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ABSTRACT

Aims: Nematodes are considered as an important part of the soil food web, and their community characteristics are an
effective indicator of soil health and ecosystem restoration. The accurate measurement of soil nematode communitiesis
necessary to better understand their ecological function. Historically, comparisons in nematode morphology has been
used to understand nematode community characteristics. In recent years, the use of high-throughput sequencing (HTS)
methods has become more popular. However, relatively little is known about how these two methods compare when
analyzing soil nematode communities.

Methods: Here, we used morphological identification and HTS methods to simultaneously analyze soil nematode
abundance, community composition and structure, and ecological indexes, under different vegetation restoration
approaches (cropland, naturally restored grassland, Caragana korshinskii plantation and Medicago sativa artificial
grassland) in the mountain area of southern Ningxiain the Loess Plateau region.

Results: We found that morphological identification is a more accurate method to determine the absolute abundance of
soil nematodes, while HTS can only obtain relative abundance data. In our study, the morphological method showed
higher abundance of soil nematodes in the sites under vegetation restoration, especialy in the naturaly restored
grassland and C. korshinskii plantation. The HTS method, on the other hand, detected more nematode genera (42 genera
belonging to 3 classes, 4 orders, and 26 families) than morphological method (27 genera belonging to 2 classes, 3
orders, and 18 families). However, only 15 genera were simultaneously identified with both methods, because the HTS
method detected more plant-parasitic nematode genera (22) but fewer genera of bacterial-feeding nematodes and
omnivores-predators than the morphological method. One major result indicated by both methods showed that the
relative abundance of microbia-feeding nematodes greatly decreased, while those of plant parasites and
omnivores-predators substantially increased, in al the sites under vegetation restoration when compared with
nematodes in the farmland. This was especially the case in the naturally restored grassland and C. korshinskii plantation,
accompanied with the increases of maturity index (MI) and plant-parasitic index (PPI) and a decrease in the
Wasilewska index (W1). When compared with the morphological method, the HTS method could detect more abundant
and diverse plant parasites. Therefore, more significant differences were found in the composition, structure and
ecological indexes of soil nematode communities when the HT S method was applied.

Conclusion: Overall, the characteristics of soil nematode communities and their response patterns to vegetation
restoration highly depended on the applied methodology, which greatly influences the understanding and evaluation of
how vegetation restoration impacts the soil ecosystem.

Key words. morphological identification; high-throughput sequencing; soil nematodes; community structure; vegetation
restoration
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RERDIAHOC, FEREIRMA O¢ T AR S R A MR (5
B, Fb OBz e R R AR S R S5 %
SR A2 W 2 F5 bR (Niles &  Freckman, 1998;
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F1 TREWXTEER B R
Table1l Descriptions of the sampling sites under different vegetation types in the mountainous area of southern Ningxia

P FEARFAIE PR ER 215 3 iz R 1) i fE Slope
Sampling site Vegetation characteristics Restoration year Longitude Latitude  Altitude (m) Aspect degree (°)
4¢H Cropland (CL) £k Corn >20 106°27'54" E 36°0'42" N 1,530 PifRdb14° W14°N 7

H AR KR B KT5% Sipa bungeana 24 106°28'12" E 36°0'35" N 1,673 Pifmit12° W12°N 24

Natural grassland (NR) 7 B #& Thymus mongolicus
VKEL Agropyron cristatum

¥4 N Tk ¥7% Caraganakorshinsdii 24
Caragana korshinskii KTH%L Sipa bungeana
plantation (CK) VK¥E Agropyron cristatum

AL SAEH S Medicago sativa 12
Medicago sativa K1=% Sipa bungeana
grassland (MS)

106°28'12" E 36°0'40" N 1,670

106°28'02" E 36°0'46" N 1,591

Pifdb22° W22°N 23

Pifwdb16° W16°N 15

2 TR EER B T RIR R

Table2 Soil physical and chemical propertiesin the sampling sites under different vegetation types in the mountainous area of

southern Ningxia

T pH  L3ES/KE AR 2R TR B A
Sampling site SM (%) SOC (g/kg) TN (g/kg) Olsen-P (mg/kg) NHz-N (mg/kg) NOs-N (mg/kg)
4 M Cropland (CL) 8.24% 6.40° 7.34° 0.80° 45,58 0.73® 1.76°

H SRk E % H Natural grassland (NR) 8.02° 555° 15.90° 1422 520 1.46 2.70°
R4 N T#dt: Caragana korshinskii plantation (CK) 8.00° 6.02* 17.47° 132* 573 0.62® 2.25*
g N T3} Medicago sativa grassiand (MS) 8.26* 6.37° 8.11° 097  7.40° 0.40° 1.20°

[ H AR [F/NG 7 RER R A 2 R B & (P < 0.05), SM, Soil moisture; SOC, Soil organic carbon; TN, Total nitrogen; Olsen-P, Available
phosphorus. Different lowercase |etters in the same column indicate significant difference at the 0.05 level.

ZJ5, H L4 (B A5 om)RHE0-10 cm I8 iR &
¥, KL B kg ke A7 BRE, EBRAT AR
R AYEFCH BEASEE, B TKEAROER
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SRR LR G MR fE20°C AR IRAT, T
B2k o B T AT . S R ) AR
AL R AR 2R
1.3 +iEZ&HRDNAIZEL. PCRI EMSEENF
X ] PowerSoil DNA Isolation Kit (MoBio
Laboratories, Carlsbad, CA, USA)iR 7% A [F) ke b
() L35 5 L DNAEAT SR, ) FH 19035 i 1 6t i
H R 0 3 B2 ) 32 (R 2L DNA R BRI SR 514
3NDF (5-GGCAAGTCTGGTGCCAG-3) 1 1132-
rmodR (5-TCCGTCAATTYCTTTAAGT-3)§ 1#18S
rDNAFIV4r] 42 [X (Geisen et al, 2018). PCRJ M fk
Z(E A ZR N25 pl): 12.5 pL KAPA 2G Robust Hot
Start Ready Mix. 1 pL IE[51#(5 uM). 1 pLZ [
F19)(5 uM)~ 5 uL DNA (A fJDNA & & 430 ng),
BG5S pL dd H,O. N Z%: 95°C A S

min; 95°C 451445 s, 55°CiE k50 s, 72°C4EAH145 s, 28
AMEER; 72°CHEH10 min. PCR= 1% FH 1% g b
i UK I NI i B N N o
Agencourt AMPure XP#% g 4l 4t i 7% £ (Beckman
Coulter, Kraemer Boulevard Brea, CA, USA)4fifk..
PCRP= I T H i 48 e 2 BEPE DN 7 SO, 7R AL 3
o AR B IR PR 2 =] 48 A Hlumina Miseq PE300
= 6 3T Paired-endill 7 .

THIBIEALEQIME (v1.8.0)# {4 HR 4 Barcode
AR BEAS, {8 FH Pear (v0.9.6) % 14 % B i it 47
M. PR BBRAT AR T 200 S R R SEA
SIS 5. PR B/ Noverlapi B 10 bp,
R N0.1. fd ] Vsearch (v2.7.1) %44 denovo /7 i3
LR AR AR TS i Vsearch (v2.7.1)
4 uparse 5 v %t 4t 52 FF %1 # 47 OTU  (operational
taxonomic units) 5%, AHALE BRIE N97%. {fH Blast
555 NCBI ) SRAKL S PEREAT EUXT, ¥ & 1e-5H) ]
18, 1FRFAOTUN M A 2R E R .
14 TBEEHESENBLERE

SR P VG A - TR 0 M T SR R N 4y B B Y
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100 gfit -t ff2k di(Liu et al, 2008), Zeid iR FIH
SO AN TAFR 2 W 58 J5, BINARASI . 7E AR B
AT & BT, R 5100 g 2R ) 2
o BN 1005 2 AR AE W) BB T IEAS
Oy REE, M KL R IIEARHE, S
4% (1998) M1Bongers (1988) % & & J& /KT,
I AN [7) J8 e HUK FR T A REAE AR A2 Bk 4 A
[F (s TR (R A e, A4, B
gl Ralifgd), MR du A s A
T AR C-pfE(1-5) (Me-pfE N LHIr-5 53 Bc-pfE
NSHIK-%} 53 (Bongers, 1990).

15 HIEGRESIEY

Margalef = & J& 5 % (Yeates & William, 1997):

SR=(S-1)/InN ()
ShannonZ #1445 % (Shannon, 1951):

H = —SPilnPi )
Simpson?i £ (Simpson, 1949):

A=Y Pi? ()
Pielou}s) =] i #5 4(Neher, 2001):

J =H/InS (4)

Horp, NYSEE 2 MR H OB A % 15 B8R
TE BT FIE(EnE S ), SAKER
SRHBICHIEE,; PRSI0 AR (E
J7 50 o 2 HUE A AE 2 (B T 41450 I Ee

A F5 % (Bongers, 1990):

MI = Svifi 5)
For, vidky B AR 2 U AR TS S e-pfE, fi v F—FH
JRITE H AR VS 2 (N HEFE ) o AR 2 o) B (B
BPFIE) AT G, Be R RS R G
SEVERSZ TP R2 I (AR L

) 25 A 2% 4R £ (Bongers, 1990):

PPI = Svif' (6)
ok, PN EBI A 25 AE 2k tR AR 2R AR S B (U
J7H1E) R 5 R LA

FLHT AR AR 4R H(Wesilewska, 1994):

W = (B + F)/P @)
ZAa i Re st s IR TR DL .

24 HUE % LEAE (Yeates, 2003):

NCR=B/(B + F) )

IR RO R AT LR > 842 . FEWIAINCR
feB AT, BFIFZ 2 6 40 A LA 2%

HOHCRE (BT B L), PAE Y 7 AR 48 OB R (BT
H%0).
1.6 HiESH

K F SPSS 19. 0% {1 X B4 147 e vk 79 #r o SR
BABK 25 224 M (One-Way ANOVA) bt 8 AS 7] 4 1
AR LR B IE R AR 22 57 (P < 0.05), "Il
Z H HECRFLSDI . R FH Pearsontf & 43 HT i 51 #
T 5 75 ¥ R LA 28 U@ 1 HE 6 £ A T A R
A E 5 & . SR CANOCO for Windows 5.0%44:
XoF 2k BEVE AT O b, RS R B 2R R
LR B TE R 2

21 TIRGHEEXE

W A 2oy FY e T, AT B R
Hi e oy SRR Y - 2 17,1685, “F-3% 597
261100 gt to AS[RIRE ) LR d kg 2
B3P < 0.001), BRI ARKEEH > f7
FZNTAM > B A TEH > KHEL, Hf
SRR A B RN T 4% N AR M b - 3 2 i B &
TEER, HEESTHEHREANLEHMEP < 0.05), 1M
A - 3 2 B A A T SRR PR A (P
< 0.001) (K1)

§ 1000 -
iy a a
2

& 800+ [

2

2 b

B
22 600l [
8
2

400 -

3

2 c

s 200~ b

g

=

g 0 1 1 1

CL NR CK MS
THAEIETY Vegetation types

Bl EAFLEEETTRLUXTEER SR8k S
WECFHE + fofIR). CL: RHE; NR: BRIREEH,
CK: #F& AL# i MS B ALE .

Fig. 1 Total abundance of soil nematodes in the sampling
sites under different vegetation types in the mountainous region
of southern Ningxia determined by morphological
identification method (mean + SE). CL, Cropland; NR, Natural
grassland; CK, Caragana korshinskii plantation; MS,
Medicago sativa grassland.
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X2, ARELLR TR e HUF SR . TERTA
PR, 285 v 38 =0 3 3R 1340 T 41 372,152
o, HoAsRE T8 BB 7 516,507, 3
. E58ANOTU (£3). AIRIFEHL -4 5 7 41 5 h
e BURAK IR AT 26 N TARHL(CK) . H 2R PR B
(NR). f&H (CL). B AN LHH(MS) (K3), X5
BEL RSB o A FEHL I 3R 5 55
ISR T-98%, 2 BH 3B 5l P IR B IR B 7K T,
D &5 T DL S e - 3 p A= ) ) LS . AR,
W 25 FRoR, BT FERb R 5 7 7R 5
55%I1I 7 B TR A, 2 B AT BEAE1E A AH 24 o A3 1Y)
RGN L BT, X —EFR R T 4% B TR
I3 BT ROV Aff 1
22 TIRZHAEERVAERRANLEH
221 ESFEEEE

KA %58 5 R L) 46 SRR 12203
H18%}27)F, H 4 15)@ 76 sl /il P ik~ ke
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MR (KAL) TEFTA A, R JEFH 2 > 10%)
FIH DL JE (R 22 B > 19%) B 7 28 d s 2 L
B 35335 3 T 95% LA &, 1 fE SR R AT 464 R
2k RN 2 < 1%) . A FIR PSR -84k il
BERIA RS 2R, & EEON & N TR
o> BARME R > RE > HE AN LR (E
4), A H 2 BLH JE N FLE 7)) (Aphelenchus) .
3 1 J& (Cephal obus) 11 2% J& (Ditylenchus), ANt
B0 5 BB 25.4%. 19.5%F113.5%: [HRKE
b A 28 B AR 3 e R %Ak & (Tylenchorhynchus) AT
R J& (Acrobeles), 7371l i 2k HUE KK 21.1% 41 11.5%;
Fr ok N DARHL A 28 AR 38 g s ib s, HodlE e
H14116.2%; 154 N LB AR R vk it g | A Tie
J& (Rotylenchus) . Z& & Fl1#4HH J& (Tylencholaimus), 5
ELAR Y N22.6%. 18.9%. 16.8%F1112.7% (#4). X4
TR b fr) - 3828 BOBEVR 2 AT T o i, AT
B4 B A RE T 35.9%H119.7% 1 4% 545 B (& itk
55.6%) (KI2A). &5 SRR W L3k A TR /KF |

*3 BEENFETTRLURAEERRLEETHIREHRNFER
Table3 Sequence information of soil nematodes in the sampling sites under different vegetation types in the mountainous region of
southern Ningxia determined by high-throughput sequencing method

FEHh 7k OTU#%H ANEERHIOTULL S B
Sampling site Sequence number Number of OTUs  Proportion of unidentified OTUs (%) Coverage (%)
A< Cropland (CL) a47® 26 59.82 98.23%
E Rk E Ei i Natural grassiand (NR) 633® 38 59.12 98.447
¥4 N L#k#h Caragana korshinskii plantation (CK) 938* 48 57.53 98.24%
EfE N T 5 Medicago sativa grasdand (MS) 151° 42 57.40 98.02*

R BIAS[F) /NG 7 BE R AE b 7] 25 57 .2 (P < 0.05) . Different lowercase |ettersin the same column indicate significant difference at the 0.05 level.

R4 ETEAZFEEFIMSESNFENENTRELUXTEEH LB HIRE D ErIExT 2 E
Table4 Relative abundance of soil nematode generain the sampling sites under different vegetation types in the mountainous
region of southern Ningxia based on morphological identification and high-throughput sequencing

Ay EEi=s i c-pfE A% £ fZ Relative abundance (%)
Nematode genus Trophicgroup. c-pvalue ARPSIR  FAN LM FE A LR

(CL) (NR) (CK) (MS)

I I [ I [ I I I
3. /@ Cephalobus BF 2 195 220 06 27 76 54 226 58
% JE Acrobeloides BF 2 0.3 114 - 19 25 42 0.3 5.0
EIWHJE Aulolaimus BF 3 - - - - - - - 08
T8 Mesorhabditis BF 1 = 51 = = = = = =
=%1J% Pelodera BF 1 = 46 = = = - - -
ToWE 8 Alaimus BF 4 — 16 = = = = = -
MZ%J& Acrobeles BF 2 17 - 115 - 8.3 - 6.1 =
fEfMIEJR Cervidellus BF 2 24 - 41 - 6.0 - 06 -
¥ JEJ& Chiloplacus BF 2 - - 19 - 03 - - -
HkMJ& Eucephalobus BF 2 5.6 - 35 - 2.2 - 29 -
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%4 (4E) Table 4 (continued)

LR Eei=s i c-pfE A% £ fZ Relative abundance (%)
Nematode genus Trophicgroup. c-pvaue ., ARPSIEN AN B LE

(CL) (NR) (CK) (MS)

] Il I Il I Il ] 1l
/TR Rhabditis BF 1 6.0 - - - 0.3 - - -
Z%J& Ditylenchus PP 2 135 114 45 0.1 7.0 0.2 16.8 21
#J]J& Tylenchus PP 2 0.3 - 6.0 - 22 <01 13 -
W2EJE Helicotylenchus PP 3 12 - 19 - 2.2 0.1 - 25
%14 )% Pratylenchus PP 3 1.9 - 16 - 0.3 = 1.0 1.2
#&{LJE Tylenchorhynchus PP 3 39 - 211 - 16.2 04 45 04
SIlJ& Xiphinema PP 5 0.3 - 0.3 12 13 2.0 - 0.7
#%JiEJ& Rotylenchus PP 3 34 = 44 <0.1 48 = 18.9 =
£1'J& Paratylenchus PP 2 - <01 - 61.5 - 399 - 34.4
gh/Nk & Gracilacus PP 2 - - - 0.2 - 0.1 - 0.2
452k HUE Meoidogyne PP 3 - - - - - 0.4 - -
ML T])E Lelenchus PP 2 - 0.3 - - - - - 0.8
BrFiE 7] )& Neopsilenchus PP 2 - = - = = 0.2 = 0.2
418 7]J& Bursaphelenchus PP 2 — — = = = 0.2 = 0.7
KK 7]J& Miculenchus PP 2 = = = = = 0.2 = =
288 Criconemoides PP 3 — — — 10.2 — 136 - 45
KERMJE Amplimerlinius PP 3 - - - 11.0 - 04 - 04
7 )8 Psilenchus PP 2 - - - - - - - 1.2
% JEJ&J& Ecphyadophora PP 2 - - - 0.1 - - - -
X% Boleodorus PP 2 - 0.6 - 0.1 - 0.1 - 04
S| FE#7]JE Malenchus PP 2 = 0.8 = = = = = =
2% /K J& Basria PP 2 = = = = = = = 1.1
WA JE Dorylaimellus PP 5 — — — — — — — 0.2
I & Tylencholaimus FF 4 41 - 9.6 0.2 6.3 0.5 12.7 04
1% 7]J8 Aphelenchoides FF 2 0.6 - 1.0 0.2 - 0.4 - 0.8
HE71)& Aphelenchus FF 2 254 8.8 6.1 0.2 6.0 33 32 95
Y tr)E Aprutides FF 2 - - - 01 - - - -
JRIWA J& Tylencholaimellus FF 4 - 280 - 0.8 - 14 - 11.2
22 JZ#J])& Filenchus FF 2 = 1.8 = = = = = =
FLWAJE Aporcelaimellus OP 5 20 0.1 16 0.7 38 11 29 43
HiF£k)& Prodorylaimus OP 5 = = 0.3 0.2 = 0.1 = =
Allodorylaimus OP 4 - 34 - 0.8 - 0.8 - 15
T2 )& Mesodorylaimus oP 5 - - - 33 - 9.8 - -
PhEEY;JE Campydora oP 4 - - - 4.1 - 144 - 8.3
HP4kJE Eudorylaimus oP 4 - - - - 19 - 1.0 -
i %0JE@ Kochinema oP 4 - - 1.9 - 13 - 0.3 -
WF 22 )8 Microdorylaimus OoP 4 — — — — 0.6 — — =
%iMH J& Paraxonchium OP 5 1.0 — — — 0.3 — — =
KL WE Thonus oP 4 47 = 35 = 7.9 = 22 =
#4MH 8 Discolaimus OoP 5 — = 0.3 0.4 0.3 038 0.3 16
Paractinolaimus OoP 5 - <0.1 — — - — - —
BE & Discolaimium oP 5 19 - 7.6 0.4 54 0.8 2.2 1.6
Paravulvus OoP 5 0.3 - 6.7 - 4.8 - 0.3 -
JE%L Generanumber 21 16 22 23 25 27 19 28

| ORI EE I, || FoR ml Bk, = R IE T A R 2 R BF: SN, PP Y R4 PR TR E LR, OP:
e &L, CL, Cropland; NR, Natural grassand; CK, Caragana korshinskii plantation; MS, Medicago sativa grassland. | and I represent
morphological identification method and high-throughput sequencing method, respectively. “—" indicates that the nematode genus was not found. BF,
Bacterial-feeding nematodes; PP, Plant parasites; FF, Fungal-feeding nematodes; OP, Omnivores-Predators.
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ot A B O 4 H Cropland (CL)
v BRI
P o~ . Natural grassland (NR)
o 6N O\ O AT
/ / i~ - f \\ / ! Caragana korshinskii plantation (CK)
S A AN = . /e wAT e
& [/ \bU Y\ Vo ~ //\\v\\ ‘| | / // Medicago sativa grassland (MS)
=) M \ q \ =) NG| /TN /
= Vae) U . ~ VoS BV /
) /) X 4 )N Y
£ / o/ N 2 WS
lo / S~ <7
\_”
" "
'-1.5 PC 1 (35.9%) 15 15 PC 1 (45.4%) 15

E2 TRAWURXRFEEHERTHRERETENERT . A BEFLEEE B SBENFE.
Fig. 2 Principal component analysis of soil nematode communities in the sampling sites under different vegetation types in the
mountainous region of southern Ningxia. A, Morphological identification method; B, High-throughput sequencing method.

= 4 [ Cropland (CL) A
= HARE R
Natural grassland (NR)
SR AT A
Caragana korshinskii
plantation (CK)
= HE AT
Medicago sativa
grassland (MS)

£ 7B 3225 8% Nematode trophic groups

0 20 40 60 80 100
Hi%T £ B Relative abundance (%)

E3 TrRWLRXAEER IR M b iRk h & E TR HKE
HENZE(CEME + FREIR). A: REFLEEXL B BEE
MEF%. BF: RAELH, FF: REELHR,; PP EMFE
%, OP: RIHRLZHA. FE/NEFERFEMEER
E&(P<0.05),

Fig. 3 Relative abundance (mean + SE) of soil nematode
trophic groups in the sampling sites under different vegetation
types in the mountainous region of southern Ningxia A,
Morphological identification method; B, High-throughput
sequencing method. BF, Bacteria-feeding nematodes; FF,
Funga-feeding nematodes;, PP, Plant parasites; OP,
Omnivores-Predators. Different lowercase letters indicate
significant difference at the 0.05 level.

P R B AR 2R, SEE N TEHEE,
H AR B B 5 b7 26 N AR b i 28 B VR R
A R 2 AR 2H A 2 e B R R 3 (1 2A)
TEAFME B R R AR, SRAE A S e k15
FEMELRTE, BEWLRIE, EYFELR
7, B ELHRI0E, HEES LR AE
E[1129.36%. 18.35%. 35.24%FH117.05% (#4). A

[F) AL A ik 52 T AR 4 OB V& 5 IR R S5 M AR AE 2
FR (KIBA) . B B AR A 2 AE 28 B AR G 22 1
TEAFIAE M SR T 0] 22 S 35 AN 22 (P > 0.05), H
Y0 B 2k HUAH X 2 R AR AR H 8 i K (35.5%),
T E g N LML A7 26 N AR 5 AR P R
(RIS 3 ek 3 TR AR A B AR 4R R, TEAR
- 398 vh HOM X 22 EE (24.5%) WU S5 2 I T e Ad R 3 (7
3A). StEMEr AR UM R, B FLR 2R e AR FH 1438
R RIAR R 22 (30.1%0) ¥ 3 = T At AR Hi(P < 0.05)
(3A). 2« Bl B 4k dL7E B RS R 3 (21.9%) Al
Fr % N LMK (26.3%) A X 2 2 3 T B fE A
T8 4(9.2%) AT A [ (9.9%) (P < 0.05) (KI3A).

222 SBRENF

TEARDAS R RE B 2R AR rp, SR il 7
TRILAI B 2k 428, 5 8440TU, £ 13444
H26%, REE TS EEERGERS, KD,
PearsonfH < 7 4 AR B, 7E P FIAS R 0 431 7 v
™, IS IE L R AT A PR A AR 2 R
I HATAT I AH K R (5R5)

LAY EESGRAN, sl aEll )y 4 R43
TohREL B Pk 52 by m P 2 e 3 o o RER R
Hi(16)%), HPLE 7 N L5 (28)8) Flr 4 N LAk
Hh (27 ) 2 U ECE 2 . A [RIRE i Y 2 LA 3
B R B AR (). R ET, SRR
(Tylencholaimellus). Sk Ji& - LR 5% J& (Acrobel oides)
FZEJE R LR g, BRI A T72.8%. X T 1 4
RS REM, %1 )& (Paratylenchus) 7 [ SR VK5 Bith | 47
N M E 15 N TR R et Ak g, H
AN 22 FE 43 5 61.5%. 39.9%F134.4% (#£4). HIR
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#=5 ESFEEENSBENFETHELREENZE
BIRER M S A

Table 5 Pearson correlation analysis between the relative
abundance of all nematode genera that were identified by both
morphological identification method and high-throughput
sequencing method

& dUm KR r P
Nematode genus Trophic group

3 J# Cephalobus BF 0.455 0.14
NN ZRJE Acrobeloides BF -0.007 0.98
24J& Ditylenchus PP 0.061 0.85
#7J]J& Tylenchus PP -0.168 0.60
12 )& Helicotylenchus PP -0.305 0.34
%E4KJ8 Pratylenchus PP -0.080 0.80
#LJiE )8 Rotylenchus PP -0.183 0.57
%E:ALJ& Tylenchorhynchus PP —0.062 0.85
%1 J8 Xiphinema PP 0.202 0.53
1% 7))@ Aphelenchoides FF -0.196 0.54
HigJ)JE Aphelenchus  FF 0.266 0.40
HIHJE Tylencholaimus FF -0.144 0.66
fLWAJE Aporcelaimellus OP 0.020 0.95
W7 48 Prodorylaimus OP 0.291 0.36
#LMH )& Discolaimus OP -0.292 0.36

A EFRERE(BF. PP, FFFIOP) % X W34, The meanings of
trophic groups (BF, PP, FF and OP) see Table 4.

R L S 7 TS =N I N S R NI N 7 NI
(Amplimerlinius) F1#¢ 2§ & J& (Criconemoides), #H %
2 53 5 N 11.0%F110.2%, 111 A7 4 N AR A K4
)& I A0 35 gk BE 145 JE (Campydora) Fl ¢ 2k dh &, A
X4 B3 N 14.4%H113.6%, 175 N LM 4R
B FEIE R, AHX 2 R 11.2% (4). ILAE,
SRASINEA, mnil a0 VR TEAS I A 2k R
JE (X 2 < 1%) 7 THI R P H BRI 34, 7E4
HHOR I 21 64N F AT S, TE R B VK SR B e A T )
12174 F A g, HoA il 4 R A 2 H &
/NTF0.1% (4).

FET R B2 RIS R, XS A R
AR VR AT E R T S AR, S — R
5 AN AR RS B AR 7l 945.4%H117.1% (R
1H1562.5%) (KI2B), Wsm T IEA =SB/ HME
o SR AR SRR M A - SR L O A A R 1
HRHARREER, MHRKEEEFF4NT
PR 26 HUER 4 BSOAR AE 3 mr, HS AR ) 22
WRE, XEHEFLLECEIE R4 RARL.

fe B B P 4 SRR B, A R S S A
Wk h6E, THEELHR6RE, MY kL R22E,

Bk igm, HAAX 2 E 55 814.02%.
12.63%. 62.39%#110.96% (#4). FHESAIN; 115
2R R S IR R S M B (KI3B). X TR
YR B 2R, HAST £ B R B R M
B TR E TR (A AR L < A& N
M < B9 AN TEH) (P < 0.05), Mty
HUN R IUAE S R, RIS B S T
TEYPF R 2 AR 2 B, (HPE AR B, A7
ZNTHH, B N TEH PRk R, 4
B A 2k U e A 2 N MRt b 8 2 i T A R
Hi(3B).

23 TIRZEHRESIEH

BT R4S 2 5 e R0 i 38 = P v 40 i 3
BTS2 REVERFAE, R I P RN 7 v B 5 i 2% i
HIE ZFEMEFRECA B8 2 5, TEA R B S ARE L
0] (AR Rt A BT AN IR (26) . T4 eV 45
R, £k b YK ShannonZ2 B 45 % (H') Al Pielou
BIS R E() B Nk S N DAkt > AR IKE &
o> R > EfE N TEHL, Simpsonflt 3 HE%(1)
T 22 B0 HH AR S e 35 (32 6), X 2R B 46 N AR HUAD
H AR E b B i T IR R 2R K
PAFEFR B (M) TEA [RIRE B SR AR Hh ) 22 e 2 355, T
Margalef=£ & FEFREU(SR) -« a7 A= 2k B E(PPI)
BLIT AR R 48 250 (W) R 2R HUIE B i ZU(NCR) I 75 Hb
A TG 2 3 25 57 (3%6) . SRIBEUTE AR W de i, AT SR
NIARHL . B ARYK S B A i N B AP R %
K(526). MIFIPPIFEELERT 2 N TARHAT 5 S/ VK
B AR, FLUCONETE N TR, iR AR H A
iK%, TIWITE L 2 AH SO %y, R RS g b )
RTAH, FERLRTE AR St (%6). AT A e
HiINCRIE$I4 K F0.5, X5t B AFPREHL ) -3 &
YRR R = T H AR, R & 75 3P A 4
WA e, FENCREE 203y T4k H (326)

EE RN T T SRR, TERTA A, ©
L MBEE IH I FREUOR T IR &S 5 e ik o
e, I B IKE G LR EENEEEBR
WA B A A BT R B (366), TAFREUA e, HAL
HE T A EEN TSR, HAE AR IRE S
i 1 (2.6) o« SRR BUTE M B P 52 338 R A A T -3
BESEE, HAEA T AN TR > EiEA
THEH > HRME S > K H(F6), £
W B T IR RAEEE . MIFBEIER
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*x6 WSLEZENSBEENFETTEULRTREER LR FB P TIRERETIEY

Table 6 Soil nematode ecological indexes in the sampling sites under different vegetation types in the mountainous region of

southern Ningxia determined by morphological identification and high-throughput sequencing methods

H' A J SR MI PPI WI NCR
FAsF L E % Morphological identification method
A<M Cropland (CL) 2.24 015 081 297 2.38° 243 2.90° 0.54%
E SR KE 5 Natural grassiand (NR) 2.48* 012° 086*  253° 3.10% 2.75% 0.98 0572
¥4 N T.¥Hs Caragana korshinskii plantation (CK) 2.68° 0.09°  0.90° 2.81° 3.07° 2.80° 1.33 0.66°
78 N T % H Medicago sativa grassiand (MS) 2.05° 019"  0.76° 2.20° 273 2517 153 0.69°
ZiEEMF High-throughput sequencing
4 H Cropland (CL) 154% 0288  060°  221° 2768 2000 458 049
A Bkl Natural grassand (NR) 0.95° 046° 030 367 371° 2290 008 067
¥4 N T.¥Hs Caragana korshinskii plantation (CK) 1.45° 0307 042 504 3,55 2.44° 0.31° 0.63°
7% A T Medicago sativa grassand (MS) 1.79° 024  056® 462* 339" 227  090° 034

FEF—MEIET, FBIARRNG R ORFE ) 2 5 8% (P < 0.05). H': ShannonZ #EPEFR AL A Simpsonfit 4 H8 4L I Pielouts) 2] Fa 4L
SR: Margalef 3= & JEFREG M1t SUAEIREG PPI: A FH AL mAREG W TU R RAES; NCR 48 iU R LU

Under the same method, different lowercase letters in the same column indicate significant difference at the 0.05 level. H', Shannon diversity index; 4,
Simpson dominance index; J', Pielou evenness index; SR, Margalef richness index; MI, Maturity index; PPI, Plant parasites index; WI, Wasilewska

index; NCR, Nematode channe ratio.

SRV AT 56 N MR b iy, FHLOONETTE A
T, TAEAR R R AR, 1 PPIR Kt 7R 3 e
PRI b B A A BT s (. 6) . WHB BRI AR 72
SR B MRy 2% N AR I v e s, TR AR H o
A, EAEFTAEERE RN T 1 (3R6).
NCRf& £ 7E H S8 Pk & R A A7 5% N LAk b T
AR IR T05, 17EE 1 A L5 I B AR F
/NT0.5, UL ERE N LS b U 2 R
TRYHR LR L, 2R W] RO E (AR X R A
N THEH AT Rg L A AR M s, X EREK
B PTR RI A R IFA— 2 (R6).

LW RAET EIRER RS, 2 LIEaEYMN
MEEM )y, HES 5 BNV G EEE RS,
X AR R G4 KRN D e R AT E A iR o A
PEAEH], AEVR AR 2 G 32 312 % VE (Yeates,
1979, 1981; Niles & Freckman, 1998; Bongers &
Ferris, 1999). & [E X} T 4 LL [\ 70 2 A5 e,
T 20t L Q0F AR A i SE T4k, HE AR 2
BT RS (85, 1999, 2 (55,
2002; FKAHZR4EE, 2010; AAA# 4%, 2019). 21tHILL
K, Gy T A A PR A A i B R B
e N FH - 2 HUREVR B AH ST 7T (Powers et al, 2009;
Kerfahi et al, 2016; EEf§55, 2019). T ZH AR

FEI DL RBUSE =550 m (G5, 2019), BT T
VI Z R ORI A L T S 220V N . 12
ARk, CAWARZ R R — A u
BT RN 2 TR AT 0 B (B 5, 2019;
FEMAETE, 2020). Tk, KT HA LRI
ELHIF F0 T 46 52 31 5E (Geisen et d, 2018; Griffiths
etal, 2018; Duet a, 2020; Gao et d, 2021), .
REEREY, WEFEE5mEENTFEES N+
B MBE TS A RBEA L, FIE BEEAR
[F] XIRFN A2 RGP T Z 5T, 3B Fi LR
ANF TR E S5 R ZE R, DME ARl 2R
FETE I 78 J7 V5 ST

AT 5 [ B R T 25 2 S 8 A s e == T
Pl 73, %o m 1L DX AR e S A A 382k it
FEVEIHT TXT b . WFFR S KR, R AR5
W7 iR AT ) T R L R R, (ELR 2, R
P RANGER, DL 2 RE MR AE S ThRE 48 50 SE 7 TH 25
A, HAEA R B SRR Hb [a] 22 {35
WA R ZE 5, XU R 2B 720 T
M 2% MBEVE AR, IRBAFREKE 77 T I
28 U IE e RS R S AR A R A Y
i (Geisen et al, 2018; Griffiths et al, 2018).
31 ETHASZEESEBENFEANLTIELZHR
ZELR

TELR R T TH, TR 55 8 IR R 58 o
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b 3 398 v 2 R 20 52 B, TEAFPRE Hh 2L )
B4 17,1685, T N59754/100 g Tt R
EE N A ERE . REUE AR
(Oliveira et al, 2004; Z=M5%%, 2019), £1JmFR T~ LAAH
X 2 FERAEA R )M B R e, o MEm 7 1
18 2 20 % B (V38 in B0/ (Vandeputte et al,
2017). BRI USR8 T4 A I a7 51 2%
H, Ae—E R BT AR 2 AR R (BT
A, 2017), (HIEARTF T, BT AL A2 (e 5
1 B5% 1) 7 71 Jei2 iR S, i H R R A A 2 L A )
RYRBN L B ph, Hes SR gL L2 E
BARAL, 3X 5 H T2k R R PEE NS e A K

X PR T IR A AT 45 50, FEAS TR R 8 AR
Hive, R ) A B R BT A1) 2R U AR A AR
AT AN, (EAT 2% N T ARORT AR 52 b o g 28
B AP A R0 = T E S AR . AT
T, ek 2 R e e 9 S YR R AR S 1
BB bR (2545, 2002; Neher, 2010). {EAHIFT
i, LR Z M S AN, SEMTHA S E
ARk A — B (3R2), X AT REAZ N TR H
SRV A i A A b N TR b e T NS R i
Hiy b A A A R b 2 R R R AR e (B R AR
2010; kRG4S, 2011), DAITG 2 2 o5 T N 11
(1) 0% U A B e T & (S 55, 2002; Wang et al,
2015), AL bRt TN FE Z R AT
JR(ERREESE, 2018). BhAh, B g A KR rh & A
SR ETFHEY R, FEIRAZHM. HkiEL, H
UL AT fE o 4 ) g 2k OB I K (B R A
2007).
32 ETHESFLEESSEENFENTEER
BB LA R FNLERILL A

— RN &, RSN ESE Y T EIB T &L

RIPREE B JRARCT, 2P E BYRKCR,

5 BLRE D O N (A), T e A ) A
F|OTUKF L2k HUBF i 20 pi, TR T e 8 2 (1L 5
F B BEBEE R . 5EA T RA(Geisen
et al, 2018), FATKI, EAFAEY Y75 IKF 1,
e 1 5 U B ARG B () 4R RO | T RS
USSR (EARRE L, SRADEAS ikt w
H 28 2403 H 18R 27, ifi el =l Pk % e 184
MNEHOTUH TG, £JET34H 26F142)8 . XTI fE
FE T R AL e ik, w2k dat AT o0 B B

IR 2 R oy 2k U R . B, A HRIETE H,
VRBLVEXAT BN A AT BRI 2k R U3 AN i, 11 7
R0V T 2 3 B0 7 2 P A F I A v e A
AR (Jenkins, 1964). [FIF, AEELIBIER, BE
T E R R A B R B — 4
H1(BENLIZEEL 52/ 10056 26 R 3T %58, FEIFRH
2k s R BUIR T 92 PR U (Geisen et &, 2018). 57
AFITVEAR, el g7V R 0 38R it b iy
0B B HEA 2R OB VR 1 SR DR 2k AT R ORI, A
T AE A 38 58 22 (1 2 de SR (1145, 2017). BEAh,
e 18 B VR AE S E A A R T TR R A R
WL RS . FAERE MR EpE S VRS
KRR REA I B 2 A ZedUg, HhE o
A & AR 2 B2 H 24K T0.1%.

SR, R e Y v R e A I B B 22 ) £
djg, (HRAEESF LS E W& duUs, Jf
ARG EEN PR R, flaE T
WA RPN E)E . EAEE (Cerviddlus). HRE)E
(Chiloplacus) . H. 3k ' J& (Eucephal obus) 1 /)N #1 )&
(Rhabditis), LA A 7% & -4 B 2k it H F 2 )&
(Eudorylaimus). #7126 J& (Microdorylaimus). £ A
J& (Paraxonchium) . % %5 i J& (Thonus) . %% WX J&
(Discolaimium) fllParavulvus) 28 f . 1X S 8% T
TEAS 22 S E vk, el 2 I VR A H P 4 B 2
R Bl 4 R B S5 AN 2 B A T T B .
FHRCHE, v e B I v SR 75 A8 ) 77 A 26 1228,
FHXT 2 FE962.39%, I 2 iy TR AS 22 07 VA I o 45
R(T&E, 35.24%). XLEHF A RAERW, MFh A7
VEAERT AN [F) 75 FR R 2 RUB I rT e B AR &
NP IE SR IXDNA BT LI 2K T IR & %
SEVE, WP i R it ] REAE AE 2 ERDNA SR U 58 42
FIPCRY 18 fi [ 14 55 [K 3%, 5 BOH G40 42 L 2R3
Fa I % i (von Wintzingerode et al, 1997; Darby et
al, 2013; Geisen et a, 2018). ILAh, AW AR,
HSR AR VR & H A B S B >, PITINAS I 2
T AFE P BE 23 52 B 38 7 o PR ) sR 2L RE R . DRI,
AR T i b Z3E A S S 4, DA il g
g RGeS . RN, AT EFE M
e E I T R T, A B TR R B 2 ) AR
KHE, HONAETR I UPAL LA 2 R

TEANFIRE AL SRR i (], 338 2 s ¥ 1) 4 Ak
Mg R A BB TR, IR AE AP OT VI 2 A 45 S
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A FTRIL. PCA T4 RAgH, TR A7
%, ERH LS RS R, s
T AL RO SR A7 AE W R 22 5 o MR 81 A0 40 0 S
g A U VA R B AN B TR R R 4 TR 4
RN T AL H . G AR, 28 HEE 1S R
RPFLE MR A B3 U, b Bk (B g
2, Fr LA H) LB R AIG, T A AT AR 2
ECATI R MR P2 T e o BRI (A B A R B LR 2R
H) AR A AL AR, X ARV 28 S AR 3
7 AIF 52 (Sohlenius & Sohlenius, 1980; 5K % ¥ 45 |
2018; HkfEPHSE, 2020). FEMPK S ERE T MR A
KA PR 2 PRI RN, 3 8 IE T AR R TR )
HEMTERE L, YA L Rt 7N
7 Z AL B PR IR (BRI S, 2020), (A
HBE— DR T A g e 2 A AR SR S R (R
25 2018), ff HIEEYIMEM TN R, 5 RS
e, FMEREMMNE RN EetHE
5 th He 5 A5 b T (Kardol et al, 2005). #fh o4
J7VESSAT BT 26 N AR A e o £ 28 AR T
Z R, IXRINZMEIKE J7 0T a4
MR R, RS RS ATE B (Kardol et al,
2005)

EAER R, RS S E A a2
JF 0} 2 B BE VRS R 1 40 B 45 R — e A AL 2
Ak, ABAN [ () 43 B 73T R ) 2 OBV 1R AR A
KL RAHEREESR. EEKF L, BRI 7iE
R R 7 154N LA 2k g, (HTEF R v 2 )X
JE AT 22 55 A R I H AT AR 1) 42 3 AH OGO R (3R5)
FE PR K S FE b, AR 34 2 J& Bl 7 AT 7 v
IR R A T A, b il & 5% N A A
AV T8 B LA B IR o U L A (R 2 R
34.4%61.5%), (HTETEAS 5wk N ZE FE A AR
WE] Hesb, S w7 B A 4 e R R A 2
B2 P TR LR, R AR K S
FEh . X SesE Ry B, sl s VAR R R
1 B % A 31 50 D = AN 2R IR A B AR 2
HORHE, P EOX LA R ) 7Y AR 2R B A A
FH 35 KR EE S I, T X A AR AR TS 4 8
ETFHARE . WL R g —REENH N E
B, EATTDRHEA I B RE % ORI A KOTR L
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