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Abstract  

The Yamuna River, one of the most polluted rivers in 

the world, has been found to contain various 

contaminants. Agricultural fields near the river in Delhi-

NCR region are irrigated with the river water itself, thus 

posing a great threat to human health as well as adverse 

effects on the soil microbial community. The present 

study evaluated the impact of this irrigation process on 

enzyme activity and microbial community of soil. Three 

sets of five pots each were treated with river water 

sampled from six different sites (two upstream,  two 

middle stream, and two lower stream) within the stretch 

of Yamuna river in Delhi-NCR region, while the soil 

sample treated with tap water was taken as control. The 

result indicated that the soil sample treated with river 

water from lower stream had much higher level of 

organic pollution as shown by higher value of TOC 

(total organic carbon) as well as dehydrogenase and 

nitrate reductase enzyme activities. ARISA-ADAPT 

analysis showed overall, Firmicutes (50.84%) were the 

most abundant bacterial group followed by 

Proteobacteria (33.32%) and Actinobacteria (12.46%). 

They displayed a higher percentage of variability in 

relation to the contamination of river water. 

Furthermore, specific bacterial groups such as 

Acidobacteria, Verrucomicrobia, and Aquificae were 

exclusively found in soil samples that had been treated 

with river water. The study concludes that increase in 

the organic pollutants in the river water significantly 

alter the composition of microbial population as well as 

the soil enzyme activity. These microbial communities 

could be used in identifying the level of pollution in 

river water so that improved management techniques 

can be adopted. 

Keywords: Yamuna river, Enzyme activity, Microbial 

diversity, ARISA-ADAPT, water pollution. 

Introduction 

The problem of environmental pollution is growing 

daily, posing threats to human health, causing climate 

change, reducing soil fertility, and making drinking 

water scarce. Various microcosm studies were used to 

understand the toxic effects of heavy metals, 

pesticides and other harmful chemicals on the 

environment [1,2]. Microcosm is a common tool in 

microbiological study, act as ecological models that 

encircle and then study a specific area of the natural 

environment. Soil and water microcosm studies 

enable us to observe the effects of selective pressures, 

such as xenobiotic occurrence on natural microbial 

communities under controlled conditions. These 

microcosms are kept in controlled environments with 

near-natural temperature, light, humidity, and other 

parameters. Since microbial communities are crucial 

to comprehending the effects of anthropogenic and 

environmental factors on ecosystems, such study 

helps to more clearly establish the causal relationship 

between a toxicant and its effects on these 

communities [2]. 

Yamuna River is one of the most polluted rivers in 

the world. Various harmful chemicals, pesticides and 

other organic and inorganic pollutants are either 

directly or indirectly discharged into the river [3]. 

Despite the fact that, the stretch of Yamuna River in 

Delhi (approx. 22 km) is only 2% of the entire river, 

the 22 major drains in Delhi and NCR regions which 

directly merge with the river at different points are 

mainly responsible for the 70% of the total pollution 

load of the river. Water quality parameters studied by 

CPCB during the study period showed that its water 

is unfit for living organisms (Table 1) [4].  
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Table 1. Water quality analysis of Yamuna River (CPCB report-2014)  

Up stream Middle stream Lower stream Reference 

DO (mg/l) 4 1.2 0 4 

BOD (mg/l) 3 2.4 17.3 

Coliform 10003 12010833 23816667 

pH 7.5 7.9 8.9 

DDT (ng/l) 197.01± 61.31 506.74 ±427.56 1114.51±383.26 5 

HCH (ng/l) 76.75±38.60 191.34±157.14 310.25±191.57 

*DO (Dissolved Oxygen), BOD (Biological Oxygen Demand), Coliform and pH from CPCB, 2014 [4] and pesticide data 

from Kaushik et al. 2008 [5]. 

Out of 22 major and minor drains in Delhi-NCR, two 

major drains i.e. Nazafgarh and Shahdara drain are 

responsible for 78% of the total pollution load. This 

unabated discharge of drain water directly in river is 

responsible for its deterioration. Presence of sewage 

waste reduce the dissolved oxygen and increased the 

biological oxygen demand. This indicates that how 

much polluted the water is. Since this polluted river 

water is used in various domestic and agricultural 

purposes, it is critical to understand the effect of 

polluted water on soil microbial ecology. 

Numerous studies on the microbiology of the 

Yamuna River and its level of pollution have been 

conducted up to this point. A rise in pollution in the 

Yamuna River affects not just the structure of the 

surrounding soil microbial community but also the 

health of the soil in agricultural fields that receive 

irrigation from the river [6-8]. Studies have looked 

into the presence of certain heavy metals and 

pesticides in the Yamuna River's water and the soil in 

the vicinity [3, 9-10].  

Microbial communities play an important role in the 

functioning of ecosystems and are key factors in 

various biological and chemical processes. As they 

respond to large-scale changes in the soil ecosystem 

in response to different environmental conditions, 

significant research has been focused to study the role 

of microorganisms in different environment [3,6,11]. 

The microbial populations are significantly impacted 

by various anthropogenic activities [3,6]. Therefore, 

it is crucial to characterize microbial communities 

and identify different microorganisms linked to 

particular habitat and their ecological roles.  

Soil enzymes can respond quickly to changes in the 

ecosystem, and since they are easily quantifiable, are 

widely used as indicators of soil health [12]. Soil 

microbes such as bacteria, fungi, and archaea are the 

major sources of soil enzymes. As such, any changes 

in the soil environment which affect soil microbes 

have direct impact on soil’s enzyme activities. 

Different soil enzyme activities indicate particular 

soil conditions. The activities of the urease and nitrate 

reductase enzymes are directly related to the quantity 

of nitrogenous compounds present in the soil. On the 

other hand, dehydrogenase is an intracellular 

respiratory enzyme found in all the living cells and its 

activity is corelated with the population of microbes 

in the soil [13]. The use of enzymes for 

environmental objectives has grown throughout time. 

They have also been employed in the detection and 

measurement of environmental conditions before to, 

during, and following the cleanup process.  

In the present work, a microcosm study was done to 

observe the effect of Yamuna River water on soil 

microbial communities and enzyme activity. ARISA 

(Automated Ribosomal Intergenic Spacer Analysis) 

of 16S rRNA gene sequence was performed to 

observe the effect of river water from different 

streams on soil bacterial communities. The 

phylogenetic analysis was done using ARISA-

ADAPT software. It is a culture independent 

technique and significantly more effective than T-

RFLP in analysis the richness and community 

composition of bacterial species [6]. 

2. Material and Methods  

2.1 Experimental set up 

For microcosm study, soil sampling was done from 

Kamala Nehru Park (ridge area) near Delhi 

University. Soils from 1-15 cm depth were collected 

randomly and mixed evenly. Twenty different pots 

were taken and filled with 500 g of soil. Of these 

twenty pots, three sets of five pots each were treated 

with Yamuna River water sampled from upstream 

[Palla village (28°51'01.4"N 77°12'34.7"E) and 

Jagatpur village (28°44'52.6"N 77°13'30.6"E)], 
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Middle stream [Wazirabad (28°42'32.2"N 

77°13'58.4"E) and IP Power station (28°37'34.7"N 

77°15'27.7"E)], lower stream [Noida bridge 

(28°33'55.3"N 77°17'45.3"E) and Madanpur khadar 

(28°31'40.6"N 77°20'02.1"E)], respectively (Image 

1). The remaining sets of five pots were treated with 

tap water and taken as control. Experiments were 

carried out for four months and soil sampling was 

done after every 15 days. Freshly sampled soil was 

used to observe the variation in soil enzyme activity 

while the rest of the soil was dried, sieved and kept at 

-20ºC for microbial diversity analysis. 

 

Figure 1: Water sampling points along the Yamuna River in Delhi -NCR region selected for the microcosm study. 

2.2 Physico-chemical properties 

Soil pH was measured using two different buffers 

having pH 4.0 and pH 7.0 using Corning pH meter 

[14]. Total organic carbon (TOC) of soil was 

determined using modified Walkley-Black method 

1934 [15]. Soil enzyme activity i.e. Dehydrogenase 

enzyme activity has been determined using the 

method described by Thalmann (1968), Urease by 

Kandler (1988), and Nitrate reductase by Alef et al., 

(1995)  [14, 16-17]. 

2.3 Soil microbial community analysis 

2.3.1 Soil DNA isolation 

Soil DNA was isolated using Ultra Clean™ Soil 

DNA isolation kit, (Mo Bio Laboratories, CA, USA) 

according to the manufacturer’s instructions with 

minor modifications. The quality of isolated DNA 

was evaluated on 0.8% w/v agarose gel (GeNeiTM, 

Banglore, India) and visualized in Molecular Imager 

(Gel Doc TM XR + Biorad) and quantified at 260/280 

nm by using NanoDrop (ND -1000, 

spectrophotometer, Thermo Fisher Scientific, DE, 

USA). 

2.3.2 Amplification of 16S rRNA gene 

PCR amplification from 50 ng of extracted soil DNA 

was conducted on PCR Thermocycler (BIO RAD, 

USA) with a total volume of 50 μl by using 1 μM 

concentrations of the universal primers ITS-F (5′-

GTCGTAACAAGGTAGCCGTA-3′) and ITS-R (5′-

GCCAAGGCATCCACC-3′) [18]. For ARISA 

forward primer was FAM labelled. Each 50 μl of 

PCR reaction mixture contains 200 mM of each 

dNTP, 2 Units of DNA polymerase and 1xPCR 

buffer and final volume make up was done with 

nuclease free water. Amplification was carried out 

under the following conditions: 5 min at 94°C, 30 

cycles of 1 min at 94°C, 1 min at 55°C, and 2 min at 

72°C, plus an additional 15 min cycle at 72°C. 

Amplified DNA was analysed by gel electrophoresis 

on 0.8% agarose gel with ethidium bromide. Bands 

were visualized in Gel Documentation system (Gel 

DocTM XR+ BIO RAD, USA). Amplified samples 

were sequenced from SCI genome labs, Cochin, 

India. ARISA profile was visualized using Gene 

Mapper® software (version 4.0. Applied Biosystems) 

which can detect the fluorescently labelled fragments.  

Bands with different intensities belong to different 

bacterial groups and also reveal the difference in the 

number of particular groups [19]. 
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2.3.3 Diversity Analysis 

ARISA profile data consists of peak number, peak 

name, peak size (length) in base pair, peak area, peak 

height and data point. ADAPT software was used for 

ARISA data analysis. Input data file in ADAPT is in 

.csv format containing peak number, peak name, peak 

size, peak area and peak height. Output data helps to 

provide a table and graphical representation of the 

autotrophic/heterotrophic and the pathogenic/non-

pathogenic average fraction for each sample. 

2.4 Statistical tool 

All samples were processed in triplicates. Level of 

significant difference in total organic carbon content 

and soil enzyme activity due to different treatment 

between all the experimental pots was assessed using 

Two Way Analysis of Variance (ANOVA) followed 

by the Tukey’s test (P < 0.001, Sigma plot version 

12.5).  

Shannon Weiner Diversity Index was calculated 

using the equation, 

H' = - ∑ (Ni/N) × Ln (Ni/N) 

Where, Ni = number of individuals of species “i” or 

% peak area of species “i” and N = total number of 

individuals of all species or total sum of the peak area 

of individual sample. It helps to compare the relative 

complexity among communities and to estimate the 

completeness of sampling [20]. Multivariate analysis 

provides an inexpensive and easy means of analysing 

data and was done using MVSP version 3.1. Complex 

data was analysed by PCA (Principal component 

analysis) using scattered plots. UPGMA (Unweighted 

Pair Group Method using Averages) dendrograms 

were prepared through cluster analysis using Jaccard 

coefficient [21]. This helps to determine the 

relationship between microbial OTUs (Operational 

Taxonomic Units) distribution and community 

composition as a function of seasons, geographic 

origin or habitat structure [22]. 

3. Results 

3.1  Variation in physico-chemical properties 

Microcosm study was done to observe the effect of 

Yamuna River water on soil enzyme activity and 

microbial diversity of control soil. The pH of all the 

studied soil sample ranged between 7 to 8. Total 

organic carbon, Dehydrogenase enzyme and Nitrate 

reductase enzyme activity were significantly higher 

(P< 0.001) in pots treated with river water from lower 

stream (Figure 1A, 1B and 1D). Urease enzyme did 

not show any significant variation among the entire 

soil sample treated with Yamuna River (Figure 1C).  

In all the fifteen pots treated with Yamuna River 

water, urease enzyme activity was significantly 

increasing (P< 0.001) from 60th day onward.  Soil 

sample treated with tap water did not show any 

significant variation in total organic carbon content, 

Dehydrogenase enzyme activity, Urease enzyme 

activity and Nitrate reductase enzyme activity. 

        

A. B. 
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C. D. 

Figure 1. Total organic carbon (A), Dehydrogenase enzyme (B), Urease enzyme (C) and Nitrate reductase enzyme (D) 

activity of experimental soil treated with Yamuna River water (upstream, middle stream and lower stream) and tap water 

(control). Result was shown as mean of five replicates for each stream. 

3.2 Community shift in microbial population 

Abundance and richness of soil microbial community 

study using ARISA technique and data analysis was 

done using ADAPT software. On the basis of 

ADAPT analysis heterogeneous distribution of ten 

different bacterial phyla were observed in soil treated 

with river water (Figure 2). Out of these, Firmicutes 

were the most abundant bacterial group with 

percentage relative abundance of 50.84% followed by 

Proteobacteria (33.32%) and Actinobacteria 

(12.46%). Other bacterial phyla viz. Chlorbi (1.31%), 

Thermotoage (0.85%), Veerucomicrobia (0.80%), 

Bacteriodetes (0.40%), Nitrospirae (0.35%), 

Aquificae (0.24%) and Acidobacteria (0.10%) were 

also present but in less relative abundance. Out of 

these bacterial phyla, control soil treated with tap 

water showed only seven bacterial phyla with 

Firmicutes (55.24%) as the most abundant group 

followed by Proteobacteria (30.52%), Actinobacteria 

(10.24%), Chlorbi (2.09%), Thermotoage (0.99%), 

Bacteriodetes (0.56%) and Nitrospirae (0.33%). 

Aquificae, Acidobacteria and Verrucomicrobia were 

not present in control soil samples treated with tap 

water.    

 

Figure 2. Percentage relative abundance of Bacterial phyla observed during the study period in soil treated with Yamuna 

River water (upstream, middle stream and lower stream) and tap water (control). Result was shown as mean of five 

replicates for each stream. 
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3.3 Statistical analysis 

Diversity index of whole microbial community present in 

all the soil sample were also calculated.  It was observed 

that initially the value of diversity index does not show 

any significant variation but with time significant increase 

was observed. During the whole study period, the average 

of diversity index was observed to be significantly higher 

in soil treated with river water from lower stream 

(H’=1.15±0.01) followed by middle stream 

(H’=1.14±0.04) and upstream (H’=1.09±0.03). Control 

soil treated with tap water showed very less diversity 

index i.e. H’=1.04±0.06. 

Cluster analysis using Jaccard similarity index showed the 

similarity coefficient of microbial community among the 

four microcosms treated with water from three different 

streams and tap water (control). The microcosm treated 

with water from the lower stream had the lowest 

similarity coefficient index, 0.84, according to the results 

(Figure 3). When compared to the microcosm treated with 

tap water (control), the microcosms treated with water 

from the upstream and middle stream displayed similarity 

coefficient index values of 0.92 and 0.94, respectively. 

This shows that the water from upstream and middle 

stream are least polluted and is essentially the same as tap 

water. Conversely, the microbial community of soil is 

greatly impacted by the extremely polluted water from the 

lower streams. Similarly, PCA analysis showed high 

percentage of variance among the three streams. Lower 

stream on the right side of axis with 96.09% of variance 

along PC 1 while up and middle stream on the left with 

3.80% of variance along PC2 (Figure 4). 

 
Figure 3. UPGMA dendrogram showing coefficient of similarity by using the Jaccard’s index on the basis of ARISA-

ADAPT profiles observed in soil treated with Yamuna River water from US (upstream), MS (middle stream), LS (lower 

stream) regions of Delhi-NCR. 

 
Figure 4.   Principal component analysis graph showing percentage of variance among different Bacterial phyla on the basis 

of their relative abundance in Yamuna River (upstream, middle stream, lower stream). In the lower stream, Proteobacteria 

showed 96.09% of variance with respect to rest of the Bacterial phyla indicate Proteobacteria use contaminants as a source 

of energy and flourish in polluted water. while up stream and middle stream showed only 3.80% variance. Firmicute and 

Actinobacteria flourish in lower and upstream indicate that pollutant present in river water restrict the growth of these 

bacteria phyla. 
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4. Discussion 

Microcosm study is a very useful and reliable 

technique which helps us to observe the activity of a 

particular organism or an environmental factor in a 

controlled manner. It helps us to understand the 

whole process in a short period of time.  Presently, 

Yamuna River is regarded as one of the most polluted 

rivers in world. Many big cities situated along the 

course of Yamuna River depend directly or indirectly 

on river water for its livelihood.Keeping in mind the 

deteriorating states of Yamuna River water due to 

increase in pollution, it becomes utmost important to 

know the effect of polluted river water on soil, the 

main life supporting medium. Soil is the mixture 

of minerals, organic matter, gases and countless 

micro- and macro- organisms that can support plant 

and animal life [23]. It takes part in various 

biogeochemical cycles. 

In the present experiment, effects of Yamuna River 

water on soil enzyme activity and microbial diversity 

were studied. After 120 days, it was observed that 

river water from lower stream which is the most 

polluted stretches of the river has significant effect on 

physico-chemical properties, enzyme activity and 

microbial community structure of soil. Total organic 

carbon includes all the elements (hydrogen, oxygen, 

nitrogen, etc) that are components of organic 

compounds and not just carbon. Municipal solid 

waste is the rich energy source of carbon and 

increases the soil microbial population and its activity 

[24]. Total organic carbon content was highest in soil 

treated with river water from lower stream. This 

might be due to the presence of sewage waste of 

various drains (Najafgarh drain and Shahdara drain) 

which directly dumped their waste into the Yamuna 

River. These municipal wastes are the rich source of 

organic carbon and also act as a source of energy for 

soil microbes [24]. Of the 22 major and minor drains 

which dump their waste into the Yamuna River, 

Shahdara drain is the largest drain. It dumps its waste 

directly into Yamuna River at Noida Bridge (lower 

stream).  

Soil enzymes are either intracellular or extracellular 

in nature. They are mostly microbial in origin, so 

variation in any environmental condition which 

affects the microbial population, influence the 

activity of soil enzymes. Sewage sludge is composed 

of highly oxidizable organic substrate and contains 

huge amount of biomass which results in increasing 

the dehydrogenase enzyme activity [3].  The higher 

dehydrogenase enzyme activity was observed in soil 

treated with river water from lower stream might be 

due to the higher pollution level of Yamuna River 

water at lower stream. Dehydrogenase enzyme is an 

intracellular enzyme responsible for oxidative 

phosphorylation. It is linked with microbial 

respiration; hence it is a good indicator of viable 

microbial system in soil. Municipal waste contains 

various organic and inorganic nutrients which act as a 

source of energy for the microbes and leads to 

increase in soil microbial biomass.  

Chemical hydrolysis of urea within the soil is a very 

slow process therefore hydrolysis of urea in soil is 

mainly brought about by the action of urease enzyme 

[25]. In this microcosm study, urease enzyme showed 

higher activity in all the experimental pots treated 

with river water except control, treated with tap 

water. Urease enzyme activity was significantly 

increased from 60th day onwards. Urease enzyme is 

closely related with nitrogenous waste present in the 

environment because it is the main composition of 

nitrogenous waste excreted by mammals. Addition of 

domestic waste and sewage waste directly into the 

river increases the concentration of urea in the river 

water. Most commonly used nitrogenous fertilizers 

such as urea also lead to an increase the concentration 

of urea in soil and also in water through leaching. 

Therefore, soil samples treated with Yamuna River 

water showed higher urease activity. Urease enzyme 

helps in mineralization of these waste products and 

release nitrogen as a source of energy for soil 

microbes [25].  

Nitrate reductase also showed higher activity in pot 

soil treated with lower stream water. Nitrate reductase 

is a denitrifying enzyme which turns oxides back into 

nitrogen gas and nitrous oxides. Denitrification 

occurs only in the absence of oxygen. Organic 

pollutants create anaerobic conditions within the soil 

which enhance the activity of denitrifying enzyme 

[24].  In Delhi many untreated sewage wastes drain 

directly enter into the Yamuna River. One of the 

largest drains i.e. Shahdara drain directly dumps into 

the Yamuna River at Noida bridge. So, at Noida 

bridge Yamuna River water becomes most polluted. 

This may increase the activity of nitrate reductase 

enzyme present in soil from pot treated with river 

water from lower stream. 

4.1  Effect of Yamuna water on microbial 

community structure 
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Since soil enzymes are mainly of microbial origin, 

hence variation in their activity indicates the variation 

in soil microbial activity. Various sewage drains 

which directly dump into the Yamuna River are the 

rich source of organic carbon and also act as a source 

of energy for soil microbes. They increase the activity 

and diversity of microbial community [3,24]. 

Firmicutes, Proteobacteria and Actinobacteria 

showed community shift with each other. Firmicutes 

also showed higher species richness and relative 

abundance than Proteobacteria, and Actinobacteria 

followed by other bacterial groups were found to be 

present in the soil. Among the different bacterial 

groups present in the soil, Firmicutes, Proteobacteria 

and Actinobacteria showed more percentage of 

variability against the water pollution. Relative 

abundance of Firmucutes decrease from upstream to 

lower stream while that of Proteobacteria and 

Actinobacteria increased. Presence of Pollutants in 

river water   cause a community shift among the 

bacterial groups present at that place. Various studies 

have been done which show that sewage water and 

municipal waste cause a community shift in bacterial 

population [6,24, 26- 27].  

Sewage and municipal wastes contain various organic 

and inorganic nutrients. These nutrients may act as a 

source of energy for microbial metabolic growth [24]. 

Increase in the relative abundance of Proteobacteria 

and Actinobacteria may be due to their role in 

degrading various organic and inorganic waste in 

river water [28-29]. Increase in their relative 

abundance explain their resistance toward increase in 

pollutant concentration. These are well-known 

decomposer of various organic and inorganic material 

present in soil. On the other hand, Firmicutes are 

obligate aerobes might be due to this reason their 

relative abundance decreases as the level of dissolved 

oxygen decrease from upstream to lower stream. 

Decrease in DO level indicates increase in pollutant 

concentration which create anaerobic conditions [4]. 

This might be responsible for decrease in the relative 

abundance of Firmicutes. 

Aquificae, Acidobacteria and Verrucomicrobia 

groups was found to be absent in control soil. Among 

these three, Aquificae and Verrucomicrobia are fresh 

water bacterial groups and found in lakes, ponds and 

oceans. These two groups are generally found in 

anthropogenic wastes which is mostly found near 

river sides due to various anthropogenic activities. 

Acidobacteria group found in hot springs and metal 

contaminated environment [30]. This signifies that 

they may also act as a pollution indicator. 

Cluster analysis and PCA were performed to have an 

overview of the association of bacterial communities 

present in soil treated with Yamuna River water from 

three different streams. In Cluster analysis soil 

samples treated with river water from lower stream 

showed very less coefficient of similarity with other 

soil samples and control also. This signifies that river 

water at upstream and middle stream is least polluted 

while from lower stream was highly polluted. 

Correspondingly in PCA, lower stream showed high 

percentage of variability. This signifies that lower 

stream had high percentage of variability among the 

bacterial groups than up and middle stream. Yamuna 

river water at lower stream is regarded as most 

polluted as the DO level at this site is very low [31].  

Variations in the concentration of pollutants in 

Yamuna River water at the different streams cause a 

variability in the abundance of soil microbes. 

5. Conclusion   

This study shows that increase in pollution level of 

Yamuna River within Delhi-NCR regions has 

profound effects on soil physio-chemical properties, 

microbial diversity and enzyme activities. The 

percentage abundance of Firmicute, Proteobacteria 

and Actinobacteria were higher in the sample treated 

with river water from the most polluted site i.e lower 

stretch of Yamuna River in Delhi-NCR region. 

Furthermore, some bacterial groups such as 

Acidobacteria, Verrucomicrobia, and Aquificae were 

only found in the sample treated with river water. The 

results show that increased organic pollutant enhance 

microbial enzyme activity and favours the growth of 

pollution adapted bacterial groups while reducing 

diversity of sensitive species. These findings 

highlight the serious ecological risk caused by 

untreated sewage and industrial waste discharge into 

the river. Moreover, the specific pollutant adapted 

bacterial groups could be used as a biomarker to 

assess the river water quality. 
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