Taylor & Francis
Taylor & Francis Group

Geomicrobio

0qy
Jouma

Geomicrobiology Journal

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ugmb20

Effects of Bacterial Inoculation to Immobilize
Nickel in Wheat Grown on Ni-Contaminated Soil

Atta Rasool , Salar Ali, Waqar Ali, Atta Ur Rehman & Said Muhammad

To cite this article: Atta Rasool , Salar Ali , Wagar Ali , Atta Ur Rehman & Said Muhammad
(2020): Effects of Bacterial Inoculation to Immobilize Nickel in Wheat Grown on Ni-Contaminated
Soil, Geomicrobiology Journal, DOI: 10.1080/01490451.2020.1805649

To link to this article: https://doi.org/10.1080/01490451.2020.1805649

@ Published online: 13 Aug 2020.

\]
CA/ Submit your article to this journal

||I| Article views: 2

A
& View related articles &'

PN

(!) View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=ugmb20


https://www.tandfonline.com/action/journalInformation?journalCode=ugmb20
https://www.tandfonline.com/loi/ugmb20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01490451.2020.1805649
https://doi.org/10.1080/01490451.2020.1805649
https://www.tandfonline.com/action/authorSubmission?journalCode=ugmb20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ugmb20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01490451.2020.1805649
https://www.tandfonline.com/doi/mlt/10.1080/01490451.2020.1805649
http://crossmark.crossref.org/dialog/?doi=10.1080/01490451.2020.1805649&domain=pdf&date_stamp=2020-08-13
http://crossmark.crossref.org/dialog/?doi=10.1080/01490451.2020.1805649&domain=pdf&date_stamp=2020-08-13

GEOMICROBIOLOGY JOURNAL
https://doi.org/10.1080/01490451.2020.1805649

Taylor & Francis
Taylor &Francis Group

‘ W) Check for updates‘

Effects of Bacterial Inoculation to Immobilize Nickel in Wheat Grown on

Ni-Contaminated Soil

Atta Rasool®, Salar Ali®, Wagar Ali€, Atta Ur Rehman?, and Said Muhammad®

®Department of Environmental Science, COMSATS University Islamabad (CUI), Vehari, Pakistan; PDepartment of Biological Sciences, University
of Baltistan, Skardu, Pakistan; “State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of
Sciences, Guiyang, China; dSchool of life science Guizhou, Normal University Guiyang, Guiyang, China; ®National Centre of Excellence in

Geology, University of Peshawar, Peshawar, Pakistan

ABSTRACT

Plant growth stimulating bacteria are very effective in immobilization of metals and reducing their
translocation in plants through precipitation, and adsorption. A pot experiment was conducted to
investigate the effectiveness of chitosan- and hematite-modified biochar and bacterial inoculations
on the immobilization of nickel (Ni) in polluted soil under wheat cultivation. Application of modi-
fied biochars and inoculation with Pseudomonas putida significantly increased both wheat root
and shoot dry matter yields but decreased Ni phytoextraction efficiency. The Ni concentration,
translocation factor and uptake in wheat shoot and root significantly decreased the application of
either modified or unmodified biochars. Bacterial inoculation significantly decreased mean trans-
location factor and also root and shoot concentration and the uptake Ni in the shoot. Chitosan-
modified biochar was the most influential treatment in decreasing Ni uptake by wheat followed
by P. putida inoculation treatment. The results demonstrated positive effects of chitosan modified
biochar and inoculation with P. putida in increasing dry matter yield and decreasing Ni uptake in
wheat grown on Ni-contaminated soil. According to the results of present study, modified
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Introduction

Climate changes have multifaceted effects on consequences of
abiotic stress, threatening the sustainability and productivity
of agricultural systems (Fahad, et al. 2014, 2017). However,
changing climate, drought, and heat stress have become the
most significant factors to crop productivity (Fahad and Bano
2012; Fahad, Hussain, Saud, Hassan, Chauhan, et al. 2016;
Fahad, Hussain, Saud, Hassan, Thsan, et al. 2016). Therefore,
climate change is a major challenge for agricultural, food
security, and the rural livelihoods of billions of people in the
globe (Fahad and Bano 2012; Fahad et al. 2013; Fahad et al.
2014; Fahad et al. 2015; Fahad, Hussain, Saud, Hassan,
Chauhan, et al. 2016; Fahad, Hussain, Saud, Hassan, Ihsan,
et al. 2016; Fahad, Hussain, Saud, Hassan, Tanveer, et al.
2016 ; Fahad et al. 2017, 2018; Khan et al. 2017; Zahida et al.
2017; Adnan et al. 2018; Muhammad et al. 2019; Saud et al.
2020). Enhancement of toxic metals (HMs) in agricultural
soils can reduce soil fertility as well as soil microbial activities
and biodiversity (Cui et al. 2018; Jarrah et al. 2019). Nickel
(Ni) is one of the most toxic metal which has a complex
chemistry behavior due to its potential to easily convert from
one oxidation state to another (Hu et al. 2014; Prado et al.
2016). Environmental contamination of Ni has gained sub-
stantial consideration worldwide due to its high levels in

influential

treatments which prevent

water and soil originating from both natural and anthropo-
genic activities such as smelting, mining, wastewater irriga-
tion, agrochemical, manufacturing, industrial and vehicular
emissions and weathering (Khan et al. 2010; Nawab et al.
2016). This metal absorbed from polluted soils through roots
and translocated into aerial parts and finally enter the food
chain, where it may pose serious health problem to human
and animals (Ahmed et al. 2016; Rajendran et al. 2019). It is
also a serious toxic element for plants growth and develop-
ment (Adnan et al. 2018; Shahid et al. 2017). Plant exposure
to Ni decrease or negatively affects growth by affecting
photosynthesis and nutrient uptake of plant (Fahad et al
2013; Khan et al. 2017; Sharma et al. 2016). Therefore,
remediation techniques which reduce the bioavailability of Ni
in contaminated soil are needed urgently.

Many strategies have been applied to remediate contami-
nated soil, which can be divided into ex situ and in situ
strategies. In situ immobilization of contamination is greatly
more cost effective and environmentally friendly in compari-
son with ex situ soil excavation, removal, and dumping else-
where (Wang et al. 2019). Effectiveness of in situ techniques
can be increased through the application of biological treat-
ments such as biochars and some microorganisms. Biochar,
a carbon-rich solid product of the pyrolysis of biomass
under anaerobic condition, has gained increasing attention
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owing to its multifunctionality including carbon sequestra-
tion, improvement of soil fertility and environmental
cleanup (Manolikaki and Diamadopoulos 2019; Patra et al.
2017). Biochar has been used as a high-efficient adsorbent
for in situ remediation of organic and inorganic pollutants,
and also as a soil passivator to immobilize metals, resulting
in reducing their bioavailability (Lu et al. 2018; Sigmund
et al. 2018; Yu et al. 2018). It has been shown that numer-
ous modification approaches, can improve biochar applica-
tion in environmental cleanup (Zhang et al. 2012; Zhou
et al. 2013). Such modification may increase the surface
functional groups which might be the dominant control on
sorption of HMs ions by biochar (Qiu et al. 2008; Uchimiya
et al. 2011). In this perspective environment, chitosan-modi-
tied biochars (CMBs) would combine the advantages of rela-
tively large surface area and porous network of biochars
with chitosan’s high chemical affinity to metals (Zhou et al.
2013). Biochar characteristics also could be modified by
incorporating hematite as one of the most abundant natural
iron oxide minerals for enhance the Ni reduction reaction
(Fahad, Hussain, Saud, Hassan, Tanveer, et al. 2016).

Microbial reduction of Ni is also important for bio-
remediation point which can be considered as an additional
Ni immobilization mechanism (Cervantes et al. 2001; Fahad
et al. 2015). Hence, more attention should be paid to the
application of modified biochars and microorganisms on the
immobilization of Ni in polluted soils. The main objective
of present study was, therefore, to evaluate the effectiveness
of chitosan modified- and hematite modified-biochars and
microbial inoculation in the remediation of Ni-contaminated
soils.

Material and methods
Soil collection and characterization

The soil samples were collected from different ecological
sites in Normal University, Guiyang at surface layer
(0-30 cm). The geology of the study was documented in dif-
ferent karst landforms: limestone soil, paddy soil, and yellow
soil. The collected soils were homogeneously mixed, air-
dried, and sieved (<2mm). The major physico-chemical
characteristics of the soil were measured using standard
methods and are presented in Table 1. Particle size distribu-
tion and organic matter content (OM) were determined
using the hydrometer procedure (Bouyoucos 1962) and
Walkley-Black method, respectively. Cation exchange cap-
acity (CEC) and calcium carbonate equivalent (CCE) were
determined by replacing cations with NaOAc (Jackson 1958)
and neutralization with HCl (Allison and Moodie 1965),
respectively.

Table 1. Chemical physical properties of studies soil.

Sand Silt Clay pH EC CEC CCE oM
(%) (dsm™")  (Cmol4+kg™") (%) (%)
30 34 36 7.3 12 26 32 1.1

Chitosan and biochar preparation

Chitosan was prepared from shrimp shells through four
main steps including demineralization, deproteination, dehy-
dration, and deacetylation (Hataf et al. 2018; Heidari et al.
2018). Aborementional steps was performed through the
application of diluted HCI (7% w/w), diluted NaOH (10%
w/w), 96 and 100% ethanol and 30% w/w of NaOH. Biochar
was prepared following the method proposed by Agrafioti
et al. (2014) through pyrolysis of rice husk powder in a muf-
fle furnace at 600°C with a temperature increase rate of
15°C min™ .

Moadification of biochar using chitosan and hematite

Chitosan was dissolved in acetic acid (2%) and biochar was
added to the solution. After stirring the combination for
30 min, the homogenous suspension was added dropwise
into a NaOH (1.2%) solution and kept for 12h. Then the
mixture was rinsed with deionized water to remove the
excess of NaOH and oven-dried for 24h at 70°C (Zhou
et al. 2013). Hematite-modified biochar was prepared follow-
ing the method proposed by Wang et al. (2015). Hematite
powder was added to deionized water and the mixture was
sonicated for 30min with Ultrasonic Homogenizer
(SONOPULS HD-4200). In hematite suspension, rice husk
was added and stirred for 1h; solid phase was then sepa-
rated from the mixture and oven dried at 80°C. Finally,
hematite-treated rice husk powder was pyrolyzed at 600°C
for 1h.

Bacterial inoculum preparation

Two bacteria Pseudomonas putida (PTCC No. 1694) and
Bacillus  megaterium (PTCC no. 1656) purchased from
Normal University research center, Guiyang. Pure bacterial
culture was grown on nutrient broth (NB) medium in a
shaker incubator, at 28 °C for 36 h. The bacterial population
was uniformized by McFarland method. The bacterial sus-
pension had a population of 108 colony forming units
(CFU) mL™".

Treatments and experimental design

A factorial 4 x 4 greenhouse pot experiment was conducted
according to a completely randomized design with three
replicates. Soil samples placed in plastic bags and Ni was
added at the rate of 250 mg kg '. Treatments consisted of
amendments in 4 levels (control, or 1% of each unmodified
biochar (B), CMB, and natural hematite-modified biochar
(HMB)) and tree levels of bacteria (control, B. megaterium
and P. putida). Biochars were added to each soil sample
individually, at 1% w/w level, and soil samples were mixed
carefully. Treated soils samples were incubated for one
month at 25+2°C under field capacity.
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Table 2. Effects of modified biochars and bacterial inoculation on wheat dry weight.

Treatments
Microbial inoculation C B HMB CMB Mean
Root dry weight (g pot™")
N 0.38¢ 0.85d 1.13¢ 1.45b 0.93B
BM 0.34e 0.77d 1.40Bb 1.22C 0.93B
PP 0.33e 1.19¢ 1.55b 1.81a 1.19A
Mean 0.35D 0.94C 1.36B 1.49A
Shoot dry weight (g pot™")
N 0.7f 2.59de 3.99b 4.22b 2.87AB
BM 0.72f 2.24e 4.17b 3.56bc 2.67B
PP 0.6f 3.14cd 4.06b 5.19a 3.25A
Mean 0.67C 2.66B 4.07A 4.32A

Note: Means with the same letter are not significantly different according to Duncan’s multiple range test (p <0.05). C: control; B: unmodified biochar; HMB:

hematite-modified biochar; CMB:

Pseudomonas putida.

chitosan-modified biochar; N:

Plant harvesting and analyses

Pots were filled with 2.5kg of soil and uniformly fertilized
according to the results of soil testing. Six seeds of wheat
were planted and thinned to three uniform stands 1week
after emergence. Soil moisture was kept near field capacity
during the growth period. Eight weeks after emergence,
shoots were harvested and roots were separated from soil
carefully. Both parts were rinsed with distilled water and
dried at 65°C for 72h, weighed, ground, and dry-ashed
at 550°C for 4h and dissolved in 2M hydrochloric acid
(Jarrah et al. 2014). The concentration of Ni was deter-
mined by using an atomic absorption spectrophotometer
(Shimadzu AA 670G, Tokyo, Japan). In addition, phyto-
extraction efficiency and translocation factor (TF) of Ni
were calculated as follows (Asilian et al. 2018):

Translocation factor = Cr concentration in the shoot/

Cr concentration in the root

Phyto — extraction efficiency = Shoot Cr uptake
/Root dry weight

Results and discussion

Effect of modified biochars and bacterial inoculation on
dry weight of wheat

The impacts of modified biochar and bacterial inoculation
on dry weight of wheat are shown in Table 2. The results
indicated that the addition of the amendments significantly
increased mean root and shoot dry weight of wheat with the
exception of BM. The shoot dry weight in HMB and CMB
were 4.07 and 4.32g pot ', respectively, 53 and 62.4%
greater than unmodified biochar (2.66g pot™'). Maximum
root and shoot dry weight was observed in the treatment
received CMB and inoculated with P. putida (1.8g root
pot ! and 5.19 g shoot pot !). Guan et al. (2009) found that
chitosan treatment enhanced plant germination and seedling
growth on wheat.

non-inoculated; BM:

inoculated with Bacillus megaterium; PP: inoculated with

Effect of modified biochars and bacterial inoculation on
Ni concentration and uptake in wheat

The results indicated that the addition of amendments sig-
nificantly decreased Ni content in root and shoot com-
pared with control treatment (C) (Table 3). In the
evaluation, application of HMB and CMB resulted in an
extreme decrease in Ni concentration in both wheat root
and shoot. Compared to control, application of HMB and
CMB treatments caused 81.12 and 85.08% decrease in root
Ni concentration, respectively. And 86.34 and 91.58%
decrease in shoot Ni concentration, respectively. Likewise,
the inoculation of microorganism (BM and PP) caused
decreases in Ni concentration in both wheat root and
shoot. The decreases in Ni concentration of HMB and
CMB (modified biochars) treatments were considerably
greater than that in the unmodified biochar treatment (B),
suggesting that modification of biochar effectively
improved its ability in Ni immobilization. It appears that
application of HMB and CMB can effectively decrease the
accumulation of Ni in wheat, subsequently prevent phyto-
toxicity. Similarly, Lyu et al. (2018) reported that the add-
ition of biochar supported carboxymethyl cellulose
(CMC)-stabilized nanoscale iron sulfide (FeS) composite
(CMC-FeS@biochar) greatly reduced the bioavailability of
Ni to wheat.

Table 4 shows the effects of different modifications on Ni
uptake in wheat root and shoot of wheat. As shown in
Table 4, Ni uptake significantly decreased in shoot following
the addition of modified biochars and inoculation with
microorganisms. The lower content of Ni in wheat showing
higher capability of the amendment in Ni-fixation (Khan
et al. 2017). The highest effects were found for CMB, fol-
lowed by PP. The overall effect of the amendments in Ni
stabilization was in order of CMB > PP >HMB >BM > B.
Nickel uptake decreased in shoot of wheat plant by 47.65,
29.54, 16.90, and 15.91%; following the use of CMB, PP,
HMB, and BM, respectively. Higher efficiency of CMB in Ni
stabilization in comparison with the other treatments is
most likely because of the presence of chitosan with a large
number of adsorption sites in its composition. The effect of
modified biochar on Ni uptake by wheat root showed a
similar trend with that of wheat shoot. However,
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Table 3. Effects of modified biochars and bacterial inoculation on the concentration of nickel in wheat root and shoot.

Treatments
Microbial inoculation C B HMB CMB Mean
Root nickel concentration (ug g~ ')
N 5001a 1570c 981e 741fg 2050A
BM 4367b 1581c 926ef 755fg 1908B
PP 4773a 1196d 748fg 6049 1829B
Mean 4713A 14498 885C 700D
Shoot nickel concentration (g g~')
N 101.23b 33.20c 19.26e 11.85fg 41.28A
BM 99.2b 27.75d 16.30ef 11.67fgh 38.58B
PP 114.6a 20.78e 9.84gh 6.23h 37.89B
Mean 105A 278 15C 30D

Note: Means with the same letter are not significantly different according to Duncan’s multiple range test (p <0.05). C: control; B: unmodified biochar; HMB:

hematite-modified biochar; CMB: chitosan-modified biochar; N:

Pseudomonas putida.

non-inoculated; BM:

inoculated with Bacillus megaterium; PP: inoculated with

Table 4. Effect of modified biochars and bacterial inoculation on the uptake of Ni by wheat root and shoot.

Treatments
Microbial inoculation C B HMB CMB Mean
Root nickel uptake (g pot™')
N 1755a 1332bcd 1085def 1060de 1306A
BM 1398bc 1198cde 1283be 912e 1198A
PP 1488b 1291b —e 1147c—f 1088def 1254A
Mean 1547A 1273B 1172B 1020C
Shoot nickel uptake(ug pot-1)
N 70ab 88a 73ab 73ab 50cd 69A
BM 72ab 60bdc 65b 36de 58B
PP 68b 63bc 36de 28e 49C
Mean 70A 70A 63B 38C

Note: Means with the same letter are not significantly different according to Duncan’s multiple range test (p <0.05). C: control; B: unmodified biochar; HMB:

hematite-modified biochar; CMB: chitosan-modified biochar; N:

Pseudomonas putida.

non-inoculated; BM:

inoculated with Bacillus megaterium; PP: inoculated with

Table 5. Effect of modified biochars and bacterial inoculation on the translocation factor (TF) and Phytoextraction efficiency of Ni in wheat plant.

Treatments
Microbial inoculation C B HMB CMB Mean
Translocation factor
N 0.04bc 0.023abc 0.021cd 0.015ef 0.020A
BM 0.024ab 0.019de 0.018de 0.015fg 0.018B
PP 0.026a 0.018de 0.013g 0.009h 0.016C
Mean 0.03A 0.02B 0.017C 0.013D
Phyto-extraction efficiency
N 195b 102c 66de 73ab 33fg 99A
BM 222a 78d 47ef 30fg 94A
PP 216a 58de 249 179 78B
Mean 211A 79B 48C 27D

Note: Means with the same letter are not significantly different according to Duncan’s multiple range test (p <0.05). C: control; B: unmodified biochar; HMB:

hematite-modified biochar; CMB: chitosan-modified biochar; N:

Pseudomonas putida.

microorganisms had no significant effect on Ni uptake by
wheat root.

Effect of modified biochars and bacterial inoculation on
the translocation factor (TF) and

Phytoextraction efficiency (PE) of wheat

Internal partitioning of Ni between aerial and underground
parts of wheat plant was evaluated using the translocation fac-
tor (TF), which shows the ratio of Ni concentration in root to
the shoot (Asilian et al. 2018). Results indicated that the add-
ition of the amendments significantly decreased TF of Ni in
wheat plant (Table 5). Generally, among HMs, Ni is reported
to be the least mobile element in the plant roots (Shukla et al.

non-inoculated; BM:

inoculated with Bacillus megaterium; PP: inoculated with

2007). As shown in Table 3, the concentration of Ni in roots
is sometimes 100 times higher than the shoots (Shanker et al.
2005). Ni transfer from plant roots to aerial tissues is very low
and dependent on its chemical form inside the tissue.

The values of Ni phytoextraction efficiency (PE) which
indicate the ability of the root to transport Ni to shoot are
shown in Table 5. The results indicated that the application
of the amendments with the exception of BM significantly
decreased the values of PE. Compared to control, application
of B, HMB, and CMB treatments caused 62.49, 78.62, and
87.82% decrease in PE, respectively. Drastic decreases in PE
values subsequent the application of the amendments well
designate high capability of the amendments in diminishing
Ni phytotoxicity in wheat.



Conclusion

Results of the present study revealed that although biochar
was relatively effective in Ni immobilization, modification
with hematite and chitosan significantly improved its cap-
ability in Ni immobilization. Application of CMB had the
highest impact on Ni immobilization followed by inocula-
tion with P. putida. These treatments effectively prevented
Ni phytotoxicity in wheat probably through the transform-
ation of Ni from mobile and mobilizable fractions to
unavailable forms.

Acknowledgments

The authors are thankful to our friends and teacher who helped to
improve our manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

References

Adnan M, Zahir S, Fahad S, Arif M, Mukhtar A, Imtiaz AK, Ishaq
AM, Abdul B, Hidayat U, Muhammad A, et al. 2018. Phosphate-
solubilizing bacteria nullify the antagonistic effect of soil calcification
on bioavailability of phosphorus in alkaline soils. Sci Rep 8:4339.

Agrafioti E, Kalderis D, Diamadopoulos E. 2014. Arsenic and chro-
mium removal from water using biochars derived from rice husk,
organic solid wastes and sewage sludge. ] Environ Manage 133:
309-314.

Ahmed F, Hossain M, Abdullah AT, Akbor M, Ahsan M. 2016. Public
health risk assessment of chromium intake from vegetable grown in
the wastewater irrigated site in Bangladesh. Pollution 2(4):425-432.

Allison LE, Moodie CD. 1965. Carbonate. In: Black, CA, Evans, DD,
Ensminger, LE, White, JL, Clark, FE, editors. Methods of Soil
Analysis Part 2. Chemical and Microbiological Properties. Monogr,
Vol. 9. 2nd ed. Madison (WI): Agronomy Society of America and
Soil Science Society of America, p1379-1396.

Asilian E, Ghasemi-Fasaei R, Ronaghi A, Sepehri M, Niazi A. 2018.
Effects of microbial inoculations and surfactant levels on biologic-
ally-and chemically-assisted phytoremediation of lead-contaminated
soil by maize (Zea Mays L.). Chem Ecol 34(10):964-977.

Bouyoucos GJ. 1962. Hydrometer method improved for making par-
ticle size analysis of soil. Agron J 54(5):464-465.

Cervantes C, Campos-Garcia ], Devars S, Gutiérrez-Corona F, Loza-
Tavera H, TorresGuzman JC, Moreno-Sanchez R. 2001. Interactions
of chromium with microorganisms and plants. FEMS Microbiol Rev
25(3):335-347.

Cui M, Lee Y, Choi J, Kim J, Han Z, Son Y, Khim J. 2018. Evaluation
of stabilizing materials for immobilization of toxic heavy metals in
contaminated agricultural soils in China. J Clean Prod 193:748-758.

Fahad S, Bajwa AA, Nazir U, Anjum SA, Farooq A, Zohaib A, Sadia S,
Nasim W, Adkins S, Saud S, et al. 2017. Crop production under
drought and heat stress: plant responses and management options.
Front Plant Sci 8:1147.

Fahad S, Bano A. 2012. Effect of salicylic acid on physiological and
biochemical characterization of maize grown in saline area. Pak J
Bot 44:1433-1438.

Fahad S, Chen Y, Saud S, Wang K, Xiong D, Chen C, Wu C, Shah F,
Nie L, Huang J. 2013. Ultraviolet radiation effect on photosynthetic
pigments, biochemical attributes, antioxidant enzyme activity and
hormonal contents of wheat. ] Food Agric Environ 11(3&4):
1635-1641.

Fahad S, Hussain S, Bano A, Saud S, Hassan S, Shan D, Khan FA,
Khan F, Chen Y, Wu C, et al. 2014. Potential role of

GEOMICROBIOLOGY JOURNAL (&) 5

phytohormones and plant growth-promoting rhizobacteria in abiotic
stresses: consequences for changing environment. Environ Sci Pollut
Res Int 22(7):4907-4921.

Fahad S, Hussain S, Saud S, Hassan S, Chauhan BS, Khan F. 2016.
Responses of rapid viscoanalyzer profile and other rice grain qual-
ities to exogenously applied plant growth regulators under high day
and high night temperatures. PLoS One 11(7):0159590.

Fahad S, Hussain S, Saud S, Hassan S, Thsan Z, Shah AN, Wu C,
Yousaf M, Nasim W, Alharby H, et al. 2016. Exogenously applied
plant growth regulators enhance the morphophysiological growth
and yield of rice under high temperature. Front Plant Sci 7:1250.

Fahad S, Hussain S, Saud S, Hassan S, Tanveer M, Thsan MZ, Shah
AN, Ullah A, Nasrullah KF, Ullah S, et al. 2016. A combined appli-
cation of biochar and phosphorus alleviates heat-induced adversities
on physiological, agronomical and quality attributes of rice. Plant
Physiol Biochem 103:191-198.

Fahad S, Muhammad ZI, Abdul K, Thsanullah D, Saud S, Saleh A,
Wajid N, Muhammad A, Imtiaz AK, Chao W, et al. 2018.
Consequences of high temperature under changing climate optima
for rice pollen characteristics—concepts and perspectives. Archives
Agron Soil Sci. 64(11):1473—1488.

Fahad S, Nie L, Chen Y, Wu C, Xiong D, Saud S, Hongyan L, Cui K,
Huang J. 2015. Crop plant hormones and environmental stress.
Sustain Agric Rev 15:371-400.

Guan YJ, Hu J, Wang X]J, Shao CX. 2009. Seed priming with chitosan
improves maize germination and seedling growth in relation to
physiological changes under low temperature stress. ] Zhejiang Univ
Sci B 10(6):427-433.

Hataf N, Ghadir P, Ranjbar N. 2018. Investigation of soil stabilization
using chitosan biopolymer. J Clean Prod 170:1493-1500.

Heidari F, Razavi M, Bahrololoom ME, Tahriri M, Rasoulianboroujeni
M, Koturi H, Tayebi L. 2018. Preparation of natural chitosan from
shrimp shell with different deacetylation degree. Mater Res Innov
22(3):177-181.

Hu Y, Huang YZ, Liu YX. 2014. Influence of iron plaque on chromium
accumulation and translocation in three rice (Oryza sativa L.) culti-
vars grown in solution culture. Chem Ecol 30(1):29-38.

Jackson ML. 1958. Soil Chemical Analysis. Englewood Cliffs (NJ):
Prentice-Hall.

Jarrah M, Ghasemi-Fasaei R, Karimian N, Ronaghi A, Zarei M, Mayel
S. 2014. Investigation of arbuscular mycorrhizal fungus and EDTA
efficiencies on lead phytoremediation by sunflower in a calcareous
soil. Bioremediat ] 18(1):71-79.

Jarrah M, Ghasemi-Fasaei R, Ronaghi A, Zarei M, Mayel S. 2019.
Enhanced Ni phytoextraction by effectiveness of chemical and bio-
logical amendments in sunflower plant grown in Ni-polluted soils.
Chem Ecol 35(8):732-745.

Khan A, Tan DKY, Munsif F, Afridi MZ, Shah F, Wei F, Fahad S,
Zhou R. 2017. Nitrogen nutrition in cotton and control strategies
for greenhouse gas emissions: a review. Environ Sci Pollut Res Int
24(30):23471-23487.

Khan S, Rehman S, Khan AZ, Khan MA, Shah MT. 2010. Soil and veg-
etables enrichment with heavy metals from geological sources in
Gilgit, northern Pakistan. Ecotoxicol Environ Saf 73(7):1820-1827.

Lu HP, Li ZA, Gascé G, Méndez A, Shen Y, Paz-Ferreiro J. 2018. Use
of magnetic biochars for the immobilization of heavy metals in a
multi-contaminated soil. Sci Total Environ 622-623:892-899.

Lyu H, Zhao H, Tang J, Gong Y, Huang Y, Wu Q, Gao B. 2018.
Immobilization of hexavalent chromium in contaminated soils using
biochar supported nanoscale iron sulfide composite. Chemosphere
194:360-369.

Manolikaki I, Diamadopoulos E. 2019. Positive effects of biochar and
biochar-compost on maize growth and nutrient availability in two
agricultural soils. Commun Soil Sci Plan 1-15:512-526.

Muhammad Z, Abdul MK, Abdul MS, Kenneth BM, Muhammad S,
Shahen S, Ibadullah J, Fahad S. 2019. Performance of Aeluropus
lagopoides (mangrove grass) ecotypes, a potential turfgrass, under
high saline conditions. Environ Sci Pollut Res 26(13):13410-13421.

Nawab J, Khan S, Aamir M, Shamshad I, Qamar Z, Din I, Huang Q.
2016. Organic amendments impact the availability of heavy



6 A. RASOOL ET AL.

metal(loid)s in mine-impacted soil and their phytoremediation by
Penisitum americanum and Sorghum bicolor. Environ Sci Pollut Res
Int 23(3):2381-2390.

Patra JM, Panda SS, Dhal NK. 2017. Biochar as a low-cost adsorbent
for heavy metal removal: a review. Int J Biosci 6:1-7.

Prado C, Ponce SC, Pagano E, Prado FE, Rosa M. 2016. Differential
physiological responses of two Salvinia species to hexavalent chro-
mium at a glance. Aquat Toxicol 175:213-221.

Qiu Y, Cheng H, Xu C, Sheng GD. 2008. Surface characteristics of
crop-residue-derived black carbon and lead(II) adsorption. Water
Res 42(3):567-574.

Rajendran M, Shi L, Wu C, Li W, An W, Liu Z, Xue S. 2019. Effect of
sulfur and sulfur-iron modified biochar on cadmium availability and
transfer in the soil-rice system. Chemosphere 222:314-322.

Saud S, Fahad S, Cui G, Chen Y, Anwar S. 2020. Determining nitrogen
isotopes discrimination under drought stress on enzymatic activities,
nitrogen isotope abundance and water contents of Kentucky blue-
grass. Sci Rep 10(1):6415.

Shahid M, Shamshad S, Rafig M, Khalid S, Bibi I, Niazi NK, Dumat C,
Rashid MI. 2017. Chromium speciation, bioavailability, uptake, tox-
icity and detoxification in soil-plant system: a review. Chemosphere
178:513-533.

Shanker AK, Cervantes C, Loza-Tavera H, Avudainayagam S. 2005.
Chromium toxicity in plants. Environ Int 31(5):739-753.

Sharma P, Kumar A, Bhardwaj R. 2016. Plant steroidal hormone epi-
brassinolide regulate — heavy metal stress tolerance in Oryza sativa
L. by modulating antioxidant defense expression. Environ Exper Bot
122:1-9.

Shukla OP, Dubey S, Rai UN. 2007. Preferential accumulation of cad-
mium and chromium: toxicity in Bacopa monnieri L. under mixed
metal treatments. Bull Environ Contam Toxicol 78(3-4):252-257.

Sigmund G, Poyntner C, Pinar G, Kah M, Hofmann T. 2018. Influence
of compost and biochar on microbial communities and the sorp-
tion/degradation of PAHs and NSO-substituted PAHs in contami-
nated soils. ] Hazard Mater 345:107-113.

Uchimiya M, Wartelle LH, Klasson KT, Fortier CA, Lima IM. 2011.
Influence of pyrolysis temperature on biochar property and function
as a heavy metal sorbent in soil. J Agric Food Chem 59(6):
2501-2510.

Wang S, Gao B, Zimmerman AR, Li Y, Ma L, Harris WG, Migliaccio
KW. 2015. Removal of arsenic by magnetic biochar prepared from
pinewood and natural hematite. Bioresour Technol 175:391-395.

Wang Y-Y, Ji H-Y, Lyu H-H, Liu Y-X, He L-L, You L-C, Zhou C-H,
Yang S-M. 2019. Simultaneous alleviation of Sb and Cd availability
in contaminated soil and accumulation in Lolium multiflorum Lam.
After amendment with Fe-Mn-Modified biochar. J Clean Prod 231:
556-564.

Yu J, Jiang C, Guan Q, Ning P, Gu J, Chen Q, Zhang J, Miao R. 2018.
Enhanced removal of Cr(VI) from aqueous solution by supported
ZnO nanoparticles on biochar derived from waste water hyacinth.
Chemosphere 195:632-640.

Zahida Z, Hafiz FB, Zulfigar AS, Ghulam MS, Fahad S, Muhammad
RA, Hafiz MH, Wajid N, Muhammad S. 2017. Effect of water man-
agement and silicon on germination, growth, phosphorus and
arsenic uptake in rice. Ecotoxicol Environ Saf 144:11-18.

Zhang M, Gao B, Yao Y, Xue Y, Inyang M. 2012. Synthesis, character-
ization, and environmental implications of graphene-coated biochar.
Sci Total Environ 435-436:567-572.

Zhou Y, Gao B, Zimmerman AR, Fang J, Sun Y, Cao X. 2013. Sorption
of heavy metals on chitosan-modified biochars and its biological
effects. Chem Eng J 231:512-518.



	Abstract
	Introduction
	Material and methods
	Soil collection and characterization
	Chitosan and biochar preparation
	Modification of biochar using chitosan and hematite
	Bacterial inoculum preparation
	Treatments and experimental design
	Plant harvesting and analyses

	Results and discussion
	Effect of modified biochars and bacterial inoculation on dry weight of wheat
	Effect of modified biochars and bacterial inoculation on Ni concentration and uptake in wheat
	Effect of modified biochars and bacterial inoculation on the translocation factor (TF) and
	Phytoextraction efficiency (PE) of wheat


	Conclusion
	Acknowledgments
	Disclosure statement
	References


