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Abstract: Straw returning and slow-release fertilizers are widely used in agriculture to reduce non-point source pollution and
improve nitrogen use efficiency. However, there are few studies on the effect of straw return combined with slow-release fer-
tilizers on the soil microbial community. This study determined how straw returning combined with fertilization affected the
bacterial and fungal communities in rice-wheat rotation soil and the underlying mechanisms. Based on a seven-year rice-wheat
rotation system monitoring experiment, four treatments were selected: no fertilizer (CK), regular chemical fertilization (RT),
straw returning combined with chemical fertilization (RS), and straw returning combined with slow-release fertilizer (SS). The
Illumina MiSeq platform was used to evaluate the community structure and diversity of soil bacteria and fungi and to detect
the primary environmental factors affecting the microbial community. The results showed that the SS rice and wheat yields in
2016 and 2017 were significantly higher than the RT yields (by 11.6% and 8.2% in rice, and 4.8% and 3.6% in wheat, respec-
tively); there was no difference between SS and RS yields. Compared to RT, straw returning significantly decreased soil pH
and increased soil organic carbon (SOC) and ammonium nitrogen (NH;-N) contents; SS had more NH;-N than RS. The fungal
community diversity was higher with straw returning than with RT, but there was no difference in the bacterial community
diversity among fertilization treatments; the bacterial and fungal community diversities were the same between RS and SS.
Correlation analysis showed that the bacterial community diversity was negatively correlated with pH and positively correlated
with soil total nitrogen content, while the fungal community diversity was positively correlated with SOC. Non-metric multi-
dimensional scaling analysis showed that fertilization had a greater effect on the bacterial community structure (55.61%), and
straw returning had a greater effect on the fungal community structure (26.94%). Proteobacteria, Chloroflexi, and Acidobacte-
ria (in successive order) were the dominant phyla across all treatments, accounting for 66.07%-71.76% of the total bacterial
sequence data. Ascomycota, Basidiomycota, and Zygomycota (in successive order) were the dominant phyla across all treat-
ments, accounting for 88.05%-89.04% of the total fungal sequence data. Compared with RT, the treatments with straw re-
turning significantly increased the relative abundance of Actinobacteria, Chloroflexi, and Firmicutes in the bacterial commu-
nity, and significantly increased the relative abundance of Ascomycota and decreased the relative abundance of Basidiomycota
and Zygomycota in the fungal community. Ecological function analysis of these bacterial and fungal communities showed that
straw returning may enhance soil carbon and nitrogen cycling and inhibit pathogens. Compared with RS, SS only increased the
relative abundance of Ascomycota in the fungal community; there were no other differences between the relative abundances
of bacteria and fungi in RS and SS at the phylum level. Straw returning with slow-release fertilizers can help maintain or im-
prove soil nutrient availability, crop yield, and the diversity of bacterial and fungal communities and can promote soil carbon
and nitrogen cycling.

Keywords: Soil microorganism; Community structure; Soil nutrient; Straw returning; Slow release fertilizer; High throughput
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Fig. 1 Effects of straw returning and fertilization on rice (a) and wheat (b) yields in 2015-2017
CK: ; RT: ; RS: + ; SS: +
(P<0.05) CK: no fertilizer; RT: conventional fertilization; RS: straw returning + conventional fertilization; SS: straw returning + slow-release fer-
tilization. Different lowercase letters indicate significant differences among treatments in the same year at P<0.05.
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Table 1  Soil properties of rice-wheat rotation fields under different treatments of straw returning and fertilization

pH Soil organic Total Ammonia Nitrate Total Available
Treatment carbon nitrogen nitrogen nitrogen phosphorus phosphorus
(gkgh (zkg!) (mgkg ") (mgkg ") (zkg (mgkg ™)
CK 8.43+0.13a 8.43+0.31c 0.91+0.08b 63.51+2.74¢ 4.10£0.15a 0.95+0.06b 30.49+1.02¢
RT 8.21+0.15b 9.03+0.56b 1.01+0.10a 64.68+3.45¢ 4.334+0.18a 1.15+0.09a 31.91£1.31bc
RS 8.03+0.16¢ 10.52+0.55a 1.04+0.09a 75.60+3.11b 4.42+0.21a 1.12+0.08a 33.12+1.25ab
SS 8.09+0.11c 11.26+0.62a 1.05+0.11a 92.23+4.08a 4.34+0.16a 1.14+0.10a 34.27+1.33a
CK: ; RT: ; RS: + ; SS: + 3 + ;

(P<0.05) CK: no fertilizer; RT: conventional fertilization; RS: straw returning + conventional fertilization; SS: straw

returning + slow-release fertilization. Date in the table are mean+SE. Values followed by different letters in a column are significantly different
(P<0.05).
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Shannon SS RS
RT CK, ,
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Table 2 Soil bacterial and fungal community diversity indexes (Chao 1 and Shannon) of rice-wheat rotation fields under different
treatments of straw returning and fertilization

Bacteria Fungi
Chaol Shannon Chaol Shannon
CK 2365+157b 9.52+0.07b 571£19b 5.83+0.23b
RT 2766+121a 9.74+0.11a 559+31b 5.65+0.25b
RS 2795+132a 9.77+0.10a 630+25a 6.51+0.35a
SS 2760+89a 9.74+0.12a 631+40a 6.48+0.28a
CK: ; RT: ; RS: + ; SS: + 3 + ;

(P<0.05) CK: no fertilizer; RT: conventional fertilization; RS: straw returning + conventional fertilization; SS: straw

returning + slow-release fertilization. Date in the table are mean + SE. Values followed by different letters in a column are significantly different
(P<0.05).
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Fig. 2 Effects of straw returning and fertilization on community composition of soil bacteria (a) and fungi (b) in phylum level of
rice-wheat rotation fields
CK: ; RT: ; RS: + ; SS: + CK: no fertilizer; RT: conventional fertilization; RS:

straw returning + conventional fertilization; SS: straw returning + slow-release fertilization.
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Fig. 3 LEfSe analysis of soil bacterial (a) and fungal (b) taxa (LDA score>3) of rice-wheat rotation fields under different treatments
of straw returning and fertilization
CK: ; RT: ; RS: + ; SS: + CK: no fertilizer; RT: conventional fertilization; RS:
straw returning + conventional fertilization; SS: straw returning + slow-release fertilization.
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Fig. 4 NMDS analysis of soil bacterial (a) and fungal (b) communities of rice-wheat rotation fields under different treatments of
straw returning and fertilization
CK: ; RT: ; RS: + ; SS: + CK: no fertilizer; RT: conventional fertilization; RS:
straw returning + conventional fertilization; SS: straw returning + slow-release fertilization.
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Table 3 Correlation analysis between bacterial and fungal diversity indexes (Shannon and Chaol) and soil properties of rice-wheat

rotation fields

pH Soil organic Total Ammonia Nitrate Total Available
Index . . .
carbon nitrogen nitrogen nitrogen phosphorus phosphorus
Shannon -0.838" 0.516 0.766" 0.409 0.635 0.629 0.500
Bacteria Chaol -0.824" 0.584 0.764" 0.407 0.625 0.650 0.496
Shannon -0.557 0.703" 0.448 0.527 0.375 0.137 0.588
Fungi Chaol -0.576 0.725" 0.479 0.553 0.396 0.176 0.535
K P<0.01 P<0.05 ** and * mean significant correlation at P<0.01land P<0.05 levels, respectively.
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