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#1. RBEXERLEAR

Table 1. The detailed experiment design and fertilizer
application listed
2
Treatment BI:s/E:kfi/:tliI;ilz)er P205/2 K2O/2 s(t:r(a)lrvf/l/
aftermanuring (kg/hm') - (kg/hn) (kg/m?)

CK 0 0 0 0 0
N 50 100 0 0 0
P 0 0 75 0 0
K 0 0 0 75 0
NK 50 100 0 75 0
PK 0 0 75 75 0
NP 50 100 75 0 0
NPK 50 100 75 75 0
S0.25 0 0 0 0 0.25
S0.50 0 0 0 0 0.50
NPK+S0.25 50 100 75 75 0.25
NPK+S0.50 50 100 75 75 0.50
PK+S0.25 0 0 75 75 0.25
PK+S0.50 0 0 75 75 0.50

Nitrogen is urea (46%), phosphate is superphosphate (14%) and
potassium is potassium sulfate (52%).

2. AEEARAIE HIENFMERK

Table 2. The physical-chemical properties of soil in different fertilization treatments
Treatment pH MC/% SOM/% A-P/(mg/kg) A-K/(mg/kg) NH,-N/(mg/kg) NO;-N/(mgkg) T-N/(gkg)
CK 7.20+£0.25ab  25.66+0.34bc 29.21+6.64ab 21.57+2.66d  211.36+4.50cdef 1.78+0.27ab 0.74+0.12abc  1.40+0.09ab
S0.25 7.2840.19ab  27.70£1.0la  27.47+7.23b 37.35+3.53d 202.36+4.37defg 2.02+1.23ab 0.92+0.28abc ~ 1.59+0.37ab
S0.50 7444+0.21a 21.53+0.83f  32.08+2.04ab 32.2244.20d 303.33+£9.06ab  2.15+0.06ab 0.57+0.09d 1.50+0.09ab
NPK 6.55+0.13def  24.2740.12cd 28.68+6.6lab 197.65+2.12ab  187.70+4.24efg  1.77+1.45ab 1.56+0.55a 1.55+0.07ab
NPK+S0.25 6.30£0.55ef  23.65+1.56de 36.44+2.23ab 189.06+3.85ab  220.36+3.17cdef 2.33+0.52ab 0.80+0.35abc ~ 1.64+0.16ab
NPK+S0.50 6.82+0.31bcde 22.34+0.27ef 38.06+2.59a 109.33£7.16bcd 249.68+3.07bcde 2.05+0.46ab 0.60+0.25¢d 1.66+0.30ab
N 6.18+0.27f 23.46+1.13def 28.5949.77ab 17.69+6.80d 156.3742.50fg  2.46+0.23ab 1.48+1.36abc  1.35+0.09b
NP 6.61£0.28cdef 24.43+1.08cd 32.14+2.61ab 198.20£2.16ab  141.71+1.53g 1.82+0.05ab 0.7840.06abc ~ 1.30+0.31b
NK 6.56£0.50def  23.16+1.22def 31.55+3.07ab 42.60+2.61cd 243.35+4.24bcde 2.10+0.21ab 0.6440.11bcd  1.41+0.02ab
PK 7.11£0.12abc  25.82+0.66abc 30.93+6.60ab 168.57+5.12abc  273.67+1.52abc  1.48+0.58b 1.14£0.33abcd  1.64+0.40ab
P 7.14£0.25ab  26.49+1.48ab 26.44+5.15b 181.86+8.0lab  207.36+2.53def 2.59+0.67ab 1.46+0.41abc  1.46+0.03ab
K 7.04+0.02abcd 25.43+1.61abc 32.20+2.74ab 19.62+4.58d 289.34+2.10ab  1.84+0.77ab 1.00£0.21abc ~ 1.49+0.05ab
PK+S0.25  7.18+0.19ab  26.66+1.40ab 33.2447.04ab 153.35+6.12abcd 257.27+2.19bcd  3.09+0.55a 1.52+0.25ab 1.87+0.37a
PK+S0.50  7.2740.36ab  21.94+0.51f  30.35+2.29ab 265.20+2.12a 325.70+3.81a 1.92+0.35ab 0.66+0.08bcd  1.41+0.36ab
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1. TREERLEER~=S

Figure 1. The corn yield with different fertilizer

treatments.

*3. mEREAERRSEIESFSRFEZEMEXES R

Table 3. Analysis of the correlation between N application and soil nutrient and yield
Treatment pH MC SOM A-P A-K NH,"-N NO; -N T-N Yield
N-+/N- 0.779**  0.370% -0.212  -0.088 0.494™ 0.080 0.023 0.205  -0.937"

N+: Nitrogen fertilizer application; N—: No nitrogen fertilizer application. Values indicate correlation coefficient,

“~ indicates

negative correlation, * indicates significant (P<0.05). ** indicates extremely significant correlation (P<0.01).
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Figure 2. The dilution curve of soil fungi.
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The composition and relative abundance of fungi communities at phyla-level in different fertilization
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Figure 4. The Heatmap of relative abundance about soil fungi communities at genus-level in different fertilization

treatments.
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Z B R A SF A K, UL I R A 4
o) 5 FLA b P ) 22 S K . Rl 5 T NPK+S0.25

x4 FEERLELIREE o ZEMERSRITR
Table 4. The number of fungi richness and diversity
in different fertilization treatments

Treatment ~ACE Chaol Shannon Goods-coverage
CK 474.161 476.500  6.124 0.999
S0.25 472.220 476.553  5.902 0.999
S0.5 436.909 438447  5.547 0.999
PK 438.979 442906  5.772 0.999
P 441.446 448364  5.731 0.999
K 411.185 416.263  3.877 0.999
PK+S0.25 487.142 498.026  5.776 0.999
PK+S0.50 444.073 447763  5.887 0.999
NPK 463.276 466.875  5.892 0.999
NPK+S0.25 447.707 443.125  5.060 0.999
NPK+S0.50 444.630 446.023 5428 0.998
N 434211 437.286  5.726 0.999
NP 459.003 461.718  5.650 0.999
NK 437222 437.784  5.891 0.999
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Figure 5.
computed using the weighted Unifrac scores.
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Redundancy analysis (RDA) of fungi abundant genus and environmental variables for soil samples.

Environmental factors are generally indicated by arrows. The length of arrow connection represents the degree of

correlation between an environmental factor and community distribution and species distribution. The longer the

connection, the greater the correlation and the smaller the other.
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Effects of long-term different fertilization on soil fungal
communities in black soil based on the Illumina MiSeq platform
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Abstract: [Objective] Soil environmental problems caused by irrational fertilization are gradually becoming one of
the important factors that restrict the sustainable development of agriculture in China. Soil fungi is a kind of
important microorganisms in soil. Hence, it is significant to study the diversity and community distribution patterns
of soil fungi under long-term fertilization and investigate the physical and chemical factors on the fungal
community structure. [Methods] The black soil under the long-term fertilization experiment (1984-2017) in the
northeast of China was adopted to be analyzed by routine analysis and Illumina MiSeq high-throughput sequencing.
And then, the effects of long-term fertilization on soil nutrient contents and fungal community structures in black
soil corn fields were studied. [Results] The results showed that the long-term application of nitrogen fertilizer
significantly decreased pH in soil, but increased the yield of maize. The combined application of straw and fertilizer
can increase the content of soil organic matter and total nitrogen. The results of operational taxonomic unites
(OTU) curves showed that the long-term fertilization reduced the abundance and evenness of soil fungal sequences,
and there was the lowest sequence number in the combined application of straw and fertilizer. Among the dominant
communities, it has been found a total of five known fungal Phylum, Ascomycota, Basidiomycota, Zygomycota,
Glomeromycota, Chytridiomycota. Among of them, Ascomycota accounted for not only 57.0% in the average of the
total sequence, but also 70.35% in the soils with Fertilizer add high amount of straw treatment (NPK+S0.5). In the
analysis of species abundance in soil fungal genus level, it has detected 109 known fungi. Humicola, Fusarium,
Verticillium and Mortierella were the dominant genus. In addition to that, it was found that the abundance of
Chaetomium, Trichocladium, Podospora and Preussia were high in the combined application of straw and fertilizer,
and it all belong to a branch cluster. According to the analysis of diversity index, it can suggest that the combined
application of straw and fertilizer can increase species abundance and community diversity. According to the
Heatmap analysis, it can indicate that there were obviously different in the fungal community between the
nitrogenous and non-nitrogenous fertilizers. In Redundancy analysis (RDA), the soil physical and chemical
properties affected the community structure of soil fungi, especially soil pH, total nitrogen, total phosphorus and
total potassium (TN, TP, TK), available phosphorus and available potassium (AP, AK) and ammonium nitrogen
(NH,'-N) is an important environmental factor. [Conclusion] The application of nitrogen fertilizer increased the
yield. however, it caused soil acidification. Meanwhile, the application of nitrogen fertilizer increase the number of
fungi, but the richness and diversity of fungi was decreased. Nevertheless, the combined application of straw and
fertilizer can maintain soil healthy ecological environment and fungal community diversity.

Keywords: long-term fertilization, black soil, fungal community, high-throughput sequencing
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