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Effects of biochar application on soil organic carbon mineralization at different depths in paddy soil

WANG Jia—meng'?, LIU Wei'?, LIU Zhi—-wei'?, LIU Xiu-xia'?, WU Xiu-lan'?, BIAN Rong—jun'?, ZHENG Ju—feng"”, LI Lian—qing'?,
PAN Gen—xing'?

(1.Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China; 2. Jiangsu
Collaborative Innovation Center for Solid Organic Waste Resource Utilization, Nanjing 210095, China)

Abstract: This study aimed to clarify the effect of biochar on soil organic carbon mineralization characteristics of paddy soil at different
depths and to provide a scientific basis for assessing the carbon sequestration effects of biochar in paddy soil. Soil samples were collected at
seven different depths in a rice—cropping field located in Taihu Lake Region, which had received one dose of biochar two years ago. A labo-
ratory experiment was conducted to analyze the organic carbon distribution and mineralization characteristics of the soil. The results
showed that biochar application significantly increased the total organic carbon content in the surface layer (0~10 cm); however, it had no
significant effect on the total organic carbon content in the layers below 10 cm. Compared with the control treatment, the biochar applica-
tion significantly decreased the soil organic carbon mineralization intensity within the upper 40 c¢m layer. The decrease rate was 23.74%,
37.57%, 37.62%, and 15.95% for the 0~10 cm, 10~20 c¢m, 20~30 c¢m, and 30~40 cm layers, respectively. Biochar application significantly
decreased the microbial biomass carbon in the 10~40 cm soil layer and the microbial metabolic quotient in the 0~40 c¢m soil layer, whereas
the soil microbial biomass carbon in the surface layer (0~10 cm) was significantly increased by 11.3% in the biochar treatment. Below 40
cm layer, there was no significant change in any of the above indicators for biochar treatment. The results suggest that biochar application
can improve the soil organic carbon stability within the 0~40 c¢m layer in paddy soil on a two—year scale, which is beneficial for the carbon
sequestration potential in deep layers of the soil profile.

Keywords : biochar; deep soil; paddy soil; organic carbon mineralization

WimEE:2020-03-24 R BH:2020-06-01

PEZ A B (1994—) I3 RSB -5 A= WF 9T 1) o e T - 398 o ke 5 T 35 ARl .- E-mail : 979029994@qq.com
HEEEE PEE E-mail : zhengjufeng@njau.edu.cn

BE&TE : EK A RR 2L G101 H (41877097,41877096)

Project supported : The National Natural Science Foundation of China(41877097,41877096)



2082

URIEINCX ity 53965 98

1 F KA COL R T i 11 5 11 4 BR AR B8 £ 327
FUHH 45 R B AIBE R 012 60 fafhil, &8k
3 (<1 m) A HLBR FE fif 29 1 550 Pg, & RABRIFE )
243% il M W B A 2.5 F5 L MR AR AR S R G
S I BRI B, R T A ALAR At R LR, AR
FE#R AT BEXT KA COL MR 7 AR K . -3 L
B A A 2 A 8 ) KRR A R F 2 I TG R A i A2, O
XA LB S5 AR A B ) 7 A A BORR, R T A
A R it | - R O XS PR A A T R Y B
SO 1 A WLBR S A AR, U5 ) AT ML 2 Y
A, H HEX Y E AR A BRI
R TE LI, 22 (< 0.3 m) 1A HLIRAE = 2
7 3 m TR L AT HILK e 1Y 33 %, B 4L 77% r9 AT AL
WABAFAE 30 em LR BYTRIZ 3R AV Hy Bl o i A1
I R R A, R 2 A B 1) 3h A5 AN W] sk
o 37 BTG S B2t R, EEAERR PEAL 1
A ML AE DX IR A BRBRAG TR VR, 75 2205 28 b
TARIR)Z IR R R AR R

A= ) 5 e 2 M 0 IO TE TG SR B A R 1 1
T fe R A < AT B v B A A AT DL BT, A Bk
T EE RRUE M SRR, DL R 1 R = SR
HER I VE R, LA 380 B A 2 - 8 [ ik i — A 5
BRI, HAT, B8 R Z ST T A9 5
Bt FA G - 384 MURR sh 25 052 0, 41 Zhang 2569147 18
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56 BT A5 8505 % FH Microsoft Excel 2016 4- 3, %%
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2 HER55H

2.1 AEAETHRANHSENTES 5

A TR Ak B LR (4 5 T o A A (R 1), 3
0~40 em PN - 3EAT LAR & f B FEAR , AN [l Z 0] 1
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JZ 0t FH A W S5 e Ak PR SR LA 5 e a1
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Table 1 Soil organic carbon content in soil profile under

different treatments

TR + AT HLIK Soil organic carbon/(g-kg™)
Depth/cm CK BC

0~10 23.71£1.39Ba 27.45+1.13Aa
10~20 16.10+0.92Ab 16.70+0.98Ab
20~30 9.94+0.53Ac 10.02+0.34Ac
30~40 8.03+0.11Ad 7.95+0.10Ad
40~50 7.46+0.13Ad 7.60+0.34Ad
50~60 7.58+0.42Ad 7.38+0.40Ad
60~70 7.28+0.18Ad 7.28+0.14Ad
70~80 7.30+0.77Ad 7.31+0.33Ad

T RPN RS B3R ) — L SBR[ A 3 8] 22 5 25,
/NG P BER R [F]— AR A ] A+ S B A 22 53 (2 35 (P<0.05) . CKER7R
A AP BT 5 A BT BC 2R A BRARFL (1S t-hm ), T IR

Note: Different uppercase letters in the table indicate significant
differences between different treatments at the same soil depth, and
different lowercase letters indicate significant differences among different
soil depths at the same treatment (P<0.05). CK indicates no biochar soil
amendment; BC indicates biochar soil amendment at the rate of 15 t-hm™.

The same below.
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AR i To e 2 25 5 o AR, AT HILAR 8 1L
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Figure 1 Dynamics of soil CO; production at different depths under different treatments
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Figure 2 Total amounts and rates of soil organic carbon mineralization at different depths under different treatments

REAS B s Bl A DL B AL . BARE
ANTRITR BE FIA [ b R A - 34T MLBR AR 1E 1 (Co) 34
FAEWLE 225 BBV N 147.04~868.18 mg kg™, iX
TN RTH B T 7 TR A3 T R AEC , ARV , A7 BIL
RH™ AR A R ) TER B B3R T 5 Z AR LAY A2 £k

A FA, BV R B G g AR, LB TR 0.02~0.09 d '
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Table 2 First—order kinetic parameters of soil organic carbon mineralization equation

TR CK BC
Depth/em Co/(mg-kg™) k! R Co/(mg-kg™) k! R
0~10 868.18+25.50Aa 0.09 0.95 662.05+23.99Ba 0.08 0.94
10~20 700.72+24.04Ab 0.06 0.97 437.46213.61Bb 0.06 0.98
20~30 483.4323.77Ac 0.03 0.99 301.55+13.92Bc 0.03 0.99
30~40 289.13+12.02Ad 0.05 0.97 243.00+8.24Bd 0.04 0.99
40~50 218.356.91Ae 0.05 0.98 227.66+8.75Ade 0.04 0.99
50~60 175.094.85Af 0.04 0.99 171.6128.55Af 0.04 0.98
60~80 147.04=11.19Af 0.02 0.99 151.4325.42Af 0.05 0.99
FEJE R PN R AL B 2 (8] TG I8 3 A F4 TBEBNESHNEAZHFESH
23 AR TARRETIENMEMEMEHRMAMK Table 4 Two—way ANOVA analysis of soil measurement
iﬁﬂﬁ E(J %“ﬁ parameters
HH e 3 ) 1, it FH A= ) Jo e i 2 R R 2 0 S ﬁﬁ%ﬁg ., Mﬂﬁfhﬁ .
MBC {95 W 7716 W1 8 22 52, B 5 CK b FRAR 1L, BC b S MBC quotient
FH i E 0 0~10 em 13 MBC & &, B0 R M 11.3%, Ji % Biochar application % 6.348 2 o 595520
[F) s} i 28 P AIG 10~40 em T EEMBC & & . ZHIR)E I, RIE Depth % 599.406 7 ** 27.1709

AL TR B MBC 7 B2 BRI fa 8 Bt o b g e o0m2g

2 - 4 TR FE 1 48 0 MBC 55 6 e AV 17U 54 T

FE o HFE 4R R Ty 2250 B nl AL, A= W 5 it FE AN £ Note: ** indicates extremely significant interaction between two

HEVREE I/ R 2 4% MBC 3 PR e gy, | Reen(Peoon:

P 2 Y S AR T L 5 MBC kb 2 A

LR R e R I BRI R 3 g

(B G HLAPL A3 O RS AT LT S . o s

ST T, SRR g ST e XU RER B SN

VNG, 3T, 1 CK AN L Bo mban g e O D RS OIERIL AT RSO SATHLRES

T 0-40 e £ J2HHER TGN e WIS Bk 1 3640, oo SEAR BT AT BLERTAIV 0 300 e

47.6% .38.9% L)} 36.8%. ERIE E, AFALELR 2 ﬁﬂﬁﬁﬁiumo bk nﬁ%*%p%ﬁﬁﬁﬁﬁ%ﬁﬁwg

LB B IR 0-10 o LA, o oo AR BRI &0, 2k

L 10~80 em % 2] - HEAC M E TG 25 5 (40-50  VBRDSHEIT 3 A Je ST R R A LB B o
A 0T BRI PRt AT A B e 5 3.49%0~

em RN
3 ARG T TR &SR0T
Table 3 Soil MBC and metabolic quotient under different treatments
VRJE THCE W AE W R MBC/ (mg -kg™) AR Metabolic quotient
Depth/cm CK BC CK BC
0~10 299.24+16.64Ba 333.09+19.78Aa 0.33+0.04Aa 0.21+0.02Ba
10~20 269.04+18.55Ab 228.83+18.48Bb 0.21+0.03Ab 0.11+0.01B¢
20~30 78.37+6.45A¢ 39.10+1.37Bc¢ 0.18+0.02Ab 0.11+0.02Bc
30~40 55.96+1.59Ad 20.80+1.54Bc¢ 0.19+0.03Ab 0.12+0.01Be
40~50 21.17+£2.54Ae 23.96+1.53Ac 0.16+0.02Abe 0.16+0.02Aab
50~60 17.20+1.89Ae 17.59+£2.29A¢ 0.13+0.03Ac¢ 0.15+£0.01Abce

60~80 14.04+1.41Af 19.32+3.51Ac¢ 0.16+0.02Abe 0.14+0.02Abc
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