
  

Plant Science Today, ISSN 2348-1900 (online) 

Introduction 

The utilization of industrial effluents in agriculture has 
emerged as a sustainable approach to recycling waste while 

improving soil fertility and crop productivity. Among these, 
TDE stands out due to its high concentrations of essential 
macronutrients such as nitrogen, phosphorus and potassium, 

as well as a variety of micronutrients crucial for plant 
metabolism, enzyme activation and chlorophyll synthesis (1). 
The application of TDE has been shown to enhance nutrient 

bioavailability, supporting efficient nutrient uptake by plants 
and reducing dependence on synthetic fertilizers. 
Furthermore, TDE application has demonstrated significant 

benefits for soil health (2). By improving soil water retention, 
aggregate stability and organic matter content, TDE enhances 
physical and chemical properties that are essential for 

maintaining long-term soil productivity. The microbial 

activity in soils, which drives nutrient cycling and organic 
matter decomposition, can also be positively influenced by the 

organic compounds present in TDE, fostering a more dynamic 
soil ecosystem. Soil nutrient status is a critical determinant of 
plant growth, as it governs processes like root proliferation, 

photosynthetic efficiency and biomass accumulation. The 
interaction between soil nutrient availability and crop 
demands becomes particularly important in residual 

cultivation systems, such as paddy farming, where soil quality 
can diminish over successive growth cycles (3, 4). This study 
mainly aims to assess the residual impact of varying 

application rates of Treated Distillery Effluent on the chemical 
properties of soil, including pH, organic carbon content, 
nutrient availability and biological soil properties, such as 

microbial biomass, enzymatic activities and overall soil health. 
This study aims to determine the effectiveness of TDE as a soil 
amendment in enhancing crop productivity and nutrient use 
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Abstract  

In India, the sugar industry is the second largest agro-based sector producing significant quantities of by-products like molasses, pressmud 
etc. Distillery waste, once considered an undesirable by-product of the sugar industry is now being repurposed to support sustainable 

agriculture. Among these by-products, treated distillery effluent (TDE), a type of wastewater, presents a valuable opportunity for reuse in 
agricultural practices. TDE can serve both as a source of irrigation water and as a provider of essential plant nutrients. The positive impact of 

organic matter on soil fertility and crop productivity are well documented. Therefore, applying TDE to soil can provide a dual benefit: it 
facilitates the safe disposal of industrial waste while enhancing agricultural production. To investigate this potential, a field experiment was 

conducted to assess the residual effect of TDE and bio-compost on the chemical and biological properties of soil, using paddy (Oryza sativa L. 
variety BPT-5204) as the test crop.  The results indicate that applying TDE at a rate of 1.5 lakh L ha-1 (M4) combined with 100 % nitrogen 

supplied through bio-compost (S4) significantly improves soil chemical and biological properties. Therefore, this combination can be 
recommended as a nutrient source for residual paddy crop. 
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efficiency in residual paddy cultivation and provide insights 
into sustainable management practices for utilizing industrial 

effluents in agriculture while minimizing environmental risks. 
This research will not only enhance the understanding of 
TDEs’ role in sustainable agriculture but also provide a 

foundation for policy formulation and the development of 
innovative strategies to manage distillery effluents in an 
environmentally responsible manner. 

 

Materials and Methods 

Field experiment was conducted using paddy as a test crop 
(BPT- 5204). The first field experiment was conducted in a split 

plot design with four main plots viz., control; TDE @ 0.5 lakh L 
ha-1; TDE @ 1.0 lakh L ha-1; TDE @ 1.5 lakh L ha-1. Different levels 
of nitrogen fertilizers viz., 100 per cent nitrogen as urea, 75 per 

cent nitrogen as urea, 100 per cent nitrogen as bio-compost, 75 
per cent nitrogen as bio-compost, 75 per cent nitrogen as urea 
and 25 per cent nitrogen as bio-compost, 37.5 per cent 

nitrogen as urea and 37.5 per cent nitrogen as bio-compost 
and control were imposed as seven subplot treatments and 
the treatments were replicated twice.  

 A residue crop of paddy (BPT 5204) was raised in the 

same plots in which first main field experiment was conducted 
without disturbing the layout. After giving mammutty digging 
and levelling, the crop was transplanted during thaladi season. 

For all the plots including control, a uniform level of nitrogen as 
urea at 50 kg N ha-1 was applied in three splits (50 % basal, 25 
% each at tillering stage and panicle initiation stage) besides 50 

kg each of P and data collected on various parameters during 
the investigation were statistically analysed by ANOVA and 
critical differences were calculated at a 5 % (0.05) probability 

level. The standard methods followed for the analysis of soil 
and organic amendments are given in table 1. 

              During the first field experiment, bio-compost and 
treated distillery effluent were applied and their characteristics 

are as follows. Bio-compost is produced using pressmud, an 
organic solid by-product from sugar industries, as the 
primary raw material. The composting process employs a 

mechanized open-window system, utilizing TDE and bio-

inoculants over a period of 70 to 80 days. After this period, the 
compost is sun-dried, ground and sieved using a mechanical 

separator and it is ultimately enriched with bio-fertilizers. 

Soil enzyme activity 

Dehydrogenase 

Fresh composite soil sample (5 g) was taken in a boiling tube 

along with 1 mL of 3 per cent 2, 3, 5-Triphenyl tetrazolium 
chloride and 1 mL of 1 per cent glucose. To this 2.5 mL distilled 

water was added and incubated for 24 h.  Then 10 mL methanol 
was added to the setup and incubated for another 6 h.  The 
sample was then filtered using Whatman No.1 filter paper. The 

filtrate obtained was red in colour. The colour developed was 
read at 485 nm and the concentration of dehydrogenase (X) in 
the sample was obtained from the standard graph drawn by 

using Tri Phenyl Formazan (TPF) as standard (5). 

Dehydrogenase activity of the sample (µg of TPF/g) = X/5 

Phosphatase  

Five gram (w) of the fresh composite soil was taken in a 
boiling tube with 10 ml distilled water. To this 0.25 mL 

toluene and 1 mL p-nitrophenol phosphate (PNPP) were 
added and incubated at room temperature for an hour. Then 
5 mL of 0.5 M sodium chloride and 20 mL of 0.5 M sodium 

hydroxide was added to the sample and filtered through 
Whatman No.42 filter paper. The colour intensity was read at 
420 nm and the concentration of phosphatase (X) in the 

sample was obtained from the standard graph (6). 

Phosphatase activity of the sample (µg of PNPP/g) = X/w. 

Urease 

Ten gram of dry and sieved soil was taken in a 100 mL 

volumetric flask. To this 1.5 mL of toluene was added, mixed 
well and incubated for 15 minutes. Then 10 mL of 10 per cent 

urea solution and 20 mL of citrate buffer were added, mixed 
thoroughly, stoppered and incubated for 3 h at 370 C. Then 
the volume was made up to 100 mL with distilled water, 

mixed by shaking immediately. The contents were filtered 
through Whatman No.1 filter paper and 1ml of filtrate was 
pipetted out into 50 mL volumetric flask. To this 9 mL of 

distilled water, 4 mL of phenate and 3 mL of NaOCl were 
added, mixed well and allowed to stand for 20 minutes. The 

S.No Parameter Method Reference 
1. Bulk Density Cylinder method  (8) 
2. Particle Density Cylinder method  (8) 
3. pH pH meter, 1:2.5 (soil: water)  (9) 
4. EC Conductivity meter 1:2.5 (soil: water) (19) 
5. Organic Carbon Wet Digestion method  (10) 
6. Total nitrogen Macrokjeldahl’s method  (8) 
7. Total phosphorus Vanadomolybdate phosphoric yellow colour method (9) 
8. Total potassium Flame photometric method  (9) 
9. Available nitrogen Alkaline permanganate method  (11) 

10. Available phosphorus NaHCO3 extract-Colorimetric method (12) 
11. Available potassium Flame photometer  (9) 
12. CEC Neutral normal ammonium acetate  (9) 
13. Exchangeable calcium Neutral normal ammonium acetate (Versenate method)  (9) 
14. Exchangeable magnesium Neutral normal ammonium acetate (Versenate method)  (9) 
15. Exchangeable sodium Flame photometery (Neutral NormalAmmonium Acetate) (9) 
16. Exchangeable potassium Flame photometery (Neutral NormalAmmonium Acetate) (9) 
17. Free CaCO3 Volumetric method  (8) 

18. Available micronutrients Atomic absorption spectrophotometry  
(DTPA extractant)  (13) 

19. Microbial population Serial dilution plate technique  (14) 
20. BOD Dissolved oxygen method (15) 
21. COD Chromic acid-reflux method  (16) 

Table 1. Standard methods followed for the analysis of soil and organic amendments 
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  volume was made up to 50 mL and mixed well. The bluish 
green colour developed was read at 630 nm. Simultaneously a 

blank was also run (without urea solution). The concentration 
of urease in the sample was obtained from the standard graph 
using diammonium sulphate (7). 

 

Results  

Initial characteristics 

The soil of the experimental field is classified as Typic 
Haplustert, characterized by a neutral pH of 7.58 and low 

electrical conductivity (EC) of 0.30 dSm-1. The organic carbon 
content was measured at 4.00 g kg-1 and the alkaline KMnO4-
nitrogen level was found to be low at 162 kg ha-1. The Olsen-

phosphorus level was moderate at 16 kg ha-1, while NH4OAc-
potassium was measured at a medium level of 205 kg ha-1. 
Microbial populations in the soil included a bacterial count of 

10.2 x 10⁶ CFU g-1, fungal population of 14 x 10⁴ CFU g-1 and 
actinomycetes at 5.1 x 10³ CFU g-1. Enzyme activities were 
assessed, revealing urease activity at 4.5 µg NH4-N g-1 dry soil 

hr-1 and dehydrogenase activity at 2.5 µg TPF g-1 dry soil hr-1.  

 Analysis of the bio-compost revealed that it has a 

neutral reaction with a pH of 7.56 and a considerable EC of 6.74 
dSm-1. It is rich in organic carbon (21.86 %), nitrogen (1.58 %), 

phosphorus (2.32 %), potassium (4.56 %), calcium (2.78 %), 
magnesium (1.62 %) and sodium (1.76 %). Additionally, it 
contains trace amounts of micronutrients such as zinc (Zn), 

iron (Fe), copper (Cu) and manganese (Mn), along with a 
favourable carbon-to-nitrogen ratio of 20.4. The bio-compost 
also demonstrates significant enzyme activity and a robust 

microbial population. Overall, bio-compost produced from 
distillery effluent is characterized by a neutral pH ranging from 
6.5 to 7.5, making it an excellent amendment for enhancing 

soil health. 

 The TDE exhibited a dark brown colour, attributed to 

melanoidin and was characterized by an unpleasant odour 
likely due to compounds such as skatole, indole and various 

sulphur compounds. The effluent had a neutral pH of 7.71 but 
was rich in both organic and inorganic salts, resulting in a 
high electrical conductivity (EC) of 34.6 dS m-1. Analysis of the 

TDE revealed total solids of 51,200 mg L-1, suspended solids of 
5,610 mg L-1 and dissolved solids of 45,590 mg L-1. Due to its 
plant-based origins, the TDE was high in organic carbon 

(28,500 mg L-1), potassium (12,650 mg L-1 as K2O), calcium 
(2,250 mg L-1) and magnesium (1,560 mg L-1), with a significant 
nitrogen content of 2,000 mg L-1. Phosphorus levels were 

relatively low at 246 mg L-1 and micronutrients were present in 
the following order: iron (Fe) > manganese (Mn) > zinc (Zn) > 
copper (Cu). The TDE contained substantial amounts of basic 

cations, predominantly calcium, followed by magnesium and 
sodium. The biochemical oxygen demand (BOD) and chemical 
oxygen demand (COD) of the TDE designated for land 

application were 7,890 mg L-1 and 38,562 mg L-1, respectively. 
Additionally, the TDE exhibited appreciable counts of fungi, 
bacteria and actinomycetes. Importantly, the sodium 

adsorption ratio, residual sodium carbonate and soluble 
sodium percentage were below critical limits; however, the 
potential salinity exceeded critical levels according to irrigation 

water quality standards. 

Residual effect of TDE and bio-compost on soil nitrogen 
availability 

The available nitrogen content of soil ranged from 132 kg ha-1 

in M1S1 at post-harvest stage to 305 kg ha-1 in M4S4 at active 
tillering stage (Table 2). The available nitrogen content of the 
soil showed a marked decline at the post-harvest stage (220 
kg ha-1) compared to the panicle initiation stage (227 kg ha-1) 
and active tillering stage (231 kg ha-1). 

 Among the main plot treatments, the application of 
TDE @ 1.5 lakh L ha-1 (M4) during the first crop registered 

higher available nitrogen status of 285 kg ha-1 when 
compared to other treatments viz., M3 (257 kg ha-1), M2 (212 
kg ha-1) and M1 (150 kg ha-1). 

 Among the subplot treatments, application of 100 % 

nitrogen as bio-compost (S4) to the earlier crop registered 
higher available nitrogen of 239 kg ha-1, followed by 75 % 
nitrogen as bio-compost (S5), which was comparable with 75 

% nitrogen as urea+ 25 % nitrogen as bio-compost(S6) and 
37.5 % nitrogen as urea + 37.5 % nitrogen as bio-compost (S7),  
registering  higher available nitrogen contents of 235 kg ha-1, 

229 kg ha-1 and 230 kg ha-1 respectively, in the soil over the rest 
of the treatments. The control recorded the lowest content of 
204 kg ha-1. Interaction of main X subplot treatment was found 

to be non-significant. 

Residual effect of TDE and bio-compost on soil 

phosphorus availability 

The available phosphorus content of the soil showed a 
progressive decline over stages of crop growth, from 18.89 kg 

ha-1 at the tillering stage to 18.21 kg ha-1 at the post-harvest 
stage (Table 3). Among the main plot treatments, the residual 
effect caused by the application of TDE @ 1.5 lakh L ha-1 

registered higher phosphorus availability of 21.17 kg ha-1, 
while the control recorded the lowest of 15.20 kg ha-1. 

 Among the sub plot treatments, the application of             
100 % nitrogen as bio-compost (S4) at earlier crop registered 

higher available phosphorus content of 19.48 kg ha-1, followed 
by 75 % nitrogen as bio-compost (S5) and 37.5 % nitrogen as 
urea +37.5 % nitrogen as bio-compost (S7). Application of 75 % 

nitrogen as urea +25 % nitrogen as bio-compost (S6) recorded 
higher phosphorus content than rest of the treatments but it 
was on par with S7. The control (S1) recorded the lowest value 

of 16.89 kg ha-1. The above trend of results was found at all 
stages of crop growth. Interaction of main plot X subplot 
treatments was found to be non-significant. 

Residual effect of TDE and bio-compost on soil 

potassium availability 

Available potassium content of the soil showed a marked 

decline over the stages of crop growth. The available 
potassium content ranged from 125 kg ha-1 in M1S1 at the 

post-harvest stage to 441 kg ha-1 in M4S4 at the active tillering 
stage (Table 4). Among the main plot treatments, application 
of TDE @ 1.5 lakh L ha-1 to first crop registered higher 

potassium availability (405 kg ha-1) and the control recorded 
the lowest value of 156 kg ha-1. 

 Among the subplot treatments, the application of           
100 % nitrogen as bio-compost at earlier crop registered 

higher available potassium content of 333 kg ha-1 which is 
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being on par with 75 % nitrogen as bio-compost (324 kg ha-1). 
This was followed by the application of 37.5 % nitrogen as urea 

+37.5% nitrogen as bio-compost (S7) (313 kg ha-1), control 
recorded the lowest value of 276 kg ha-1. Interaction of main 
plot X subplot treatments was found to be non-significant.  

Residual effect of TDE and bio-compost on soil 
phosphatase activity 

The application of TDE and bio-compost to the first crop 

significantly increased soil phosphatase activity in the residue 
crop. Among the main plot treatments, the application of TDE 

@ 1.5 lakh L ha-1 (M4) at earlier crop recorded highest 
phosphatase activity of 2.41 µg p-nitrophenol g-1 dry soil hr-1, 
followed by M3 (application of TDE @ 1.0 lakh L ha-1) 

recording 2.16 µg p-nitrophenol g-1 dry soil hr-1(Table 5). The 
control (S1) recorded the lowest phosphatase activity of 1.21 
µg p-nitrophenol g-1 dry soil hr-1. 

 Among the nitrogen fertilizer levels, S4 (100 % 

nitrogen as bio-compost) recorded highest phosphatase 
activity of 2.00 µg p-nitrophenol g-1 dry soil hr-1 which was 
followed by S5 (1.96 µg p-nitrophenol g-1 dry soil hr-1) and S7 

(1.93 µg p-nitrophenol g-1 dry soil hr-1). 

 The interaction effect of M X S treatment was found to 

be significant. Application of TDE @ 1.5 lakh L ha-1 along with 
100 % nitrogen as bio-compost (M4S4) recorded highest 

phosphatase activity of 2.54 µg p-nitrophenol g-1 dry soil hr-1 

followed by the application of TDE @ 1.5 lakh L ha-1 along 
with 75% nitrogen as bio-compost (M4S5) recording higher 

phosphatase activity of 2.51 µg p-nitrophenol g-1 dry soil hr-1. 

Residual effect of TDE and bio-compost on soil urease 

activity 

Among the main plot treatments, the application of TDE @ 
1.5 lakh L ha-1 (M4) to first crop recorded highest urease 

activity of 7.41 µg NH4-N g-1 dry soil hr-1 followed by M3 
(application of TDE @ 1.0 lakh L ha-1) recording 6.66 µg NH4-N 
g-1 dry soil hr-1. The control recorded the less urease activity of 

3.73 µg NH4-N g-1 dry soil hr-1(Table 6). 

 Among the nitrogen fertilizer levels, S4 (100 % 

nitrogen as bio-compost) at earlier crop recorded highest 
urease activity of 6.15 µg NH4-N g-1 dry soil hr-1 which was 

followed by S5 (6.04 µg NH4-N g-1 dry soil hr-1) and S7 (5.95 µg 
NH4-N g-1 dry soil hr-1). 

 The interaction effect of M X S treatment was found to 
be significant. Application of TDE @ 1.5 lakh L ha-1 along with 

100 % nitrogen as bio-compost (M4S4) recorded highest 
urease activity of 7.80 µg NH4-N g-1 dry soil hr-1 followed by the 
application of TDE @ 1.5 lakh litres ha-1 along with 75 % 

nitrogen as bio-compost (M4S5) recording higher urease 
activity of 7.72 µg NH4-N g-1 dry soil hr-1. 

Residual effect of TDE and bio-compost on soil 
dehydrogenase activity 

Among the main plot treatments, the application of TDE @ 

1.5 lakh L ha-1 (M4) during the first crop recorded the highest 
dehydrogenase activity of 25.02 µg TPF g-1 dry soil hr-1. 

followed by M3 (application of TDE @ 1.0 lakh litres ha-1) 

recording 22.47 µg TPF g-1dry soil hr-1 (Table 7). The control 
recorded the lowest dehydrogenase activity of 12.58 µg TPF      
g-1 dry soil hr-1. 
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 Among the subplot treatments, S4 (100 % nitrogen as 
bio-compost) at the earlier crop recorded highest 
dehydrogenase activity of 20.76 µg TPF g-1 dry soil hr-1, 

followed by S5 (20.40 µg TPF g-1 dry soil hr-1) and S7 (20.07 µg 
TPF g-1 dry soil hr-1). 

 The interaction effect of M X S treatment was found to 
be significant. Application of TDE @ 1.5 lakh L ha-1 along with 

100 % nitrogen as bio-compost (M4S4) recorded highest 
dehydrogenase activity of 26.35 µg TPF g-1dry soil hr-1 

followed by the application of TDE @ 1.5 lakh L ha-1 along 

with 75 % nitrogen as bio-compost (M4S5) recording higher 
dehydrogenase activity of 26.07 µg TPF g-1dry soil hr-1. 

 

Discussion 

Residual impact of distillery wastes on soil nitrogen 

The results of the residual crop have shown that N 

transformation and the plant availability in soil were greatly 
influenced by the TDE and bio-compost applied during the 

first crop. Among the different treatments, the application of 
TDE @ 1.5 lakh L  ha-1(M4), recorded the highest available 
nitrogen to a tune of 285 kg ha-1, representing a 47 % increase 

over the control. The higher rate of mineralization and the 
release of N from soil, fertilizers and TDE likely contributed to 
the increased availability of N in the soil. 

 Among the subplot treatments, application of 100 % 

nitrogen as bio-compost (S4) registered high available 

nitrogen (239 kg ha-1) followed by 75 % nitrogen as bio-
compost (S5) registering 235 kg ha-1. The effect of bio-
compost almost at all the stages of observations was found 

superior to control. This increase could be attributed to 
release of nitrogen upon sustained mineralization of organic 
manures (17, 18). 

 Higher nitrogen availability in soil could be due to the 

direct contribution of nitrogen supply as well as increased 
microbial activity due to the added organic matter and partial 
pressure of carbon dioxide in the effluent treated soil (TDE and 

bio-compost added during the first crop) resulting in an 
enhanced availability of nitrogen in soil (19, 20) Significant and 
positive correlation observed between the available nitrogen 

and yield (r =0.975**) also supported the above findings. 

 A marked decline in the available nitrogen in soil was 

observed with the advancement of crop growth which might 
be due to the continuous removal of nitrogen by the crop, 

losses due to transformation. Marginal decrease in available 
nitrogen content was observed at the time of harvest stage, 
which could be due to loss of nitrogen through volatilization. 

However, during crop growth reduction in the soil available 
nitrogen could be due to the uptake by growing crop. 

Residual impact of distillery wastes on soil phosphorus  

Treated distillery effluent and bio-compost applied during 
the first crop remarkably increased the available phosphorus 

in soil after the residual crop. Among the different treatments, 
application of TDE @ 1.5 lakh L ha-1(M4) recorded the highest 

Treatments 
Phosphatase activity (µg p-nitrophenol g-1 soil hr-1) 

S1 S2 S3 S4 S5 S6 S7 Mean 

M1 1.11 1.19 1.16 1.29 1.27 1.22 1.24 1.21 

M2 1.58 1.74 1.70 1.88 1.81 1.78 1.80 1.75 

M3 1.93 2.14 2.10 2.29 2.27 2.20 2.22 2.16 

M4 2.16 2.38 2.33 2.54 2.51 2.46 2.48 2.41 

Mean 1.69 1.86 1.82 2.00 1.96 1.91 1.93 1.88 

Table 5. Residual effect of TDE and bio-compost on soil phosphatase activity 

 M S M at S S at M 
SEd 0.03 0.01 0.03 0.01 
CD(5%) 0.08 0.02 0.08 0.02 

Treatments 
Urease activity (µg NH4-N g-1 soil hr-1) 

S1 S2 S3 S4 S5 S6 S7 Mean 

M1 3.39 3.66 3.58 3.96 3.91 3.77 3.82 3.73 
M2 4.86 5.35 5.22 5.80 5.57 5.46 5.52 5.39 
M3 5.93 6.59 6.48 7.04 6.98 6.77 6.82 6.66 
M4 6.66 7.33 7.17 7.80 7.72 7.58 7.63 7.41 
Mean 5.21 5.73 5.61 6.15 6.04 5.89 5.95 5.80 

Table 6. Residual effect of TDE and bio-compost on soil urease activity  

 M S M at S S at M 
SEd 0.08 0.01 0.08 0.01 
CD(5%) 0.25 0.02 0.25 0.02 

Treatments 
Dehydrogenase activity (µg TPF g-1 soil hr-1) 

S1 S2 S3 S4 S5 S6 S7 Mean 

M1 11.45 12.37 12.10 13.37 13.19 12.71 12.89 12.58 

M2 16.40 18.04 17.59 19.58 18.79 18.44 18.62 18.21 

M3 20.02 22.21 21.86 23.74 23.56 22.85 23.03 22.47 

M4 22.47 24.72 24.18 26.35 26.07 25.58 25.76 25.02 

Mean 17.58 19.33 18.93 20.76 20.40 19.89 20.07 19.57 

Table 7. Residual effect of TDE and bio-compost on soil dehydrogenase activity  

 M S M at S S at M 

SEd 0.27 0.01 0.27 0.03 

CD(5%) 0.85 0.03 0.86 0.06 
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available phosphorus. The increase in available phosphorus 
may be due to the application of TDE applied during the first 

crop as well as the consequent dissolution of soil mineral 
phosphorus (apatite phosphorus). Although TDE was not 
acidic, its decomposition released organic acids that may 

have solubilised native soil phosphorus, thereby increasing 
NaHCO3-P during the first crop, with this effect also observed 
in the residual crop (18, 21, 22)  

 Among the sub plot treatments, application of 100 % 

nitrogen as bio-compost (S4) registered high available 
phosphorus. It was followed by 75 % nitrogen as bio-compost 
(S5) registering 235 kg ha-1. The effect of bio-compost almost at 

all the stages of observations was found superior to check (23-
25). The decomposition processes of easily degradable 
organics might have reduced the binding energy and 

phosphorus sorption capacity of the soil, favouring higher 
phosphorus availability in the soil (26). Significant and positive 
correlation observed between the available phosphorus and 

yield (r =0.970**) also supported the above findings.  

 The decline in available phosphorus at harvest stage 

could be due to crop uptake, physico-chemical transformations 
of phosphorus (adsorption, precipitation) into insoluble forms 

or due to microbial immobilization (27). 

Residual impact of distillery wastes on soil potassium 

The application of TDE @ 1.5 lakh L ha-1 (M4) resulted in 

significantly higher potassium availability compared to the 
other main plot treatments. A change of 405 kg ha-1 in 

available potassium was observed due to the application of 
TDE over control. Increase in the available potassium content 
of the surface soil was sustained even after the harvest and 

the available potassium in soil increased due to the 
application of effluent (22, 28). 

 Among the subplot treatments, application of 100 % 
nitrogen as bio-compost registered higher available 

potassium content of 333 kg ha-1 (17.1 % increase over 
control) which is followed by 75 % nitrogen as bio-compost 
registering 324 kg ha-1 (14.8 % increase over control). The 

increase may be attributed to the release of mineral 
potassium and addition of potassium rich manures (applied 
to the first crop) led to the release of potassium into the soil 

solution (18, 29-33). Significant and positive correlation 
observed between the available potassium and yield                   
(r = 0.975**) also supported the above findings. 

 The availability of potassium in the soil decreased as 

crop growth advanced, likely due to uptake by the crop. 

Residual impact of distillery wastes on soil enzyme 

activities  

Enzyme activity in soil is an indirect indication of the 
microbial activity, which is directly correlated with soil 

microbial population. In the present investigation, greater 
activities of dehydrogenase, urease and phosphatase were 
associated with the TDE application. The treatment that 

received TDE @ 1.5 lakh L ha-1 along with 100 % nitrogen as 
bio-compost (M4S4) was found to have higher enzyme 
activities than the control. 

 The TDE being liquid organic manure increased the 

organic matter and nutrients content of the soil and 

subsequently enhanced the microbial biomass. The high 
dose of TDE along with the recommended dose of NPK 

recorded the highest value. It implies that organic and 
inorganic nutrient inputs provided a nutrient rich 
environment, which is essential for the development of 

microbes and synthesis of enzymes (34). A positive 
correlation was found between the organic residues and 

dehydrogenase, β-glucosidase, urease and protease activities 

of the soil (35). The enzyme activities were increased due to 
the application of distillery effluent (36). Generally, organic 
manure addition was found to enhance the microbial 

activities which in turn favoured the synthesis of various 
enzymes in soil. These three enzymes play a significant role in 
the bio-transformation of nutrients in soil, thereby 

influencing nutrients availability and crop uptakes. The 
mineralization rate of organic phosphorus is relevant to both 
phosphorus nutrition of crops and phosphatase activity in 

soil. Therefore, higher enzyme activities in soil suggested that 
the mineralization of nitrogen and phosphorus was greater 
due to the application of spent wash (18). 

 

Conclusion  

This study highlights the potential of TDE as liquid organic 
manure, demonstrating its capacity to significantly enhance 

soil organic matter, nutrient content and microbial biomass. 
The application of higher doses of TDE, in conjunction with 
recommended NPK levels, optimized nutrient availability and 

enzymatic activity in the soil. The residual effect of TDE and 
bio-compost applied during the first crop substantially 
increased soil nutrients availability for the subsequent crop, 

indicating that integrating organic and inorganic nutrient 
inputs creates a nutrient-rich environment conducive to 
microbial growth and enzyme synthesis. Therefore, it can be 

concluded that the application of TDE @ 1.5 lakh L ha-1 (M4) 
during the first crop resulted in the highest availability of soil 
nutrients and enzymatic activity which was significantly 

superior over the other treatments. Among fertilizer levels, S4 
(100 % nitrogen as bio-compost) recorded the highest 
availability of soil nutrients and enzymatic activity. Regarding 

the treatment combinations, application of TDE @ 1.5 lakh L 
ha-1 along with 100 % nitrogen as bio-compost (M4S4) which 
were applied to the earlier crop recorded the highest 

availability of soil nutrients and enzymatic activity. 
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