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Effects of long-term combination of organic and inorganic fertilizer on
bacterial community and antibiotic resistance genes in cinnamon soil
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(Institute of Resources and Environment, Shanxi Agricultural University, State Key Laboratory

of Sustainable Dryland Agriculture (in preparation) , Taiyuan, Shanxi 030031, China)

Abstract; To explore the effects of long-term organic and inorganic fertilizer combined application on soil bac-
terial and antibiotic resistance gene diversity, 0~20 cm layer soil of five organic and inorganic fertilizer combined
application treatments (N,P,M,, N,P M, ,N,P,M,, N,P,M; and N,P,M,) were collected based on the long-term
location test of cinnamon soil in Shouyang, Shanxi Province. Metagenomic sequencing technology was applied to
study the difference of bacterial community and antibiotic resistance genes in cinnamon soil under combined organ-
ic/inorganic fertilizer conditions. Results showed that the diversity of bacteria and antibiotic resistance genes in soil
was significantly changed by long-term organic/inorganic fertilizer combination. The dominant bacteria phyla were
Proteobacteria, Acidobacteria, Actinobacteria, Gemmatimonadetes and Chloroflexi. There were 256 soil common
resistance gene subtypes in different treatments. Soil specific antibiotic resistance gene subtypes increased at first
and then decreased with the increase of fertilizer application amount, reaching the highest in N;P,M; treatment. The
antibiotic resistance genes with high abundance in soil were macrolides, multidrugs, vancomycin, tetracycline and

chloramphenicol. Among them, the resistance gene subtypes with the highest content were MacB, BcrA, MexW,
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MexF and pbpla. Pearson correlation analysis showed that soil physical and chemical properties directly or

indirectly affected the composition and variation of bacterial community and ARGs. Redundancy analysis further

showed that the changes of antibiotic resistance genes were affected by bacterial community structure. Antibiotic re-

sistance genes have become potential pollutants threatening human health. Livestock and poultry manure should be

fully decomposed and combined with chemical fertilizer in agricultural production to ensure ecological environment

safety.

Keywords: combination of organic and inorganic fertilizer; cinnamon soil ; metagenomic; bacterial community ;
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Table 1  Amount of fertilizer applied in different experimental treatments

e fEAE/ (kg - hm™2) FHHLUE/ (kg - hm™2) BFE5/ (kg - hm™2)
Treatment Chemical fertilizer Organic fertilizer Total nutrient

reatmen

N P,0, K,0 N P,0, K,0 N P,0, K,0

NoPoM, 0 0 0 0 0 0 0 0 0
N,P, M, 120 37.5 0 88 31 317 208 68.5 317
N,P,M, 240 75 0 176 62 633 416 137 633
N;P,M; 180 75 0 265 93 950 445 168 950
NoPo Mg 0 0 0 530 185 1900 530 185 1900
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Table 2 Soil physicochemical properties in each treatment

b LT 2R X0 gl A AR AR

Treatment pH OM TN TP TK AN AP AK
/(g kg')  /(g-kg)  /(g-ke)  /(g-ke)  /(mg-kg) o /(mg-kg)  /(mg-kg!)

NoPoM, 8.65+0.03a  22.10+0.03e  0.83+0.0le 0.50+0.01e 15.67+0.05b 32.76+0.02¢ 4.56+0.06e 75.15+0.08e
N,P;M; 8.38+0.03b  26.62+0.01d  1.34+0.01d 0.83+0.01d  15.67+0.03b 85.05+0.05d 24.74+0.04d 93.20+0.05d
N,P,M, 8.30+0.03¢c  31.96+0.03¢c 1.93+0.03¢ 0.95+£0.02¢  15.29+0.03d  101.66+0.09¢ 86.97+0.10¢ 128.94+0.03¢
N;P,M;  8.16+0.05d  40.32+0.04b  2.17+0.04b 1.24+0.02b  16.19+0.02a 126.230.12h 170.51+0.09h 277.92+0.09a
NoPoMg  7.82+0.02¢  49.86+0.05a  2.69+0.05a 1.48+0.03a  15.59+0.05¢ 150.80+0.13a 211.24+0.12a 266.59+0.10b

TE : [ F B 5 S [l NE - RER R A BRI 22 53k 31 . 257K - (P<0.05) o R 1],

Note: Different lowercase letters after the same column of data indicate significant difference between treatments ( P<0.05). The same below.

#x3 FAELEHAE o SHHE

Table 3 Bacterial a—diversity under different treatments

ik Chail?l ACE Simpson F5%X Shannon F5%k
Treatment LT L Simpson Shannon
Chaol index ACE index index index

NoPoM; 2931.36+482.38ab 3019.21+594.90ab  0.99+0.01a  10.71+0.08a
N,P M, 3928.89+185.22a 4077.03+205.85a  1.00+0.0l1a  10.52+0.24a
N,P,M, 2601.14+253.66b 2665.69+361.60b  1.00+0.0l1a  10.62+0.06a
N;P,M; 3458.50+363.60ab 3650.17+476.71ab  1.00+0.0l1a  10.59+0.17a
NoPoMy 3666.56+555.03a 3786.31+456.91ab 1.00+0.01a  10.69+0.07a
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Table 4 Pearson correlation analysis of dominant phylum-bacteria and ARGs with soil physicochemical properties

J57 Index o L 25 £ 4 Tl A 2L 50 A
oM TN TP TK AN AP AK
AL 1] Proteobacteria -0.651°*  0.699**  0.699**  0.754** 0.625* 0.752**  0.760**  0.847**
FRFFEE ] Acidobacteria 0.830** -0.827°* -0.923** -0.878**  -0.086 -0.917** -0.857** -0.798"*
TR ] Actinobacteria -0.217 0.221 0.390 0.232 -0.441 0.300 0.270 0.145
ZEFALNNEET] Gemmatimonadetes  —0.622* 0.532* 0.520* 0.560 * -0.123 0.563* 0.437 0.347
AT 1] Chloroflexi 0.381 -0.418 -0.225 -0.384 -0.628*  -0.288 -0.382 -0.488
Bacteria_noname 0.839** -0.863** -0.910** -0.908**  -0.319 -0.922**  -0.903** -0.897""
IFEEH ] Planctomycetes 0.578*  -0.609* -0.722**  -0.671"*  -0.210 -0.719**  -0.687** -0.684""
AN Cyanobacteria -0.521* 0.490 0.359 0.401 -0.200 0.323 0.372 0.262
JEEERE ] Firmicutes 0.768** -0.839** -0.824** -0.852** -0.526" -0.828** -0.897"* -0.944"*
UFFETT Bacteroidetes -0.893°*  0.931**  0.868"*  0.921** 0.389 0.871°"  0.926**  0.925**
MacB -0.705**  0.724**  0.735" " 0.794* " 0.547 0.801**  0.763*" 0.827 " *
BerA -0.800**  0.801**  0.816"*  0.844** 0.328 0.851**  0.815**  0.816""
MexW -0.825**  0.801"*  0.697"*  0.795%* 0.306 0.744**  0.734**  0.722%"
MexF 0.177 -0.282 -0.343 -0.284 -0.250 -0.287 -0.391 -0.430
pbpla 0.494 -0.469 -0.619* -0.471 0.523*  -0.530" -0.477 -0.303
tetPB 0.705** -0.677** -0.775** -0.791**  -0.313 -0.847** -0.707** -0.719*"
CarA -0.602 " 0.695**  0.636" 0.692" 0.667**  0.648"*  0.764**  0.861**
CeoB -0.257 0.221 0.052 0.184 0.281 0.120 0.137 0.179
VanRA -0.461 0.594 * 0.581* 0.553* 0.431 0.515* 0.698"*  0.749* "
VanRC -0.799* % 0.794**  0.879"*  0.864* " 0.210 0.901**  0.826"*  0.800""

0w F o« AARIRFELE P<0.05 Fl P<0.01 /K I 5241

Note: * and * * represent significant correlation at P<0.05 and P<0.01 level, respectively.
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