55 44 55 12 1 S & 7 i Vol.44,No.12
2024 4F 6 H ACTA ECOLOGICA SINICA Jun.,2024

DOI: 10.20103/j.stxb.202305241095

T, B &G INBRE, R RIEAE A5, 205, 355555, B SCSET 32k AU v A B 8 B0 Bvdb 1L 38 4 28 R e fa e M ST 47
PEWFT . AR A5 0,2024 ,44(12) :5280-5293.

Wang Y, Mu Y F, Sun X H, Liu X T, Song Z H, Yang G W, Li Y P, Huang Z P, Xiao W.Stability evaluation of soil ecosystem assessment based on
maturity index of soil nematodes and feasibility study in Lasha Mountain.Acta Ecologica Sinica,2024,44(12) .5280-5293.

ETITEREAHBRERNAERENADLIREESRSE
REEEO R ATITIEH R

I BB E R AEESY 3 TS R E A A kARt A a2
:g‘_g‘%,l,z,s ’ ﬁ]’ il,Z,S

1 KRR AR E RO 5EBE , KB 671003

2 RIBE G 220k = P A8 I MR WA 583, KB 671003

3 RERFEARSE SEYRS %5, KL 671003

4 FHERTNERR AR KRILEY R, BT 673100

5 KRR =TI KA Y 2R SR H = mA QIR BA, K3 671003

WE . LB RGBS IR Y RE RS A T AR R ) A TS R G R AR Rl A S R G A 7 I G B R G
RS A M1 R A et AR B 00T | AR AR FH i M2 A5 R G PP R R AN JLRR e bk . T AR - M4 R VR WU A
BUEN +3E 25 R G ke M 4R 7R JEBE R T2 AT AR P D08 2o v L0 DX 13 A [ R P ) 52 ANRE )y 1 4 28 U
PR O X 1A S R SR VEIEA TV, JE X PR (0 T AT MR AT IO UE . SR FH 25 B R R SR AR R oy 1 T 4 AR A
( Amplicon Sequence Variant, ASV)963 4>, 5R/ET 2 49 10 H 41 Bl 67 J& , #E/E 4510 L AN ZR ORI & -2 2k d oy 32 VR
DL K—HEWe A (c-p 3—S5) TSN F 5, DR as R0, + 3Lk i ) A FE BN B 3.2420.32, PR 45 UK AL 1L X 35K
TIHA S RGN E , B S HR B A ] A SR 25 5 (P>0.05) 38 Jeb ) FHRE b i 0 345 i Ak T4
SEREE 5P P R U R BT A L 2 R R 1 R DGO 3R (P<0.05) |, R IR MR (i Bt HC 203 3 Tt
BT 5 T B RS - S A B R SO TP AN 45 50 5 e it 6 26 75 R G IR U0 GE 45 R 87, 7 T A DX = B PR HL) A 00 [
R LR B 0 LB AT 359 0 R A B3 S R G AR HL -3k B AR AU PP 25 55 S b st e/ SRS AT,
JIF AT FH - 3 2 0 8 B0 DX SR 2 T A7 1 TR 90 S A X3l + 8 A R G A S S B 4L TR A
SRR AP LI DX IR B TR A HR R AR S R R E

Stability evaluation of soil ecosystem assessment based on maturity index of soil

nematodes and feasibility study in Lasha Mountain

WANG Yang'’, MU Yunfei'’, SUN Xuhui'’, LIU Xueting'”, SONG Zhenghua'’, YANG Guiwei’,
LI Yanpeng'*>* | HUANG Zhipang"*”, XIAO Wen'?>’

1 Institute of Eastern-Himalaya Biodiversity Research. Dali University, Dali 671003, China

2 Yunling Black-and-White Snub-Nosed Monkey Observation and Research Station of Yunnan Province, Dali 671003, China

3 School of Agriculture & Biology, Dali 671003, China

4 Administration of Gaoligongshan National Nature Reserve in Nujiang , Nujiang 673100, China

BEETE : =84 HRPEIE ST B R EE L -3 4R 1 H (202001BA070001-227) ; [ 5 1 RPLA 345 (32360137) 345 Uk H i i 5 Bl
LGB (2019QZKK0402) ; =4 “ 7 ATHRI” F4E4R A AT H ( YNWR-QNBJ-2019-262)
Y75 H #7:2023-05-24; P £& AR B 8B :2024-04-09

# MIRFEH Corresponding author.E-mail ; liyp@ eastern-himalaya.cn

http ://www.ecologica.cn



12 48 Thp 4 FET IR RV T8 BRIV L 3 4 28 R G R VAN S rT AT PERF 9T 5281

5 The Provincial Innovation Team of Biodiversity Conservation and Utility of the Three Parallel Rivers Region from Dali University, Dali 671003, China

Abstract: Soil ecosystems are recognized as crucial energy reservoirs within the biosphere. Stable and healthy soil
ecosystems play a pivotal role in maintaining the productivity of terrestrial ecosystems. However, evaluating soil ecosystem
stability remains a challenge due to the complexity of biological reactions and soil processes and the difficulty of directly
observing subsurface systems’ dynamics. For the past few years, the utilization of the soil nematode community maturity
index has gained widespread implementation and has been utilised as indicator taxa for the assessment of soil ecosystem
stability. Therefore, this study aimed to evaluate soil ecosystem stability within the Lasha Mountain region by employing the
soil nematode community maturity index across a total of 52 sample plots from 13 fixed major quadrats, and to verify the
feasibility of this evaluation method. Furthermore, we aimed at assessing the practicability of this evaluation system when
metagenimics technology was employed. We identified a total of 963 nematode amplicon sequence variants, distributed
across 2 classes, 10 orders, 41 families, and 67 genera. Among them, the bacterivorous and omnivorous-predatory
nematodes emerged as the dominant groups, with the majority of them displaying K-strategy characteristics (c-p 3—5). The
average soil nematode community maturity index was measured at 3.24 £0.32, suggesting that the soil ecosystem was
relatively stable, while the spatial distribution of the soil nematode community maturity index in Lasha Mountain area
exhibited no significant variation ( P>0.05). A significantly negative correlation was found between the artificial disturbance
intensity obtained by using the plot monitoring and the results evaluated by using the soil nematode community maturity
index (P<0.05), indicating that the plots with low stability also showed greater interference with human activities.
Concurrently, the assessment results of the soil nematode maturity index and the validations of surface ecosystems of the
sample plot revealed an elevational pattern, with mid-altitude regions showing lower nematode community maturity index
values, attributed mainly to the deep river valleys and extreme steepness of the slopes on both sides characteristic of the
region which experiences frequent landslides. This particular situation results in soil ecosystem instability and the loss of soil
nematode community maturity index. These assessment outcomes align with the real conditions of the surface habitat.
Consequently, it reaffirms the feasibility of the soil nematode community maturity index as an assessment tool for soil
ecosystems stability, potentially paving the way for its application in the evaluation of regional ecosystem health in future

assessments.

Key Words: Lasha Mountain area; soil nematodes; nutritional groups; maturity index; ecosystem stability
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Table 1 Information of comprehensive monitoring sample plots

JK ¥ Water environment

RS TR/ m TR
Sample plot number Altitude Vegelation type T 1T FE B/ m IR/ em L/ (m/s)
Surface Depth Velocity

22500 2500 BB 3 5.50 0.18 0.40
22700 2700 5 I R 4.60 18.60 0.46
22900 2900 TR bk 6.10 16.00 0.50
23100 3100 BT RRTR AT 4.10 8.60 0.65
23300 3300 EFRATR AR 3.50 12.25 0.60
23500 3500 BT RATR AT 0.80 3.67 0.40
23700 3700 FEJR R AR — — —
be3100 3100 BT RRTR TR 5.70 7.40 0.45
be3300 3300 FEJR MR 0.50 5.75 0.20
be3500 3500 e LI A — — —
nc3100 3100 FFRRTR SR 3.50 7.40 0.45
nc3300 3300 FEJR R AR 1.20 5.50 0.20
nc3500 3500 e 1L 2] — — —

be : b3 i, North branch watershed ; ne : 7§ 3 i 48, South branch watershed ;z: T %8 Trunk watershed
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Fig.1 The map of study site and sample plot setting in Lasha Mountain area

2.2 LR YR
2.2.1 DNA $2HU} PCR 473

FHIE. Z. N. A.® Soil DNA X7 £: (Omega Bio-tek, Norcross, GA, U.S.) XHE& TREFEAT DNA 32, )
FHEE A EE IS HL R I DNA 1) &0 B RNV i 5 >R FH A% AR 9l 514 528 F(5/-GCGGTAATTCCAGCTCCAA-
3') 1706 R(5'-AATCCRAGAATTTCACCTCT-3") %} 18 S J¥%1| V4 X #£4T PCR 4151
2.2.2  Illumina Novaseq I 7 5 &40 Ak R

BRI AE S B A PR B A H 2L E Humina 24 7] 4 Novaseq 6000 PE 250 -5 #4707y ; L 4h %k
Y512 F Qiime2 dada2 fHFALFR 152N P 18 79 281K ( Amplicon Sequence Variants, ASV) ZeA% fIHACE 31,
B R FF AL 3 Greengenes BUHEHES 24 ASV I35 B3k,
223 ZLhijmmysE

AEBAEFRHEAL , $e85 HE i P 5 T B AR X A S A A T P-4 B S | F Qiime2 feature-table 1 {451 B
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24 FEJTAO TR

TERAEEE WD R - RIS 1 3 B ZLAMEPL, ARSI sk I AZETE 3l B dE N K& (B HE R
W R AR AT ) T 12 5O 13 FEMR RAE S A 58 U AL, SO IF S AR T T 1—11 S Y 33 B 4L
SMHPLEE o

N T B = 4RE% 3 A T Sh U &0 H LA R IR
2.5 Bl

TE 53 AT ARG 30 H O B A T 1E 25 0 A A 30, Sl TR A4 A A4 B s A TR 2 806 55, A1 F E 2 406 5 ( Mann-
Whitney Test) Fb# 43582k MU A BOK B 3 1) S0 22 55 AU HES B 5 ( Kruskal-Wallis Test) Eb
A SRk P RO ) A A B 1 22 S 5 I AH DG A 23 7 (Pearson Correlation: Coefficient ) 45 56 A [A] # J57
P R R AR AR RS AT Bl B 2 TR AR OG M ; BE KPR P<0.05,

iz A R 4.20 A TR GE 40T, 32 Q—GIS 3.22 BRAFHIIE  Fir A St s R (8 S E e bR 25

3 £R

3.1 bR R AE

SRAEEHY 52 17 T e A LA IR 66687 Z% i B AT RUT S, Hor 963 5 F 811 AR L ARIE AT UL ASV %K
SO R LG TR D 2 10 . - S 5 B i B AR | e W P TR B R AR AT DA S R R P 25 (1R 2)
32 L RS R

FLVP I X IR 963 A2kt ASV JFFISK)E T2 44 10 H 41 Bl 67 J& ., XIBUWEHALERA 2 8, il 26
F H ( Chromadorida ) # M #} ( Prismatolaimidae ) % Wi J& ( Prismatolaimus ) 177 2& H ( Dorylaimida ) ¥ A #}
( Mononchidae ) ¥. 14 J& ( Mononchus ) , 53 %) 5 57 51 8 42.25% F1 13.6% ; # WZEHBEA 11 &, 5 &7 55
37.87%; A A KME 54 T8, 5 BT F1%506.28% (M 1) .
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Fig.3 The proportion of soil nematodes among different diet and life-history groups
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Fig.4 Evaluation of soil ecosystem stability via soil nematodes maturity index in Lasha Mountain area

AREAERS B A Y ZRENE B R GARFE E s EAEHE—nc3100( H=1.91+0.29) FlIFE#I—22900( H=1.91+0.11)
1) ZAEPEFR B 5, DT D ISRty BB AR A 2 W A R S b Bl , IR AR S RS RRE TR Lr
(MI>3.0)(#£2),

R2 TEZHSEMIEER BRI ER)

Table 2 Diversity index and maturity index of soil nematodes in sample plots

HEHL > SRR A BE R EL G5 A ZHMEIEEL TRV SRR
Sample plot number Shannon index Maturity index Sample plot number Shannon index Maturity index
22500 1.60+0.28 3.40+0.25 be3100 1.82+0.37 3.46+0.35
22700 1.41+£0.35 3.23+0.27 be3300 1.43+£0.31 3.21+0.12
22900 1.91+0.11 3.11+0.22 be3500 1.02+0.42 3.38+0.17
z3100 1.63+0.33 2.94+0.58 nc3100 1.91+0.29 3.24+0.12
23300 1.71+£0.21 3.08+0.42 ne3300 1.44+0.40 3.35+£0.24
23500 1.72+£0.44 3.17+0.06 nc3500 1.51+£0.40 3.38+0.26
23700 1.54+0.30 3.19+0.23

3.4 Povb il X A A A R SRR E PR 2 Rl )R
341 HHAEBRGRE R

PV LI DI Y 3 A S R R E VRN IR BE - JC 25 5% (3.1620.36, df=6, P=0.79) , 2B “V”
TS S5y, RIMEC TR 4R e TR RS 1 i T PP iiedk (8 5) L 14K 3100 m ARl (M1 =2.94 ) Y G EE 18 B A%, 1235
3.4.2 TS RGURGE PER S B AS R PR R AR AL

TR S R G TR E P LB & BT G s v T b {E R 3k B R 2 UK (3.29£0.23 vs. 3.18+0.38,
ny =24, ng=26, z=- 0.661, P=0.509) (¥ 6) ; [AIIR} 4 X5 St A 1) 13 3, FL 90 LU XY 34 2B R Ge ke
EVETC2E 5, T TR AE S R E P 5 S %0 (3.0640.44 vs. 3.3220.23, noyy =12, nyy =12, 2=

Uit
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Fig.5 The different of soil nematodes maturity index among different altitudes of the trunk stream in Lasha Mountain area
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LR T])E ( Lelenchus) 35
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7 RIS & R A E (HH—23700 FIFE#L—22500)
Fig.7 Aerial map of habitat in study area (Sample plot in z3700 and Sample plot in z2500)
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8 WX gAY SR AL B (FEHL—23100 FIEE#—22900)
Fig.8 Aerial map of habitat in study area (Sample plot in 23100 and Sample plot in z2900)
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Fig.9 Population loci and monitoring plot of Yunnan snub-nosed monkey in Lasha Mountain area
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M1 TIELHBEEAN

Schedule 1 Composition of soil nematode community

7t I BIARE (3 ep
Family Genus Trophic group Dominance c-p value
EYNHE L Bacterial-feeders
TCWAE Alaimidae TCWHJE Alaimus Ba ++ 4
RFEE Desmodoridae JRZRF )& Prodesmodora Ba ++ 3
Wi ERE Odontolaimidae Wil Odontolaimus Ba ++ 3
FWEEL Prismatolaimidae WWRJE Prismatolaimus Ba e+ 3
FE X F} Cyatholaimidae FE X & Achromadora Ba ++ 3
il Cyatholaimidae iR Ethmolaimus Ba ++ 3
M kAl Teratocephalidae W53k J& Teratocephalus Ba + 3
ikl Teratocephalidae 3k J& Metateratocephalus Ba + 3
Li4 B} Plectidae LELRJE Plectus Ba + 2
Li4F} Plectidae FALRLLIE Ceratoplectus Ba + 2
LELLF) Plectidae JURWTR Wilsonema Ba + 2
ME RIS} Haliplectidae M FILGELR T Haliplectus Ba + 2
ELFCA} Bastianiidae B RJE Bastiania Ba ++ 3
t G} Bastianiidae TEIJE Dintheria Ba + 3
WiCF} Steinernematidae Wi ICJE Steinernema Ba + 3
SRl Cephalobidae N J® Acrobeloides Ba + 2
3Bl Cephalobidae JERIEIE Cervidellus Ba + 2
FFIEEL Rhabdolaimidae FFUHJE Rhabdolaimus Ba ++ 3
2Rl Monhysteridae B )E Eumonhystera Ba + 2
V5 45MAA} Tylopharyngidae V545 JE Tylopharynx Ba + 1
ZAMHA} Aphanolaimidae B & Aphanolaimus Ba + 3
T E 2 Fungal-feeders
YN F} Leptonchidae IHJE Tylencholaimus Fu + 4
415 B} Leptonchidae JRAAVG 8 Proleptonchus Fu + 4
5 Kz Bl Diphtherophoridae VaBEIE Tylolaimophorus Fu + 3
Ji& {2 &} Diphtherophoridae 62 J& Diphtherophora Fu ++ 3
i AFE Allantonematidae FEAEIE)E Howardula Fu + 2
FREF} Belondiridae SRETJE Belondira Fu + 5
ELH JIRE Aphelenchidae ELH J1)E Aphelenchus Fu + 2
HiAL Anguinidae 2508 Ditylenchus Fu + 2
-2 B4R UL Predators-omnivores

T2 F} Dorylaimidae P 2B Mesodorylaimus oP + 5
2P Qudsianematidae INTFLRJE Microdorylaimus oP + 4
WA Qudsianematidae PR Eudorylaimus oP + 4
XA Qudsianematidae S L&IE Allodorylaimus opP + 4
A Qudsianematidae WF &8 Epidorylaimus oP + 4
Z3F} Qudsianematidae LR Discolaimus op + 5
WA Qudsianematidae XI)E Qudsianematinae op + 4
AR} Qudsianematidae JBARJE Ecumenicus opP + 5
Y% Monochida Ytk 8 Prionchulus oP ++ 4
1%} Monochida HU5 @ Mononchus opP +4t 4
FHF+ Monochida S EIE Clarkus op + 4
H iR Monochida 5 )& Coomansus opP + 4
B {57} Monochida W S8 Mylonchulus oP + 4
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7t R AR A ep
Family Genus Trophic group Dominance c-p value
= FLA} Tripylidae =& Tripyla op + 3
=LA} Tripylidae =& Trischistoma op + 3
FLIHEL Aporcelaimidae /NLWAJE Aporcelaimellus opP ++ 5
FLUERL Aporcelaimidae JAEJE Sectonema op + 5
Jt4 %} Nordiidae A& Rhyssocolpus op + 4
A%k Mydonomidae X LRJE Dorylaimoides opP + 4
ZEMAEL Nygolaimidae KR Aquatides op + 5
ZENHEL Nygolaimidae RIANH R Paravulvus oP + 5
FAMHRL Actinolaimidae WIAWAJE Paractinolaimus op + 5
7 F Chromadoridae 7 J& Chromadorita (0] + 3

HYar A= 2 1 Plant-parasites
ZREHRl Belondiridae FWJE Dorylaimellus Pp ++ 5
IR} Tylenchidae 2 )R TIE Filenchus Pp + 2
#I]F} Tylenchidae UL 2% /RI& Basiria Pp + 2
#ITF} Tylenchidae BT B Neopsilenchus Pp + 2
#J1F} Tylenchidae LTI & Lelenchus Pp + 2
HITJF; Tylenchidae IR ITJE Irantylenchus Pp + 2
#J]R} Tylenchidae ST B Malenchus Pp + 2
8} Criconematidae HIFJE Mesocriconema Pp + 3
FEL Criconematidae )8 Criconemoides Pp + 3
8} Criconematidae & Criconema Pp + 3
EL Criconematidae L& Crossonema Pp + 3
£IE} Xiphinematidae SUJE Xiphinema Pp + 5
ARl Hoplolaimidae W2iE & Helicotylenchus Pp + 3
JAF} Pratylenchidae FARJE Pratylenchus Pp + 3
EHB} Trichodoridae EHE Trichodorus Pp + 4

e+ AR AR IIECE ST 10% L ++ 5 OLE RS BT IR 19%—10% 5+ FiA e s AT I8 S0P 5150 19
VIR s Ba BN Fu BRI OP & -AA B4 Pp M AR M
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