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Wastewater from Tapioca Starch Manufacturers Affecting

Growth and Yield of Sugarcane
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ABSTRACT

The severe drought crisis in Thailand, which has been intensifying since the end of
2019 continuously resulting in water shortages. Therefore, utilizing industrial wastewater for
beneficial purposes has been one of the strategies to address the drought problem. This
research aimed to study the impacts of effluent wastewater from tapioca starch manufacturers
on the growth and yield of sugarcane, comparing it with natural water and rainfed conditions.
The quality of the effluent wastewater from the tapioca starch factory was assessed,
revealing that the levels of total suspended solids (TSS), total dissolved solids (TDS), initial
biochemical oxygen demand (BOD), and chemical oxygen demand (COD) exceeded the
prescribed standard for discharge of tapioca starch effluent wastewater. The growth and
biomass of sugarcane var. KhonKaen 3 were examined to investigate the effect of supplying
effluent wastewater. The experimental design of the plot followed a randomized complete
block design (RBD) with four replications and three treatments. The treatments included: 1)
Supplemental water using factory effluent wastewater, 2) Supplemental water using natural
water, and 3) No water (rainfed condition serving as the control) weekly measurements of
crop water uptake for sugarcane var. KhonKaen3 was recorded and calculated based on crop
water requirements handbook. The effect of water supply on sugarcane cultivation revealed

no significant differences in growth and sugarcane yields including stem height (257.8-270 cm.),
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length of internode (8.38-8.94 cm.), number
of internodes/stem (26.83-27.08 internodes/stem),
weight/stem (1.85-1.87 kg/stem), and yield/rai
(16.96-17.30 tons/rai) between the supply
of factory effluent wastewater and natural
water supply. The application of rainfed
supply resulted in a decrease in both
growth and sugarcane yield. However, the
percentage of CCS(commercial cane sugar)
exhibited no statistically significant difference
across the treatments (12.38-13.40 °Brix).
After harvesting, the accumulated levels
of toxic substances and heavy metals in
sugarcane and soil samples remained within
the acceptable standard limits. The analysis
of soil samples revealed relatively elevated
levels of nutrient element accumulation,
including potassium, calcium, magnesium,
manganese, and iron, which remained below
the standard value. Nonetheless, the extent
of toxic substance accumulation in the soil
is contingent upon the duration of the
plantation period. In primary conclusion,
the findings suggest that the effluent
wastewater from the tapioca starch industry
holds promise for plant cultivation during
a drought crisis, as it does not exhibit any
significant adverse effects on plant yields

and soil quality.
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Table 1 Crop water requirement and summary of water quantity supplied

throughout the study period in Nakhon Ratchasima province

for sugarcane

Data Feb Mar Apr  May  Jun Jul Aug Sep Oct Nov  Total

ETo Pen-Mon 405 476 511 474 447 435 409 383 382 355 -
Kc 065 086 113 135 156 129 120 093 063 052 -
ETc (mm/day) 263 409 577 640 697 561 491 356 241 1.85 -
ETc (mm/month) 737 1269 1732 1984 209.2 1739 1521 1069 746 554 1,344.3
Monthly rainfall for 2021 132 196 2299 832 372 2019 792 2675 2422 00 @ 1,1789
Water supply for sugarcane
(m’/210 m*/month)

-Effluent wastewater (m’)  15.46  34.10 - 1755 17.55 - 11.8 - - 23.64 120.10

-Natural water (m’) 15.46  34.10 - 1755 17.55 - 11.8 - - 2364 120.10

Control (rainfed) (m’) 15.46 - - - - - - - - - 15.46

Note: During the first month of cultivation, natural water was provided for all treatments. If the monthly rainfall is less

than 150 mm, the water was supplied at 50% of the water requirement. Conversely, if the monthly rainfall exceeds 150

mm, no additional water was supplied
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Table 2 Physicochemical and microbiological characteristics of factory effluent wastewater

and natural water

Parameter Natural water Factory effluent wastewater Standard
pH 7.92 8.67 6.5-8.4*
Electrical conductivity (dS/m) 0.24 391 0-3**
Total suspended solids (mg/L) 2 214 <50**
Total dissolved solids (mg/L) 150 2,565 <2,000*%
BODs (mg/L) <2 119 <20%*
COD (meg/L) 22 464 <120**
Carbonate (mg/L as CaCOs) <1 3.2 0-1*
Bicarbonate (mg/L as CaCOs) 2.75 21.21 0-10%
Chloride (mg/L) 293 6.77 0-30*
Sulfate (mg/L) 0.21 1.17 0-20%
Cyanide (mg/L) <0.003 0.012 <0.2%*
Total phosphorus (mg/L) <0.01 0.35 -
Phosphate-phosphorus (mg/L) <0.03 1.063 -
Ammonia-nitrogen (mg/L) <0.05 7.33 -
Nitrate-nitrogen (mg/L) 0.13 8.667 -
Total nitrogen (mg/L) 9.2 63.33 -
Arsenic (mg/L) <0.0003 <0.0003 <0.25%*
Boron (me/L) 0.012 0.182 0-2%
Cadmium (mg/L) <0.003 <0.003 < 0.03**
Calcium (mg/L) 0.78 0.79 0-20%
Chromium (mg/L) 0.001 <0.001 -
Copper (mg/L) 0.005 0.006 <2.0%*
Cobalt (mg/L) <0.003 0.004 -
Total iron (mg/L) 0.16 0.197 -
Lead (mg/L) <0.0005 <0.005 <0.2%*
Magnesium (mg/L) 0.62 4.38 0-5*
Manganese (mg/L) 0.05 0.112 <5.0%*
Nickel (mg/L) <0.004 0.01 <1.0%*
Sodium (mg/L) 4.06 7.52 0-40*
Mercury (mg/L) <0.0005 <0.0005 <0.005**
Zinc (mg/L) 0.009 0.042 <5.0%*
Potassium (me/L) 289 485.33 -
Sodium absorption ratio (mg/L) 1.38 4.69 0-15*

"Ayers and Westcot (1985)
“Ministry of Industry (2017)
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Figure 1 Botanic characteristic of sugarcane KhonKaen3 at 12 months based on factory effluent

wastewater supply (a), natural water supply (b), and rainfed supply (c)

Table 3 Stem height of sugarcane at 1, 2, 4, 6, 9 and 12 months after planting

Stem height (cm)

Treatment 1 month 2 months 4 months 6 months 9 months 12 months
Effluent wastewater 15.08a¥ 23.04b 51.24a 132.65a 252.75a 270.12a
Natural water supplies 15.53 a 26.19 a 5295a 12375a 237.60a 257.75a
Control (rainfed) 12.61b 18.42 ¢ 20.48 b 7850b 171.68b 185.28b

“Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT
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Table 4 Stem height, number of the stem, length of internode, stem diameter, number of

internodes, weight and yield of sugarcane production under different water supply

Treatment Stem  Stem/rai  Length of Stem Number of Weight/  Yield/ CCs
height internode diameter internodes/stem stem rai
(cm) (number) (cm) (cm) (internode) (kg) (ton) (%)
Effluent wastewater 270.12 alJ 12,855 a 8.94 a 293 a 26.83 a 1.87a 1694a 13.01a
Natural water supplies 257.75a 10,133 b 8.38 a 293 a 27.08 a 1.85a 17.30a 13.40a
Control (rainfed) 18528 b 8,907 b 753 b 283 a 24.13 b 1.09b 6.71b 1238 a

Y Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT
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Table 5 Nutrient element accumulation, level of toxic substances and heavy metals in sugarcane

stem and sugarcane green leaves after harvesting

Sugarcane stem

Sugarcane green leaves

Parameter Standard value
T1 T2 T3 T1 T2 T3
Nitrogen (%) 0.10 0.10 0.10 0.30 0.30 0.40 -
Phosphorus (P,09) (%) 0.00 0.00 0.20 0.20 0.40 0.10 -
Potassiurn (%) 0.31 0.28 0.27 0.68 0.61 0.71 -
Calcium (%) 0.06 0.07 0.06 0.11 0.14 0.12 -
Magnesiurn (%) 0.03 0.03 0.03 0.05 0.04 0.05 -
Zinc (mg/kg) 1373 1435 11.2 19.51 1556 1757 <150
Copper (mg/kg) 135 1117 7.23 14.84 10.6 7.46 <20
Iron (mg/kg) 9.94 3429 1447 2718 3179 2239 <20
Manganese (mg/kg) ~ 8.33 7.9 7.51 1154 2906  21.08 -
Cobalt (mg/kg) 0.00 0.00 0.00 0.00 0.00 0.00 -
Nickel (mg/kg) 0.00 0.00 0.00 0.00 0.00 0.00 -
Cyanide (mg/kg) ND ND ND ND ND ND -
Arsenic (mg/kg) 0.00 0.00 0.00 0.00 0.00 0.00 <50
Cadmium (mg/kg) ND ND ND ND ND ND <0.2
Chromium (me/ke) 228 <015  <0.15 0.21 0366  <0.15 -
Lead (mg/kg) ND ND ND ND <0075  ND <0.2
Mercury (mg/kg) ND ND ND ND ND ND -

"Commission of the European Communities (1993)

**Department of Agriculture (2005)

Note: T1= Effluent wastewater (m3), T2= Natural water supplies, T3= Control (rain fed)

ND = Not detected
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Table 6 Nutrient element accumulation, level of toxic substances and heavy metals in soil

before and after harvesting

Result of soil analysis

Parameter After planting Standard value
Before planting
T1 T2 T3

pH 6.28 724 654 616 -
Electrical conductivity (dS/m) 0.07 0.08 0.06 0.07 -
Organic matter (%) 1.3 0.36 0.41 0.56 -
Total nitrogen (%) 0.07 0.28 0.21 0.21 -
Phosphorus (available) (mg/ke) 22 28 16 20 -
Exchangeable potassium (mg/kg) 109 269 139 137 -
Exchangeable magnesium (mg/kg) 16 77 26 58 -
Total zinc (mg/kg) 12 12 9.9 10 <T70**
Total copper (mg/ke) 1.1 33 1.8 2 <35,040*
Total iron (mg/ke) 4,200 5279 5270 5447 -
Cyanide (mg/L) <0.06 <0.06 <0.06 <0.06 <138*
Total arsenic (mg/kg) 0.08 0.82 0.69 0.74 <25*
Total cobalt (mg/kg) 1.2 2.1 1.4 1.7 <20**
Total cadmium (mg/kg) <0.3 0.49 0.21 0.18 <762*
Total lead (mg/kg) 43 11 8.5 10 <800*
Total chromium (mg/kg) 5.2 9.4 8.4 8.4 <80**
Total nickel (mg/kg) 1.7 3.1 2.5 2.6 <5,205*
Total mercury (mg/kg) <0.05 0.16 <0.05 <0.05 <263*
Texture Sandy Loam

- Sand (%) 74.86

- silt (%) 15.59 )

- Clay (%) 9.55

‘National Environmental Board (2021)
**Department of Agriculture (2007)
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