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Effects of soil disinfestation methods on nutrients and microbial community structure in different soil depths
TAO Yu, LI Xuefeng, ZHANG Zhuqing, ZHANG Qingzhuang, LI Xin"

(Hunan Vegetable Research Institute, Changsha 410000, China)

Abstract: Reductive soil disinfestation (RSD) is an effective technology for alleviating continuous cropping obstacles. Currently , there are
many studies on the influence of RSD on the structure and activity of soil microbial communities. However, the effects of soil depth on soil
microbial community structure and its connection to environmental factors under different RSD treatments have not been effectively
investigated. This study aimed to evaluate the basic principles of RSD treatments to alleviate continuous cropping challenges , provide a
basis for further research to improve soil quality, and prevent soil continuous cropping challenges by using molecular biotechnologies. This
study compared the effects of different soil sterilization methods on soil nutrients and microbial communities through testing of soil
physicochemical properties and high—throughput sequencing. The results showed that RSD treatments increased the nitrogen , potassium,
and phosphorus contents in the soil, and promoted the transformation and accumulation of soil available nutrients such as available
potassium and phosphorus. Meanwhile , association analysis revealed that soil physicochemical properties such as soil depth, total nitrogen,

available phosphorus, and exchangeable magnesium combined to effect changes in the abundance of the phyla Chloroflexi, Actinobacteria,
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Ascomycota, Basidiomycota, and Mortierellomycota, among others. According to the association analysis of community and soil

physicochemical properties, the soil depth was the primary factor influencing soil microbial community structure. Community function

prediction indicated that RSD could effectively improve the bacterial abundance in shallow soils through improvement in metabolic

activities such as carbohydrate ; and promote colonization of soil saprophytic fungi, woody saprophytic fungi, and litter saprophytic fungi in

deep soils. In summary, RSD treatments could effectively increase soil nutrients and change the structure and function of the microbial

community by improving soil fertility and sustainable ecological development.

Keywords : soil depth;reduction soil disinfestation ; community analysis ; functional prediction
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Table 1 The changes of soil chemical properties and nutrient contents
ATHE AR kS ] KRR W -
o Cﬁﬁﬁ?x?ﬁ%m 5 S PN K o , KRR ﬁfﬂ?@ e SR
! ation exchange  Exchangeable  Exchangeable . . Water-soluble Available . . .
pH . . ! Total nitrogen/ Total phosphorus/ Total potassium/ . Available potassium/ Organic matter/
Treatment capacity/ magnesium/ calcium/ (ke (ke nitrogen/ phosphorous/ (meke) (ke
(emol+kg”)  (cmol'kg”)  (emol-kg") g gk (mg-kg") (mg+kg™) e 88
S.CK  620£035a  14.10£0.10a  8.08+1.27a  15.10£1.53ab 143:0.07bed  1.06£0.14abe  24.07:0.79a  91.67+12.78abe  199.77+60.13abe ~ 371.00+148.54be  18.21+2.19abed

S_HL  6.00:0.26a  13.60£0.25ab  6.79+1.23abed  15.97+2.48ab 1.26+0.11cdef  1.12+0.06ab

24.10:0.43a  76.33:8.82¢  185.73£38.65abed 359.33+138.39bc  19.53+4.03ab

SDZ  597+032a  14.10:0.50a  7.14x1.65ab  18.86£5.2ab 1.540.14abc  0.98+0.06abed ~ 23.65:0.51a  118.00+5.03abe  209.57+32.07ab  356.00+113.12bc  16.49+1.36abed
SBD  657+0.22a  12.70:0.06bc  6.96:0.13abe  28.01+7.38a  1.76:0.11a 1.230.14a 234540692 1473348882  251.07+63.66a  812.67+234.19a  19.85:1.19a
SSB 635:0.57a  12.90£0.32b  6.87+0.83abed 16.97+3.21ab 1.67:0.08ab  1.11:0.13ab  23.22+0.44a 110.33£19.55abc  208.2020.84ab  637.00+148.11ab 18.35+0.29abed
SMM  6.20:021a  12.77+0.55bc  6.74+0.81abed  27.77+4.28a  1.69:0.12ab  1.19+0.07a 2349+022a  140.67+27.39ab  27447£27.55a  637.0098.76ab  18.641.38abc
D_CK  650£0.10a  12.60+0.38bc ~ 4.53+0.15bede  12.94+0.88b  1.03+0.04f  0.70+0.02d 20124009 68.00+1.00¢ 80.9715.68d 125.00£15.50c ~ 13.27+0.66cd
D_HL  637:0.12a  12.60+0.06bc ~ 4.93+0.69bede  13.32+2.26b  1.12+0.07ef ~ 0.78+0.02cd ~ 20.14+030d  68.67+549¢  97.93x13.75¢d ~ 147.00¢35.56c  12.89+1.25d
D_DZ  643+038a 13.37:0.15ab  4.19:0.36de  13.80+3.03b  1.15£0.03def  0.80£0.10cd ~ 21.21x0.58cd  90.00+10.60abe  110.23+23.44bed  168.67+22.85¢  14.06+1.01bed
D_BD  650£0.38a  13.03+0.15ab  4.03x0.30e  16.62+5.98ab 1.30+0.07cdef ~0.85£0.04bed ~ 23.13+0.39ab ~ 85.67+0.88hc ~ 8127+13.88d  275.33+110.03bc 16.22+1.34abcd

D_SB  6.40+0.47a

D_MM  643:0.20a  1247+0.39b¢ ~ 4.030.1%

11.67:0.71c ~ 4.3720.14cde  15.63+5.03ab  1.32+0.08cde  0.90+0.09bcd

239640442 82.67+4.67bc  115.07£22.02bed  215.00+67.76c  15.69+0.67abcd

1421£1.52b  131:0.04cdel  0.8940.04bed ~ 21.75+0.38bc ~ 85.67+6.36hc ~ 106.97+14.03bed ~ 218.33£11.29¢  14.70+0.49abed

: [F)FAS [) 7B 3R 7R A B R) 22 5 W 25 (P<0.05) .

R

Note: Different letters in a column indicate significant differences among treatments at P<0.05.
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Figure 2 Effects of different soil disinfestation treatments on community structure at phylum level
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Figure 3 The RDA analysis between major microorganism phylum and environment factors
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Table 2 The PERMANOVA of environment factors

¥ 2T Bacteria F A Fungi
Factor 975 Mean square F R PAH P value 475 Mean square F R PAH P value
TR 0.701 21.564 0.388 0.001 2.246 10531 0.236 0.001
pH 0.155 3.184 0.086 0.037 0.476 1.793 0.050 0.100
A LT 0.202 4.287 0.112 0.013 0.669 2.574 0.070 0.028
FRES T At 0.160 3.293 0.088 0.03 0.889 3510 0.094 0.009
£ 0.473 12.062 0.262 0.001 0.977 3.896 0.103 0.005
e 0.358 8.413 0.198 0.002 0914 3.622 0.096 0.010
A 0.178 3.711 0.098 0.026 0.743 2.887 0.078 0.014
USGEEN 0.352 8.218 0.195 0.002 0.438 1644 0.046 0.121
AR 0.448 11.208 0.248 0.001 1.225 5032 0.129 0.002
AL 0.273 6.048 0.151 0.003 0.793 3.095 0.083 0.011
ARG 0.360 8.469 0.199 0.002 0.681 2,626 0.072 0.025
AR 0.304 6.889 0.168 0.001 1.206 4.946  0.127 0.002
(a) 44 Bacteria (b) P Fungi
NR_o_IMCC26256 1.0 Cephaliophora
NR ¢ JG30-KF-CM66 Spiromastix
NR C TK10 Condida =~ §
NI(;,_'%_‘JSBRM}] ue ‘{5 myggscrea les_fam_Incertae_sedis
NR”f A4b UC_f Chaetomiaceae
NR_d Bacteria Hypomyces
NR 0_S085 Acremonium
NR”o_Ardenticatenales Chaetomium
NR [ TRA3-20 Aspergillus
NR_f~Gemmatimonadaceae Mycothermus
Nitrospira Myycelio hthora
NR_c_Subgroup 6 05 Penicillium
NR”o_Subgroup 7 Acrophialophora
NRf bacteriap2s Arachniotus
NR”o_Rokubacteriales Metarhizium
NR o_NBI-j Wallemia
RB41 Cladosporium
MNDI Phanerochaete
NR_c_Latescibacteria Hyphodontia
Bryobacter Sagenomella
NR ¢ OLBI4 UC o_Pleosporales
NR”c_Gemmatimonadetes UC”f Chaetothyriaceae
NR_c_Actinobacteria Mortierella
NR ¢ KD4-96 UC k Fungi
NR”c_Alphaproteobacteria -0 UC”c_Agaricomycetes
NR " JG30-KF-CM45 Plectosphaerella
NR [ AKYGI1722 Seytalidium
NR [ 67-14 Calcarisporiella
Nitrolancea Cutaneotrichosporon
UC f Nocardioidaceae Arthrobotrys
Nocardioides Melanophyllum
Streptomyces Ceratobasidium
UC f Rhizobiaceae Trichoderma
Sphingomonas UC_f Nectriaceae
NR_f Roseiflexaceae Leucoagaricus
NR " JG30-KF-AS9 Fusarium
NR”["Chitinophagaceae -0.5 Conocybe
Chujaibacter UC _c_Sordariomycetes
NR o _Elsterales Trechispora
Bacillus UC o_Hypocreales
NR_o_Gaiellales U? Ascomycota
Truepera U C_/:DidymeZIaceae
UC _¢_Gammaproteobacteria UC”o_Sordariales
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Figure 4 The correlation heat map between environmental factors and major genera
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