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Abstract

©  2016,  Springer-Verlag  Berlin  Heidelberg.Purpose:  The  applications  of  biochar  (BC)  and
polyacrylamide (PAM) may have interactive effects on carbon (C) dynamics and sequestration
for improving the soil quality and achieving sustainable agriculture. Relative to BC and PAM,
rhizodeposits  act  as  C  and  energy  source  for  microorganisms  and  may  change  the
mineralization dynamics of soil organic matter (SOM). No attempt has been made to assess the
effects of BC, anionic PAM, or their combination on the decomposition of different aged 14C-
labeled  rhizodeposits.  The  objective  of  this  study  was  to  investigate  the  effects  of  the
treatments  mentioned  above  on  the  decomposition  of  different  aged  14C-labeled  maize
rhizodeposits. Materials and methods: biochar (BC) at 10 Mg ha−1 or anionic PAM at 80 kg ha−1
or their combination (BC + PAM) was applied to soils with/without 2-, 4-, 8-, and 16-day-aged
14C-labeled maize rhizodeposits. After that, the soil was incubated at 22 °C for 46 days. Results
and  discussion:  After  2  days  of  incubation,  the  total  CO2 efflux  rates  from the  soil  with
rhizodeposits were 1.4–1.8 times higher than those from the soil without rhizodeposits. The
cumulative 14CO2 efflux (32 % of the 14C input) was maximal for the soil containing 2-day-aged
14C-labeled rhizodeposits. Consequently, 2-day-aged rhizodeposits were more easily and rapidly
decomposed than the older rhizodeposits. However, no differences in the total respired 14CO2
from rhizodeposits  were observed at  the end of  the incubation.  Incorporation of  14C into
microbial biomass and 66–85 % of the 14C input remained in the soil after 46 days indicated
that neither the age of 14C-labeled rhizodeposits nor BC, PAM, or BC + PAM changed microbial
utilization of rhizodeposits. Conclusions: Applying BC or BC + PAM to soil exerted only minor
effects on the decomposition of rhizodeposits. The contribution of rhizodeposits to CO2 efflux
from soil and MBC depends on their age as young rhizodeposits contain more labile C, which is
easily available for microbial uptake and utilization.

http://dx.doi.org/10.1007/s11368-016-1576-1

Keywords

Biochar, Decomposition of rhizodeposits, Polyacrylamide, Responsible editor: Yu Luo, Soil
organic matter

References

http://dx.doi.org/10.1007/s11368-016-1576-1


[1] Ahmad M, Lee SS, Yang JE, Ro H-M, Lee YH, Ok YS (2012) Effects of soil dilution and amendments (mussel shell,
cow bone, and biochar) on Pb availability and phytotoxicity in military shooting range soil. Ecotoxicol Environ
Safe 79:225–231

[2] Amos B, Walters DT (2006) Maize root biomass and net rhizodeposited carbon: an analysis of the literature.
Soil Sci Soc Am J 70:1489–1503

[3] Anderson T, Domsch KH (1993) The metabolic quotient for CO (qCO) as a specific activity parameter to assess
the effects of environmental conditions, such as pH, on the microbial biomass of the soil. Soil Biol Biochem
25:393–395

[4] Awad YM, Blagodatskaya E, Ok YS, Kuzyakov Y (2012) Effect of polyacrylamide, biopolymer, and biochar on
decomposition of soil organic matter and plant residues as determined by C and enzyme activities. Eur J Soil
Biol 48:1–10

[5] Awad YM, Blagodatskaya E, Ok YS, Kuzyakov Y (2013) Effect of polyacrylamide, biopolymer, and biochar on the
decomposition  of  C-labelled  maize  residues  and  on  their  stabilization  in  soil  aggregates.  Eur  J  Soil  Sci
64:488–499

[6] Awad YM, Lee SS, Ok YS, Kuzyakov Y (2016) Effects of biochar and polyacrylamide on decomposition of soil
organic matter and C-labeled alfalfa residues. J Soils Sediments. doi:10.1007/s11368-016-1368-7

[7] Bandara T, Herath I, Kumarathilaka P, Seneviratne M, Seneviratne G, Rajakaruna N, Vithanage M, Ok YS (2015)
Role of woody biochar and fungal-bacterial co-inoculation on enzyme activity and metal immobilization in
serpentine soil. J Soils Sediments. doi:10.1007/s11368-015-1243-y

[8] Benizri E, Dedourge O, Dibattista-Leboeuf C, Piutti S, Nguyen C, Guckert A (2002) Effect of maize rhizodeposits
on soil microbial community structure. Appl Soil Ecol 21:261–265

[9] Blagodatskaya E, Yuyukina T, Blagodatsky S, Kuzyakov Y (2011) Three-source-partitioning of microbial biomass
and of CO efflux from soil to evaluate mechanisms of priming effects. Soil Biol Biochem 43:778–786

[10] Borrelli  P,  Paustian  K,  Panagos  P,  Jones  A,  Schütt  B,  Lugato  E  (2016)  Effect  of  good  agricultural  and
environmental conditions on erosion and soil organic carbon balance: a national case study. Land Use Policy
50:408–421

[11] Brookes PC, Landman A, Pruden G, Jenkinson DS (1985) Chloroform fumigation and the release of soil nitrogen:
a rapid direct extraction method to measure microbial biomass nitrogen in soil. Soil Biol Biochem 17:837–842

[12] Chappell  A,  Baldock JA  (2016)  Wind erosion reduces soil  organic  carbon sequestration falsely  indicating
ineffective management practices. Aeolian Res 22:107–116

[13] Chen H, Fan M, Billen N, Stahr K, Kuzyakov Y (2009) Effect of land use types on decomposition of C-labelled
maize residue (Zea mays L.). Eur J Soil Biol 45:123–130

[14] Cross A, Sohi SP (2011) The priming potential of biochar products in relation to labile carbon contents and soil
organic matter status. Soil Biol Biochem 43(10):2127–2134

[15] Entry  JA,  Sojka  RE,  Hicks  BJ  (2008)  Carbon  and  nitrogen  stable  isotope  ratios  can  estimate  anionic
polyacrylamide degradation in soil. Geoderma 145:8–16

[16] Farrar JF, Jones DL (2003) The control of carbon acquisition by and growth of roots. In Root ecology, Springer
Berlin Heidelberg, Chap. 4, pp. 91–124

[17] Fischer H, Eckhardt KU, Meyer A, Neumann G, Leinweber P, Fischer K, Kuzyakov Y (2010) Rhizodeposition of
maize: short-term carbon budget and composition. J Plant Nutr Soil Sci 173:67–79

[18] Fontaine  S,  Mariotti  A,  Abbadie  L  (2003)  The priming effect  of  organic  matter:  a  question  of  microbial
competition? Soil Biol Biochem 35:837–843

[19] Glaser B (2007) Prehistorically modified soils of central Amazonia: a model for sustainable agriculture in the
twenty-first century. Philos Trans R Soc B 362:187–196

[20] Glaser B, Lehmann J, Zech W (2002) Ameliorating physical and chemical properties of highly weathered soils in
the tropics with charcoal—a review. Biol Fertil Soils 35:219–230

[21] Gorissen A, Cotrufo MF (2000) Decomposition of leaf and root tissue of three perennial grass species grown at
two levels of atmospheric CO and N supply. Plant Soil 224:75–84

[22] Griffiths BS, Ritz K, Ebblewhite N, Dobson G (1999) Soil microbial community structure: effects of substrate
loading rates. Soil Biol Biochem 31:145–153

[23] Hamer U, Marschner B (2005) Priming effects in different soil types induced by fructose, alanine, oxalic acid
and catechol additions. Soil Biol Biochem 37:445–454

[24] Hinsinger  P  (1998)  How  do  plant  roots  acquire  mineral  nutrients?  Chemical  processes  involved  in  the
rhizosphere. Adv Agron 64:225–265

[25] Jague  EA,  Sommer  M,  Saby  NP,  Cornelis  JT,  Van  Wesemael  B,  Van  Oost  K  (2016)  High  resolution
characterization of the soil organic carbon depth profile in a soil landscape affected by erosion. Soil Till Res
156:185–193

[26] Jien SH, Wang CS (2013) Effects of biochar on soil properties and erosion potential in a highly weathered soil.
Catena 110:225–233



[27] Kay-Shoemake JL, Watwood ME, Lentz RD, Sojka RE (1998) Polyacrylamide as an organic nitrogen source for
soil  microorganisms with potential effects on inorganic soil  nitrogen in agricultural soil.  Soil  Biol Biochem
30:1045–1052

[28] Kramer  S,  Marhan  S,  Ruess  L,  Armbruster  W,  Butenschoen  O,  Haslwimmer  H,  Kuzyakov  Y,  Pausch  J,
Scheunemann N, Schoene J, Schmalwasser A, Totsche KU, Walker F, Scheu S, Kandeler E (2012) Carbon flow
into microbial and fungal biomass as basis for the belowground food web of agroecosystems. Pedobiologia
55:111–119

[29] Kumar R, Pandey S, Pandey A (2006) Plant roots and carbon sequestration. Curr Sci 91:885–890
[30] Kuzyakov Y, Cheng W (2004) Root effects on soil organic matter decomposition. In: Zobel RW, Wright SF (eds)

Root and soil management: interactions between roots and the soil, Agronomy Monograph No. 48, pp. 119–143
[31] Kuzyakov Y, Domanski G (2000) Carbon input by plants into the soil. Rev J Plant Nutr Soil Sci 163:421–431
[32] Kuzyakov Y, Larionova AA (2006) Contribution of rhizomicrobial and root respiration to the CO emission from

soil (a review). Eurasian Soil Sci 39:753–764
[33] Kuzyakov Y, Bogomolova I, Glaser B (2014) Biochar stability in soil: decomposition during eight years and

transformation as assessed by compound-specific C analysis. Soil Biol Biochem 70:229–236
[34] Kuzyakov Y, Friedel JK, Stahr K (2000) Review of mechanisms and quantification of priming effects. Soil Biol

Biochem 32:1485–1498
[35] Kuzyakov Y, Hill PW, Jones DL (2007) Root exudate components change litter decomposition in a simulated

rhizosphere depending on temperature. Plant Soil 290(1–2):293–305
[36] Kuzyakov Y, Subbotina I, Chen H, Bogomolova I, Xu X (2009) Black carbon decomposition and incorporation

into soil microbial biomass estimated by C labeling. Soil Biol Biochem 41:210–219
[37] Lal R (2004) Soil carbon sequestration impacts on global climate change and food security. Sci 304:1623–1627
[38] Lee SB, Lee CH, Jung KY, Do Park K, Lee D, Kim PJ (2009) Changes of soil organic carbon and its fractions in

relation to soil physical properties in a long-term fertilized paddy. Soil Till Res 104:227–232
[39] Lee SS, Shah HS, Awad YM, Kumar S, Ok YS (2015) Synergy effects of biochar and polyacrylamide on plants

growth and soil erosion control. Environ Earth Sci 74:2463–2473
[40] Lehmann J, Rillig MC, Thies J, Masiello CA, Hockaday WC, Crowley D (2011) Biochar effects on soil biota—a

review. Soil Biol Biochem 43(9):1812–1836
[41] Leita L, De Nobili M, Muhlbachova G, Mondini C, Marchiol L, Zerbi G (1995) Bioavailability and effects of heavy

metals on soil microbial biomass survival during laboratory incubation. Biol Fertil Soils 19:103–108
[42] Liang B, Lehmann J, Sohi SP, Thies JE, O’Neill B, Trujillo L, Gaunt J, Solomon D, Grossman J, Neves EG, Luizão FJ

(2010) Black carbon affects the cycling of non-black carbon in soil. Org Geochem 28(41(2)):206–213
[43] Liu C, Wang H, Tang X, Guan Z, Reid BJ, Rajapaksha AU, Ok YS, Sun H (2016) Biochar increased water holding

capacity but accelerated organic carbon leaching from a sloping farmland soil in China. Environ Sci Pollut Res
23(2):995–1006

[44] Lu W, Zhang H (2015) Response of biochar induced carbon mineralization priming effects to additional nitrogen
in a sandy loam soil. Appl Soil Ecol 96:165–171

[45] Marschner P, Rengel Z (2007) Nutrient cycling in terrestrial ecosystems (Vol. 10). Springer Science & Business
Media

[46] Marx M, Buegger F, Gattinger A, Zsolnay A, Munch JC (2007) Determination of the fate of C labeled maize and
wheat exudates in an agricultural soil during a short-term incubation. Eur J Soil Sci 58:1175–1185

[47] Merckx R, Dijkstra A, Den Hartog A, Van Veen JA (1987) Production of root-derived materials and associated
microbial growth in soil at different nutrient levels. Biol Fertil Soils 5:126–132

[48] Nagle GN (2001) The contribution of agricultural erosion to reservoir sedimentation in the Dominican Republic.
Water Policy 3:491–505

[49] Novak J, Ro K, Ok YS, Sigua G, Spokas K, Uchimiya S, Bolan N (2016) Biochars multifunctional role as a novel
technology in the agricultural, environmental, and industrial sectors. Chemosphere 142:1–3

[50] Ok YS, Chang SX, Gao B, Chung HJ (2015) SMART biochar technology—a shifting paradigm towards advanced
materials and healthcare research. Environ Technol Innovation 4:206–209

[51] Orts WJ,  Roa-Espinosa A, Sojka RE, Glenn GM, Imam SH, Erlacher K, Pedersen J  (2007) Use of synthetic
polymers and biopolymers for soil stabilization in agricultural, construction, and military applications. J Mater
Civ Eng 19:58–66

[52] Panagos P, Borrelli P, Meusburger K, Alewell C, Lugato E, Montanarella L (2015) Estimating the soil erosion
cover-management factor at the European scale. Land Use Policy 48:38–50

[53] Pausch J, Tian J, Riederer M, Kuzyakov Y (2013) Estimation of rhizodeposition at field scale: upscaling of a C
labeling study. Plant Soil 364:273–285



[54] Rovira AD (1956) Plant root excretions in relation to the rhizosphere effect. II. A study of the properties of root
exudates, its effect on the growth of microorganisms isolated from the rhizosphere and control soil. Plant Soil
7:195

[55] Santhi C, Srinivasan R, Arnold JG, Williams JR (2006) A modeling approach to evaluate the impacts of water
quality management plans implemented in a watershed in Texas. Environ Model Softw 21(8):1141–1157

[56] SAS (2004) SAS/STAT user’s guide, Release 9.1. SAS Institute Inc., Cary, NC, USA
[57] Sojka RE, Bjorneberg DL, Entry JA, Lentz RD, Orts WJ (2007) Polyacrylamide in agriculture and environmental

land management. Adv Agron 92:75–162
[58] Vance ED, Brookes PC, Jenkinso DS (1987) An extraction method for measuring soil microbial biomass C. Soil

Biol Biochem 19:703–707
[59] Veihmeyer FJ, Hendrickson AH (1931) The moisture equivalent as a measure of field capacity of soils. Soil Sci

32:181–194
[60] Werth M, Kuzyakov Y (2008) Root-derived carbon in soil respiration and microbial biomass determined by C

and C. Soil Biol Biochem 40(3):625–637
[61] Wu J, Joergensen RG, Pommerening B, Chaussod R, Brookes PC (1990) Measurement of soil microbial biomass

C by fumigation extraction—an automated procedure. Soil Biol Biochem 22:1167–1169
[62] Wu L, Ok YS, Xu XL, Kuzyakov Y (2012) Effects of anionic polyacrylamide on maize growth: a short term C

labeling study. Plant Soil 350(1–2):311–322
[63] Yevdokimov IV, Ruser R, Buegger F, Marx M, Munch JC (2007) Interaction between rhizosphere microorganisms

and plant roots: C fluxes in the rhizosphere after pulse labeling. Eurasian Soil Sci 40(7):766–774
[64] Zang H, Yang X, Feng X, Qian X, Hu Y, Ren C, Zeng Z (2015). Rhizodeposition of Nitrogen and Carbon by

Mungbean  (Vigna  radiata  L.)  and  Its  Contribution  to  Intercropped  Oats  (Avena  nuda  L.).  PLOS  ONE
10(3):e0121132. doi:10.1371/journal.pone.0121132

[65] Zhang M, Ok YS (2014) Biochar soil amendment for sustainable agriculture with carbon and contaminant
sequestration. Carbon Manage 5(3):255–257

[66] Zhu Z, Ge T, Xiao M, Yuan H, Wang T, Liu S, Atere CT, Wu J, Kuzyakov Y (2016) Belowground carbon allocation
and dynamics under rice cultivation depends on soil organic matter content. Plant Soil. doi:10.1007/s11104-
016-3005-z

[67] Zibilske  LM (1994)  Carbon  mineralization.  In:  Weaver  RW,  Angle  S,  Bottomley  P,  Bezdicek  D,  Smith  S,
Tabatabai A, Wollum A (eds) Methods of Soil Analysis, Part 2, Microbiological and Biochemical Properties. Soil
Science Society of America Book Series, vol. 5, Soil Sci Soc Am, Inc, Madison, pp 835–864

[68] Zimmerman AR, Gao B, Ahn MY (2011) Positive and negative carbon mineralization priming effects among a
variety of biochar-amended soils. Soil Biol Biochem 43:1169–1179


