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Abstract: Agriculture shares a sizeable allocation of national income and export incentives in several developing
countries while ensuring food security and employment. Because of the global population boom, food demand is
expected to rise by 3-5 times in the coming years. Rice is staple to more than half of the world’s population.
Globally, plant growth and yield are being hampered by various biotic and abiotic stresses. Among abiotic stresses,
soil salinity, wastewater and, heavy metal stress are causing serious threats to agriculture. Plant growth promoting
rhizobacteria (PGPR) are soil bacteria occurring naturally in the plant root system which aid in their development.
Plant growth promoting bacteria (PGPB) have myriad roles based on their long-term stability such as production
of secondary metabolites, antagonistic activity and defense mechanisms against heavy metals stress. Hence PGPR
help to maintain sustainable plants development and growth. Expansion of agriculture services via an ecologically
sound approach is a major challenge in today’s scenario of increasing population. Plant growth promoting bacteria
is considered as one of the best plans of action for sustainable agriculture, and an improved mechanism to meet
the coupled challenges of global food security and environmental stability. Therefore, in this review we highlight
the utilization of plant growth promoting bacteria for the development of a safe biological strategy to obtain
sustainable rice productivity.

Keywords: Heavy metal; PGPR; Salinity; Sustainable agriculture; Wastewater

1. Introduction:

Plant growth promoting rhizobacteria (PGPR) are naturally occurring soil bacteria that colonize plant roots and
help in their growth. They help by enhancing the supply of nutrients, producing plant hormones and siderophores,
providing free-living nitrogen-fixing bacteria, and improving disease resistance. These bacteria are not simply
add-ons to biodiversity of the rhizosphere but are also necessary to the host plants. They can be considered as a
new, safe biological strategy that can replace the use of chemical fertilizers and pesticides in agriculture. Hence
rhizobacteria play a pivotal role in the ecosystem imparting several benefits.

Rice is one of the major staple foods for more than half of the global population. An estimated 3.5 billion
people depend on rice for more than 20% of their total calorie intake [1]. Globally rice is grown in more than 100
countries spread across 6 continents and in different climatic conditions [2]. About 90% of the world rice comes
from Asia, with the major producers being India and China [2].

By 2050, the world food production must expand by 70% to feed the booming population [2]. So, there is
a great challenge lying ahead for scientists and agriculturists alike. Globally, rice growth and yield are being
hampered by various biotic and abiotic stresses. Rice production faces tremendous risk from various abiotic
stresses such as soil, salinity, extreme temperature, drought, wastewater, and heavy metal stress.

1.1. Abiotic stresses and rice production:

Soil salinity is a massive environmental threat to world agriculture and food production. Rice is considered as a
salt sensitive crop [3,4]. On the basis of tolerance ability, the growth and yield of rice are considerably affected
by soil salinity [5]. It is alarming for food security of rapidly growing populations like Asia. About 20% of
irrigated land producing one-third of the world’s food is affected by salt stress [6]. Salt stress affects the vegetative
stage as well as reproductive stage of rice that reduces production and yield [7-11].

Table 1: Nutrient deficiency during salinity stress in rice plant
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Nutrient Adversarial Coactive References
Deficiency
Potassium ion High Na*and low K* in the _ [12]
(K% cytoplasm of the cell
Magnesium _ Concentration of Na* increases | [13]
(Mg) as salinity stress increases
Zinc (Zn) When salt stress increases Zn _ [13]
deficiency occurs
Nitrogen (N) Under salt stress N dificiency _ [14]
occur
Phosphorous P decreases in rice grain under _ [15]
(P) salinity stress
Iron (Fe) When Na* increase Fe _ [16]
dificiency occur
Calcium ion Under high Na* concentration _ [14]
(Ca®) Ca®*decreases

The contamination of heavy metal in the soil has serious implication on crops. Heavy metal accumulation in plants
causes production of reactive oxygen species which leads to cell death and thus affecting the crop productivity
[17]. Studies reveal the impact of heavy metals toxicity on rice at numerous levels such as molecular, biochemical,
physiological, cellular and tissue, and demonstrated a relation between heavy metals toxicity and decreasing the
rice productivity [18,19]. The heavy metals gradual agglomeration in rice grain and their subsequent transfer to
food chain is a major threat to agriculture and human [20-24].

Table 2: Effects of Heavy metals on Rice plant

Heavy metals Effects References

Arsenic (As) Reduce seed germination; decrease in height of seedling; | [25]
reduced leaf and dry matter production.

Lead (Pb) Reduction of chlorophyll, nitrogen and protein content and | [26]
carotenes

Mercury (Hg) Decreases plant height, reduces tiller and panicle | [26,27]
productivity. Increases its bioaccumulation in shoot and root
of seedlings

Nickel (Ni) Inhibition of root and shoot growth, decline in fresh and dry | [28]
weight

Cadmium (Cd) Inhibition of seed germination, decline of ascorbic acid | [29,30]
content

The industrial outflow and municipal sewage that are rapidly discharged in the ecosystem cause pollution and
interfere with the plant growth. Wastewater contains different pollutants such as pathogenic species, oxygen
demanding wastes, heavy metals, pesticides, sewage sludge [31] and harmful microbes, organic chemicals and
plant nutrients [32]. This sewage water increases agricultural productivity due to the presence of nutritive
elements. However, the presence of heavy metals results in phytotoxicity which reduces cellular activities and
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retards plant growth [33-36]. Some studies revealed that waste water causes reduction in chlorophyll a and b and
carotenoid content in rice. Also, higher concentration of municipal sewage water hampers seed germination [37].

Table 3: Pollutants in wastewater and their potential effects through agricultural use
Component Criteria Effects

Stable organics Phenols, pesticides, -Stay in the environment for a long time
chlorinated hydrocarbons -Detrimental to the environment
-Cause wastewater inapt for irrigation

Nutrients N, P, K, etc -High N concentration leads to nitrogen injury,
prolonged vegetative growth, delayed reproduction
and maturity

-Excess N, and P can lead to eutrophication
-Nitrogen leaching pollutes groundwater with
serious health and environmental implications

Dissolved inorganic | TDS, EC, Na, Ca, Mg, Cl, | -Higher salinity and related adverse complications

substances and B - Cause phytotoxicity
-Effect permeability and soil structure

Heavy metals Cd, Pb, Ni, Zn, As, Hg, etc | - Cause wastewater inapt for irrigation
-Bioaccumulation in aquatic organisms (fish and
planktons)

-Harmful to plants and animals

-Pervasive uptake by plants

-Subsequent consumption by humans or animals
-Bad health effects

Hydrogen ion pH -Adverse effects on plant growth because of acidity

concentration or alkalinity

Residual chlorine in Both free and combined -Leaf tip burn

tertiary treated chlorine -Contaminate ground water and surface water

wastewater (cancer-causing effects of chlorides from when
chlorine amalgamate with residual organic
compounds)
-Greenhouse effect

Suspended solids Volatile compounds, -Deposition of sludge causing anaerobic conditions

suspended and colloidal -Blocking of irrigation equipments and system like
impurities sprinklers
Biodegradable organics BOD, COD -Reduction of dissolved oxygen in surface water

-Occurrence of septic conditions
-Unstable habitat and environment
-Detrimental to pond-breeding amphibians
-Increases fish death rate

-Build up humus

Pathogens Virus, bacteria, helminth | -Cause various diseases

eggs, fecal coliforms etc.

2. PGPR: the phyto-friendly soil microbes:

A narrow surface of soil bordering roots which is highly active is called rhizosphere where bacterial communities
function through root activities [38]. The bacteria occupying the rhizosphere which are beneficial to plants are
termed as Plant Growth Promoting Rhizobacteria or PGPR. From the past few years, the role of rhizobacteria has
become very interesting in ecological systems as they impart benefits to the system. Many species of bacteria like,
Azospirillum, Azotobacter, Alcaligenes, Arthrobacter, Burkholderia, Bacillus, Enterobacter, Klebsiella,
Pseudomona, and Serratia have been shown to enhance plant growth by indirect and direct mechanisms [39-42].
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Siderophores are low-molecular weight secondary metabolites with iron chelating capacity. Siderophores
produced by some PGPR play an important role in bioremediation of heavy metals [43] and detoxification of
heavy metal contamination [5]. The most frequently studied PGPR are Azotobacter, Azospirillum, Bacillus,
Enterobacter, Gluconacetobacter, Pseudomonas, Paenibacillus, Rhizobium, and Serratia [44,45]. Bacillus is
known to be highly adaptable and is an important PGPR having numerous physiological benefits [46]. In addition,
Actinobacteria are well known for their potential to assemble secondary metabolites and plant growth regulators
[47]. Apart from being biological controllers, Actinobacteria can also mobilize minerals and metals in various
crops [47].

Furthermore, PGPR helps in the production of phytohormones naturally and reduce the application of
chemical fertilizers. Biosynthesis of Indole-3-acetic acid (IAA) takes place in plant-associated bacteria.
Interactions between plants and IAA producing bacteria have various implication on the plant such as
phytostimulation and pathogenesis [48]. Bacteria use IAA to interact with different plants as a part of their
colonization approach bypassing basal plant defense mechanisms [48]. Apart from these, some rhizobacteria
occupy inner plant roots in close proximity and are known as root endophytes [49]. Endophytic bacteria are chief
members of PGPR and are now considered to be more effective in comparison with rhizospheric bacteria [50].
Endophytes belong to various bacterial phyla such as Acidobacteria, Actinobacteria, Ascomycota, Bacteriodetes,
Basidiomycota, Deinococcus-Thermus, and Firmicute.

Table 4: Benefits of plant growth promoting rhizobacteria inoculation in rice

Benefits of PGPR PGPR References
Inoculation to Plant

Tolerance to salinity Azospirillum sp. [51]
Tolerance to biotic stress | Bacillus amyloliquefaciens, [52,53]
(biocontrol) Streptomyces sp.

Plant growth promotion Paenibacillus polymyxa [54]
Bio-stimulation by Azospirillum lipoferum, [55]
phytohormones

production

Bio-remediation of heavy | Bacillus sp., Pseudomonas sp, Bacilus [56]
metals and pollutants cereus, Enterobacter sp.

3. PGPR as stress alleviating agent in rice production:

Under high salt condition, plants show compromised leaf growth due to decrease water uptake, which restricts
photosynthetic ability. 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase holding PGPR are present in
different soils and offer promising bacterial inoculum for enhancement of plant growth under unfavourable
conditions such as presence of heavy metals, phytopathogens, salinity, and drought. Inoculation of ACC
deaminase carrying PGPR may support plant growth by removing deleterious effects of ethylene formed during
salt stress [57]. For example, Cavite et al. [58] found that application of PGPR isolates with various growth
promoting activities including ACC deaminase activity in combination with some recommended rate of inorganic
fertilizers demonstrated improved growth and yield; implying that the use of chemical fertilizers can be
substantially reduced by utilizing PGPR. A PGPR, Bacillus amyloliquefaciens was found to confer reistance
against various abiotic stresses in rice [59].

Microbes alleviate toxicity of heavy metals by production of proteins, phytoantibiotics, acids and other
chemicals [60]. The presence of beneficial microbes enhance plant growth and protect the plants from metal
toxicity. For instance, Pseudomonas putida is an outstanding candidate for field application since it is tolerant to
various heavy metals at elevated concentrations [61]. Bioremediation technique is now being employed to remove
pollutants such as pesticides, polyarmatic hydrocarbons, heavy metals and other toxic wastage [62]. PGPR
influenced bioremediation can be a very environmental friendly and cost effective technology for cleaning
contaminated soils and simultaneously increasing crop productivity. A potent cadmium (Cd) resistant PGPR
isolated from rice rhizosphere nearby a highly polluted area demonstrated substantial rice growth under Cd stress
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conditions [63]. Bacillus cereus also has the ability to alleviate Cd toxicity and improve phytoremediation activity
in rice [64]. Similarly, PGPR inoculation can be effectively used to reduce Arsenic (As) contamination and
improve rice yield in As-effected paddy fields [65].

4. Current constraints and future prospects

Eco-friendly and effective application of microbes and microbe-based products should be practised on large scale.
However, without performing successful experiments in laboratories and under controlled plant growth conditions
and without having appropriate knowledge on microbial efficiency, it is impossible to successfully transfer this
techonology to the field. The first factor that stops farmers in applying microbe-based techniques is the dearth of
practical evidence of their performance in the field. Secondly, relative to PGPR associated products, agro-
chemicals in small amounts have effective and immediate action. This has limited the use of PGPR-based
products. Thirdly, high fixed cost of bioproducts pose a great disadvantage. Since PGPR based products are new
arrivals in the market, their prices will reduce only when they are distributed on a large scale. Another major
challenge of using PGPR is their unpredictable behaviour in the field. It is hard to estimate an organism’s reaction
which is solely dependent on plant-microbe specificity. To address these issues and difficulties, more research in
this area is required.

For safe and sustainable agricultural future, there is a need to produce sufficient amount of food crops
concentrating on three main directions viz., disease resistance, stress tolerance, and high nutrient content. PGPR
application can be an useful method for achieving this goal. The implementation of microbial traits in agricultural
crop production can be used as continual strategy to eliminate the negative effects of climate change and global
warming. There is a necessity to influence farmers to use bio-inoculants via acceptable and dependable products
thereby gaining their faith in agrobiologicals. Large-scale use of microbial inoculants in agriculture can minimize
the chemical load thereby reducing the risk of global warming. PGPR can play a pivotal role in improving crop
productivity through various mechanisms viz., biofertilization, biocontrol, bioremediation and biofortification,
and in the process achieve agricultural sustainability for a better tomorrow.

5. Conclusion

Various biotic and abiotic stresses pose serious threats to rice growth and yield. Expansion of agriculture services
via an environmentally suitable approach is a key issue in the today’s situation of expanding population and
climate change. Farmers are still dependent on chemical fertilizers and explicit use of these harmful chemicals
has only increased the problems. Plant growth promoting bacteria (PGPB) are useful because of their long-term
stability and production of secondary metabolites, antagonistic activity, modulated defense mechanisms to resist
heavy metals, wastewater and salinity stress. The considerable developments in recent years are noticeable in the
area of plant-microbe interactions. PGPR strains showing enormous plant favouring activities are now known.
Future development in the field of PGPR diversity, ability of colonization, mechanism of action, application and
formulation could make this technology an authentic part of sustainable rice cultivation.

References:

[1] IRRI, Africa Rice and CIAT (2010) Global Rice Science Partnership (GRiSP). CGIAR Thematic Area 3:
sustainable crop productivity increase for global food security. A CGIAR Research Program on Rice-Based
Production Systems. IRRI, Philippines, Africa Rice, Benin and CIAT, Colombia

[2] FAO (Food and Agriculture Organization) (2009). High Level Expert Forum-How to Feed the World in 2050.
Economic and Social Development Department. Food and Agricultural Organization of the United Nations,
Rome.

[3] E. V. Mass, and G. J. Hoffmann, Journal of the Irrigation and Drainage Division, 103, 115-134, 1997.

[4] N. Ashraf, X. Gine, & D. Karlan, American Journal of Agricultural Economics, 91, 973-90, 2009.

[5] P. Mishra, K. Bhoomika, & R. S. Dubey, Protoplasma, 250, 3-19, 2013.

[6] P. Shrivastava, & R. Kumar, Saudi Journal of Biological. Sciences, 22, 123-131, 2015.

[7] R. Munns, Plant Cell Environment, 25, 239-250, 2002.

[8] A. Shereen, S. Mumtaz, S. Raza, M. A. Khan, & S. Solangi, Pakistan Journal of Botany, 37, 131-139, 2005.
[9] M. R. Amirjani, European Journal of Biological Sciences, 3, 6-16, 2010.

[10] J. Fu, Z. H. Huang, Z. Q. Wang, J. C. Yang, & J. H. Zhang, Field Crops Research, 123, 170-182, 2011.
[11]J. Zhang, Y. J. Lin, L. F. Zhu, S. M. Yu, K. K. Sanjoy, & Q. Y. Jin, Field Crops Research, 177, 64-74, 2015.
[12] J. Y. Jung, R. Shin, & D. P. Schachtman, The Plant Cell, 21, 607-621, 20009.

JAFS|ISSN 2395-5554 (Print)|ISSN 2395-5562 (Online)|Vol 7(2)|December 2021 90



Journal of Applied and Fundamental Sciences

[13] M. A. Razzaque, N. M. Talukder, M. T. Islam, & R. K. Dutta, Archives of Agronomy and Soil Science, 57,
33-45, 2011.

[14] Amanullah, & Inamullah, Rice Science, 23, 78-87, 2016.

[15] G. Naheed, M. Shahbaz, C. A. Ltif, & E. S. Rha, Pakistan Journal of Botany, 39, 729-737, 2007.

[16] M. J. Garcia, C. Lucena, F. J. Romera, E. Alcantara, & R. Pérez Vicente, Journal of Experimental Botany,
61, 3885-3899, 2010.

[17] L. B. Pena, C. E. Azpilicueta & S. M. Gallego, Journal of Trace Elements in Medicine and Biology, 25, 125-
129, 2011.

[18] Q. Zhou, X. Wang, R. Liang, & Y. Wu, Soil and Sediment Contamination: An International Journal, 12, 851-
864, 2003.

[19] T. Arao, S. Ishikawa, M. Murakami, K. Abe, Y. Maejima, & T. Makino, Paddy and Water Environment. 8,
247-257, 2010.

[20] S. Suzuki, N. Djuangshi, K. Hyodo, & O. Soemarwoto, Archives of Environmental Contamination and
Toxicology, 9, 137-499, 1980.

[21] S. Suzuki, & S. Iwao, Biological Trace Element Research, 4, 21-28, 1982.

[22] I. F Rivai, H. Koyama, & S. Suzuki, Bulletin of Environmental Contamination and Toxicology, 44, 910-916,
1990.

[23] M. S. Fazeli, F. Khosravan, M. Hossini, S. Sathyanarayan, & P.N. Satish, Environmental Geology, 34, 297-
302, 1998.

[24] N. Herawati, S. Suzuki, K. Hayashi, | .F Rivai, & H. Koyama, Bulletin of Environmental Contamination and
Toxicology, 64, 33-39, 2000.

[25] A. R. Marin, S. R. Pezeshki, P. H. Masschelen, & H. S. Choi, Journal of Plant Nutrition, 15, 1993.
https://doi.org/10.1080/01904169309364580

[26] X. Du, Y.-G. Zhu, W.-J. Liu, & X.-S. Zhao, Environmental and Experimental Botany, 54, 1-7, 2005.

[27] M. G. Kibra, Soil & Environment, 27, 23-28, 2008.

[28] M. Rizwan, M. Imtiaz, Z. Dai, S. Mehmood, M. Adeel, J. Liu, & S. Tu, Environmental Science and Pollution
Research International, 24, 20587-20598, 2017.

[29] N. Ahsan, S-H. Lee, D-G. Lee, H .Lee, S. W. Lee, J. D. Bahk, & B-H. Lee, Comptes Rendus Biologies, 330,
735-746, 2007.

[30] Y-Y. Chao, C-Y. Hong, & C. H. Kao, Plant Physiology and Biochemistry, 48, 374-381, 2010.

[31] M. J. Abedi, & P. Najafi, National Committee of Irrigation and Drainage of Iran 47, 2001.

[32] S. U. R. Kaker, A. Wahid, R. B. Tareen, S. A. Kaker, M. Tarig, & S. A. Kayani, Pakistan Journal of Botany,
42, 317-328, 2010.

[33] A. Tsakou, M. Roulia, & N. S. Christodoulakis, Bulletin of Environmental Contamination and Toxicology,
71, 0330-0337, 2003.

[34] A. Ghafoor, M. Qadir, M. Sadigm, & M. S. Brar, Journal of Indian Society of Soil Sciences, 52, 114-117,
2004.

[35] M. Shafig, & M. Z. Igbal, Journal of New Seeds, 7, 95-105, 2006.

[36] E. M. Hbaiz, E.M. Ouihman, A. Ouzair, M. Lebkiri, A. Allam, H. Kassaoui, A. Lebkiri, E. H. Rifi, & M.
Fadli, The Journal of Physical Chemistry, 59, 182-88, 2011.

[37] N. Akhtar, S. Khan, 1. Malook, M. Jamil, & G. Shah, Interciencia Journal. 48, 102-123, 2018.

[38] L. Hiltner, Arbeiten der Deutschen Landwirtschaftlichen Gesellschaft, 98, 59-78, 1904.

[39] J. W. Kloepper, R. Lifshitz, & R. M. Zablotowicz, Trends in Biotechnology, 7, 39-43, 1989.

[40] Y. Okon, & C.A. Labandera-Gonzalez, Soil Biology and Biochemistry, 26, 1591-1601, 1994.

[41] B. R. Glick, Canadian Journal of Microbiology, 41, 109-117, 1995.

[42] B. Joseph, R. R. Patra, & R. Lawrence, International Journal of Plant Production, 1, 141-152, 2007.

[43] M. Saha, S. Sarkar, B. Sarkar, B. K. Sharma, S. Bhattacharjee, P. Tribedi, Environmental Science and
Pollution Research International, 23, 3984-3999, 2016.

[44] P. N. Bhattacharyya, & D. K. Jha, World Journal of Microbiology and Biotechnology, 28, 1327-1350, 2012.
[45] N. K. Arora, Plant microbe symbiosis: Applied facets. Springer, New Delhi, 2015.

[46] B. K. Kashyap, M. K. Solanki, A. K. Pandey, S. Prabha, P. Kumar, In R. Ansari & I. Mahmood (Eds.), Plant
Health under Biotic Stress (pp. 219-236). Springer, Singapore, 2019.

[47] A. Sathya, R. Vijayabharathi, & S. Gopalakrishnan, 3 Biotech, 7, 102, 2017, https://doi.org/10.1007/s13205-
017-0736-3.

[48] S. Spaepen, J. Vanderleyden, & R. Remans, FEMS Microbiology Reviews, 31, 425-448, 2007.

[49] B. Schulz, & C. Boyle, In B. J .E. Schulz C. J. C. Boyle & T. N. Sieber (Eds.), Microbial root endophytes
(pp. 1-13). Berlin: Springer, 2006.

[50] P. R. Hardoim, L. S. van Overbeek & J. D. van Elas, Trends in Microbiology, 16, 463-471, 2008.

JAFS|ISSN 2395-5554 (Print)|ISSN 2395-5562 (Online)|Vol 7(2)|December 2021 91



Journal of Applied and Fundamental Sciences

[51] S. Suliasih, Journal of Biological Researches, 19, 11-14, 2013.

[52] S. Srivastava, V. Bist, S. Srivastava, P. C. Singh, P. K. Trivedi, M. H. Asif, P. S. Chauhan, & C. S. Nautiyal,
Frontiers in Plant Science. 6, 587, 2016.

[53]J. W-F. Law, H-L. Ser, T. M. Khan, L-H. Chuah, P. Pusparajah, K-G. Chan, B-H. Goh, & L-H. Lee, Frontiers
in Microbiology, 8, 2017, https://doi.org/10.3389/fmicb.2017.00003.

[54] Y. Abdallah, M. Yang, M. Zhang, M. M. I. Masum, S. O. Ogunyemi, A. Hossain, Q. An, C. Yan, & B. Li,
Letters in Applied Microbiology, 68, 423-429, 2019.

[55] F. D. Cassan, C. D. Lucangeli, R. Bottini, & P. N. Piccoli, Plant Cell Physiology, 42, 763-767, 2001.

[56] S. Pandey, P. K. Ghosh, S. Ghosh, T. K. De, & T. K. Maiti, Journal of Microbiology, 51, 11-17, 2013).
[57] A. A. Belimov, V. I. Safronova, T. A. Sergeyeva, T. N. Egorova, V. A. Matveyeva, V. E. Tsyganov, A. Y.
Borisov, I. A. Tikhonovich, C. Kluge, A. Preisfeld, K. Dietz, & V. V. Stepanok, Canadian Journal of
Microbiology. 47, 642-652, 2001.

[58] H.J. M. Cavite, A. G. Mactal, E. V. Evangelista, & J. A. Cruz, Journal of Plant Growth Regulation, 40, 494—
508, 2021.

[59] S. Tiwari, V. Prasad, P. S. Chauhan, & C. Lata, Frontiers in Plant Science, 8, 2017,
https://www.frontiersin.org/article/10.3389/fpls.2017.01510.

[60] Y. Ma, R. S. Oliveira, H. Freitas & C. Zhang, Frontiers in Plant Science, 7, 2016,
https://doi.org/10.3389/fpls.2016.00918.

[61] S. Chacko, P. W. Ramteke, & S. A. John, Journal of Bacteriology Research 1, 046-050, 2009.

[62] S. Bisht, P. Pandey, B. Bhargava, S. Sharma, V. Kumar, & K. Sharma, Brazilian Journal of Microbiology,
46, 7-21, 2015.

[63] K. Pramanik, S. Mitra, A. Sarkar, T. Soren, & T. K. Maiti, Agriculture and Natural Resources, 52(3), 215-
221, 2018.

[64] M. Jan, G. Shah, S. Masood, I. K. Shinwari, R. Hameed, E. S. Rha, & M. Jamil, Biomed Research
International, 12, 2019, https://doi.org/10.1155/2019/8134651.

[65] A. W. Xiao, Z. Li, W. C. Li, & Z. H. Ye, Chemosphere, 242,
https://doi.org/10.1016/j.chemosphere.2019.125136

JAFS|ISSN 2395-5554 (Print)|ISSN 2395-5562 (Online)|Vol 7(2)|December 2021 92


https://www.frontiersin.org/article/10.3389/fpls.2017.01510
https://doi.org/10.3389/fpls.2016.00918
https://doi.org/10.1155/2019/8134651

