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Effects of biochar on microbial functional diversity of vegetable garden soil
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Abstract: Biochar can be effectively used to reduce the release of greenhouse gases and fulfill the consequences of carbon
sinks. It ean also be used to restore degraded soil and improve the structure of soil microbial communities and enhance their
functions. This study. investigated the effects of different biochar doses and the combined application of biochar with other
fertilizers on soil microbial functional diversity, which would provide a scientific basis and theoretical guidance for the
rational use of agricultural waste and optimal management of soil fertility in vegetable gardens. In the present study, the
representative vegetable garden soil ( Fimi-Orthic Anthrosols) was sampled from Lianzhou County, Qingyuan City. Pot
experiments were conducted for 40 days in the laboratory. Ten treatments were performed as follows: CK (0% biochar + 0%

fertilizer) , T1 (0% biochar + 0.1% commercial organic manure), T2 (0.1% biochar + 0% fertilizer), T3 (0.25%
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biochar + 0% fertilizer) , T4 (0.5% biochar + 0% fertilizer) , T5 (1.0% biochar + 0% fertilizer) , T6 (100(N) + 30
(P,05) + 75(K,0) mg/kg oven-dried soil) , T7 (0.1% biochar + 0.1% commercial organic manure) , T8 (0.1% biochar
+ 100(N) + 0(P,0,) + 75(K,0) mg/kg oven-dried soil) , T9 (0.1% biochar + 100(N) + 30(P,0,) + 75(K,0) mg/
kg oven-dried soil) , and T10 (0.1% biochar + 0.1% commercial organic manure + 100(N) + 0(P,0,) + 75(K,0) mg/
kg oven-dried soil ) , with three replicates each. Soil microbial functional diversity of the harvested soil samples was analyzed
using the Biolog method. Significant variations in soil microbial functional diversity were shown in the treatments with
different biochar doses. First, the T1 (0.1% organic manure) and T3 (0.25% biochar) treatments significantly increased
soil microbial utilization of carbon substrates more than the other treatments ( P<0.05), but further increases of biochar
(>0.25%) reduced average well color development (AWCD). Second, both T1 and T3 treatments had significantly higher
species richness ( McIntosh index) , and only the T1 treatment had higher evenness of community species ( Shannon index )
than the other treatments. Moreover, T1 and T3 had the highest utilization of polymers, cathohydrates, carboxylic acids,
amino acids, and phenols. For the chemical fertilizer treatments, soil microbial activity and microbial utilization of carbon
substrates were increased by phosphate fertilizer, but were significantly reduced by nitrogen and potassium fertilizers.
Furthermore, a principal component analysis showed that there were similar soil micrebial community functional structures
in the treatments of T1, T2 (0.1% biochar) , and T3. A single application of organic manure or:biochar had stronger effects
on the soil microbial community structures than the combined application; however, phosphate fertilizer and the combined
application of biochar and chemical fertilizers also changed the soil microbial wtilization of carbon substrates. This study
indicates that it is necessary to ascertain the treatment doses of biochar and. standardize their criteria to promote biochar
application at large scales and in different fields. However, the biochar had some negative effects on the eco-environment.
Therefore, the biochar sources and amount of biochar doses should be studied to determine the negative effects on soil, to

prevent these in future treatments for optimal results.

Key Words: vegetable garden soil; biochar; microbial community; functional diversity; Biolog method
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AR B LAY S B o B R A BB 372.40 g/kg, 5 7.09 g/kg, 4 (P,04)2.23 g/kg, &4 (K,045.03
¢/kg,pH {H 10.09,

T A MUIE A B A3 5 4 0o B HILB 19.48 ¢/kg 2% 12.11 g/kg, &5 (P,0,) 12.69 g/kg, 2 5(K,0)
12.43 o/kg,pH 11 7. 83,
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Table 1 Experimental design

S OEii W B HHUE N/ P,05/ K,0/
Treatment Biochar/ % Organic fertilizer/ % (mg/kg Tiit) (mg/kg T+) (mg/kg T12)
CK
Tl 0.10
T2 0.10
T3 0.25
T4 0.50
T5 1.00
T6 100 30 75
T7 0.10 0.10
T8 0.10 100 75
9 0.10 100 30 75
T10 0.10 0.10 100 75

FEE R (KFE) L ke, FHMED 25038, EAE 3 W, SRR RIEZS O SR 5 1Y bt
1.3 FF SRR RO e Jr i
1.3.1  FEALCRAE

W TR G5 )E 4CIRAE T Y Biolog i I AE .
1.3.2 e ik

TN BEZ AR TR T Biolog Eco WA , BAAERAE L X ZREVEFR BO T2 WaCHk ™™, BEER
BEFRES AR 72 h 1 ODy, . ST S0 VT D8 22 REPETE BORBIAE P R R IR IS D BE T, T304 T S E e v
INRE F L30T, R Excel 2003 F1 DPS 14.10 G850 40 B

2 BRSO

2.1 A[FIALBESE D B A AR

TPIIBUEAL LI (AWCD ) FRAE G P RE T B ORI T3, S e 1 S A M A QOB >0, LA b e, 139
R E A v AT P s | S ) AR e s e L B AR A AR LI 1 R 2, H BT 1 AL AWCD
BERE TR A TR T . S FR AL T AR I 72—120 h Ok, #5403+ 38 AWCD T4 T1>T3>T2>
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1 AEEYRFMETEEHERETUE Fig.2 Variation in AWCD of soil bacterial community over time

Fig.1 Variation in AWCD of soil bacterial community over time with biochar and different applying rate of chemical fertilizer

with different applying rate of biochar
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Table 2 AWCD and diversity indexes of vegetable soil microbial community in different treatment

Qb B B AR AR S8R R EL ¥I5] e AL
Treatment AWCD Shannon index( /) Simpson index( D) Melntosh index( T7)

CK 1.12£0.07f 3.220.04b 46.53x1.33ahc 8.87+0.58¢
TI 1.88+0.03a 3.28+0.06ah 50.47+2.24a 13.32+0.39a
T2 1.79£0.05ab 3.2720.05ah 47.82+1.33ab 12.41+0.29ahc
T3 1.86+0.03a 3.35+0a 49.9+0.6ab 12.63+0.2ab
T4 1.45+0.06d 3.2420.03ab 46.65+1.98ahc 10.91+0.56¢d
T5 1.54+0.03cd 3.2+0.04ab 42.28+1.4¢ 10.91+0.52cd
T6 1.74+0.01ab 3.2120.1ab 48.67+1.2ab 11.94+0.24ahc
T7 1.64+0.03bc 3.28+0.01ah 46.69+0.63ahc 11.64+0.22bc
T8 1.29:0.01e 3.25+0.06ah 45.13£1.71hc 9.88+0.37de
T9 1.64+0.12hc 3.27+0.02ah 46.75+1.56abc 11.66+0.67hc
TI0 1.04+0.06f 3.1620.03b 47.36+1.33ab 8.76=0.96¢

FHRRMN 5 DA LR ER , RSV A R AR BELRA — AR/ NS TR SRR 0 B35 25 (P>0.05, Duncan's %)
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T3 kb3 AWCD {EH1 Shannon ZFEPEFEER 35 55 T CK 1 T10 Ab3H 22 B 8t 0.25% A= By 14 T 134343
AEPAREHE M AITR ] Biolog fCT- Al iR AT ANZE . T1 A1 T3 AbFRY Simpson $5 80 =, TT AL 25 &
T T5 F1 T8 A3, SH AP 2 S AR, K0 0.1% A HLICAL P B 248 5 Wb O34 . T1 &b B Y
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2.3 N[l Ah BRSO R R IEAE R S 1 g

Biolog Eco AR L& 47 31 Rk AR HE IR B BEHIAR PR AL 6 28 FOh R AW 4 Bl oKL B
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Table 3 Comparison of carbon substrate utilization by vegetable soil microbial community in different regions

Ab 3 REWE RS IR JWi2s IR ES
Treatment Polymer Carbohydrate RCOOH Propylamine Amino acid Phenothiazine
CK 0.78+0.01f 1.32+0.18¢ 1.14+0.07f 0.48+0.1def 1.43+0.02de 0.59+0.02e
T1 1.84+0.1ab 1.96+0.01a 1.83+0.05a 0.71+0.1bed 2.22+0.03a 1.49+0.1a
T2 1.15+0.06de 1.82£0.05ab 1.8+0.04ab 0.81+0.15bc 1.99+0.09abe 1.47+0.12a
T3 2.03£0.1a 1.94+0.04a 1.83+0.07a 0.67+0.06bcd 2.12+0.14ab 1.44+0.14ab
T4 1.15+0.11de 1.75+0.07ab 1.67+0.05abc 0.97+0.11ab 2.03+0.04abc 1.05+0.08¢
T5 1.32+0.14cd 1.66+0.12b 1.54+0.01cd 0.2+0.04f 1.54+0.07d 1.23+0.03abc
T6 1.59+0.09bc 1.78+0.05ab 1.61+0.04c 1.16+0.08a 2.00+0.04abc 1.42+0.1ab
T7 1.37£0.08cd 1.87+0.02ab 1.63+0.04bc 0.68+0.09bed 1.81+0.13¢ 1.3+0.09abc
T8 1.07+0.15def 1.82+0.09ab 1.26+0.06ef 0.56+0.12cde 1.46+0.06de 1.13+0.14bc
T9 1.66+0.05b 1.97+0.05a 1.39+0.03de 1.22+0.1a 1.9+0.15bc 1.01+0.07cd
T10 0.93+0.03ef 1.06+0.08d 1.17+0.11f 0.29+0.09ef 1.23+0.05e 0.74+0.04de

RTBALR. 5 REA Y F B+ AR DR |, R FVEEE A R UL — MR/ NS T8 7R T8 8 3% 22 5 (P>0.05, Duncan's 1)
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Py o ()it FH P LA N - 3B AE vt B U A R R BE 0 . S AR I b 3 e 19 Kb B - S8 A A= ) R FH sk T e 7 S
FET T8 AR R B IR Y R A WS S G SRR SR R A R 2 A I 1 it FH AT AR s
Bt s e T2 ANFRAYERIRZS ISR A SR SR B = T TS A, 3 B RN A AT B4 T 4 PTG
T IEGE Y BRI R T RE T
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