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Dynamic community structure of nosZ—type denitrifying bacteria during cow manure composting

XU Ben—shu, MEN Meng—qi, WU Xiao—tong, JIANG Xin, SHENG Si-yuan, HAN Yue, ZHU Hai—feng, MENG Qing—xin, DENG Li-ting,
XU Xiu-Hong"

(College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract: This study examined the dynamic nature and diversity of the community structure of the nosZ-type denitrifying bacteria with
varying periods and layers during cow manure and rice straw composting. This was done via high throughput sequencing. The relationship
between the denitrifying bacteria and physicochemical parameters was investigated using redundancy analysis (RDA) and Spearman corre-
lation analysis. The results indicated that the community structure of the nosZ-type denitrifying bacteria varied significantly through the
composting stages. Further, both the diversity and richness of the denitrifying bacteria displayed a declining tendency at the beginning and
an increasing trend in late phase of composting. The denitrifying bacterial community structure and diversity index were greatly affected by
composting depth in the late thermophilic stage. In addition, physicochemical parameters significantly affected the community structure.
Significantly positive correlations were observed between Chelatococcu and temperature (P<0.01), and Polymorphum and nitrate nitrogen
(P<0.01). Significantly negative correlations were seen hetween Mesorhizobium and moisture content and C/N(P<0.01). The diversity of
the denitrifying bacterial communities was significantly negatively correlated with temperature, pH, and ammonium nitrogen (£<0.01) and
significantly positively correlated with nitrate nitrogen (P<0.01). The richness of the denitrifying bacteria was significantly negatively corre-

lated with temperature (P<0.01). In conclusion, our results indicate that time and depth are both factors influencing the nosZ—type denitri-
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fying bacterial community structure, and the community structure is significantly affected by physicochemical parameters. This study pro-

vides an insight into the theory of the role of the nitrogen cycle in composting and thus promotes the improvement of composting technology.

Keywords : dynamic aerobic compost; high throughput sequencing; nosZ—type denitrifying bacteria; RDA
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Table 1 Properties of raw materials for composting
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Figure 1 Changes of temperature during composting process
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Table 2 Changes of physic—chemical and GI indices during composting process

R B EC/ k3 WA AR B L A 2F 3
Samples pH mS-em™ Moisture content/% Ammoniacal nitrogen/mg-kg™ Nitrate nitrogen/mg kg™’ C/N Gl/%

10 7.93+0.02de  1.27+0.02be 71.25+2.02a 588.7+16.3bc 80.2+12.1d 29.92+0.49b  44.2+2.1d
T1 8.51+0.07b 1.06+0.07be 69.87+1.04ab 597.9+12.5bc 83.7+21.4cd 34.61+0.22a  51.8+1.4d
T2 8.90+0.02a 1.41+0.10b 63.59+0.48bcd 975.8+20.4a 91.3+15.2¢d 24.51+0.59¢  76.5+2.6bc
T3 8.0+0.06d 1.83+0.05a 56.72+1.36de 552.8+10.3bc 136.6+9.4bcd 18.94+0.63¢  87.5+1.3ab
T4 7.70+0.02f 2.14+0.11a 49.68+0.91fg 512.8+19.4cd 343.9+4.9a 17.77+0.11e ~ 94.8+2.9a
M1 8.5+0.04b 1.20+0.03bc 67.27+1.42abc 640.8+6.7hc 79.8+12.5d 32.13+0.28ab  49.7+2.1d
M2 8.62+0.03b 1.35+0.06bc 62.65+0.80cd 911.1+10.9a 104.2+9.4¢d 24.85+0.34¢ 73.1£1.4¢
M3 7.93+0.02de 2.01+0.04a 52.09+0.92efg 534.1+16.2bc 152.6+17.9be 20.54+0.54de  88.7+2.1a
M4 7.81£0.04ef 2.10+0.06a 45.21+0.14g 347.5+12.8de 339.9+6.7a 20.14+0.35de  93.1+1.6a
BI1 8.03+0.03d 1.02+0.04¢ 67.67+1.43abc 679.5+£5.7h 95.5+14.5¢d 32.25+0.97ab  48.3+1.5d
B2 8.20+0.01¢ 1.15+0.06bc 63.03+1.88bcd 593.8+23.9bc 84.5+9.1cd 22.28+0.72¢d  70.4£1.9¢
B3 7.82+0.07ef 1.95+0.09a 53.87+0.41ef 364.4+15.8de 198.5+15b 18.87+0.81e  86.7+2.3ab
B4 7.69+0.06f 1.89+0.01a 53.44+1.57ef 311.4+27 4e 296+8.1a 17.52+0.85e 88.5+2.0a

TF [ B PR AR R 3 3R 225 835 (P<0.05) S A S A S =¥ TR . T,
Note: Different lowercase letters within the same column indicate significant differences (P<0.05). The units of NH;=N and NO3—N are both dry

weights. The same below.
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R Coverage

0.999 2+0.000 3
0.996 3+0.002 3
0.995 2+0.002 5
0.998 5+0.000 8
0.997 1+0.001 9
0.996 1+0.001
0.996 3+0.000 7
0.997 9+0.001 3
0.995 2+0.001 2
0.995+0.002 9
0.996 6+0.001 1
0.996 2+0.001 1
0.996 2+0.000 8

2214
%3 HERET R MiSeq MF &5 R K SHEMEEH
Table 3 MiSeq sequencing results and diversity indices during composting process
FE & Samples OTUs 1AL JF 41 Optimal sequence  Simpson 5% Simpson index ACE15%% ACE index
10 237+20 52 157+3705 0.047 0+0.002 Oc 258.017 7+8.221 8ab
T1 217+12 23 014+4299 0.067 8+0.003 Sa 248.580 2+8.491 5ab
T2 198+18 17 629+4162 0.071 7+0.002 2a 238.418 6+8.683 S5ab
T3 203+28 35 194+7224 0.068 4+0.001 4a 227.350 6+4.485 9b
T4 189=+11 21 865+2574 0.037 1+0.001 8¢ 252.197 7+7.877 Oab
M1 211+23 17 290+887 0.060 9+0.002 1ab 246.198 4+9.523 7ab
M2 204+9 15 352+2807 0.066 3+0.001 2a 230.529 2+7.984 2ab
M3 204+5 23 272+3967 0.060 6+0.002 6ab 230.459+4.274 2ab
M4 197+6 13 944+1227 0.044 9+0.002 2¢ 237.427 3+1.848 lab
Bl 221+25 16 8671580 0.043 8+0.002 8¢ 257.054 5+6.654 4ab
B2 219+18 19 543+653 0.066 2+0.002 9a 244.721+5.760 4ab
B3 211+12 18 348+1659 0.048 8+0.002 1be 258.961 7+6.655 4ab
B4 226+5 16 359+637 0.039 4+0.002 2¢ 267.517 8+6.638 2a
Total 449 872 502
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Figure 2 Changes of community composition of nosZ type denitrification bacteria during composting process at the level of genus
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Figure 3 RDA analysis of physic—chemical parameters between samples(a) and denitrifying bacteria(b) at the genus level
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Table 4 Spearman correlations coefficient between physic—chemical parameters and denitrifying bacteria Simpson as well as ACE indices

= RLEE H BER AR WA L K HL
Project Temperature p Ammoniacal nitrogen Nitrate nitrogen C/N Moisture content EC

Simpson $5§ %X 0.8027%* 0.795%x 0.609%* —0.519%* 0.478% 0.420% -0.339

ACE f8%( -0.598%#* -0.307 -0.175 0.149 0.060 0.253 -0.096

R E M (P<0.05) 5 ##40 M f 35 4196 (P<0.01) o

Note : *indicates significant differences (P<0.05) ; **indicates significant differences(P<0.01).
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0.01) , £ HLE TH 8 15 5 /K 0 C/N S0 i 3 17 AH 56
(P<0.01). 7R pH RS AS SCis b4 2k 2
WS 2 FUAH G (P<0.01) , A A LS S A A 40 BT 1 2 4
PR B  F A OE(P<0.01) , I8 S Ak £
JE 5 @A 1A 5 (P<0.01) .
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