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Effect of green manure and reduced chemical fertilizer load on the community of soil nitrogen—fixing bacteria
FANG Yu, WANG Fei, JIA Xian—bo, LIN Chen—qiang, ZHANG Hui,CHEN Long—jun, CHEN Ji-chen”

(Institute of Soil and Fertilizer, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China)

Abstract: Chinese milk vetch(MV) is a type of green manure that has the potential to replace a portion of the chemical fertilizer load; how-
ever, it remains unclear how MV would replace N fertilizer. This study was conducted at a long—term field experimental station in Fuzhou,
China. The treatments conducted for this study are CK (without fertilization ), NPK (chemical fertilizer), MF80(MV plus 80% NPK), MF60
(MV plus 60% NPK), and MF40(MV plus 40% NPK). Soil samples were collected from the 0~20 cm soil layer at the rice tillering stage.
We determined the soil physicochemical properties. The abundances and community structures of nitrogen—fixing bacteria were assessed us-
ing the nifH gene. Quantitative PCR and Illumina MiSeq sequencing were used to determine the abundance and community structure of ni-
trogen—fixing bacteria in the paddy soil. The results showed that there was no significant difference in the rice yield between the green ma-
nure treatments and NPK treatment. MF60 is an appropriate fertilization regime when considering the yield and application rates of chemical
fertilizer. Long—term application of green manure combined with a reduced chemical fertilizer load increased the total nitrogen content in

comparison with the NPK treatment, and there was no significant difference in the available nitrogen content between the green manure treat-
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ments (except for MF60) and NPK treatment. Compared with the NPK treatment, the green manure treatments (except for MF40) increased

the abundance of nitrogen—fixing bacteria, and positive correlations between the bacterial abundance and available nitrogen, nitrate nitro-

gen, and pH were observed. Shannon indices of the nitrogen—fixing bacteria with the green manure treatments were lower than that with the

NPK soil, but there was no significant difference in the operational taxonomic unit (OTU) number. Proteobacteria was the dominant phylum

for all treatments, and NPK treatment led to a higher relative abundance of Proteobacteria than the green manure treatments. Principal coor-

dinate analysis demonstrated that the community structures of nitrogen—fixing bacteria with the green manure treatments were significantly

distinct from that with the NPK treatment. Our results indicated that green manure combined with reduced chemical fertilizer load could in-

crease soil fertility and the abundance of nitrogen—fixing bacteria. Application of MV and application rates of chemical fertilizer are both im-

portant factors in shaping the community structure of nitrogen—fixing bacteria in the paddy soil studied.

Keywords: green manure; fertilizer reduction; nitrogen—fixing bacteria; real-time PCR; high—throughput sequencing; community structure
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Figure 1 Rice yield under different fertilizer regimes
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Figure 2 Abundance of soil nitrogen—fixing bacteria under

different fertilizer regimes

=1 AEIEELET BN MR

Table 1 Soil properties under different fertilizer regimes

b3 AHLT 2R

Treatments  Organic matter/g-kg”  Total N/g-kg"  Available N/mg-kg”  NHi-N/mg-kg™ NOsN/mg-kg' pH
CK 22.2620.19a 1.34+0.02b 108.68+1.83¢ 10.400.40ab 3.8220.20a 5.550.07h
NPK 21.76:0.89a 1.41:0.03b 119.78+2.54h 9.67+0.09h 4.160.12a 5.5120.04b
MF80 22.780.91a 1.52+0.08a 118.82+2.75h 10.28+0.04ab 3.8120.21a 5.68=0.08a
MF60 23.22+1.35a 1.50+0.06a 132.79+1.12a 10.87+0.68a 4.37+0.43a 5.600.01ab
MF40 23.24+0.41a 1.51+0.09a 113.51+2.57he 10.15+0.48ab 2.90+0.71b 5.58+0.01ab

T« R 8 0 AR (1=3) , ARG PR R AR BEF) 22 5 235 (P<0.05) . R Il

Note: Data shown are the mean+SD(7%=3). Different lowercase letters indicate significant difference at 0.05 level. The same below.

*2 E@HEFEMTEELEFRIEXED

Table 2 Spearman’s correlation coefficients between the abundance of nitrogen—fixing bacteria and soil properties

A HLJE Organic matter

4% Total N

BAf#A Available N IS ZNOYN  #ASENH-N  pH

I S P

The abundance of nitrogen—fixing bacteria

-0.079

0.429

0.811%#* 0.592%* 0.114 0.519*

T #2351 38R5 0.05 F10.01 1 LB 7K

Note:* and ** indicate significant difference at the 0.05 level and 0.01 level.
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Table 3 Diversity indices of nitrogen—fixing bacteria under different fertilizer regimes

e OGO e S e e NI Corager
CK 472+16a 593.09+15.61a 4.89+0.07ab 0.79+0.02ab 97.45+0.00a
NPK 497+21a 623.46+42.10a 5.11+0.05a 0.82+0.01a 97.32+0.00a
ME80 434+25a 554.53+19.00a 4.67+0.01b 0.77+0.01b 97.44+0.00a
MF60 440+15a 593.46+4.31a 4.57+0.23b 0.75+0.04b 97.19+0.00a
MF40 461+55a 558.19+39.60a 4.71£0.11b 0.77+0.01b 97.52+0.00a
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Figure 3 Composition of nitrogen—fixing bacteria at the phylum

level under different fertilizer regimes
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