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Abstract: Germination of seeds is dependent on fertility of the soil but, from 1940 onwards and till now household cleaning agents 
are used commonly. They contain a surfactant which chemically reacts with greasy substances and also contain harsh chemicals 
with perfume and colour .These potentially hazardous substances when used frequently or disposed of by pouring them through 
drains or even dumping them directly into the ecosystem could seep into the water supply that plants depend on and affect their 
normal development and growth. The aim of this study was to determine the effects of various cleaning agents on germination of 
seeds and a proposal for the design of biosensors to monitor the fertility of the soil or water directly and indirectly. Seeds were 
germinated in a petri plate containing various concentrations of detergents, cleaning agents and laundry blue. The results were 
cleaning agents at higher concentration has reduced seedling growth and also its seed vigour index were less when compared to 
the control. No germination was observed in presence of laundry blue, floor disinfectant showed low germination percentage and 
least growth was observed in stiffener and soap solution. The developed seeds showed difference in colouration and their root and 
shoot lengths were short and coiled. A biosensor can be designed using photosystem II which can bind with potential chemicals 
from household effluents present in the soil or water which is used for irrigation. As an indirect method an nano biosensor can be 
used to quantitatively measure the differential oxygen consumption in the respiration of “good microbes” and “bad microbes” in 
the soil and their load, pH, humidity and soil constituents.   
 
Keywords: Biosensors, germination, photosystem II, seed vigour index, surfactant. 
 

I. INTRODUCTION 

 
Agriculture plays a vital role in India‟s economy. Over 

58% of the rural households depend on agriculture as their 
principal means of livelihood. Green revolution was 
characterized by use of high yielding variety of seeds and 
fertilizers increased productivity but, there is a state of 
decline in productivity which is due to changes in 
environment in the form of depleting water table, emission of 
greenhouse gases and the contamination of surface and 
ground water damaging the soil fertility. Availability and 
accessibility of wet land and water resources are decreasing 
creating a decline in agricultural output. Water companies, 
food manufacturers and farmers are experiencing pressure 
from consumers with increased demands in the supply of 
potable water, high quality in food free from pollutants and 
food with accurate nutritional values. A major threat to 
human health is increase of pollutants in soil, water resources 
and food coming from regular use of different cleaning 
agents. The situation now demands development and design 
of rapid, cost effective, miniature sensing devices to monitor 
the levels of chemicals in the soil to promote sustainable 
agriculture with reduction in farm cost and increase product 
values [1]. Soil sample analysis is regularly done as „off- 
site‟ by sending to laboratory for testing, which has higher 
accuracy but with low detection limits, expensive, time 
consuming and require the use of a trained personnel. But the 
need to analyze the samples „on site‟ has increased the 
demand with simple, robust, rapid and low cost technologies 

where the conventional analytic methods can be replaced 
with biosensors. This modern microelectronics can increase 
the detection limits, accuracy in results, many parameters 
analyzed in single step, speed and the equipment must be 
handy [2]. In the field of medical diagnostics biosensors are 
used successfully but in the field of food, agriculture, 
veterinary diagnosis and environmental assessments are still 
to be established which is a big challenge. A biosensor 
principle is detection of compounds where an analyte binds 
specifically to its complementary bio recognition element 
immobilized on a support medium. This interaction causes 
few changes in the physical and chemical properties which 
are detected, amplified and measured by a transducer. The 
electronic signal developed is dependent on the concentration 
of the analyte in the sample [3], [4]. Biosensors are applied in 
various disciplines like medicine, industry, environmental 
analysis, food technology and military [5]. 

The early development of germinating seeds is dependent 
on uptake of water, fertility of the soil and various other 
favorable environmental factors. But from 1940 onwards, till 
now and may be in future also   household cleaning agents 
are going to be used regularly and commonly. These cleaning 
agents include soap bars and liquid gels used for washing 
hands, face or body, detergent powders or cakes for cleaning 
laundry items, household cleansers are used to clean 
furniture, glass, plastic items and to clean kitchen dishes and 
utensils dish cleaning products are used daily [6]. The 
common ingredients in all these cleaning agents are fat, 
alkali, glycerin, surfactants or surface active agents, and also 
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detergent boosters, builders, fillers, film removers, dry 
cleaning fluid, bleaches, ammonia all added together with 
perfume and color. They mainly remove greasy substances 
and dirt. Few potentially harmful substances containing 
agents when used frequently or disposed of by pouring them 
through drains or even dumping them directly into the 
ecosystem could seep into the water supply that plants 
depend on and affect their normal development and growth. 

Pollutants from fertilized fields, municipal sewage and 
industrial effluents contain phosphates and nitrates [7]. 
During favorable environmental conditions these compounds 
encourage the growth of microorganisms resulting in 
eutrophication [8], and result in different odor, deteriorates 
taste of water, growth of algae that may be harmful, and 
overall it affects the filtration of water and increases the cost 
of water treatment [9], [10]. Photosynthesis in plants is an 
important event for its normal development, but exposure to 
detergents can have a huge effect causing extensive changes 
either in their root or shoot length and secondary roots 
development. Detergents can induce denaturation of the 
reaction centers of photosystems[11], drastically change the 
fluorescence properties of light harvesting complexes of 
photosystem II [12], at low concentration they can saturate 
the photosynthetic reactions centers [13] and  relaxation 
dynamics of photosystem II can be affected [14] .The aim of 
this study was to study the effect of different cleaning agents 
on seed germination and to propose a design of a biosensor 
which could detect the changes in water or in the soil. 

II. MATERIALS AND METHOD 

Seeds of Vigna radiata (Mung bean), petri plates, 
pipettes, 1 % sodium hypochlorite solution samples like soap 
and soap solution, stiffener, liquid blue, cloth freshener, hand 
wash, floor disinfectant and natural samples like besan 
powder and reetha seeds were purchased from the local 
market.  
  

        Seeds of Vigna radiata (Mung bean) were surfaced 
sterilized using 1% sodium hypochlorite solution for 5 
minutes to prevent fungal infection and then washed three to 
five times with distilled water. All the commercially 
purchased and natural samples were diluted 1 in 10 and 1 in 
100 with distilled water. Surface sterilized seeds were placed 
on petri plates containing two layers of filter paper wetted 
with 5ml of tap water (control) and 5ml of each diluted 
samples respectively. Ten seeds were counted and placed 
evenly on the plates. The plates were covered and kept for 
incubation at room temperature. Germination was monitored 
for eight days and each day no of seeds germinated was 
noted down. Seed vigor index (SVI) was calculated by 
measuring the root length (in cm) and the number of 
secondary roots were counted for all the germinated seeds. 
The results are presented as average values of the germinated 
seeds. 

SVI = [(Germination percentage X Root length (cm)) + 
No of secondary roots] [15]. 

III.  RESULTS 

The experimental results are represented as follows; 
Table 1 and 2 shows the average measurements of 

germinated seeds root, shoot length, germination percentage 
and SVI.  

 Fig 1, represents germination of seeds for eight days. In 
the presence of 1 in 10 diluted samples, on day 1 and 2 in all 
the samples few seeds germinated but from day 3 onwards in 
samples like herbal shampoo, hand wash, floor disinfectant, 
reetha, soap solution and laundry blue the seeds started to 
turn brown and the radicle length was 1mm only and slowly 
decayed. 

 
Fig 2, Germination percentage was 100% in control, 

besan and cloth freshener, 90 % in distilled water, stiffener 
and soap whereas in herbal shampoo, hand wash, floor 
disinfectant, reetha, soap solution and laundry blue showed 
0%.   
 

 

 
Fig 1 represents the germination of seeds in 1 in 10 

dilution monitored for eight days. 

 

Fig 2 represents the germination percentage (1 in 10 dilution)  

Fig 3. Represents Seed Vigor Index. To calculate the SVI 

germination percentage, root length (in cm) was measured 

and number of secondary roots was counted for all the 

germinated seeds and SVI of each seed was determined 

individually and the average of SVI was represented 

graphically.  The SVI was 331.8 in control (tap water) and 

least 154.71 in the presence of cloth freshener. Natural 
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sample besan showed SVI as 342.8 slightly higher than 

control. SVI was not calculated for samples which exhibited 

zero germination percentage. 

The results obtained for samples diluted 1 in 100 are as 

follows, Fig 4, Germination of seeds for eight days in the 

presence of 1 in 100 diluted samples, initially there was a 

delay in germination in distilled water, soap, herbal 

shampoo, stiffener, laundry blue and after eight days the 

seeds had developed root and shoot and the germination 

percentage was zero for laundry blue, 90 % in distilled water 

and soap when compared to all the other samples which 

showed 100 % germination Fig 5. 

Fig 3 Seed vigor index of germinated seeds (1 in 10 dilution) 
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 Fig 4, represents the germination of seeds in 1 in 100 

dilution monitored for eight days. 

 

Fig 5, represents the germination percentage (1 in 100 

dilution). 

 

Fig 6, represents SVI in 1 in 100 dilution. To calculate the 

SVI measurements were followed as previously, the SVI was 

331.8 in control (tap water), 421.3 in besan, and zero in 

presence of laundry blue and less SVI was found to be 210.7, 

224, 232.8, and 284.2 in distilled water, hand wash, soap 

solution and soap respectively. 

 

Fig 7 shows the pictures of germinated seed in tap water 

(Control), seeds germinated in presence of 1 in 10 diluted 

sample and last photo in presence of 1 in 100 dilution. 
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 Fig 6, Seed vigor index of germinated seeds (1 in 100 

dilution) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV.  DISCUSSION 

Control 3.17 10.07 14.8 100 331.8 

Distilled Water 2 2.27 10.7 90 210.7 

Besan 3.3 10.6 12.8 100 342.8 

Soap 2.32 3.36 5.4 90 237.4 

Cloth Freshener 1.47 1.21 7.57 100 154.7 

Herbal Shampoo 0 0 0 0 0 

Hand wash 0 0 0 0 0 

Floor Disinfectant 0 0 0 0 0 

Reetha 0 0 0 0 0 

Stiffener 3.1 7.18 14.2 90 293.2 

Soap Solution 0 0 0 0 0 

Laundry Blue 0 0 0 0 0 

Table 1 : Represents the root and shoot length, germination percentage and SVI ( 1 in 10 dilution) 

Sample 

Root Length 

 ( in cm) 

Shoot Length  

( in cm) 

No of Secondary 

Roots 

Germination 

Percentage 

Seed Vigor Index 

( SVI) 

Table 2 : Represents the root and shoot length, germination percentage and SVI ( 1 in 100  dilution) 

Sample 

Root Length  

( in cm) 

Shoot Length 

 ( in cm) 

No of  

Secondary Roots 

Germination 

percentage 

Seed Vigor Index  

( SVI) 

Control 3.17 10.07 14.8 100 331.8 

Distilled Water 2 2.27 10.7 90 210.7 

Besan 4.1 7.5 11.3 100 421.3 

Soap 3.03 7.52 11.2 90 284.2 

Cloth Freshener 3.66 10.8 24.1 100 390.1 

Herbal Shampoo 3.2 7.3 5 100 325 

Hand wash 2.15 5.6 9 100 224 

Floor Disinfectant 3.35 6.4 20.2 100 337.2 

Reetha 2.98 7.01 21.4 100 320 

Stiffener 2.71 10.1 19.2 100 290.6 

Soap Solution 2.2 5.42 12.8 100 232.8 

Laundry Blue 0 0 0 0 0 
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Many earlier studies have indicated the adverse effects of 

detergents on plant development like sodium dodecyl sulphate 

(SDS), house hold synthetic detergents (HDS) on diatom [16], 

loss of enzyme activity [17] and chlorosis in Vigna radiata 

[18].  The effect of detergent on plants varies depending on 

how the plant is exposed to it where growth was inhibited 

followed by loss of metabolic activity within 5 days [19], 

modification in the membrane biophysical properties [20], cell 

growth inhibition and blocking chlorophyll synthesis in 

presence of household synthetic abstergent [21].  Presence of 

sodium sulphate, nitrogen and its oxide and phosphates in 

detergents present in effluents has irritated the roots by 

withdrawing the water from them and may contribute for the 

poor development of fruits and also germination [22]. 

Biosensors to detect different parameters can be designed to 

detect the presence of hazardous chemicals, soil pH, 

microorganism count or their oxygen consumption. Few of the 

biosensors for environment monitoring are whole cell 

biosensors detecting toxins where the device can be 

immobilized with organisms like bacteria, yeast, fungi or plant 

or animal cells which have multi receptor to bind with the 

respective compound to produce an electronic signal. This type 

of biosensor has been used for water monitoring [23]. 

Disposable DNA probe (Gene chip) is designed by Affymetrix 

(USA) as lab-on-a-chip assay technology to detect 

microorganisms contaminating the soil. Measurement of 

bacterial growth in the soil samples can be used to determine 

the effect of chemical agents on soil by electrochemical 

sensors, where the metabolic activity of the organism can be 

measured amperometrically like Bactometer (Bactomatic INC., 

Princeton, USA and the Malthus INC., Stoke – on- trent, UK) 

are few devices designed as biosensors. Optic biosensors (MN, 

USA) used in medical diagnosis to monitor blood pH and 

dissolved oxygen and carbon dioxide concentrations can be 

modified and used for agro- food environmental sector [24]. An 

amperometric biosensor detecting benzoic acid in some fruit 

juices and ground water was prepared using a clark type 

oxygen electrode which was immobilized with a mushroom 

homogenate where the result obtained was in accordance with 

AOAC method [25].  

Immunobiosensor impregnated with monoclonal antibodies 

onto indium tin oxide (ITO) electrodes is designed to detect 

microbial contamination like Escherichia coli. On site detectors 

for rapid and real time monitoring can be created with 

immunosensors which has wide applications in food industry, 

water companies and regulatory authorities. Recent 

development in the production of tailored antibodies as 

recombinant antibodies, abzymes, plantibodies, MIP- 

molecular imprinting polymers [26] are synthesized which has 

specificity to recognize and bind strongly with them. To 

analyze different environmental pollutants affinity biosensors 

are designed using different transducers [27], [28].  

Nanobiosensors are used to measure quantitatively oxygen 

consumption in the respiration of microbes either good or bad 

in the soil. The device consists of microbes placed in between 

two sensors and immersed into soil sample suspended in buffer 

solution and the amount of oxygen consumed by the microbes 

are detected and quantified. Nano biosensors are designed to 

detect pests, nutrient content, contaminants and plant stress 

during drought, temperature or pressure to help farmers to 

enhance crop production. Different kinds of compounds present 

in industrial and urban effluents, sewage sludge, landfill leak 

water, ground water and irrigation water can be detected by the 

development of biosensors based on photosystem II which can 

be used to monitor several pollutants [29].  

V. CONCLUSION 

The results from this study shows that the poor germination and 

slow development of root, shoot and secondary roots in seeds 

exposed to different cleaning agents has clearly indicated a 

reduction in germination percentage and seed vigor index. One 

of the reason would be the deposition of these harsh chemical 

containing agents continuously in to the soil. It can change the 

pH, increase the salinity, change the microbe‟s composition 

and their characteristic features, change in the nutrient 

composition and loss in the fertility of the soil. Continuous use 

of these agents can adversely affect the soil and directly on the 

development of seeds and plants. So, design of biosensors to 

detect and monitor the changes happening in the soil or water 

used for irrigation can help the farmers to develop healthy 

plants or crops. The experiment also shows the use of a natural 

sample that is besan which has showed a remarkable 

germination in seeds when compared to commercially available 

cleaning agents. If care in use of products and regular 

monitoring of the soil can help in better quality and quantity of 

foods. 
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