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ABSTRACT

This study was carried out in farm of Dehkhoda institute (2013-2014). The study was done as randomized
complete blocks design with five potassium sulfate amounts (0, 50, 100, 150 and 200 kg/ha) and four
replications. According to results, potassium affected the number of stalk numbers, yield, and the amount of
obtainable sugar (p<0.01) and purity (P<0.05). The highest stalk numbers (186351), yield (111.62 ton/ha),
obtainable sugar (10.86 %), and purity (89.9%) were obtained in 200 kg/ha potassium. Results showed that the
amount of potassium in the mentioned region is not sufficient and adding potassium as potassium sulfate will
increase the qualitative-quantitative yield of sugarcane.
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INTRODUCTION

Sugarcane (saccharum sp) is the main crop of tropical and subtropical regions of the world
which is used mainly to produce sugar and ethanol (Lalitha and Premachandran, 2007).

Potassium plays an important role in plant physiological activities including the activation
of enzymes and plant protein synthesis, photosynthesis and osmotic adjustment. In plants with
potassium deficiency, soluble nitrogen compounds and sugars will be accumulated and also
starch will be reduced (Marschner, 1995). Sugarcane like any other sugar plant has high
potassium requirement, so that producing 100 tons of straws removes 160 kg/ha potassium
(K20) and the recommended amount of potassium fertilizer to offset this will be 150 -200 kg
(K20) per ha (Funconeir, 1994).

Potassium acts as a catalyzer in plant metabolism. It also condensates the cell sap
(Malakooti and Homaei, 2004). Presence of potassium makes sucrose production from simple
sugars possible. This element contributes in production and neutralization of organic acids
and increases product quality by balancing sugar and acids. Potassium is an important part of
enzymes and improves water use efficiency. This element strengthens cell walls and tissues
and increases efficiency of nitrogen fertilizer (Mansouri, 2011).

Cell enlargement includes the formation of a large central vacuole that occupies 80 - 90
percent of cell volume. This occurs by potassium accumulation in cells which is necessary
both for pH stability of cytoplasm and for increasing the osmotic potential within the vacuole
(Hartong et al., 1981).

Most of potassium is absorbed in canopy completion period or tillering. The highest
sugarcane yield and height were obtained from 600 kg/ha potassium, whereas the highest
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sugar amount and stalk numbers were belonged to 300 kg/ha. The amount of sugar was equal
in 300 and 600 kg/ha treatments (Carpella et al., 1989). Sugarcane absorbs 710 g/ha of
potassium daily in cultivation time and during maximum growth and 950 g/ha in first harvest
stage (Malavotla, 1994). Accumulation of soluble sugars and nitrogen compounds and
reducing the starch amount will occur in plants with potassium deficiency. Also, transfer of
sugar will be reduced (Marschner, 1995). The yield of 91.25 tons per hectare was obtained by
simultaneous application of phosphorus and potassium in cultivation time (Faghirhossein
et al., 2010). Adding 225 kg of K,O per hectare increased corn yield up to 20.9% (Yoiing,
2003). Marschner (1995) reported that potassium plays important role as an effective element
in sugar production and starch reduction. In a study by Jafarnejadi (2013) the highest
sugarcane yield (147.5 ton/ha) was obtained from 200 kg/ha potassium chloride (1/4 at
cultivation time and the rest in three times along with nitrogen fertilizer). Also, the highest
sugar, syrup and purity percentages (12.9, 32.1, and 89.7%, respectively) were obtained by
this treatment. In a study about the effects of topdressing and spraying potassium on yield
components of safflower, the highest yield (2458.7 kg/ha) was obtained from potassium
chloride topdressing and the highest oil percentage was obtained from potassium sulfate
spraying (49.88 kg/ha) (Amirkhalili, 2011). This study was conducted to evaluate the effect of
different amount of potassium sulfate on yield and related traits of sugarcane.

MATERIALS AND METHODS

In order to investigate the effects of potassium sulfate fertilizer on qualitative-quantitative
yield of sugarcane (cultivar CP 48-103) this study was carried out in DC 04-11 farm of
Dehkhoda institute (2013-2014). The study was done as randomized complete blocks design
with five potassium sulfate amounts (0, 50, 100, 150 and 200 kg/ha: ko-k4, respectively) and
four replications. The region has annual precipitation of 250-300 mm and average temperature
of 23-31C°. The climate is warm and dry and soil is loamy silt. Each experimental plot had
seven rows with a length of 250m. Fertilizer was poured in furrows at August 19, 2013 and
cultivation was done at August 23, 2013. Two lines of each side of the plot were considered
as margins and samples were taken from middle lines. Obtained data were analyzed using
SPSS program and graphs were drawn using Excel.

Results of physicochemical analysis of the soil are presented in Table 1. Soil had loamy silt
texture and average salinity. The amount of salinity was increased from 1.41 ds/m in depth to
2.4 ds/m in surface due to evapotranspiration. Acidity of soil (pH) was neutral to alkaline and
this trend was increased by soil depth. The amount of soluble sulfate was high (11.68 mg/l) in
soil surface due to high evapotranspiration but it was decreased by depth. This trend was in
agreement with pH amount.

Table 1. Soil analysis results of three depths
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RESULTS AND DISCUSSION

Variance analysis of some qualitative-quantitative properties of sugarcane is presented in
Table 2. According to results, potassium affected all traits significantly at 1% probability level
except purity which was affected at 5% level.

Table 2. Variance analysis of some qualitative-quantitative properties of sugarcane

Mean Squares

Source of

o df Stalk Stalk ) Stalk ) Sugar
variation ) Yield Purity ]

diameter length numbers yiled

Replication 3 0.680 15.97 10.3 6945927 1.86 0.221
Potassium 4 0.355** 432.97** 434.55**  889952663** 3.82* 0.919**
Error 12 0.0173 8.89 8.38 7433013 0.96 0.028
CV (%) 5.99 1.7 2.92 1.6 1.1 1.64

Stalk Diameter

Stalk diameter of sugarcane was increased by higher application of potassium sulfate. In
control treatment, stalk diameter was 1.77 cm whereas it was 2.52 cm in K4 and K3 treatments
did not show significant difference (Figure 1). This is probably because of increase in
nitrogen absorption by potassium application which has increased dry matter and therefore,
increased stalk diameter. Also, in a study by EI-Tilib et al. (2004) which 144 kg/ha of K,O
was used, stalk diameter was increased significantly. This is in agreement with findings of
Hazrati and Tahmasbi (2012). Potassium preparation is followed by cell enlargement due to
potassium accumulation and also lignifying of vessel systalk (Kholdbarin and Eslamzadeh.
2011).

stalk diameter (cm)
=
= n ]

e
tn

o

kO k1 k2 k3 k4

Figure 1. Mean comparison of stalk diameter based on LSD 5%
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Stalk Length

Potassium sulfate affected stalk length significantly so that the length was increased from
162.63 cm in control treatment to 184.78 cm and 188.51 cm in K; and K, treatments,
respectively. Although the difference between these treatments was not significant, but
potassium increment increased the stalk length (Figure 2). It seems that potassium in
cultivation time increases the stomatal diffusion resistance significantly which results in
decreased transpiration, increased leaf water potential and thus increases the size of the cell,
followed by sugarcane stalk elongation (Valdron, 1964).
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Figure 2. Mean comparison of stalk length based on LSD 5%

Stalk Yield

Stalk yield was affected by potassium sulfate and was increased from Kg to K4, so that the
yield of control was 85.05 ton/ha whereas K; to K, treatments had 93.85, 97.69, 106.25, and
111.62 ton/ha vyields, respectively.The difference between K, and Kj; treatments was
significant (Figure 3). Increase in stalk yield was the result of increase in stalk number per
unit area. Also, stalk elongation caused an increase in biomass. The reason was increase of
water content of plant which has led to increase in size and numbers of cells which resulted in
yield increment.

In Rilner Alves Flores et al. (2014) study, using 162 kg of potassium in second ratoon
produced 132.9 ton/ha sugarcane stalk. Potassium helps stalk elongation by strengthening
gibberellic acid. Also, it prepares necessary dissolved material in vacuoles for cell
enlargement in companion with other organic acids anions (Kholdbarin and Eslamzadeh.
2001).
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Figure 3. Mean comparison of stalk yield based on LSD 5%
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Figure 4. Mean comparison of stalk numbers based on LSD 5 %
Stalk Numbers

Potassium affected the number of stalk number significantly (p<0.01) so that K4 and K3
treatments with 186351 and 179475 had the highest and Ky with 147994 had the least stalk

number per hectare (Figure 4).
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Purity of the Syrup

Potassium fertilizer affected syrup purity significantly (p<0.05), and using 200 kg/ha
treatment had the highest purity (89.89%) whereas control showed the least (87.63%) ( Figure
5). The probable reason for this is the increase in sugar percentage by potassium application
(Fotouhi, 2003). Potassium makes sucrose from simple sugars and low amounts of it lead to
sucrose reduction (Asfia, 1997). Therefore, potassium application (as an effective element on
syrup purity) has an important role in sugar yield increment.
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Figure 5. Mean comparison of syrup purity based on LSD 5%

Sugar Yield

The effect of potassium on obtainable sugar was significant (p<0.01) (Figure 6). Mean
comparisons showed that 150 and 200 kg/ha treatments had the highest sugar productions
(10.86 and 10.65, respectively) which were not statistically different but were different from
control mean (Figure 6).

According to the literature, potassium deficit increases simple sugars and amino acids in
stalk and reduces net efficiency of extraction. Also, because of potassium effects on
decreasing nitrogen of leaves (unusable nitrogen) and converting reducing sugars to sucrose,
net efficiency of sugar is increased.

According to the obtained results, potassium application was really effective in sugar
formation and increasing the percentage of sugar in proportion to control. It has been shown
that in plants with potassium deficit accumulation of soluble sugars, reduction in amount of
starch and accumulation of nitrogen compounds will be occurred. Also, potassium deficiency
reduces the transfer of sugar in the plant (Marschner, 1995).
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Figure 6 . Mean comparison of sugar yield based on Lsd 5%

CONCLUSION

Based on the results obtained, soil of the studied region was poor in potassium content.
Potassium increased stalk yield and stalk number due to positive effect on gibberellic acid
activity. Also, it caused cell enlargement and increase in stalk diameter by accumulation in
cells and lignifying vessels systalk. These results are in agreement with reports of Hazrati and
Tahmasbi (2012), Kholdbarin and Eslamzadeh (2001) and Jafarnejadi (2013). Potassium
sulfate application increased obtained sugar percentage. Another considerable result was non-
significant effect of fertilizer in lower levels on syrup purity whereas 200 kg/ha treatment
increased the purity. These are in agreement with reports of Asfia (1997), Fotouhi (2003), and
Jafarnejadi (2013).

Considering the potassium situation and its fast depletion from the soil, lower amounts of
fertilizer don’t have effects on yield increment because in such conditions, a significant
portion of the fertilizer will be stabilized in the soil and are not usable for plant. Also, by
increasing the potassium concentration, the amount of stabilization will be increased
(Savaghebi, 2003). On the whole, using potassium fertilizers from various sources and in
various stages of plant growth is recommended for saving soil stability and increase in
sugarcane yield.
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