4 oH + R sS4+ U N [ el PJ01558403
s8R LB0302 ZZ2HEFIC MC-03-MC33
F MY | BRI EYOYEE HE B I RIBEHE
28 4 o %t 4 3 A = A502 gl BN
FANC SYA2 THSYUSHH
o L 7| 2t 2021 ~ 2025 Ho{HAo| 2 -
M| 2 IH| g2 A M| AU Yag o iy
2) B 53 EYOME HE AL SYSF At oA '21~'25
2l E | =37 EY O/4s Oy, S8k, SHYY
ABSTRACT

Soil microbial diversity is a fundamental determinant of ecosystem stability and resilience

against environmental stress and pathogens. This study was conducted to quantify microbial
characteristics and establish standardized assessment criteria tailored to Korean agricultural
soils. From 2021 to 2025, microbial community dynamics were monitored across various
land-use types (upland, orchard, paddy, and greenhouse) in Gangwon Province.
Using the Illumina MiSeq platform and the DADA?2 pipeline, 16S rRNA and ITS gene sequences
were analyzed to calculate core microbial indices: species richness (Chaol), evenness (Pielou’s
]), and diversity (Shannon). These indices were transformed into scores using the Cumulative
Distribution Function (CDF). A final Soil Microbial Quality Index (SMQI), ranging from 0 to
100 and classified into five levels (Ivl-1v5), was developed by applying weights derived from
Principal Component Analysis (PCA).

The monitoring results revealed that while fungal richness in Gangwon’s upland soils tended
to be lower than the national average, other land-use types generally maintained average
diversity levels. Across all surveyed sites, Pseudomonadota (Bacteria) and Ascomycota (Fungi)
were the dominant phyla, indicating a stable core community structure. Regional variations
were observed in the abundance of genome quantification and nitrogen cycle-related genes,
with the central region (including Gangwon) showing lower values in upland soils compared
to southern regions, reflecting temporal and spatial fluctuations.

In conclusion, the SMQI developed in this study provides a robust framework for objectively
evaluating the biological health of agricultural soils. These findings offer essential baseline data
for sustainable soil management and ecological stability assessment in response to evolving
agricultural environments.
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(N3 2) ZUXIY 52X EY OI4E 4

EG U vEY FH= b2 EF FHAY gl 71odstn I oF AEHA W
W] Aol gk FEY F71 5ol ¥FE & 7FsAd°l =HChen et al,, 2022). EFH|PE E4
A= 203 g2 497t gl At =xjolH, XF7HA] Syt ofuet H AAH R B8E=
71%2E oA 13 AAC R, I 5HA EY B 24 el gk 712HQ Bt Ve 2 AR
S AR} st vAE o B4 Al HHF 0 R 8ol F FHE, 4ok ¥ g ndE
EA4 ALE &85t EYY ZA=E 5FoE AYsta Brtcks WY F ot ‘I 284 EY
217 B7HCASH) & Xasto] FHELAR(CDRE o83 HAE §4 A4 Quality Index (QDE
AArste] Hazo| what Ay 55 71EE AAsHA. ol g 54A ELQI E(21), I=eHE(22), =
(23), AVEAERA](24)E thFe2 Aot o, 22 224, 229, 210, 210719] EF ARE AR&slo] £4
sttt webA 7z 544 B AR WA FEERg] uet nldE B4 X4=9] 9 € 53] A==
ojuf AMRE= H[BE B4 AeEs RS 712 3 2 E AYste 7P dAAQ1 Al 714 9
T R, 45k, TS BtEsh] flote] Al 7HA] B4 A|4=E 85ttt A WA nAE B4 A<
T FH L= Chaol AFE AHESI=T, ol BEE T2 4(observed species)o] 3 HYF P&H F
(singletons)@t = ¥9F 2H F(doubletons)?] FRE F&o F4ol= AFE O wEd T $EG
AR & FHREE o & gEigtiy Aol &5 AMEE. E3F Hu¥og 34 AREEE= ACE
(Abundance- based Coverage Estimator) A9} o9 =2 oF9] AAAAE Yetfgich F HA A&
B4 A5Ql F #eTx Pielou’s ] AFE ARSI, ol 3E9] 7|deE Addo= £4 Brket=
E4o] Ao, A W IAFTEY EE7HA 1ot} #5EE B7I6HH Shannon YA AFE 7|Ho R
sttt ZF A4=HE CDFE Allste] 0~1 Alel9] A4E 571 55°2& FEoIth Al 7Y X4=E S3ota,
2y A5=9] & EA(PCAS &8 7HA(PC)YE Atste] 2F2H 22 SMQI (Soil Microbial Quality
Index)E AAstA, o] Fholl et 532 Aot E W v|8= P84S H7kstatt. ohet gkl
e B4 AFE gsto] HIEA] AAchs BE EAUHE oo F8st £40| ThsotnE 24
o g EF Y tlAEY 16S rRNA V3-V4, ITS2(3-4) FAHAE AR Miseq (Illumina) ¥4
B3 A7IAE SRS B8E A7IMEE B4 ] Yo DADA2 pipelines T3to™ R Z&E 15104
Syttt AEE AEA AA D F I AIEA ZolE AHYstr] Yot filterAndTrim(minQ = 2,
maxN = 0, truncLen = ¢(280,200) maxEE = ¢(5,5))& $35t91L, ole|L 2 S5 (learnErrors), 5
AA 9 15 A<D derepFastq), k0|= A|A E ASV F2(dada), B71% W (mergePairs), 7|H2t A|A
(removeBimeraDenovo)E st F71AE 4 HLSIE 3l rarefy_even_depthE 511 o]
sample size= 7 574A1Y] E44E A714Q 9 wiet o224 FE&=|9inh ndE B4 A5l F F5-(Chaol),
A (Shannon)2 AAe7] 9519 plot_rochnesss 35t 1L, Pielou’s J&= H'(Shannon)/In(S:
obsereved species)Z Aot A4t HAE 54 A4 £ 1.5xIQRE B3l EolghS AAII L,
CDF= ecdf(x) &5 B9l AAlstiot
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LAY HEF| Al E(Phylum)2 Pesudomonadota®] ThE ARt 27} =31 Acidobacteriota®]
4% i WA yeRgon, 3go] 9 B2 Ascomycota?d] -9 A Wtk 3ARIA T Mortierellomycotas

Cha WA et 2).
100%
SR

® Pesudomanadota

70% u Acidobacteriota

u Bacteroidota

50% u Actinomycetota

40% ® Bacillota

30% u Verrucomicrobiota

20%

m Planctomycetota

10%
u Others

R =
—-]
N T

37 2 5 ad a5 e A
| S
=] =] o
(EEY Mo 2% HIE)
pr—
100% oo | ——— - T —
0%
80% u Ascomycota
70%
® Mortierellomycota
0%
50% ® Basidiomycota
40%
® Mucoromycota
30%
- -
20% Chytridiomycota
10% m Others
0%
47| Ze 25 =21 4= Heg A= qe A= =

FUAG Al +82H16s rRNA)Q] qPCR A 4 A3}, FHA £+ OE X H Hl5)| Adrz o=z
3o AL BT, ofEASdd T HEE SARnirK)E 1 E &L Aog RAEoH, AL
AT #H FAHcnorB)] £ T3 Al FHAF 2 obEARMIT §4A19] A9 W AT vlgt
B Bt vH, opistE A T B KA HnosZ)9 Y YoMESHE(amoA), FH(ITS) #4149

9 A9 7t T Aol FAE A goron, AGrHQl W & Eg 37 g2 AoF HAtHIH 3).
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BEAYG AR A A= BRI Al E(Phylum) Pseudomonadota (22.94%), Bacillota
(28.42%), Actinomycetota (15.36%), Chloroflexota (7.60%), Acidobacteriota (6.97%)3 & 30|
L Ascomycota (40.16%), Basidomycota (13.61%), Morterellomycota (16.48%)3 +AFIH 1L, EF
A} 2|7t gle ALRE YEHTH(IY 0).

100%
90%
w others
80% W Verrucomicrobiota
708  Myxococcota
= Gemmatimonadota
60%
= Planctomycetota
50% = Bacteroidota
A0% = Acidobacteriota
30% = Chioroflxota
= Actinomycetota
20% .
= Bacillota
0% = Pseudomonadota
0%
a7 ZH 5 =d s e z25 e HF I
S/
pS| o =] o
(A EMEREY Mt 22 HIE)
100%
a0es
w others
B0%
J0% u Chytridiomycota
6086 w Rozellomycota
50% W Mucoromycota
A0
= Mortierellomycota
30%
= Basidiomycota
20%
10% m Ascomycota
0%
321 zd 55 s e e a5 ag HE s
e

(A EMBHRIEY SF0| 22 HIE)

a3 6. M= AZXHIX] ES MZ % SOl EX HIE

(e 2) ZERIS 52K £ D4 54

20219 ¥ EGUBES] B4 AL A 55 AP 91t AR #AAE floto] nE 7MY
45 nomalization St T EYF 224 A9 Al 20,0007 reads=®, F3ol= 15,0007 reads&
subsample SF{th. 1 23, Z47F 223719 AHE IR M ARE 4RSSl 2 E4 Age
EoltZ AlASH ] flsto] IQRS AQet A1} Aot & SR Ao 22270, #+5% Ag+= 21570, ¢4
A= 211718 W CE CDFE Atel, 5380] & 357% ASE 21970, #6= Ag+= 21970, ©°F
A4 22008 dAde2 CDFE AAFITHAE 2, 3).
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E 2. % EY0MS(HR)O 54 X448 CDF S3(n=223)

Microbial Quality Index Categories Score Value range No. of samples
Very High > 0.8 > 242793 45
High 0.6~0.8 2184.25~2427.93 45
Chaof Medium 0.4~0.6 1972.16~2184.25 44
(richness)
0.2~0.4 1499.38~1972.16 45
Very Low <02 < 1499.38 44
Very High > 0.8 > 0.926 45
High 0.6~0.8 0.914~0.926 45
Pielou's J .
Medium 0.4~0.6 0.902~0914 44
(evenness)
0.2~0.4 0.889~0.902 45
Very Low <02 < 0.889 44
Very High > 0.8 > 7129 45
i High 0.6~0.8 6.947~7.129 45
Shannon Medium 04~0.6 6.733~6.947 44
(diversity)
0.2~0.4 6.554~6.733 45
Very Low <02 < 6.554 44

E 3. ¥ EYUMEB(ETO)O| S4 X48 CDF S3(n=223)

Microbial Quality Index Categories Score Value range No. of samples
Very High > 0.8 > 306.67 45
High 0.6~0.8 236.51~306.61 45
Chaot Medium 0.4~06 186.21~236.51 44
(richness)
0.2~0.4 149.15~186.21 45
<02 < 14915 44
> 0.8 > 0.753 45
High 0.6~0.8 0.719~0.753 45
Pielou's J .
Medium 0.4~0.6 0.685~0.719 44
(evenness)
0.2~0.4 0.631~0.685 45
<02 < 0.631 44
> 0.8 > 4119 45
High 0.6~0.8 3.838~4.119 45
Shannon

Medium 0.4~0.6 3.596~3.838 44
0.2~0.4 3.314~3.596 45

(diversity)

202289 e EQUAES] B4 A A 55 AP 9t AR FY8S Hote] nBE A71A
¥ 4§ nomalization S}Th I EF 229 -9 Ald-2 30,0007] readsZ, &B°l= 7,00074
reads® subsample 3ttt 1 A3}, Z42F 2207, 188709 A FS iAo R UG A HE AMEsIAT

o)
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Zr B A Eolgke AASH] Ysto] IQRS ALJgt A3t Al F JHE A4s 2110, 465% Ags
20671, TtFA A= 205708 SR CDFE AKX, #30] F 5 A5E 188/, 46k Al4s

17871, &4 A= 185715 W= CDFE AAISHAITHE 4, 5).

E 4. 343 EQ082(MZ)2 54 X428 CDF S3(n=220)

Microbial Quality Index Categories Score Value range No. of samples

Very High > 0.8 > 194762 45
High 0.6~0.8 1783.02~1947.62 44
Chaot Medium 04~06 1641.24~1783.02 4é

(richness)
0.2~0.4 1476.64~1641.24 44
Very Low <02 < 1476.64 43
Very High > 0.8 > 0.923 45
High 0.6~0.8 0.918~0.923 44

Pielou’s J .

Medium 0.4~0.6 0.913~0918 44

(evenness)
0.2~0.4 0.904~0.913 44
Very Low <02 < 0.904 43
Very High > 08 > 6916 45
A High 0.6~0.8 6.830~6.916 44
Shannon Medium 0.4~06 6.763~6.830 4

(diversity)
0.2~0.4 6.647~6.763 44
Very Low <02 < 6.647 43

B 5. I8 EY0ME(ZL0|)9 54 X4 CDF 53(n=188)

Microbial Quality Index Categories Score Value range No. of samples
Very High > 0.8 > 289.78 38
High 0.6~0.8 201.50~289.78 38
Chao' Medium 0.4~0.6 133.57~201.50 37
(richness)
0.2~0.4 54.00~133.57 40
< 0.2 < 5400 35
> 0.8 > (0.793 38
High 0.6~0.8 0.769~0.793 38
Pielou's J i
Medium 0.4~0.6 0.739~0.769 37
(evenness)
0.2~0.4 0.688~0.739 40
< 0.2 < 0.688 35
> 08 > 4285 38
High 0.6~0.8 3.926~4.285 38
Shannon Medium 04~0.6 3.447~3926 37
(diversity)
0.2~0.4 2.920~3.447 40
Very Low <02 < 2.920 35
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20239k = EQUAEY EA4 AeE A 5
4E nomalization StATh = EY 210 AHY /\ﬂ\_ﬂr Igol= 717t 15,0007 reads® subsample
sttt 71 Ay}, Z¥zF 20270, 206709 AHE LR A ARE AEStath 2 EA A4= BolikE

AZASH] glste] IQRS A2 A3t Al F FHE A4t

T 49e 9

= 20170, #5E AFe

= 19470, 934 A

T44e fste vldE 971D

197715 o2 CDFE AXISILL, #780] & FHE A= 20071, 45k AL 19970, 0 Ao+
19971& H4do2 CDFE AXISHATHAE 6, 7).
H 6. = EYOME(MF)S EM X4¥ CDF 52(n=202)
Microbial Quality Index Categories Score Value range No. of samples
> 08 > 203838 41
High 0.6~08 1780.70~2038.38 40
Chaot Medium 0.4~06 155875~1780.70 41
(richness)
0.2~0.4 1301.08~1558.75 40
<02 < 1301.08 40
> 0.8 > 0.921 41
. , High 0.6~0.8 0.916~0.921 40
Plelou's J Medium 0.4~06 0.912~0916 41
(evenness)
0.2~0.4 0.906~0912 40
<02 < 0.906 40
> 0.8 > 6.902 41
High 0.6~08 6.767~6.902 40
Shannon Medium 0.4~06 6.649~6767 41
(diversity)
0.2~0.4 6.488~6.649 40
7. = EYDME(5Z0])2 EH X|s=H CDF S2(n=206)
Microbial Quality Index Categories Score Value range No. of samples
> 08 > 647.02 42
High 0.6~0.8 567.82~647.02 41
Chaot Medium 0.4~06 499.61~567.82 41
(richness)
0.2~0.4 420.42~499.61 41
Very Low < 0.2 < 42042 47
Very High > 0.8 > 0.735 42
. , High 0.6~0.8 0.706~0.735 41
Plelou's J Medium 0.4~06 0.681~0.706 41
(evenness)
0.2~0.4 0.653~0.681 41
Very Low <02 < 0.653 41
Very High > 0.8 > 4650 42
High 0.6~0.8 4.420~4.650 41
(iﬁ‘vaerlzi;‘) Medium 0.4~06 4.260~4.420 41
0.2~0.4 3.987~4.260 41
< 02 < 3987 41
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202495 AAAEIA] EGRBES] £ ASE A 57 AFSS 91t AHY H+E8S sty nAE
¥714<€ & nomalization stATE AR IR EF 210 A|- ] A2 15,0007 readsZ, &40l+=
7,0007 reads® subsample 3ttt 1 A3}, ZF2F 20770, 179709 A8 g0 2 P A EES AESIT
7t B4 Ag= Bolgks AlAsH] flsto] IQRS ALt A1} Al & F5-% A 20770, #45% Ao+
19770, 4 Ao= 201708 Wde® CDFE AL, 5801 & 7% Aoe 16670, 45k Aoe
17270, B8 Ag+= 174708 HG2E CDFE AASIATHE 8, 9).

E 8. AZxiuix] EX0I 4= (M) E4 X2 CDF S&(n=207)

Microbial Quality Index Categories Score Value range No. of samples

Very High > 0.8 > 134799 42

Chao High 0.6~0.8 1181.97~1347.99 41

~hao Medium 0.4~0.6 1038.96~118197 42
(richness)

0.2~0.4 872.93~1038.96 4

<02 < 87293 47

> 0.8 > 0.909 42

Piclou's J High 0.6~0.8 0.897~0.909 47

elous Medium 0.4~06 0.888~0.897 42
(evenness)

0.2~0.4 0.873~0.888 47

<02 < 0.873 47

> 0.8 > 6.426 42

< High 0.6~0.8 6.297~6.426 47

annon Medium 04~0.6 6.139~6.297 42

(diversity) 0.2~04 5.916~6.139 47
Very Low < 0.2 < 5916 47

E 9. AExEix| ES0|d=(5H0l)el £4 XI+2 CDF S&(n=179)

Microbial Quality Index Categories Score Value range No. of samples

Very High > 0.8 > 105.00 36

Chao High 0.6~0.8 83.00~105.00 37

a0 Medium 0.4~0.6 63.00~8300 36
(richness)

0.2~0.4 47.00~63.00 35

<02 < 47.00 35

> 08 > 0.774 36

PieloU's | High 0.6~0.8 0.733~0.774 37

eous Medium 0.4~06 0692~0.733 36
(evenness)

0.2~0.4 0.649~0.692 35

<02 < 0.649 35

> 0.8 > 3553 36

High 0.6~0.8 3.251~3553 37
Shannon

i Medium 04~06 2.922~3.251 36
Y 0.2~04 2.568~2.922 35
Very Low < 0.2 < 2.568 35
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Comprehensive Assessment of Soil Health.
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