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Abstract

Atmospheric nitrogen deposition in China is increasing every year, which has brought significant
effects on the structure and function of ecosystems. An artificially simulated nitrogen deposition
experiment was carried out in Fenglin National Nature Reserve to study the effect of broad-leaved
Korean pine forest on soil biological community structure in the Xiaoxin’an Mountains under ni-
trogen deposition. Since 2010, nitrogen application (NH4NO3) has been performed in selected test
plots in the growing season (May-September) each year, and four different gradients have been set:
CK (0 gN-2m-1), low nitrogen LN (2.5 gN-2m-1), middle nitrogen MN (5 gN-2m-1), high nitrogen HN
(7.5 gN-2m-1), for comparison experiment. The results showed that: 1) A total of 8769 soil animals
were captured, of which 45 species were in total, belonging to 3 phylum, 11 classes and 25 orders.
Among them, the dominant groups are Oribatida, Chironomidae, Isotomidae, accounting for 68.13%
of the total number of individuals. 2) After nitrogen treatment, the number of groups all decreased;
the number of individual soil animals in the soil layer at 0 to 10 cm reached the maximum at HN;
the number of individual soil animals in the soil layer at 10 to 20 cm was highest at CK; but all
these differences are not significant. 3) Seasonal dynamics of soil animals: in September, the total
number of individuals is the highest; in May, the total number of groups is the highest. The differ-
ence is significant. 4) Vertical characteristics and performance of soil animals: both the number of
individuals and the number of groups show obvious characteristics of surface aggregation. 5) On
the whole, the community characteristics of soil animals all showed a very significant negative
correlation with soil pH and a very significant positive correlation with NO;-N and soil pH.
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N m-2a-1), fK&LN (2.5 g N m-2a-1). FEMN (5gN m-2a-1). FHEHN (7.5 gN m2a1)& 4 NMRFEE
ME., FRERERH: 1) XHRTIESW8769H, 14538, RETF31T114025H . HARHAKFAH
W H. BISR SR, 35 BAMESK68.13%. 2) HEEAE FRBEIREWRAD: 0~10 cm
T B HEHNYNEBAEHNA R R KE: 10~20 cmt B HESNYAMEBAECKE & H; HERWARE.
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1. B

b DA AR R INERAT N EIE B 1 T R EORE S E N EWE R @l T @ik 7 e
B, BANEERG . BIAERY, EAWEFATTUCNES KRGS FROR, (Hid &t
BREGIIhRE L[], FEINCERANEREHERZNE R —, HARRGSRREERM2] (3] [4]. K
I, BRI BN 0 AR S RG0IE i KAZFER2m 51 S 1 B A A TR e

MR RG LM AS KRG TR REEHRA S, HAARWHRERN . [UERTFEEES RS 6E
[5]. TSRS RG A ) BERZ I —AW[6], Hol HiEslaEth s 5 R
JRAEFAFIRE R IBN A I AR, A T IAIAEZS R G0 i H B R [ 7] [8], A& A BRAR AT kb A=
ARG A AT TR R AE[9] [10]. TIBBIII AR BIH. BERSS M. AR ThRE R X3 At e
B AN IR B AR A AZ B BB RS, AT I O R R T Hb R ARV 4R S RIS L
B AR ST A R4 50 00 - 4530 o AT B0 S e H AR A R BB IA L I 23 A B AR AL AR [ 1] [12].
2N SR I L SR B A T S R T R e A AR 2R, AAE(RZE[13] [14] [15] [16] [171FA40H[18]
(191 77 i1 H -

A0 A R X R R 1 SV 2 X B S A ) 22 R DA S PR BT FL S i ML I A7 AT 1 %
550 T LAZE /N 22 Wb X ST HARTAS [ AT BT R0 B, SRR AR S R G0 b LIRS W VR 2

][/
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He) B I 22 A A% JR X6t GG R A i SLFEAT W9F ST B I NAERL, A FE 2 T3 A AR FE 48 R #r, &
BRI LUF =AMBe: 1) RIS AR R TR A B 3B IR S5 I N 2) AN TR Ak
TSRSV R BN A SR EL AN RRIE: 3) BUTIE R e N ot IS K R

2. RlE A&
2.1 MREHR

FAREZ I SRR X (48°02'~48°12'N, 128°58'~129°15'E) 7 T~ BB T4 5 T LB X, 1% [X kb /N 2%
W F LB, IR I 280~683 m, M Ak ML AL LI KR M ZR RS, ARSI N-0.5°C, AFEHREKE
680~750 cm, EZKEN 930 mm, FEHTLHEM 120 d, HHFON AR ATE, FEHURE AR AN ALIR R
YR AZ AR o A P I THI AR B R R AT d5 50 BE B SR AR 20AA AR, WM B2 U= & « £ 22 LAZL A (Pinus koraiensis Sieb.et
Zucc.). V&M#A(Larix gmelinii (Rupr.) Rupr.)& 4 = )T & LUK fidl(Fraxinus mandshurica Rupr.) 3
3% 8 (Phellodendron amurense Rupr.)2% 4y 3= f) i P b e i i

2.2. SEHET

F 2010 4E 5 H 7ELRI X N IEHL 12 B 20 m x 20 m AL T AR AL IR /INRE 7 4 S N ARG Bt it
Hu, FAETTIAIAT 10 m B (B ESH,  DARK IR [ AL ER AR LA A B 3. LA NHNOs 15 oMt &0 T4
HEAEKZE 5~9 H BEATW, JL1 B X CK (0 gNmZa ™). iK% LN (2.5 gNm2a™). % MN (5 gNm2a™%).
F A HN (7.5 gNm % Y) 4 MR RIS Ak H, AV B R 3 AN E A

2.3. BEmRE

PAAE 2019 £E 5 H(FEZ), 7 H(EZ), 9 AMKF)3 MFRELIEIER, ERA/IMEITRENL I E
=AU R, 2 EARN 15 em BIIAETIME ARy 5 om 1 444% 0~10 cm A1 10~20 om KA+ 54 dh
Py, — T s e, S T AR AR S E . sl s (] S0 5 R R
e RIdJE 1 Tullgren TR SHEBEAT T3S 7025, BEARAORAT T T59% IS o 7 M2 F 81 1 MR8 57 3¢
I (o E s R D) BT B I KRG, My RIS E B RDK[20] [21].

2.4. BURALTRS 534

%6z H Excel 2010 it L3z MM REE:, 12 LRV AMARE S B3R S AR B
YR EANT Z . 10%LL NI, 1%~10% M F Wk, 1%L N A F[22]. 5 H Tl 3%
FEAGE R A RE SR (RS20 AT PIACEE, R4 E(TN) 4B (TP)AIEE R (NH; -N A1 NO, -N)K i
AR BN M A (AA3, Bran-Luebbe, Hamburg, Germany)ill 72 ; | C/N 43 #r4% (multi N/C 3100, Analytik Jena
AG, Germany) Xy - 4% 2 (TC)REAT T-BABe 7B s 1585 /K Z(SWC) K FH M50 i€ ; 1 3% pH K H PB-10
FRFETHINE (K L be oy 2.5:1) [23]. L3R WIHE & RHAE £ 2R H Margalef F= & FE45 (D). Shannon £
FEVEFRZ(H) Simpson {234 BEFE%(C) Pielou 35 5] BEFE AL Q) AT £m 40 M, BEVEHRRAE Z FE RSB BT 5
ASW/ I

D=(S-1)/InN

H’:—S n/Nin(n;/N)

i=1

C:

S
i=1

(ni/N)2
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Ktk
3. BERE5Hh

3.1. HIMENRETE LA R SRR SRR AN

J=H'/InS
A, nARERE | NEEE M NAREREE T ITA BB MEREG S ARR B

K Spss22.0 #HAFHEAT B -, K BLIR R 5 Z 40 M (one-way ANOVA) ST HIESh W MA%. 2%
TER R LR VR A 3 AT 22 S B2 20T - ) Pearson 3¢ 25020 #r 3 Sh AR VR A5 AE 5 3R B K] - 2 TR) FR) AH

3 KAE(2019.05~09 B) Ltk e Esh) 8769 K, iF 4535, FET 31111425 H(EE 1).

NI X BRI E S R GBI L H . R, SEBRE 3 2K,

d EAMAE 68.13%:;

LA VRO H 2 RE ERABERL BRBERL Rl SRR AR H | ZiisRh, i 8 2K, 1 24.6%;

IXEEIRER R T /N 2 RS R G- IEEN NI AR, TR 37 SONH AT 264

5 7.27%.

Table 1. Community groups and quantitative statistics of soil Animals in the Xiaoxing'an Mountains

= L PHRIRBX DIREREE XM E SR

4% Name 1A% Size CK LN MN HN TF4rtk Percent (%) % /¥ Degree
JifL3£E H Opisthopora IE5%} Lumbricidae Macro 18 15 11 35 0.9
JEfL3EE H Plesinpora 2R3 %} Enchytraeidae Macro 31 26 14 41 1.28 *x
2k L H Nemata Micro 17 33 16 23 1.01 il
Wk H Araneae Macro 19 18 5 3 0.51
{4 H Pseudoscorpiones Macro - 1 1 - 0.02
E ¥k H Opiliones Macro 1 3 1 - 0.06
25 H Parasiformes FEER} Mesostigmata Meso/Micro 60 51 76 66 2.89 o
TEp A Ixodidae Meso/Micro 31 1 - 0.06
IS H Opilioacarida Meso/Micro 2 - 1 1 0.05
AL Argasidae Meso/Micro -1 - 0.02
HI H Acariformes H gz H Oribatida Meso/Micro 788 559 696 848 32.97 i
1B H Actinetidida Meso/Micro 83 41 40 55 25 faiad
-1 %} Tetranychidae Meso/Micro 14 4 13 2 0.38
s 18 H Isopoda SR IAL Porcellionidae Macro 3 11 16 5 0.4
5 & Fifi H Sphaerotheriida =[5 ki &l Sphaeropoeidae Macro 13 4 4 3 0.27
HubEiA H Geophilomorpha il A £l Geophilidae Macro 13 16 15 17 0.7
fiRis H Lithobiomorpha fiRwA R} Lithobiidae Macro 1 1 2 - 0.05
%4 H Scolopendromorpha KR £} Scolopendromorpha Macro 3 2 3 3 0.13
25474 Symphyla 4%} Scutigerellidae Macro 12 8 6 12 0.43
5t H Acerentomata lgiF} Acerentomidae Meso/Micro 4 5 8 5 0.25
1) H Collembola ZA5 bR} Isotomidae Meso/Micro 375 251 365 312 14.86 el
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Continued
kR Onychiuridae Meso/Micro 109 49 58 46 2.99 o
R AR} Hypogastruridae Meso/Micro 130 74 82 77 4.14 o
Bk F} Tomoceridae Meso/Micro 56 43 71 85 291 **
E®EF} Sminthuridae Meso/Micro 1 7 8 7 0.38
PEBkRL Neanuridae Meso/Micro 2 2 1 1 0.07
Bk &l Poduridae Meso/Micro 1 1 1 - 0.03
KA BEF Paronellidae Meso/Micro 17 10 8 15 0.57
XU H Diplura HEdt )\ R Campodeidae Macro 3 6 5 1 0.17
2890 H Thysanoptera #] R} Thripidae Macro 3 3 2 2 0.11
24 H Hemiptera #iiEAL Dipsocoridae Meso/Micro 1 1 - 1 0.03
WiF} Cicadidae Meso/Micro -1 -1 0.02
#4# H Coleoptera [ 4% F %} Staphylinidae Macro 9 5 5 13 0.36
JEH &L Cicindelidae Meso/Micro o 1 - 1 0.02
% HF} Curculionidae Meso/Micro 2 - 1 - 0.03
448 H 4 Coleopteralarvae 7K R} Hydrophilidae Meso/Micro T - - - 0.01
L H & Carabidae Meso/Micro 13 5 13 13 0.5
4 R} Scarabaeidae Meso/Micro - - -1 0.01
3% H Lepidoptera % F} Noctuidae Macro 2 4 2 6 0.16
X H Diptera PRIR} Chironomidae Macro 446 394 339 601 20.3 i
if-F} Tabanidae Macro -1 - - 0.01
XU H % H Diptera Macro 150 154 141 158 6.88 il
Kk} Tipulidae Macro 7 2 1 12 0.25
JiEi4# H Hymenoptera /NgF} Chalcidae Macro 3 6 2 5 0.18
IR} Formicidae Macro 1 1 - 1 0.03
B tEE} Syrphidae Macro -2 -2 0.05
Hi# H Orthoptera 1Rk R} Gryllidae Macro -1 2 - 0.03
Jiki# H Neuroptera IA AL Myrmeleontidae Macro - - -1 0.01

J 1t Total MA#L Individuals
KT Groups

o RIBRBEEL10%); **: W ILREE 1%~10%; -: RIS n=3.

Macro/Meso/Micro 2427 1824 2036 2482

Macro/Meso/Micro 43 38 39 39

0~10 cm L2 A3k 6979 K, 5 LIV EAEELN) 79.59%, HLit 45 28, B 1 aTA, HEEH |
FEICAIRE. SRR SR, S5 0~10 om RSN EAAARL 68.26%: XU H SN, BRABEEL
GEBREE. BRBEEL. FEER. SR B2 7 JOH LERE, & 24.22%; KR E. FEESERIAR 35 245
HHBE 5 7.52%. BAEKRE, 0~10 cm 2 IREIINA A B B R (HN) AL B R ik B8, IREU(LN)
RO T A 5 CK AMFTA LG, ZRUTMANTE e a it e DL R 35
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Figure 1. Community groups and quantitative statistics of soil animals in 0~10 cm and 10~20 cm layers in the Xiaoxing’an

Mountains

1. LA X 0~10 cm FA 10~20 cm B HIEandE E A B

10~20 cm 2343k 1790 H, A MEE 20.41%, 4325, HEEIEH. RIshRAIL R, &

10~20 cm 3B MABUR ) 57.82%; XGHHSd, TR R R H . BRABEE Bk
BEEE 11 9% WEHE, (5 35.14%; HUIRWARLSE 30 ZAFAZAE, i 7.04% (4] 1). 10~20 ecm 1 2%
ACFE R ) - BN AR BOR KBRS K TR AR B . A AR ASSHE I H & WKL I
H. SR BRABEL R & B RE  AMAKE FUT AL B N A AR FERREE D s AR % BT
BUTFE R RIFREEA —, (R385 nsis b i .

3.2. RHNRUTBERN T IRBN YR E 53 T 4 iE

3.2.1. TN HMFHE

AR ZE AR BT R LIS A AR SRR e S AN ] 2 BT, BTA AL RIS AN A
HEMN: 9H >5 4 >7H, ZREFHEP <0.05). H 0~10 cm 2RIk MBI %
WD JEHEN, AHHFARIB R E K. CK AT LN A3 R R 3Eh 40 A A E bl 2 AR 038 R BRI D 3
Hrh 5 H CKAH FAMESEZST 7 M9 (P < 0.05), MN A1 HN 4bFE R AMASEZS 5 10281k 56 ek
TR, BIRAGIARI R EZER . 10~20 cm 2 CK A1 HN A R L35 MABE TS 28 1L # 8N
S LN AL BRI R H s MIN ALBE Ay Se 0 /b 5 38 n: ot 7 3 MN AR B 25K T 5719 H (P < 0.05).
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AMEREL
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Figure 2. Individual number and group number of soil animals under simulated nitrogen precipitation in different seasons

2. FRIETHEMAIME T DRI ME RS 23

BASKE, RBELAHS AREET 7 HRM9 H(P <0.05). H 0~10 cm 12 H3Esh W 2B RU0% 4k
KIUNPAC RIS, TEARIZETT CK AN ) T3 A )R 508 = T R A I AL B R b, (HR A B AR,
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10~20 cm /= HIEEIVIIZHEEAE 5 HA 9 HI CK ALFE T4 Tfem: CK. LN, MN AbHE T L 33)
WIS RBE T 1T A AR DU B Horh 5 A MN ARER R SRE RO 35 T 7 19 H (P < 0.05).

3.22. EENTHHE

FEREPUA R BE BN A B R -3 ShA  ABOR B ) 3 B0 AR E B 1] 3 iR, 0~10 em +
JZH1 10~20 cm /2 ARSI SRR A 2 I el D S SN ka4, 7 25 Bl B oR BT A kb EE R 0~10
cm 2 H I MR S BRI B 5 T 10~20 cm )2 (P < 0.05), I H A 53 B IEAEE .

3001 Aa  0-10 257 (b 0-10cm
(a)Aa l10—208m (b) w10-20cm
2250+ 20{ A2
= Aa 2 _I_ Aa Aa
o =) Aa
22001 & 815 Ab
B2, £ Ab Ab Al
26 o
<0 K 5 104
2100- g
2 50, i Ab 40 d < ¥
0 llm [N L ’

cK LN MN HN K LN MN HN
E: A tBRREGFRORHALEFES: [ LR NS TROREALE TAR - ZRZSR; n=3.

Figure 3. Vertical distribution characteristics of simulated nitrogen deposition on individual number and group number of
soil animals

3. RURTPEX HIRENMR M S KB R EE D

3.3. TIMaIRE S S TR R R S

HI7¢ 2 /A, CKALPLT 0~10 om H/Z M4 E (D). ZFEEH). RBE(C). BAIEZQ).
TR T RUTFRACEE, 1 MARUE HN AL BA R KM 5 CKARLL, %L T 10~20 cm +/Z2 -+
AN E L MEBCEREERC ZREERILEERR HN AL BN A D, 5] ERR MN AbERAL )
BN ABXIRIE R AL,

Table 2. Community diversity of soil animals in different soils under simulated nitrogen deposition
= 2. RUFNM TAR LB R iEis 241

JER AL F 5 (D) ZEENE(HY) .34 FE (C) ¥I51FE () Group number Total number

0~10cm CK 3.32+0.28 1.98+0.11 0.78 £0.02 0.39+£0.03 206.78 +43.93 18.11+1.72
LN 3.06 £0.29 1.92+0.11 0.77 £0.02 0.38 £0.02 165 + 28.33 16.44 £ 1.50
MN 2.86 £0.26 1.85+0.10 0.76 £0.02 0.37 £0.02 180.22 £ 35.18 15.44 £ 1.41
HN 2.95+0.22 1.88 +0.09 0.77 £0.02 0.37 £0.02 223.44 £55.50 16.33+£1.72
10~20 cm CK 294 +0.23 1.83+0.11 0.74£0.03 0.47 £0.04 62.89 £11.94 12.78 £1.09
LN 254 +0.25 1.76 £0.15 0.74 £0.05 0.49£0.04 37.67 £5.47 10.33+1.11
MN 250+0.21 1.68+0.11 0.71+£0.04 0.46 £0.04 46 +6.96 10.33+£0.99
HN 2.82+0.25 1.87+0.11 0.75+0.04 0.51+£0.06 52.33+12.14 11.44£0.97

it Pearson M55 RE TR P 3, £ 4), 0~10 cm L2 HIESIWINFEF (D). ZREAEMH). AR
(C) ¥IEIFE Q)RS5 13 SWC Il TN &8 2 B3 (P < 0.05); 535 pH {5 235 IEASS(P < 0.05).
ZFPE(H)E L3 NO, -N & & B 1IEAZR(P < 0.05). S MAE S -3 pH B TP & & 283 IEA52(P < 0.05).
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Table 3. Correlation coefficient of 0~10 c¢m soil physicochemical properties with soil animal community

% 3.0~10 cm TP RS DRI X R

Diversity index SWC pH TC TN TP NH;-N NO;-N
F 5 R H(D) -0.379* 0.555%* -0.292 —0.341* 0.286 0.206 0.304
ZREPETRB(H)  —0.451%* 0.473** -0.275 —0.442%* 0.263 0.106 0.342*
R34 E 5 51 (C) -0.413* 0.396* -0.266 —0.470%* 0.203 0.037 0.302
)5 R Q) -0.402* 0.368* -0.218 —0.530%* 0.068 -0.121 0.212
Group number 0.132 -0.037 0.037 0.254 0.167 0.277 0.096

Total number -0.311 0.488** -0.268 -0.207 0.337* 0.286 0.292

e *e %ﬁﬂ%(P<0.05): **, %ﬁ*&ﬂ%(P<OOl), n=3.

Table 4. 10~20 cm correlation analysis between environmental factors and soil animal communities

= 4.0~20 cm TIPS DIRSMIBHE R X R

Diversity index SWC pH TC TN TP NH;-N NO;-N
F 5 R H(D) —0.369* 0.432** —0.265 -0.377* 0.133 -0.067 0.462**
SRR EI(H)  —0.436** 0.403* —0.388* —0.515** 0.137 -0.175 0.346*
A EFREL(C) -0.391* 0.344* —0.430** —0.541** 0.138 -0.134 0.276
KSR HI)  —0.449% 0.287 —0.505** —0.636** 0.07 -0.231 0.159
Group number 0.155 0.096 0.289 0.364* 0.076 0.181 0.131
Total number -0.227 0.389* -0.076 -0.135 0.135 0.05 0.470%*

e *: %ﬁﬂ%(P<0.05): e %ﬁ*&ﬂ%(P<OOl), n=3.

10~20 cm 12 TRV FEE F(D) ZFEME(H'Y) L3 EE(C) 515 () 843 5 31 SWC &&=/ TN

B E AP < 0.05); FRIFEIFEQ) IR TR EANAMREHS S 115 pH (f 535 IEAHC(P < 0.05); FRrF
FE (DY A TE S0 5 148 TC S B BE AKX <0.05); HIEFVIMF (D). LREMEMH). B
(C)s ¥ISIFE Q)RR B S 15 TN S EEEIEAHKEP <0.05); FEE(D). SFEMEH)FL/ ML
135 NO;-N £ & 12 2 IEAH 55 (P < 0.05).
4. ¥Wig

KB, FEE HARIZhRHE 0~10 cm A1110~20 cm 2 A3 E SR, DUERATE IR 115
BIVIREE I AR, RIS RS RAE R RAERE JUE T ER, AT EATERMAE S R St
(TG R I R[24] [25]0 Z3 B 45 SR A AT R AN [ 2 ) BB R B e LA CE 2R, TS
KRBT SN . HARTE 0~10 cm 12, HN AR s AR B e, TR IR BRI
AbFR S SE NN VE VR B (G U, SR TR YDHcE s, IR gk L9 ) 2 B 1) S5 26] - 10~20 cm
TEH, CKALEEFEH ) IR A RO B RE, TR HAMAE D, X2 TIRE IR e 3R
Wb SRR H I EAE B S EUN[27]. HEAMFITIESE, & SRR DT T e YT e
IR, AEIE BRI 2R /I [28] [29] [30]. REEAETAESRGUEEIAS] “HUBM” R&[31]. 2%
FEOSE CK ARt R iy, Ui B BDTRE 2 e P i AR . DRI, IR 4 A 2 R TR i
T P IR B R A AR A A — e AR /N E 5], ERT T A i S AE A 2 R

ZENTARS T AN )R BRI R B A B 2 5, VB AN RIS 1) - 3B B R BR B 1 1 B g 7

A~
5]
2
=
==
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FEA—BN[32]. 9 A AMARE RIS B b5 iy, Il 22 7 3 B2 T DR 2 P B 5 v A0 P o S A T B
9 HIEMKFREILENE R, KEREEH M RECh 5t 7B A7 240, WUEFERE D 2+
BGRB8 R[33]. 17 5 H RBEEUA IR K2 T ERE AT,
W LIRS R G E A, BTUCEE BRI RUG IN[34]: DL E R RrE i N > LIS 2
FEPERD, TR, EAMREECEIN[12]. AR, AP EEE B A A IR A
—EU1, FTUABEE TR R L Z RIS R PG B AR . WOARER ST A L E A A I
FRAFEZE ). LRSI, RS RANE, TS kA .
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