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Abstract

Improving soil organic carbon by biochar application is of concern in flooded rice soils.
However, the effect of biochar on soil physico-chemical and biological properties under
increasing levels of CO; is limited and needs investigation. The present study examined the
response of soil carbon pool, and soil enzyme activities of rice upon application of biochar under
elevated carbon dioxide (eCO,) - 550+30 pmol.mol* level. The study was carried out in open-
top chambers (OTC) under a rice-rice (Oryza sativa L.) cropping system in 2020. A set of OTCs
at ambient CO2 (415 + 10 pumol mol™* (aCO)) served as a check with and without biochar
application. The fourth OTC maintained eCO> without the application of biochar. Rhizosphere
soil samples from three critical crop stages viz., active tillering, flowering, and maturity were
analyzed for various physico- chemical and biological properties. Most soil biological
parameters, specifically soil enzymes, p — glucosidase, urease, and phosphatases, exhibited
significant changes during the flowering stage in biochar applied e(CO.) treatment. The per cent
increase of 46.8 %, 30.2 %, 18.75 %, and 51.2 % over ambient CO; in soil organic carbon
(SOC), soil microbial biomass carbon (SMBC), oxidizable carbon (OC), and water-soluble
carbon, respectively, was observed. This study emphasized that biochar can improve the soil C
pool and enzyme activities under anticipated climate change.
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Introduction
The global phenomenon of climate change is menacing the globe over recent decades, whichis
predictable to persist. The chief cause of climate change is an increase in the atmospheric
concentration of CO2, which has been increased steadily in the past decade and anticipated to get
as high as 550 umol.mol™? by 2050 (IPCC, 2018). Further, the global temperature is projected to
increase by 3.2 °C by 2100 (Guterres and Liu, 2020) and would have unfavorable impacts,
including heat waves, agricultural drought, floods, and diminished crop yields. The dependence
of agriculture on climate cycles and the productivity of crops would be afflicted. The increase in
atmospheric CO; alters the C cycling in the terrestrial ecosystem with the concurrent increase in
the magnitude of C fluxes in the ecosystem.

Paddy (Oryza sativa L.), a prime crop across the globe for food security (Tolba et al.,
2020), is sensitive to climatic conditions. Climate change grimly impinges on world rice
harvesting countries including China, India, and Indonesia to about 52%, contributing more than
70% of global rice output. These climatic changes affect the below ground and above ground
processes, including nutrient availability, uptake, photosynthetic rate, crop yield etc., As CO- is a
significant substrate for photosynthesis, its increased concentration at the cellular level increases
photosynthesis by enhancing carboxylation and lowering oxygenation. Numerous strategies are
being adapted to cope with climate changes, such as improving breeding strategies (Fita et al.,
2015), effective fertilizer management (Linquist et al., 2012), use of conservative agriculture
technologies, use of functional microbes (Geetha Thanuja and Karthikeyan, 2020; Davamani et
al., 2020). Rice straw compost or farmyard manure was reported to minimize methane emission
from a paddy field and improve soil fertility and crop productivity (Khosa et al., 2011). Amongst
them, biochar application is suggested as supply-side technology that bestows in climate change
mitigation (IPCC, 2014). Biochar has been proposed as an appropriate agent for improving
carbon sequestration and greenhouse gas emission reductions (Pokharel et al., 2018; Castaldi et
al., 2011). Biochar application plays a pivotal role in soil biochemistry of C and promotes the
stabilization of SOC. It also influences the activities of soil enzymes by harboring habitat for soil
microorganisms. A significant correlation between soil enzyme activities and SMBC, SOC have
been reported (Zheng et al., 2019).
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Soil enzymes are sensors for the functioning of soil microbes and physicochemical
characteristics (Sparling 1997). Being the catalyst for chemical reactions, it is also associated
with the decomposition rate and turnover of the C pool. eCO: tends to cause a high rate of
decomposition and release of nutrients facilitating microbial activities. This enhanced activity
has a profound effect on soil enzymes, whose interpretation needs caution and an alternative
strategy to sustain the environment. Thus the interaction of biochar with flooded paddy soil
characteristics for the future climate would be an option of adaption. With this background, the
study was intended to investigate the various C pools, namely, SOC, water-soluble organic
carbon (WSOC) and soil microbial biomass carbon (SMBC), and soil enzymes (acid
phosphatase, alkaline phosphatase, soil dehydrogenase, B-glucosidase, fluoresein diacetate
hydrolysis, and urease) upon the addition of biochar under simulated CO> condition.

Materials and Methods

Experimental location and climate :
The study site is situated at the wetland forms of Tamil Nadu Agricultural University, (11° 005
13'N, 76. 93 045 E), Tamilnadu, India. The location has characteristics of sub-tropical climate
with a mean precipitation of 710 mm. The maximum and minimum temperature of the study site
18 36.7°C and 17.9°C.

Open top chambers

UV protected open-top chambers (OTC) (diameter 5m and height 4.3m) (M/s. Genesis
technologies, India) made up of multi-layered polycarbonate sheets were used for CO. enriched
experiments. SCADA (Supervisory Control And Data Acquisition) software provided with a data
logger has been installed to obtain information on the temperature, relative humidity, and CO>
level in each OTC. The system exhibited and record the actual and required CO> level in each
OTC. A feedback control loop passing through programmable logic controllers monitored the
said parameters. The CO was purged into the OTC, through perforated polyvinyl tubes based on
sensor data.

Crop management and treatments

The field experiment was conducted under a rice-rice cropping system during rabi season 2020.
The land was prepared thoroughly with a tractor-drawn rotovator (single tillage) and flooded 2-3
days before transplanting. Rice seedlings (var CO51) of 20 d old have been transplanted at a
spacing of 25 x 25 cm with one seedling per hill. The crop was raised following recommended
agronomic practices and fertilizers as per Crop Production Guide 2020 (Directorate of
Agriculture). Every experimental plot received 150: 50:50 Kg NPK.ha!. N and K have been
applied in the form of urea and muriate of phosphate in three equal splits viz, basal tillering,
panicle initiation, and heading stages. The treatments were distributed in a complete randomized
block design with three replications. The application of biochar was beased on the NAS
recommended application rates for ricecultivation (NAS, 2010).

T1- Chamber with ambient CO, (aCOy)

T,- Chamber with ambient CO, + biochar (1 tonne.ha™) (aCO, + B)
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T3- Chamber with elevated CO; (eCOy)

T4- Chamber with elevated CO2 + biochar (1 tonne.ha) (eCO; + B)

The concentration of CO2 in ambient and elevated was 415 + 10 pmol mol™? and 550 pmol
mol* respectively, which was maintained throughout the cropping season.

Biochar characteristics

The biochar used in the study was prepared from paddy straw feedstock at a pyrolysis
temperature of approximately 350-400 °C. The quantity of C, H, N and S in the biochar were
52.2%, 3.9%, 1.8% and 0.3%, respectively.

Soil sampling

The properties of the soil prior to the treatment were analyzed and are given in the table. 1. For
the collection of rhizosphere soil, the plants were uprooted carefully and the soil adhering to the
roots (rhizosphere soil) was collected at three critical stages viz, active tillering, flowering and
maturity, with three replications for each treatment. The fresh samples collected were divided
into two parts. One part of the sample was stored at 4 °C for biochemical analysis, while another
part was air-dried, sieved through 2 mm mesh, and stored in closed plastic containers for
physico-chemical analysis.

Table 1. Properties of experimental soil

Soil properties Value
Sand (%) 30.5
Silt (%) 32.7
Clay (%) 31.4
Bulk density (g cm?®) 1.17
pH 85
EC(dSm™) 0.63
Available N (kg ha) 240.62
Available P (kg ha) 28.2
Available K (kg hat) 282.33

Analysis of soil nutrients

Alkaline permanganate method is followed for the estimation of nitrogen content and expressed
as kg ha (Subbaiah and Asija, 1956). The available phosphorus content is estimated by using
Olsen’s extractant method (Olsen, 1954). Soil sample is extracted with neutral normal
ammonium acetate, pH 7.0, and the available potassium in the filtrate is analyzed using a flame
photometer (Stanford and English, 1949) and the values expressed in kg ha™.

Analysis of soil enzymes

The colorimetric method is used to assess the activity of soil dehydrogenase using the reduction
of 2,3,5-triphenyl tetrazolium chloride (TTC) to 2,3,5-tetraphenylformazon (TPF) as given by
(Casida et al., 1964). B- glucosidase activity of the soil is examined by the method of Eivazi and
Tabatabai, (1988) as an indicator of C-substrate utilization. Fluorescein diacetate (FDA)
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hydrolysis is carried out in field moist soil as described (Schnurer and Rosswall, 1982). Urease
activity is determined by the method given by Tabatabai and Bremner (1972). Soil acid and
alkaline phosphatase are analyzed using p-nitrophenyl phosphate disodium as the substrate
(Tabatabai and Bremner, 1969).

Analysis of soil C pools
The organic carbon present in the soil sample is analyzed by the wet chromic acid digestion
method (Walkley and Black, 1934). Water-soluble and oxidizable carbon was estimated by the
methods given by Haynes and Swift (1990) and Blair et al. (1995), respectively. Biomass carbon
is determined by the modified fumigation-incubation technique. Biomass C is calculated by
using the below formula:

MBC (ng/g) = (Fe-UFc) / K

Where, Fc — CO2 flush from fumigated soil; UF. - CO. produced by the control soil;
K - 0.45 (Proportion of microbial C evolved as CO).

Statistical analysis

The datasets were analyzed for analysis of variance and separated by Duncan’s Multiple Range
test (DMRT) at 0.05 level of probability using statistical software SPSS 16.0 (Statistical software
for social science) and to analyze the simple correlation between soil enzymes and carbon pool,
Pearson correlation (r) was applied.

Results and discussion

Carbon is the prime nutrient in determining paddy growth and productivity. In contrast with
croplands, paddy soils hold an imperative C pool comprising more than 20% SOC per hectare.
However, the paddy SOC stocks are resolved by natural factors and agronomical management
(Liu et al., 2021). Application of biochar in our significantly influenced paddy soil carbon pool
and the effect was higher at elevated CO2. The order of SOC in increasing trend was observed as
aC0O2 <aCO; +B < eC0,< eCO> + B (Fig 1A), however aCO, +B and eCO, were on par.
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Figure 1. Impact of CO, and biochar on changes of soil carbon pools at different growth stages. Data represent
mean (n=3) and error bars indicate the standard error. For each panel, different letters denote the significant
difference within the treatments at P<0.05 to DMRT. SOC-soil organic carbon; SMBC- Soil Microbial biomass
Carbon; OC-Oxidizable carbon; WSC-Water-Soluble Carbon.

Under elevated CO-, biochar application has significantly increased SOC content by 46.8%. The
same increasing pattern was observed on SMBC (Fig 1B). The microbial biomass C ranged from
150-217 mg kg™. The oxidizable C and water-soluble C recorded maximum in biochar applied
plot under eCO; followed by aCO>. (Fig 1 C and D). aCO; recorded the lowest in both OC and
WSC. The significant difference at the flowering stage was displayed by SMBC and WSC, while
the significance was par in SOC and OC. However, the flowering stage showed higher values
than active tillering and maturity. Studies by Bhattacharya et al. (2012) have shown to increase
the carbon storage in paddy soil upon application of rice straw along with urea. The changes in
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soil properties including SOC, SMBC upon biochar addition in the paddy investigated here, were
in accordance with studies in non-paddy soil (Jin, 2010; Jones et al., 2011). Generally, the
response of soil biological properties as affected by biochar application and the initial soil
properties. The increase in MBC in this study is in analogy to that in other rice paddies across
sites in south China (Chen et al., 2015). However, submerged soil witnesses slower
decomposition of organic matter than aerobic soil, which remains in flooded soil for years.
Labile carbon pools namely SMBC, WSC, OC, readily mineralizable C and SOC were reported
to increase upon exposure to eCO; (Padhy et al., 2020), analogous to our study.

Soil enzyme activity

Yuan et al., (2006) described the effect of eCO: in enhanced soil enzyme activities due to CO»-
induced carbon entering the soil. The assayed enzymes were correlated with the organic carbon
of the soil since these parameters tend to increase considerably upon increasing returns of
organic residues. In analogy, Graham and Haynes, (2005) reported the significant correlation
between organic carbon content and soil enzymes. Paddy soil under elevated CO> coupled with
biochar application has significantly influenced soil enzyme activities (Fig 2A-F). In the present
study, maximum dehydrogenase (33.3 pug TPF g soil day?), p — glucosidase (61.3 pg pNP g*),
FDA (56.3 g fluorescein g*h? ), acid phosphatase (42.5 pg pNP g?), alkaline phosphatase
(46.3 ug pNP g?) and urease (226.8 pg g*h™?) activity was evidenced in plots applied with
biochar under eCO. SOC serves as a substrate for several soil enzymes and protects from the
complex formation with clay and humus (Tatabai, 1994). A significant increase in
dehydrogenase was observed in biochar applied soil under elevated conditions. Alef and
Nannipieri, (1995) reported an increase in soil dehydrogenase activity due to increased bacterial
population and activity since they are correlated with active cells and linked to labile organic
matter.
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Figure 2. Impact of CO, and biochar on changes in soil enzyme activities at different growth stages.
Data represent mean (n=3) and error bars indicate the standard error. For each panel, different letters
denote the significant difference within the treatments at P<0.05 to DMRT. (SDH- Soil dehydrogenase;
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BGA-B glucosidase; FDA-Fluorescein diacetate hydrolysis; ACP-Acid Phosphatase; ALP- Alkaline
phosphatase, URE-Urease).

The soil dehydrogenase activity was significantly differentfrom biochar applied aCO> and eCO,
while the difference was not noticed in 3 — glucosidase. Chen et al. (2015) have also reported an
increase in acid and alkaline phosphatase with the addition of biochar which corresponds to the
current results. Higher root biomass and exudates under eCO enhance the availability of soil P,
wherein P is linked to SOM by ester bonds which is made available by the action of phosphatase.
In the current study, carbon input by means of biochar and eCO, may have increased
phosphatase activity. Of all the observed rice crop stages, the flowering stage was significantly
different from the maturity and active tillering stage due to biochar application. However, no
significant difference was observable between active tillering and maturity, specifically on eCO-
+ B.

The soil C pool and enzyme activity of flooded paddy soil were significantly correlated
(Table.2). A correlation study revealed a highly significant (p<0.01) relationship between acid
phosphatase with alkaline phosphatase (r=0.98**), soil organic carbon with water soluble carbon
(r=0.88**), and soil dehydrogenase (r=0.87**). The least correlation was observed in fluorescein
diacetate hydrolysis (r= 0.19) with acid phosphatase.

Table 2. Correlation matrix between soil enzymes and carbon pool

ACP ALP BGA SDH FDA URE SOC MBC OC WSC
ACP 1

ALP 0.98™ 1

BGA 042" 043" 1

SDH 0.377" 0.41™ 0.82" 1

FDA 019 026 0.73" 0.85" 1

URE 0.677 0.67° 0.797 0.72" 0.57" 1

SOC 0.32° 0.38" 0.81™ 0.87" 0.84™ 0.60™ 1

MBC 057" 0.607 0.67° 0.74™ 076" 0.73" 0.67" 1

OC 0,507 053" 0.617 0757 068" 0.727 0727 0.75" 1

WSC 0.33"° 0.38" 0.76™ 0.88™ 0.80” 0.62 0.88~ 0.73" 0.75~ 1

Conclusion

The elevated CO> has a positive effect on soil carbon pool, and enzyme activities. However, it
could be enhanced with the application of biochar under anticipated climate change in the future.
Further studies should focus on the application rate and the type of biochar feedstock used in
preparation. The biochar application rate and the type may indirectly influence the soil microbial
activity and related biological properties. The study evidently illustrated the potential of biochar
to be employed to sustain rice productivity. On the other hand, further investigation is suggested
to study the interactive long-term effect of biochar and eCOz on the projected climate change and
agricultural needs.
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