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Abstract: [ Objective JVegetation restoration is one of the most effective approaches to improve the ecological environment
of the dry-hot valley of the Jinsha River, Yunnan Province. Exploring the changes in composition and structure of soil
nematode communities under artificial and natural vegetation restoration can provide a theoretical basis for the reasonable
management of the forest ecosystem in this region. [Method] In dry-hot valley of the Jinsha River, Leucaena leucocephala
plantation and natural shrub-grass with Phyllanthus emblica and mixed Terminalia franchetii + Pistacia weinmannifolia were
selected at low (1 150 — 1 200 m), middle (1 350 — 1 400 m) and high (1 550 — 1 600 m) altitudes. The effects of the
vegetation restoration approach under different altitudes on the functional structure of nematode communities were analyzed
by using ecological indices, c-p life history, and nutritional structure indices. [Result] 1) A total of 17 genera of bacterivores
were captured, accounting for 37.3% of the total number, and omnivores-predators belonging to 21 genera, accounted for
53.2%. Also, Aporcelaimus, Acrobeles, and Microdorylaimus were the dominant genera. 2) Nematode trophic taxa were
dominated by omnivores-predators and bacterivores, while plant-parasites and fungivores had relatively low proportions.
However, the taxa were biased towards K-strategies. 3) The responses of nematode abundance, trophic taxa, and life history
strategies to vegetation restoration varied across different altitudes. As the altitude increased, the diversity and stability of the
nematode community under T. franchetii + P. weinmannifolia mixed shrub-grass increased gradually, while that under P.
emblica shrub-grass showed the opposite trend. However, the L. leucocephala plantation showed the lowest V" pattern with
the middle altitude. Meanwhile, L. leucocephala plantation at the low altitude increased the metabolic footprints of
bacterivores and omnivores-predators, implying that the food web was relatively complex and stable. 4) Soil nitrate nitrogen,
available phosphorus, and moisture were the main driving factors of nematode community changes in artificial and natural
vegetation restoration. [ Conclusion] We recommend taking L. leucocephala as the main plantation at the low altitude area
in the process of vegetation restoration and actively protect the pure and mixed natural shrub-grass at the middle and high
altitudes to promote the ecological restoration of degraded soil in the dry-hot valley of the Jinsha River.

Key words: Nematode community; Dry-hot valley; Vegetation restoration; Altitude gradient; Natural shrub-grass

GV TR 22 3 7 e 20 ) AR S PR ISR 5 X, 12 X DRI AR o P e A, BB R b T 2 AR T 1 T
LA milR. OWHERRW TS, FN, BTFHAAERETS. LERE, JEEREAZRIEs)
(5RZN T HE LA B L BRI B R SRR, SRR AUK Lk im0 T, K HL RS
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N TAFRAR PR — B DR ZB AR RGEE K LRGSR E N EERGED . TR
AW R S AR FI S . PR IR B DL S B3 R A B 25 I AAAE 2 5, BT DA 3 i A
LIRS A B R R B I, BRI S AT N TR Re A ok BRI A SR
BFEAEAE K ERFEAA Y Z R 256l 4R, AR 70 R LA B B AN TR At
35 BRSO (LA E BB T A AR . X SR BN TR [ AR U 2 T
BBy % IR A RGN FI A ZFEVE . FE T HX,  HRHE S5 AR AU Ji 2 3% 36 0 5 () A
Fhok st - B S5 CIESE RN A R, IH A XK (Leucaena leucocephala) .« KMAHE (Acacia
auriculiformis) A3 HI (Dodonaea viscosa) & & 1F A K IEIL T3 i Je B ARl 51, R ARAE 4tk & I
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DARE A E SN B ARTE S (BN LA MO RO, TSR gl K 8 i, 54 B3 S T 0 25
T TEVR G50 TSR SRR B AR RRRRAE, FLIX AR A7 AE — 52 B P sk wi 71, 3 AR 50 R B0,
T FRTAT A R 2 B Y T v AR A8 B B A ) N AR R SR RO Ik Y8, T H8 S A ) B V% 22 R A DA
Ko A 3EFLBRIE . 3700 & B RN BEE 1 25 3 iR IR 16T,

2k e R AR RETE B E B R Sy, R ER B2 S NIEERFEE R A, 4 SR E
SHCE A0, VRNV LIRS RGUEROIRUL. A8 RGHEE RIS T e~ A,
LR BEVR AR B IR M AESTR A B TR B R N AES R A SRR, g
FLRE, N TFIR IR VK S Tk R 20t - 8 2 OB AN ) 7 A 2 e A, L AR T /K A 2% A
T AE KA AR TR R, i, BRI R S 2R Ao B T Fr 2 N RS, (HE R
TR LG, A RARIEEE N TR 5 0N T 28 R B CE A 2 REERS, Bk S,
132 HU ) 2 R RN P R R A W R AR PR B K T B . (R, 26 A n] DO I R - TR R .
AR BRI A D BETE R 3 IR A IR0 B AR b (0 AR A PR AR, W AERFI X IR R E, T i
XAESRGHA BRI BT, X EZH R TS RAR K K 0 9% oG etk 12 18 R
SXof - AT 7 b XA R AR P R A S s AT T T i A 2 ), (B E TSR T XN AR AR AR 4
P ST RN R 2R ORI (1) R S LB AT 1) i AN B, DU R 5 T A [RGB At 9 i LR

AT LS VTR A R PR A XN TAR. &RHF (Phyllanthus emblica) KA #E#
UL EGER A (Pistacia  weinmannifolia) + JEM{~ (Terminalia franchetii) & KR EE T MONATFT
NP5, BRFCN TR SRAE WY P A 85 it o) S [ v P 38 2k s BV 465 Mg 1R B2 i B e 2 IR IR 7, FFLE
WA RIKE R, BIENZIXIE LA S R E DLABEYE 0 AT 28 B S R

1 M ETTA

1.1 MR

WX AL T 2 B S VDTL T HI 258 o AR A B (25°23'—26°06' N, 101°35—102°06'E) , 2
IR P2 B AR X Z DO R AT TG, DR IR 2, TR,
BISRN22 °C, FFFKES42 mm, F¥ZE R E3 911 mm, 4 H AT #2670 h, SAERBEE
M B JEUEOAAE L. R DU A oA, REAEOLAKRE L. ZIX AR R IR
VERENBE, Hh RSN N A& H T M. 5T (Dodonaea viscosa) « #E7E /N A (Osteomeles
schwerinae) F1# i (Diospyros dumetorum) ; fLFHEANFAE S (Heteropogon contortus) . M4
% (Eulaliopsis binate) . FL#i% (Bothriochloa pertusa) A% (Cymbopogon goeringii) - A il
W FEEHAR A KA B AR (Eucalyptus) o THGAI A X EEHRER N THE, BT H
FIEARPOEAE FRRFE, B AR A VORI AW R N RIREE VR, T EUR A M i Ak DL A s
SERLME PR,
1.2 KGR ESHMARE

HFZ XA (1150~1200m) .« 1 (1350~1400m) . # (1550 ~1600m) 34NHEHA
FERPTRG RN AR (L, 10 4 - RETRBEREN (P PLLIEEARHERA RS RIRHER N
(TP) N7 % . FEAMREPERI B ES AN AN 20 m <20 migke, fEREASFREM A oA DY £ 45
AVLES N2 m <2 miR) L 3RE iR AL FERE DT BB B3 FE SR SE 0 ~ 20 emif) L3 FE i, i
JE RS FETT N ALTEISA U EHER S N — e R, EBRARR. SRR SRS, Tomw 2 i IR AT
Fr gy [ Se a0 %, SLRIFREUEERE AT A R A B, JARAE AT LIRS S E . AR, 7ES
ANFETT AT AR S BRBEE AL A AR R AR R = S I E
13 &M BMEE
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3k HUR R UR 2 (Baermann) i A B ANREMERING0 g BF, 4 BSRILk U4 %
PAE R RIS R BE I T, RS E R N O N100 g L 2R U B . AR S BEATLEY
1004, ZIEOCER[20]7E L Bies N T IS S RS 2R, WRFE S P& EA 21005, T
T AT ST o MR 26 U SRR T AR AL A B PN RN 50 oA FE; 725 . 2l R 48 1 (Bacterivores,
Ba) . B B H (Fungivores, Fu) . %)% 42k U (Plant-parasites, Pp) ¥ /2% &2k
(Omnivores-predators, Op) , FEHRHEZE AN [F] @ (19 AL 3 S0 SR BE I T AH L c-pfE (1-5) o[RS, R
P 2 AR B G S B = (0 LeAg), K F o AR R (<1%)- i IL2EEE (1%~10%) AL 258 (>10%) .
1.4 ZHZHEMEESEEERITE
ZREMEFE E 35 Shannon 2 AL 145 % (Shannon-Wiener index, H) . 35)2] B35 % (Evenness index,
I\ A% (Dominance index, 1) K& & FEFa % (Richness index, R), U1 :
H =->Pi xInP;
J =H/InS
A= ZPiZ
R= (S5-1) /InN
b, SHEELBMEL, N AEEMLBEE, PONE i NMedk i b S8t .

AT RETE BB 4R SR A E FE 3 (Maturity index, MMID . A4 25 A4 2k di B #5 % (Plant
parasites index, PPI). £5##8%1 (Structure index, S« &8 %0 (Enrichment index, ED. FLE SR K44
# (Wasilewska index, W) £& HUif % LE{H (Nematode channel ratio, NCR) % 2k d A5 2 72F (Nematode
metabolic footprint, NMF), 51

MMI =Y (v;xfi+ vi xf7)
PPI = Yvi xf5
SI =100 x[s/ (s+hb) ]
El =100 x[e/ (e+h) ]
WI = (B+F) /P
NCR =B/ (B+F)
NMF = Y {N{0.1 (W¢/mp) +0.273 (WP27™) 1}
A, ViR IR A i R o-p M, i RN B HARVEER B | SRR TR MR T 4y
b, 5 3RNME) 25 A 4R U | BN 5 R S MRS E b by e R s X R B 23 Y Koo
Ykene Y ksns, FHH ko ke A1 ks 8% SAF FOG LR INACEL (HAEAE 0.8-5.0 Z[A]), 1M Np~ ne A ns I
NG RBERFX Z . B F Al BN E RRAREE, P AEYE AL dE. No2fEdt
ANEP MRS, WA me 23R AN E RN ZE AN c-p E. BRI T I R 52 B4 B o A
Ferris 7371 7T http://Nemaplex.ucdavis.edu 41 H (£ th A9 &
1.5 TIEIBHIRFRNE

TS KE (SMC) KAMETENE . pH KH pH i1 (FE28-Standard, Mettler-Toledo, H[E)
Mg KL 25:1). 4 (TC) F4AZ (TND KHJtER A HrX (Vario MAX CN, Elementar, &
ED ME. 2 (TP) & HCIOs-HF JEfi)5, fHH ICP-AES (iCAP6300, Thermo Fisher Scientific,
FED M. AR (NHS-N) FIREASZE (NO3-ND £ 1 mol L2 KCI 248 J5 FlESLR 310 Hi4X (Auto
Analyzer 3, SEAL Analytical GmbH, fE[E) i . 3% (Available phosphorus, AP) £ 0.03 mol L
NH4F-0.025 mol L™ HCI 25U, A F IS 20 43 A A E .«

1.6 Geit ot

K FHIBM SPSS 20.0. Origin 2018L) & Canoco for Windows 5#1F 34T 54 A FE 5 40 #r o i i #4 [A]
R EMT (ANOVA) ML ELE (LSDE, P < 0.05) XTLRML . EIRBH AL ERES
REFRBEE = Rt AT B M. A 35543 Hmi2: (Principal component analysis, PCA) 5 AN [H] Pk &
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R 22 B VR BT HER . SR TUA& 2T (Redundancy analysis, RDA) itk d il 34 @ 5 i3k
BRFMX R HHPearsonfl M E AT A S AR M RFAE . 3B A0 14 ot 5 28 e 2 FEPE AT Dh e 4B 20 A
Ktk EIRFHAE NP E AR

2 45 B

2.1 TIREHFEREF LREEHFHE

AFFEPERAP 52100 g F HAT B RBEAAEZER (FD o ERRERIXE, BriEa %
ANTHR (L) BAfRE ML RFE, Arik50 ind 100 g+, MEMCHEEARREG RAREFENL (TP
2 F R AICN10 ind 100 gt o AR S ik X, = FME R R SRR B TE W B2 . LA,
LR e = BEEARIE HR M [X 2 2 w3 T gk, I TPAIR H T RSRERE N (P 4R e 3 B 35 TR PR b
JEZE T

E: TP, WEEARHEMARAGRREFEN: P, RETRABERN; L, BFRERAN T AT T RS
Rl RSR[5 B2, AFR/NG FREROR F— R A Rk 2 W 2R B2, KRR %
FAEZE. TFE. Note: Different capital letters indicate significant differences among different vegetation types within the
same altitude. Different small letters indicate significant differences among different altitudes within the same vegetation type.
No letter marking indicates no significant difference. The same below.

K1 AFERAERE N L th =
Fig. 1 Abundance of soil nematodes under different vegetation types

FEGHA IR AL R (Ba) 17108, HE 5 82037.3%; SHEELR (Fu 441MNE, HE b
EH2.5%; PR ALH (Pp) T E, BoE b EENT.0%: MEAAELER (Op) 21408, HE
R HU53.2% (&12) o ANRIEEROES RE T 2 AR A ) 34 tUE IR AR DL Al B N (2R B 46
JUATE, SREAED AL R G D . R REA DO, LA B 4 b 2 dL bL ) 835 i T TPAIP,
Bt i 2 RES . AR, LA 2% fr gk s be B E edk T mosgin, £ 28 e 2 H )
AH LD o
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VE: Ba, 4N 4 H; Fu, S ELE 2R B Pp, M a7 AE 28 s Op, /1 /4% £ 2k B . Note: Ba, Bacterivores; Fu, Fungivores;

Pp, Plant-parasites; Op, Omnivores-predators.
K2 AEREARR N a2k th 58 R I EL A5
Fig. 2 Proportion of nematode trophic taxa under different vegetation types

ANRIHGARBE FE T 3% M R R AR 1) L3 2 s AR 0 s LU R A T W3R A (BI3) o =P R AL I 2k
oA S IR A R Phep-2 (14.0%~66.7%) Flcp-4 (11.6%~61.9%) BEE N . AEIREFIKIXIE, &
TR ST AR 5 2 1 5 LU AL 7RI ARPARIL I cp-4 &7 b BT, TPIficp-2/5 B b 7ts 1 s 4k P LA
cp-5AF, LWELep-2hE.

K3 A[FFEAR SRR N a2k s A3 SRR
Fig. 3 Characteristics of nematode life history under different vegetation types
22 HIREBBRERGIWER
AN R AR 2 MRl S B A 0 L 398 2t R v AL e ) =2 T e 2 5m (&14) o PCAZM TR I,
AR IX TP SPALAAAE N B2 5, HEEE R T2 RN, JRERESoE AL, 1Ak, P
(2 SRRV A AP AE W B R 2 3 . TP S P it i) 22 5 35 LI R IR S v )
EIRFEZES . EPCLUMPC2Hh L, Fomin2k sy 4L e sl #) (1) 5 22 g B g d BT M A2t .
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4 ANFRARA N Rk R HE P
Fig. 4 PCA on nematode community among different vegetation types
2.3 HIRERBE SN RIS REHFE

ZREERRE (H) FIEEERE (R WEEN, FRESKRGAAFESHNALE. E1K
WX, PRILMZAEMMEEEREEE S TTP (KD o MEFRI &, TPRIZAEMEEE
TRBOZWHE N, EPWAH R . (REFHRILEA BN Z M S i, HRE s T ik

BSREARE (1) HRFIRE R ZREVERAE, SIS RTINS, FoR & MR R 73 A7 A
X5 o FEARHIEER X I,  PAILIZ B 0 A U 50, B SR K TP I S B B 35 ST 70 A
RAFZIEH (2D FRRIR LR R G 5 — WMo T J A A i A =F B2 sl AR A fr i F8 bR, HUAE
N IRIZIX IR N R U Ay 5, XSS FEARECR I — 2. AR O, LRI BRI
F BRI S FEARE, AL AR X, BRI IL B LR B0 B AR I 21 L6 4, AT REE A %
XIS E R E .

FAAERRE (MMILL PPD TR0 ~ 4, SAERREOR, WY& L JUS 1R8N, &
A b e U (i BOIR R, BTS2 TARBR BB/, B BBV SRR E o« AEANRIIR X, LR E L
AJEIRHYBART TPAIP, JUHZmiEik, HAettEZz. FN, Mt imlisEms,, A
R 1 B L IR AR ) B A 2 R BB SR B R iR XA, TP 75 A 4 Ui
JEFRBUE R = TPRIL, BB KT KiK.

LR HUEIETREEL (NCR) >0.5, FLHHRETRIBE (WD >1, R ZH 2AMERIPRE, HEE
B A ARSI . AR iR X, BRI Bk % E, RPNHZIX 3L
KRR AUEHEAIONT, gt T EHEaRAERLRS .

R AEMEW SR TR R DML SRR
Table 1 Diversity and ecological function indices of nematodes under different vegetation types
ik &zt Z ¥4 % Diversity index A ThRke % Ecological function index
IR Altitude  Vegetation

H R J A MMI PPI NCR Wi
type
AR TP 0.9740.34B 1.58#0.45B 0.65#0.20 0.4230.14A  3.6720.20 0.3320.25b 0.3520.21Bb 1.00+40.77
Low altitude P 1.7930.13A 2.5020.22A  0.9520.01 0.1920.02B  3.73#0.11  0.23#0.13 0.87#0.08A 0.4740.29

L 1.8840.09Aa 2.5930.25Aa 0.8940.03 0.1840.02Bb 3.21#0.17a 0.19240.08 1.0020.00A 2.80+1.31

R TP 1.0940.23 1543030 0.8820.05  0.4140.08  3.4940.28 0.00#0.00b 1.00#0.00a 0.0020.00
Middle altitude P 1.6640.25 2214046  0.9840.01  0.23#0.06  3.6540.19 0.42+40.13 0.8040.20 1.1040.74
L 1.0040.20b 1.3140.26b  0.9140.03 0.43#0.05a 3.3740.12a 0.7340.49  0.9340.06 0.5340.27
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R TP 1504025 2513037 0932003 0.2620.05 3574022 15840.62Aa 0.9720.02a 1.8+1.56
High altitude P 1.2140.38 1764059  0.6840.19  0.2420.10  3.1040.79 0.1940.11B 0.6040.18  1.400.87
L 1.4740.38ab 1.9840.52ab 0.7140.18  0.1620.04b 2.0440.51b 0.2040.12B 0.7740.19  1.6020.99

E: FSARKS F RN AR R 2 2R 82, ARG FRERORFE — PR A Rk 2 W 2 57 8.3 . Note:
Different capital letters indicate significant differences among different vegetation types within the same altitude. Different small letters indicate
significant differences among different altitudes within the same vegetation type.

2.4 HIREHRX RN B I

e R ARER H T RE K 0 (K 5 R AT LA M 2k R R B S T 0RE LA LR A (R B DL . ATIIRE
X 2T E R, BYMATEE: BOIREX LA T, L@ RiF, BYIMEEE;
CIIBEX 2 A2 T IR AR 55, (R BWMEBONRE; DIIREX LR TLZ, FRohidh, 2l
HEVE S22 hiE, FEEVIPERL. ANRMEEREPERRML RX RN TCRIR (K5 , RYIZTI
FEIEAG, TIREMMNESHEONE, Hlk KPR TB. CRIRAH, M THARXE, +3#
B NREE -

Bl 5 S [F) R4 28R 1 g 2k e fr N 25 e A
Fig. 5 Enrichment diagram of nematode food web structure under different vegetation types
FAER R DU A B A AN & A 2 (6D o EIRHEER X, LA B w2
AU 78 5535 = T-PAITP, 7 A MR X 4, PR A 40 B A /2% A 2k B AR e 4 56 25 s L. BbAh,
TP A /A% £ 2 SR A2 320 52 T VA A I iy AR, 7 200 o 2k HRAROAS RS T R I AR S . PR i
SRR B/ A 2 SR R T8 5 25 v T v o RV A ) LA /2% B 4 M £ 2 oy 2 A R T e v
73 HIN8.6 ug-100 g1 H116.0 png-100 g*, H B2 5 T k.
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Kl 6 AR RS TR I SV 2 i
Fig. 6 Metabolic footprints of nematode under different vegetation types

2.5 L BESEMMTIBEFMIEXXR
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Fig. 7 RDA of soil nematode communities and soil and plant characteristics
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Fig. 8 Correlation between ecological indices of soil nematode and soil and plant characteristics
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