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Improving organic residue quality to reduce CO, emissions and
promote carbon (C) accumulation in a sandy loam soil with low

organic matter
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ABSTRACT: The objectives of this study were to investigate patterns of changes with decomposition
time of carbon (C)-cycling enzyme activities (i.e., invertase, B-glucosidase, phenoloxidase and
peroxidase) in response to fresh addition of contrasting chemical composition organic residues into
a sandy soil, and the relations of these microbial activities with some soil properties. The experiment
was divided into 4 treatments include the following: 1) control (Untreated soil), 2) Soil + Rice straw,
3) Soil + Biochar compost, and 4) Soil + Biochar. The Soil + BC compost treatment showed
significantly (P <0.05) higher invertase activity than the other treatments at the middle to later stages
of decomposition (0.17 -0.29 mg GE g soil DW 3h). Results revealed that the Soil + Rice straw
treatment showed significantly (P < 0.05) higher B-glucosidase activity over the other treatment after 7
day (28.9 - 56 ug p-nitrophenol g! soil DW h!) which was a testimony to the distinctly high cellulose
substrate of this residue, while Soil + Biochar treatment showed higher phenoloxidase activity at all
stages of decomposition. At day 21 42 and 63 after incubation, highest activity of phenoloxidase in
the Soil + Biochar treatment also showed highest phenoloxidase activity compared to the other
treatments (P < 0.05) (0.4 0.88 and 0.67 umol dicq g soil DW h!, respectively). The positive effect
ofnitrogen (N) on enzyme activities was seen in the relations of invertase and B-glucosidase at middle
to later stages of decomposition. Therefore, there was no negative effect of N on the expression of
resistant C compound degrading enzyme activities. We also showed an evident that microorganisms
under deprivation of substrate from fresh residue addition for the long term, particularly in a sandy soil
may be induced to utilize recalcitrant compounds as C source. In addition, the lowest gCO, (0.078 mg
CO,-C g microbial biomass C d') under biochar compost-treated soil reflected a high efficiency of
C utilization of microbial decomposers. It can be concluded that, among the three residue treatments,
biochar compost is the most suitable residue in improving soil organic carbon restoration in a sandy
loam soil with low organic matter.

Keywords: carbon (C)-cycling enzymes, soil organic carbon, sandy loam soil, CO, emissions, Biochar
compost
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Table 1 Some properties of soil and organic materials used in the study

Parameter Sail Biochar  Biochar compost Rice straw

Moisture content (% by weight) 6.2 5.85 24.82 9.6
pH (soil : water = 1: 2.5)

54 10.25 7.96 5.9
(materials : water = 1: 10)
EC (u 179.3 2,235 ND ND
CEC (cmol_ kg™ 1.8 16.85 ND ND
Oxidizable organic C (g kg™ 0.28 65.6 186.25 567
Total N (g kg™) 0.02 0.71 7.89 2.3
C/N ratio 13.5 92.4 23.6 246.5

ND: not determined.
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Figure 1 Invertase (a), B-glucosidase (b), phenoloxidase (c), and peroxidase (d) activities in soil

treated with contrasting quality organic materials addition.
at P < 0.05, 0.01 and 0.001, respectively.
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Figure 2 CO -C released (a) and cumulative COC (b) under contrasting quality organic materials
addition. Vertical bars represent SED. *, **, *** significantly different at P < 0.05, 0.01 and

0.001, respectively.
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Table 2 Metabolic quotient (qCO ) during microbially decomposition of organic residues

Days after Metabolic quotient (qCOQ) (mg COQ—C g microbial biomass C d™)

incubation Treatment la SED
Untreated soil Soil + rice straw Soil + biochar  Soil + biochar
compost

0 (3h) 0.149b 0.127 b 0.096 b 0.259 a 0.002** 0.023
3 0.117 b 0.204 a 0.083 b 0.134 b 0.002** 0.016
7 0.112 0.140 0.119 0.146 0.570 0.028
21 0.105 0.086 0.067 0.107 0.548 0.031
42 0.106 0.089 0.065 0.078 0.217 0.018
63 0.091 bc 0.125 a 0.078 c 0.109 ab 0.040* 0.013

At each sampling date, data followed by the different letter are significantly different at P < 0.05.

*, ** significantly different at P< 0.05 and 0.01, respectively.
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Table 3 Pearson correlation coefficients (r) relating enzyme activities and selected soil properties.

C-cycling enzyme Day after incubation Oxidizable C Total N
activities
Invertase 0 (3h) 0.6310* 0.503
3 0.6346* 0.3872
7 0.4523 0.0661
21 0.3832 0.2392
42 -0.3827 0.8096***
63 -0.3650 0.7085***
B-glucosidase 0 (3h) 0.5160 0.3969
3 0.7989** 0.4298
7 0.7663** 0.6154*
21 0.5958* 0.6696*
42 0.5556 0.0273
63 0.3197 0.0463
Phenoloxidase 0 (3h) 0.4660 0.1462
3 0.2741 0.1968
7 0.4286 0.1081
21 0.6727* 0.3979
42 0.6016* 0.3110
63 0.3197 0.3798
Peroxidase 0 (3h) 0.3870 0.5525
3 0.4165 -0.2683
7 0.6512* -0.2069
21 0.5917* 0.0185
42 0.4577 0.0301
63 -0.342 0.5313
Metabolic quotient (qCO2) 0 (3h) -0.642* -0.5419
3 -0.9047*** -0.2394
7 -0.7899** -0.1634
21 -0.6151* -0.4790
42 -0.2799 -0.4455
63 0.3239 0.8032*
1aN&192194 controlling microbial biomass, activity
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