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Table 1 Basic fertility of tested soil

pH
(mg/kg) (g/kg) (mgkg) (mgkg) (mgkg) (mgkg)

7.66 81.59 11.50 27.71 6.44 10.09  126.59

(Y]
pH
8.25 3.99 g/kg 0.169 g/kg 23.62

— 10pm JEOL 4/18/2016
X 500 5.0kvV  SEL L4 WD 8.0mm 11:01:29

1 FEEFRBEHUREEAHEE K 500 )
Fig. 1 SEM image of peanut shell biochar (amplified 500 times)
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07 pH( 25:01)
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[19]

31 BiologEcoplates™

25°C 24
144 h 590 nm

14

(AWCD) (20-21]

48 72 96 120

[14]

AWCD =Y (C, - R)/31 (1)
G R
31 31 (C—R)<0
0
AWCD 120 h
Simpson (D)
D=1-) P’ )
Shannon (H)
H=-Y (BxInP) 3)
Mcintosh 0)
U= anz C))
Shannon (E)
E=H/InS )
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S C>0.5
Excel 2013 SPSS
200 R
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2.1
pH T1
pH 0.10 0.24 0.34
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T2 Tl T2 T4 T3 Tl
9.08% 14.23%
T2 19.37%
Tl
F2 AFREILIEFEERX TIEUFEY R F R0
Table 2  Effects of different treatments on soil chemical and biological properties of flue-cured tobacco rhizosphere
pH SOC NO;-N NH;-N MBN MBC
(g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/(g-20min)) (%)
Tl 7.77+001la 849+£050b 6.83+£040a 649+1.46a 9298+136a 154.01+5.16b 3.11£0.24b 18.16 £0.47 a
T2 7.67+£000b 9.68+132b 6.09+0.13b 9.52+3.37a 65.12+1.22¢c 140.03+4.58¢ 3.03+£0.12b 14.64 £ 2.48 ab
T3  7.53+£0.0lc 10.68+0.60b 5.78+0.01bc 5.72+0.71a 77.33+0.74b 156.08+0.10b 3.63+0.01a 14.63 £ 0.84 ab
T4 7.43+£0.00d 13.63+030a 546+0.12c 9.48+2.8la 6494+1.10c 183.17+4.45a 3.03+£0.12b 13.44+£0.62b
(P<0.05)
2.2 2.3
AWCD
AWCD 120 h AWCD
Shannon (H)
2
0~24h Simpson (D)
0 48 h AWCD Mcintosh )
T3 AWCD E Shannon
T4 S 3
T3>T2>T1>T4 T1 T2
T3 T4 T1
20~ 3.73% 0.37% Mcintosh(U)
T3>T1>T2>T4
1.5F
o (&)
§ 1.0+ Shannon T4>T1>T2>T3 T4
< T1 2.80% T3
0.5r 4.58% S T3>T2>T1>T4
0.0r
20 40 60 80 100 120 140 160 2.4
FEFRI ] (h)
2 FREAIEFEE L IEREY AWCD BRI 3 T1
Fig. 2 Effects of different treatments on soil microorganism AWCD
of flue-cured tobacco rhizosphere T2 T3

R3 FEALIEXERIR X L IRRAE YT RE S M IR R 0T

Table 3  Effects of different treatments on soil microbial functional diversity index of flue-cured tobacco rhizosphere

H D U E N
T1 3.214+0.040 a 0.956 £ 0.003 a 8.056 £ 0.679 ab 0.999 + 0.008 b 25+£1Db
T2 3.241+0.023 a 0.957+0.001 a 7.533 £0.121 be 0.991 £ 0.007 b 26+ 1ab
T3 3.266 +0.001 a 0.959 + 0.000 a 8.665+0.063 a 0.980+0.011b 28+1a
T4 3.094 £ 0.002 b 0.949 + 0.000 b 6.882+0.143 ¢ 1.027+£0.010 a 20+1¢c
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’ Fig. 4 Utilization intensities of 6 carbon sources by soil microbial
f communities under different treatments
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Fig. 3 Principle component analysis of soil microbial carbon source
utilization under different treatments
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communities under different treatments
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Fig. 6 Effects of different treatments on growth of flue-cured tobacco
3.2
AWCD

B2 5%

http://soils.issas.ac.cn



713

[33]

T3 T4

6 31
5
[34]
[35-36]
15%
15%

T3

[12]

[15] [

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[1e]

[11]

[12]

[13]

[14]

[15]

[16]
[17]
[18]
[19]

[20]

s . Biolog
[1]. , 2011, 34(3): 50-57
5 , s BIOLOG
[J1. ,
2013, 50(3): 618-623
7. , 2015, 52(3):
697-705
1. , 2015, 31(4):
248-257
[7. , 2009, 28(12): 2459
2463
7. , 2014. 33(3):
393-397

Glaser B, Haumaier L, Guggenberger G, et al, The ‘Terra
Preta’ phenomenon: A model for sustainable agriculture in
the humid tropics[J]. Naturwissenschaften, 2001, 88(1):
37-41

Daniel D W, Johannes L, Thomas W K, et al. Mycorrhizal
responses to biochar in soil-Concepts and mechanisms[J].
Plant & Soil, 2007, 300(1/2): 9-20

s > s

J1.
, 2017, 23(1): 44-53
1. ,2015(4): 697-704
1. , 2012, 43(5):
515-520
[J1.
, 2013, 46(18): 3850-3856
7. ,2013,45(1): 116-119
1. , 2011,
37(1): 105-111
[J].
,2016, 31(5): 910-916
[D].
,2016
M].
, 2006
[M]. : ,
2000
M]. : )
1986

Zhu L X, Xiao Q, Shen Y F, et al. Microbial functional
diversity responses to 2 years since biochar application in

http://soils.issas.ac.cn



714 51

silt-loam soils on the Loess Plateau[J]. Ecotoxicology & [29] s s s .
Environmental Safety, 2017, 144: 578 [J]. s
[21] Chen L, Li C, Feng Q , et al. Shifts in soil microbial 2016, 37(5): 16-21
metabolic activities and community structures along a [30] s s s
salinity gradient of irrigation water in a typical arid region [J1. , 2017, 24(4):
of China[J]. Science of the Total Environment, 2017, 598: 290-295
64-70 [31] , . . 1
[22] , , , . [J1. , 2014,
. , 2016, 33(4): 751-758
37(4): 6-12 [32] Nielsen U N, Ayres E, Wall D H, et al. Soil biodiversity
[23] , . and carbon cycling: A review and synthesis of studies
[J]. ,2013(5): 1-5 examining diversity-function relationships[J]. European
[24] . pH Journal of Soil Science, 2011, 62(1): 105-116
[D]. : , 2005 [33] s , , .
[25] R , , . 1. , 2009, 29(2):
[J1. 740-748
,2011(2): 22-27 [34] i, s .
[26] s , , . 1. , 2017.
[J1. , 2017, 49(3): 534-542 24(5):14-20, 26
[27] . [D]. [35] , , . [J1.
: ,2013 ,2013. 46(16): 3324-3333
[28] s , , . [36] , , , -
[J1. , 2016, [J1. , 2014.
36(8): 2355-2362 23(4): 343-350

Effects of Biochar Combing with Nitrogen Fertilizer on Functional
Diversity of Microbial Communities in Tobacco-planting Soil

GE Shaohua', YAN Haitao', CHEN Qi', PENG Guixin®, YU Jianchun®, YANG Yongfeng®, LIU Guoshun'"

(1 National Tobacco Physiology & Biochemistry Research Centre, Henan Agricultural University, Zhengzhou 450002, China;
2 China Tobacco Henan Industrial Co. Ltd., Zhengzhou 450000, China)

Abstract: A pot experiment was conducted to study the effects of biochar combined with different dosages of nitrogen
fertilizer on the functional diversity of soil microbial community in flue-cured tobacco rhizosphere. The results showed that
biochar application increased the contents of soil organic carbon and microbial biomass carbon, and the treatment of biochar with
15% reduction of nitrogen fertilizer (T3) significantly improved soil catalase activity and metabolism level. Carbon source
utilization of soil microorganism were different under different treatments, T3 treatment had the highest average well color
development (AWCD) value, and smaller soil microbial richness and dominance. Principle component analysis and thermal graph
analysis showed that the functional differences and dominant carbon sources of soil microbial communities were different under
different treatments, among of which, T3 treatment had smaller functional difference and contained most carbon sources in the
dominant carbon source carboxylic acids. The biochar application improved root-crown ratio of tobacco by 23.06%—42.36%.
Therefore, biocar application can enhance the microbial activity of tobacco-planting soil and improve the diversity of soil
microbial function, and the biochar combing with 15% reduction of nitrogen fertilizer has the best effect.

Key words: Biochar; Nitrogen fertilizer; Tobacco-planting soil; Microbial diversity
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