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BIOFERTILIZERS: BETTER APPROACH TOWARD FORMING
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ABSTRACT

In the present scenario, chemical fertilizers are seem to be a good source of inorganic nutrients to fulfill the need of increasing demand of crop 
production. Although, with respect to the time, so many adverse effects of chemical fertilizers on human health, natural microflora of soil and on the 
ecosystem have been reported which are not stoppable. On the other hand, in our nature, a great number of useful soil micro-organisms are found that 
can help plants to absorb nutrients. A bio-fertilizer is a substance which contains beneficial living microorganisms and used as a modernized form 
of organic fertilizer. From few decades, biofertlilizers are reported to exhibit similar beneficial and lesser harmful impacts on the ecosystem. Hence, 
as an alternative of chemical fertilizers, biofertlilizers are broadly used as a healthier and sustainable method for agriculture. In this review, we will 
discuss about the adverse effects of chemical fertilizers on different parts of environment in contrast to the benefits of biofertlilizers along with the 
brief history and mechanism of action of bacterial biofertlilizers.
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INTRODUCTION

In the past decades, the use of inorganic fertilizers has become very 
popular throughout the world as they are effortlessly affordable and 
showed rapid action due to their prompt release of nutrients [1]. 
Although, the use of chemical fertilizers and pesticides has helped 
lot in increase in the crop productivity the same has also a cause 
of subsequent deterioration of soil health, cause biomagnification, 
increase in microbial resistance, increase in soil salinity, etc. [2,3].

A number of researches on the adverse effects of inorganic fertilizers 
have revealed that their harmful activities cannot be overlooked. Such 
as use of chemicals is a great cause of increased level of salts and 
minerals in soil, in water bodies as well as in soil micro-organisms [4]. 
Apart from this, the same has also seen to associate with the low 
quality of harvested crops. Various studies on the human and other 
animals also indicated a number of negative impacts of chemicals 
used as fertilizers, such as impairment in their physiology; abnormal 
functioning of respiratory system, nervous system, and reproductive 
system. Long-term uptake of such agriculture products have observed 
to be connected with the serious malfunction of human life cycle [1-5]. 
Hence, awareness toward the excessive use of chemicals fertilizers has 
been taken to various spheres. Eco-friendly practices of agriculture are 
challenge for present time of great demand of foods and limited natural 
resources [6-8].

In nature, a number of beneficial and harmful microbes have been 
recognized and categorized. Out of these, some of the soil microbes 
have ability to increase mineral and nutrients in soil by different 
mechanisms [9]. These microbes with some special types of organic 
compounds are commonly using to enhance productivity of plant in the 
place of chemical fertilizers. Such, substances are called biofertlilizers. 
To fulfill the need of growth nutrients, biofertilizers are proved to be 
a better option. Many scientific data revealed that the biofertilizer has 
numerous advantages over chemical fertilizers [10-12].

Biofertlilizers are not only cost effective, eco-friendly, and secure 
for animal body but they also serve as a renewable source of plant 
nutrients. In addition to this, the same have capacity to work as 
important components of integrated nutrient management [1,5,13]. In 
this review article we have mentioned a brief description on various 

harmful effects of chemical fertilizers on different components of 
environment like soil, water, air, animals, plants, etc., has been given 
along with pollution caused due to their excessive application [14]. 
Here, we have also summarized the beneficial effects of biofertlilizers 
over inorganic fertilizers [15,16].

ADVERSE EFFECTS OF CHEMICAL FERTILIZERS

Chemical fertilizers are synthetic compounds created specifically to 
increase crop yield. These are rich sources of nitrogen, potassium, 
phosphate, etc. They may be single nutrient based (potassium, urea) 
or may be complex or blended having a mix of more than two nutrients 
such as ammonium phosphate, nitrophosphate, potassium chloride, 
and other nutrients. For example, ammonium nitrate is a good source 
of soluble nitrogen and ammonium ions for plants [17-19]. The main 
role of fertilizers is to add nutrients to the soil, but chemical fertilizers 
cannot add anything else other than inorganic ions to plants [20-23]. 
Although, chemical fertilizers are very helpful to enhance the crop yield 
their negative impacts and drawbacks cannot be neglected. Most of the 
inorganic fertilizers do not contain micronutrients which are essential 
for plant growth [24-26]. The same are unable to add organic content to 
the soil. Some studies have revealed that the synthetic fertilizers do not 
support microbiological lives in the soil which are essential to maintain 
soil quality [14,17,26].

Although, every chemical fertilizer need to be applied in their specific 
limited amounts but in most of the cases these are seen to be over applied 
that reported to cause root burn, exo-osmosis and found to create toxic 
concentration of salts [27-29]. Some findings revealed that most of the 
chemical fertilizers release their nutrients too quickly which results 
an abnormal plant growth. Many times, this kind of plants are weak, 
more prone for disease, with less fruiting. In addition to this, because of 
easy solubility and uncontrolled availability synthetic fertilizers often 
leach deep down in soil that serve as a source of underground water 
pollution  [21,29].

A number of chemical fertilizers considered to serve as a potential 
source of natural radionuclide and heavy metals. A large majority 
of the heavy metals such as Hg, Cd, As, Pb, Cu, Ni, and Cu; natural 
radionuclide such as 238U, 232Th, and 210Po have been reported as 
a component or adulteration in the same [30]. Due to a long history of 
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use of these fertilizers accumulation of heavy metals in soil and plant 
system is common and the same have been reported to enter in food 
chain through plants and soil eaters [31]. As many inorganic fertilizers 
are non-biodegradable, their long-term use results in accumulation 
of harmful substances, increased salinity and acidification of the soil 
thereby degrading soil fertility [32]. More accumulation and leaching 
have also been a great danger for water bodies and soil itself [33,34].

In addition to this, excessive use of chemical fertilizers in agriculture 
also linked with a number of other environmental problems too. 
For example, use of nitrogen fertilizer is directly proportional to 
the presence of nitrates and to carcinogen nitrosamines in aquatic 
bodies [35,36]. Plants such as lettuce and spinach showed higher 
accumulation of nitrates and nitrites in their leaves [37-39]. Water 
pollution, decrease in water oxygen, water odor, decrease in aquatic 
fauna and flora, and ultimately eutrophication are wide spread problem 
caused by chemicals used as fertilizers [40].

Continuous use of acid-forming nitrogen fertilizers causes a decrease in 
soil pH again destroy micro-environment of that soil, particularly sodium, 
potassium, and phosphorous in abnormally higher concentration 
exhibit negative impact on soil pH, soil structure, composition, and 
microbes of soil [41-43]. Moreover, excessive Ca and Fe with Zn disrupt 
the balance of soil nutrients may result in decrease plant growth as 
well as soil pollution. Soil nitrates, nitrites, and other nitrogen salts are 
reduced by denitrifying microbes which cause increase atmospheric 
nitrogen oxides as some report demonstrated that atmospheric N2O 
increases from 0.2 to 0.3% each year. Similarly ammonia emission 
from fertilized soil damages vegetation [33,44]. In addition to this, 
decomposition of chemical fertilizer may result in increased level of 
carbon dioxide, hydrogen sulfides, methane, and chloro-fluoro-carbon 
which together with other oxides causes greenhouse effect. Hence, 
indirectly too much use of inorganic fertilizers cause disturbs in whole 
ecosystem [45,46].

Studies on different vegetations also revealed a great number of 
negative effects of chemical fertilizers on plants themselves. Such as, 
these have seen to cause the early decay of harvested yam tubers [47]. 
The ions released from nitrates, nitrites, phosphates, sulfates, etc., 
exhibited unwanted physiological interactions resulting low quality 
products with less flavor, taste, and aroma than those cultivated 
without non-organic fertilizers. In some cases, higher concentration of 
these fertilizers has been found to be linked with the salt burn and even 
death of young plants [39,48-50].

Many studies revealed a number of adverse impacts of these fertilizers 
on human bodies. For example, the presence of nitrates in drinking 
water exert negative effects on salivary glands, intestine, immune 
systems, and as well as on endocrine system. Because of same, 
inflammation of urinary system and chronic kidney disease has also 
been reported [16,39,51].

Adverse effects of these agrochemicals were also reported to hinder 
the functioning of blood hemoglobin, interfere with the physiology of 
iron, and observed to be associated with acute health problems, such as 
abdominal pain, dizziness, headaches, irritation, nausea, vomiting, hair 
loss as well as skin and eye problems [34,46].

ADVANTAGEOUS EFFECTS OF BIOFERTILIZERS

Because food is compulsory for survival of all living beings so to fulfill 
this need we should have more natural, eco-friendly, non-hazardous, and 
degradable agricultural practices. Till now, bio-fertilizers are proved as 
a better choice to fulfill these demands [47,49]. These are cost effective, 
pollution free, natural, and renewable source of plant nutrients along 
with their short life span. As compared to the chemical fertilizers, 
excessive use of biofertlilizers does not cause much harm [52].

Chemical fertilizers can supply sufficient nutrients to the soil, but 
growing herbs need much more than just nutrients to survive. Plants 

also need organic matter and living organisms [27,44]. In contrast to 
the synthetic fertilizers biofertlilizers promote growth of soil microbes 
up to a significant percentage. These microbes are reported to enhance 
the decay of complex organic matter of soil that serve as a prominent 
source of plant nutrients. In this manner, these are responsible for 
improving soil quality and fertility in natural way [39,53].

Bio-fertilizers contain an ample range of natural nutrients with trace 
elements which are not possible with inorganic fertilizers. Although, in 
biofertlilizers, a number of different microbial cells are used as source 
of nutrients so instead of greenhouse gases generation they utilized 
these gas and observed to work against global warming effect [39,46].

Increased application of ammonium salts in rice paddy fields has 
been found to linked with increased emission of methane gas that 
too serve a causing agent of global warming, when it replaced with 
biofertlilizers and composting of animal waste reverse effects were 
observed [28,38,53]. The methane gas is commonly utilized and 
reduced or oxidized by microbes and thus proved to be a better medium 
of fertilizers. In addition to this, the longevity of organic fertilizers is 
much more than inorganic and they can release nutrients slow and 
steady for more than one season is also made them a better choice as 
a fertilizer [54]. In many studies, the uses of biofertlilizers have been 
found to increase overall quality of soil and crop both [18,39,40].

Since, biofertlilizers are rich source of beneficial micro-organisms they 
also provide protection to the host plants from different pathogenic 
microbes by releasing growth inhibiting chemicals and showed 
competition for place and nutrients with pathogenic microbes [44]. 
For example, studies have showed that use of biofertlilizers has seen 
to associated with decreased cases of plant diseases such as pythium 
root rot, rhizoctonia root rot, chill wilt, and attack of parasitic 
nematodes [54]. Composts contain huge variety of microbes, many 
of which may be useful in controlling pathogens. Thus, beneficial 
microbes help to control plant pathogens. More than this, the 
constituent of biofertlilizers such as degraded tree barks and roots also 
helps to control growth of disease causing microbial cells as they also 
liberate some anti-pathogenic chemicals [35,55]. Antibiotics released 
from microbial cells also seen to be useful against pathogens. However, 
disease resistance gene activation in host plants by the symbiotic 
action of beneficial microbes again served as a strong tool against plant 
infection. In some cases, predation of harmful microbes by microbes 
used as biofertlilizers showed a great help. Sometimes, inorganic 
fertilizers may contain pathogens such as Salmonella Spp. which may 
cause plant infection, so instead of serving a growth nutrient the same 
may serve as source of contamination [8,26].

Compost and organic material introduces beneficial microorganisms 
in soil. Microorganisms are normally found in soil and compost 
convert organic nitrogen into inorganic nitrogen, a process called 
mineralization. Plants may then take up these nutrients [56].

Fig. 1: Blue-green algae cultured in specific media used as 
Biofertilizer [12]
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In general, most of the biofertlilizers are applied either to the soil or 
on seed or plant surfaces where they form their colonies called the 
rhizosphere [30,34,55]. Such group activity of microbes promotes 
growth of host plant by increasing the availability of nutrients to 
the host plant [49]. For large scale production, these inoculums are 
recognized, studied for their beneficial activities and then cultured in 
the laboratory and packed in suitable carriers. For example, the use 
of Rhizobium sp., Azospirillum sp., Azotobacter sp., and Cyanobacteria 
to increase crop production has long history [56]. Some of these 
oxidizing microbes accelerate the decomposition of soil organic 
residues, agricultural by-products, complex organic manure, etc., 
through various process and release simple organic and inorganic 
compounds which can be easily absorbed by host plants that result 
in healthy harvest of crops. While some microbes like the Rhizobium 
sp., acts by enhancing the activity of deaminase enzyme in pulses 
crops [33,56].

In dry and semi-dry areas water excessive water loss due to 
vaporization can be minimized with the use of bio-fertilizers as the 
organic components of the same serve as a good soil conditioner. These 
also help to bind soil particles preventing desertification and erosion. 
Earlier studies showed that with biofertlilizers water retention capacity 
of soil can be increased many times on the other hand; inorganic 
fertilizers do not show any water retention action [14,38,50]

In addition to this, certain diazotrophic bacteria exhibit symbiosis with 
some specific plant species and form root nodules and specifically 
fix atmospheric nitrogen for host plant. These symbioses are found 
between rhizobia and legumes and Frankia and actinorhizal plants [44].

Plants produce many growth hormones, which are organic molecules 
involved in several development processes. Broad spectrums of 
beneficial bacteria are known which produce phytohormones that are 
involved in plant-growth promotion [30]. For example, some bacterial 
strains secrete auxins, which act as signaling molecules for bacterial 
communication to coordinate activities. In Solanun tuberosum auxin-
producing Bacillus spp. has been reported to exert a positive effect on 
plant growth and development [57].

Likewise endophytic Streptomyces in Azadirachta indica produce indole 
acetic acid and serve as a potential plant-growth promoter. Indole acetic 
acid secretion by Rhizobial strains also reported to improve the growth 
of several crops such as Capsicum annuum, Solanum lycopersicum, 
Daucus carota, and Lactuca sativa. [58].

Some bacterial species have been observed to secrete various types 
of cytokinins that are important plant physiological activities. Such 
as cytokinin secreted by Azotobacter chroococcum and Bacillus 
megaterium strains promote cucumber growth. The growth of red 
pepper plants observed to be increased by treatment with a Bacillus 
cereus strain producing gibberellins. Tomato plants inoculated with 
the gibberellin-producing Sphingomonas sp. LK11 strain showed 
significantly more production. Root-hair elongation in Arabidopsis 
thaliana was seen by ethelene producing activity of Phyllobacterium 
brassicacearum STM196 [37,48].

Specific enzymes of microbes used as fertilizers also help in plant 
physiology as bacterial enzyme, 1-aminocyclopropane-1-carboxylate, 
hydrolyze plant ACC, the precursor molecule of ethylene and reduce rate 
of aging. Furthermore, Rhizobium leguminosarum strains producing 
ACC-deaminase promoted pepper and tomato plant growth. Moreover, 
plant growth- promoting strains of Azotobacter have been reported to 
produce a large amount of B-group vitamins that again help to enhance 
gross productivity [56]. Microbial vitamin production enhances plant-
rhizobial symbiosis and plant mycorrhization that exert positive effect 
on plant growth [57].

Some studies described that impact of abiotic stress can also be 
decreased with biofertilizers for example, Pseudomonas strains 

enhancing asparagus seedling growth and seed germination under 
water-stress conditions. Commercial species of Pseudomonas putida 
promotes cotton seedling grown under salt stress [22,49]. It helps to 
increase germination rates and protect against salt stress by escalating 
the absorption of Mg2+, K+ and Ca2+, decreasing Na+ uptake, and 
improving the production of endogenous indole acetic acid. Similarly, 
Pseudomonas fluorescens species MSP-393 acts as a Plant Growth 
Promoting Rhizobacteria for many crops grown in the saline soils of 
coastal ecosystems [58].

In addition to above mentioned activities some antibiotic producing 
bacterial and fungal species indirectly influence plant growth as they 
inhibit growth of pathogenic microbes. For instance, Pseudomonas sp. 
produces antibiotics that inhibit Gaeumannomyces graminis var. tritici 
that cause infection in wheat. Antibiotics produced by Bacillus sp. seen 
to be active against many Gram-positive and Gram-negative bacteria, 
as well as many pathogenic fungi [24,59]. Bacterial enzymes such as 
chitinases and β-glucanases inhibit fungal growth. In a similar way, the 
same enzymes secreted by Pseudomonas sp. destroy Rhizoctonia solani 
and Phytophthora capsici, two of the most destructive crop pathogens 
in the world [17,28,59].

Although, here a number of positive aspects of biofertilizers have been 
seen but actually there are much more left. For example, as compare to 
chemical fertilizers biofertilizers are cost effective [60]. Since, these can 
be produced from cheap waste materials, self-growing microbial cells 
which are abundant in each country [3,18,32,57].

DISCUSSION

Hence, reviewing all these consequences we need to accept practice 
of minimum use of inorganic fertilizers and use of biofertilizer as an 
alternate of chemicals fertilizers. We have already mentioned the 
acidification, salinity, imbalance in soil pH etc caused due to excessive 
application of inorganic fertilized [22,28,60]. This problem can be easily 
counteracted by the use of bio-fertilizers as they do not change pH of 
soil; instead they help to maintain soil pH to make it more optimum for 
plant growth [35,61].

Microbial cells used in biofertilizers have capacity of fix nutrients in soil 
by their natural physiological mechanisms. Some examples of free-living 
nitrogen-fixing organisms are Azospirillum, commonly associated with 
cereals in temperate zones and reported to improve rice crop yields; 
Azotobacter, shown to play an important role in nitrogen fixation in 
rice crops and can also be used for wheat, barley, oat, rice, sunflowers, 
maize, beetroot, tobacco, tea, coffee and coconuts production as 
biofertilizer [46,51,61]. Some genera of bacteria like Gluconacetobacter, 
Azospirillum and Herbaspirillum are endophytes of sugarcane and play 
a significant contribution in nitrogen fixation [49,62].

Comparative study of chemical verses biofertilizer demonstrated 
more weight and size of fruits treating with biofertilizer than chemical 
fertilizer [48,55,63]. Since, too much use of inorganic fertilizer in 
agriculture causes environmental problems including soil, physical 
destruction, and nutrient imbalance and disrupts food chain 
biofertilizers seemed to be better option [36,39,62].

Environmental point of view, the main advantage of use of bio-fertilizer 
is that it does not cause soil pollution and also does not show any 
negative effect on human health [64-67]. Although, in some cases 
biofertilizers are not successful but this problem can be overcome 
either by giving combine treatment chemical fertilizers containing 
nitrogen with some other nutrients or by adopting different agricultural 
approach like mixed farming, vermin-composting etc. [68]. But there is 
a strong need to prefer chemical free forming to protect environment 
from pollution [69]. Though, biofertilizers are safe and natural nutrient 
suppliers and showed a great number of advantages over chemical 
fertilizers but along with this much more researches are needed in this 
direction.

24

 Agrawal 
Innovare Journal Of Agri. Sci, Vol 9, Issue 1, 2021, 22-26



REFERENCES

1. Baligar VC, Fageria NK, He ZL. Nutrient use efficiency in plants. 
Commun Soil Sci Plant Anal 2001;32:921-50.

2. He ZL, Yang XE, Stoffella PJ. Trace elements in agroecosystems and 
impacts on the environment. J Trace Elem Med Biol 2005;19:125-40.

3. Alves BJ, Boddey RM, Urquiaga S. The success of BNF in soybean in 
Brazil. Plant Soil 2004;252:1-9.

4. Souza R, Ambrosini A, Passaglia LM. Plant growth-promoting bacteria 
as inoculants in agricultural soils. Genet Mol Biol 2015;38:401-19.

5. Adavi Z, Tadayoun MR. Effect of Mycorrhiza application on plant 
growth and yield in potato production under field condition. Iran J Plant 
Physiol 2014;4:1087-93.

6. Adesemoye AO, Kloepper JW. Plant-microbes interactions in enhanced 
fertilizer use efficiency. Appl Microbiol Biotechnol 2009;85:1-12.

7. Al-Maliki S, Al-Masoudi M. Interactions between mycorrhizal fungi, 
tea wastes, and algal biomass affecting the microbial community, soil 
structure, and alleviating of salinity tress in corn yield (Zea mays L.). 
Plants 2018;7:63.

8. Franche C, Lindstrom K, Elmerich C. Nitrogen-fixing bacteria 
associated with leguminous and non-leguminous plants. Plant Soil 
2009;321:35-59.

9. Stacey G, Libault, M, Brechenmacher L, Wan J, May GD. Genetics 
and functional genomics of legume nodulation. Curr Opin Plant Biol 
2006;9:110-21.

10. Hungria M, Vargas MAT. Environmental factors impacting N2 fixation 
in legumes grown in the tropics, with an emphasis on Brazil. Field Crop 
Res 2000;65:151-64.

11. Dacko M, Zajac T, Synowiec A, Oleksy A, Klimek-Kopyra A, Kulig B. New 
approach to determine biological and environmental factorsinfluencing 
mass of a single pea (Pisum sativum L.) seed in Silesiaregion in Poland 
using a CART model. Eur J Agron 2016;74:29-37.

12. Aseri GK, Jain N, Panwar J, Rao AV, Meghwal PR. Bio-fertilizers 
improve plant growth, fruit yield, nutrition, metabolism and rhizosphere 
enzyme activities of Pomegranate (Punica granatum L.) in Indian Thar 
Desert. Sci Hortic 2008;117:130-5.

13. Behera SK, Park JM, Kim KH, Park HS. Methane production from food 
waste leachate in laboratory-scale simulated landfill. Waste Manage 
2010;30:1502-8.

14. Bhardwaj D, Ansari MW, Sahoo RK, Tuteja N. Biofertilizers function 
as key player in sustainable agriculture by improving soil fertility, plant 
tolerance and crop productivity. Microb Cell Fact 2014;13:66.

15. Jensen ES, Hauggaard-Nielsen H. How can increase use of biological 
N2 fixation in agriculture benefit the environment? Plant Soil 
2003;252:177-86.

16. Roychowdhury R, Banerjee U, Sofkova S, Tah J. Organic farming for 
crop improvement and sustainable agriculture in the Era of climate 
change. Online J Biol Sci 2013;13:50-65.

17. Sawada H, Kuykendall LD, Young, JM. Changing concepts in the 
systematics of bacterial nitrogen-fixing legume symbiosis. J Gen Appl 
Microbiol 2003;49:155-79.

18. Bottomley PJ, Myrold DD. Biological N inputs. In: Soil Microbiology, 
Ecology, and Biochemistry. Oxford, UK: Academic Press; 2007. p. 377.

19. Bhattacharyya PN, Jha DK. Plant growth-promoting rhizobacteria 
(PGPR): Emergence in agriculture. World J Microbiotechnol 
2012;28:1327-50.

20. Chun-Li W, Shiuan-Yuh C, Chiu-Chung Y. Present Situation and Future 
Perspective of Bio-fertilizer for Environmentally Friendly Agriculture. 
Annual Reports; 2014. p. 1-5.

21. Tena W, Wolde-Meskel E, Walley F. Symbiotic efficiency of native and 
exotic Rhizobium strains nodulating lentil (Lens culinaris Medik.) in 
soils of Southern Ethiopia. Agronomy 2016;6:11.

22. Conley DJ, Hans W, Paerl HW, Howarth RW, Boesch DF, Seitzinger SP, 
et al. Controlling eutrophication: Nitrogen and phosphorus. Science 
2009;323:1014-5.

23. Demenois J, Carriconde F, Bonaventure P, Maeght JL, Stokes A, Rey F. 
Impact of plant root functional traits and associated mycorrhizas on the 
aggregate stability of a tropical Ferralsol Geoderma 2018;312:6-16.

24. Schutz L, Gattinger A, Meier M, Muller A, Boller T, Mader P, et al. 
Improving crop yield and nutrient use efficiency via biofertilization a 
global meta-analysis. Front Plant Sci 2018;8:2204.

25. Htwe AZ, Moh SM, Soe K, Khin M, Moe K, Yamakawa T. Effects 
of biofertilizer produced from bradyrhizobium and Streptomyces 
griseoflavus on plant growth, nodulation, nitrogen fixation, nutrient 
uptake, and seed yield of mung bean, cowpea, and soybean. Agronomy 
2019;9:77.

26. Divya J, Belagali SL. Assessment of seasonal variations of chemical 

fertilizers residues in agricultural areas of Najangud Taluk, Mysore 
district. Int J Innov Res Sci Eng Technol 2014;3:8639-46.

27. Engel LS, O’Meara ES, Schwartz SM. Maternal occupation in 
agriculture and risk of limb defects in Washington State, 1980-1993. 
J Scand Work Environ Health 2000;26:193-8.

28. Gougoulias N, Papapolymerou G, Karayannis V, Spiliotis X, 
Chouliaras N. Effects of manure enriched with algae Chlorella vulgaris 
on soil chemical properties. Soil Water Res 2018;13:1-9.

29. Jarup L. Hazards of heavy metal contamination. Br Med Bull 
2003;68:167-82.

30. Malboobi MA, Behbahani M, Madani H, Owlia, Parviz DA, Yakhchali B, 
et al. Performance evaluation of potent phosphate solubilizing bacteria 
in potato rhizosphere. World J Microbiol Biotechnol 2009;25:1479.

31. Pandey A, Trivedi P, Kumar, Bhavesh P, Lok MS. Characterization of a 
phosphate solubilizing and antagonistic strain of Pseudomonas putida 
(B0) isolated from a sub-alpine location in the Indian Central Himalaya. 
Curr Microbio 2006;53:102-7.

32. Kaur S, Masud S, Khan A. Effect of fertilization and organic manure on 
water quality dynamics a proximate composition of Cyprinus carpio. 
J Fisheries Livest Prod 2015;3:133.

33. Khosro M, Yousef S. Bacterial bio-fertilizers for sustainable crop 
production: A review APRN J Agric Biol Sci 2012;7:237-308.

34. Knobeloch L, Salna B, Hogan A, Postle J, Anderson H. Blue babies and 
nitrate contaminating well water. J Sci 2009;2:6-24.

35. Mahdi SS, Hassan GI, Samoon SA, Rather HA, Dar SA, Zehra B. Bio-
fertilizers in organic agriculture. J Phytol 2010;2:42-54.

36. Majumdar D, Gupta N. Nitrate pollution of groundwater and associated 
human health disorders. Indian J Environ Health 2000;42:28-39.

37. Anderson JM, Ingram JS. Tropical Soil Biology and Fertility: 
A Handbook of Methods. Wallingford: CAB International; 1993.

38. Tripathi BD, Srivastava J, Misra K. Nitrogen and phosphorus removal 
capacity of four chosen aquatic macrophytes in tropical freshwater 
ponds. Environ Cons 1991;18:143-7.

39. Vessey JK. Plant growth promoting rhizobacteria as biofertilizers. Plant 
Soil 2003;255:571-86.

40. Mfilinge A, Mtei K, Ndakidemi. Effect of Rhizobium inoculation 
and supplementation with phosphorus and potassium on growth leaf 
chlorophyll content and nitrogen fixation of bush bean varieties. Am J 
Res Commun 2014;2:49-87.

41. Paul D, Lade H. Plant-growth-promoting rhizobacteria to improve crop 
growth in saline soils: A review. Agron Sustain Dev 2014;34:737-52.

42. Mazid M, Khan, TA. Future of bio-fertilizers in Indian agriculture: An 
overview. Int J Agric Food Res 2015;3:10-23.

43. Mandal B, Majumder B, Bandyopadhyay PK. The potential of 
cropping systems and soil amendments for carbon sequestration in soils 
under long-term experiments in subtropical India. Glob Change Biol 
2007;13:357-69.

44. Negasa T, Ketema H, Legesse A, Sisay M, Temesgen H. Variation in 
soil properties under different land use types managed by smallholder 
farmers along the toposequence in Southern Ethiopia. Geoderma 
2017;290:40-50.

45. Raja N. Bipesticides and biofertilizers: Eco-friendly sources for 
sustainable agriculture. J Biofertil Biopestic 2013;3:112-5.

46. Ritika B, Uptal D. Bio-fertilizer a way towards organic agriculture: 
A review. Acad J 2014;8:2332-42.

47. Hurni H, Tato K, Zeleke G. The implications of changes in population, 
land use, and land management for surface runoff in the upper Nile 
basin area of Ethiopia. Mt Res Dev 2005;25:147-54.

48. Lal R. Soil carbon sequestration to mitigate climate change. Geoderma 
2004;123:1-22.

49. Sinha RK, Valani D, Chauhan K, Agarwal S. Embarking on a 
second green revolution for sustainable agriculture by vermiculture 
biotechnology using earthworms: Reviving the dreams of Sir Charles 
Darwin. J Agric Technol Sustain Dev 2010;2:113-28.

50. Rosen CJ, Horgan BP. Prevention pollution problems from lawn and 
garden fertilizers. J Sci 2009;7:97-103.

51. Ruiz-Sanchez M, Aroca R, Monoz Y, Polon R, Ruiz-Lozano JM. 
The arbuscular mycorrhiza symbiosis enhances the photosynthetic 
efficiency and the antioxidative response of rice plants subjected to 
drought stress. J Plant Physiol 2010;167:862-9.

52. Allende A, Tondo EC. Microbial quality of irrigation water used in 
leafy green production in Southern Brasil and its relationship with 
produce safety. Food Microbiol 2017;65:105-13.

53. Mercanoglutaban B, Halkman AK. Do leafy green vegetables and their 
ready to eat salads carry a risk of food borne pathogens? Anaerobe 
2011;17:286-7.

54. Singh JS, Pandey VC, Singh DP. Efficient soil microorganisms: A new 

25

 Agrawal 
Innovare Journal of Agri. Sci, Vol 9, Issue 1, 2021, 22--26



dimension for sustainable agriculture and environmental development. 
Agric Ecosyst Environ 2011;140:339-53.

55. Vymazal J. Types of constructed wetlands for wastewater treatment: 
Their potential for nutrient removal. In: Transformation of Nutrients in 
Natural and Constructed Wetlands. Leiden, The Netherlands: Backuys 
Publishers; 2001. p. 1-93.

56. Arshad MA, Martin S. Identifying critical limits for soil quality 
indicators in agro-ecosystems. Agric Ecosyst Environ 2002;88:153-60.

57. Yildirim E, Guvenc I. Intercropping based on cauliflower: More 
productive, profitable and highly sustainable. Eur J Agron 2005;22:11-8.

58. Sutton P, Woodruff TJ, Perron J, Stotland N, Conry JA, Miller MD, 
et al. Toxic environmental chemicals, the role of reproductive health 
professionals in preventing harmful exposures. Am J Obstet Gynecol 
2012;207:164-73.

59. Taylor MD. Accumulation of cadmium derived from fertilizers in New 
Zealand soils. Sci Total Environ 1997;3:123-6.

60. Mbaye A, Moustier P. Market-oriented urban agricultural production in 
Dakar. In: Bukker N, editor. Growing Cities, Growing Food. Feldafing, 
Germany: DSE; 2000. p. 235-56.

61. Djuikom E, Jugnia LB, Nola M, Foto S, Sikati V. Physicochemical 
water quality of the mfoundi river watershed at Yaounde Cameroon 
and its relevance to the distribution of bacterial indicators of faecal 

contamination. Water Sci Technol 2009;60:2841-9.
62. Kalavrouziotis IK, Koukoulakis PH, Sakelariou-Makrantonaki M, 

Papanikolaou C. Effects of treated municipal wastewater on the 
essential nutrient interactions in the plant of Brassica oleracea var. 
italica. Desalination 2009;242:297-312.

63. Allende A, Monaghan J. Irrigation water quality for leafy crops: 
A perspective of risks and potential solution. Int J Environ Re 
2015;42:79-87.

64. Wang QY, Dong Y, Cui X. Liu. Instances of soil and crop heavy metal 
contamination in China. Soil Sediment Contam 2001;10:497-510.

65. Carr R. Who guidelines for safe wastewater use-more than just numbers. 
J Irrig Drainage 2011;54:103-11.

66. Mara D, Cairncross S. Guide Lines for the Safe Use of Wastewater and 
Excreta in Agriculture and Aquaculture. Geneva, Switzerland: World 
Health Organization; 1999. p. 1-20.

67. Hass CN, Rose JB, Gerba CP. Quantitative Microbial Risk Assessment. 
New York: Willey; 1999. p. 23.

68. Wani SA, Chand S, Ali T. Potential use of Azotobacter chroococcum in 
crop production: An overview. Curr Agric Resour J 2013;1:35-8.

69. Yang JW, Kloeppe JW, Ryu CM. Rhizosphere bacteria help plants 
tolerate abiotic stress. Trends Plant Sci 2009;14:1-4.

26

 Agrawal 
Innovare Journal Of Agri. Sci, Vol 9, Issue 1, 2021, 22-26


