55 41 B 23 1) *E &~ 2 Eild Vol.41,No.23
2021 4F 12 A ACTA ECOLOGICA SINICA Dec.,2021

DOI: 10.5846/stxb202012123164

BEIR, ERBE, W, B0 35, SRS R ARG N P I v € B ) /N 1S RCEh WA K RS AR A2, 2021 ,41(23) 19432-9447.
Xue J, Wang C T, Zeng L, Wei X, Wu P F.Effects of long-term N and P additions on the soil microarthropod communities in alpine meadows. Acta
Ecologica Sinica,2021,41(23) :9432-9447.

KEEMN.PRENSEER/NM T ETE YA ZD

Al

OB, IKE Y WA T EMTK
VA P R R = TR 28 B, IR 610041

R A DRI B o v FE ) /N S e S U R TS RS IR, 2012 4 5 A T R TE T4 R R R 7 R IR B Ol R R RS
I P FHBEHLIX 20 7 B E i N P A NP IR = b B SR b, A0t A A B 43 T 1 B 10 ¢/m” 20 ¢/m’ F1 30 g¢/m® = Ajifi
OB R | ANt A B4 T € Ffa) o BB RE I, 2017 4F 8 H X645 Bt P9 B9 /INTY 33635 FRE Sl A 0 R0 0 B AL v TR R AT A
SEIRFRE L (1) AT FT LA 08 0 vy S ) /NI - 40 T sl ) (R R I 2 R 2 v, FLh NP TR LGB N P I B BB AT SO i 2
R R ZEHAE (2) N P NP =Rl R 28 09 /N 3855 B s e IR %5 B SRS Shannon Z2HEMEFR Y 2340 (P<
0.05) , H 4 jti 25K 20 o/m’ B}, /N 385 R s V& 10 A AR 28 B 2SO Shannon Z2RRPEFE B35 3K B R (3) /A +- 158
IS IR AR B ZEBEAORT Shannon ZFREVEIR S &0 & i 2 B E IEHDE(P<0.05) , WFIT R, 78 = ZERL M) K Wt
TN BENC, DU IR R IR I, AN (AR % B 0 0 /N - 3 B e O 2 A AS H A e S v A R R R R S R
20 g/m’ Y b B Ko v P L) A T RO R TR, AR /N - T RS TR R AR S g

SRR o FE A AT s /N - T TS RS SRR

Effects of long-term N and P additions on the soil microarthropod communities in

alpine meadows

XUE Juan, WANG Changting, ZENG Lu, WEI Xue, WU Pengfei "
Institute of Qinghai-Tibetan Plateaw, Southwest Minzu University, Chengdu 610041, China

Abstract: The objective of this study was to examine the effects of long-term N and P addition on soil microarthropod
communities in alpine meadows. Three addition treatments of N fertilizer (N) , P fertilizer (P) and a NP mixed fertilizer
(NP) were set up in Hongyuan County, northwest Sichuan, in late May 2012. Each treatment included three fertilization
gradients of 10 g/m2(N10, P,and NP ), 20 g/m’( N,,, P, and NP, ), and 30 g/m’( N, , P, and NP, ) with six
replication plots in size of 3 m X3 m. Another six plots of alpine meadow without N and P addition were used as control
treatments ( CK). Investigations were conducted on the soil microarthropods and environmental factors in each plot in
August 2017. Soil microarthropods were extracted from the soil samples for 48 h at 38 °C using the Tullgren method in the
laboratory. The results showed that (1) the taxonomic composition structure of soil microarthropod communities was
markedly influenced by N, P and NP additions, and the taxonomic richness of mites and insects were increased more
significantly by NP mixed additions than N or P addition. (2) The individual density, taxonomic richness and Shannon
diversity index of soil microarthropod communities increased significantly in the treatments of N, P and NP additions ( P<
0.05) , and reached to maximum values at the fertilization gradient of 20 g/m*. (3) The individual density, taxonomic

richness and Shannon diversity index significantly and positively correlated with soil total P ( P<0.05). The results
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demonstrated that additions of N, P, especially NP, changed the taxonomic composition structure, and increased the
individual density and diversity of soil microarthropod communities in alpine meadows on Qinghai-Tibet Plateau. We
recommended to add the N and P equal mixed fertilizer to alpine meadows at total amount of 20 g/m”, to promote the soil

microarthropod diversity and ecological functions.

Key Words: alpine meadow; fertilization; soil microarthropods; community diversity
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2012 4% 5 A T AIFENFSY X FE b -T2 AR AR Y S T BUR 100 mx 100 m 1) A 1R 1 14 4 i o i )
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Correspondence Analysis, CCA) XA [FIEAEHFRZE A6 B2 /N R A+ 38755 R Sh W RE 7 20 iS5 PR B IR 1 19 56 R kAT
HeP o Ak SR Z T BA 0T IR 5 RS B 2R R
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3 ZERMoMHm
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oy 2 /N - 35 e sh 4 2295 R RIE T3 W21 Hol Bl 141 J@ (K 1), FEHZR EX a8 n 115
AT 32 WRE 90 (Arachnida) | B HU 44 (Insecta) | 32 49 ( Collembola ) $4 A AL HE, b, #k I 44
(Arachnida) 1% 5 H 63 Bk 101 J& , MMAS S B 1Y 73.51% ; B 40 (Insecta) 75 13 H 22 B} 27 J&§ , 4>
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WA HIEHE, W WRTH IS P B H & ( Phauloppia) FREFFL( Adelgidae ) 55 27 J& | b7 BIHFEE Y 74.92% ; Fi
B RFEAFE R F R (Protokalumna) | HMPESERL ( Tarsocheylidae ) 75 114 J& , 5 B 2K 2 A9 25.08% , MK
FELL AN MABORE Wk TP 44 2 1o 98 ) 39805 FR sh P & 1) 2 B4R 0

ANTRI Tt RO FR 2 18] 9855 B sh W (R eV A A e — a8 25 5%, 76 N IR RE v 43 B8 38 = 385 i sh
278 1, RIE T 340 10 H 51 Bl 68 J& , ILHKHE A ER A BLE (Hypogastrura) , HZ R AR E 1) 14.39% , TEJiE
P ARAGRE M Hh 0 B 2 IS 340 A4S, Hm T 3 49 10 H 51 RF 71 &, ISR A EREFRL ( Adelgidae) |, 1%
FEHLAR AR Y 25.59% , 76 NP IRt AR s 203 B 8 38 3h i 1611 A, )8 T3 49 19 H 73 & 111 &, i
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3.2 /NRE I RS TR Sk 25 5
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Fig.1 Principal component analysis on the soil microarthropod communities among different gradients of the same fertilizer

http ; //www.ecologica.cn



9442 JAE = 41 4

TE PC2 %1 _I- S B m Jp 2 55 3k 6 IR ( Tectocepheus ) s NP TR S [RIREACAE BE ], 76 PC1 A1 PC2 il L5
FETE 25 F8) 0 3 TESHE o 2 IO 46 ( Tegoribates ) F1 1% W Wi J& ( Epilohmannia)
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Fa %) B 4 H 6 J& ( Cosmochthonius ) , £ PC2 il I 3222 & 2 F W J& ( Dometorina ) ; Jifi 30 ¢/m’ i}, 7E
PC1 Bl S0 AR v 4544 1) 32 22 AR 2 P B8 W 06 J ( Phaudoppia ) | fE PC2 il b JE ZER2 W R ) 4% 1Y 095 )
( Cosmochthonius ) . WA, B i AEAR BE B3 0, CK it N AEFNE P IE 64 - 55775 JC 50 W 3 i 46 1 2 S bl ok st
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Fig.2 Principal component analysis on the soil microarthropod communities among different fertilizers on the same gradient

N Wi ZIE ;P MEHEAE ;NP . Z BRI ;10,20 .30 {02 R 4 10g/m? 20/ m? \30g/m>

3.3 /NELE S ISR B L R 2 S
NP NP =Bl A A/ N ST S 0 B SRR SRR MR R o e 3, i b &) B4
BOCH WA (& 3) o MEAEEEIE b, YA N 20 g/m®, FEHitE P NP FE /N 3857 i sl ) 00 A AR5

http ; //www.ecologica.cn



23 1 BEUR SFEKHAREIN N P X i € ) /N - $380 JR Sl P AU 1 R i) 9443

R Z R BOA Bl A, WUNZRTT 2200 Wr i R 3R] (35 2) WS AR A6 8 LA S H A BAR X /N
BV SRR AR SRR AR O AT WAE RN (P<0.05) | Xt 4 ) LR RO b 28 M
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A BT it AP 2 () A7 AE S 35 25 53 (P<0.05) o NP R AE Hh , /INY - 9855 i sh W e v i A 1A% i 28
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Fig.3 The individual density and diversity indices of soil microarthropod communities among different treatments ( Mean+SE)

ANFRKE FREFRAEMEAC TN h 25 57 3% (P<0.05) , AN RI/NG FbE 3R R 6] — B AL A G AL B 2 22 55 W 35 (P<0.05)

K2 ARMEEFEE/NY T ETRNMEETEREREIN

Table 2 Results of two-way ANOVA on the individual density and diversity indices of soil microarthropod communities

§ A KA ZREEFEE(H) Y SIEEHEEU(E)
HEAE ar Individual density Taxonomic richness Shannon index Pielou index
Fertilization

F P F P F P F p
2 Treatment 2,60 32.08 <0.001 32.60 <0.001 17.63 <0.001 0.21 0.81
BABE Gradient 3,60 13.78 <0.001 17.27 <0.001 6.93 <0.001 2.38 0.08
2 Treatmentx i  Gradient 6,60 8.42 <0.001 5.70 <0.001 4.67 0.001 0.54 0.78

3.4 5/ B RS 1 OC R

BLEXT N AT (CCA ) X HitE N P Fl NP i it [7]— it O A S AN [a] it A A B2 v /N8 39855 1 s W e Vs HE v
(P 4) R .55 1.2 Hep Rt /N A 385 il sl AN - S8 PR DR 06 R 1 R343R 7.30% 1 7.03% 8.26%
F16.52% 6.98% 1 5.61%;

s NS —HEP A RS B A B BT A R RS R R A R EN(F=1.3, P=
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0.002) ; % 1 HEFF R 5AA PLF & (SOM) & i 3 6 A 2G (P<0.05) 5 55 2 P il S5 B A i (AB) &
I (P<0.05) (&1 4) . £t P AL, 55 1 HEERh(F=0.3, P=0.01) MIFrA AT (F=1.3, P=0.002) fi# B
FEEMEAREM(F=1.3, P=0.002) , Hd 51 HP RS A PR & & (SOM) 2 3% fH 56 (P<0.05) ,
55 2 HEFP Sl 25 R - T pH RIS 5 52 (Co) (181 4) o NP iR, 28 —HE e Bl A i A+l i e ¢
FfE BN B3 55 1 HEP 3l =52 N 7o 3 pH MRS 5 5 (Co) 5 56 2 HEFP Rl 2 m 728
AHLUTTE 1 (SOM) (18 4) o Hy AT AT HILST 75 4 (SOM ) S22 5% Wi /s B - M8 35 Jiie sy Wy v 4 s i) 3 22 3R 058
-,
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Fig.4 Canonical correspondence analysis on the relationship between soil microarthropods and environmental factors

TN: 2% Total nitrogen; TP 2 Total phosphorus; SOM: G HLJ& Soil organic matter; AB:Hhi [/ # & Aboveground biomass; CO: YT

J& Coverage

JNIRL A S R Sh I REE A SRS R R B RN 4B (38 3) 45 SRR, ZRBE RS pH 2 B 35 FA G (P<
0.05) , MAZ 5 2R & 5 B IEMKE(P<0.05) , Maei & 5 A% ZEHEEL Shannon ZFEPETE 534
8B IEAE(P<0.05)

4 itig
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4.1 AR /NS - M JR s R T R 5 i)

o S ) /N TR - S PR Sl R 2 R A A 2 A I AR Ak, R i P X s S i N R - ST 1 Bh A R
VAW RE 15, 3 FOR Rt AL AR 28 25 1 /N R - S5 R sh W A SRR in DR DR AT g S S 0 R AT L
it AL A 8 - P TR 2 4 b | AR SR v I T AR R AR BN T R RO B Y A R T AR A
PRSI S5 e s e KRB, T AT I A e B, A U R A 22 S RN BRE AR I i S /N
N R S RS S B R R Y R FE R N P NP TR P R SRR R T AT
A it S T DA 8 e AL A i A L B R FSE SO BRI R Y X AR T A T
ZHh SRR A A AE A Y AR NP TR P AR B R SRR R T AT L A, vl g A
5%t R Bt N R P OAERAR H, NP IR I T R A SR S KRR K R i K A R R A
AT L 5 e 5 T M R 0 SR R SR [ 40 R SRR R Y A | SR T i 2 7
ol I A ML) A A SRR, R R AR A T DT 45 /NI - 39 JR sl AR B 7 R A £ R U
ILLSEI S

®3 DETEFEYSIRE R FELEEZST

Table 3 Results from regression analysis on the relationships between soil microarthropods and environmental factors

B AR FHEEL LR E(H) Y5 ERREU(E)
Environmental variables Individual density Taxonomic richness Shannon index Pielou index
pH -0.26"

HHLF Soil organic matter/ ( g/kg)

4% Total nitrogen/ ( g/kg) 0.29*

427 Total phosphorus/ ( g/kg) 0.27" 0.42** 0.41"*

MY Aboveground biomass/ (g/kg)
V& IZE Coverage/ %
* FR BHVEKF P<0.055 + + FR P<0.01

4.2 GRS X/ INEL A ST IR S R v 2 R A S

A ALARSE R NP IR AL BE/INY ST RSl R v A R B SRR RE RO R R T NP LG, 22
JE FH T NP TR £ PR P o R G T i % S T e R Tl O T
BRI NP R R T B RS AT R, AR A S (RN ST AR A REVE T 1 3R
W, 3 AR AT oL (1 LR D AL A3 55 B SR B e T A, A B AR IE TR i A 3 4R
TEHEAHL C AL SERRE L AR TRk L A W A R R B | o R At 1 b AT 1 AR RN v v
PR G B A3 0 NI ) T I b /N - S s

AWETERIM, 25 PRI NP AL 20 g/m? i, /N 4 3815 L sh M it v i) 2R 2 R IR B de .
JL AL AT i 2 e S ) 94 LA WL I W i S AR TR PEAE B AE i 20 g/m® b die i B T R K
o3 AR A B R AR/ T s W AR AT AR, AT LA /N T - Y SR S W A T 2
B /N LSS A IR TR 2R L B AR R 20 g/m® I, =R AR A3 1 £ pH (E IR AR, X T
RERTE YA B 20 g/m? W, S 3 58I T 2B 4 9 B, B v 1 IOAE A T e AR L LSRN S B 14 T
B, AR L pH, TIAR SCR B3 pH S5/ S5 e sl W e 7 SRR S AR O (3R 3) |, T i FE g ) LAk
WFFE A M R B R, 32 RRIE S R M A R T4 s s 2 R

BEAN AT TS i e B A 5 5 /NI S Sl WA MR T AR Shannon 2R R IEAH
i%%%i%%ﬁ%%%%iﬁ%&@%ﬁ%%ﬁ%ﬁ?oﬁ%ﬁwﬁ%%%ﬁﬁ—ﬁﬁmoﬁ—%ﬁ@
3 Rl S RS b AR R O TR R Y Sl M i R A I e ok
1 3 25 S 5 B RE AR /N M IR S I R R %ﬂg@@ﬁnﬂkﬂ$mi%wﬁ
SYIREE A A R SRR R B AR R AL A L AR O RS P AL R T R b
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ARV AR S N S RS MR AR B TE ARG R (BB S B R /N - e
IR RE T 2Rt T— 2

ASCERWY T N (P JCH: NP IR TAL , BB 20 /N S ISl W R T 2 A A S R R R S
FEPE ; H S HEAC & 20 g/ m? I, NP SR it v, /0N 381 T sl W A v B0 80 2 R ) 22 A PR A R4 38 B B R R
PR, 42 B8 20 g/m?® (Y10 0 oy FE LA HEAT NP R, DL i /NBY L 035 JRESh W B 7 22 Ak B AR 28 TR
AT AR ZR AL A v 7 ) /N L S5 IR s eI B ey, (E T A, JC 2 NP TR 5 B0/ 1 1 1
TSR A EO n) BARBLERIE AN TERE , 55 A 6 B WA | 13655 22 07 TR AT AL X o e
fa /N - ST IS AT 2R R R AL

5 g

vy ) P L RS LA B AR i B PO A A /N TR A S JL st ) R A AL A S /N
e RS MR R E AN . HIEALEE ) 20 g/ m? I, BN A AL A0 ARUBE i 140 £ /N Y - ST sl W
VRN ZAR IR B RO R, W& R/ N 15 IR Sh WU e B B R AR RN 7 DR, R
) BEAT T A A SRR A , LA /NI SN IR sh W A e R R e | 0 o o R ) A S R G T
TEHRIIRE.
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