on growth and
yield attributes and stalk, fermentable sugar, bio-ethanol,
grain and fodder yields, nitrogen-use efficiency and eco-
nomics of production of sweet sorghum genotypes. The
experiment was conducted under split plot design with
three replications. Four levels of nitrogen (0, 50, 100 and
150 kg N/ha) were assigned to the main-plots and three
sweet sorghum genotypes (Two varieties ‘RSSV 9’ and
‘SSV 84’and one hybrid ‘CSH 22 SS’) to the sub-plots.
The soil of experimental site was sandy loam in texture
with pH of 7.82 and having 178, 13.6, 218 kg/ha available
NPK and 0.36 % organic carbon. Of the total N as per
treatment, ½ was applied with  recommended dose of
phosphorus (60 kg P2O5/ha) in the form of single super
phosphate and potassium (50 kg K

2
O/ha) as muriate of

potash as basal. The remaining ½ of the N was applied at
45 days after sowing. Crop sown on 9 July and 30 June in
2009 and 2010, respectively at 60 cm row to row spacing.
At 20 days after sowing, plant to plant spacing of 20 cm
was maintained after thinning excess plant. Weeds were
controlled by pre-emergence application of atrazine (0.50
kg/ha) followed by 2 hand weedings at 20 and 40 days
after sowing. Thiodan was sprayed twice to protect crop
from stem borer. Rainfall received during the crop season
was 411 mm and 564 mm during 2009 and 2010 respec-
tively. Crop received five irrigations during 2009 and three
irrigations during 2010 to protect the crop from early, in-
termittent and terminal drought. For obtaining of total
green biomass yield, juice yield, yield of fermentable
sugar and bio-ethanol yield from stalks and grain and fod-
der yields, sweet sorghum plants were harvested at physi-
ological maturity stage. Immediately after harvest from

each net plot, tassel removed for grain yield, canes were
cleaned for fodder yield and cleaned stalks were crushed
using three-roller squeezer to extract juice. Brix percent-
age in juice was recorded using digital hand refractometer
model HI 96801. Yield of fermentable sugars and poten-
tial alcohol yield per hectare were obtained using follow-
ing formula (Spencer and Meade, 1963):

Yield of fermentable sugars (t/ha) = Juice yield (t/ha) ×
Brix percentage × 0.85

Estimated ethanol yield (KL/ha) = Yield of fermentable
sugar (t/ha) / 1.76

For calculation of various nutrient-use efficiency, fol-
lowing formulae were used:-

Agronomic N efficiency (kg yield increase per kg N
applied) = (Y

t 
- Y

0
) / N

a

Physiological N efficiency (kg yield increase per kg
increase in N uptake) = (Y

t 
- Y

0
)/ (U

t
 - U

0
)

Partial factor productivity (kg harvest product per kg N
applied) = Y

t
 / N

a

Crop recovery efficiency (kg increase in N uptake per
kg N applied)= (U

t
 - U

0) 
/
 
N

a

Where, Yt= Grain yield in the test treatment (kg/ha); Y0

= Yield in the control plot (kg/ha);
Ut= Total N uptake in the test treatment (kg/ha); U0=

Total N uptake in the control plot (kg/ha); N
a
= N applied

to the test treatment (kg/ha)

For calculating economics, sale price of ` 27/ litre of
ethanol as per Government of India and ethanol process-
ing cost of ̀ 13.25/ litre were used. For grain, minimum
support price of ̀ 9000/tonne was used while for fodder
sale price of ̀ 600/tonne was used. The data recorded
were tabulated and analyzed statistically using Statistical
Package for the Social Sciences (SPSS) version 18 soft-
ware and LSD test at 5 per cent probability level was ap-
plied to compare the differences among the treatments,
means. Data pooled over two years and pooled data have
been presented and discussed in the paper.

RESULTS AND DISCUSSION

Ethanol yield and yield attributes
Nitrogen fertilization up to 150 kg N/ha significantly

increased juice yield, fermentable sugar yield and ethanol
yield in both the seasons (Table 1). Increase in green stalk
yield and brix (%) with application of nitrogen was signifi-
cant only up to 100 kg N/ ha. An increase to the tune of
42, 76.7, 80.2, 80.5 and 3.85 % in total green stalk yield,
juice yield, fermentable sugar yield, ethanol yield and brix
(%) respectively was recorded due to application of 150
kg N/ha over control. These variations in ethanol yield and
yield attributes due to N application may be traced to the
variation in growth attributes. Increase in ethanol yield due
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to nitrogen in sweet sorghum genotypes was primarily due
to increase in fresh stalk yield, juice yield and sugar con-
centration. The results are in agreement with those ob-
tained by Kumar et al. (2008), Poornima et al. (2008) and
Ratnavathi et al. (2010).  The difference in total green
stalk yield, juice yield, brix (%), fermentable sugar yield
and ethanol yield among the three genotypes were signifi-
cant. Hybrid ‘CSH 22 SS’ was superior to varieties in all
parameters, except brix (%), which was the highest in
‘RSSV 9’. In varieties, ‘RSSV 9’ was significantly supe-
rior to ‘SSV 84’. Based on two years pooled data, ‘CSH
22 SS’ recorded 56.7, 110.5, 111 and 112.2% increase in
total green stalk yield, juice yield, fermentable sugar yield
and ethanol yield, respectively compared to ‘SSV 84’ and
28.5, 40.0, 33.8 and 33.8%  compared to ‘RSSV 9’, re-
spectively. Increase in brix content ‘RSSV 9’ over ‘SSV
84’ and ‘CSH 22 SS’ was 5.3 and 5.0% respectively.
Variations in the growth parameters among the genotypes
(Table 1) account for variation in green stalk yield and
thereby in juice and ethanol yields. This in turn helped in
absorption of large amount of solar radiation and thus pro-
duction of large quantities of photosynthates, which were
eventually accumulated in stalks. Hybrid ‘CSH 22 SS’
produced greater expected ethanol yield, which was the
natural corollary of stripped stalk weight. Similar findings
were expressed by Wortmann et al. (2010).

Grain and fodder yields and yield attributes
Growth and yield attributes of sweet sorghum showed

marked improvement with successive increase in nitrogen
level only up to 100 kg N/ha. Effect of N application on
grain yield was significant up to 150 kg N/ha, on fodder
yield up to 100 kg N/ha and on harvest index up to 50 kg
N/ha. This variation in grain and fodder yields corre-
sponds to the variation in growth and yield attributes.
Application of 150 kg N /ha caused 116, 68 and 25% in-
crease in grain yield, fodder yield and harvest index, re-
spectively over control. Increased grain yield due to N
application could be ascribed to increased biomass pro-
duction, improved harvest index and increased seed set
with N fertilization. Positive effect of nitrogen on grain
yield and yield attributes of sweet sorghum was reported
by Buah and Nwinkara (2009) and Hugar et al, (2010).
There were significant variations in growth and yield at-
tributes, grain yield and fodder yield among sweet sor-
ghum genotypes. Hybrid ‘CSH 22 SS’ produced the high-
est grain yield and fodder yield, which was 41 and 46 %
higher than ‘SSV 84 and 33.3 and 26.3% than ‘RSSV 9’
respectively. Harvest index did not show marked variation
among genotypes. Low value of harvest index over the
treatment as compared to normal value may be attributed
to robust vegetative growth of plant under optimum input Ta
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and favourable environmental conditions during the
growth period. Variation in yield and yield attributes of
sweet sorghum genotypes was also reported by Buah and
Nwinkaran (2009).

Interaction effects of genotypes and nitrogen levels
Interaction effect of nitrogen levels and genotypes on

juice yield, estimated ethanol yield and grain yield was
significant (Table 2). With successive increase in N levels
up to 150 kg N /ha, juice yield, estimated ethanol yield and
grain yield of  hybrid ‘CSH 22 SS’ was found to increase
significantly. In case of ‘RSSV 9’ significant increase in
juice yield was observed only up to 100 kg N/ha, while it
was only up to 50 kg N in case of ‘SSV 84’. With respect
to estimated ethanol yield both ‘’RSSV9’ and ‘SSV 84’
recorded statistically similar value with 0 and 50 kg N/ha.
Subsequent increase up to 100 kg N/ha induced marked
increase in estimated ethanol yield only in ‘RSSV 9’.
Grain yield was found to increase up to 150 kg N/ha in
‘RSSV 9’ while in ‘SSV 84 ‘ response was significant
only up to 100 kg N/ha. This interactive effect of N levels
and genotypes is attributed to variation in genetic potential
of genotypes. The results are in agreement with that of
Rao et al., (2006), who found that hybrids respond to
higher levels of nitrogen, (more than 100 kg N/ha) com-
pared to traditional varieties.

Correlation and regression studies
Pooled analysis of data showed a significant correlation

between estimated ethanol yield and yield attributes viz.
Stalk and juice yields and brix percent (Fig. 1), which fur-
ther justified the beneficial effect of nitrogen fertilization
and sweet sorghum genotypes on estimated ethanol yield.

Nitrogen-use efficiency parameters
Nitrogen use efficiency parameters viz., partial factor

productivity (PFP), agronomic N-use efficiency (ANUE),
physiological N-use efficiency (PNUE) and crop recovery
efficiency (CRE) revealed significant variations among
nitrogen levels as well as genotypes (Table 3).  PFP de-
creased with increasing dose of nitrogen. The lowest PFP
obtained with application of 150 kg N/ha. Application of
100 kg N/ha resulted in 51% decrease in PFP compared to
50 kg N /ha. ANUE and CRE also declined with increas-
ing level of nitrogen and proportionate decrease was more
with subsequent increase in N levels. PNUE remained
unaffected due to N levels. The behaviour of these charac-
ters due to nitrogen treatments may be explained on the
basis of their effect on the economic yields. Pandey et al.
(2001) reported that nitrogen use efficiency parameters
decreased as N rate increased. Among the genotypes,
‘CSH 22 SS’ recorded the highest PFP, ANUE, CRE and
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Fig. 1. Regression and correlation between estimated ethanol yield
and stalks yield (a), juice yield (b) and brix percentage (c) in
pooled analysis

Table 2. Interaction effects of nitrogen × genotypes on  juice yield,
estimated ethanol yield and grain yield of sweet sorghum
(pooled analysis)

Genotype Nitrogen levels (kg/ha)
0 50 100 150

Juice yield  (KL/ ha)
‘RSSV9’ 17.2 18.6 23.7 26.2
‘SSV 84’ 10.6 13.2 15.6 17.8
‘CSH22 SS’ 19.7 24.5 36.0 39.8
                                   SEm± = 1.06   CD (P=0.05) = 3.18

Estimated ethanol yield (KL/ ha)
‘RSSV9’ 1.52 1.68 2.21 2.39
‘SSV 84’ 0.90 1.13 1.36 1.54
‘CSH22 SS’ 1.67 2.12 3.17 3.47
                           SEm± = 0.10                      CD (P=0.05) = 0.30

Grain yield (t/ha)
‘RSSV9’ 1.13 1.70 2.20 2.51
‘SSV 84’ 1.01 1.51 1.91 2.10
‘CSH22 SS’ 1.32 2.12 2.92 3.31
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PNUE.  ‘CSH 22 SS’ recorded 25.6 and 45.9% increase in
PFP over ‘RSSV 9’ and ‘SSV 84’ respectively.  With re-
spect to ANUE, ‘CSH 22 SS’ recorded 67.4 and 40% in-
crease compared to ‘SSV 84’ and ‘RSSV 9’, respectively.
CRE of ‘CSH 22 SS’ was 53 and 33% higher than ‘SSV
84’ and ‘RSSV 9’, respectively. ‘CSH 22 SS’ recorded the
highest PNUE but it was statistically similar to other geno-
types. Similar results were obtained by Pandey et al.
(2001) and Kumar et al. (2008) who found higher nitrogen
use efficiency parameters in hybrid compared to tradi-
tional varieties, which they attributed to the rooting char-
acteristics of sweet sorghum capable of exploiting larger
soil volumes.

Sorghum grain equivalent yield (SGEY) and econom-
ics

Sorghum grain equivalent yield comprising of grain
yield, estimated ethanol yield and fodder yield, indicated
significant increase with successive increase in nitrogen
level (Table 1). Application of 150kg N/ha recorded 86%
higher SGEY (11.1 t/ha) over control. Among the geno-
types, ‘CSH 22 SS’ recorded 33 and 84% higher SGEY
(11.35 t/ha) than ‘RSSV 9" (8.53 t/ha) and ‘SSV 84’
(6.15t/ha), due to its higher ethanol, grain and fodder
yields.

The highest gross returns (`99,900/ha), net returns (`
55,900/ha) and net B: C ratio (1.27) was observed with
150 kg N /ha (Table 3), which were 87, 120 and 46%
higher over control. Among genotypes ‘CSH 22 SS’ pro-
duced the maximum gross returns (`102,100/ha) net re-
turns (̀ 55,900/ha) and B: C ratio (1.21). Gross returns and
net returns of ‘CSH 22 SS’ recorded 31 and 37% increase
compared to ‘RSSV 9’. The lowest net returns and B: C
ratio was recorded in ‘SSV 84’. Gross returns, net returns
and B: C ratio of ‘CSH 22 SS’ recorded more increase at
high levels of nitrogen compared to varieties. These results
are in conformity with earlier observations (Reddy et al.
2006).

Based on two years results, cultivation of sweet sor-
ghum hybrid ‘CSH 22 SS’ with 150 kg N/ha is recom-
mended for higher productivity and profitability.
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