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Effect of biochar addition on physicochemical properties and microbial
population of biogas residue compost
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Abstract: [ Objectives ] Biogas is an important and effective way in deal with the waste from intensive animal
farming in China, however, the recycling use of biogas residue has become a bottleneck of restricting the
development of biogas projects. This paper attempted to use the biogas residue to make safe compost.

[ Methods ] The tested biogas residue was from a chicken farm, the biochar was made of fruit wood through
pyrolysis at 550°C for 2 h. The biogas residue was the main raw material, the pig manure and maize straw of 1 cm
long were used to adjust the C/N to 25 : 1, the moisture contents was controlled at 65%—70% during the

composting. Biochar was added in rate of 0, 2%, 5% and 10% of the fermentation materials (dry-base ratio), and
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recorded as CK, F1, F2, and F3, respectively. The composting lasted 30 days at room temperature. The physical
and chemical properties and the quality of composts were determined during the aerobic composting process.

[ Results ] During the composting process, the highest temperature in all the treatments reached above 55.0°C,
and the high temperature lasted for 6 days in F1 and F2, which met the harmless requirements. The variation of
pH and EC was the same, all showed the trend of increasing first and then decreasing, and finally tending to be
flat. The pH values in all the four treatments were in range from 8.55 to 8.80, and the pH of F2 treatment was
always higher than those of the other three groups (>8.7) with the maximum pH of 9.03 during the heating period.
The electrical conductivity of all treatments was below 1 mS/cm. Compared with CK, the organic matter contents
in F1, F2 and F3 were respectively reduced by 13.0%, 9.3% and 7.4%, nevertheless, they were all higher than
45%; the total nutrient contents were increased by 6.5%, 4.3% and 2.2%; the seed germination indices were all
higher than 85%. The addition of biochar could increase the number of microbes, but the effects on bacteria, fungi
and actinomycetes were different. With the increase of biochar addition proportion, the number of bacteria were
reduced, the number of actinomycetes showed a concave trend and the greatest inhibitory effect was in F2, and the
number of fungi was increased. The humus contents in composts of all treatments decreased first and then
increased, showing the "V" shape, reaching the lowest value on the 11th day. The humic acid content in F1
treatment was higher than those in the other three groups, the highest value was 24.08%, the lowest was 17.92%.
Compared with CK, the humus contents of the final product were increased by 8.12%, 7.23% and 7.43% in F1, F2
and F3 treatments, respectively. [ Conclusions ] The addition of biochar could prolong the high temperature
duration, change the physical and chemical properties of biogas residue compost, promote the maturity and
improve the total nutrient contents. Among the three addition proportions tested, the addition of 2% biochar (dry
basis ratio) performs the best for the composting process.

Key words: biological activated carbon; biogas residue; microorganism; humus; germination index
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Table 1 Physical and chemical characteristics
of compost materials

JEORE (T 3) C N TIKE (%)
Raw material (dry base) (%) (%) Moisture
%7€ Pig manure 8.82 057 1558 70.0
T Straw 3828 0.84 4557 12.7
A1 Biogas residue 2539 155 1638 62.4
W% Biological C 5842 0.60 97.37 7.5

o R R E R AL & B ST 5 min,
] B% 40 min, >R PR S AsE fil dr S & 1 (B 1)
1.3 Rt
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Fig. 1 Sketch map of static pile composting reactor with mandatory ventilation
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Table 2 Different raw material ratios

Qb3 T KFEF Maize straw 11 Biogas residue ¥ 3% Pig manure SR BA J=¥ird
Treatment (£ /K% Moisture 12.7%) (£ 7K Moisture 62.4%) (%7K Moisture 70.0%)  Biochar TotalN  TOC
Fl 6.0 10.0 4.0 0.20 0.11 3.07

F2 6.0 10.0 4.0 0.50 0.11 3.07

F3 6.0 10.0 4.0 1.02 0.11 3.07
CK 6.0 10.0 4.0 0 0.11 3.07
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Fig. 5 Changes in humus during the composting
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Table 3 Variance analysis of single factor

T H Ttem SS ar MS F P
4% Bacteria 2] Inter-group 26.538 7 3.791 5.557 0.001
24 Intra-group 16.373 24 0.682
JEY Total variation 42.910 31
JZE T Actinomycete £ [A] Inter-group 234.530 7 33.504 2.176 0.074
2N Intra-group 369.560 24 15.398
S8 Total variation 604.090 31
H.IF Fungi 21|77 Inter-group 97.018 7 13.860 0.828
21N Intra-group 401.676 24 16.736
S Total variation 498.693 31
JE5 5T Humus 4 17) Inter-group 736.711 7 105.244 5.934 0.000
2N Intra-group 425.632 24 17.735
JEY Total variation 1162.343 31
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Table 4 Values of quality items of the produced organic fertilizers and the standards value by the organic
fertilizer industry standard (Dry base)
FEFR Index CK F1 F2 F3 A1l bRfE Industry standard

A HLBT Organic matter (%) 47 54 49 50 >45

27K # Moisture content (%) 38 37 38 39 <30

B Total N (%) 1.87 2.10 1.78 1.86

S Total P (%) 5.74 6.01 5.84 5.87

SR Total K (%) 1.61 1.76 1.59 1.74

£4F74) Total nutrient (%) 9.22 9.87 9.61 9.47 >5
FKIHHEREEL Fecal coliform number (cfu/g) <3.0 <3.0 <3.0 <3.0 <100

I BRSBTS Ascaris egg death rate (%) 100.0 100.0 100.0 100.0 >95

2 £ X #ik: B[] AT SRR, 2016, 22(5): 1402-1417.
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