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Crop Effects on Soil Microorganism Activity and Community
Composition in the Agricultural Environment
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Abstract

Soil microorganism activity in an agricultural field is affected by various factors including climate conditions, soil
chemical properties, and crop cultivation. In this study, we elucidate the correlation between microorganism activity and
agricultural environment factors using the dehydrogenase activity (DHA) value, which is one of the indicators of soil
microbial activity. As a result, the various factors noted above were related to the DHA value. Annual rainfall, soil Mg2+,
bacterial and fungal diversities, types of crops, developmental stages, seasons, and cultivation status were highly correlated
with the DHA value. Furthermore, next-generation sequencing (NGS) analysis was used to identify that the type of crop
affected soil microbial compositions of both bacteria and fungi. Soil used for soybean cultivation showed the highest relative
abundance for Verrucomicrobia, Planctomycetes, and Acidobacteria but Actinobacteria and Firmicutes had the lowest
relative abundance. In the case of soil used for potato cultivation, Actinobacteria had the highest relative abundance but
Proteobacteria had the lowest relative abundance. Armatimonadetes showed the highest relative abundance in soil used for
cabbage cultivation. Among the fungal communities, Mortierellomycota had the highest relative abundance for soybean
cultivation but the lowest relative abundance for cabbage cultivation; further, Rozellomycota, Chytridiomycota, and Cercozoa
had the highest relative abundance for cabbage cultivation. Basidiomycota had the highest relative abundance for potato
cultivation but the lowest relative abundance for soybean cultivation.
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Table 1. Annual climate conditions over cultivation period

- o8} - At

2015 2016 2017 2018 2019 2020
Average temperature(C) 13.1 13.6 13.0 13.0 134 12.8
Rainfall(mm) 342.9 1063.8 216.6 1590.0 1130.4 1580.7
Investigation period: From April to November
Table 2. Soil chemical properties of three different crops during experimental period
pH O.M. P,0s K" Ca™ Mg
Crop Year
(1:5) (g’ke) (mg/kg) (cmol/kg)
2015 6.6+0.3 26.2+4.9 273.1£69 0.27+0.03 8.84+0.72 1.19+0.1
2016 6.3+0.2 33.1+2.8 344.3+39.2 0.22+0.03 8.78+0.67 1.31+0.14
2017 6.9+0.3 25.2+1.2 734.6+69.2 0.18+0.01 8.49+1.13 1.14+0.14
Soybean 2018 6.4+0.1 29.943 306.6+30 0.19+0.02 7.77+0.89 1.25+0.15
2019 6.1x0.2 19.6+2.2 221.1+6.6 0.17+0.02 7.54+0.76 1.12+0.05
2020 6.2+0.1 23.242 202.2+21.4 0.17+0.02 7.06+0.85 0.98+0.1
2015 6.2+0.1 25.843.1 272.5433 0.26+0.02 8.36+0.33 1.17+0.07
2016 6.4+0.1 24.842.4 323.4+81.3 0.19+0.03 7.78+0.66 1.12+0.12
2017 6.5+0.1 24.9+1.4 783+119.8 0.19+0.01 7.93+0.18 1.22+0.07
Potato 2018 6.7+0.1 24.7£1.4 277.6+66.6 0.19+0.02 7.31+0.11 1.21+0.04
2019 6.4+0.1 21.2£2.9 263.4+63.5 0.19+0.02 6.91+0.36 1.19+0.05
2020 6.340.1 19.1£1.6 230.3+53.8 0.19+0.03 7.32+0.1 1.19+0.03
2015 6.6+0.2 24.4+0.9 301.4+28.1 0.25+0.02 8+0.22 1.05+0.02
2016 6.1+0.3 25.8+0.6 377.4+54.9 0.23+0.04 7.17+0.27 1.14+0.03
Napa 2017 6.6+0.5 24.54+3.8 803.1+£120.8 0.19+0.03 6.97+0.79 1.09+0.05
Cabbage 2018 6.3+0.1 26.1+£0.6 353.1+42.8 0.2+0.04 7.09+0.68 1.32+0.09
2019 5.9+0.1 21.842 319.7£30.5 0.16+0.02 6.03+0.41 1.16+0.03
2020 5.9+0.1 18+1.6 260.2+16.2 0.16+0.02 6.13+0.08 1.15+0.05
ANOVA ok ok ok NS ok NS

ANOVA between crop and each chemical properties
NS: no significance, **0.05 < P value < 0.01, *** 0.001 > P value
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Table 3. Correlation coefficient table between DHA value and various factors

Factors Soybean Potato Napa cabbage
-0.41 0.12 -0.19
pH
-0.01
0.36 -0.04 0.25
Organic matter
0.15
-0.35 0.34 0.01
P205
-0.11
Soil chemical properties
. 0.23 -0.05 0.46
K
0.11
o -0.40 -0.16 -0.35
a
-0.11
Mo 0.24 0.10 0.65
£ 0.33
Average temperature(°C) 0.07
Rainfall(mm) 0.23
Climate condition
Annual average temperature(°C) -0.25
Annual rainfall(mm) 0.64
Soil biological diversity Fungi -0.90
(Shannon index) Bacteria 0.80

Table 4. Analysis of variance (ANOVA) test for the relation between the DHA value and crop and season factors

Factor Df Sum Sq Mean Sq F value Pr (>F) Sig

Crop 3 35129 11710 29.67 2.00E-16 HoHE
Developmental stage 5 11438 2287.7 4.828 0.000289 HoHE
Cultivation 1 6163 6163 12.72 0.000419 HxK
Season 2 9645 4823 10.15 5.35E-05 HxK

ANOVA, ***0.001 > Pr

Pr gto] BF0.05 OAFO.R Eof 0]l ik B 47
ol S vIAA EahoL} 7} F Q9IS wE e
SolA(Pr < 0.001)& H0]0] DHAZI] -8 7 A
= & UK Table 4).

ANOVA £ ZAvk= DHAZle] Aul 25, 22
AE7], Al 5 Ardel wek oA velbd 4= e
AAFEIITE Al 2HE, TURRES] o]ojAl7], ZEe] A
S717F B nE e B4 2 s el e
= B 17} o]ojx] At 9Joi(Lee et al., 2015; Pfeiffer
et al., 2016; Bak et al., 2019) zfjul} Z-E-0] ZFo} Y-
717} DHAZ| 9% & 4 vk aAgsch

1o 24

Quilchano and Maranon(2002)2] ¢i7tof| 4% DHAZ};
o] AR} Aol QS WH=ral BiiEjo] B e}
= UX|BH B BYrk 2 DHAGE A7 |2t &
A 7k Al 2 egolo] TR, Al 2, AL
71, Al 55 AEL] G 5] FFS TR W=

3.4, X =20l [E EY M Y SEo[o 2 71M
B udE Y oS U= Shannon
index+= Alat 39] 73 &, A=}, vli5=9] =0l 3L,
Tgo] Q] A9 1 vkl vl TR T A=
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Fig. 2. Relative abundance (%) of microorganism communities among three different crops.
(A) Phylum level in bacteria, (B) Class level in bacteria, (C) Phylum level in fungi, (D) Class level in fungi
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TrofA Al 2Rze] FF7F B rE o] A Y
tjefgell ke o, AEa) v mEEAE =
Aoko =i 2z Aol B Al Y &
QJth= B 117} 99tk Berg and Smalla, 2009; Ma del
Carmen et al., 2018; Sasse et al., 2018).
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