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Abstract:  Objective Biochar has been considered as a promising strategy to improve soil carbon(C)sequestration and soil
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fertility. The aim of this study was to investigate effects of amendment of maize stalk biochar and returning of maize stalk on soil
organic carbon fractionation and microbial activities in an unfertilized field of upland red soil, in an attempt to provide certain
theoretical guidance for using biochar as soil amendment to improve soil fertility and enhance soil C storage in agricultural soils.

Method A field experiment was carried out to investigate changes in soil organic carbon pools, activities of the enzymes
involved in C, N and P cycling, and microbial substrate utilization rates as affected by amendment of biochar and/or returning of
straw. The biochar used in the experiment was prepared out of maize stalk via pyrolysis at 450-500°C near anaerobically, and
amended with or without straw returned in the experiment upland field of Ferralsol low in fertility. Soil samples were collected
from the experiment for analysis of soil labile and recalcitrant C fractions with the two-step sulfuric acid hydrolysis method, and
for soil enzyme activities and microbial substrate utilization rates with the microplate fluorimetric assay and MicroResp,
respectively.  Result Results show that 9 months after the experiment started, soil labile C content increased in the treatment of
straw returning alone, but no much changes were observed in soil pH, total organic C and recalcitrant C contents. Soil organic C
and recalcitrant C increased significantly in content in the treatments of amending biochar alone or with straw returned.
B-glucosidase activity was enhanced by straw returning, but not by amendment of biochar. Soil basal respiration and microbial
utilization rates of glucose, asparagic acid and syringic acid were significantly increased by straw returning, but were not much
affected by biochar amendment alone or in combination with straw. Significant interactions were observed between biochar and
straw on labile C content and soil basal respiration rate. Significant and positive correlations were also found of soil basal
respiration with labile C content, B-glucosidase activity and microbial utilization rate of glucose. ~Conclusion To sum up, all the
findings in this experiment suggest that compared with straw returning, amendment of the biochar derived from maize stalk

improves soil stable C pools and reduces soil C emission.

Key words: Biochar; Organic carbon fractions; Soil enzymes; Microbial carbon utilization rate
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Table 1 Changes in soil pH and organic carbon fractionation as affected by straw returning and biochar amendment
b3 A LB G ALk 1 S LBk 11 TR
Treatment P soc/ (gkg") LPI-C/ (gkg") LPI-C/ (gkg") RP-C/ (gkg")

CK 4.77+0.08b 4.39+0.37b 1.7940.25b 1.64+0.43a 0.95+0.08b

S 5.03+0.16ab 5.01+0.71b 2.48+0.28a 1.86+0.35a 0.67+0.32b

B 5.05+0.26ab 9.29+0.72a 1.91+0.23b 1.69+0.21a 5.69+0.76a
S+B 5.17+0.08a 9.29+0.71a 1.88+0.06b 2.04+0.21a 5.37+0.74a

MR Z 7 2504 Two-way ANOVA

S ns ns * ns *

B ns Ak ns ns Ak
SxB ns ns * ns *

H: 1) CK, XM; S, FifF; B, EWFis; SxB, B S5AMRRNEAERN . 2) F—F P RFEFHERZERBE (REE
FEHH )o 3) *FER P<0.05, ***FI/R P<0.001, ns FRALE (P=0.05). FIA. Note: CK stands for control; S for straw; B for
biochar; SxB for interactions between straw and biochar. Different letters affixed to the data in the same column indicate significant
difference between treatments at P < 0.05 ( one-way ANOVA ) . * means P < 0.05, ***, P<0.001, ns, P=0.05. The same below.
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Table 2 Changes in soil enzyme activities as affected by straw returning and biochar amendment

. P~ E Y £F 2 —WH K fift i B-N- £ Bt 5 2 S ) 4 W 1 il PR W TR T

o B-glucosidase / B-D-cellobiosidase / N-acetyl-B-glucosaminidase / Acid phosphatase /
Treatment
(nmol-g-h™") (nmol-g"-h™) (nmol-g™-h™") (nmol-g-h™")

CK 24.56+6.06b 5.05+2.30ab 19.34+4.78a 145.0+£33.6a

S 42.82+13.15a 7.72+1.72ab 17.54+4.00a 172.8+£15.8a

B 20.08+4.56b 3.23+1.64b 11.36+5.09a 124.2420.0a
S+B 25.74+5.75b 8.71+3.54a 14.22+4.37a 159.7+31.5a

XA 25 22453 0T Two-way ANOVA

S * * ns ns

B ns ns ns ns
SxB ns ns ns ns

F3 TEFMEYFRRLET LRI RFERF AIRET X

Table 3 Changes in soil basal respiration and microbial carbon sources utilization rate as affected by straw returning and biochar amendment

. + IR T R I # % Utilization rate / ( CO,-C pg-g-h™)
o Soil basal respiration / HENE SRR REF R THmM®
Treatment
(CO-Cpgg'h") Glucose Malic acid Asparagic acid Syringic acid
CK 0.30+0.11b 0.48+0.18b 0.46+0.13a 0.45+0.04b 0.40+0.03b
S 0.62+0.23a 0.81+0.24a 0.59+0.14a 0.80+0.21a 0.55+0.09a
B 0.22+0.02b 0.38+0.07b 0.40+0.09a 0.44+0.11b 0.46+0.09ab
S+B 0.15+0.03b 0.38+0.08b 0.64+0.23a 0.48+0.20b 0.49+0.04ab
W 2 J7 225311 Two-way ANOVA
S ns ns ns ns *
B *x * ns ns ns
SxB * ns ns ns ns

PR (P <0.001) EAH, -5 H M 5 T 5
FH . BAh, - SERLR P I 5 AR W A A R
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Fig. 1 Correlation analysis of soil basal respiration with soil carbon fractions, enzyme activities and microbial carbon utilization rate
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