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To minimize excess water usage, alternate wetting and drying (AWD) irrigation practice is considered as an efficient
technique in which soil intermittently dried during the growing period of rice by maintaining yield compared to a flooded
system. Continuous AWD may result in poor soil health caused by carbon loss, nutrient depletion, cracking, and affecting
soil physical properties. Due to being a potential organic amendment, biochar has a great scope to overcome these
problems by improving soil's physicochemical properties.
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| 1. Introduction

Rice is one of the most widely grown cereals globally. Generally, above 75% of rice is produced under the continuous
flooded irrigation system throughout its growing season and this irrigation system wastes a huge amount of water through
seepage, percolation, and evaporation . In this situation, farmers face challenges to produce rice with limited irrigation
due to the increasing water scarcity for agriculture because of climate change and fast industrialization and urbanization
[, Thus, it is crucial to adopt a substitutional irrigation system to save water without affecting rice yield under this climatic
condition. To counteract this water scarcity of irrigation, International Rice Research Institute (IRRI) generated the
technology of alternate wetting and drying (AWD) irrigation system for rice Bl. In AWD irrigation system, water is allowed
to evaporate before the next irrigation and when the water level reaches 150 mm (=15 to =20 kPa matric potential) below
the soil surface re-irrigated to a ponding water depth of 50 mm to monitor the water level below the soil surface employs a
field water tube (Figure 1) (31,
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Figure 1. Alternate wetting and drying (AWD) irrigation of rice (Image collected from Riaz et al. [4]).

Biochar is one of the most universally used organic amendments—carbon-rich porous material produced by the thermal
decomposition of organic residue under limited oxygen conditions and comparatively at low temperature (below 700 °C) in
a sealed container 2. Enrichment of soil by biochar exerts favorable hydrological properties of soil for crop production and
improves soil structure, porosity, and erosion @4, By applying biochar, soil enriched by organic matter results in
increased carbon content and adds nutrients such as nitrogen, potassium, phosphorus, and magnesium [EISILOILL]



| 2. Adverse Effect of AWD on Paddy Soil Structure

In AWD soil, it is periodically irrigated when the soil dries and reflooded to 5 cm and maintains flooded and non-flooded
conditions 12 causes swelling and shrinkage and generates cracking in the surface of paddy soil 13! because water is
discharged from the clay microstructures. Hydrological soil properties are extensively altered by cracking characteristics
as broad and deep cracks transfer the water rapidly from surface to subsoil 14, The increase in the presence and intensity
of cracks can boost water's percolation by allowing quicker and more comprehensive seepage of water 5. This leaching
of water to below root zone causes scarcity of moisture to the shallow-rooted plant species 18 as a result, water
productivity is decreased 22!,

| 3. Effect of AWD on Organic Carbon and Nitrogen Depletion

AWD irrigation system soils are saturated intermittently after a certain drying period, which poses recurring aerobic soil
conditions 174, Compared to continuous flooding irrigation, AWD provides more oxidizing conditions in the soil. This
phenomenon may stimulate the decomposition of plant residue and organic matter in the soil, especially in rice's
vegetative growth stage 28, This instance may generate increased CO, emissions from the soil by decaying organic
matter and declining organic matter status in soil 12, In the dry period of AWD, aerobic condition prevails and takes place
heterotrophic respiration in the soil; this leads to enhanced soil organic carbon (SOC) mineralization process 2%, which
likely transforms paddy soil from carbon sinks to sources 21, There is a positive and linear relationship between
precipitation and SOC [22: flooded rice systems may accumulate higher SOC compared to periodically irrigated paddy
fields.

A theatrical change proceeds in the physical condition of soil under the AWD system. The transformation between the
aerobic and anaerobic environment in soil controls the microbial activity, including mineralization, nitrification, and
denitrification, which affects N leaching and availability 14!, However, AWD-imposed intermittent aerobic and anaerobic
environments in topsoil may alter NH3 volatilization and N leaching from paddy soil 23],

During AWD at the drying stage, the soil shrinks and creates desiccated cracks on the topsoil that allow for preferential
flow and loss of nutrients 2414l During this stage, nitrate content increased in the soil due to the enhanced nitrification
rates, although rice roots need significantly higher energy to assimilate NO3-N compared to NH4-N 221,

| 4. Potential of Biochar to Influence Different Chemical Properties of Soil
4.1. Role of Biochar on Soil Carbon Enhancement

The application of plant residues can increase soil organic carbon. The rapid decomposition rate turnover of these organic
residues occurs very fast, and thus, carbon added from the plant residue is discharged into the atmosphere quickly 28], By
converting these plant residues to biochar through pyrolysis, carbon could be stored for thousands of years due to the
pyrolysis temperature converting C into a further stable and recalcitrant form Z2, which ultimately improves soil health by
enhancing soil fertility 28], Thereby, biochar is treated as a C source and a sink of C in the soil 22,

4.2. Biochar Impact on Major Nutrient (N, P, K) Availability in Soil

Biochar incorporation efficiently helps sustain soil inorganic nitrogen content, influencing the nitrogen mineralization rate
and plant growth BYRBL  Biochar addition in the soil promotes nitrate-N in soil, mainly attributed to the enhanced
conversion of NH4* to NO3™ due to the following mechanism: (i) biochar adsorbs phenolic complex (constrain nitrification)
concomitantly increase nitrification 22; (i) biochar increases the diversity of components involved in soil ammonium-
oxidizing bacteria, thereby indirectly enhancing the catalytic oxidation of NH,* to NO3™ [B3l: (iii) biochar enhances the soil
nitrification process by promoting the nitrifying bacteria activity 24,

Biochar provides a good source of P, due to the high volatilization temperature, i.e., >700 °C; the residual concentration of
P is around 0.4% in the biochar produced in higher temperature B2, Pyrolysis of biochar feedstocks causes volatilization
of many nutrients, while large K reserved content and transformed into highly soluble K salts 8. Biochar addition
increased the available K in soil due to its high ash content and adsorbs K ion to reduce leaching loss BZIE8],

4.3. Capacity of Biochar to Retain Nutrients in Soil

Biochar directly absorbed plant nutrients from the crop, but within few soil interactions, some nutrients were slowly
released into the soil, and thereby biochar enriched the nutrient source of soil for plant uptake B2, Properties such as
porous structure, large surface area, higher charge density, and polar and nonpolar sites in the surface of biochar



enhance its potential to absorb nutrients and enrich the soil fertility and reduce leaching loss of nutrients 49,

Generally, the following mechanisms are responsible for nutrient retention and reduced nutrient leaching capacity of
biochar: (i) biochar has unique surface chemistry, i.e., presence of acidic functional group on biochar surface formed
during oxidation procedure prompt the nutrient retention by cation exchange (Figure 2); thus, most of the cations, e.g., K,

Na, Ca, and Mg are retained on the biochar surface (411,
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Figure 2. Schematic diagram representing how biochar improves the retention of nutrients and increases their availability
in soils (Reprinted from Chemosphere, 227, Purakayastha, T.J. et al., A review on biochar modulated soil condition
improvements and nutrient dynamics concerning crop yields: Pathways to climate change mitigation and global food
security, 345—365, Copyright (2019), with permission from Elsevier. 22,

| 5. Impact of Biochar on Physical and Hydrological Properties of Soil

Physical health of the soil is defined as the soil's capacity to provide plants’ needs for aeration, moisture, and strength,
which protect and reclaim the soil from the processes that might abate that capacity 43!, Biochar is an organic amendment
characterized by high porosity, and application of this material into soil explicitly adds new pores and promotes the soil’s
physical properties including porosity, density, pore size distribution, water retention, and moisture content [44],

| 6. Summary

Efficient use of water is one of the important issues for sustainable rice production under changing climatic conditions;
AWD is one of the effective irrigation approaches. However, due to repeated transition between moistening and
desiccation of soil in the AWD irrigation system of rice results in cracking through which nutrients preferentially losses from
the topsoil; soil also loses extra surface moisture during the desiccated condition. Under this alternative aerobic and
anaerobic ecosystem, native organic carbon and nitrogen of soil might be lost due to heterotrophic microbial activities.
This negative impact of AWD irrigation in rice may not be visible in the short-term studies, but in the long term, it perhaps
declines soil productivity. Enrichment of soil organic carbon plays a significant role in the soil's physical and chemical
properties and ultimate climate-smart crop productivity. The implication of biochar incorporation under this water-saving
irrigation may effectively alleviate this hindrance. This review discussed biochar’s potential and its mechanisms involved in
interacting with soil consecutively improving physicochemical properties and water retention. The reviewed studies can be
opined that biochar has a large surface area with a highly developed pore structure, enriched by exchangeable nutrient
elements. For instance, biochar may increase soil fertility by providing essential nutrients to the soil, reduce nutrient
leaching through adsorbing in exchangeable sites, and increase soil pH due to its high liming contents. Furthermore,
biochar addition enhances soil moisture retention due to its large surface area and storing water in its pore structure,
which ultimately may result in increased water use efficiency of rice. The bulky and porous structure of biochar, with the
high carbon content, enhances soil physical properties such as density, porosity, aggregation, etc. when interacting with
soil; but mostly, application rates such as 1 to 5% is not realistic for this improvement. Nevertheless, biochar possibly
improves soil fertility and productivity in AWD water-saving irrigation, but further research is required for economic viability
and considering its combined application with chemical fertilizers for sustainable rice production.



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Dong, N.M.; Brandt, K.K.; Sgrensen, J.; Hung, N.N.; Hach, C.; Van Tan, P.S.; Dalsgaard, T. Effects of alternating
wetting and drying versus continuous flooding on fertilizer nitrogen fate in rice fields in the Mekong Delta, Vietnam. Soil
Biol. Biochem. 2012, 47, 166-174.

. Wu, X.H.; Wang, W.; Yin, C.M.; Hou, H.J.; Xie, K.J.; Xie, X.L. Water consumption, grain yield, and water productivity in

response to field water management in double rice systems in China. PLoS ONE 2017, 12, e0189280.

. Lampayan, R.M.; Rejesus, R.M.; Singleton, G.R.; Bouman, B.A.M. Adoption and economics of alternate wetting and

drying water management for irrigated lowland rice. Field Crop. Res. 2015, 170, 95-108.

. Riaz, A.; Khaliq, A.; Fiaz, S.; Noor, M.A.; Nawaz, M.M.; Mahboob, W.; Ullah, S. Weed Management in Direct Seeded

Rice Grown under Varying Tillage Systems and Alternate Water Regimes. Planta Daninha 2018, 36, 59.

. Johannes, L.S.J. Biochar for Environmental Management: Science, Technology and Implementation; Lehmann, S.J.J.,

Ed.; Taylor & Francis: London, UK, 2015; ISBN 9780203762264.

. Jien, S.-H.; Wang, C.-S. Effects of biochar on soil properties and erosion potential in a highly weathered soil. Catena

2013, 110, 225-233.

. Obia, A.; Mulder, J.; Martinsen, V.; Cornelissen, G.; Bgrresen, T. In situ effects of biochar on aggregation, water

retention and porosity in light-textured tropical soils. Soil Tillage Res. 2016, 155, 35-44.

. Bakar, R.A.; Razak, Z.A.; Ahmad, S.H.; Seh-Bardan, B.J.; Tsong, L.C.; Meng, C.P. Influence of Oil Palm Empty Fruit

Bunch Biochar on Floodwater pH and Yield Components of Rice Cultivated on Acid Sulphate Soil under Rice
Intensification Practices. Plant Prod. Sci. 2015, 18, 491-500.

. Laghari, M.; Mirjat, M.S.; Hu, Z.; Fazal, S.; Xiao, B.; Hu, M.; Chen, Z.; Guo, D. Effects of biochar application rate on

sandy desert soil properties and sorghum growth. Catena 2015, 135, 313-320.

Solaiman, Z.M.; Shafi, M.l.; Beamont, E.; Anawar, H.M. Poultry Litter Biochar Increases Mycorrhizal Colonisation, Soil
Fertility and Cucumber Yield in a Fertigation System on Sandy Soil. Agriculture 2020, 10, 480.

Mosharrof, M.; Uddin, M.K.; Jusop, S.; Sulaiman, M.F.; Shamsuzzaman, S.M.; Haque, A.N.A. Changes in Acidic Soil
Chemical Properties and Carbon Dioxide Emission Due to Biochar and Lime Treatments. Agriculture 2021, 11, 219.

Bouman, B.A.; Tuong, T. Field water management to save water and increase its productivity in irrigated lowland rice.
Agric. Water Manag. 2001, 49, 11-30.

Bottinelli, N.; Zhou, H.; Boivin, P.; Zhang, Z.B.; Jouquet, P.; Hartmann, C.; Peng, X. Macropores generated during
shrinkage in two paddy soils using X-ray micro-computed tomography. Geoderma 2016, 265, 78—86.

Tan, X.; Shao, D.; Liu, H.; Yang, F.; Xiao, C.; Yang, H. Effects of alternate wetting and drying irrigation on percolation
and nitrogen leaching in paddy fields. Paddy Water Environ. 2013, 11, 381-395.

Stewart, R.D.; Najm, M.R.A.; Rupp, D.E.; Lane, J.W.; Uribe, H.C.; Arumi, J.L.; Selker, J.S. Hillslope run-off thresholds
with shrink-swell clay soils. Hydrol. Process. 2015, 29, 557-571.

Arnold, J.G.; Potter, K.N.; King, K.W.; Allen, P.M. Estimation of soil cracking and the effect on surface runoff in a Texas
Blackland Prairie watershed. Hydrol. Process. 2005, 19, 589—-603.

Bouman, B.A.M.; Lampayan, R.M. Water Management in Irrigated Rice, Coping with Water Scarcity; Hardy, B., Ed.;
International Rice Research Institute (IRRI): Los Bafios, Philippines, 2007.

Oliver, V.; Cochrane, N.; Magnusson, J.; Brachi, E.; Monaco, S.; Volante, A.; Courtois, B.; Vale, G.; Price, A.; Teh, Y.A.
Effects of water management and cultivar on carbon dynamics, plant productivity and biomass allocation in European
rice systems. Sci. Total Environ. 2019, 685, 1139-1151.

Alberto, M.C.R.; Wassmann, R.; Buresh, R.J.; Quilty, J.R.; Correa, T.Q.; Sandro, J.M.; Centeno, C.A.R. Measuring
methane flux from irrigated rice fields by eddy covariance method using open-path gas analyzer. Field Crop. Res.
2014, 160, 12-21.

Moyano, F.E.; Manzoni, S.; Chenu, C. Responses of soil heterotrophic respiration to moisture availability: An
exploration of processes and models. Soil Biol. Biochem. 2013, 59, 72—85.

Livsey, J.; Kétterer, T.; Vico, G.; Lyon, S.W.; Lindborg, R.; Scaini, A.; Da, C.T.; Manzoni, S. Do alternative irrigation
strategies for rice cultivation decrease water footprints at the cost of long-term soil health? Environ. Res. Lett. 2019, 14,
074011.

Chang, R.; Jin, T.; L, Y.; Liu, G.; Fu, B. Soil Carbon and Nitrogen Changes following Afforestation of Marginal Cropland
across a Precipitation Gradient in Loess Plateau of China. PLoS ONE 2014, 9, e85426.



23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Yang, S.; Peng, S.; Xu, J.; He, Y.; Wang, Y. Effects of water saving irrigation and controlled release nitrogen fertilizer
managements on nitrogen losses from paddy fields. Paddy Water Environ. 2015, 13, 71-80.

Hamoud, Y.A.; Guo, X.; Wang, Z.; Chen, S.; Rasool, G. Effects of irrigation water regime, soil clay content and their
combination on growth, yield, and water use efficiency of rice grown in South China. Int. J. Agric. Biol. Eng. 2018, 11,
126-136.

Barton, L.; Colmer, T.D. Irrigation and fertiliser strategies for minimising nitrogen leaching from turfgrass. Agric. Water
Manag. 2006, 80, 160-175.

El-Naggar, A.; EI-Naggar, A.H.; Shaheen, S.M.; Sarkar, B.; Chang, S.X.; Tsang, D.C.W.; Rinklebe, J.; Ok, Y.S. Biochar
composition-dependent impacts on soil nutrient release, carbon mineralization, and potential environmental risk: A
review. J. Environ. Manag. 2019, 241, 458-467.

Lehmann, J. A handful of carbon. Nature 2007, 447, 143-144.

Solaiman, Z.M.; Anawar, H.M. Application of Biochars for Soil Constraints: Challenges and Solutions. Pedosphere
2015, 25, 631-638.

El-Naggar, A.; Lee, S.S.; Awad, Y.M.; Yang, X.; Ryu, C.; Rizwan, M.; Rinklebe, J.; Tsang, D.C.W.; Ok, Y.S. Influence of
soil properties and feedstocks on biochar potential for carbon mineralization and improvement of infertile soils.
Geoderma 2018, 332, 100-108.

Song, Y.; Zou, Y.; Wang, G.; Yu, X. Stimulation of nitrogen turnover due to nutrients release from aggregates affected
by freeze-thaw in wetland soils. Phys. Chem. Earth Parts A 2017, 97, 3-11.

Liu, Y.; Lonappan, L.; Brar, S.K.; Yang, S. Impact of biochar amendment in agricultural soils on the sorption, desorption,
and degradation of pesticides: A review. Sci. Total Environ. 2018, 645, 60-70.

DelLuca, T.H.; MacKenzie, M.D.; Gundale, M.J.; Holben, W.E. Wildfire-Produced Charcoal Directly Influences Nitrogen
Cycling in Ponderosa Pine Forests. Soil Sci. Soc. Am. J. 2006, 70, 448—-453.

Ball, P.N.; MacKenzie, M.D.; DeLuca, T.H.; Montana, W.E.H. Wildfire and Charcoal Enhance Nitrification and
Ammonium-Oxidizing Bacterial Abundance in Dry Montane Forest Soils. J. Environ. Qual. 2010, 39, 1243-1253.

Kameyama, K.; Miyamoto, T.; Shiono, T.; Shinogi, Y. Influence of Sugarcane Bagasse-derived Biochar Application on
Nitrate Leaching in Calcaric Dark Red Soil. J. Environ. Qual. 2012, 41, 1131-1137.

Ippolito, J.A.; Spokas, K.A.; Novak, J.M.; Lentz, R.D.; Cantrell, K.B. Biochar elemental composition and factors
influencing nutrient retention. In Biochar for Envrionmental Management: Science, Technolody and Implementation;
Lehmann, J., Joseph, S., Eds.; Routledge: London, UK, 2015; pp. 137-161.

Karim, A.A.; Kumar, M.; Singh, S.K.; Panda, C.R.; Mishra, B.K. Potassium enriched biochar production by thermal
plasma processing of banana peduncle for soil application. J. Anal. Appl. Pyrolysis 2017, 123, 165-172.

Martinsen, V.; Mulder, J.; Shitumbanuma, V.; Sparrevik, M.; Bgrresen, T.; Cornelissen, G. Farmer-led maize biochar
trials: Effect on crop yield and soil nutrients under conservation farming. J. Plant Nutr. Soil Sci. 2014, 177, 681-695.

Wang, L.; Xue, C.; Nie, X.; Liu, Y.; Chen, F. Effects of biochar application on soil potassium dynamics and crop uptake.
J. Plant Nutr. Soil Sci. 2018, 181, 635—-643.

Gao, T.; Gao, M.; Peng, J.; Li, N. Effects of Different Amount of Biochar on Nitrogen, Phosphorus and Potassium
Nutrients in Soil. Ser. Mater. Sci. Eng. 2018, 394, 022043.

Ahmad, M.; Lee, S.S.; Dou, X.; Mohan, D.; Sung, J.-K.; Yang, J.E.; Ok, Y.S. Effects of pyrolysis temperature on
soybean stover- and peanut shell-derived biochar properties and TCE adsorption in water. Bioresour. Technol. 2012,
118, 536-544.

Gao, S.; DelLuca, T.H. Influence of Biochar on Soil Nutrient Transformations, Nutrient Leaching, and Crop Yield. Adv.
Plants Agric. Res. 2016, 4, 4.

Purakayastha, T.J.; Bera, T.; Bhaduri, D.; Sarkar, B.; Mandal, S.; Wade, P.; Kumari, S.; Biswas, S.; Menon, M.; Pathak,
H.; et al. A review on biochar modulated soil condition improvements and nutrient dynamics concerning crop yields:
Pathways to climate change mitigation and global food security. Chemosphere 2019, 227, 345-365.

McKenzie, B.M.; Tisdall, J.M.; Vance, W.H. Soil Physical Quality BT-Encyclopedia of Agrophysics. In Encyclopedia of
Agrophysics; Glinski, J., Horabik, J., Lipiec, J., Eds.; Springer: Dordrecht, The Netherlands, 2011; pp. 770-777. ISBN
978-90-481-3585-1.

Verheijen, F.; Jeffery, S.; Bastos, A.C.; Van Der Velde, M.; Diafas, |. Biochar Application to Soils: A Critical Scientific
Review of Effects on Soil Properties, Processes and Functions; European Comission: Luxembourg, 2010; Volume 8.



Retrieved from https://encyclopedia.pub/entry/history/show/22196



