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Soil nematode community response to warming in alpine meadows of northern Tibet
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2.Institute of Plant Nutrition and Resources, Beijing Agricultural Forestry Academy. Beijing 100097)

Abstract: To understand the effect of warming on soil nematode communities in alpine meadows, soil nematode
communities were compared in short-term and long-term warming by OTC (open top chamber) simulation in
northern Tibet. The results showed that the community composition of soil nematodes was changed and the a-
bundance of Ditylenchus and Acrobeles were increased by short-term and long-term warming. The abundance of
fungivores (Fu) was increased significantly by long-term warming; however, the abundance of bacterivores
(Ba), plant-parasites (Pp), predators/omnivores (Om), and cpl —5 groups was not significantly different a-
mong the treatments studied. The diversity and evenness of soil nematodes were reduced by both short-term
and long-term warming. The diversity of soil nematodes in 2015 was significantly reduced in the short-term
warming treatment. As compared with the control, the number of soil nematodes in the short-term and long-
term treatments was significantly decreased in 2015 and 2016. The values were decreased by 34.45% and

32.09% in 2015 and 25.34% and 22.66% in 2016, respectively. The effect of warming on MI, NCR, PPI, and
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WI index were not significant in the study treatments, and WI > 1, NCR > 0.5, showed that warming had a
little effect on the health of alpine meadows. Moreover, the decomposition of organic matter depended mainly
on Fu and Ba in this study. The correlations among environmental factors and the number soil nematodes were
analyzed by redundancy analysis. The results showed that the total plant cover, Cyperaceae cover, soil temper-
ature and moisture, and number of bacteria and fungi were important factors affecting the number of total nem-
atodes, Ba, Fu, Pp, and Om. Therefore, certain changes in nematode community structure and composition

have taken place due to the plants, soil, physical, and chemical properties, and the number of microbes were

changed by raising temperature in alpine meadows.

Key words: soil nematodes; community structure; warming; alpine meadow
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J& LW Kb A b 2 53 25 15 5] - e 4k 940 & 44 )R
Hrbagmah 18|, B EWL N 7 8. MEtdh
14 J&@ Al — 2B 10 J8 (R 1. A AL BRREH
OB A I, AR SR 29.7 06 ~
42.1%;; R Z AW % B L L AR BB
28. 1% ~42.1% s FRIR . 28 B /4 B 2R e e, i IR BB
M 14.9% ~20.6 % , B H AL U B AR (BR LW &b
B, AR BB 12.1% ~23.6%, 2015 4 LW 4k

http://cykx.lzu.edu.cn



56 1

FAAEE A5 B i R ) b ML o R A A X R A

1531

HEHRERL R ERT SW A (P<<0.05) (K 2),
M 2015 4F LW b B2 2 & T CK(P<20.05).

R A T R ST R T 2 ) A —
Bz, FEJT A AL BRAE M, R AL B (Tylenchorhyn-
chus) /T JE (Mesorhabditis) M2 R AK & (Praty-
lenchoides) ¥ P& , M JF & (Labronema) iy CK
FEHL L3 E W T &/ (Ditylenchus) H SW I LW
R4 1 D8 3508 Sk 1 I8 (Cephalobus) Sy LW # i 1) ££
#IE . I R JE (Acrobeloides) %5 % WE , B3k &
(Eucephalobus) WA & b M JE B 00 85 % LA F(FF
D . /MFJE (Rhabditida) j& CK FEHUFFAT & , 10 5 @
(Acrobeles) & LW Il SW FEHUFr A J& . 4 i AL B35
AR EWUE e FE R 2 I RE R RE AL (I 3) . TEAR
FHIETA 2 i, ep2 AR FE B e R HkOE cpd
AR R B, PR ep3 MR FINE B epl 198 I

100 gtk th 25 s

D epb A IREER D
2.3 BRIRAF 1SR du R AR By RS

KR M RETE R B (H ) (X A7 B 38 5 (D) Sk
M BB ZREE . ZREERE(H D) R CK>
LW>>SW , {HAb B 5] 22 55 48 8 3% (P =>0.05) ; ¥ 5] 45
B} 15 H RABE—F(HZ 2015 4F SW L3 2%
fiEF CK(P<0.05) , & B Ji 109 38 3R A BB AIR T 26 5=
JE G A1 38 5 FOHE V& 45 0 A M 0 2 S I 1 iR Ak 3
(&2,

B H AR R B B ML $8 8, 48 R B HE
NCR 540 AW 27 A= 42 g PPT 48 45, B0 2R 3
F WI 8505 35 A W) b B+ 1 2k dURE V% T Al 25 M 3 1iF
(£ 2), AFALFEE LA ML, PPI 488025 % KB B, %
RS v i R A N B R - K o N ' S
FEAT Ab FRAE A W > 1, R fh ik 12 2 2 %

a
2
T¢6OO- T 2016
.i§ b
2= i
25 E T
§§4oo— T
o O
"8(/}
E5
5 o0 200 F
Z8
O 1 1 ]
CK SW LW

3435 4b P2 Warming treatment

1 BELETSEEARRAMEIBEERNTE

a
7
— 600 | 1 2015
SRS
- b T
H 5 £ 400 £
T o3
EEE
HEE
25 w200
S8
0
CK SW Lw
3435 4b P2 Warming treatment

Fig. 1

The density of soil nematode trophic groups under warming experimental treatments in the alpine meadows
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Different lowercase letters for the same parameter indicate significant differences among different treatments at the 0.05 level. CK, SW and LW in-

dicate control, short-term and long-term warming, respectively; similarly for the following tables and figures.
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Fig. 2 The relative abundance of soil nematode trophic groups under warming experimental treatments in the alpine meadows
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Table 1 Compositions of nematode community and trophic groups and c-p values under

warming experimental treatments in the alpine meadows

#
g

HIREM 2015 2016
J& Genus cp

Trophic group CK SW LW CK SW LW
U 58 /8 Acrobeloides Ba 2 ++ ++ ++ ++ ++ ++
K8 Cephalobus Ba 2 ++ ++ +++ ++ ++ ++
i 2 & Acrobeles Ba 2 + ++ + ++
FEFA & B Cervidellus Ba 2 ++ ++ ++ ++ ++ ++
/N8 Rhabditis Ba 1 + ++
FUNT & Mesorhabditis Ba 1 + A+ + A+ + A+ ++ +++ ++
H 3L M8 Eucephalobus Ba 2 + . +
Acrolobus Ba 2 ++ ++ ++ ++ ++ ++
T )& Alaimus Ba 4 ++ ++ ++ ++ ++ ++
LELkIR Plectus Ba 2 + + ++ + ++
JB L84k B Bastiania Ba 3 + + ++
¥ J& Monhystera Ba 2 + + +
KB Prismatolaimus Ba 3 + + ++ + + +
BR TR Wilsonema Ba 2 +
PLEEL R Anaplectus Ba 2 ++ ++ ++ ++ ++ ++
JEAT IR Protorhabditis Ba 1 + + +
FFUH J& Rhabdolaimus Ba 3 4 + +
B B Hemicycliophora Pp 3 + ++ + ++ ++ ++
Yi4% /KB Nagelus Pp 2 ++ + + + +
& I& Paratylenchus Pp 2 + ++ + et + +
HIVE Tylenchus Pp 2 ++ + ++ ++ + ++
2B I Filenchus Pp 2 ++ ++ ++ 4+ 4 .
N5 JE Boleodorus Pp 2 + 4+ ++ +
JEACIR Tylenchorhynchus Pp 3 +++  +++ A +4++ +++ A F
WP AN T)IE Aglenchus Pp 2 + ++ ++
BRJiEJs Helicotylenchus Pp 3 ++ ++ + ++ ++ ++
AR JE Pratylenchus Pp 3 + + ++
S IIJE Malenchus Pp 2 ++ + ++
W& Criconema Pp 3 ++ ++ +
€8/ Rotylenchus Pp 3 +
KRR Pratylenchoides Pp 3 +++  +++ 44+ ++ +++ 4+
NFLWEJE A porcelaimellus Om 5 ++ ++ ++ ++ ++ T
FWJE Discolaimus Om 5 +
=ALI8 Tripyla Om 3 + +
W P 2B Mesodorylaimus Om 5 ++ ++ + ++ ++
KRFJ& Enchodelus Om 4 + + +
K58 Longidorus Om 5 + +
HEE Labronema Om 4 ++ ++ ++ +++ ++ ++
Allodorylaimus Om 4 ++ + 4 +4+ ++ ++ +
Dorylaimellus Om 5 + + + + + + 4+
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. 2015 2016
J& Genus cp

Trophic group CK SW LW CK SW LW
¥4k J& Mononchus Om 4 + + + + +
458 Axonchium Om 4 + ++ + T+ L 4+
W 71)E Aphelenchoides Fu 2 + + + + + 4+
I8 JI 8 Paraphelenchus Fu 2 + + 4
IR JE Tylencholaimus Fu 4 ++ +++  +++ +++ +++
¥ L8 Dorylaimoides Fu 4 ++ ++ ++ + ++ ++
MK/ Leptonchus Fu 4 + + ++ ++ + 4
K 18 Aphelenchus Fu 2 + +4 +4 T
W T )@ Ditylenchus Fu 2 ++ ++ ++ ++ + 4+ +++

cp5 [ cp4 Edepd [ cp2  HEM cpl

2015 2016
100 M R = 1007 ey g ===
X S
g st g sor
g i 3 7l
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E < 50r Ieee g 2 Ol
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3 BELETSEERLIELRINGEERMEFEE (cp)
Fig. 3 The abundance of soil nematode functional groups (cp) under warming condition in the alpine meadows
cpl.errcp5 Fn T colonizer-persister 43 B 5 28 BUISRE
cpl,++-cp5 indicate 5 groups divided by colonizer-persister.
®2 HBELETSEEATHELRESEY

Table 2 Nematode ecological indices under experimental treatments in the alpine meadow

5% 2015 2016
Index CK SW LW CK SW LW
H’ 3.1240.07a 2.99+0.02a 3.00+0.04a 3.1740.02a 3.13+0.03a 3.15+0.02a
] 0.9240.01a 0.8940.01b 0.9140.01ab 0.93+0.01a 0.92+0.01a 0.94+0.01a
MI 2.03+0.08a 2.07+0.08a 1.9940.14a 2.084+0.07a 2.05+0.12a 2.08=+ 0.09a
PPI 0.86-£0.06a 0.82+0.06a 0.74+0.08a 0.75+0.02a 0.86--0.06a 0.740.08a
NCR 0.7740.02a 0.6740.02a 0.65+0.03a 0.71=+ 0.02a 0.67+0.05a 0.64+0.12a
W1 1.764+0.16a 1.7740.30a 2.14+0.43a 1.8340.10a 1.554+0.15a 1.8940.22a

4T AR /NG 78 3R 7% R [/ — 18 b5 A [7) 4 B ) 22 5 .35 (P << 0.05), H’,J,MI,PPI,NCR, WI 43 5 6 /R £ BE P15 50, 29 5 BE 46 50, A Hh 48 ol A
SRR, R A A R S B, 2k T T R BORI LT R TR AR R

Different lowercase letters for the same parameter in the same row indicate significant differences between different treatments at the 0.05 level.
H’, J, MI, PPI, NCR, WI indicate Shannon-Weiner index, Pielou index, Maturity index of free-living nematode, Nematode channel ratio, Plant

parasite index, Wasilewska index. respectively.

LMSH, LA TAAXMERRS . MR ST 0.5, R W LA HLBTRY 7 i A2 2 LR T N
b B HEAE R ST AN K. BT A ERAE L NCR 32, Bk S0 R 0 398 30 Ak 80 A 02 - A BT 1Y
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IMREAE (R 2,
2.4 BEIRHLIY R )y | VR R P 00 5
2015 1 2016 “F, Y E W EH XA R LW >
CK>SW, LW 4t # i 3% & T CK,SW 4t 3 (P <
0.05), 2015 H1 2016 4F, SW &b 3AH B 5 55 3 A1 95 2
BRI Y 35 B AR T CK, i AR A B} Fl 2% 28 B 25 )i 2%
SRR, 2015 4EF0 2016 4, 20 B A E B B0E
PRI CK>LW>>SW, 2016 4£ SW 4b 3 4 4 %k
P E LT CK(P<C0.05) , i 2k b £ 2 90 H A i 1
e, 2015 F1 2016 4R, - HEWR B R BN SW >
LW>CK, Hth SW #l LW &3 B % 5 T CK(P <
0.05) , 14 iR W& BF 43 531 4 0.67.0.73 F1 0.63.0.68 °C, +

BB Mo CK>LW>SW,CK 4 M &5 T
SW Al LW 4bBE (P <C0.05), AS[m) &b B ] + 32 45 HL Ak
AR EEHEIN K CK>LW>SW, & 4b FH jH] 2 5H
AN FE(P>0.05) (% 3),
2.5 B SR B T A RV 55 i K1 43 B
TUAR AT AT 2 B, A ) - 98 B Ak Jo R 2 ) B i
S 20 B2 B AR AN [R) A B ) A7 7 22 5 A R
L2 AREE AR R R T 773 % M BE B A S, Hiop
S R A R R D 69,200 I 4100 (R ),
MWL (Ba) B 58 H WA (Fu) ¥t 5 4 8
o (BN) \E R #E (FND VA ML (SOC) | 4 HEW fF
(SM) MWW i (AGB) L8355 J# (Teo) ¥ H R 56 &

®3 BELETSEZREY.TEMMENER

Table 3 The plants, soil and microbiological indexes were analyzed under warming

experimental treatments in the alpine meadow

JE %y 2015 2016
Index CK SW LW CK SW LW
i A= #) B Aboveground
‘ 53.00-1.32b  42.104+1.73¢  63.85+1.32a 49.924+4.19b  45.204+4.34b  63.99+2.18a
biomass/(g * m ?)
o5
63.652.06a  50.7745.44b  61.68+2.59ab  62.734+3.71a  51.10+3.45b  62.75-+1.47a
Total cover /%
VR RLRL 5 ) }
42.7542.02a  30.0042.89b  36.50-1.94ab  42.0041.78a  30.67--2.03b  36.50-41.44ab
Cyperaceae cover/ %
RAKE 35
mx 2.88-0.57a  2.93+0.32a  3.80%0.36a 2.9840.48a  2.93+0.32a  3.9340.27a
Gramineae cover/ %
T 2w TG
18.03+2.68a  17.83+2.92a  21.38+1.68a 17.75+2.43a  17.50+1.89a  22.33-+0.89a

Forb cover/ %

M Bacteria/

) 7.25+1.25a  5.2540.85a
[X10°(CFU - g ]
H# Fungi/
21.504+1.37a  17.75+1.93a
(CFU-g b
T4 H Actinomyces/
Y 3.584+0.36b  4.23+0.46a
[X10°(CFU «g ]
L
. 14.0340.14b  14.7040.10a
Temperature/°C
i
- 22.20+0.36a  19.30-0.29¢

Moisture/ %

A WLk Organic carbon/
(gekg H

28.23+1.28a  25.46£0.94a

4 & Total nitrogen/
(g kg™

4.5240.14a 4.31£0.09a

26.3740.93a

4.50£0.09a

6.00£0.91a 8.25+0.85a 5.00£0.91b 6.50+0.65ab
21.05+£1.38a 22.00£1.58a  16.504+2.60a  20.4542.14a

3.69+0.31ab 3.29+0.34a 3.39+£0.16a 3.38£0.26a
14.66+0.11a 13.89+0.13b  14.6240.13a  14.57+0.12a
20.0040.28b 22.92+0.31a  20.264+0.25b  21.094-0.40b

28.19+0.61a  25.774+0.77a  27.384+1.02a

4.7240.12a 4.47+0.13a 4.62£0.03 a

[ AT A ) /NG 52 B 6 7R 78 ) — 8 A A ] Ak B 1] 22 7 . 35 (P <C0.05)

Different lowercase letters for the same parameter in the same row indicate significant differences among different treatments at the 0.05 level.
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Table 4 Redundancy analysis results for environmental factors and soil nematode number in the alpine meadows
A BHTA I
th R AE Y YRR — IRBEH A Accumulative percentage 4R T AR
A Fi | Species-environment Total o |
S oy (¢} v S
xXes 1genvalue Corrclation %ﬁ %ﬁ 7%1:%*&9% I.i al eigenvalue
Species Species-environment relation
1 Axes 1 0.692 0.904 69.2 89.5
Bl 2 Axes 2 0.041 0.798 73.2 94.8
B 3 Axes 3 0.026 0.626 75.9 0.773
i 4 Axes 4 0.014 0.795 77.3 100

(Sco) 24 55 35 B (Feo) 5 8 1E A 56 5 1 5 3B (TC) ik
LW (AN B B AAHC, KRB CN) '/
BRI (Om) 5 40 H e (BN B £ s (FND |, +
R B (SMD L A HLBR (SOC) ., & & (TN, M35 JF
(Tco) P HRL 35 JE (Sco) . 4% B 35 J& (Feo) 2 BH I A
XL M5B CTC) Vil 2 i CAND B F R AR B} 55 )8
(Geo) BB FH AR, WY A AL R E P S5
F e (BND , + 838 5 (SMD) L A LR (SOC) | 4 &
(TND G 36 BE (Teo) 5 B BL 35 B (SCover) 52 B IE A
O T 5 BE (TO) MR A B 35 BE (Geo) 52 AR &K R
(Bl 4, HRAE & Sk 094 40 a7 g, 6 4 398 4% e 80 5
PRI B R PR I P % & Sco. fie /N2 AGB, 4%k
B4 R FK W, Sco(F =31.4,P<C0.002) , SM(F =
24.9,P<C0.002), Tco(F=12.1,P<0.01) ,FN(F =
7.3,P<<0.02), TC(F=7.2,P<0.02) ,BN(F =6.3,
P<0.02) %} 4= HE £ AU B0 it 5% i ik B B OKOF ., I
ML YRR R MY R R
B | TR R R ) Ry JE R ) 2 e B OC B
PRI TR -, 1 R A R )RR A L 5 B AR P
B A W 500 45 A B TR i R ) o 9 R ) - R 4k
TR ALK .

3 Wi

AHIF T R ) A A A R R A T JE  HUR
DX € ) i R EOE SRR v /R R AR
AR LU BB, £ AR L ep2 JERE R O A3
BE ARG LL r X5 B X S 7%
DRSS — B, B P R (5.6 4F) i 35 1
T REDEHERL R ERE, X5 Briones 57 i
AR A R G A 58— B, X R W AT RE AR 22
BEUR R L e FE ) AR 8 v T RE 3R R TR AKX S Y
Y B SR A B, R B AN R R A A L A

B/ R R R A W], R A e UM X 2
T RE Sz e - A B R R e LR B A
B/ PR R P E R Y W TR M Y G B AR W)
ST 0K U Tl X e 2 R ) A AL S R
YR B 2R A K.

1.0
Ba\ Gceo
SOC ™ AGB TC
B FN ~
2 JON_ BN st
Sco —,
T / AN
sm O Fe
Pp
TN
9 1.0
. pC, -1.

4
Fig. 4

EEEAITELZANESHNEREFZE RDA 5

The RDA ordination digram of soil nematode number
and environmental factors in the alpine meadows

AGB, Tco,Sco, Feo, Geo, BN, FN, AN, TC, SM, SOC, TN 43 5l £ 7%
Hb b AR R R VP RRE A R RSB A R J R A RO
FU R R R R A PR 2 A . Ba,Fu,Pp,Om,CN
SIFEREMER BHER Y F AL B/ R Ll

AGB, Tco, Sco, Fco, Gco, BN, FN, AN, TC, SM, SOC and TN
indicate aboveground biomass, total cover, Cyperaceae cover, Gramine-
ae cover, forb cover, bacteria number, fungi number, Actinomyces
number, soil temperature, soil moisture, soil organic carbon, total ni-
trogen and The total number of nematode, respectively. Ba, Fu, Pp,
Om, CN indicate the number of bacterivores, fungivores, plant-para-

sites, predators/omnivores and the total number of nematode.

1E B K b A K IR AL T HE R R
(Labronema) FJ& , #8900 T W T J& (Ditylenchus) F
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LR IR B T Sk i & (Cephalobus) » 5 Ruess
SEUUR Bakonyi A8 RS TRLCAE TOE AR S R G AN
i b S 2 e B R AL A R AN TR R A 0T
R )& (Acrobeles) £ ,iX 5 Bakonyi 48" iy 45 R — 5,
N 58 i 26 5 R R E A GG R . BT T/MT R
(Rhabditida) FJFE ., iX 5 Papatheodorou 48 fr) 4 IR
—H P RA R GIRERAHCKR, B, &R
) A [) Jeg e T T JRE 72 Ak 1 ) g A [ e S8 R B
T BRI TR A I T 2

AT 2R B L K A e 2 R Y 5 8 FE R )
L U R I RRAR X 5 AT A TE R AR S R G b b
FEAE R — B RN Y TR B AR T A R
(9 22 REE , DRI 3 U A 3R R AR 1 4 e 34 &) 1 RO R 5 4
PR s P U P84 il 0o o € B ) AR S R SR AE L T AT
o, X5 Bakonyi F1 Nagy"®! 75 5 # £ 48 # 45 H
M25ie—3, 5 Nielsen S5 HEEHABRGEM H B
ZEE A S X AT BB SR Y TS A AR A AR g vh BRI -
B8 VR R 2% S O

S 0 K 0T 4 R X ML PPTL W £k B 3y i 48 50
SN SR WIS R R 0.63~0.73 °C T, i 7€
i) RGUAEAE AL T A @ RER A . AR
BEURFEAR T NCR 45 % fH2 NCR #5%0>0.5. KW &
FE T Aa) A7 LT o0 A X T AR AE A TR ) A iR AR S R
SRR S T A B L ) W E > 1, R
iR EEREME RS 5, 1R A U8 X R i
Y A

A e 2 O VK Bh A 32 52 A SOvE R Ak R
SRR 5 A A i AR . HT N B B R WY R
FHOK ST 2 SOC, R A 1 70 W B
Vo AL AR Dy L AR Y B 2R A
HB 52 PR B IR BE Y 5 A, S 4k MU I A A A Al i
9K gh B0 AR ST A RDA 43 M & 8036 38 X
e € i) M 2k HURE VK 45 R 2H R 52, 5 R IR PR
AR Y R SRR A ) G BE AR W R L SOC,
TN LA K i] B 57 5O A B B G R B MY
AR SIREZ R 2R AR Y E A
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