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Abstract: Due to the population increase, about 1.5 million tons of sugar is needed annually in Iran. Half of this
amount 1s provided by sugar beet and sugarcane industries and the other half 1s imported. These two crops are
facing many problems such as: high cost of planting and harvesting, long growing season and high water
requirement. Whereas, sweet sorghum is well adapted to tropical and sub-tropical regions, highly biomass
production, low water and fertilizers requirements and short growing season. So obtained sugar from this plant
may replace imported sugar from aboard. This study was carried out, at Isfahan University Research Station,
to evaluate the effect of three nitrogen treatments, three sweet sorghum cultivars and three harvesting stages
on the stalk yield and sugar content. The results showed the effect of nitrogen treatments on stalk yield, brix
value and sucrose content were not significant, but the effects of cultivars and harvesting stages on the above
measurements were signficant. Among sweet sorghum cultivars, v Rio had the highest stalk yield, brix value
and sucrose content. These measurements were not significant for cv Vespa and 152325, The effect of
harvesting stage was significant for the stalle yield, brix value and sucrose content. Harvested plant at
physiological maturity had the highest stalk yield, brix value and sucrose content and lowest at flowering stage.
Based on these results, the highest stalk yield, brix value and sucrose content were obtained by planting cv

Rio and harvested at physiological maturity stage.
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INTRODUCTION

Sorghum (Sorghum bicolor 1.. (Moench)), is
multipurpose cereal, contains gram, forage and sweet
types. Sweet sorghum mamly 13 planted for sugar and
ethanol production (Gnansounoua et al., 2005). Sugar
beet and sugarcane are the main sources of sugar
production m the world (Pennington and Baker, 1990). In
Iran planting and harvesting of both these crops are
facing many problems such as: long growing season and
high water and fertilizer requirements. Sweet sorghum is
well adapted to sub-tropical (Rego et al, 2003) and
temperate regions of the world. It 1s highly biomass
production, low water requirement (Girma, 1989,
Mastrorilli et al, 1999) and short growing season
(Roman et al., 1998). Therefore, sweet sorghum can be
replaced sugar beet and sugarcane under Iramian hot and
dry climate condition (Kulkarmi et af.,, 1995). Sorghum is a
C4 crop and good N used efficiency (Gardner et al., 1994).
Application of mitrogen fertilizer increase sweet sorghum
stalk yield (Johnston, 2000). Galam et of. (1991) reported
nitrogen fertilizer increase sucrose content, protein
percent and growth rate in sweet sorghum. Application of
nitrogen fertilizer m most cases increases brix value

{(Pholsen and Somsungnoen, 2004). Quantity and quality
of sugar in stem change at different growth stages, so
harvesting stage is an important factor on sugar content
(Parvatikar and Manjunath, 1991). Also sweet sorghum
accumulates large amounts of sugar in its stems near the
time of grain maturity. Sweet sorghums have 10 to 25%
sugar m stalk juice, with sucrose being the predominant
disaccharide (Hunter and Anderson, 1997). Nitrogen
increases stalk yield and sucrose content in sweet
sorghum (Leible and Kahnt, 1991; Sumantri and
Lestari, 1997). Therefore, this study was designed to
determine the optimum nitrogen treatment, cultivars and
harvesting stages of sweet sorghum for obtaming
highest stalle yield, sucrose content and brix wvalue
under Tran climatic conditions.

MATERIALS AND METHODS

This experiment was carried out at the Isfahan
University Research Station, Iran. Three mnitrogen
treatments: 100 kg ha™' urea at planting, 100 kg ha™
urea at 4 leaf stage and 100 kg ha™ urea at booting
{(f,); 100 kg ha™" urea at planting and 200 kg ha™ urea at
4 leaf stage(f,) and 300 kg ha™' urea at planting (f,), three
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sweet sorghum cultivars: Vespa (c,), IS2325 (c,) and Rio
(¢;) and three harvesting stages: flowering (h),
physiological maturity (hy,) and before chilling (h,) were
assessed in split- split plot design with three replications.
Nitrogen treatments assigned to main plot, cultivars to
sub-plot and harvesting stages to sub-sub plot. In May
2003, seeds were planted in furrows 10 m long and 0.5 m
apart. Following establishment, plants were thinned to
10 cm apart so that the final populations were 200,000
plants/ha. Plants were harvested at each harvesting stage.
Stalks were weighed after the leaves and panicles were
removed, then the stalks passed through sugar mill and
brix value and sucrose content of the juice were measured
according to Varma (1988).

RESULTS AND DISCUSSION

Table 1 shows analysis of variance for nitrogen
treatments, sweet sorghum cultivars and harvesting
stages on stalk yield, birx value and sucrose content. The
results showed that effect of nitrogen treatments on stalk
yield, brix value and sucrose content were not significant.
Many reports show that application of mtrogen increases
stalk  yield (Mohammed and Hamed, 1988,
Balasubramanian and Ramamoorthy, 1996; Tohnston,
2000, Ayub et al., 2002). Present results are disagreement
with the above reports because the nature of our nitrogen
treatments were included both amount and date of
nitrogen application. The effect of cultivars on the above
measurements was significant at 1% level (Table 1). Cv
Rio had the highest stalk yield (62.85 t ha™"), birx value
(17.10%) and sucrose content (11.53%), (Table 2). High
stalkk yield of cv Rio may be due to its long and thick
stem. FEl-Bassam et al (1987) found similar results.
Also Belletti ef al. (1991) compared 39 sweet sorghum
cultivars and reported cv Rio among those cultivars had
the highest stalk yield Brix value of cv Rio was higher
than other sweet sorghum cultivars probably due to the
genotypic differences exist among them as reported by
Galam et al. (1991). Stalk yield of IS 2325 was higher than
cv Vespa but their brix value and sucrose content were
not significant (Table 2). Cv Rio had the highest sucrose
content (11.53%) among sweet sorghum cultivars and this
15 because of its highest brix value. The effect of
harvesting stage on stalk yield, brix value and sucrose
content were significant at 1% level (Table 1). Stalk yield
was highest at physiological maturity (51.89 t ha™') and
lowest at flowering (43.83 t ha™') (Table 3). These could
be due to the growth and development of stalk which was
completed at physiological maturity. Zanini (1990)
reported stalk yield increases and was highest at
physiological maturity. Before chilling stage stalk yield
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was reduce because of stalkk moisture reduction. Brix value
was higher at physiological maturity and before chilling
(15.97%) than flowering (13.44%). Choudhari (1990)
studied the effect of harvesting stages on stalk juice and
brix value and found the amount of brix value was lowest
at flowering stage. Galani et al. (1991) found brix value
increases from flowering to physiological maturity stage.
Sucrose content was highest (10.8%) at physiological
maturity and lowest (6.07%) at flowering (Table 3). In
sweet sorghum assimilate does not mobilize from stem to
the gramn so that
physiological maturity (Penmngton and Baker, 1590).
Ferraris (1986) reported that Sucrose and soluble solids
concentration and yields in stems were highest at or near
grain maturity. Tow sucrose content at flowering stage
could be due to high acid invertase enzyme at that stage.
At physiological maturity, the acidic invertase content
decreases whilst natural invertase increases. As a result
sucrose content may be mcreased at thus stage (Lingle
and Dunlap, 1987). The interaction between nitrogen
treatments and harvesting stages on brix value was
significant at 1 percent level (Table 1). Figure 1 shows the
interaction between nitrogen treatments and harvesting
stages on brix value. The brix value was higher at both
physiological maturity and before chilling than flowering
stage regardless of nitrogen treatments. The interaction

sucrose content increases at

Table 1: Mean squares of stalk vield, brix and sucrose

Treatments df Stalk yield Brix Sucrose
Replication 2 58.09 2.23 7.84
Nitrogen treatments (F) 2 10.25 737 213
Error a 4 4.30 1.88 1.35
Cultivars (C) 2 6323474+ 70.66%*  190.74%*
F*C 4 5.05 2.24 0.5
Emrorb 12 8.92 0.98 1.71
Harvesting (H) 2 455.91%* 67.18%*  151.29%*
F*H 4 7.86 3.68%+ 1.64
C*H 4 81.61%* 14.68%* 29.41%*
F*C*H 8 6.86 1.76 3.04
Error ¢ 36 11.06 0.91 1.80

*# Significant at 196 level

Table 2: Mean comparisons* among sweet sorghum cultivars for stalk
yield, brix and sucrose content

Cultivars Stalk yield {t ha™) Brix (%6) Sucrose (%)
Vespa 32.35¢ 14.48b 7.38b
182325 49.77b 14.15b 6.57b
Rio 62.85a 17.10a 11.53a

* Values within one column followed by the same letter(s) are not
significantly different at p<0.05

Table 3: Mean comparisons* among sweet sorghum cultivars for harvesting

stages
Harvesting stages Stalk vield (tha™)  Brix (%) Sucrose (%)
Flowering 43.83¢ 13.44b 6.07c
Physiological maturity 51.89a 15.59a 10.8a
Before chilling 49.25b 16.35a 8.61b

* Values within one column followed by the same letter(s) are not
significantly different at p<<0.03
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Fig. 1: Interaction between levels of mitrogen treatments
(f,, £;, £;) and harvesting stages (h;, b, h;) on brix
value, f;: 100 kg ha™" urea at planting, 100 kg ha™
urea at 4 leaf stage and 100 kg ha™' urea at booting
f;; Represents 100 kg ha™' urea at planting and 200
kg ha™" urea at 4 leaf stage {;: 300 kg ha™' urea at
planting h;: Flowering h,: physiological maturity h,:
Before chilling
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Fig. 2: Interaction between cultivars (¢, ¢, c¢;) and
harvesting stages (hy, h,, h;) on stalk yield h;:

flowering h, physiological maturity h; before
chilling ¢;: Vespa ¢, I82325 ¢,: Rio

between cultivars and harvesting stages on stalk yield,
brix value and sucrose content was significant at 1% level
(Table 1). Cv Rio had the highest stalk yield at both
physiological maturity and before chilling (67.69 and
65.99 t ha™', respectively) whilst cv Vespa regardless of
harvesting stages had the lowest stalk yield (Fig. 2). The
stalk yield of TS 2325 at both physiological maturity and
chilling stages were higher than flowering stage. A delay
i harvesting stage after flowering mcreases cv Rio and
152325 stalk yields (Fig. 2). The mean of cv Rio and IS
2325 stalk yields between two harvesting stages of
physiological maturity and before chilling was not
significant (Fig. 2). So cv Rio had the highest stalk yield
when harvested at physiological maturity and before
chilling stage. Brix value of cv Vespa and IS 2325 were
lowest at flowering stage and increased as plant matured
(Fig. 3). Before chilling stage, cv Vespa had higher brix
value than IS 2325. The results show that the highest brix
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Fig. 3: Interaction between cultivars (c, ¢; c¢;) and
harvesting stages (h,, h,, h;) on brx value c;:

Vespa c; 152325 ¢y Rio h: flowening by
physiological maturity h,: before chilling
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Fig. 4:Interaction between cultivar (¢, ¢, c¢;) and
harvesting stages (h,, h,, h,) on sucrose percent h;:
flowering h,: physiological maturity h, before
chilling ¢;: Vespa ¢, IS2325 ¢;: Rio

value of sweet sorghum cultivars was obtained at
physiological maturity and before chilling stages. Cv Rio
had the higher sucrose content at physiological maturity
than other sweet sorghum cultivars (Fig. 4). The amount
of neutral invertase enzyme in Rio was higher than other
cultivars (Tarpley et al., 1994). Based on these results to
obtain the highest stalk yield, brix value and sucrose
content, it 1s recommended to plant Rio and harvested at
physiological maturity.

REFERENCES

Avyub, M., M.A. Nadeem, A. Tanveer and A. Husnain,
2002. Effect of different levels of nitrogen and
harvesting times on the growth, yield and quality of
sorghum fodder. Asian J. Plant Sci., 4: 304-307.

Balasubramanian, A. and K. Ramamoorthy, 1996, Effect of
plant geometry, nitrogen levels and time of harvest
on the productivity of sweet sorghum. Madras
Agric. T, 83: 462-463.

425



Asian J. Plant Sci., 6 (2): 423-426, 2007

Belletti, A., C. Petrini, A. Minguzzi, V. Landini, C. Piazz
and F. Salamini, 1991. Yield potential and adoptability
to Italian conditions of sweet sorghum. Maydica,
36: 283-291.

Choudhari, S.D., 1990. Effect of date of harvest on juice
yvield and brix of high energy sorghum. T.
Maharashtra Agric. Universities, 15: 232-233.

El-Bassam, N., M. Dambroth and G. Ruhl, 1987. Sweet
sorghum a new raw material for the sugar industry.
Landbauforschung Volkerode, 37: 201-206.

Ferraris, R., 1986. A comparative analysis of the growth of
sweet and forage sorghum crops, II accumulation of
soluble carbohydrates and nitrogen. Aust. J. Agric.
Res., 37: 513-522.

Galam, N.N., M.H. Lomte and 3.D. Choudhari, 1991. Tuice
vield and brix as affected by genotype, plant density
and N levels in high-energy sorghum. Bharatiy A
Sugar, 16: 23-24.

Gardner, J.C., I W. Maranville and E.T. Paparozzi, 1994.
Nitrogen use efficiency among diverse sorghum
cultivars. Crop Sci., 34 728-733.

Girma, F.S., 1989. Osmotic adjustment: A drought
tolerance mechamsm 1 sorghum. Sci. Eng.,
50: 4570-4573.

Gnansounoua, E., A. Dauriata and C.E. Wyman, 2005,
Refining sweet sorghum to ethanol and sugar:
Economic trade-offs in the context of North China.
Bioresour. Technol., 96: 985-1002.

Hunter, E. and I. Anderson, 1997. In ‘Horticultural
Reviews’. Janick, I. (Ed.), John Wiley and Sons,
New York, pp: 73-104.

Johnston, A.E., 2000. Efficient use of nutrients in
agricultural production systems. Common Soil Sci.
Plant Ann., 31: 1599-1620.

Kulkami, DP., A. Almoedares and RB. Somani, 1995.
Sweet sorghum. A supplementary sugar crop i Iran.
Ann. Plant Physiol., 9: 90-94.

Leible, .. and G. Kahnt, 1991. Investigations in to the
effect of locate on, sowmg rate N application,

and harvesting date on yield and
composition of sweet sorghum. J. Agron. Crop Sci.,
166: 8-18.

Lmgle, 5.E. and I.R. Dunlap, 1987. Sucrose metabolism in
netted muskmelon fruit durng development. Plant
Physiol., 84: 386-389.

cultivars

Mastrorilli, M., N. Katerji and G. Rana, 1999. Productivity
and water use efficiency of sweet sorghum as
affected by soil water deficit occurring at different
vegetative growth stages. Eur. J. Agron., 11: 207-215.

Mohammed, A.AH. and Y N. Hamed, 1988. The effect of
cutting stage, nitrogen fertilization and seeding rate
on yield and quality of hybrid forage sorghum. Iraqi
I. Agric. Sci. Zanco, 6: 125-138.

Parvatikar, S.R. and T.V. Manjunath, 1991. Alternate uses
of sweet sorghum, a new prospectus for juicy stalks
and grain yields. J. Maharashtra Agric., 16: 352-354.

Penmington, N.L. and C.W. Baker, 1990. Sugar: User's
Guide to Sucrose, Published by Springer, New York,
pp: 331.

Pholsen, S. and N. Somsungnoen, 2004. Effects of
nitrogen and potassium rates and planting distances
on growth, yield and fodder quality of a forage
sorghum (Sorghtm bicolor 1.. Moench). Pak. T.
Biological Sei., 7: 1793-1800.

Rego, TIJ., V. Nagesvara Rao, B. Seeling,
. Pardhasaradhi and D K. Kumar Rao, 2003. Nutrient
balances a guide to improving sorghum and ground
based dry land croppmg systems in semi-arid
tropical India. Field Crops Res., 81: 53-68.

Roman, GH.V., G. Gosse, D.O. Hall, AM. Roman and
V. Ton, 1998. Researches on Sweet sorghum
Productivity m the
Proceedings of First AFITA Conference, Japomica,
24-26 Januaries.

Sumantri, A. and W.DID. Lestari, 1997. Yield of sweet
sorghum to nitrogen and phosphate fertilization on
the alluvial soil. Majalah (213-221) Penelitian Gula,
33:8-12.

Tarpley, L., D.M. Vietor and F.R. Miller, 1994. Internodal
compartmentation of stem- infused 14 C sucrose in
sweet and grain sorghum. Crop Sci., 43: 1116-1120.

Varma, N.C., 1988. System of technical control for cane
sugar factories India. The Sugar Technologist’s
Associatiory, India.

Zamm, TR, 1990. Influence of physiological maturation on
production and quality of seeds and on the industrial
yield of sweet sorghum. Agronomy Brasileira,
25: 881-888.

Scuth Romaman Plain.

426



	AJPS.pdf
	Page 1


