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EDITORIAL

Dated back to over 3 billion years, the history of life on the planet Earth
is known and for more than 80% of history, the earth’s atmosphere and
the supracrustal sections have been undergoing changes, maintenance,
and re-circulation for the inception of life. The changes occur in the
ecosystem, have always modulated the climate during the Cretaceous
period and Late Paleozoic Ice Age. The continuous changes in the
earth evinced the drastic changes in the carbon cycle over 400 million
years ago which resulted in the colonization of plants in the planet. The
changes were also observed in the chemistry of seawater that shifts in
the global formation of clay from oceans to lands. Since the climate
system has been changed several times, the present ecosystem is at
the brink of their ability to fulfill the necessities of the ever-increasing
population with challenges including pollution, global hunger, climate
change, land degradation social inequalities, and uncontrolled human
anthropogenic activities. The tools of biotechnology also help in
bioremediating deteriorated soil and water bodies. Biotechnology
has various tools and microbes are one of the important tools of the
branch. The techniques have been also known to be cost-effective,
which also lowers the green products cost. In the agriculture sector,
biotechnologically produced sustainable products, that is, biofertilizers
and biopesticides help in the crop protection and production without
the use of chemical products. In the energy sector, biofuel production
is a remarkable invention as fossil fuels are drastically depleting and
their usage leads to mass amount of pollution. On the other hand, in
industrial sectors biotechnology tools produce biodegradable dyes,
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medicines, and food products. In present, editorial provides the insight
of biotechnology technologies in various sectors including agriculture,
environment, food, energy sector, and pharmaceutical industries.

The earth has already lost nearly 40% of the global land and to reach
the demands of the population by 2050 will be tripled which is one of
the biggest challenge. The on-going urbanization and industrialization
in which massive amount of chemicals have been used for the
production of various products for their daily requirements in the
field of agriculture. However, these activities result in environmental
pollution that may recalcitrant and persist in the ecosystem. The
modern world needs to shift to eco-friendly approaches and meets
sustainable development goals. Biotechnological tools are known
to have eco-friendly processes that may help in the production of
various sustainable products for several sectors including agriculture,
energy, and ecosystem restoration [Figure 1]. The biotechnology-
produced products are free from chemicals and it is gaining attention
among the population. Biotechnology tools help in the production of
biofuels, biofertilizers, biopesticides, biotechnology crops, bioactive
compounds, enzymes, and pharmaceutical products.

Agriculture is one of the most important sectors that provide the
feed and fodder to the entire population of the earth. Yield is one of
the major challenges of the agriculture sector which is achieved by
using various agrochemicals, such as fertilizers and pesticides. The
utilization of the agrochemicals is observed to have adverse effects
on the environment, humans, animals, and other living diversity. The
biotechnological tool, that is, microbes as bioinoculants is one of the
most appropriate alternatives for increasing the crop yield which may
fulfill the demand of the foods. The microbial-based bioinoculants
help in crop production and their protection [1].

The yield of the crops is mainly depends upon the availability of plant
growth hormones (auxin, cytokinin, and gibberellins), and nutrients
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Figure 1: Biotechnological trends for sustainability.

(phosphorus, nitrogen, potassium, zinc, and iron). The present status
of soil has very limited or no amount of soluble nutrients that can be
absorbed by the plants for their use. The plant growth promotion and
yield of the crops mainly depend upon the utilization of deleterious
chemicals. The use of bioinoculants developed through biotechnological
technology is a sustainable approach. Bioinoculants enhance the plant
growth through natural mechanisms such as nitrogen fixation, nutrients
solubilization (phosphorus, potassium, and zinc), production of
siderophores that chelated the iron in the soil. Apart from solubilizing,
fixing, and chelating the nutrients from the soil, microbes produce plant
growth regulators including auxin, cytokinin, and gibberellins, which
help in promoting the plant’s growth [2]. These listed mechanisms have
known to be reported by the various mechanisms that help the growth
promotion of the plants. In a report, endophytic bacteria Acinetobacter
soli, and Bacillus thuringiensis from root nodules Erythrina brucei were
reported for solubilizing phosphorus, and producing indole-3-acetic
acid. The inoculation of these strains in wheat is reported for enhancing
the shoot length and plant growth [3]. In another report, Pseudomonas
migulae, Pseudomonas poae, and Pseudomonas extremaustralis from
apple were reported for fixing nitrogen, and solubilizing phosphorus
and potassium. The inoculation of these strains in apple seedlings was
reported for enhancing biomass and content of N, P, and K in apple
plant leaves [4].

Plants yield have been majorly affected by various biotic and abiotic
factors. Insects, nematodes, and pathogenic microbes (bacteria, fungi,
and viruses) are the various biotic factors that infect plants and cause
several diseases, and this resulted into a drastic decline of the crop
yield. On the other hand, environmental factors, such as drought,
salinity, acidic, alkaline, low/high temperature, heavy metals, and
water logging conditions are the various abiotic stresses, which lower
plant growth and productivity. Microbes alleviate both stresses by

mechanisms including the production of antibiotics, hydrogen cyanide,
hydrolytic enzymes, secondary metabolites, 1-aminocyclopropane-1-
carboxylate (ACC)-deaminase activity, induction of systemic acquired
resistance, non-volatile and volatile organic compounds [5,6]. Several
microbes have been reported for exhibiting mechanisms that helps
in the alleviation of biotic and abiotic stress that result in the growth
promotion of plants. In a report, rhizobacterial isolate Bacillus subtilis
from potato field was reported for producing exopolysaccharides,
hydrolytic enzymes, siderophores, and ACC deaminase production. The
strain was reported for alleviating the stress caused by salt, heat, heavy
metals drought, and Rhizoctonia solani [7]. In another investigation,
Ralstonia solanacearum growth was inhibited by the tomato-associated
bacteria Bacillus cereus by inducing host resistance [8].

Earth’s water, land, and air are heavily polluted with toxic materials
including polycyclic aromatic hydrocarbons, xenobiotics, pesticides,
azo dyes, oily sludge, heavy metals, and nitroaromatic compounds.
These toxic metals are the result of the different anthropogenic
activities of humans, such as industrialization, affectation, and the
use of chemical compounds for the production of various daily needs.
The toxic compounds could be treated by the mean of biotechnology
tools [9]. The microbes can be used for the bioremediation different
toxic materials and different species have been reported in various
studies. In a report, Kocuria assamensis from a soil sample of
Himachal Pradesh was reported for degrading the malathion and
chlorpyrifos [10]. Heavy metals (chromium) remediation was reported
by the bacterial strains Stenotrophomonas maltophilia and Brucella
intermedius [11]. In an investigation, Bacillus megaterium, Bacillus
Tequilensis, and Pseudomonas reidholzensis from oily sludge were
reported for biodegradation of heavy oil [12]. Brevibacterium
sediminis was reported for bioremediating the pyrene, a polycyclic
aromatic hydrocarbons [13].
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The biotechnology tools have a wide range of applications in several
industries, such as food and pharmaceuticals. Microbes, the most important
biotechnological tools can be used for the sustainable production and
processing of the products. The microbes help in the production of amino
acids, bio-flavors, vitamins, colorants, pigments, probiotics, enzymes,
biotherapeutic agents, antibiotics, and anticancer compounds [14]. In a
study, Sporobolomyces ruberrimus, a yeast, isolated from Passu Glacier,
Hindu Kush, Karakoram, and Himalaya range glacier, Pakistan was also
reported for producing amylase [15]. In an investigation, Streptomyces
spp. from sediment soil was reported for producing red pigment
which was having biological activity against antifouling activity [16].
B. thuringiensis was reported for producing protease which could be
used for enzyme-modified cheese [17]. In another report, Acetobacter
malorum and Acetobacter orientalis was reported for Vitamin B,, which
was isolated from fermented sourdough [18].

Fossil fuels are the primary energy source from the industrial
revolutions and their demand is increasing with every progressive
day. Its cost is also increasing drastically and it is estimated that the
price may be reached to $95/barrel by 2050. On the other hand, the
utilization of fossil fuels releases huge amount of global greenhouse
gas (GHQG) is a huge problem on the earth. Many of the countries are
targeting to meet the net zero emission of GHG. Alternative renewable
fuels are an urgent need of the world. Biofuels are known as one of
the best sustainable and renewable fuels that could be produced by
various microbes [19]. In a report, Streptomyces fulvissimus was
reported for producing enzymes including amylase, pectinase,
cellulases, and xylanase which help in reducing agricultural waste
into biofuels [20]. In an investigation, Rhodotorula diobovata was
reported accumulating lipids, which were found to generate biodiesel
using sugar beet molasses as substrate [21]. Bacillus strains (Bacillus
atrophaeus, Bacillus spizizenii, and Bacillus aerophilus) associated
from Cinnamomum camphora leaves were reported for biofuel
production [22].

In conclusion, biotechnological tools including microbes are in
high demand as mankind is becoming dependent on this tools.
Biotechnological tools can be used in the agriculture, industries,
energy sector, and environmental sector. In the agricultural sector,
biotechnological tools (biofertilizers and biopesticides) can be used
for crop production and crop protection, whereas, in the environment,
microbes help in the bioremediation of various toxic metals such as
xenobiotics, polycyclic aromatic compounds, azo dyes, oily sludge,
and heavy metals. On the other hand, biotechnology techniques are
also useful for the production of biofuels, vitamins, enzymes, amino
acids, pigments, and probiotics, which could be used for the production
of various industrial products. In recent years, biotechnology and
their applications have been uncovered and in the future, many more
technologies can be unlocked for sustainable development.

REFERENCES

1.  Hesham AE, Kaur T, Devi R, Kour D, Prasad S, Yadav N,
et al. Current trends in microbial biotechnology for agricultural
sustainability: Conclusion and future challenges. In: Yadav AN,
Singh J, Singh C, Yadav N (eds) Current Trends in Microbial
Biotechnology for Sustainable Agriculture. Environmental and
Microbial Biotechnology. Singapore: Springer; 2021. pp. 555-72.
https://doi.org/10.1007/978-981-15-6949-4 22

2. KaurT, DeviR, Kour D, Yadav A, Yadav AN, Dikilitas M, et al. Plant
growth promoting soil microbiomes and their potential implications
for agricultural and environmental sustainability. Biologia.
2021;76:2687-09. https://doi.org/10.1007/s11756-021-00806-w

10.

11.

12.

13.

16.

Berza B, Sekar J, Vaiyapuri P, Pagano MC, Assefa F. Evaluation
of inorganic phosphate solubilizing efficiency and multiple plant
growth promoting properties of endophytic bacteria isolated from
root nodules Erythrina brucei. BMC Microbiol. 2022;22:276. https://
doi.org/10.1186/s12866-022-02688-7

Jiao H, Wang R, Qin W, Yang J. Screening of rhizosphere nitrogen
fixing, phosphorus and potassium solubilizing bacteria of Malus
sieversii (Ldb.) Roem. and the effect on apple growth. J Plant Physiol.
2024;292:154142. https://doi.org/10.1016/j.jplph.2023.154142

Dixit S, Sivalingam PN, Baskaran RK, Senthil-Kumar M, Ghosh PK.
Plant responses to concurrent abiotic and biotic stress: Unravelling
physiological and morphological mechanisms. Plant Physiol
Rep. 2024;29:6-17. https://doi.org/10.1007/s40502-023-00766-0
Parasar BJ, Kashyap S, Sharma I, Marme SD, Das P, Agarwala N.
Microbe mediated alleviation of drought and heat stress in
plants- current understanding and future prospects. Discov Plants.
2024;1:26. https://doi.org/10.1007/s44372-024-00022-1

Mehmood S, Muneer MA, Tahir M, Javed MT, Mahmood T,
Afridi MS, et al. Deciphering distinct biological control and growth
promoting potential of multi-stress tolerant Bacillus subtilis PM32
for potato stem canker. Physiol Mol Biol Plants. 2021;27:2101-14.
https://doi.org/10.1007/s12298-021-01067-2

Li X, Alfarraj S, Ansari MJ. Biocontrol of bacterial wilt biotic stress in
tomato plants by successful host root colonization and inducing host
resistance. J Crop Health. 2024;76:783-92. https://doi.org/10.1007/
$10343-024-01002-x

Singh RK, Tripathi R, Ranjan A, Srivastava AK. Fungi as potential
candidates for bioremediation. In: Sigh P, Kumar A, Borthakur A
(eds) Abatement of Environmental Pollutants: Trends and Strategies.
New York: Elsevier; 2020. pp. 177-91. https://doi. org/10.1016/
B978-0-12-818095-2.00009-6

Mehta A, Bhardwaj KK, Shaiza M, Gupta R. Isolation,
characterization and identification of pesticide degrading bacteria
from contaminated soil for bioremediation. Biol Futur. 2021;72:317-
23. https://doi.org/10.1007/s42977-021-00080-6

Chen W, Li W, Wang T, Wen Y, Shi W, Zhang W, et al. Isolation
of functional bacterial strains from chromium-contaminated site and
bioremediation potentials. J Environ Manage. 2022;307:114557.
https://doi.org/10.1016/j.jenvman.2022.114557

Liu Y, Zhang J, Yang S, Yang H. Biodegradation and removal of
heavy oil using Pseudomonas sp. and Bacillus sp. isolated from oily
sludge and wastewater in Xinjiang Oilfield, China. J Environ Chem
Eng. 2023;11:110123. https://doi.org/10.1016/j.jece.2023.110123
Karmakar M, Jana D, Manna T, Mitra M, Guchhait KC, Dey S, et al.
Bioremediation by Brevibacterium sediminis: A prospective pyrene
degrading agent to eliminate environmental polycyclic aromatic
hydrocarbons. World J Microbiol Biotechnol. 2024;40:377. https://
doi.org/10.1007/s11274-024-04178-6

Kordi M, Salami R, Bolouri P, Delangiz N, Asgari Lajayer B, Van
Hullebusch ED. White biotechnology and the production of bio-
products. Syst Microbiol Biomanufa. 2022;2:413-29. https://doi.
org/10.1007/s43393-022-00078-8

Rafiq M, Hassan N, Hayat M, Ibrar M, Sajjad W, Haleem A, et al.
Geochemistry and insights into the distribution of biotechnological
important fungi from the third pole of the world, Karakoram
mountains range. Geomicrobiol J. 2021;38:395-403. https://doi.org
/10.1080/01490451.2020.1863526

Hemeda NA, Hegazy GE, Abdelgalil SA, Soliman NA, Abdel-
Meguid DI, El-Assar SA. Maximization of red pigment production
from Streptomyces sp. LS1 structure elucidation and application
as antimicrobial/antifouling against human pathogens and marine
microbes. J Genet Eng Biotechnol. 2022;20:168. https:/doi.
org/10.1186/s43141-022-00452-y

Abdella MA, Ahmed SA, Ibrahim OA. Statistical improvement



18.

19.

20.

Yadav, et al .: Journal of Applied Biology & Biotechnology 2025;13(Suppl 1):i-iv

of protease production from a new isolate Bacillus thuringiensis
strain-MAS8 and its application in the production of enzyme-
modified cheese. Int J Biol Macromol. 2023;225:361-75. https://doi.
org/10.1016/j.ijbiomac.2022.11.073

Stumpf L, Schildbach S, Coffey A. Obtaining novel vitamin
B12 production strains Acetobacter malorum HFD 3141 and
Acetobacter orientalis HFD 3031 from home-fermented sourdough.
Appl  Microbiol. 2024;4:986-99. https://doi.org/10.3390/
applmicrobiol4030067

Ali HE, El-Fayoumy EA, Soliman RM, Elkhatat A, Al-Meer S,
Elsaid K, et al. Nanoparticle applications in algal-biorefinery for
biofuel production. Renew Sustain Energy Rev. 2024;192:114267.
https://doi.org/10.1016/j.rser.2023.114267

Mihajlovski K, Bunti¢ A, Mili¢ M, Rajili¢-Stojanovi¢ M, Dimitrijevic-
Brankovi¢ S. From agricultural waste to biofuel: Enzymatic potential
of a bacterial isolate Streptomyces fulvissimus CKS7 for bioethanol

21.

22.

production. Waste Biomass Valori. 2021;12:165-74. https://doi.
org/10.1007/s12649-020-00960-3

Osman ME, Abdel-Razik AB, Zaki KI, Mamdouh N, El-Sayed H.
Isolation, molecular identification of lipid-producing Rhodotorula
diobovata: Optimization of lipid accumulation for biodiesel
production. J Genet Eng Biotechnol. 2022;20:32. https://doi.
org/10.1186/s43141-022-00304-9

Hagaggi NS, Rady EA. The potential of Bacillus species isolated
from Cinnamomum camphora for biofuel production. Microb Cell
Fact. 2024;23:139. https://doi.org/10.1186/s12934-024-02402-4

How to cite this article:

Yadav AN, Kaur T, Pandey A, Rustagi S. Biotechnological trends for
sustainability. J App Biol Biotech. 2025;13(Suppl 1):i-iv. DOI: 10.7324/
JABB.2025.252473ed





