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In Situ Stability of Biochars Pyrolyzed at Two Different Temperatures in a
Zelkova serrata Plantation Soil

ZHA Quanzhi, LU Weiwei', HU Jiaxin
(College of Biology and the Environment, Nanjing Forestry University, Nanjing 210037, China)

Abstract:  Objective The stability of biochar provides a basis for a better understanding of its potential to sequestrate soil
carbon (C). This study aimed to study the stability of rice straw biochar in a Zelkova serrata plantation soil under in situ
conditions and to explore the relationship between the stability of biochar, its chemical properties, soil temperature, and soil
moisture content. Method Two biochars were produced by pyrolyzing rice straw at 300 °C and 500 °C. By using "*C isotope,
the stability of the biochars in soils was examined through 182 d in situ experiments in a Zelkova serrata plantation. Result The
cumulative decomposition of 300 °C and 500 °C biochars was 10.5 and 3.65 g'm™, respectively, during the entire experiment.

The results of double-exponential fitting indicated that the mean residence time of the recalcitrant C in 300 °C and 500 °C
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biochars were 99.8 a and 302 a, respectively. The decomposition rate of 300 °C biochar was significantly positively correlated
with surface soil temperature (P = 0.034, » = 0.417, n = 26) but not for 500 °C biochar (P = 0.549, r = 0.123, n = 26). This
indicated that the effect of soil temperature on biochar stability depends on its pyrolysis temperature. Conclusion  To sum up,

this study demonstrated that biochar produced at 500 °C is more stable than biochar produced at 300 °C through in situ

experiments, and provides basic data for further study on biochar stability.
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Table 1 Basic properties of biochars pyrolyzed at 300 °C and 500 °C

‘ 2R AL AL+ ATHUA R
il 6l £
pH Total nitrogen/ Organic carbon Organic C : Hydrogen : NHX-N/
Pyrolysis temperature Hydrogen/%
(gke) / (gkg") Organic N Carbon .
(mgkg!)
300 C 8.23 3.98 589 3.56 14.8 0.06 27.7
500 C 9.88 3.18 615 0.66 19.4 0.011 28.8
‘ B HR AL _
il & L W5y PSE T O/N-Jt KRk 5 e Tk Hefik
NO;-N/ Volatile
Pyrolysis temperature Ash/% Alkyl C/% O/N-alkyl C/% Aryl C/% Carbonyl C/%
. matter/%
(mgkg")
300 C 65.8 15.8 46.3 25.6 6.93 59.4 8.11
500 C 11.7 22.8 19.2 4.15 2.58 89.5 3.74
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Fig. 1 Dynamics of soil temperature and moisture during the in sifu experiment
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in situ experiment in a Zelkova serrata plantation soil
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Table 2 Double exponential fitting of the decomposition of biochars pyrolyzed at 300 °C and 500 °C during 182 d in sifu experiment in a

Zelkova serrata plantation soil

Qb P
Ci 1% Ky /d™ MRT, /d Cy 1% K, /a™! MRT, /a R?
Treatment
B300 0.239 0.17 5.84 99.76 0.010025 99.8 0.974
B500 0.095 0.03 31.9 99.90 0.003310 302 0.989

T CF Co 53 3R 5 43 Fit Bl P ROME S SRR P26 T o LU B, K 1 K 43 00 A 5 43 A ik 2 RIUHE S g ik P22 1) 20 %, MIRT, F1 MRT,
3 ) R B A f i J2E RHME 43 gk ik J2E 16 SF- 341452 B4 Bsf 8], Note: C) and C, are the proportions of the labile C and recalcitrant C, K, and K, are the
decomposition rates of the labile C and recalcitrant C, while MRT,; and MRT, are the mean residence time of the labile C and recalcitrant C,

respectively.
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Table 3 The reported stability of biochars through in situ experiments

fiiR2Iz1; 3 X5 JE
1 45 IO HBRGKA RR: £y FEMERENE S50
Pyrolysis Experimental
Raw material Ecosystem type Soil type MRT/a Reference
temperature/ C duration/month
TR B ERE
5P S 1200 (<Ak it
Temperate poplar 36 24.3 [36]
Maize gasification ) Sandy loam
plantation
= TR AR WL
600~700 24 125 [37]
Miscanthus Temperate farmland Sandy loam
FAA TR ARk AL
450 12 191 [38]
Pine wood Temperate forest Loamy clay
AR A T A i WEFEL
400~600 5 600 [32]
Mango tree Tropical savannas Sandy clay loam
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