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Effects of Long-Term Fertilization on Bacterial Community in Upland Red Soil

LIU Jia" %3, CHEN Xiaofen"??, LIU Ming', WU Meng', WANG Boren**, CAI Zejiang" °, ZHANG Taolin"?, LI
Zhongpei' *'

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Soil and Fertilizer & Resources and Environment Institute, Jiangxi
Academy of Agricultural Sciences, National Engineering & Technology Research Center for Red Soil Improvement, Nanchang 330200, China;
4. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 5. National
Observation Station of Qiyang Agro-ecology System, Qiyang, Hunan 426182, China)

Abstract: [ Objective ] Fertilization is an effective measure to improve soil fertility and increase crop yield in red
soil. As important components of a soil ecosystem, soil microorganisms play an essential role in soil fertility
formation, organic matter decomposition, and nutrient biogeochemical recycling as well. However, though soil
microorganisms are very sensitive to fertilization, limited information is available in the literature about effects of
fertilization on the microbial community in upland red soil. The objective of this study is to investigate responses
of the bacterial community in upland red soil to long-term fertilization varying in strategy, and to provide a
theoretical basis for rational fertilization and sustainable utilization of the red soil in South China. [ Method ] In
this study, a long-term field fertilization experiment (established in 1990) on winter wheat—summer maize rotation
at the Qiyang Red Soil Experimental Station of the Chinese Academy of Agricultural Sciences was carried out.
The experiment had four treatments, i.e. no fertilizer (CK), only application of chemical nitrogen fertilizer (N),
application of chemical nitrogen, phosphorus and potassium fertilizer (NPK), and application of NPK plus manure
(NPKM). Except CK, all the treatments received N 300 kg-hm *-a!, and the N in Treatment NPKM had 30%
coming from chemical fertilizer and the rest from manure. Samples of surface soil (0~20 cm) were collected in
May 2015 (after wheat was harvested and before maize was planted). The technology of high-throughput
sequencing of the V4-V5 16S rRNA gene region were used to determine composition and diversity of the soil
bacterial community in the samples, and then to identify key factors affecting the bacterial community in the
upland red soil. [ Result] Results show: (1) Long-term fertilization significantly changed chemical properties of
the upland red soil. Compared with CK, Treatments N and NPK declined significantly or down to 4.02 and 4.15,
respectively, in soil pH, while Treatment NPKM increased significantly or up to 5. 99. Both NPK and NPKM
significantly improved soil fertility, but the effect of the latter was much better than the former. However,
Treatment N only increased soil TN content, which was not conducive to soil fertility; (2) Long-term fertilization
affected relative abundance of the soil dominant bacteria at the phylum level. Non-metric multidimensional scaling
(NMDS) and similarity analysis (ANOSIM) shows that soil bacterial communities in the treatments varied
significantly; (3) Compared with CK, Treatment N was 21.4%~49.4% lower in the four diversity indices
(observed species, Chaol index, phylogenetic diversity and Shannon index), while Treatment NPKM was 7.0%~
66.9% higher. Besides, Treatment NPK was 10.3% and 13.0% lower, respectively in phylogenetic diversity and
Shannon index; (4) Stepwise regression analysis shows that soil pH was the primary factor determining relative
abundance of the dominant soil bacterial phyla and four diversity indices of the soil bacterial community.
Furthermore, multivariate regression tree (MRT) analysis shows that soil pH explained 83.1% of the detected
variation of the soil bacterial communities between the treatments, and differentiation of the bacterial community
was driven by soil pH; and (5) Compared with CK, statistical analysis of metagenomic profiles (STAMP) shows
that Treatment N, NPK and NPKM had 11, 14 and 8 treatment-specific bacterial genera, respectively.
[ Conclusion ] In conclusion, the bacterial community in the upland red soil following long-term fertilization is

mainly affected by soil pH, and the negative effects of soil acidification induced by long-term fertilization may
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have far exceeded the positive effects of fertility improvement. Therefore, fertilization in upland red soil should be

based on the premise of prevention of soil acidification, and combined application of chemical fertilizer and

manure is a suitable fertilization measure.

Key words: Long-term fertilization; Upland red soil; Bacterial community; High-throughput sequencing; Soil pH
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Table 1 Effects of long-term fertilization on soil chemical properties
Qb ¥ SOC N TP TK AN AP AK

Treatment P / (gkg") /(gkg') /1 (gkg) / (gkg") / (mgkg™") / (mg'kg™) / (mgkg™)

CK 5.30£0.04b  7.78+£0.29c¢  0.89+0.05¢c  0.52+0.00c  15.50+0.22a  52.68+4.24c 4.51+0.42¢ 52.5042.50¢

N 4.02+0.03d  7.21£0.37¢ 1.18+0.08b  0.49+0.01c  13.17+0.39c  53.90+2.12¢ 5.9240.35¢ 46.67+2.89¢
NPK 4.15+£0.03c  12.00+0.16b  1.28+0.13b  1.30+0.04b  15.11+0.32a  89.434+2.12b 105.56+0.53b  247.50+13.92b
NPKM 5.994+0.07a  16.41+0.42a  1.94+0.11a  2.42+0.0la  13.99£0.31b 115.15£2.12a  254.95+10.50a 525.00+25.00a

1 [ FIAS [RGB 3% 7 Ab B R] 25 57 8 35 ( P<0.05 ). T [A] . Note : Different lowercase letters in the same column indicate significant

differences between treatments at P<0.05. The same below.
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Table 2  Effects of long-term fertilization on relative abundance of the soil dominant bacterial phyla relative to treatment/%

Ak 3 FRAT A B LA TR R ] AT JELBE TR ERo] AN

Treatment Acidobacteria Proteobacteria Chloroflexi Actinobacteria Planctomycetes Bacteroidetes Firmicutes Gemmatimonadetes Cyanobacteria

CK  32.18+0.78a 23.07+0.88c 10.78+0.58b 9.11+0.30ab  4.35+0.06c  5.20+0.16b 1.70+0.12c 4.11+£0.23a 0.77+0.26b

N 27.96+0.34c 20.21+1.25d 11.27+0.57b 8.98+0.46b 7.02+0.38b  1.52+0.18d 0.94+0.14d  0.28+0.03c 2.67<1.11a

NPK  25.47+0.84d 26.63+0.89b 13.43+1.21a 9.80+0.56a 8.83+0.48a2  2.86+0.10c 2.67+0.29b 0.22+0.03¢ 0.37+0.05¢

NPKM 29.73+0.28b 29.78+0.26a 2.84+0.06c 7.87+0.24c 3.77+£0.14c  9.59+0.53a 7.58+0.28a 2.04+0.11b 0.47+0.02¢

F3 KETREMERTIEMAE S NI

Table 3 Effects of long-term fertilization on soil bacterial diversity relative to treatment

Jb B WA EE Chaol #5 %% ROGRB LN FARIEE
Treatment Observed species Chaol index Phylogenetic diversity Shannon index

CK 3 387+95b 5 284+148b 194.9+4.9b 9.34+0.04b

N 1 714+109¢ 2 818+247¢c 115.6+5.6d 7.34+0.08d

NPK 3 165+375b 4921+£294b 174.9+13.6¢ 8.13+0.20c

NPKM 5528+169a 8 817+84a 275.0+7.0a 9.99+0.08a

x4 MBEBEXFEE. BAESHMESTRUEFERMESETDHF

Table 4 Stepwise regression analysis of abundance of the soil dominant bacteria at the phylum level, bacterial diversity and soil chemical

properties
RS B A A5 &
R P
Dependent variable Independent variable

FR#TF B Acidobacteria pH, AN 0.958 <0.001
AR JE T Proteobacteria SOC, TK 0.945 <0.001
%25 B Chloroflexi pH, TK, AK 0.971 <0.001
JXZE T Actinobacteria pH, TK 0.823 <0.001
IF % 1 Planctomycetes pH, AN 0.941 <0.001
FF B Bacteroidetes pH, AP 0.997 <0.001
JEEBETH Firmicutes AP, pH, TN 0.997 <0.001
ZEHUUE Gemmatimonadetes pH, TN 0.967 <0.001
B 4NTE Cyanobacteria NS — —
Y Fh 2 E Observed species pH, AN 0.969 <0.001
Chaol #5%X Chaol index pH, AN, TN 0.994 <0.001
R Y% B £ FEME Phylogenetic diversity pH, AN, TN 0.981 <0.001
R85 Shannon index pH 0.941 <0.001

NS R A 5 A HA B MR B 48 & . Note: NS indicates no independent variable that has significant correlation with
dependent variable.

+35E pH 43> AW 32, 24 pH=4.73 i} CK Fil NPKM 4b %, AT pH BIRRER A 46.3%. t— 1, pH X
HPTE—3%, Y4 pH<4.73 B N Fl NPK Zb3507E—  SpJI7E 5.64 BPF1 4.09 BPF CK Fil NPKM 408 N
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Fig. 3 Significant difference in bacterial genera between treatments based on statistical analysis of metagenomic profiles
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