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Abstract: Yield response of sweet sorghum (Sorghum bicolor L.) to nitrogen rates (60, 80, 100 and 120
kg/feddan, one feddan = 0.42ha) and plant density (40, 46.7, 54 and 70 thousand plants/fed) was studied in the
private farm at El-Grazat, Sohag Governorate, Egypt during 2008 and 2009 seasons. Results revealed that
increasing N rate up to 120 kg/fed significantly increased growth traits in terms of LA, LAI, stalk diameter and
stalk length, as well as quality traits (Brix, reducing sugars and juice extraction %). Sucrose and purity %
responded up to 100 kg N thereafter they decreased with further addition of N. Stalk yield increased by 14.12
and 15.52%, syrup yield per ton of stalks by 18.55 and 15.83%, syrup yield per fed by 35.46 and 33.91% and
sugar yield by 26.29 and 33.59% as N rate increased up to 120 kg/fed. Increasing plant density from 40000 up
70000 plants/fed depressed sweet sorghum growth as well as juice quality traits, while stalk length increased
with dense sowing. Sowing sweet sorghum at 70000 plants/fed gave the highest yields of stalk, syrup and sugar
per fed. The highest stalk yield resulted from 120 kg N + 70000 plant/fed, while the highest syrup and sugar
yield resulted from 100 kg N + 46.7 thousands plants/fed. Generally, it could be concluded that the reduction
in some quality traits (Brix, sucrose, juice extraction %) under higher plant density could be compensated by
higher yield of stalks consequently the final syrup and sugar yields could be increased
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INTRODUCTION rates ranging from 0.0 up to 56.8 g/m  in a clay loam soil,

The gab between sugar production and consumption diminishing returns for each incremental change of
in Egypt is increasing year after year and as a result the nitrogen. Over doses of N have a negative effect on sugar
government imports a large quantity of sugar annually. content. Salvatore et al. [6] studied the effect of N levels
Several attempts have been made in order to narrow this 0.0, 60, 120 and 180 kg/ha on yield and dry matter
gab; one of which is by introducing new sugar crops to accumulation of sweet sorghum, they found that the
be grown in newly cultivated areas. Sweet sorghum amount of nitrogen uptake by the crop varied significantly
(Sorghum bicolor L. Moench) is grown in Egypt on a among the N treatments and increased with increasing of
small scale as a summer forage crop and has a potential the level of N applied. Yield was less sensitive to N level.
future for syrup as popular products used as food in In Egypt, Atia [7] and Mahmoud et al. [8] used different
bakeries and factories. Nitrogen has the greatest influence N rates up to 105 kg/fed. they found that plant height,
on juice quality and syrup production of sweet sorghum. stalk diameter, juice extraction%, Brix, reducing sugar,
Widely ranging optimum rates of nitrogen have been purity and yield increased as N rate increased to 105
reported by Galani et al. [1], Kachapur et al. [2] and kg/fed. Besheit et al. [9] reported that application of 150
Thakur et al. [3], who pointed out an optimum 120 kg/ha. kg N/fed gave the highest stalk length, stalk diameter and
Almodares et al. [4] recommended that 138 kg N/ha to juice extraction %, while syrup yield responded to
produce the maximum stalk yield but decreased sucrose 180kg/fed. Sucrose and purity % decreased with the
and quality. Ramos et al. [5] found that application N application  of  more than 120 kg/fed. Ramadan [10] found
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that increasing nitrogen rate upto 100 kg/fed markedly respectively on productivity and quality of sweet
increased stalk diameter, stalk length, LA and reducing sorghum. The experimental soil site was a clay loam with
sugar as well as stalk yield and syrup yield, while 7.1 and 7.2 pH; 0.89 and 0.86% organic matter; 26.27 and
increasing nitrogen rate upto 120 kg/fed decreased 25.02 ppm available N and 22.00 and 25.40 ppm available
sucrose, Brix and purity percentages. El-Aref [11] found P as well as 528 and 411 ppm available K in the first and
that, application of  100  kg  N/fed  gave  the  highest second seasons, respectively. A split plot design with
values of growth characters, yield and juice quality as a four replications was used where nitrogen rates was
result of increasing plant height, stalk diameter, stalk yield arranged in the main plots, while plant density were
and juice extraction%. Almodares et al. [12] showed that randomly distributed  in  the  sub-plots.  Plot  size  was
application of 180 kg N/fed. Increased the stem height 15.0 m  (5 ridges of 60.0 cm apart and 5.0 m long). Roma
(12.5%), stem fresh weight (24.57%), total fresh weight variety was sown on the 1  week of June and harvest was
(78.22%), total sugar (78.22 %), sucrose content (9%) and at dough to ripe stage in both seasons. Seedlings were
juice extraction (35.6%) thinned at two plants/hill after 21 days from sowing.

Plant density has a pronounced effect of sweet Nitrogen was applied as urea (46.5%, N) in two equal
sorghum productivity. Some workers reported that doses, the 1  half before the first irrigation after 21 days
increasing plant density increased LA1, juice extraction % from sowing and the 2  before the second irrigation at 35
stalk  yield   and   syrup  yield.  Rosenthal  et  al.  [13], days after sowing. Calcium super phosphate (15.5% P O )
Abo El-Wafa and Abo El-Hamd [14], Bekheet et al. [15] at the rate of 200 kg/fed was applied during land
and Mokadem [16] found that 20 cm spacing gave the preparation. All other cultural practices were carried out
highest values of plant height, number of leaves/plant, as recommended.
stalk yield and reducing sugars, however stalk diameter, At harvest time a random sample of twenty plants
leaf area, total soluble solids, sucrose, purity and sugar from each sub-plot was taken to determine the flowing
yield resulted from 40 cm spacing, while Saheb et al. [17] traits.
used 80, 100 and 120 thousand plants/ha, they found that
120 thousand plants/ha produced the highest dry matter Growth Traits:
yield (12.82 t/ha), fresh stalk yield (31.62 t/ha.) and juice
yield (10.64t/ha). Mahmoud et al. [8] used 50 and 70 cm Leaf area was measured at the middle of the stalk
inter-row spacing and 1, 2 and 3 plants/hill, they found from 10 guarded plants/plot. Leaf area = leaf
that 70 cm row spacing produced the highest stalk maximum width x leaf length x 0.75 according to
diameter, Brix, sucrose and stalk weight. Meanwhile, the Stickler and Wearden [19]
plants sown in rows 50 cm apart gave higher stalk length, Leaf area index (LAI) = unit leaf area /unit ground
number of stripped stalks, juice extraction % and stalk and area according to Watson [20]: Unit leaf area =leaf
syrup yield. El-Aref [11] used 28000, 56000 and 84000 area x No. of leaves /plants.
plant/fed and found that 56000 plant/fed produced the Stalk diameter: was measured at the middle of the
highest yield of stripped stalks, juice/fed and juice fourth internodes from stalks bottom. 
extraction %, while 28000 plant gave the highest TSS, Stalk length: was measured from the soil surface to
sucrose and purity %. Gutte et al. [18] found that plant node at base of top.
density of 74000 plants/ha (45 x 30 cm spacing) produced
higher total sugar by 11, 78% and commercial cane sugar Juice  Quality  Traits  :  At  harvest  time (dough stage)
by 4.78%. a random sample of twenty stalks was taken from each

MATERIALS AND METHODS pilot mill. The following traits were determined in both

Two field experiments were carried out in the private
farm at El-Grazat, Sohag Governorate, Egypt, during 2008 Brix: Estimated by using hand refractometer.
and 2009 seasons, to study the effect of nitrogen rates, Sucrose%: Determined by using direct polarization
i.e. 60, 80, 100 and 120 Kg N/fed. and plant density ; method as described by A.O.A.C. [21].
40.000, 46700, 56000 and 70000 plants/fed resulted from 35, Purity  %:  Calculated   by  dividing  Sucrose % / TSS
30, 25 and 20 cm plant spacing with two plants/hill, % x 100
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sub plot stripped, cleaned and squeezed by electric roller

seasons:
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Table 1: LA, LAI, stalk diameter and stalk length as affected by nitrogen rates in 2008 and 2009 seasons.

LA (cm ) LAI Stalk diameter  (cm) Stalk length (cm)2

----------------------------- ---------------------------- -------------------------- -----------------------------
N rates kg/fed 2008 2009 2008 2009 2008 2009 2008 2009

60 590. 7 595.8 9.7 10.1 2.29 2.19 316.7 319
80 597.3 599.1 10.2 10.7 2.33 2.25 317 319.5
100 599 603.3 10.6 11.5 2.44 2.3 317.5 319.8
120 599.2 606.5 10.6 12 2.47 2.49 318 320

LSD 0.05 3.79 1.96 0.25 0.46 0.02 0.02 1.2 NS

Table 2: Brix, sucrose, purity, reducing sugar and juice extraction percentages as affected by nitrogen rats in 2008 and 2009 seasons. 

Brix % Sucrose % Purity % Reducing sugar % Juice extraction %
--------------------- ----------------------- ------------------------ ------------------------ ------------------------

N rates kg/fed 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009

60 14.95 15.18 7.45 7.82 50.02 51.47 3,85 3.76 38.23 37.6
80 15.9 16.27 8.62 9.11 54.21 56.1 4,18 4.01 38.88 38.91
100 16.09 16.38 8.53 9 53.26 54.93 4,57 4.56 39.06 39.18
120 16.8 16.53 7.63 8.41 45.41 50.74 5,25 5 40.3,6 39.91

LSD 0.05 0.9 0.76 0.87 0.81 7.51 NS 0,15 0.23 0.51 1.2

Table 3: Stalk yield, syrup yield per ton of stalks syrup yield/fed and sugar yield/fed as affected by nitrogen levels in 2008 and 2009 seasons.

Stalk yield ton/fed Syrup yield L/ ton stalk Syrup yield  L / fed Sugar yield ton/fed
----------------------------- ---------------------------- -------------------------- -----------------------------

N rats Kg /fed 2008 2009 2008 2009 2008 2009 2008 2009

60 21.88 22.94 55.46 55.39 1210 1268 1.24 1.31
80 23.59 23.91 59.99 61.48 1412 1466 1.46 1.52
100 24.43 25.18 60.83 62.35 1481 1564 1.53 1.61
120 24.97 26.5 65.75 64.16 1639 1698 1.69 1.75

LSD 0.05 0.79 0.93 3.09 2.63 43 110 0.05 0.11

Table 4: LA, LAI, stalk diameter and stalk length as affected by plant density in 2008 and 2009 seasons. 

       LA (cm )            LAI Stalk diameter(cm) Stalk length (cm)2

----------------------------- ---------------------------- -------------------------- -----------------------------
Plant density 10 /fed 2008 2009 2008 2009 2008 2009 2008 20093

70 589 598.2 12.5 14.1 2.25 2.25 318.8 320.1
54 594.3 599.8 10.8 11.7 2.35 2.27 317.8 319.7
46,7 596.4 602.7 9.4 9.9 2.44 2.33 317.4 319.5
40 602.6 604.1 8.4 8.7 2.49 2.38 317.2 319.2

LSD 0.05 3.79 1.36 0.25 0.37 0.03 0.04 1.4 NS

Table 5: Brix %, sucrose %, purity %, reducing sugar% and juice extraction % as affected by plant density in 2008 and 2009 seasons.

     Brix %     Sucrose %      Purity % Reducing sugar % Juice extraction %
Plant density --------------------- ----------------------- ------------------------ ------------------------ ------------------------
10 /fed 2008 2009 2008 2009 2008 2009 2008 2009 2008 20093

70 15.45 15.71 7.3 8 7.84 48 49.9 4.21 3.84 38 38.19
54 15.8 15.83 7.9 8.55 50.37 53.89 4.14 4.09 38.56 38.26
46.7 16.17 16.31 8.31 8.78 51.45 53.85 4.53 4.4 39.72 38.99
40 16.28 16.53 8.64 9.18 53.08 55.6 4.96 4.7 40.26 40.23

LSD 0.05 0.62 0.58 0.72 0.66 3.44 NS 0.35 0.18 0.63 0.73
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Table 6: Stalk yield/fed, syrup yield per ton of stalks and syrup yield/fed as affected by plant density in 2007 and 2008 seasons. 

Stalk yield Syrup yield Syrup yield Sugar yield

ton/fed Per ton of stalks (L) L / fed ton/fed

Plant density ----------------------------- ---------------------------- -------------------------- -----------------------------

10 /fed 2008 2009 2008 2009 2008 2009 2008 20093

70 25.63 26.37 56.98 58.22 1463 1538 1.51 1.59

54 24.28 25.62 59.13 58.79 1439 1508 1.49 1.56

46.7 23.29 23.9 62.32 61.8 1456 1483 1.5 1.53

40 21.68 22.62 63.61 64.57 1383 1467 1.43 1.51

LSD 0.05 0.49 0.74 2.26 1.8 57 52 0.06 505

Table 7: The highest values of the significant interactions between the studied factors in 2008 and 2009 seasons.

Stalk diameter Brix Sucrose Purity Reducing sugars

Traits (cm) % % % %

Season 2009 2008 2009 2008 2009 2008 2009

Value 2.62 16.9 16.92 9.36 9.87 53.07 5.62

Interaction 120 kg N +40000  plants /fed 120 kg N+40000 plants /fed 100 kg N +46700  plants /fed 100 kg N + 40000 plants/fed 120 kg N + 40000 plants/fed

Table 7: Continue:

Traits Juice extraction Syrup yield Stalk yield Syrup yield Sugar yield

% per ton of stalks ton/fed. L/fed. ton/fed.

Season 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009

value 42.1 41.27 68.53 67.65 26.33 27.42 1678 1782 1.73 1.82

Interaction 120 kg N +40000 plants /fed 120 kg N +40000 plants /fed 120 kg N + 70000 plants/ fed 100kg N + 46700 plants/fed

Yield and its Components: RESULTES AND DISCUSSIONS

Net stripped stalk yield (ton/fad.) Effect of Nitrogen Rates: Growth Traits: Data presented
Juice extraction %: Determined by dividing juice in Table 1 revealed that nitrogen had significant effect on
weight/stalk weight x 100. growth traits in terms of LA, LAI, stalk diameter and stalk
Syrup yield (liter/ton of stalks: Calculated by using length in both seasons, except for stalk length in the
the formula proposed by Broadhead et al. [22] as second season. Increasing N rate from 60 to 120 Kg N/fed
follows: increased LA by 1.43 and 1.80 %, LAI by 9.28 and 18.81
ST = EB (2000) (0.9)/ (11.25) (0. 75) (4.546*). %, stalk diameter by 7.86 and 13.70 % and stalk length by

Where, respectively. The obtained results insure the importance
ST = gallons of syrup per ton of stalks,  E= percent juice of N in stimulating and enhancing the photosynthetic and
extraction.  B= Brix (% total soluble solids in juice.  2000 = metabolic activities of plants which reflected on the
Pounds of stalks,  0.9 = factor for 10% skimming loss, increase in the vegetative growth of sweet sorghum.
11.25 = Pounds per gallon of syrup and 0.75 = % soluble These results are in harmony with those reported by Atia
solids in syrup (Brix), gallon = *4.546 liters. [7], Mahmoud et al.[8], Besheit et al. [9] and Ramadan [10]

Syrup yield (SY) (liter/fed.): calculated by using the Quality Traits: Data in Table 2 revealed significant
formula: SY = ST x Stalk yield (ton/fed). differences among N rates in their effects on Brix, sucrose,
5 - Sugar yield (ton/fed.) = Stalk yield x juice reducing sugar and juice extraction % in both seasons,
extraction % x Brix according to [23]. while purity % was affected only in the first season. Brix

Statistical Analysis: Data were subjected to statistical sucrose and purity increased with the first N increment of
analysis according to Snedecor and Cochran [24].The N (80 kg/fed), thereafter they decreased as N rate
treatment means were compared by using L.S.D values at increased up to 120 kg/fed. On the other hand, reducing
5% level of significance. sugars and  juice  extraction  %  gradually increased as N

0.41 and 0.31% in the first and second seasons,

increased as N rate increased up to 120 kg N/ fed while
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rate increased up to 120 kg/fed. Similar trend was reported (Table 6). The highest stalk yield (25.63 and 26.37 ton/fed),
by Ramos et al. [5], Atia [7], Mahmoud et al. [8] and syrup yield (1463 and 1538 L/fed) and sugar yield (1.51
Besheit et al. [9]. and 1.59 ton/fed) resulted from 70000 plants/fed in the first

Yield Traits: Data presented in Table 3 revealed that syrup yield per ton of stalks decreased as plant density
application of nitrogen fertilizers significantly increased increased in both seasons. It is worth mentioning that the
yields of sweet sorghum in both seasons. Increasing reduction in growth traits in terms of LA, LAI and stalk
nitrogen rate from 60 to 120 kg N/fed increased stalk yield diameter as well as quality traits in terms of Brix, sucrose,
by 14.12 and 15.52 %, syrup yield per ton of stalks by juice extraction% accompanying higher plant density was
18.55 and 15.83 %, syrup yield/fed by 35.46 and 33.91 and compensated by higher yield of stalks and finally syrup
sugar yield /fed by 36.29 and 33.59 % in the first and and sugar yields were increased. Similar results were
second seasons, respectively. Such increases may be due obtained by Mahmoud et al. [8], Ramadan [10] and Gutte
to the increase in growth traits as well as the increase in et al. [18].
Brix and juice extraction %. It is worthy to mention that
the reduction in sucrose and purity accompanying higher Interaction Effects: Data presented in Table 7 shows
N rates was compensated by the increase in stalk yield some selected traits reported by the interaction between
and finally syrup and sugar yields increased. These plant density and fertilizer application rates. The highest
results are in agreement with those  obtained  by  Thakur stalk diameter 2.62 cm (in the second season), purity
et al. [3], Ramos et al. [5], Mahmoud et al. [8] and 57.07%  (in  the  first  season),  reducing  sugars  5.62 %
Almodares et al. [12]. (in the second season) as well as sucrose 9.63 and 9.87,

Effect of Plant Density: Growth Traits: Date in Table 4 syrup yield per ton of stalks 68.53 and 67.65 (L) and stalk
revealed that increasing plant density from 40000 to 70000 yield 26.33 and 27.42 (ton/fed) in the first and second
plants/fed significantly decreased sweet sorghum growth seasons, respectively resulted from 120 kg N + 40000
traits in terms of LA and stalk diameter in both seasons. plants/fed, while the highest yield of syrup 1678 and 1787
LA decreased by 23.09 and 0.98 % and stalk diameter L/fed and sugar yield 1.73 and 1.82 ton/fed resulted from
decreased by 10.67 and 5.78% in both seasons, 100 kg N + 46700 plants/fed. The highest stalk yield 26.33
respectively. On the other hand, LAI and stalk length was and 27.42 ton/fed in the first and second seasons,
significantly increased as plant density increased up to respectively resulted form 120 kg N + 70000 plants/fed.
70000 plants/fed in both seasons. Such effect might have Generally, it could be concluded from this study that
been due to interplant competition for light and mineral the reduction in some quality traits (Brix, sucrose, juice
nutrients. Similar results were reported by Mahmoud et al. extraction %) under the higher plant density of sweet
[8], Rosenthal et al. [13], Mokadem [16] and Saheb [17]. sorghum could be compensated by higher yield of stalks

Quality Traits: A marked increase in sucrose, Brix, purity increased.
and reducing sugar as well as juice extraction percentages
was recorded as plant density decreased up to 40000 REFFERENCES
plants/fed (Table 5). The increase amounted to 5.37 and
5.22 % for Brix, 17.07 and 17.09 % for sucrose, 10.58 and 1. Galani, N.N., M.H. Lomte and S.D. Ghoudhari 1991.
11.42 % for purity, 17.81 and 22.40 % for reducing sugar % Juice yield and Brix as affected by genotype, plant
and 5.95 and 5.34 % for juice extraction %. The reduction density and N levels in high energy sorghum.
in quality traits accompanying higher densities me be due Bharatiya Sugar, 16(4): 23-24. 
to lower photosynthetic rate as a result of greater shading 2. Kachapur, M.D., Ravi-Hunje and R. Hunje, 1996.
effect under higher densities. These results are in Nutrition management in sweet sorghum. Karnataka
agreement  with  those  obtained  by  Mahmoud   et  al. J. of Agric. Sci., 9(1): 151-154.
[8], Abo El-Wafa and Abo El-Hamd [14] and Mokadem 3. Thakur,  N.S.,  B.B.  Kushwaha,  N.K.   Sinha  and
[16]. S.N. Upadhya 2009. Effect of plant density and

Yield Traits: Plant density exhibited significant effects on of sweet sorghum (Sorghum bicolor L. Moench)
stalk yield (ton/fed), syrup yield per ton of stalks, syrup genotypes. Indian J. of Dryland Agric. Res. and
yield (L/fed) and sugar yield (ton/fed.) in both seasons, Develop., 24(1): 34-38.

and second seasons, respectively. On the other hand,

Brix 16.9 and 16.92 %, juice extraction 42.10 and 41.27%,

consequently the final syrup and sugar yields could be

nitrogen levels on growth, yield attributes and yields
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