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fertilizers on the functional genes involved in soil bacterial nitrogen cycling. Three fertilizer combinations were investigated, including

single chemical fertilizer (NPK), chemical fertilizer with maize straw (NPKS), and chemical fertilizer with organic fertilizer (NPKO). The
characteristics of the nitrogen cycling functional genes were explored using high—throughput sequencing of the bacterial 16S rRNA gene,
followed by PICRUSt functional prediction analysis. Our results showed that, at the level 2 of Kyoto Encyclopedia of Genes and Genomes
(KEGG) functional classification, the relative abundance of the wheat soil bacterial excretion system was significantly higher with the
NPKS treatment compared to NPK (+8.73%), and the relative abundance of the metabolic cofactors and vitamins significantly decreased
with the NPKO treatment ( —0.90%). There were no significant differences in the maize soil bacterial functional abundances among
treatments. When the organic and inorganic fertilizers were simultaneously applied, the number of level 3 bacterial functions with
pronounced differences were significantly higher in wheat soil than in maize soil. Compared to the NPK treatment, the NPKS treatment
significantly reduced the relative abundances of the wheat soil bacterial amino sugar and nucleotide sugar metabolism, alanine, aspartate
and glutamate metabolism, thiamine metabolism, lipopolysaccharide biosynthesis, riboflavin metabolism and longevity regulating pathway—
worm. In maize soil, the relative abundances of the bacterial glioma and neurotrophin signaling pathways were significantly reduced, and
the relative abundance of the bacterial synaptic vesicle cycle significantly increased. The NPKO treatment significantly reduced the relative
abundances of the wheat soil bacterial cell cycle-Caulobacter, thiamine metabolism and riboflavin metabolism, but significantly improved
the relative abundance of the base excision repair. The relative abundance of the maize soil bacteria methane metabolism was also
significantly reduced with the NPKO treatment. Twenty—three types of functional genes within the bacterial nitrogen cycling KEGG
Orthology (KO ) pathway were identified in the wheat and maize soils. The bacterial nitrogen cycling functional gene abundances in wheat
soil were significantly positively correlated with the soil organic matter (SOM) and total nitrogen (TN), and significantly negatively
correlated with the ammonium—-nitrogen (NH;~N) content. The functional gene abundances in maize soil had a significant positive
correlation with TN and total phosphorus (TP ). The bacteria in wheat and maize soils were functionally diverse, and the wheat soil bacterial
metabolism was high when combined application organic and inorganic fertilizers was undertook. For both crops, the soil bacterial nitrogen
dissimilation reduction and the nitrogen assimilation reduction potentials were high, the denitrification and nitrogen fixation potentials were
less prominent, and the nitrification potential was low. The crop rotation system had a significant influence on the functional genes involved
in soil bacterial nitrogen cycling. In wheat soil, SOM and TN promoted bacterial nitrogen cycling, but NHi=N had the opposite effect. In
maize soil, TN and TP actively influenced bacterial nitrogen cycling.

Keywords: combined organic and inorganic fertilizers; nitrogen cycling; functional genes; wheat—maize rotation; PICRUSt functional

prediction
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Table 1 Fertilizer application rate in trail plots

st N/(kghm™) P04/ K:0/ AHLIE FRFEFFIE H L B1/%
Treatments Bt Base fertilizer B Top dressing (kg*hm™) (kg-hm™) Organic fertilizer/(t-hm™) Proportion of maize straw returned to the field
NPK 168 112 262.5 88.2 0 0
NPKS 168 112 262.5 88.2 0 100
NPKO 168 112 262.5 88.2 15 0
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Table 2 Physical and chemical properties of soil under different fertilization treatments

l2/ES! Job SOM/ TN/

TP/ AP/ NH:-N/ NO:-N/

Crop type Treatments pH (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™) WS/
/NFEH NPK 8.13+0.02a  29.60+2.76b  0.98+0.02b  0.64+0.03a  14.4+1.72b  2.14+0.16a  16.31£5.62a 13.37+0.66a
Wheat field NPKS 8.11£0.05a 34.62+1.79ab  1.03+0.02b  0.64+0.06a  20.69+3.56b  1.82+0.08a  18.75+6.40a 14.98+0.95a
NPKO 8.08+0.03a  38.31+3.29a  1.1620.05a  0.70+0.03a  35.1+5.23a  1.75+0.27a  21.17%6.57a  14.20+1.06a
Tk H NPK 8.19£0.01a  20.20+1.78b  0.96x0.05a  0.81+0.02a  36.44+3.72b  1.39+0.17b  15.62+1.72ab 16.05+0.21a
Maize field NPKS 8.20+0.17a 21.10+1.15ab  0.89+0.12a  0.75+0.05a  41.20+2.01b  2.20+0.43ab  12.77+0.82b  16.20+1.22a
NPKO 8.2130.02a  24.26+1.83a  0.97+0.08a  0.82+0.04a  48.63+2.34a  3.10x1.08a  19.45+3.81a 15.69+1.41a

TE Bl B E=SD (n=3) ; RIS [l NG 3R AN ] b B F) 22 52 2. 25 (P<0.05)

Note:The data were mean+SD(n=3). Different lowercase letters in the same column indicate significant differences between different treatments (P<0.05).
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RS9 (5 wmol - L") £% 0.8 wL, TransStart FastPfu
DNA B4 1.0 U, B4k DNA 10 ng, fll ddH.0 #p &t &
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Figure 1 Differences of KEGG function in wheat soil (secondary functional classification)
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Figure 2 Differences of KEGG function in wheat(a) and maize(b) soils(three—level functional classification )
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Figure 3 Bacteria nitrogen cycling pathway in wheat and maize soil
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Table 3 Correlation coefficients between bacterial nitrogen cycling function genes and soil physical and chemical properties (Wheat soil )

RAEH LR Nitrogen cycle  ZJHEFEH Functional genes  pH SOM TN TP AP NH;-N  NO:-N wCS
Rbid 5 K00362(nirB) -0.389  0.841**  0.687%  -0.164 0.465 -0.526 0.131 0.121
Dissimilatory nitrate reduction K00363 (nirD) -0539  0.115 0096  -0.172 0352  0.195  -0.112  -0.664
K00374(narl) -0.533  0.742*%  0.783*  -0.045 0.484  -0.852%%  0.194 0.609

K03385(nrfd) 0.665  0.015 -0.053 -0.59  -0338  -0.26 0.152 0.026
K15876(nrfH) 0491  0.137 0.139 -0.424  -0.071  -0.195 0.207 -0.285
A AL L5 K00372(nasA) -0.256  0.677* 0.565 -0.234 0.344 -0.325 0.127 -0.157
Assimilatory nitrate reduction K00367(narB) -0528 0720 0549  -0231 0265  -0503  -0251  0.468
K00360(nasB) -0.393  0.646 0.667  -0.036  0.567 -0.648 0.531 0.081
K00366(nird) 0473 0217 -0.08 -0399  -0.245 0.183 -0.053  -0.304

R A AE K00368 (nirk) -0.422  0.757* 0.654 -0.189 0.289  -0.694*  -0.03 0.600
Denitrification K04561 (norB) -0436  0.704* 0516  -0326 0349  -0356  -0.066  -0.017
K02305(norC) -0.364  0.719% 0.630 -0.281 0.286 -0.447  -0.024  0.100

K00370(narG) -0.506  0.738*%  0.813*F  -0.021 0.490  -0.850%*  0.192 0.592

K00371(narH) -0.349  0.799**  0.784*  -0.058 0396  -0.811%* 0223 0.592
K02567(napA) -0.077  0.446 0.224 -0.605  -0.022  -0267 -0.033  -0.039

K02568(napB) -0.123 0413 0.138 -0.635  -0.064  -0.175 -0.14  -0.063

K00376(nosZ) -0492  0.540 0.284 -0339  0.073 -0.353  -0.378 0.476

K15864(nirS) -0.051  0.361 0.307 -0452  -0.076  -0.125  -0.085  -0.185

I AR K02586(nifD) 0.609  -0.029  -0.122 -0.63 -0.552  -0.012  -0.221 0.012
Nitrogen fixation K02588 (nifH) 0639  -0.040  -0.138  -0.633  -0574  -0.045  -0.167  0.064
K00531(anfG) 0215 -0.165  -0.128  -0.655  -0.071  -0205 -0210  -0.193

K02591(nifK) 0.600  -0.020  -0.11 -0.627  -0541  -0.016  -0210  0.003

Ttk K10535(hao) -0.009  0.085 0.521 0.411 0.494 -0.454 0.601 -0.016
Nitrification K10944(pmoA—amoA) ~ —0.113 0074  0.531 0.148 0425 0529 0514  —0.039
K10945(pmoB-amoB) ~ =0.099  0.047 0.51 0.147 0414  -0.502  0.499 -0.068

K10946(pmoC-amoC) ~ -0.257  0.28 0.707+ 0.175 0587  -0.688*  0.436 0.093

T RIRTE 0.01 /K- B AHSC, #FORAE 0.05 A E R FMK. T,

Note: ** indicates a significant correlation at the level of 0.01,and * indicates a significant correlation at the level of 0.05. The same below.
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Table 4 Correlation coefficients between bacterial nitrogen cycling function genes and soil physical and chemical properties (Maize soil )

ARG Nitrogen cycle  ZJHEFEH Functional genes  pH SOM TN TP AP NH;-N  NO:-N wCS
AL )5 K00362(nirB) 0.19  -0.037 0.597 0.763* 0.403 0.279 0.443 -0.194
Dissimilatory nitrate reduction K00363(nirD) 0496  -0.161 0409  0.107  -0487  -0.069  -0296  -0.112
K00374(narL) 0505  0.208  0.895%¢  0.883*%  0.296 0.296 0.4 -0.155
K03385(nrfA) -0.659 0059  -0.541  -038 0.15 -0.233  -0266  0.081
K15876(nrfH) -0.675%  0.03 -0425  -0.177  0.179 -024  -0.041  0.091
A AL I )5 K00372(nasA) 0.474  0.089 0.780*  0.856%*  0.321 0.136 0.382 0.059
Assimilatory nitrate reduction K00367 (narB) 037 -0.153  0762%  0.757* 0302 0454 0352  -0312
K00360(nasB) 0.661  0.123  0.922%  0.721%*  0.097 0.139 0.241 0.105
K00366( nird) -0.183 0407  -0.002  0.199 0.647 0.135 0.413 0.262
SRS AAE K00368 (nirk) 0.167  -0.091 0.624  0.818%  0.345 0.293 0.43 -0.295
Denitrification K04561 (norB) 0395 0006 0433 0337 0311 0409  -0.151  -0.258
K02305(norC) 0.139 0256  -0.049  -0.023  0.587 0.34 0.056 0.047
K00370(narG) 0417 0224  0.825%  0903* 039 0.339 0477  -0.235
K00371(narH) 0274 004 0.744%  0.878%% 0259 0.221 0409  -0.285
K02567 (napA) 0.081  -0.22 0.107 0.257 0.262 0.053 0.088 0.023
K02568(napB) 0.026 0324  0.096 0.226 0.166 0.028 0.027  -0.048
K00376(nosZ) 0.105  0.005 0.465 0.553 0.503 0.4 0218  -0.193
K15864(nirS) 0076 0257 0293 0364 0065 -0326 -0349  0.487
i AR H K02586(nifD) -0.655 -0329  -0.624  -0.496 0.024 -0.049  -0.341  -0.161
Nitrogen fixation K02588 (nift) -0.648 -0362  -0.604  -0496 0002  -0.054 -0339  -0.155
K00531 (anfG) -0.404 -0382  -0233  0.128  -0.129  0.118 0375  -0.602
K02591(nifK) -0.648 -0331  -0.614 -048 0031  -0.046 -0334  -0.157
Ttk K10535(hao) 0.611 0.297 0.595 0.713* 0.526 0.202 0.33 0.192
Nitrification K10944(pmoA—-amoA) 0456 0343 0504  0.692% 0594 0228 0334  0.109
K10945(pmoB-amoB) 0.445 0333 0513  0.709%  0.607 0.267 0.352 0.056
K10946(pmoC-amoC) 0.407  0.201 0.566  0.785%  0.508 0.238 0.38 -0.038
EPE%:@% ?»IJ\ 5 [2] Xiao D P, Tao F L. Contributions of cultivars, management and climate
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