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Table 1 Preparation methods of biochar
NPT TSR : T PR AR
Pﬂjiirfti/fn Tﬁ?n%e%lt?re 1§f11§i{1§ Product distribution/% Sk
A¥rm AW RAER References

method  interval/C time

Biochar Bio-oil Pyrolysis gas

MM 300~650 >30min 20~50 20~30 25~35 [3]
an BB RN AT 2O W 0 AT R Bl AT B RO . AR POdi#E  500~800 0.5~5.0s 10~20 70~80  10~20 5]
SIS, T A TR RE A R RS . SR ROR wfﬁ?ﬁﬁ ;‘gg”;gg 51;202?“ 30:}35 30;545 20;8?) g}
o - . ETH N N N L -~ —~ZUs
%UE]Z bﬂi*%éﬁ%dﬁ#{&ﬂ&%iﬁj‘j%ﬁ’ EP KIHAL  150~250  1~12h 30~70 5~25  2~5 [9]
T I 0T P R AL R ) BRI T, AR B s AR A WZEHAL  300~600 <30min 30~50 / [18]
P % BV AT R SRR, P A1 B A ) o AR A Pufi 200300 10~60min 6585 / / [18]
*x2 ERINABEY AR R R
Table 2 Typical biomass pyrolysis reactors at home and abroad
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Heating method Heat carrier Typical pyrolysis reactor References
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Fig.1 Influence of biochar on soil physical and chemical

properties
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Fig.2 Mechanism of biochar increasing soil cation exchange
capacity (CEC)
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Table 3 Effects of biochar on soil nutrient content
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Soil type scenarios material  temperature/‘C amount/% Impact of biochar on soil nutrient References
g RSk e s N ,N T IR BN 63%~120%, S EHIN 12%~41%,
Sandy loam and clay loam A K 200~600 0.5~1.0 {ERE 3 508 T % 23%~86% (30]
- 1 . . ks SR 1.21~1.41 %5, HABEEIN 1.71~2.65 £,
5 3% £ Calcicolous soil AR H oK 200~500 2 R %Eﬁi%?{j?l] 1.]?3)(5%%6 éﬂ f [31]
- N - . . R, A EE. B0 A 349.26%.
FiE+ Clay loam A H FOKFERT 500~600 0~8 120.39%. 15.78% F19.11% [32]
7t Sany loam A INEFERT 350~550 40~50 R W EAEERFERET 1646%. 7.66% M 119.1%  [32]
i £ Riverbank soil AR a5 450 1~10 SRARBIINT 58.64%, B EMINT 85.05% [32]
o s s _ +3 pH IR 5 20.9%~34.1%, BB ERE
TR+ I% Acid soil REL 15e 550 5~10 554.5%-818.2%, L o BEIE 25 350%-550% [33]
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Fig.3 Mechanism by which biochar increases soil nutrient
retention and enhances their availability
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Table 4 Effects of biochar on soil enzyme activity

TR pHAE R PR SE Pyrolysis Jiti P o T A S M 225 3R
Soil type pH valueRaw material ~ temperature /'C Application amount Effects on enzyme activity References
WL 786 e 450 3.7 thm? L5xeaate, L /ﬁ’-ﬁJ%T%gﬁ*;ubggﬁj-ﬁl%ﬁéﬁ@ﬁvﬁﬁﬁ%%ﬂ% [39]
) ; - 0 o] Xt REAALL, RN 2.0% AR R RSB IR, W EE
at o sa0 K 3307500 S 20¢gke R RO RE e, 293R8 23.2%. 27.9%. 50.3% A 63.3% [40]
. " JERI A5 0.2%. 1%  SXTHBAUMLL, 5% A4k SRR, WRESS VRS, IREGES 2
WL 600 AT 500 Fil 5% AR BT 121.05% (41]
Bt 1000 A 350~550 0~101.25 t-hm i A= 4 e e 18 ﬁiﬁ%ﬁﬁ%ﬁ/ﬁﬁﬁ@%mﬁ%ﬁﬁﬁiﬁéﬂuT [42]
= ol B 3 MRk s SHE AV A 7
WL 5.90 s 450 0~80 g-kg” it FH & 80 g-kg ! X%, %&@E%?Mﬁ@ T S A S N 2 Ty [43]
VEEE 825 R 350 0~10 t-hm” 10 t-hm™ B jli NPK i -3 SO e i, P LR 52% [44]
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Table 5 Effects of biochar on soil microbial communities
e O RIRE Hirt & XA 550k
Soil ¢ Raw Pyrolysis Application I ton th tity of the microbial it Ref
oiltype - terial temperature/'C amount mpact on the quantity of the microbial community eferences
- . S5xiHRARLL, SR BTIAERFT B 10 AN T 48.77% F1 57.17%, JEEER [ THI
it KRR 450 192 kg'hm” (2:) TR 15 B> T 30.97% A1 43.18% ’ [42]
et KFERS SR, ABRE TN T 9.94%~13.95%, PEitE 1N T 8.46%~16.57%, A1
“E AR / 20 t-hm™ FIHEINT 0.39%~23.62%, BRATHIT 1A T 7.08%~7.58%, SRR 1K T [49]
Bt FORREF 21.68%~22.60%
1ol
wasE L mik  2s0~30 O30k SRR, AU TN T 39%, FLASTMTTRUBEL B TR 1 T [50]
" o 1575, 31.5. 63. X BRI J5EBE DA | 1 ARRT SR 82 20.53%,  BEZEM R AR I, L BET 1)
DL PAERAT 450 126 thm? (7a) WM R A 3116%. 42.09%. 37.17% 1 33.51% (51]
250 1750 ke-hm? 9 AHEL, ARSI, AT 1SR 1 176.02% 1 128.4%, AT
WAL FRFEFT 500 6 a>g PR T 327.6% F1216.4%, SRR €M T 57.6% M1 60.2%, ¥FEEH ] [52-53]
i T 74.2% 1 86.1%, FeH R T8 1 230.5% F1 125.6%
SESWIHONTEE 3/ N %N 5 SR 2 ” ST e . .
WL T 500 PR 2 a LRt HRAT b, R ARSI B A B T 39.59% A129.01% 5]
P - W BE. B MR HRL Bh. R B, RARBHEE
7 IR i1 2 ~ m [Es) = S = N = — Ny
(<100 nm) (0.3~3 um) . (2~80um) M, 4. %:F% E?ﬁ%@ﬁ%ﬁitﬁ%&ﬁ E’Jﬁﬂl%rﬁ%\?, 155
m— — WA IR, A A R, . L R
A S, WARRIRE B AR E. ChESHES)
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Fig.4 Pore size distribution of biochar
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Fig.5 Heavy metal forms and their bioavailability
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Note: @is exchangeable cations,@ is heavy metal, @ is mineral(CO;*, PO,>),
@ is biochar.
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Fig.6 Mechanism of biochar in reducing the mobility and
bioavailability of heavy metals
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Table 6 Effects of biochar on crop yield
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Fig.8 Mechanism of biochar promoting crop yield increase
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Application progress and risk analysis of biochar in soil amelioration

GAO Liang*?, LI Zhihe** , WANG Fang® , DENG Min*, CHEN Xue* , ZHAO Feng?

(1. Shandong Academy of Agricultural Machinery Sciences, Jinan 250100, China; 2. State Key Laboratory of Nutrient Use and
Management, Jinan 250100, China; 3. College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo
255000, China; 4. Tea Research Institute of Chongqing Academy of Agricultural Sciences, Chongqing 402160, China)

Abstract: Biochar has shown significant potential to improve the quality of cultivated land and crop yields. This study aims to
explore the research and application of biochar returning to the field for soil improvement and crop growth. A systematic
review was conducted on the preparation and equipment of the biochar, the key influencing factors on the physicochemical
properties of the biochar, as well as the effects of biochar on soil (physicochemical properties, nutrients, enzyme activities and
microbial communities, inorganic heavy metals and organic pollutants, carbon sink reduction) and crops. The key influencing
factors and mechanisms were summarized to evaluate the risks and countermeasures of biochar application. Some suggestions
were proposed for future research. The results showed that the rotary-furnace reactor was successfully applied to the industrial-
scale production of biochar, due to its good adaptability and convenient operation. Furthermore, the soil bulk density decreased
after the application of biochar into the soil, whereas there was an increase in the water retention capacity, cation exchange
capacity, the content of macronutrients and micronutrients in the soil, as well as the utilization rate of nutrients by plants. The
microbial community structure was dominated by the biochar. And then the activities of soil enzymes were enhanced, such as
urease and peroxidase. Heavy metals were also adsorbed and fixed by biochar after ion exchange and complexation. The
transformation of heavy metals was promoted from the exchangeable to the residual state. Organic pollutants were adsorbed
and degraded by biochar after hydrophobic interaction, electrostatic interaction, and free radical interaction. The toxicity and
bioaccumulation of pollutants were reduced in the soil. The returning biochar to the field can be expected to mitigate climate
change through soil carbon cycling. Taking Chinese umbrella grass biochar as an example, the annual output reached 1.96-
3.21 Mt, and the long-term annual carbon sequestration was 0.75-0.79 Mt, and the long-term annual reduction of CO,
equivalent was 2.76-2.88 Mt. Generally, the behavior of returning biochar to the field had a positive effect on the crop yield.
However, the extensive application of biochar in the soil can pose environmental and health risks. The pollutants that are
contained in biochar itself, and the pollutants were used to adsorb from the environment (such as heavy metals and polycyclic
aromatic hydrocarbons), indicating the potential to be released into the soil under the influence of the environment and time.
Eventually, the nano-biochar was obtained during biochar aging after disintegration, fragmentation, and pulverization.
Currently, there is a significant lack of research on the safety, stability, and toxicity of nano-biochar, particularly on the health
risks of biochar to humans. Therefore, it is very necessary to conduct a systematic assessment of the long-term and large-scale
biochar application in fields. Some optimal measures were also proposed to evaluate the economic, social, and ecological
benefits, in order to reduce or even avoid the application risks of biochar. The research can also provide a strong reference to
promote the healthy development of the biochar industry in high-quality agriculture.

Keywords: biochar; soil improvement; crop yields increase; carbon sequestration; risk analysis
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