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Abstract: Application of green manure is an effective measure to improve soil fertility and crop yield,
which is very important to the structure and diversity of soil microbial community. [Objective] To
study the effect of green fertilizer combined with nitrogen fertilizer on microbial community structure
in karst paddy soil, clarify the interaction among microorganisms, soil environmental factors, and crop
yield, and thereby provide theoretical basis and evidence for the replacement of nitrogen fertilizer with
green manure in karst area. [Methods] A three-year experiment was carried out on the typical karst
paddy soil with the following four treatments: winter fallow + no nitrogen fertilizer (CK), winter fallow
+ nitrogen fertilizer (N), green manure + no nitrogen fertilizer (M), and green fertilizer + nitrogen
fertilizer (MN). Soil microorganisms were sequenced with high throughput sequencing technology to
analyze the effect of different fertilization treatments on bacterial and fungal communities. [Results]
Compared with CK, MN significantly increased the early rice yield, and the content of soil organic
matter (SOM), total nitrogen (TN), available nitrogen (AN), and available potassium (AK), and
decreased the content of available phosphorus (AP). Compared with other treatments, MN significantly
raised soil bacterial richness and diversity, while the richness and diversity of fungal community
decreased in MN. Chloroflexi, Proteobacteria, and Acidobacteria dominated the bacteria, and
Ascomycota, Basidiomycota, and Zygomycota were dominant fungal taxa in the karst paddy soil.
Redundancy analysis (RDA) revealed that soil AK was the key factor affecting the composition of soil
bacterial community. Co-occurrence network analysis indicated that there were mostly synergistic and
reciprocal relationships among microorganisms. The main bacterial groups were from Chloroflexi and
Proteobacteria, and the main fungal groups were Ascomycota and Basidiomycota. [Conclusion] The
combined use of green manure and nitrogen fertilizer can help increase soil nutrient content, and the
effect is better than that of the application of chemical green alone or nitrogen fertilizer alone.

Moreover, the combination can improve soil microbiological properties. This study provides evidence
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for the substitution of green fertilizer for nitrogen fertilizer in karst area.

Keywords: green fertilizer; nitrogen fertilizer; karst paddy field; microbial community; main groups
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Table 1 Different fertilization treatments
Treatments g(/g /hm?) fﬁ;i{mZ) izg(/)l/lmz)
CK 0 90 120
N 180 90 120
M 0 90 120
MN 180 90 120

CK: winter fallow coupled with no nitrogen fertilizer; N:
winter fallow coupled with nitrogen fertilizer; M: green
fertilizer coupled with no nitrogen fertilizer; MN: green
fertilizer coupled with nitrogen fertilizer (n=3).
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Table 2  Early rice yield and its components under different fertilization measures

Yield components of rice CK N M MN

Effective panicle/(x10*/hm?) 202.50+19.60c 229.50+17.13a 212.25+14.09b 238.50+19.24a
Panicle length/cm 23.86+1.16¢ 25.22+0.67ab 24.80+0.73b 25.65+0.78a
Spikelet per panicle 152.2743.99d 167.93+2.43b 161.40+3.66¢ 171.27+3.73a
1 000-grain weight/g 25.17+£0.30a 25.23+0.29a 25.22+0.23a 25.29+0.35a
Filled grain percentage/% 81.03+3.30a 81.24+1.64a 81.19+2.12a 81.06+2.14a

Yield/(kg/hm?) 4 696.39+348.72¢

5 945.00+376.46b

5735.56+126.86b 6 661.94+120.56a

CK: winter fallow coupled with no nitrogen fertilizer; N: inter fallow coupled with nitrogen fertilizer; M: green fertilizer
coupled with no nitrogen fertilizer; MN: green fertilizer coupled with nitrogen fertilizer. The value is mean+standard error, and
different letters indicate significant difference between treatments (P<0.05).

&3 ATREIMEAERERT LIRELER

Table 3 Physical and chemical properties of paddy soil under different fertilization

Soil factor CK N M MN

Soil pH 6.98+0.05b 7.10+0.04a 6.89+0.06¢ 6.95+0.02b
SOM/(g/kg) 30.37+1.00c 31.69+1.56b 32.55+0.22ab 33.07+1.11a
AP/(mg/kg) 18.32+0.49a 16.14+0.92b 16.68+0.53ab 14.99+0.51b
AK/(mg/kg) 164.74+3.09b 160.03+8.72b 160.75+8.84b 180.51+6.09a
AN/(mg/kg) 131.32+1.14b 138.28+5.51a 142.68+2.04a 142.86+9.31a
TN/(g/kg) 1.92+0.04b 2.02+0.05a 2.04+0.04a 2.054+0.08a
E-Ca/(cmol/kg) 8.35+0.26ab 8.84+0.68a 8.13+0.53b 8.41+0.52ab
E-Mg/(cmol/kg) 0.57+0.04a 0.56+0.02a 0.54+0.07a 0.56+0.01a

CK: winter fallow coupled with no nitrogen fertilizer; N: inter fallow coupled with nitrogen fertilizer; M: green fertilizer
coupled with no nitrogen fertilizer; MN: green fertilizer coupled with nitrogen fertilizer. pH: potential of hydrogen; SOM: soil
organic matter; AP: available phosphorus; AK: available potassium; AN: available nitrogen; TN: available nitrogen; E-Ca:
exchangeable calcium; E-Mg: Exchangeable magnesium. The value is meantstandard error, and different letters indicate
significant difference between treatments (P<0.05).
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Table 4 Richness and diversity index of soil microbial under different fertilization

Microbial Diversity index CK N M MN

Bacteria Observed OTU 2 737+370b 2 639+76b 2 486+44b 3 160+159a
Chaol 3530.95+895.07ab 3273.25+£141.95b 3 049.63+60.18b 4 380.85+289.54a
Shannon 9.09+0.31b 9.00+0.08b 8.85+0.12b 9.46+0.12a
Simpson 0.992 2+0.00ab 0.991 5+0.00b 0.990 4+0.00b 0.994 5+0.00a

Fungi Observed OTU 955+143.62a 991+149.60a 1 034+226.66a 744+85.56a
Chaol 1 350.42+169.06a 1 330.02+172.39a 1269.17+302.75a 1 066.87+99.32a
Shannon 5.51+0.67ab 5.64+0.62ab 6.15+1.10a 4.51+0.65b
Simpson 0.91+0.02a 0.92+0.01a 0.92+0.05a 0.86+0.05a

CK: winter fallow coupled with no nitrogen fertilizer; N: winter fallow coupled with nitrogen fertilizer; M: green fertilizer
coupled with no nitrogen fertilizer; MN: green fertilizer coupled with nitrogen fertilizer. The value is mean+standard error, and
different letters indicate significant difference between treatments (P<0.05).

* S5 HAFESXIRETFRREVHEFZEM
ZHEMRRED

Table 5 Correlation analysis of rice yield with soil
factors and microbial richness and diversity

Soil/Microbe Index r P
Soil factor pH —-0.081 0.803
SOM 0.732%* 0.007
AP -0.543 0.068
AK 0.413 0.182
AN 0.532 0.075
™ 0.666* 0.018
E-Ca —-0.105 0.745
E-Mg -0.116 0.721
Bacteria Observed OTU 0.480 0.114
Chaol 0.599* 0.040
Shannon 0.375 0.230
Simpson 0.438 0.155
Fungi Observed OTU -0.508 0.092
Chaol —0.588* 0.044
Shannon -0.476 0.117
Simpson -0.550 0.064

*: significant correlation (P<0.05); **: extremely significant
correlation (P<0.01).
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Figure 1 Bacterial (A) and fungal (B) community structure assessed by principal coordinate analysis (PCoA)
based on Bray-curtis distance. CK: winter fallow coupled with no nitrogen fertilizer; N: winter fallow coupled
with nitrogen fertilizer; M: green fertilizer coupled with no nitrogen fertilizer; MN: green fertilizer coupled with
nitrogen fertilizer.
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Figure 2 Relative abundance of dominant species of bacteria (A) and fungi (B) (phylum level) in soil under
different fertilization measures (relative abundance <1% was classified as others), Different letters indicate
significant difference between treatments (P<0.05). CK: winter fallow coupled with no nitrogen fertilizer; N:
winter fallow coupled with nitrogen fertilizer; M: green fertilizer coupled with no nitrogen fertilizer; MN:
green fertilizer coupled with nitrogen fertilizer.
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Figure 3 Cluster heat map of dominant OTU of bacteria (A) and fungi (B). Taxonomy Ranks: I-Phylum;
[I-Class; III-Order; IV-Family; V-Genus. CK: winter fallow coupled with no nitrogen fertilizer; N: winter
fallow coupled with nitrogen fertilizer; M: green fertilizer coupled with no nitrogen fertilizer; MN: green
fertilizer coupled with nitrogen fertilizer.
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Table 6 Topological index of soil bacteria and

fungi

Topological CK N M MN
index

Total nodes 60 64 67 50
Bacterial 53.33%  51.56%  50.75%  48.00%
nodes

Fungal nodes 46.67%  48.44%  49.25%  52.00%

Total edges 1214 1400 1 685 788
Positive edges 57.99%  51.28%  50.50%  57.11%

Modularity 0.652 0.630 0.506 0.635
index

e Crenarchaeota ® Zygomycota
® Ascomycota

CK: winter fallow coupled with no nitrogen fertilizer; N:
winter fallow coupled with nitrogen fertilizer; M: green
fertilizer coupled with no nitrogen fertilizer; MN: green
fertilizer coupled with nitrogen fertilizer.
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Figure 5 Co-occurrence networks of soil microbial. CK: winter fallow coupled with no nitrogen fertilizer;
N: winter fallow coupled with nitrogen fertilizer; M: green fertilizer coupled with no nitrogen fertilizer; MN:

green fertilizer coupled with nitrogen fertilizer.
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