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The objective was to determine the effects of sulfometuron-methyl concentration application
on growth, stem yield and juice extract yield of sweet sorghum. The field experiment was
conducted during August to December 2015 at the research field of Faculty Agricultural
Technology, King Mongkut’s Institute of Technology Ladkabang, Ladkrabang district,
Bangkok, Thailand. The experiment was arranged in a split plot design with four replications.
Sweet sorghum cultivars such as Ethanol 2 , KKU 40 and Cowley were assigned to main plots
and six sulfometuron-methyl concentration application treatments, 0 (control), 500, 1,000,
1,500, 2,000 and 2,500 ppm were allocated to the subplot. The results revealed that the
interactions of sweet sorghum cultivars and sulfometuron-methyl concentration application on
stalk yield and juice extract yield were not significantly different. Ethanol 2 cultivar produced
higher stem growth, yield and juice extract than KKU 40 and Cowley cultivars, respectively.
Sulfometuron-methyl concentrations affected on stem fresh weight and juice extract yields.
Sulfometuron-methyl concentration at 1,000 ppm was found the best among different
sulfometuron-methyl concentrations. The highest concentration of sulfometuron-methyl
application (2,500 ppm) decreased not only brix value and stem fresh weight yield but also
juice extract yield. However, optimum rate of sulfometuron-methyl concentration application
(1,000 ppm) gave the highest brix degree of sweet sorghum. Based on these results, to have the
highest brix value it may be suggested to apply sulfometuron-methyl concentration at 1,000
ppm in cultivar Ethanol 2.
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Introduction

Sweet sorghum (Sorghum bicolor L.Moench) is a C4 plant characterized
by a high photosynthetic efficiency (Bryan, 1990 and Billa et al., 1997). It is
four months crop; relatively photoperiod sensitive, resistance to drought,
tolerance of high salinity, soil grown under hot and dry climatic conditions.
Sweet sorghum is consumed as feed. The juice of green stem of sweet sorghum
can be used for ethanol production after removing ear heads at physiological
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maturity. Ethanol 2 is renewable source of energy and around the world known
as biofuel which is ecofriendly. The productivity of sweet sorghum is depended
upon fresh stem yield. In Thailand, many studies were carried out to evaluate
genotype and cultivars for productivity and quality where a significant
differentness among sweet sorghum cultivars. Stem yield and juice extract yield
greatly affected by the application of chemical ripener on some sweet sorghum
cultivars. The use of chemical ripener to increase the sucrose content of sweet
sorghum crops enabling them to be harvested either earlier, or normal time with
a higher sucrose content. Sulfometuron-methyl acts by inhibiting ALS enzyme
(Acetolactate synthase), interfering with cellular metabolism, paralyzing the
growth without killing the apical bud (Leite and Crusciol, 2008).

The introduction of sulfometuron-methyl (125 g ai lit"), which
overcomes some of the disadvantages of other ripeners, is therefore timely.
Sulfometuron-methyl is a grass herbicide that has shown promise as a chemical
at low rates of application (Almodares et al., 2013). Many studies have reported
that sulfometuron-methyl regarding its potential ripening effect in sugarcane
varieties, causes no damage to sugarcane production (t ha™) or the agronomic
characteristics of the culture (Silva et al., 2007; Leite et al., 2010). However,
there was little information about the response of sweet sorghum cultivars to
ripeners sulfometuron-methyl, commonly vessel. Therefore, the objectives of
the present study were to investigate the effect of sulfometuron-methyl as the
ripener on plant growth, stem fresh weight and juice extract yield of some
sweet sorghum cultivars under field condition.

Materials and methods
Trial design

The experiment was conducted at the experimental farm, Faculty of
Agricultural Technology, King’s Mongkut Institute of Technology Ladkrabang,
Bangkok, Thailand, during August to December 2015. The research
experimental farm is located 13° 43’ 36.21" N, 100° 46’ 48.45" E at an altitude
of 1.50 m above mean sea level. Three sweet sorghum cultivars including
Ethanol 2, KKU 40 and Cowley and six sulfometuron-methyl concentration
levels such as 0, 500, 1,000, 1,500, 2,000 and 2,500 ppm were assessed in a
split-plot randomized complete block design with three replications. Sweet
sorghum cultivars and sulfometuron-methyl treatments were assigned to main
plot and sub-plot, respectively. The plot size was 3 m by 3 m (9 m?). Soil at the
experimental site is Bangkok series and clay in texture. The soil was pH 6.3
with slightly acidic.
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Crop Husbandry

A seeding rate of 10 kg ha™ and seed drill set to plant at a depth of 2.5 cm
and thinned to 10 plant m™ at 5 leaf stage. Plant spacing of 70 cm between the
rows and 10 cm within the row was followed. Plots were fertilized with 90 kg
ha® of N (urea), 45 kg ha™ of triple superphosphate and 45 kg ha™ of potassium
sulphate as a broadcast application. The soil was mixed with these fertilizers
before planting. Surface irrigation was applied in furrows to the crop to
maintain proper growth. Herbicide atrazine (@ 1 kg ai ha™) and s-metolachlor
(@ 2.1 kg ai ha™) was applied 1 day after sowing (pre-emergence) to control
weeds. Recommended and need-based crop protection measures were taken to
control pasts and diseases.

Data collection

At physiological maturity after 120 days after planting, growth
parameters including plant height, stem diameter, stem fresh weight and brix
degree were measured. After cutting the plants at ground level, the leaves along
with sheath were stripped and panicle with last internode (peduncle) was
separated; the fresh weight of stripped stem (hereafter referred as fresh stem
yield) was then recorded. Plant height was measured on the 10 tagged plants as
the height from the base of the plant to the collar of the highest leaf before the
panicle. Stem diameter was measured by dividing the stem into three equal
parts. Twenty representative plants from the three central rows of each plot
were sampled in all three replications for measuring stem fresh weight yield.
Juice extraction yield; Stem juice was extracted by passing the stems through a
power-operated three-roller horizontal sugarcane machine miller soon after
harvest. The extracted juice was filtered immediately with standard Whatman
filter paper to remove large solids. The stripped stems were passed through the
mill at least twice, and all extract juice was removed from stem and weighed
immediately. Total soluble solids in terms of brix degree were measured using
a digital refractometer (Model PAL-1, Atago Co. Ltd., Tokyo, Japan). Then
100 ml of the fresh juice was transferred to standard glass test tubes and
processed immediately to estimate brix degree. Sulfometuron-methyl difference
concentrations spraying on the stem of sweet sorghum was application 1 week
before harvest.

Statistical analysis: Statistical analyses were performed using SAS
program (SAS Institute, 2010). The data were analyzed using ANOVA
following the procedure for split-plot design. Least significant different (LSD)
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values were calculated at 0.05 probability level whereas the F-test was
significant.

Results
Plant height

In Table 1, three sweet sorghum cultivars, Ethanol 2 cultivar (with 2.83
m) produced more plant height than KKU40 (with 2.44 m) and Cowley
cultivars (with 2.15 m). Stem height was decreased by increasing sulfometuron-
methyl concentration application levels. While the highest stem height (2.83 m)
was obtained in 0 ppm sulfometuron-methyl concentration, there was a
significant difference in this parameter under 500, 1,000, 1,500, 2,000 and
2,500 ppm sulfometuron-methyl concentration treatments.

Table 1 Plant height (m), stem diameter (mm) and stem fresh weight (g plant™)
at harvest of three sweet sorghum cultivars as affected by different
sulfometuron-methyl concentrations application.

Treatments Plant height Stem diameter Stem FVlV
(m) (mm) (g plant™)
Cultivars (A) Ethanol 2 2.83 22.90 254.76
KKU 40 2.44 19.80 221.59
Cowley 2.15 17.63 210.48
Sulfometuron-methyl
(Concentration) (B)
0 ppm 2.83 22.29 250.79
500 ppm 2.64 21.56 237.09
1,000 ppm 2.57 20.80 229.78
1,500 ppm 2.40 19.43 224.30
2,000 ppm 2.29 18.70 220.74
2,500 ppm 2.15 17.91 210.94
LSD (0.05) (A) 0.44 4.77 42.13
LSD (0.05) (B) 0.36 2.85 29.67
LSD (0.05) (A x B) ns ns ns
CV (%) (A) 10.15 13.50 10.48
CV (%) (B) 11.76 11.49 10.53

ns = no significant at the 0.05 probability level; FW= fresh weight.
Stem diameter
Data concerning stem diameter are present in Table 1. The influence of

different cultivars was significant on stem diameter. The highest stem diameter
(22.90 mm) was observed in Ethanol 2 cultivar followed by KKU 40 (19.80
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mm) whereas the minimum stem diameter (17.63 mm) was recorded by Cowley
cultivar. For five levels of sulfometuron-methyl concentration applications,
stem diameter was 22.29 mm. in 0 ppm sulfometuron-methyl concentration and
its lowest was 17.91 mm in 2,500 ppm sulfometuron-methyl concentration.

Stem fresh weight

Data regarding stem fresh weight are present in Table 1. The maximum
stem fresh weight (254.76 g plant™) was observed in Ethanol 2 cultivar
followed by KKU 40 (221.59 g plant™) and Cowley cultivars (210.48 g plant™),
respectively. Stem fresh weight was significantly affected (p<0.05) by
sulfometuron-methyl concentration. The highest stem fresh weight (250.79 ¢
plant®) was obtained with application of 0 ppm sulfometuron-methyl
concentration and the lowest (210.94 g plant™®) was recorded in 2,500 ppm
sulfometuron-methyl concentration.

Table 2 Brix degree, stem fresh weight yield (t ha™) and juice extract yield (I
ha') at harvest of three sweet sorghum cultivars as affected by
different sulfometuron-methyl concentrations application.

Treatments Brix Stem FWY Juice extract yield
degree (tha?) (I ha)
Cultivars (A) Ethanol 2 23.56 20.85 2,144
KKU 40 19.33 17.31 1,281
Cowley 20.29 15.08 1,014

Sulfometuron-methyl
Concentrations (B)

0 ppm 20.90 24.30 2,032

500 ppm 21.00 20.89 1,739

1,000 ppm 23.25 18.66 1,518

1,500 ppm 21.33 16.25 1,312

2,000 ppm 20.50 14.08 1,224

2,500 ppm 18.38 12.28 1,054

LSD (0.05) (A) 0.68 7.11 745.50

LSD (0.05) (B) 2.82 6.11 527.70
LSD (0.05) (A x B) ns ns ns

CV (%) (A) 12.47 13.18 28.67

CV (%) (B) 11.08 14.26 28.97

ns = no significant at the 0.05 probability level. ; FWY= fresh weight yield.
Brix degree

Data regarding brix degree are presented in Table 2. It was indicated that
effects of different cultivars were significant. The highest brix degree (23.56)
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was in Ethanol 2 cultivar followed by KKU 40 (19.33) and Cowley cultivars
(20.29), respectively. Sulfometuron-methyl concentrations influenced on brix
degree. The maximum brix degree (23.25) was obtained in 1,000 ppm
sulfometuron-methyl application and the minimum brix degree (18.38) was
recorded in 2,500 ppm sulfometuron-methyl application. Leggio Nene et al.
(2013) reported that under these conditions, ripeners restrict vegetative growth
rates which results increased sucrose storage. Liao (2003) stated that chemical
ripener increased sugar content per fruit more rapidly than control. They
explained that such results may due to chemical ripener effect on sugar
accumulation in fruit tissue, this is in agreement with our finding (Michael et
al., 2014).

Stem fresh weight yield

Data regarding stem fresh weight yield are presented in Table 2. Among
three sweet sorghum cultivars, the maximum stem fresh weight yield (20.85 t
ha) was recorded in Ethanol 2 cultivar, followed by KKU 40 cultivar (17.31 t
ha™) whereas the minimum stem fresh weight yield (15.08 t ha™) was produced
in Cowley cultivar. Stem fresh weight yield decreased with the inverse in
sulfometuron-methyl concentration levels. Maximum stem fresh weight yield
(24.30 t ha™) was recorded in control 0 ppm sulfometuron-methyl concentration
and minimum (12.28 t ha®) was noted in 2,500 ppm sulfometuron-methyl
concentration. The decrease in plant growth of sweet sorghum may be due to
increasing sulfometuron-methyl concentration levels.

Juice extract yield

The different about juice extract yield was significant among three sweet
sorghum cultivars Ethanol 2 cultivar (with 2,144 | ha™) also produced more
juice extract yield than KKU 40 (with 1,281 | ha™) and Cowley, cultivars (with
1,014 ha™), respectively in Table 2. Juice extract yield ranged from 1,054 to
2,032 | ha. Juice extract yield significant difference at all sulfometuron-methyl
concentrations. The highest (2,032 ha™) and the lowest (1,054 | ha™) juice
extract yield were obtained at control (0 ppm sulfometuron-methyl
concentration) and 1,000 ppm sulfometuron-methyl concentration, respectively.

Among three sweet sorghum cultivars, Ethanol 2, KKU 40 and Cowley
cultivars had significant differences in these five characteristics with each other.
The maximum plant height (2.83 m), stem fresh weight (254.76 g plant™), brix
degree (23.56), stem fresh weight yield (20.85 t ha™) and juice extract yield
(2,144 1 ha™*) were recorded in Ethanol 2 cultivar followed by KKU 40 and
Cowley cultivars, respectively. Sandeep et al. (2009) also reported that
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genotypes have significantly different effect on plant height, brix percentage,
and stem yield. Indhubata et al. (2010) noted that hybrids of sweet sorghum had
the significant influence on plant height, stem fresh weight yield, total sugar
and brix degree. Almodares et al. (2013) and Thakare et al. (2005) also
concluded that sweet sorghum can grow well and produce high biomass and
sugar in the stem. Yoosukyingsataporn et al. (2016) reported that the amount of
sucrose percentage and brix degree depended upon the type of sweet sorghum
and line.

Sulfometuron-methyl concentrations affected on stem fresh weight and
juice extract yield. The highest (24.30 t ha™ and 2,032 | ha™) and the lowest
(12.28 t ha™ and 1,054 | ha™) were obtained at 0 and 2,500 ppm sulfometuron-
methyl concentrations application, respectively. The result explained that it was
decreased by increasing sulfometuron-methyl concentration from 0 to 2,500
ppm. Also, the highest brix degree (23.25) was obtained at 1,000 ppm in Table
2. Sulfometuron-methyl is systemic herbicide that translocates apoplectically,
focusing on the growing point of plant and causing growth and inhibiting cell
division after absorption by the plant. Paralyzed development of the apical
meristem causes a reduction in the internodes formed at the time of application.
Then, sucrose is stored in the stalk in place of the production of new leaves.
Which results a reduction in the rate of the pith process stem growth is restrict
and the unwanted, immature top of some stem may eventually break off. This
will not result in a reduction in the stem, compared with unseated. However, it
may also be used as a ripener in sweet sorghum when applied at lower doses
(from 500 to 1,000 ppm). These results are agreement with the finding of
Rostron (1977) stated that ripener produces consistent improvements sucrose
percent cane fresh mass and juice purity in ten of the experiments. Morgan et
al. (2007) reported that ripener can increase the sucrose content in the stem of
many cultivars. Silva and Caputo (2014) reported the recommended dose of the
product to hasten ripening of sugarcane is 15 g ha™ of the active ingredient or
20 g ha™ of the commercial product. After application, the treated area can be
harvested in 25 to 45 days.

Conclusion

Our study demonstrated that the maximum plant height, stem fresh
weight yield, and juice extract yield were recorded in Ethanol 2 cultivar
followed by KKU 40 cultivar whereas the minimum was Cowley cultivar. For
different concentrations of sulfometuron-methyl foliar application rate, the
maximum of stem fresh weight yield and juice extract yield were obtained with
an application rate of 0 ppm (control treatment) while the minimum effective
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dose for maximum brix value in the stem was achieved with an application rate
of 1,000 ppm. However, the interaction between sweet sorghum cultivar and
chemical concentration (sulfometuron-methyl concentration) was not
significant in growth parameter.
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