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ABSTRACT 
 

Distillery spentwash is used in agriculture as a source of plant nutrients and irrigation water. 
Being plant originated the spentwash contains all plant nutrients and organic matter. The 
effect of different levels and methods of spentwash application on organic carbon dynamics was 
examined through a field experiment. The field experiment was conducted using groundnut 
(Arachis hypogea L.) as a test crop at Research and Development Cane Farm, The Salem 
Co-operative Sugar Mills Ltd., Mohanur, Namakkal District, Tamil Nadu (India). The 
different levels of spentwash was applied to the field in one time and continuous split doses of 
application. The spentwash with high BOD (12800 mg L-1) and C (24000 mg L-1) has 
enriched the soil with organic matter and thus significantly increased (from 8.0 to 13.4 g kg-1) the 
soil organic C. The increase was more due to one time application initially (before sowing), 
whereas, at later stages of crop growth (pod formation and harvest), organic C was higher 
due to continuous application. With advancement of time both with and without crop, the 
soil organic C was found decreased due to organic matter decomposition and C loss, mainly 
as CO2 from soil. Inspite of CO2 loss and crop assimilation, the organic C was significantly 
greater with the continuous application of split doses of spentwash. The spentwash was 
found to enhance the mineralization of both spentwash-C and soil-C. 

Key Words : Spentwash, Organic carbon, Mineralization, One time and Continuous 
application, Groundnut, Plant nutrient   

 

INTRODUCTION 
The biomethanated distillery spentwash 

is a nutrient rich liquid organic waste         
obtained from molasses based distillery ind-
ustries after biomethanation process. Cur-
rently, about 40.72 million m3 of spentwash 
is generated annually from Indian distilleries. 
The distillery spentwash is used as a source 
of plant nutrients, and organic matter for 
various agricultural crops1. Agricultural 

utilization of distillery spentwash offers a 
low cost alternative2 Investigated the effect 
of long-term wastewater irrigation (up to 80 
years) on soil organic matter, soil microbial 
biomass and its activities in two agricultural 
soils (Vertisols and Leptosols). The total 
organic C (TOC) contents increased 2.5-fold 
after 80 years of irrigation in vertisol. In the 
Leptosols, the degradability of the organic 
matter tended to increase with irrigation 
time. Increases in soil microbial biomass C 
and activities were presumably due to the * Author for correspondence 
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larger application of organic matter. The 
changes in soil microbial communities 
occurred, as denitrification capacities 
increased greatly. Denitrification capacities 
were significantly larger (up to 50-fold) in 
irrigated field plots than in non-irrigated 
plots in both soil types. Maximal values were 
found in soils that had been irrigated for 25 
years. The continuous land application of 
farm dairy effluent increased the organic 
matter content of soil which in turn increased 
N mineralization of the accumulating soil3. 
The present study was, therefore, undertaken 
to study the organic carbon dynamics in soil 

under spentwash application and its impact 
on soil, crop and environmental quality. 

MATERIAL AND METHODS 
Collection and characterization of 
distillery spentwash  

The biomethanated distillery spentwash 
was characterized for its nutritive value and 
pollution potential, and used in all the 
experiments (Table 1). The biomethanated 
distillery spentwash sample was collected 
from the Salem Co-operative Sugar Mills 
Ltd, Mohanur, Namakkal District, Tamil 
Nadu, (India).  

Table 1 : Characteristics of biomethanated distillery spentwash 
S. No Characters Biomethanated spentwash* 

1. Colour Dark brown 
2. Odour  Unpleasant burnt sugar 
3. pH 7.1 
4. EC (dS m-1) 38 
5. Total dissolved solids 50000 
6. Total suspended solids 3300 
7. Total solids 53300 
8. Biological oxygen demand  12800 
9. Chemical oxygen demand 35000 
10. Carbon (g L-1) 24 
11. Nitrogen  420 
12. Phosphorus  40 
13. Potassium  9097 
14. Sodium  357 
15. Calcium  4600 
16. Magnesium  1752 
17. Chloride  13471 
18. Bicarbonates 195 
 19. Sulphate  947 
20. Oil and grease  19.6 
21. Total sugars (%) 3.49 
22. Reducing sugars (%) 1.77 
23. Total phenols 84 
24. Zinc 7.20 
25. Iron 78 
26. Manganese 5.3 
27. Copper 5.5 
29. Bacteria (x 106 CFU ml-1 of effluent) 12 
30. Fungi (x 104 CFU ml-1 of effluent) 19 
31. Actinomycetes (x 103 CFU ml-1 of effluent) Nil 

* Mean of triplicate samples; (Values are in mg L-1 unless otherwise stated) 
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Laboratory incubation experiment 
Representative samples of red soil were 

collected from a farmer’s field in Kidaram 
village of Namakkal district Tamil Nadu, 
India. The soil belongs to Alfisol (red soil) – 
Typic Rhodustalfs. The samples were air-dried, 
powdered using a wooden mallet and sieved  
(2 mm sieve). The soil samples were used in 
the laboratory experiment. The processed soil 
samples were stored in polyethylene bags and 
analyzed for some important physical, 
chemical and biological characteristics. 

The effect of different levels of spentwash 
on soil nutrients and organic matter dynamics 
were examined through a laboratory closed 
incubation experiment. Five hundred grams of 
air-dried soil (2mm) were weighed in plastic 
containers. The biomethanated spentwash 
was added at the rate equivalent to 0, 20, 40, 
60, 80, 100, 120, 140 m3 ha-1 and thoroughly 
mixed with soil. Whenever necessary 
required quantity of distilled water was 
added to achieve a final moisture content 
equivalent to 60 % of field capacity. After 
adding the spentwash, the plastic containers 
were covered with polyethylene bags 
containing small pin-sized holes to permit 
aeration. Four replicates of each treatment 
were prepared, randomly placed and 
incubated in the laboratory at 25 ± 2oC for 90 
days. At the end of 30, 60 and 90 days 
samples (≈100 g) were removed from all the 
treatments and used for various chemical 
analyses. Moisture factor was computed and 
applied to express the results on oven dry 
basis. The mineralization of C was 
determined by measuring organic carbon in 
soil, at 0, 30, 60 and 90 days. 

Field Experiment 
A field experiment was conducted using 

groundnut (Arachis hypogea L.) as a test 
crop to examine the effect of spentwash on 
nutrient dynamics at Research and 
Development Cane Farm, The Salem        

Co-operative Sugar Mills Ltd., Mohanur, 
Namakkal, District Tamil Nadu, India during 
the rabi season (August 31, 2007 to December 
11, 2007). The experimental soil was sandy 
loam in texture, taxonomically the soil 
belongs to the family Typic Rhodustalfs. A 
representative soil sample, at 0-15 cm depth, 
was collected from the experimental plot to 
determine the initial properties of the soil.  

Experimental details 
The experiment was laid out in a split 

plot design with two main plots and eight sub 
plot treatments with three replications 
consisting of different levels of spentwash 
with and without NP fertilizers were allotted 
to plots of 13.5 m2 size (6 m x 2.25 m) 
leaving 1 m between each replication for 
irrigation purpose following random 
principles.  

Treatment details  
Main plots 
M1 -  One time application   
M2  Continuous split doses of 

application  
Sub plots 
T1  Control 
T2  RD of NP 
T3  Spentwash @ 40 m3 ha-1 
T4  Spentwash @ 40 m3 ha-1+ RD of 

NP 
T5  Spentwash @ 80 m3 ha-1 
T6  Spentwash @ 80 m3 ha-1+ RD of 

NP 
T7  Spentwash @ 120 m3 ha-1 
T8  Spentwash @ 120 m3 ha-1+ RD of 

NP 
(RD – Recommended Dose) 
The different levels of spentwash was 

applied to the field uniformly by spraying 
manually to each plot 15 days before sowing 
for first main plot treatment (M1). In the second 
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main plot treatment (M2), the spentwash was 
applied in three equal splits along with 
irrigation water. The first split dose of 
spentwash was applied 15 days after sowing. 
The crop was supplied with N and P fertilizers, 
as per the treatments at the recommended dose 
of 17 and 34 kg ha-1, respectively. The 
fertilizers were applied in the form of urea and 
single super phosphate. The K was entirely 
supplied through the spentwash. Sowing was 
done with groundnut seeds of TMV 7 by 
adopting a seed rate of 125 kg ha-1 and a 
spacing of 30 cm x 10 cm. All other routine 
cultural operations until the harvest of the 
crop were followed as per the 
recommendations of crop production guide 
of Tamil Nadu Agricultural University.  

Organic carbon 
Organic content of the soil was estimated 

by the wet digestion method4. A 0.5 g of soil 
(<1 mm) was taken in a 500 ml conical flask 
and added 10 ml of 1 N K2Cr2 O7 and 20 ml 
of conc. H2SO4. The contents were allowed 

to stand for 30 min. Then distilled water (200 
ml), orthophosphoric acid (10 ml) and 
diphenylamine (1 ml) indicator were added. 
This was titrated against 0.5 N ferrous 
ammonium sulphates towards the end point 
of a bright green colour. 

RESULTS AND DISCUSSION 

Soil organic matter dynamics in laboratory 
incubation experiment 

Initially the organic carbon content was 
only 5.2 g kg-1. Due to the application of 
spentwash, it was increased significantly, 
ranging from 8.0 to 13.4 g kg-1 (Table 2). 
Irrespective of treatments, the organic carbon 
in soil was found gradually decreased during 
90 days of incubation. The interaction effect 
between treatment and incubation period was 
significant. Comparison made among the two 
way interaction showed that the organic 
carbon content was the highest in soil that 
recorded 140 m3 ha-1 of spentwash. 

Table  2 : Effect of spentwash application on organic carbon (g kg-1)  
of soil during incubation 

Treatments 
Incubation period (days) 

0 30 60 90 Mean 
T1- Control 5.2 5.0 5.7 3.3 4.8 
T2- Soil +  Spentwash @ 20 m3 ha-1 8.0 6.8 6.1 4.5 6.4 
T3- Soil +  Spentwash  @ 40 m3 ha-1 8.8 7.6 6.3 5.6 7.1 
T4- Soil +  Spentwash  @ 60 m3 ha-1 9.7 8.2 6.8 6.8 7.9 
T5- Soil +  Spentwash  @ 80 m3 ha-1 10.7 8.3 7.8 7.4 8.5 
T6- Soil +  Spentwash  @ 100 m3 ha-1 11.6 8.5 8.2 8.0 9.1 
T7- Soil +  Spentwash  @ 120 m3 ha-1 12.2 9.8 8.3 8.0 9.6 
T8- Soil +  Spentwash  @ 140 m3 ha-1 13.4 10.5 9.5 9.3 10.7 
Mean 10.0 8.1 7.3 6.6 8.0 
 SEd        CD (0.05) 
T 0.20    0.50 
D 0.22    0.36 
T x D 0.51    1.13 
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Soil organic carbon dynamics in field 
experiment 

The organic carbon in soil was 
significantly changed due to application of 
different levels of spentwash (Table 3). 
Initially, soil in control had only 5.45 g 
organic carbon kg-1. Due to the application of 
spentwash it was increased significantly, 
ranging from 9.27 (T3) to 12.00 g kg-1 (T8). 
Though not always significant, application of 
NP fertilizers along with spentwash slightly 
improved the organic carbon content. This 
trend was found at all stages of crop growth. 
However, the treatments without spentwash, 
but with NP fertilizers alone (T2) there was a 
small reduction in the soil organic carbon. At 
all stages, the organic carbon was 
significantly higher in soil that received 
spentwash at a rate equivalent to 120 m3 ha-1 
along with NP fertilizers. 

Increase in the levels of spentwash 
significantly increased the organic carbon in 
soil irrespective of methods of application. 
Due to one time application of spentwash 
organic carbon in soil was significantly 
increased before sowing, and significant 
reduction was observed during pod formation 
and post harvest stages. Continuous 
application of split doses of spentwash (M2) 
resulted higher values of organic carbon than 
one time application (M1) during pod 
formation and post harvest stages. The 
organic carbon markedly increased up to pod 
formation stage and was found decreased at 
post harvest stage. At all stages the 
interaction effect of treatments and methods 
of application was found significant.     

In general, the application of different 
levels of spentwash significantly increased 
the organic C content of the soil from 5.45 to 
12.0 g kg-1. The highest organic C content 

was found in soil with the application of 
spentwash @ 120 m3 ha-1 + NP. The increase 
in the levels of spentwash application 
increased the organic C content. The 
spentwash with high C (24 g L-1) content 
enriches the soil with organic matter which 
in turn increased the soil organic C. The 
organic C content increased in the active 
stage of crop growth5. Similar observations 
were made by  Hati et al.6 who reported that 
addition of organic matter through effluent 
and better crop growth with concomitant 
increase in root biomass could be the 
probable reasons for the improvement in 
organic C content particularly in high 
distillery effluent treated plots.  

Comparing the methods of spentwash 
application, soil organic carbon content was 
significantly higher initially due to one time 
application than continuous application of 
split doses. However, at later stages (pod 
formation and harvest), organic carbon was 
higher due to continuous application than 
one time application. This trend was seen in 
all the treatments. Addition of large amounts 
of C through spentwash increased the 
organic C initially. Due to mineralization, C 
is released and lost as CO2 and/or assimilated 
by crop, resulting in reduced amount of 
organic C at pod formation and post harvest 
stages. Continuous application of split doses 
of spentwash resulted in continuous addition 
of C in soil. Inspite of CO2 loss and crop 
assimilation, organic C was significantly 
greater with continuous application than one 
time application. This result corroborates 
with the findings of7 and Jayasubha et al.8. 

In the spentwash, C (2.4 % v/v) was 
mostly in organic form. With the application 
of 40, 80 and 120 m3 of spentwash, 
approximately 960, 1920 and 2880 kg of C, 
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respectively, per hectare of soil was added. 
This corresponds to 1.48, 2.96 and 4.43 g C  
kg-1 of soil (bulk density 1.3 Mg m-3, depth of 
spentwash incorporation 5 cm). The results 
have shown that the organic C observed in 
treatments with one time application and 
continuous application at all stages exceeded 
the amount of spentwash C incorporated in 
the soil. Without any spentwash, (T1) only a 
meager amount of organic C was 
mineralized. This indicates probably that the 
spentwash might have enhanced the 
mineralization of organic C. The presence of 
easily decomposable (oxidizable) C, and 
nutrients in spentwash could have favoured 
microbial (enzymatic) activities in soil  

responsible for C mineralization. The 
addition of NP fertilizers slightly improved 
the organic C content at all stages of crop 
growth mainly by providing supplementary 
nutrients to microbes responsible for C 
mineralization. It also has been reported that 
organic manure with C/N ratio below 15:1 
are more likely to give positive N 
mineralization after application in soil. In 
general a C/N ratio of 20:1 or narrower is 
assumed to have significant N to supply the 
decomposing microbes and release some N 
as well (Miller et al., 1983). A strong 
correlation (R2 = 0.78) was observed 
between organic C and net mineralization of 
N (Fig. 1) demonstrates the role of C in 
controlling the N dynamics in soil9. 

 
Fig. 1: Relationship between organic C and net mineralization of N.

CONCLUSION 
The results of the experiments have 

shown that the mineralization of C in soil 
was greatly influenced by the spentwash 
application. The levels and methods of 
spentwash application differed significantly 
in affecting the C dynamics. Continuous 

application of split doses of spentwash at a 
rate of 120 m3 ha-1 with or without the 
recommended dose of NP fertilizers was 
found better in improving the organic carbon 
status of soil. The spentwash not only adds 
carbon to soil, but also promotes the 
mineralization and/or solubilization of 
carbon in soil. 
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Table  3: Effect of different levels of spentwash application on changes in organic carbon (g kg-1) content of soil 

 

Treatments 
Stage I Stage II Stage III 

M1 M2 Mean M1 M2 Mean M1 M2 Mean 
T1- Control 5.45 5.18 5.32 4.36 4.64 4.50 4.09 4.36 4.23 
T2 - NP alone 5.18 5.45 5.32 4.91 4.36 4.64 4.64 4.09 4.36 
T3 - Spentwash @ 40 m3 ha-1 9.27 5.18 7.23 7.64 9.55 8.59 6.55 8.45 7.50 
T4- Spentwash @ 40 m3 ha-1+ NP 9.55 5.45 7.50 7.91 9.82 8.87 7.09 9.00 8.05 
T5- Spentwash @ 80 m3 ha-1 10.36 4.91 7.64 8.45 10.36 9.41 7.91 9.82 8.87 
T6- Spentwash @ 80 m3 ha-1 + NP 10.91 5.18 8.05 9.00 10.91 9.96 8.18 9.55 8.86 
T7- Spentwash @ 120 m3 ha-1 11.45 5.45 8.45 10.64 11.73 11.18 8.45 10.36 9.41 
T8- Spentwash @ 120 m3 ha-1+ NP 12.00 5.18 8.59 10.36 12.00 11.18 9.00 10.91 9.96 
Mean 9.27 5.25 7.26 7.91 9.17 8.54 6.99 8.32 7.65 
 SEd CD (0.05) SEd CD (0.05) SEd CD (0.05) 
T 0.34 0.73 0.33 0.71 0.34 0.73 
M 0.13 0.27 0.12 0.26 0.13 0.27 
T x M 0.43 0.91 0.41 0.89 0.42 0.90 
M x T 0.36 0.76 0.35 0.74 0.36 0.75 

M1   - One time application;    Stage I  - Before sowing;    
M2    - Continuous application  Stage II - Pod formation;    
Stage III  - Post harvest 
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