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CHAPTER - |
INTRODUCTION

There are three major greenhouse gases (GHG) in the atmosphere viz; COo,
CH4 and N20O. Among these three greenhouse gasses CO:is increasing rapidly. The
atmospheric CO2 concentration is increasing at 3% per year and it is predicted that
the concentration of CO2 will reach 550—700 ppm by 2050 and 650-1200 ppm by
2100 (Higgins et al., 2015). The rise in atmospheric GHGs will increase the mean
global temperature up to 2.5°C by 2050 and of up to 6.4 °C by the end of this
century (IPCC, 2007). Inter Governmental Panel on Climate Change (IPCC) has
reported that there will be 10-40% loss in crop production in India along with other
countries in South Asia by the year 2080-2100. India could lose 4-5 million tons of
wheat production with every 1°C temperature rise. Simulation models predict that
with rising atmospheric GHG there will be adverse impact on the crop production

across the world.

Elevated CO: and temperature are also likely to increase the diversity of pests
due to high moisture in the atmosphere. Therefore, climate change will attract
intensive use of pesticide in agriculture (Yan et al.,, 2017). One of the most
commonly used insecticide is chloropyriphos (0,0-diethyl-3,5,6-trichloro-2-
pyridylphosphorothioate) (Gomez, 2009). Chloropyriphos is broad-spectrum in
nature and works effectively against many insects including mosquitoes (larvae and
adults), flies, and ecto-parasite of cattle and sheep (Kumar! and Kumar, 2007; Liu et
al., 2005). Chloropyriphos negatively impact many soil biological properties. The
persistence of chloropyriphos in agricultural soil increases with elevated CO2 and
temperature (Ahirwar et al. 2018). Use of chloropyriphos in future climate may affect
soil biological function severely due to longer persistence. Therefore, it is important
to assess the impact of climate change and chloropyriphos on soil biological

attributes that are important for agricultural point of view.

Biochar is recommended to improve carbon sequestration and mitigate GHG
emission. It can enhance plant growth by improving nutrient use efficiency (Kollah et
al., 2015). Biochar is prepared by pyrolysis of organic feedstock or biomass

(Lehmann, 2007). It has very high cataion exchange capacity (CEC) enabling it to



absorb NHs-N and other plant nutrients (Subedi et al., 2013). Biochar adsorbs
insecticides and reduce toxicity to the plants (Diez et al., 2013). Biochar stimulates
insecticide biodegradation by stimulating heterotrophic microbial groups (Atkinson et
al., 2010).

As discussed above climate change will intensify the use of pesticides and
biochar in agriculture. Therefore, there is need of urgent attention to study the
interactive effect of climate factors, chloropyriphos and biochar on soil biological
functions. Nitrification is one of the important soil biological functions in the prospect
of plant nutrition, climate change and global nitrogen balance. Nitrification is a two-
step process performed by two distinct microbial groups (Alfreider et al., 2017). The
first microbial group oxidize NH4 to NO», and the second oxidize NO2 to NOz (Weber
et al., 2015). Wheat is taken as a model plant for this study as it is cultivated widely
in the temperate and tropical countries. Moreover this crop requires intensive input of
N fertilizer and insecticide. Experiment was conducted to evaluate the influence of
elevated COg, chloropyriphos and biochar on nitrification and soil microorganisms in

the rhizosphere of wheat grown in the vertisols.

Objectives of the proposed work

1. Evaluation of nitrification potential of rhizospheric soil of wheat under the
influence of elevated CO2 and chloropyriphos

2. Effect of elevated CO2 and chloropyriphos on soil microbial abundance in

relation to nitrification



CHAPTER - I
REVIEW OF LITERATURE

In this chapter, an attempt has been made to bring out review for the topic of
interest “Effect of elevated CO, and insecticide chloropyriphos on the
nitrification potential of rhizospheric soil of wheat”. A brief resume of the work

done in the past by various researchers is cited under appropriate heads.

Climate change seems to be the most threatening environmental problem of
the 21st century. The Intergovernmental Panel on Climate Change (IPCC, 2007) in
its fourth assessment report in 1997 indicated that global average surface
temperature will increase by 1.1-6.0 °C in this century. During the last 12 years, the
average rate of increase in CO2 level is 1.9 yL L™ years™ (Krull et al., 2005) and the
IPCC projection for atmospheric CO2 concentration by 2050 is in the range of 463—
623 ppm (McCarthy, 2001). The consequence of this rise in COg, is a rise in earth’s
average temperature from 2.0°C to 4.5°C (IPCC, 2007).

The change in climatic conditions are favorable for the proliferation of insect
pests due to high temperature and humidity. Increase in pest population will bring
greater use of chemical pesticides. Chloropyriphos is one of the most prominently
used Organophosphorus pesticide in the world. The intrinsic toxic properties of this
pesticide allows to control agricultural insect and pests. The annual average global
use of chloropyriphos between 2002 and 2006 was 25 million kg active ingredient, of
which 98.5% was used for agricultural purposes. Estimated annual U.S. domestic
use of chloropyriphos for all purposes was between 13 and 19 million of active
ingredient pounds, with 8 and 10 million pounds used for agricultural purposes
(Epstein and Zhang, 2014). Chloropyriphos is used broadly in fruits, vegetables,
tobacco, cotton, and corns (United States Environmental Protection Agency) (US)
and Water, 2002).Chloropyriphos is registered for application on 13 crops by CIBRC

(Centeral Insecticide Board & Reqistration Committee).
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2.1 Microbial degradation

Various techniques are available that can be used for the detoxification of
chloropyriphos pesticides, however, microbial mediated biodegradation which is
considered to be one of the most viable options for the removal of organophosphate
pesticides from the environment. Recently, the use of genetically modified
microorganisms has increased the chances for in-situ bioremediation of
contaminated sites. This literature stabilized a link that the biodegradation process
can be enhanced by maintaining an effective chloropyriphos-degrading microbial
community in the contaminated site and optimizing environmental conditions (Chishti
et al., 2013). The bacterial communities have the genes required for degrading
pollutants more efficiently in various environmental conditions over a fairly extensive
range of pH, temperature, CO2 and various levels of pesticide concentrations. Initially
Flavobacterium sp. and the Arthrobacter sp. were used in chloropyriphos
degradation. Both bacterial isolates have the potential to mineralize chloropyriphos
in mineral salt medium (Mallick et al., 1999). Subsequently, various other groups are
isolated from agriculture soil. The Enterobacter strain B-14 are one of them that
degrade chloropyriphos more efficiently as compared to other bacterial species
(Singh et al., 2004). A strain of Escherichia coli was developed by cloning of mpd
gene from chloropyriphos degrading bacterial strains that enhanced the degradation
capacity of microbes (Dhanya, 2014), for use in bioremediation of chloropyriphos
contaminated soils. Bacillus sp were reported to show maximum chloropyriphos
degradation by metabolizing its first hydrolysis metabolite 3,5,6-trichloro-2-pyridinol
(TCP) up to 90% (300 mg L™) within 8 days of incubation (Anwar et al., 2009). A
Bacillus licheniformis strain degraded chloropyriphos approximately99% (100 mg kg
1) after 14 days (Zhu et al., 2010). In the liquid medium Bacillus sp showed higher
degradation potential. Bacillus cereus isolated from a Chinese soil degraded
chloropyriphos up to 100 mg L%, (Liu et al., 2012). Bacillus firmus isolated from coral
surface of the sea, utilized chloropyriphos up to 25 mg L*(Sabdono, 2013). El-Helow
et al., 2013 reported another Bacillus subtilis Y242 strain isolated from agriculture
waste water which showed higher degradation potential in liquid medium with

150 mgL-*chloropyriphos degradation (95.12%), recorded within 48 h.



Pseudomonas sp possess a series of catabolic enzymes and pathways.
These bacteria degrade chlorpyrifo into TCP and DETP and finally to non-toxic
metabolites as CO;, H20, and NHsPseudomonas putida MAS-1 degrade
chloropyriphos up to 90% in 24h (Gilani et al, 2016). In the rhizosphere
Pseudomonas nitroreducens PS-2 and Pseudomonas aeruginosa degrade
chloropyriphosup to 50 mg/l, in 28 days (Fulekar and Geetha, 2008; Korade and
Fulekar, 2009). Other Pseudomonas sp such as Pseudomonas putida (NIl
1117),Pseudomonas stutzeri (NIl 1119), Pseudomonas aeruginosa (NIl 1120)
degrade up to 500 mg L* of chloropyriphos and produced metabolites
chlopyrifosoxon and Diethylphosphorothioate (C. Sasikala et al., 2012). As a form of
consortium Pseudomonas fluorescence, Brucella melitensis, Bacillus subtilis,
Bacillus cereus, Klebsiella species, Serratia marcescens and Pseudomonas
aeroginosa, showed 75-87% degradation of chloropyriphos(Lakshmi et al., 2008).
Some Pseudomonas strains, isolated from contaminated soil of Egypt like
Pseudomonas stuzeri, Pseudomonaspseudoalcaligenes, Pseudomonas maltophila
and Pseudomonas vesicularis, had the chlorphyrifos degrading ability up to 100-300
mgLt. Among these strains Pseudomonas stuzeri was the most potent degrader
(Awad et al.,, 2011). In a study four bacterial consortium were used including
Pseudomonas putida (NIl 1117), Klebsiella sp., (NIl 1118), Pseudomonas stutzeri
(NIl 1119), Pseudomonas aeruginosa (NIl 1120) to degrade chloropyriphos up to
500 mgL™! and produce metabolites chlopyrifos-oxon and Diethylphosphorothioate
(C. Sasikala et al., 2012). Pseudomonas putida was able to show 76% degradation
of chloropyriphos(Vijayalakshmi and Usha, 2012).Pseudomonas has the potential to
degrade chloropyriphos from 25 to 200 mg chloropyriphos/L, and that of TCP from
25 to 100 mg/L. In addition, the kinetic constants (Ks and Vmax) were also
calculated. The Ks (half saturation constant) was found to be in the range of 97—
142.3 mg/L and Vmax (maximum rate of CP degradation) ranged from 7.4 to 12.1
mg/L/d (Maya et al., 2011).

Other studies also supported the chloropyriphos degradation efficiency of
Pseudomonas fluorescens, Bacillus subtilis, Klebsiella sp and Klebsiella sp.
(KaviKarunya, 2012). A bacterial consortium obtained by selective enrichment from
highly contaminated soils in Moravia (Medellin, Colombia). The consortium was able

to degrade 150 mg L™* of chloropyriphos in 120 h. The consortium was identified as



Acinetobacter sp, Pseudomonas putida, Pseudomonas aeruginosa, Citrobacter
freundii, Stenotrophomonas sp, Flavobacterium sp, Bacillus sp, Proteus vulgaris,
Pseudomonas sp, Acinetobacter sp, Klebsiella sp and Proteus sp (Pino and
Pefuela, 2011).

A bacterial strain Stenotrophomonas maltophilia MHF ENV20 isolated from
rhizosperic soil showed the higher degradation potential of chloropyriphos(Dubey
and Fulekar, 2012). Paracoccus sp TRP isolated from activated sludge sample,
degrades 100% of chloropyriphos in 4 days while Serratia sp is able to degrade the
same in 18 h (Xu et al, 2007, 2008). Stenotrophomonas sp. YC-1 and
Sphingomonas sp Dsp-2 isolated from a waste water effluent of a pesticide
manufacturing unit are equally efficient in 100% degradation of chloropyriphos within
24 h (Li et al., 2007; Yang et al., 2006). A very efficient Ralstonia sp T6 isolated from
rhizospheric soil metabolized 100 mg/L TCP in 12 h and 700 mg/L in 80h (Zhu et al.,
2010). As a novel strain Sphingobacterium sp was able to grow in minimal salt
medium (MSM) supplemented with 300 mg L of chloropyriphos as sole carbon

source(Abraham and Silambarasan, 2013).

Cupriavidus strain degrades chloropyriphos and its intermediate metabolite
(TCP) and uses these compounds as a sole carbon source. The mpd gene,
encoding the enzyme responsible for chloropyriphos hydrolysis to TCP, was cloned
and expressed in Escherichia coli BL21. Cupriavidus sp DT-1 inoculated to the
chloropyriphos site which degraded chloropyriphos and TCP of 100% and 94.3%,
respectively as compared in un-inoculated soil (Cao et al., 2012; Lu et al., 2013). A
chloropyriphos and TCP degrading bacterial strain, Mesorhizobium sp. HN3, was
isolated and characterized. Mesorhizobium sp. HN3 degraded chloropyriphos
efficiently up to 400 mg/L?. Subsequently Mesorhizobium sp. HN3 converted
chloropyriphos into diethylthiophosphate and TCP which was further converted in
3,5,6-trichloro-2-methoxypyridine (Jabeen et al., 2015).

Abraham and Silambarasan, 2016 isolated a bacterial strain Ochrobactrum
sp. JAS2. The JAS2 strain had the capacity to degrade chloropyriphos upto
300 mg I~ within 12 h of incubation in the liquid medium and it produced the TCP
metabolite. However, after 72 h of incubation TCP was also completely degraded by
the JAS2 strain. The bacterial consortium consisted of Staphylococcus warneri CPI

2, Pseudomonas putida CPI 9 and Stenotrophomonas maltophilia CPI 15 degraded



chloropyriphos more efficiently by the use of a Box—Behnken design it was noticed
that this strain was capable of degrading 90% of chloropyriphos (125 ppm) in 8 days
of incubation (John et al., 2016). A lactobacillus strain isolated from rice straw,
showed high degradation in rice straw inoculated with Lactobacillus casei WYS3.
These strain was shown to bind chloropyriphos up to 33.3-42% and detoxified
chloropyriphos via P-O-C cleavage (Wang et al., 2016).

Some biosurfactants are produced by microbes which increase
biodegradation rate of chloropyriphos by improving bioavailability of the xenobiotic
compound. This causes complete detoxifications of pesticide and minimizes the
accumulation of its metabolities. Chloropyriphos degradation was checked in batch
as well as continuous bioreactors. It was found that Pseudomonas (Iso 1) sp
degrade chloropyriphos very efficiently up to 500 mg L™ in bioreactors(Yadav et al.,
2014). A bacterial strain of Acinetobacter calcoaceticus isolated from rhizosphere of
chives contaminated with chloropyriphos. It was found that the strain is capable of
utilizing chloropyriphos as the sole source at initial concentration of 100 mg L™
(60.0%). It also showed high degradation capability in sterilized soil, and the
degradation reached up to 60.2% after 18 days. A recent study of Singh et al., 2016
used a crude rhamnolipid biosurfactant, which increased the degradation of
chloropyriphos with the combination of mix bacterial population. Five potential
bacteria belonging to genus Pseudomonas, Klebsiella, Stenotrophomonas,
Ochrobactrum and Bacillus and their mixed culture efficiently degrade chloropyriphos
and its intermediate metabolites, TCP and DETP in aqueous medium. These studies
showed that there is wide diversity of bacterial species in soil capable of degrading

chloropyriphos at varying efficiencies using an array of metabolic pathways.

Fungi has been used as an important biotic component for xenobiotics
degradation. In a study the mineralization of chloropyriphos was estimated by
introducing Phanerochaete chrysosporium. This fungal strain degraded
chloropyriphos up t027.5% in 18 d (Bumpus et al., 1993). The fungal strains of
Aspergillus niger and Trichoderma viride were used for the degradation of
chloropyriphos. The fungal strain T. viride degraded chloropyriphos up to 95.7% as
compared to A. niger 72.3% in 14d (Mukherjee and Gopal, 1996).



Biodegradation and biotransformation of chloropyriphos is an important
phenomenon which is performed by actinomycetes. These groups belong to gram-
positive bacteria. Actinomycetes have some stress protein, which help in the survival
in extreme condition (Praseetha et al., 2012). Many actinomycetes can degrade
different pollutants, including several pesticides. A review of Schrijver and Mot, 1999
showed that the genera Arthrobacter, Clavibacter, Nocardia, Rhodococcus,
Nocardioides, and Streptomyces behave as pesticide degrading Actinomycetes. The
metabolic pathway for pesticide degradation by actinomycetes has not been studied
extensively; however, it is known that these microorganisms can produce
extracellular enzymes that degrade a wide range of complex organic compounds.
The presence of monooxygenases and dioxygenases in actinomycetes make this
group stronger biodegrade (Larkin et al., 2005). Most recent studies have isolated
and characterized different actinomycetes capable of degrading pesticides and many
strains of this group are proposed to be used for soil decontamination.

2.2 Factors affecting chloropyriphos degradation

Chloropyriphos degradation mainly depends on initial concentration at wide
range of temperatures (30—40°C) and pH (6.0-8.0). A laboratory experiment was
conducted to study the degradation of 10 and 50 mg kg™ of Chloropyriphos in soil.
Degradation rate is indirectly proportional to concentration of Chloropyriphos.
Concentration has the greatest effect on the degradation of Chloropyriphos to TCP.
The highest concentration of Chloropyriphos applied (1,000 ppm) has the highest
amount of Chloropyriphos remaining and the lowest relative percentage of TCP
formed. Chloropyriphos degradation was found to be stable in the laboratory
condition for a period of one year (Cink and Coats, 1993; Singh et al., 2005; Vischetti
et al., 2008). It has been observed that the degradation efficiency of bacteria at
higher initial concentration decreases with initial concentration up to 15 to 400 mg/L,

respectively.

pH is an important phenomenon which affects the pesticides adsorption rate
by increasing or decreasing hydrogen ion concentration. It influences the sorptive
behavior of pesticide molecule on clay and organic surfaces. Rate of degradation of
Chloropyriphos under different pH has been measured in many studies. According to

Singh et al., 2003, the kinetics of degradation in five United Kingdom soils varying in



pH from 4.7 to 8.4 suggested that dissipation of Chloropyriphos was mediated by the
co-metabolic activities of the soil microorganisms. Soils with a pH more than 6.7 are
able to maintain this degrading ability even after 90 days after inoculation. Complete
degradation of Chloropyriphos was observed at pH 8.0 by Alcaligenes faecalis strain
(Yang et al., 2005).

The effect of temperature on pesticide degradation mainly depends up on the
molecular structure of the pesticide. Generally temperature affects adsorption of
pesticide, by altering the solubility and hydrolysis of pesticides in soil (Chowdhury et
al., 2008). Generally the adsorption process are exothermic and desorption
processes are endothermic. It is expected that adsorption will reduce with increase in
temperature with a corresponding increase in pesticide solubility (Gebremariam et
al., 2012). Microbial activity is largely affected by increase in temperature and some
ecological groups tend to dominate within certain temperature ranges. The optimal
growth and activity of microorganisms in soils occur at a temperature between 25-35
OC(Niti et al., 2013) and the optimal pesticide degradation temperature range is 25—
40 °C.

The CO2 concentration is increasing day by day and may be doubled by the
2025. Several theoretical models have predicted that the mean global air
temperature will increase 3 to 4 °C with a doubling of the CO2concentration (IPCC,
2007). The rise in CO2 concentration will lead to the rise of atmospheric temperature
that may cause various natural disasters. Effect of elevated CO, has been studied
on nitrogenase activity of an alluvial and a laterite rice soil of tropical origin. Soil
samples were incubated at ambient (370 umolmol-t) and elevated (600 pmolmol?)
COzconcentration at 25°C, 35°C, and 45°C under non-flooded and flooded conditions
for 60 days. Elevated CO> showed significant increase in nitrogenase activities and

readily mineralizable C in both alluvial and laterite soils (Das et al., 2011).

Soil moisture generally affect mineralization process of pesticides. The
highest percent of mineralization occurred in soil maintained near field capacity (0.30
bar) while the lowest percentage occurred in soil maintained under the driest
condition (3.0 bar) (Cink and Coats, 1993). Singh et al., 2006 studied the affect of
different moisture regime on chloropyriphos degradation. The moisture regimes were
adjusted to 20%, 30%, 40%, 50% or 60%. Higher degradation rate of chloropyriphos



was observed with influence of moisture. The degradation data at a single soil
moisture content (at 60% MWH) was studied by Baskaran et al., 1999 and rapid
degradation rate of chloropyriphos was noticed. Effect of pre-incubation and water-
holding capacity (WHC) on the biodegradation of chloropyriphos in biomix—andisol,
peat and straw has been studied (1:1:2). Data concluded that the biomix, pre-
incubated for 15 days with 60% WHC, degraded chloropyriphos efficiently, but was
quite slow with 80% WHC (water holding capacity). Higher moisture levels in the soil

increases the solubilization of pesticides but is likely to reduce the availability of

oxygen.

2.3 Biochar in agriculture

Biochar is a type of heterogeneous material produced through pyrolysis, i.e. a
thermal process carried out at temperatures ranging from 200 °C to 900 °C and
under limited range of oxygen availability, of a wide range of crop residues (Yuan et
al., 2011), wood (Spokas and Reicosky, 2009), municipal waste (Mitchell et al.,
2013), sewage sludge (Méndez et al., 2012), manure (Uzoma et al., 2011), and
sometimes it also produced from animal bones (Vassilev et al., 2013). Biochar is
basically distinguished from charcoal by its final end use: agriculture and
environmental management in the first case, fuel and energy in the latter (Lehmann
et al., 2009).

The use of biochar could contribute to the increase of pesticides sorption on
soil, decreasing its mobility and reducing the contamination risks of surface and
ground waters. The knowledge of biochar properties basically depends upon the

feedstock and pyrolysis conditions of biochar.

The effect of biochar on pesticide desorption have been reported by various
studies. The first study was done by Yu et al., 2006 in which he described the role of
biochar on diuran pesticide desorption in sandy loam soil which was amended by
different rates of biochar produced at 450 and 850 °C. The results showed that
sorption irreversibility was greater in the soil amended with the highest rate of BC
(850 °C), which was attributed to the higher micro-porosity of this amendment as
compared to BC (450 °C).



2.4 Chloropyriphos and soil enzymatical activities

Soil enzymatical activities are affected in a complex manner due to change in
the climatic conditions, due to short-term or long-term weather conditions, and these
changes are quite difficult to predict. For example, increase and decrease in global
temperature, moisture regimes and elevated CO> lead to change in the rate of
enzymatically-catalysed reactions that affect the soil enzymatical activities (Baldrian
et al., 2013). The biological status of the enzymes in the soil are negatively affected
with chloropyriphos pesticides. The effect of pesticides on activity of enzymes in soil
are not clear due to their multidimensional behavior and its interaction with soil flora.
Chloropyriphos which was applied at field rate (0.5 mg kg~ soil) did not affect the
enzymatical activities like fluorescein diacetate hydrolysing activity (FDHA), and
when the chloropyriphos was applied at higher dosage (50 mg kg~! soil) it
significantly decreased the FDHA activity (Dutta et al., 2010). Dehydrogenase
activities also observed more sensitive till second week at medium dose and till
fourth week at higher dose, compared to untreated control. In comparison to control
soil, the dehydrogenase activity decreased by 16% in presence of 10 ppm
chloropyriphos pesticide, after 14 days treatment. The maximum inhibition (62%) of
dehydrogenase activity was noticed in presence of 50 ppm chloropyriphos initially
after first day of treatment (Kumar, 2011). Chloropyriphos also reduced the activity
of alkaline phosphatase and urease enzyme activity at field application
(Jastrzebska, 2011). The addition of biochar in pesticide treated soil improved the
soil properties. In addition, it also minimized the negative impact of pesticides on soil
properties and on certain microorganisms groups as reported in the Microbial Assay
for Risk Assessment (MARA) (Oleszczuk et al.,2014; Sun et al., 2014). The
response of different enzymes with elevated CO, (700 ppm) were measured and it
was observed that soil enzymatic activities specifically, dehydrogenase, fluorescien
diacetate hydrolase, urease, acid phosphatase, and alkaline phosphatase responded
positively to elevated CO2 concentrations. However, it showed negative impact on
persistence activity of pesticide (Adak et al., 2016). A recent study by Sanchez-
Hernandez et al., 2017 described short-term responses of selected soil enzyme
activities to chloropyriphos. The study showed two doses (4.8 and 24 kg a.i. ha™)
and were evaluated and was concluded that both doses inhibited the activity of

enzymes like carboxylesterase (62—78% of controls), acid phosphatase (56—60%)



and [-glucosidase (43-58%) dehydrogenase (47%) and catalase (38%) as
compared to control soil. However, only carboxylesterase activity showed a dose-
dependent response with the chloropyriphos application rate.



CHAPTER -l
MATERIALS AND METHODS

3.1 Soil sampling site

For the experiments to be carried out the soil samples were collected from the
fields of the Indian Institute of Soil Science, Bhopal, Madhya Pradesh, India (23.30
N, 77.40 E, 485 m asl). The field was cultivated with soybean (Glycine max L.) and
wheat (Triticum aestivum L.) during the summer and winter seasons, respectively
during the past 13 years. Wheat variety HI 8498 and soybean variety JS 335 were
grown at a spacing (cm) of 22.5 x 5 and 45 x 5 with seeding rates of 100 kg and 80
kg hal respectively. Soils were collected from the control plot that received no
fertilizer and sampling was done during June 2017 where there was no crop. A
composite sample was prepared by mixing 4 samples from each corners and 1
sample from centre of the field. Then the soils were collected from depth profile of 5-
15 cm. The study area has a humid subtropical climate, with a hot summer and a
humid monsoon season. It experiences southwestern monsoon rains between July
and September. Mean annual temperature is about 25 °C. Highest temperature goes
up to 45 °C during the mid summer (May-June). During winter (December-January)
the average temperature remains about 15 °C, & the average annual rainfall is 1200

mm with humidity of 65%.
3.2 Soil physico-chemical properties

After collecting the soil samples, the soil clods were broken and cleaned of
small stones and root parts. Soil was then passed through a 2-mm mesh sieve and
used within 2 days of collection. The soil is a heavy clayey Vertisol (Typic Haplustert)
characterized with 5.7 g organic C, 225 mg available N, 2.6 mg available P, and 230
mg available K. Organic carbon (OC) was determined by wet digestion method
(Walkley and Black, 1934). Available N was determined by alkaline KMnO4 method
(Subbiah and Asija, 1956). Available phosphorus was extracted by 0.5 N NaHCO3
solution buffer at pH 8.5 (Olsen, 1954). Available potassium was calculated by
neutral normal ammonium acetate (Hanway and Heidel, 1952) and K was
determined by flame photometer (Lindsay and Norvell, 1978). The electrical

conductivity (EC) was 0.43 dS m* and the pH was 7.5 (1:2.5 of soil and water in w:v)



(Smith and Doran, 1996). The water holding capacity, bulk density and saturated
hydraulic conductivity of the soil were 62% (w/w), 1.45 mg m~3, and 7.3 x 10® m s
respectively. The textural composition of soil was: sand 15.2%, silt 30.3%, clay
54.5%. The soil in the had 863.24 uM NO3, 0.01 uM Fe?* and 101.02 pM SO4*.

3.3 Biochar preparation

Biochar was prepared by pyrolysis method pigeon pea (Cajanus cajan) stalk
grown in the experimental farm located at Central Institute of Agricultural
Engineering Institute, Bhopal, India. The sun dried stalks of pigeon pea were
shredded to 5-7 cm in length. The system used for biochar preparation was an
unconfined insulated chamber made of mild steel. The chamber had inner diameter
of 360 mm, height of 500 mm and wall thickness of 2 mm. Chamber temperature
was maintained externally and the heating rate to attain the pyrolysis temperature
(450 °C) was 6 °C mint. Charring process was completed in 4 hours (Gangil, 2014).
Characterization of biochar was estimated by standard protocols (Nelson and
Sommers, 1982). The pH (1:1.25, H20), electrical conductivity, ash content and bulk
density of the BC were 9.57, 1.95 (dS m™), 15.5% and 239 kg m respectively. The
total C, N, P and K concentrations (%) of BC were 86.4, 0.40, 0.09, and 0.74
respectively. Total Ca, Mg, and Na concentration (mg kg?) was 92.2, 19.5, and 395
respectively. The BC was grounded manually and passed through 2 mm sieve to

attain the particle size less than 2.00 mm.
3.4 Microcosms set up

A factorial design was used to analyze the impact of factors (elevated COo,
biochar and insecticide) on nitrification. The factors were CO, (400 ppm, 800 ppm),
chloropyriphos (0 ppm, 10 ppm) and biochar (0 %, 1%), Biochar was applied at the
rate of 1-2% as soil amendment (Asai et al., 2009). Each factorial combination (2
CO2 x 2 biochar x 2 choropyrifos) was replicated 3 times, for a total of 18
experimental units. Soil of 5 kg weight was put into the pots. Soil was mixed with
chloropyriphos stock solution before putting in the pots. A 1000 ppm stock solution of
chloropyriphos (Sigma Aldrich, USA) was prepared using HPLC grade acetonitrile
(Sigma Aldrich, USA). The chloropyriphos stock of 0.05 ml mixed with 10 ml water

was added to soil to represent 10 ppm (w/w) chloropyriphos. Similarly, the soil added



with 10 ml of water containing 0.05 ml pure acetonitrile served as treatment of 0 ppm
chloropyriphos. Biochar was added to pots at the level of 0% or 1% (w/w). The soaill
was also mixed with aqueous stock of NH4sSO4, KCI, and Ca(H2PO4), for a final
concentration of 50 mg NHs-N, 25mg K20 —K, and 25 mg P.Os-P per kg soil. After
adding all constituents soil was mixed thoroughly. Distilled water was added to
maintain 60% moisture holding capacity. Pots were kept in plant growth chamber
(M/s Genesis, Mumbai, India). The plant growth chamber had 2 compartments for
setting 2 different CO2 concentrations (400 ppm & 800 ppm). Wheat (Triticum
aestivum L) was sown in each pot (two seeds per pot). Plant growth chamber was
equipped with CO, sensor, red green blue LED tube lights, infrared heater, air
conditioner, and microwave humidifier. The chamber was set for 18 hours
illumination per day, temperature 28+2°C and relative humidity 65+2%. The pots
were moistened with water (50 ml) at regular intervals of 2 days to maintain the

moisture.
3.5 Nitrification measurement

Soil samples were collected regularly from pots (3-5 cm below surface) to
evaluate nitrification. Concentration of NOs was estimated after extraction with
CaSO04 and reaction by phenol disulphonic acid method (Jackson 1958). Potential
nitrification rate (PNR) was determined by estimating the NO3s'" concentration during
the whole period of plant growth. Soil sampling and NOs!- estimation was carried out
for 21 days as the concentration of NOs!" did not change. The slope of the regression
line from NOs'" N and incubation time was used to determine the potential nitrification
rate (ug NOs' produced g soil d?) (Schmidt and Belser 1982).

3.6 DNA extraction

DNA was extracted from 0.5 g soil samples using the ultraclean DNA
extraction kit (MoBio, USA). The DNA concentrations were determined in a
biophotometer (Eppendorf, Germany) by measuring absorbance at 260 nm (A260),
assuming that 1 A260 unit corresponds to 50 mg of DNA per pl. DNA extraction was
further confirmed by electrophoresis on a 1% agarose gel. The extracted DNA was

dissolved in 50 pl TE buffer and stored at =20 °C until further analysis.



3.7 Quantification of 16S rRNA gene of eubacteria and amonA gene

of ammonia oxidizing bacteria

Real time PCR was performed on a Step one plus real time PCR (ABI, USA)
to quantify the 16S rRNA and amoA genes. Reaction mixture was prepared with 2 pl
of DNA template, 10 ul of 2X SYBR green master mix (Affymetrix, USA), 200 nM of
primer (GCC Biotech, N Delhi). Final volume of PCR reaction mixture was 20 pl.
Oligonucleotide primers targeting eubacterial 16S rRNA gene and nitrifying bacterial
amoA gene were used for amplification. The primers (5°-3’) for eubacteria were 1F
(CCT ACG GGA GGC AGC AG) and 518R (ATT ACC GCG GCT GCT GG) (Baek et
al. 2010) and nitrifying bacteria 1F (GGG GTT TCT ACT GGT GGT) and amoA 2R1
(CCC CTC TGG AAA GCC TTC TTC) (Okano et al. 2004). Thermal cycling was
carried out by an initial denaturizing step at 94 °C for 4 min, 40 cycles of 94 °C for 1
min, annealing temperature for 30 sec, 72 °C for 45 sec; final extension carried out
at 72 °C for 5 min. The annealing temperature for 16S rRNA was 52 °C, and 50 °C
for amoA. Fluorescence was measured during elongation step. Data analysis was
carried out with Step one plus software (ABI, USA) following user’'s manual. The CT
(threshold cycle) values (cycle at which the fluorescence of target molecule number
exceeded the background fluorescence) were determined. The quality of PCR
amplification products were determined by melting curve analysis with temperature
increase of 0.3 °C per cycle. Standard for the 16S rRNA and amoA genes was made
from series of 10 fold dilutions of purified amplified products and data presented as

number of cells g-1 soil.

3.8 Plant growth parameters

Wheat plants were harvested after 60 days of sowing. Plants were carefully
removed from soil with minimal damage to roots. Soil particles adhering to root were
washed out with tap water. Plants were cut into root and shoot parts. Weight of root

and shoot was determined.
3.9 Statistical analysis

All statistical analyses were carried out using the “agricolae” and “vegan”

packages of the statistical software R (2.15.1) (Ihaka and Gentleman, 1996). Results



for the experiments were presented as arithmetic means and standard deviation of
triplicate observations. Tukeys honestly significant difference (HSD) test was
performed to define the significant difference among treatments at a 0.05. Effect of
factors (CO2 concentration, biochar and chloropyriphos) on the variables or
parameters (nitrification, abundance of 16 S rRNA gene of eubacteria, amoA gene of
ammonia oxidizers, root weight and shoot weight) was tested by analysis of variance
(ANOVA) at a 0.05. Estimated data were In transformed for ANOVA. Linear

regression models were developed to predict nitrification from different variables.



CHAPTER - IV
RESULTS

4.1 Gross nitrification

The initial concentration of NOs-N in the native soil was 12.25 mg kg-1. About
50 mg NHas-N [(NH4)2S04)] kg-1 soil was added to study nitrification. The nitrification
efficiency of the soil remained within 30 to 66% among various treatments.
Nitrification was studied in terms of NO3-N produced out of the NHs-N added. The
temporal variation of nitrification in the rhizosphere of wheat under the influence of
CO2, biochar and chloropyriphos is given in Fig 1. The NOs-N measurement was
carried out for 21 days as the concentration of NO3-N stabilized after 16 to 18 days
irrespective of treatments. The highest NO3-N was observed during 8-10 days.
During this period the concentration of NOs-N varied from 19.09 to 41.5 mg kg-1 soil.
Apparent nitrification rate was determined accounting the period of increasing NOz-
N. Apparent nitrification rate varied among the treatments (Table 1). Lowest
nitrification rate (0.665 mg NOs-N produced g-1 soil d-1) was in the treatment of CO>
400 PPM biochar 0% chloropyriphos 10 ppm. Highest nitrification rate (4.525 mg
NO3z —N produced g-1 soil d-1) was in the treatment of 800 ppm CO:2 biochar 1%
chloropyriphos 0 ppm. The result indicated that the elevated CO, and biochar
stimulated the nitrification while chloropyriphos inhibited the nitrification. Elevated
CO2 stimulated nitrification rate by factors of 1.95 to 2.84 than ambient CO2. Biochar
stimulated nitrification by factors of 14% to 38% than no biochar. Chloropyriphos

inhibited nitrification by factors of 59% to 67% than no chloropyriphos.
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Fig 1. Influence of CO>, biochar (BC) and chloropyriphos (Chl) on nitrification. NOs

concentration in the rhizopheric soils of wheat was estimated. Wheat plants were

grown under controlled environment with different CO2 concentration (400 ppm , 800

ppm), biochar (0%, 1%), and chloropyriphos (0 ppm, 10 ppm). NHa-N (NH4SO4) was

applied to soil at 100kg N ha? basis. Soils were planted with wheat and incubated

under in the rhizosphere of wheat grown in soil (vertisol) under the. Each data point

represents arithmetic mean and standard deviation as error bar of three replicated

observations. X axis represents incubation period and Y axis represents NOz (mM).



4.2 Microbial abundance

Abundance of eubacteria and ammonia oxidizing bacterial population was
estimated during the peak nitrification phase (Table 1). The gene copies of 16S
rRNA of eubacteria varied from 25+3.00 x 10° g* soil to 75+4.04 108 g soil. Highest
number of eubacteria was in the treatment of 800 ppm CO: biochar 1% with no
chloropyriphos. Lowest number of eubacteria was in the treatment of 400 ppm CO2
without biochar and with chloropyriphos 10 ppm. The abundance nitrifies (amoA
gene copies of ammonia oxidizing bacteria) varied in from 8.33+0.577 x 10° cells g
soil to 1.43+0.404 x 10° cells g* soil. Highest number of ammonia oxidizer was in the
treatment of 800 ppm CO2 biochar 1% and no chloropyriphos. Lowest number of
ammonia oxidizer was in the treatment of 400 ppm CO2 0% biochar and 10 ppm
chloropyriphos. Result showed that both elevated CO. and biochar acted as
stimulator to eubacteria and ammonia oxidizers. Contrastingly, chloropyriphos
inhibited the proliferation of these microbial groups. Elevated CO; stimulated the
abundance of eubacteria by factors of 1.35 to 1.58. Similarly elevated COzstimulated
the abundance of ammonia oxidizing bacteria by factors of 2 to 2.50 fold.

Chloropyriphos inhibited both groups by 17% to 58% than no chloropyriphos.



Table 1.Apparent nitrification rate (mM NOs3 produced g soil d?), abundance of 16S

rRNA gene copies of eubacteria, amoA gene copies of nitrifying bacteria. Soils were

amended with chloropyriphos (0 ppm, 10 ppm), biochar (0%, 1%), and incubated

under CO. (400 ppm, 800 ppm). Soils were planted with wheat. Each data

represents arithmetic mean +standard deviation of three replicated observations

CO2 Biochar Chloropyriphos Nitrification 16SrRNA amoA gene
oo 09 O NN Sooeslls  bactera G
produced g- g™ soil) 10°cells g
Lsoil d?) sail)

400 0 0 1.808+0.276¢ 34+4.04¢ 3.33+0.577¢f
10 0.665+0.152" 25+3.009 1.43+0.4049
1 0 2.368+0.187¢ 39+3.78¢ 3.66+0.577¢
10 0.760+0.0699 30+1.73f 3.03+0.058'
800 0 0 3.815+0.407° 7442512 7.83+0.764°
10 1.562+0.293f 44+5.29°¢ 4.33+0.577¢
1 0 4.525+0.585% 75+4.042 8.33+0.5772
10 2.157+0.1009 54+4.04° 6.06+0.902¢

Tukeys HSD (p 0.05, df error 23) 0.061 1.88 0.076




4.3 Plant growth attributes

Growth of wheat was evaluated as fresh weight of shoot and root after 60
days of germination (Table 2). Shoot weight varied from 43.0+3.7 g to 23.0+2g while
the root weight varied from 25.4+2.33g to 9.6+0.577g. Plant growth (both shoot
weight and root weight) was highest in the treatment of 800 ppm CO> biochar 1%
and chloropyriphos 0%. Lowest growth was observed in the treatment of 400 ppm
CO2 biochar 0% and chloropyriphos 10 ppm. Elevated CO> and biochar stimulated
the growth of wheat while chloropyriphos inhibited the growth of wheat. Elevated
CO2 stimulated root growth more than shoot growth. Elevated CO> stimulated shoot
weight by a factor of 1.23 than ambient CO>. Similarly, elevated CO2 enhanced the
root weight by a factor of 2.52 than ambient CO.,. Effect of biochar on plant growth
parameters varied from 1 % to 38% than no biochar. Contrastingly chloropyriphos
inhibited plant growth parameters (both root weight and shoot weight) by 17% to
42%.



Table 2. Wheat growth under the influence of CO2, biochar and chloropyriphos. Soils
were amended with chloropyriphos (0 ppm, 10 ppm), biochar (0%, 1%), and
incubated under CO2 (400 ppm, 800 ppm). Soils were planted with wheat and the
growth of plants was measured as shoot weight (g) and root weight (g) after 45 days
of sowing. Each data represents arithmetic mean zxstandard deviation of three
replicated observations. Mean values followed by same letters are not significantly
different at p< 0.05.

CO; Biochar Chloropyriphos Shoot weight Root weight
(ppm) (%) (%) (9) (9)
400 0 0 27.6+£1.637¢ 12.6+0.3469%
10 23.0+2.000f 9.6+0.577"
1 0 30.7+0.755¢ 17.3+1.429¢
10 23.3+1.155f 10.0+0.001¢
800 0 0 41.6+2.887° 21.6+0.577°
10 29.3+5.038¢ 14.6+3.055¢
1 0 43.0+£3.7002 25.4+2.3352
10 34.3+0.577¢ 16.3+2.309¢
Tukeys HSD (p 0.05, df error 23) 1.12 1.58




4.4 Statistical analysis

One way ANOVA revealed that the factors (CO2, biochar, and chloropyriphos)
significantly (p<0.01) influenced the parameters (nitrification rate, shoot weight, root
weight, abundance of eubacteria and abundance of ammonia oxidizers) (Table 3).
The interaction of CO2 and chloropyriphos (CO2 x chloropyriphos) significantly
influenced the nitrification rate (p < 0.001), abundance of eubacteria (p < 0) and
ammonia oxidizers (p< 0.001). The interaction of biochar and chloropyriphos
(biochar x chloropyriphos) significantly influenced root weight (p<0.01) and
abundance of ammonia oxidizers (p<0.001). The interaction among CO2, biochar
and chloropyriphos (CO:2 x biochar x chloropyriphos) had no significant effect on any
of the parameters. Linear regression models indicated that nitrification rate was
linearly fitted with the shoot weight, root weight, abundance of eubacteria and
ammonia oxidizers (Fig 2). Shoot weight fitted linearly as 5.428 x nitrification rate
+19.64. Root weight fitted linearly as nitrification rate x 3.914 +7.332. Abundance of
eubacteria linearly fitted as nitrification rate x 13.10 +18.23. Similarly, the abundance

of ammonia oxidizers fitted as nitrification x 1.608 +1.207.



Table 3. Analysis of variance (ANOVA) of the factors and variables to determine

interaction effect of CO», biochar and chloropyriphos on apparent nitrification rate,

wheat shoot length, root length, population of eubacteria (16S rRNA gene copies),

and ammonia oxidizing bacteria (AOB) in soil

Factors Nitrification Shoot Root Eubacteria AOB

CO: (C) 6.57e-10*** 2.37e- 1.82e- 1.08e-12*** 5.31e-

08 08*+* 1 r

Biochar (BC) 0.00117* 0.0374*  0.00149** 0.00279**  0.00532**
Chloropyriphos 9.17e-11*** 1.02e- 5.09e- 3.01e-09*** 2.72e-
(Chl) 06*+* 08*+* Q7%
CxBC 0.20990 0.5032 0.90087 0.82825 0.48649
C x Chl 0.00172** 0.0518. 0.05163. 4.72e-05*** 0.00461**
BC x Chl 0.26191 0.8498 0.03007*  0.14221 0.00260**
C xBC x Chl 0.49171 0.1610 0.41457 0.14221 0.33988

Signif. codes: 0 *** 0.001 ** 0.01 *" 0.05°"0.1 “" 1
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Fig 2. Linear regression models (a 0.05) of nitrification and different parameters of
the study. The parameters were fresh weight of shoot, fresh weight of root,
abundance of 16S rRNA gene of eubacteria, and abundance of amoA genes of
ammonia oxidizing bacteria. Y axis represents different parameters while the X axis

represent nitrification rate.



CHAPTER -V
DISCUSSION

The experiment was framed to generate useful information on the impact of
elevated COg, biochar and chloropyriphos on nitrification potential under controlled
laboratory environment to avoid variations which often originate from the
environmental artefacts under field situations. The elevated CO concentration was
kept at 800 ppm as it is predicted that the concentration of atmospheric CO2 will
increase from present 410 ppm to 1000 ppm by the end of this century (O’Neill et al.
2017). Biochar is recommended for field application to improve soil function and to
mitigate greenhouse gas emissions (Kollah et al. 2015). The insecticide
chloropyriphos is recommended to apply to crops at 1-5 ppm level. However, the
frequency and dose of its application is predicted to increase due to change in
climate (Ahirwar et al. 2018). Therefore, in this study the chloropyriphos was
evaluated at 10 ppm level. Wheat is grown all over the world with application of high
dose of N to enhance crop yield. Nitrogen is basically applied in the form of NH4-N.
In soil the NHs-N undergoes nitrification for plant uptake. Therefore, nitrification is an
important process in agricultural soil ecosystem. To evaluate nitrification, NO3 was
estimated from soil samples at regular intervals because the end product of

nitrification is NOs.

The concentration of NOs-N increased steadily soon after the addition of NHas-
N. The concentration of NOs-N was highest when crop was 10-12 days old. This
indicated that the soils were active and had high abundance of microbial groups
which help in nitrification. Subsequently the concentration of NO3-N remained at a
steady state. Probably the soils attained the maximum nitrification potential and
resulted plateau level of NOs-N. The wheat N uptake is about 20-50 kg hat at
maximum tillering, stem elongation and flowering stages (McGuire et al. 1998). In
addition to the plant's NOs-N uptake, soil microorganisms also assimilate
considerable amount of NOz-N. In soil ecosystem microbes assimilate both NH4-N
and NOs-N. Heterotrophic microbes assimilate less NH4* than NOs~ because of
competition by nitrifiers (Burger and Jackson 2003). Therefore, the uptake of NOs-N
both by plant and microbes caused a saturation curve in the nitrification. It was also
observed that out of 50 mg NHa4-N kg™ only 30-66 % was nitrified. This could be due



to the effect of different factors on the nitrifiers and variation in N uptake by plant and

microorganisms.

The factors (elevated CO», chloropyriphos and biochar) influenced the
nitrification, plant growth and microbial abundance. In general the elevated CO2
exerted highest impact followed by the impacts of chloropyriphos and biochar.
Elevated CO2 and biochar exhibited positive impact on the parameters while the
chloropyriphos exterted negative impact. For example, the positive impact of
elevated CO: on nitrification was twice than that of the ambient CO.. Elevated CO:
stimulated root weight and shoot weight. High root biomass improves root exudation
leading to high microbial abundance than that of low root biomass. Under such
scenario, the high microbial abundance probably stimulated the chloropyriphos
degradation effecting nitrification. Similar result has been observed in a tropical rice
soil. In the rice field experiment biodegradation of chloropyriphos under the influence
of elevated CO, was explored. About 88.4% of initially applied chloropyriphos was
degraded from the rice soil maintained under elevated CO, (700 ppm) by 5 day,
whereas the 80.7% of the chloropyriphos was degraded under ambient CO2(Adak et
al. 2016). Thus the elevated CO: reduced the negative impact of chloropyriphos
under elevated CO, and stimulated nitrification. Secondly, elevated CO> increased
microbial abundance including nitrifiers which in turn stimulated nitrification. Positive
effect of elevated CO2 on nitrification can be explained by two means based on the
microbial abundance and plant growth. Nitrifiers are autotrophs and obligatory
aerobic in nature. Nitrifiers use CO: as substrate for their growth and metabolism.
Therefore, elevated CO: stimulated nitrifying microbial population. Elevated CO:>
increased the plant biomass as well as root biomass. This effect was due to the CO»-
C fertilization. High growth of plant biomass also causes high root exudation as
discussed before. In a free air carbon dioxide (CO2) enrichment (FACE) field
experiment Spring wheat (Triticum aestivum L. cv. TRISO) was grown for three
consecutive seasons in order to examine the effects on crop yield and grain quality.
Elevated CO. promoted the aboveground biomass (+11.8%) and grain yield
(+10.4%) (Hogy et al. 2009). In another experiment the effect of elevated CO> on the
root structure and function and agronomic properties of two wheat (Triticum
aestivumL.) cultivars was studied. Elevated CO» improved the N uptake and

enhanced the allocation of N to grains (Tausz et al. 2017). Elevated CO: influences



microbial structure and function through increased root exudation in plants (Wang et
al. 2017). High soil organic carbon due to increased root exudation stimulated

microbial activity (nitrification) and aided in plant’s N uptake.

Biochar stimulated the nitrification potential of soil irrespective of other factors.
In a study it was reported that biochar promoted soil ammonia-oxidizer populations
(bacterial and archaeal nitrifiers) and accelerated gross nitrification rates more than
two-folds (Prommer et al. 2014). The positive effect of biochar is linked to its
properties. Biochar is a porous material and has high surface area (Atkinson et al.,
2010). Both the physical properties are favourable for the growth of aerobic
microorganisms. Ammonia oxidizing bacteria are obligate aerobes and were thus
stimulated in the soil amended with biochar. Biochar provides shelter to
microorganisms too within its pores. Therefore, the abundance of microorganisms
(both heterotrophic bacteria and ammonia oxidizers) was significantly (p<0.05)
higher in the biochar amended soils. Chemically biochar is rich in minerals (Zhao et
al. 2013). Ammonia oxidizers are chemolithoautotrophs and possibly the inorganic
minerals favoured nitrification. Biochar has a higher cation exchange capacity (CEC)
(Steinbeiss et al. 2009). High CEC allows adsorption of positively charged molecules
like NH4+. Higher availability of NH4 favoured the ammonia oxidizers residing in the
pores of biochar. Biochar stimulates the decomposition of chloropyriphos and it
positively stimulates biodegradation of several xenobiotics. In this study biochar
stimulated the population of heterotrophic bacteria. Heterotrophic bacteria like
Acenetobacter, Enterobacter biodegrade the organic pollutants including
chloropyriphos (Singh et al. 2004). Biochar basically stimulate CH4 oxidation by
enhancing the abundance of aerobic methanotrophs, heterotrophs and
actinomycetes (Ahirwar et al. 2018). Methanotrophs possibly enhanced the
nirification (Kollah et al. 2015).

The concentration of chloropyriphos was within the range of recommended
field dose (Posey et al., 2006). Abundance of eubacteria and ammonia oxidizers was
estimated at the peak nitrification period. Chloropyriphos inhibited the abundance of
eubacteria and nitrifiers. In an earlier study it was observed that chloropyriphos
inhibited methanotrophs (Ahirwar et al. 2018). Chloropyriphos inhibits bacterial
enzymes including hydrolases (carboxylesterase, acid phosphatase, B-glucosidase,

urease and protease) and oxidoreductases (dehydrogenase and catalase)(Sanchez-



Hernandez etal., 2017). Heterotrophic bacterial population represent the overall
microbial activity of a soil and many heterotrophs degrade chloropyriphos (Singh et
al. 2004). Change in the abundance of both eubacteria and nitrifiers varied according
to nitrification potential. Probably, the favourable factors (biochar and elevated CO>)
and stress factors (chloropyriphos) influenced bacterial abundance parallel to

nitrification.

One way ANOVA revealed that the factors (CO2, biochar and chloropyriphos)
as an individual & interactively influenced (p<0.01) the parameters like nitrification,
microbial abundance and plant growth. This was due to the significant effect of the
factors on parameters. However, the interaction of factors did not exhibit significant
influence on the parameters. Wheat shoot and root weight exhibited significant
(p<0.01) positive relation with the nitrification rate. The negative effect of
chloropyriphos on wheat growth could be due to the inhibition of soil bacteria (both
heterotrophic eubacteria and nitrifiers). The negative effect of chloropyriphos was
negated by biochar. Biochar stimulates degradation of many pesticides due to its
high CEC, porosity and carbonaceous nature (Khorram et al. 2016). Biochar also
adsorbs pesticides and reduces bioavailability for plant uptake and enhances the
growth of the plant (Yu et al. 2009). Biochar also absorbs pesticides and channelize
to the inhabiting microbes for degradation (Jing et al. 2018). Considering these facts
it is assumed that biochar can be used to manage chloropyriphos contamination and

improve crop growth under climate changing conditions.



Conclusion

Experiment after analysis depicted the impact of chloropyriphos, biochar and
climate factors on the nitrification activity in the rhizosphere of wheat. Soil was
treated with chloropyriphos at 10 ppm, biochar was amended at 1% w/w. The
climatic factor considered was elevated CO> (800 ppm). Soil was added with NH4-N
at 50 mg kg soil. Wheat seeds were sown in pots and plants were grown in a plant
growth chamber under controlled conditions (temperature and humidity). Nitrification
was measured by estimating the NOz-N concentration periodically. Abundance of
16S rRNA gene of eubacteria and amoA gene of ammonia oxidizing bacteria were
estimated. Plant growth attributes comprising shoot weight and root weight were
measured. Results highlighted that elevated CO> and biochar stimulated nitrification
while, chloropyriphos inhibited nitrification. Microbial abundance varied in parallel
with the nitrification. Among the different factors undertaken the elevated CO:
exerted maximum effect followed by chloropyriphos and biochar. Nitrification was
positively related with all the parameters. Based on this experiment it can be
concluded that the negative effect of chloropyriphos on nitrification can be subsidized
by elevated CO, and biochar addition. The elevated CO. acts as C fertilizer and
increased root and shoot biomass. Probably, the high root exudates due to
increased plant root biomass stimulated the eubacteria and ammonia oxidizing
bacteria and nitification. Biochar was effective in regulating the negative impact of
chlorpyifos due to its physico chemical nature. As predicted by IPCC the increasing
atmospheric CO: is likely to have positive effect on nitrification in the rhizosphere of
wheat. However, there is need of experiments considering the effect of rising
temperature for a holistic understanding on the interaction of climate, biochar and

chloropyriphos on nitrification.



SUMMARY

There is a prediction that as the climate will change, there will be increase in
pesticide application in agriculture. Now a days biochar is recommended for soll
application to improve carbon sequestration, climate mitigation, and crop production.
Nitrification plays key role in plant’'s nitrogen uptake. However, it is not clearly
understood how the climate factors, pesticide and biochar will influence nitrification.
Experiment was carried out to study nitrification in the rhizosphere of wheat under
the influence of elevated CO2, chloropyriphos and biochar. The experimental factors
were CO2 (400 ppm, 800 ppm), biochar (0%, 1%), and chloropyriphos (0 ppm, 10
ppm). The parameters considered were nitrification rate, abundance of 16S rRNA
gene of eubacteria, abundance of amoA gene, plant shoot and root biomass. It was
estimated by measuring soil NO3z-N in the early vegetative growth of wheat.
Nitrification rate was lowest (0.665+0.152 mg NOs-N produced g* soil d?) in soil
under CO2 400 ppm biochar 0% chloropyriphos 10 ppm. Highest nitrification rate
(4.525+0.585 mg NOs-N produced g* soil d?) was in CO> 800ppm biochar 1%
chloropyriphos 0 ppm. Abundance of 16S rRNA gene copies (x 108 cells g* soil) of
eubacteria varied from 25+3.00to 75%4.04. Abundance of ammonia oxidizing
bacteria (x 10° cells g* soil) varied from 1.43+0.404 to 8.33+0.577. Shoot weight of
wheat ranged from 23.0+2.00 g to 43.0+3.700 g. Similarly root weight of wheat
varied from 9.6£0.577 g to 25.4+2.335 g. Results exhibited that elevated CO, and
biochar stimulated the nitrification process, microbial abundance and plant growth.
On the other hand, chloropyriphos inhibited these parameters. The impact of
elevated CO was highest in chloropyriphos followed biochar. Study concluded that
elevation in atmospheric CO2 may increase the negative impact of chloropyriphos on
nitrification and soil microbial abundance. However, the use of biochar may alleviate

these negative impacts and aid in retaining soil function.
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