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Abstract

In world agriculture; such as the one implemented in Mexico; the use of fossil fuels in machinery for soil preparation and
harvesting of an agricultural crop is common. As a result; waste residual oil (WMO) is generated in that sese agricultural
soil impacted by 80;000 ppm of WMO exceeds the limit of 4;400 ppm of hydrocarbons according to Mexican environmental
regulation NOM-138-SEMARNAT/SS-2003 (NOM-138). WMO causes loss of fertility and environmental pollution. A
sustainable strategy of solution is biostimulation and phytoremediation. The aims of this research were:

i) Biostimulation of an agricultural soil impacted by 80;000 ppm WMO then by

i) Phytoremediation sowing H. annuus inoculated with B. vietnamiensis and P. polymyxa to reduce WMO at concentration
value below the NOM-138 maximum. The variable-response variables of WMO bioelimination from an agricultural soil
were: initial and final WMO concentration by Soxhlet; phenology and biomass of H. annuus with

B. vietnamiensis and P. polymyxa. Experimental data were validated by ANOVA/Tukey HSD P<0.05 %. The results indicate
that biostimulation and phytoremediation sowing H. annus with B. vietnamiensis and P. polymyxa were effective in reducing
WMO concentration from 80;000 ppm to 1000 ppm; a value below the maximum limit of NOM-138 an evidence of soil
bioremediation. It is concluded that a sustainable strategy to recover the agricultural productivity of a soil impacted by
mixture of hydrocarbons It is possible by exploiting the natural microbial heterotrophic aerobic capacity that in combination
with plants that tolerate and mineralize hydrocarbon mixtures such as WMO.

Introduction

In world agriculture; such as the one implemented in Mexico; the use of fossil fuels in machinery for soil preparation and
harvesting of an agricultural crop is common Waste Motor Oil (WMO) is composed of mixtures of aliphatic and aromatic
Hydrocarbons (HCs) and is one of the main pollutants in the environment; especially in the soil [1]. In Mexico; (WMO) is
classified as hazardous waste by the General Law of Ecological Balance and Environmental Protection (LGEEPA); which
establishes that it must be recycled or disposed of to prevent soil contamination. When WMO is accidentally spilled into the soil; it
negatively alters the main physicochemical properties of the soil; starting with the formation of a layer that prevents gas exchange
with the atmosphere; which inhibits the mineralization capacity of native aerobic heterotrophic aerobic microorganisms for the
elimination of WMO; which participate in the biogeochemical cycles that sustain life [2], and the agricultural productivity of
the soil is lost [3]. Due that Mexican environmental regulation NOM-138-SEMARNAT/SS-2003 (NOM-138) establishes the
maximum HCs concentration recognized as a risk to soil health at 4,400 ppm. In general; when a soil is contaminated by WMO
it is remediated with chemical methods with strong oxidizing agents; which have disadvantage of high cost and negative side
effects for the environment [4]. An alternative ecological solution is biostimulation; which promoting the metabolic capacity of
aerobic heterotrophic microorganisms to eliminate HCs from the soil to mineralize WMO [5], first BIS with a detergent that
emulsifies the WMO. This is followed by a BIS with a mineral solution that supplies the soil with N (nitrogen); K (phosphorus);
and (K) potassium salts to balance the C: N (carbon: nitrogen) ratio caused by excess WMO [6], where native microorganisms
are induced to partially oxidize WMO [7]. Subsequently; a BIS with a vermicompost; simultaneously with the seeding of Vicia
sativa or green manure [8]. Biostimulation enrich the soil with organic and inorganic N compounds that induce native soil
microorganisms; to mineralize the aliphatic fraction of WMO; to cometabolism of aromatic hydrocarbons WMO mineralization
[9]. During BIS; it is necessary to adjust soil moisture to 80% of field capacity; that ensures gaseous and water exchange; to induce
the maximum oxidation of WMO [10]. Then WMO bioremoval is concluded with phytoremediation by Helianthus annuus
[11,12] due phytodegradation at root system level; effectively reduces the concentration of WMO. Phytodegradation is an action
of the plant root system for the removal of WMO; that can be enhanced by: endophytic plant growth promoting bacteria as well
as: Burkholderia vietnamiensis and Paenibacillus polymyxa that accelerate the mineralization of the aromatic fraction of WMO
[13], in reducing its concentration value below the maximum value accepted by NOM-138. It is reported in the literature that soil
impacted by high concentrations of HCs mixtures such as WMO can treated by biostimulation or phytoremediated individually;
but these actions are insufficient to reduce its concentration to a value below the maximum accepted by NOM-138 [14]. The aims
of this research were: i) biostimulation of an agricultural soil impacted by 80;000 ppm WMO and ii) phytoremediation sowing
Helianthus annuus inoculated with B. vietnamiensis and P. polymyxa to reduce WMO at value below the maximum accepted
by NOM-138.

Material and Methods

This research was carried out in the greenhouse of the Environmental Microbiology Laboratory of the Chemical Biological
Research Institute of the UMSNH; Morelia; Mich.; Mexico. In this greenhouse the microclimatic conditions were temperature
23.2°C; luminosity 450 pmol-m-2-s-1 and relative humidity 67%.
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Agricultural soil origin and preparation

An agricultural soil belongs to a site located at 19° 39° 27” north latitude 100° 19’
59” west longitude; with an altitude of 1;820 meters above sea level (masl) temperate
climate; in an agricultural place called “La cajita” of Tenencia Zapata in the municipality
of Morelia; Mich.; Mexico; on km 5 of the Morelia-Patzcuaro highway; Mich (Table 1)
shows the main physicochemical properties of the soil according to NOM-021-RECNAT
2000. The soil was solarized for 48 h; to reduce the problem of pests and plant diseases;
sieved with a No. 20 mesh [15]; then contaminated by 80;000 ppm of WMO collected in
an automotive mechanic workshop in the city of Morelia; Michoacdn; Mexico; dissolved
in 20 mL of Roma® detergent at 1.0 % (w/v) that was the first way to begin with the
bioremediation process of the agricultural soil. The initial concentration of WMO was
determined by the Soxhlet method [16]. Then 1.0 kg of soil was placed in the upper
part of the Leonard jar (Figure 1) with mineral solution (during biostimulation and
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Figure 1: Leonard s jar diagram.

Table 1: Physicochemical properties of soil nopolluted by waste motor oil.

Parameter Value Interpretation
pH 5.55 Moderately acid
Organic matter 6.86% Medium*
Cation exchange capacity 34.00 Cmol(+) Kg! High

18.9 % Ac-19.5 % L-61.6

Texture % Ar Franco-sandy
Real density (Rd) 2.04 g/cm?® No interpretation in NOM
Apparent density (Ad) 0.89 g/cm’ Common in volcanic soil
Porosity*™* 56.38% Slightly high +
Percentage of moisture
saturation 34.30% Normal+
Field capacity*** 15.79% Normal+
Usable moisture 7.90% Normal+

Ar: sand, L: silt, Ac: clay, *for soils of volcanic origin, **calculated from Ad and Rd; ***
estimated from texture, +reported for sandy loam soils. NOM-021-RECNAT-2000

Biostimulation of soil impacted by 80;000 ppm of waste motor oil

This research was conducted in two phases; with the experimental design with 3
treatments; 2 controls and 6 replicates:

i. Soil not polluted by WMO; fed with a mineral solution and vermicompost or
relative control (CR);

ii.  Soil impacted by WMO irrigated with water or negative control (NC).

ili.  Soil contaminated by WMO biostimulated first with a mineral solution with
the following chemical composition was (gL"): NH,NO,; 10. 0; KHPO; 2.5;
KH,PO,; 2.0; MgSO,; 0.5; NaCl; 0.1; CaCl,; 0.1; FeSO,; trace and 1.0 mL/L of a
microelement solution with the following composition (gL'): H,BO; 2.86;
ZnS0,*7H,0; 0.22; MgCL*7H,0; 1.81 and pH adjusted to 6.8. A biostimulation of
soil polluted by WMO 18.0 mL of MISO; applied every third day for one month;
to maintain moisture at 80 % of field capacity (Wendlassida et al.; 2020) in the
second biostimulation it was enriched with a 3 % vermicompost for 2 months. For
the third biostimulation; Vicia sativa was sown in pots with agricultural soil not
pollutes by WMO; it was allowed to grow until seedling; one month later it was
fallowed and incorporated to enrich the soil impacted by WMO as green manure
for 2 months [8], at the end of this phase the WMO concentration was quantified
by the Soxhlet method [16].

Phytoremediation of soil contaminated by waste motor oil; sowing
Helianthus annuus inoculated with Burkholderia vietnamiensis and
Paenibacillus polymyxa

In this step; B. vietnamiensis and P. polymyxa I endophytic plant growth promoting
bacteria isolated from roots of Zea mays var mexicana or teosinte (ancient maize) in
that sense: B. vietnamiensis was reproduced on Pseudomonas cepacia azelaic acid and
tryptamine agar (PCAATA) with the following composition (gL*): MgSO4 0. 1; azelaic
acid 2.0; tryptamine 0.4; K,HPO, 4.0; KH,PO, 4.0; yeast extract 0.02; agar 18.0; pH was
adjusted to 6.8; PCAATA was incubated at 30 °C/24 h. While P. polymyxa was grown on
nutrient agar (NA) with the following composition (gL"): meat extract 3.0; meat peptone
5.0; agar 18.0; pH adjusted to 7.0; which incubated at 30°C/72 h; then H. annuus seeds
were disinfected with Clorox®/2.5 min and 70 % alcohol/2. 5 min; washed with sterile
water four times; every 20 seeds were inoculated with 0.5 mL of B. vietnamiensis and/or
P. polymyxa with a bacterial density of each equivalent to 1 x106 CFU/ml per viable plate
count in PCAATA and NA; respectively; which were sown in soil not polluted by WMO;
there H. annuus germinated; after that it was transplanted into soil not polluted by WMO.
H. annuus germinated; it was transplanted to soil polluted by WMO remaining from the
biostimulation; according to the experimental design with 5 treatments; 2 controls and
6 replicates:

i. Soil not polluted by WMO; fed with a mineral solution or RC; there H. annuus was
transplanted without B. vietnamiensis and/or P. polymyxa;

ii.  Soil impacted by WMO without biostimulation or NC; there H. annuus was
transplanted without B. vietnamiensis and/or P. polymyxa and iii) soil contaminated
by 37;600 ppm WMO remaining from the BIS; there H. annuus inoculated with B.
vietnamiensis and/or P. polymyxa was transplanted fed with mineral solution. The
variable-response during Phytoremediation of the soil impacted by WMO sowing
H. annuus inoculated with B. vietnamiensis and/or P. polymyxa at pre-flowering
were phenology: plant height (PH); Root Length (RL); biomass: Aerial and Root
Fresh Weight (AFW)/(RFW) and Aerial and Root Dry Weight (ADW)/(RDW).
At the end of this phase; the concentration of WMO remaining in the soil was
determined by Soxhlet [16].

Statistical analysis

The experimental data were validated by ANOVA/Tukey HSD P<0.05 % with the
statistical program Statgraphics Centurion XVLI [17].

Results
(Table 2) shows the biostimulation of soil contaminated by 80;000 ppm WMO; was

reduced to 37;600 ppm in 5 months; this value was statistically different compared to
79;200 ppm WMO in soil polluted by WMO not biostimulated used as NC.
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Table 2: Biostimulation of soil impacted by 80,000 ppm of waste motor oil.

Waste motor oil
(ppm)
* Soil with waste motor oil Initial Final
Irrigated with water or negative control (NC) 80,000* 79,200b***
**Bjostimulated 80,000* 37, 600*

*n=6; ** Sequential biostimulation with mineral solution, vermicompost and Vicia sativa
as green manure *** Different letters with statistical difference at 0.05 % according to
Tukey.

(Table 3) shown the phenology and biomass of H. annuus with P. polymyxa at pre-
flowering during phytoremediation of agricultural soil impacted by WMO: with 35.71 cm
PH and 7.67 cm RL registered; numerical values statistically different to 23.38 cm PH and
4.38 cm RL of H. annuus with B. vietnamiensis biostimulated. While in terms of biomass
of H. annuus with B. vietnamiensis and/or P. polymyxa in soil impacted by WMO reached
2.04 g AFW and 0.45 g RFW both numerical values had no statistical difference compared
to 2.45 g AFW and 0.41 g RFW of H. annuus without B. vietnamiensis or P. polymyxa in
soil not contaminated by WMO or RC. While H. annuus with B. vietnamiensis and P.
polymyxa in agricultural soil impacted by WMO 0.80 g ADW and 0.06 g RDW; these
numerical values had no statistical difference compared to the 0. 29 g ADW and 0.04 g
RDW of H. annuus with P. polymyxa in soil polluted by WMO; with 0.62 g ADW and 0.03
g RDW of H. annuus uninoculated with B. vietnamiensis and/or P. polymyxa used as RC.

Table 3: Phenology and biomass of Helianthus annuus inoculated with Burkholderia
vietnamiensis and Paenibacillus polymyxa after phytoremediation of soil impacted by
37,600 ppm of waste motor oil remaining from biostimulation.

Fresh Weight
Plant Root | (8) Dry weight(g)
*Helianthus Annuus Height | Length
in Soil (cm) (cm) Aerial | Root Aerial | Root
79,200 ppm of WMO
+ water (negative
control) 0=+0c 0+0c 0+£0c [0+0c [ 0%+0c | 0+0c
Not polluted by WMO
+ MISO (relative 39.0 + 58+ 245+ | 041+ | 0.62+ | 0.03+
control) 6.63%%* 0.83ab 0.71* 0.30* 0.41® | 0.017®
37,600 ppm of WMO
+ H. annuus + B. 2338+ 4.83 1.14+ | 0.06= | 0.07+ | 0.02+
vietnamiensis + MISO | 2.28b +0.28b | 0.12b 0.04b | 0.0b 0.016b
37,600 ppm of WMO
+ H. annuus + P. 3571+ 7.67 1.23+ 020+ | 029+ | 0.04+
polymyxa + MISO 8.71* 1.75% 0.16° | 0.11* | 0.36™ | 0.027%
37,600 ppm of
WMO + H. annuus
+ B. vietnamiensis/P. 3438+ | 6.08 221+ [ 045+ | 0.8+ 0.06 +
polymyxa + MISO 4.46ab +1.43ab | 1.04ab | 0.18a | 0.67a | 0.029a

(Table 4) shown the biostimulation of the soil impacted by 80;000 ppm of WMO;
that decreased to 37;600 ppm; followed in the final stage of phytoremediation; the
agricultural soil impacted by 37;600 ppm of WMO when H. annus was inoculated with B.
vietnamiensis; the WMO was reduced to 1500 ppm; while H. annus was inoculated with
P. polymyxa; the WMO was reduced to 2500 ppm. Finally; phytoremediation was applied
sowing H. annuus inoculated with B. vietnamiensis and P. polymyxa; there the maximum
decrease in WMO concentration registered an reduction to 1000 ppm in 2 months;
this numerical value was lower than the maximum limit established by NOM-138; this
numerical value was statistically different compared to soil polluted by 76;824 ppm of
WMO not biostimulated or phytoremediated used as NC in the same period of time.

Table 4: Concentration of waste motor oil remaining from phytoremediation sowing
Helianthus annuus inoculated with Burkholderia vietnamiensis and Paenibacillus

polymyxa.
Waste Motor Oil (ppm)
Final Final
*Soil with Waste Motor Oil Biostimulation | Phytoremediation
Irrigated with water or negative control (NC) 79,200b*** 76,824d
**Helianthus annuus with Burkholderia
vietnamiensis 37, 600* 1,500b
** H. annuus with Paenibacillus polymyxa 37, 600* 2.500¢
**H. annuus with B. vietnamiensis and P.
polymyxa 37, 600° 1,000*

*n=6; ** Sequential biostimulation with mineral solution, vermicompost and Vicia sativa
as green manure. ***Different letters with statistical difference at 0.05 % according to
Tukey.

Discussion

(Table 3) shows the sequential BIS of the soil impacted by 80;000 ppm WMO
which decreased to 37;600 ppm in 5 months that shown that it is essential to start
biostimulation with detergent for emulsification of hydrocarbons of WMO to ensure
its mineralization. Followed by biostimulation with mineral solution to enrich soil with
NH,NO, to balance the C:N ratio necessary for WMO mineralization; in that sense
K,HPO, and KH, PO, salts accelerated a WMO removal [18]. In the third biostimulation
with vermicompost; nitrogenous organic compounds (N) such as urea and nucleotides;
as well as organic carbon compounds (C) such as cellobiose and glucose; were added
to induce heterotrophic aerobic microorganisms to co-metabolize WMO hydrocarbons
and decrease their concentration [19,13, 20] While BIS in sequence with V. sativa or
green manure enriched the soil with organic N compounds: peptides and amino acids;
to maintain the balance of the C:N ratio; as well as with simple organic C compounds
to maintain the cometabolism of WMO hydrocarbons to decrease the concentration of
WMO [8]. During soil biostimulation; moisture was retained at 80% of field capacity that
facilitated water and gas exchange that accelerated WMO bioremoval [10]; compared
to soil not biostimulated or NC; there the concentration of the hydrocarbons mixture
of WMO did not vary due to the excess of C; that inhibited the capacity of WMO
mineralization by native heterotrophic aerobic soil microorganisms; in addition to the
deficit of inorganic and organic N that complicates the possibility of bioremoval of WMO
removal [21,22].

(Table 4) shown the sequential biostimulation of soil impacted by 80;000 ppm
WMO; that reduced to 37;600 ppm; followed by phytoremediation sowing H. annuus
since it has been reported that in the roots of H. annuus there are extracellular enzymes
of lignin synthesis metabolism; associated with protection to chemical and/or biological
agents; that are suggested to partially degradation some aromatics of WMO [23].
In that sense phytoremediation of soil polluted by WMO sowing H.annus enhanced
with B. vietnamiensis and P. polymyxa was achieved the maximun reduction in WMO
concentration to 1;000 ppm registered in 2 months; at the same time H. annuus without
WMO phytotoxicity stress; supported that B. vietnamiensis and P. polymyxa converted
H. annuus seed exudates and organic compounds derived from root metabolism into
phytohormones ; which increased the root uptake capacity of the minerals N; PO4-3
(phosphates) and K (potassium); that increases the tolerance of H. annuus to WMO [25].
While it is supported that B. vietnamiensis and P. polymyxa at the root level of H. annuus
had a positive effect on the partial hydrolysis of some WMO aromatics and effective
mineralization that reduced their concentration; to concentration value lower than the
highest value accepted by NOM-138 [24,25]. On the opposite way; H. annuus without
B. vietnamiensis or P. polymyxa in the non-biostimulated or NC soil; there the excess
of WMO forms a hydrophobic film that adheres to the H. annuus seeds and prevented
germination and caused their death. This shown that WMO not only negatively affects
the soil; but also prevents the cultivation of domestic plants; if WMO is mineralized; then
its concentration decreases; so, without phytotoxicity it is feasible to reuse the soil in the
production of agricultural crops safe for consumption. human and animal [26,12]. While
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in the soil not biostimulated the excess WMO was phytotoxic and killed H. annuus; that
prevents plant growth for sustainable agricultural production [27], so the combination of
biostimulation and phytoremediation are necessary for the bioremediation of agricultural
soil impacted by HCs mixtures as well as WMO [28-34].

Conclusion

For the contamination of an agricultural soil impacted by mixture of hydrocarbons
of WMO; it is possible to use a sustainable ecological solution that allows the reduction
of the WMO concentration for the H. annuus planting; whose WMO mineralization
capacity can be accelerated and increased by the inoculation of B. vietnamiensis and
P. polymyxa for a bioremoval of the WMO that allows the reuse of the soil in a safe
agricultural production for human and animal consumption.

Acknowledgments

To the CIC-UMSNH project 2.7 (2022) and Phytonutrimentos de Mexico y
BIONUTRA S.A de Maravatio; Michoacan. Mexico for supporting this research.

Conflicts of Interest

The authors declare that there is no type of conflict of interest in its planning;
execution and writing with the institutions involved; as well as those that financially
supported this research.

References

1. Falkova M, Vakh C, Shishov A, Zubakina E, Moskvin A, et al. (2016) Automated
IR determination of petroleum products in water based on sequential injection
analysis. Talanta 148: 661-665.

2. Chen M, Xu P, Zeng G, Yang C, Huang D, et al. (2015) Bioremediation of soils
contaminated with polycyclic aromatic hydrocarbons; petroleum; pesticides;
chlorophenols and heavy metals by composting: applications; microbes and future
research needs. Biotechnology advances 33(6): 745-755.

3. Burghal AA, Al Mudaffarand NA, Mahdi KH (2015) Ex situ bioremediation of
soil contaminated with crude oil by use of actinomycetes consortia for process
bioaugmentation. Eur J Exp Biol 5(5): 24-30.

4. Singh SK, Haritash AK (2019) Polycyclic aromatic hydrocarbons: soil pollution
and remediation. International Journal of Environmental Science and Technology
16(10): 6489-6512.

5. Curiel Alegre S, Velasco Arroyo B, Rumbo C, Khan AHA, Tamayo Ramos
JA, et al. (2022). Evaluation of biostimulation; bioaugmentation; and organic
amendments application on the bioremediation of recalcitrant hydrocarbons of
soil. Chemosphere 307: 135638.

6. Wu M, Wu ], Zhang X, Ye X (2019) Effect of bioaugmentation and biostimulation
on hydrocarbon degradation and microbial community composition in petroleum-
contaminated loessal soil. Chemosphere 237: 124456.

7. Koshlaf E, Ball AS (2016) Soil bioremediation approaches for petroleum
hydrocarbon polluted environments. AIMS microbiology 3(1): 25.

8. Patel AB, Jain KR, Manvar T, Desai C, Madamwar D (2022) Enriched bacterial
community efficiently degrade polycyclic aromatic hydrocarbons in soil ecosystem:
Insights from a mesocosms study. Biochemical Engineering Journal 185: 108516.

9. Rafeeq H, Afsheen N, Rafique S, Arshad A, Intsar M, et al. (2022) Genetically
engineered microorganisms for environmental remediation. Chemosphere 136751.

10.  Wendlassida PO, Ccile HO, Cheik ATO, Aboubakar SO, Alfred ST (2020) Pilot
bioremediation of contaminated soils by hydrocarbons; from an electricity
production and distribution site in Ouagadougou; Burkina Faso. Scientific
Research and Essays 15(4): 69-77.

11.  Cai B, Ma ], Yan G, Dai X, Li M, et al. (2016) Comparison of phytoremediation;
bioaugmentation and natural attenuation for remediating saline soil contaminated
by heavy crude oil. Biochemical engineering journal 112: 170-177.

12.  Dos Santos JJ, Maranho LT (2018) Rhizospheric microorganisms as a solution for
the recovery of soils contaminated by petroleum: A review. Journal of environmental
management 210: 104-113.

13.  Eid AM, Fouda A, Abdel Rahman MA, Salem SS, Elsaied A, et al. (2021) Harnessing
bacterial endophytes for promotion of plant growth and biotechnological
applications: an overview. Plants 10(5): 935.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Darmayati Y, Sanusi HS, Prartono T, Santosa DA, Nuchsin R (2015) The effect
of biostimulation and biostimulation-bioaugmentation on biodegradation of oil-
pollution on sandy beaches using mesocosms. International Journal of Marine
Science 5.

Zimdahl R (2018) Soil solarization: a sustainable method for weed management
Baruch Rubin; The Hebrew University of Jerusalem; Israel; and Abraham Gamliel;
The Volcani Center; Israel, (In:) Integrated weed management for sustainable
agriculture (Ppp. 325-340). Burleigh Dodds Science Publishing.

Morales-Bautista CM, Méndez-Olan, C Lopez-Martinez S, Ojeda-Morales ME
(2020) Design of experiments to optimize soxhlet-HTP method to establish
environmental diagnostics of polluted soil: Optimization of the soxhlet-HTP
method by DOE. In Design of experiments for chemical. harmaceutical; food; and
industrial applications Pp. 33-52.

Muter O, Khroustalyova G, Rimkus A, Kalderis D, Ruchala J, et al. (2019) Evaluation
of the enhanced resistance of Ogataea (Hansenula) polymorpha to benzalkonium
chloride as a resource for bioremediation technologies. Process Biochemistry 87:
157-163.

Bekele GK, Gebrie SA, Mekonen E, Fida TT, Woldesemayat AA, et al. (2022)
Isolation and characterization of diesel-degrading bacteria from hydrocarbon-
contaminated sites; flower farms; and soda lakes. International Journal of
Microbiology.

Kara§ MA Wdowiak-Wrébel S, Sokotowski W (2021) Selection of Endophytic
Strains for Enhanced Bacteria-Assisted Phytoremediation of Organic Pollutants
Posing a Public Health Hazard. International Journal of Molecular Sciences 22(17):
9557.

Jala CR, Vudhgiri S, Kumar CG (2022) A comprehensive review on natural
occurrence; synthesis and biological activities of glycolipids. Carbohydrate
Research 108556.

Kebede G, Tafese T, Abda EM, Kamaraj M, Assefa F (2021) Factors influencing the
bacterial bioremediation of hydrocarbon contaminants in the soil: mechanisms and
impacts. Journal of Chemistry.

Arjoon KK, Speight JG (2022) Bioremediation as a Sustainable Solution for
Environmental Contamination by Petroleum Hydrocarbons. Sustainable Solutions
for Environmental Pollution: Air Water and Soil Reclamation 147-187.

Nemati M, SalehiLisar Y, Movafeghi A, Motafakkerazad R (2021) The effect
of different concentrations of pyrene on photosynthetic pigment content and
antioxidant enzymes activity in sunflower (Helianthus annuus). Journal of Plant
Process and Function 10(45): 1.

Rajaei S, Seyedi SM (2018) Phytoremediation of Petroleum-Contaminated Soils by
Vetiveria zizanioides (L.) Nash. CLEAN-Soil Air Water 46(8): 1800244.

Tilgam J Sreeshma N, Priyadarshini P, Bhavyasree RK, Choudhury S, Bharati A,
Ashajyothi M (2022) Rhizosphere Engineering for Systemic Resistance/Tolerance
to Biotic and Abiotic Stress, (In:) Re-visiting the Rhizosphere Eco-system for
Agricultural Sustainability (Ppp. 271-300). Springer; Singapore.

HouJ, Liu W, Wang B, Wang Q, Luo Y, etal. (2015) PGPR enhanced phytoremediation
of petroleum contaminated soil and rhizosphere microbial community response.
Chemosphere 138: 592-598.

Ambaye TG, Chebbi A, Formicola F, Prasad S, Gomez FH, et al. (2022) Remediation
of soil polluted with petroleum hydrocarbons; and their reuse for agriculture:
Recent progress; challenges; and perspectives. Chemosphere 133572.

Baghaie AH (2021) Indole-3-Acetic Acid and Humic Acid increase the bio-
degradation of diesel oil in soil polluted with Pb and Cd. Journal of Environmental
Health and Sustainable Development 6(2): 1302-1310.

Bolivar-Anillo HJ, Contreras Zentella ML, Teheran-Sierra LG (2016) Burkholderia
tropica una bacteria con gran potencial para su uso en la agricultura. Tip 19(2):
102-108.

DOF (2022) Ley General de Equilibrio Ecolégico y Proteccién al Ambiente. Diario
Oficial de la Federacién.

Farias CBB, Rita de Cassia F, Almeida FCG, Santos VA, Sarubbo LA (2021) Removal
of heavy oil from contaminated surfaces with a detergent formulation containing
biosurfactants produced by Pseudomonas spp. Peer ] 9: e12518.

Gouda S, Kerry RG, Das G, Paramithiotis S, Shin HS, et al. (2018) Revitalization of
plant growth promoting rhizobacteria for sustainable development in agriculture.
Microbiological research 131-140.

Citation: Olaomo OK CD, Molnar JJ (2022) Building an Inclusive Value Chain: Gender Participation in Cassava Marketing and Processing in Nigeria. Environ
Sci Ecol: Curr Res 3: 1079

Cragesss


https://www.sciencedirect.com/science/article/abs/pii/S0039914015004075
https://www.sciencedirect.com/science/article/abs/pii/S0039914015004075
https://www.sciencedirect.com/science/article/abs/pii/S0039914015004075
https://pubmed.ncbi.nlm.nih.gov/26008965/
https://pubmed.ncbi.nlm.nih.gov/26008965/
https://pubmed.ncbi.nlm.nih.gov/26008965/
https://pubmed.ncbi.nlm.nih.gov/26008965/
https://link.springer.com/article/10.1007/s13762-019-02414-3
https://link.springer.com/article/10.1007/s13762-019-02414-3
https://link.springer.com/article/10.1007/s13762-019-02414-3
https://www.sciencedirect.com/science/article/abs/pii/S0045653519316807
https://www.sciencedirect.com/science/article/abs/pii/S0045653519316807
https://www.sciencedirect.com/science/article/abs/pii/S0045653519316807
https://pubag.nal.usda.gov/catalog/7798998
https://pubag.nal.usda.gov/catalog/7798998
https://pubag.nal.usda.gov/catalog/7798998
https://academicjournals.org/journal/SRE/article-abstract/FAC369F65468
https://academicjournals.org/journal/SRE/article-abstract/FAC369F65468
https://academicjournals.org/journal/SRE/article-abstract/FAC369F65468
https://academicjournals.org/journal/SRE/article-abstract/FAC369F65468
https://www.sciencedirect.com/science/article/pii/S1369703X16301164
https://www.sciencedirect.com/science/article/pii/S1369703X16301164
https://www.sciencedirect.com/science/article/pii/S1369703X16301164
https://www.sciencedirect.com/science/article/pii/S030147971830015X
https://www.sciencedirect.com/science/article/pii/S030147971830015X
https://www.sciencedirect.com/science/article/pii/S030147971830015X
https://www.igi-global.com/chapter/design-of-experiments-to-optimize-soxhlet-htp-method-to-establish-environmental-diagnostics-of-polluted-soil/245585
https://www.igi-global.com/chapter/design-of-experiments-to-optimize-soxhlet-htp-method-to-establish-environmental-diagnostics-of-polluted-soil/245585
https://www.igi-global.com/chapter/design-of-experiments-to-optimize-soxhlet-htp-method-to-establish-environmental-diagnostics-of-polluted-soil/245585
https://www.igi-global.com/chapter/design-of-experiments-to-optimize-soxhlet-htp-method-to-establish-environmental-diagnostics-of-polluted-soil/245585
https://www.igi-global.com/chapter/design-of-experiments-to-optimize-soxhlet-htp-method-to-establish-environmental-diagnostics-of-polluted-soil/245585
https://www.sciencedirect.com/science/article/abs/pii/S1359511319300728
https://www.sciencedirect.com/science/article/abs/pii/S1359511319300728
https://www.sciencedirect.com/science/article/abs/pii/S1359511319300728
https://www.sciencedirect.com/science/article/abs/pii/S1359511319300728
https://pubmed.ncbi.nlm.nih.gov/34502466/
https://pubmed.ncbi.nlm.nih.gov/34502466/
https://pubmed.ncbi.nlm.nih.gov/34502466/
https://pubmed.ncbi.nlm.nih.gov/34502466/
https://www.sciencedirect.com/science/article/pii/S000862152200057X
https://www.sciencedirect.com/science/article/pii/S000862152200057X
https://www.sciencedirect.com/science/article/pii/S000862152200057X
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119827665.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119827665.ch3
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119827665.ch3
https://www.magiran.com/paper/2382876?lang=en
https://www.magiran.com/paper/2382876?lang=en
https://www.magiran.com/paper/2382876?lang=en
https://www.magiran.com/paper/2382876?lang=en
https://pubmed.ncbi.nlm.nih.gov/26210024/
https://pubmed.ncbi.nlm.nih.gov/26210024/
https://pubmed.ncbi.nlm.nih.gov/26210024/
https://www.sciencedirect.com/science/article/pii/S0045653522000613
https://www.sciencedirect.com/science/article/pii/S0045653522000613
https://www.sciencedirect.com/science/article/pii/S0045653522000613
https://publish.kne-publishing.com/index.php/JEHSD/article/view/6541
https://publish.kne-publishing.com/index.php/JEHSD/article/view/6541
https://publish.kne-publishing.com/index.php/JEHSD/article/view/6541
http://tip.zaragoza.unam.mx/index.php/tip/article/view/111
http://tip.zaragoza.unam.mx/index.php/tip/article/view/111
http://tip.zaragoza.unam.mx/index.php/tip/article/view/111
https://pubmed.ncbi.nlm.nih.gov/34900433/
https://pubmed.ncbi.nlm.nih.gov/34900433/
https://pubmed.ncbi.nlm.nih.gov/34900433/
https://pubmed.ncbi.nlm.nih.gov/29146250/
https://pubmed.ncbi.nlm.nih.gov/29146250/
https://pubmed.ncbi.nlm.nih.gov/29146250/

CORPUS PUBLISHERS
Copyright © Ortiz KVS

33.  (2013) Norma oficial mexicana NOM-021-SEMARNAT-2000; que establece las 34,  Norma Oficial Mexicana NOM-138-SEMAR NAT/SSA1 (2012) Limites méaximos

especificaciones de fertilidad; salinidad y clasificacion de suelos; estudio; muestreo permisibles de hidrocarburos en suelos y lineamientos para el muestreo en
y anélisis. México. DOF Secretaria de Gobernacion la caracterizacion y especificaciones para la remediacion. DOF Secretaria de
Gobernacion.

Citation: Olaomo OK CD, Molnar JJ (2022) Building an Inclusive Value Chain: Gender Participation in Cassava Marketing and Processing in Nigeria. Environ

Sci Ecol: Curr Res 3: 1079
Page 5/5 |



	_GoBack

