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Abstract

In this study, a simulated nitrogen deposition control experiment was carried out in the Fenglin
National Nature Reserve of Wuying District, Yichun, Heilongjiang province. A total of four nitrogen
addition gradients were set, which were low nitrogen (LN, 5 g N m-2 a-1), medium nitrogen (MN, 10
g N m-2 a-1), high nitrogen (HN, 15 g N m-2 a-1) and control (CK, 0 g N m-2 a-1), using two different
aperture mesh bags (150 mesh, 300 mesh) to exclude different types of soil animals, comparative
study of nitrogen deposition and soil animal activities on the decomposition of needle, broad,
mixed leaf litter. The purpose of this study was to investigate the decomposition dynamics of litter
in the coniferous and broad-leaved mixed forest in Lesser Khingan Mountains under nitrogen de-
position and its relationship with soil animal activities. The results showed that: 1) The decompo-
sition rate of different types of litter was broadleaf litter > coniferous litter > mixed leaf litter, the
difference was significant (P < 0.05); in the 150 mesh hole bag under the action of soil animal ac-
tivity The decomposition rate of litter was faster than the decomposition of 300 mesh bag under
the action of soil animals, and the effect on coniferous litter reached a significant level (P < 0.05).
There was a significant negative correlation between soil animal activity and C loss rate (P < 0.05),
and the N and P loss rates were positively correlated, and the difference was significant (P < 0.05).
2) Different nitrogen treatments inhibited the decomposition of coniferous litter, and LN treat-
ment inhibited significantly (P < 0.05); MN and HN treatment promoted the decomposition of
broadleaf litter, LN treatment showed inhibition, and the effect was not significant; soil animals
HN treatment with mixed activity significantly inhibited decomposition (P < 0.05), LN and MN
treatment significantly promoted decomposition (P < 0.05); as far as possible, the effect of soil
animals on the mixed leaves showed LN treatment inhibition decomposition, HN treatment signif-
icantly promoted decomposition (P < 0.05). Under the nitrogen treatment, the nutrient release
rate is consistent with the decomposition rate. The experimental study showed that soil animal
activities accelerated the loss of litter quality and accelerated the release of N and P elements. Ni-
trogen deposition had different effects on different types of litter, and the interaction with mixed
leaf litter had interaction with soil animal activities effect.
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A AR A T BT A FENTAE XFERERE B RRIPX, T 2010485 5 FHEUIREE ALK,
FEBANNFIBE, 23 AEN (LN5gNm-2a-1), N (MN 10 gN m-2a-1). EN (15g N m2a-1)
FIXHE(CK 0 gNm-2a1), RAHMARILEMEEA50H, 300 H)HRARKE B WR T, X
B FUNUL S B 3BV iEsIxT 4t @ RAHRAEYR S EER, BERN /DM RIE R RE%
YIZENYTRE T BIS R HE L EESI IR R . SRR 1) AERBFEH S EERRINE
HREA%EY > HEEY > BHEEY, 2R 8P <0.05); £F LESESIER TH150 B L8N
IR T& 43 R B AR T e AR HE R 3RS W F 254 T 300 B FLARIIZMERE ,  XTEF RV /e ik 2
BZE/KE(P<0.05); HESWESSCHMAEREREFRAMHIRKR(P <0.05), 5N, PIRAREREIEMX,
ZREE(P<0.05). 2) NEINLCEIMH] T EHH-FEEDE 3%, LNALEIGH P E (P < 0.05); MN. HN
ACERBET REHER MR, LNGEERNS, ERAAEE; FLEWS 5 THIEMHNAE E#
W) 5% (P < 0.05) LNAMNAGE B 220 (P < 0.05); EAHRR LS W/ER TR RIUALNAL
TEIPH 4. HNACE B Z RSP < 0.05). FEHENLET, FOBREGHFERE—B. KRR
REH: THMSYIESIINE T HEH RERRAK, METN. PILRBER: NURRLEN A RRREE
AR, MEHEEYRE NS SRS ES A ERL B .
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EREEE2]. RERSMEIRER, BB EmESRGEMMIIEE, &l RIES
. BFTER B, AL X AR EI AR B i S8 KB 7RI E R E R3] (4], HI
KIRE E M A S REELEA . FARRER 2R REATEET X 2 —[5], WHRTE™ERE
YRR R 6], TR IR SIS 1 A2 (I SRIEANBIE TT[ 7], (E AT FU XA 2B, R S7 4 [ 1k R P P 4%
TROKRE B ) 2096 B E BT R I wE I o

RO R SE NI L AR AR R B AL AR P D AL 2 R 55 R AR A S R SR T 0
o MNOCHKIBE LS RKFE, RITFER B 70 i 52 A e 3T I 0 il (8] ISR IR T 73 iR 9]
PA R 0 73 R TC AW 10] 3 Rt ot o FRIE SEVL I | A8 5 R A5 AE v [ 1 8 800 PR 5 345 1) iy AR AR [X
WA — SERFSE[11] [12], 58 TR AR X AR T AN AR R b, BRI AR AR T8 4 1) 43 Ak o 2 1) 5
Wi JFBCA A5 —BUhas e, wmAFEE— BT

TIRENYTE BN IR R RE D o R R, HAERTE ) O BRESE SR JC BRI R B
VERI[13]o 35 B 3Z T3 T BT TC I N ARG — L4k I8 o [ A1 5% Tk 78 SRSt I8 5 0 o e il R 4 L S L
MR [14] [15], 15t SRS 0IE B0 T4 73 fff R S R L Ay L X A o T, LR Il X g 2 )
JR BRI GEF HIREN YR 2 FEE 1610 [Pt 5 TR 3t X AR SRWE 7T, 0k S5 PRAE s /I % I it [X
ANy A P S L X HEAT T A SREN DS B R VA ) 23 i DT RRIIE ST [17] (18] BESEHIF TR T8 £
— R R FVEY), AFRRBEH R AR AR, SIRSYIE S AR WA E, kT )
P S A R VE I R o R A AT T . T H R TR KRR DT RRR B AR B T R3S iE s S
FVE D RN A R A A RIE -

LR ERTIR, AHETC M 1R AN W 3 DX BT R TR AR A AN [RI BRI P 8 Y D e AS [ it LAk B K -
AN IES TR AVED 3 R AL, B PR R TR D i80S 5 T IESE B
KA, ARRKTREIFERFELIEINT 5 F /X220 5 2 4007 IR AR 00X 7 i Lk SR R 2%

2. HRXEER

PRI FEHLAL T B VT R T U8 X FEAARE K H SRR X N (48°02'~48°12'N, 128°58'~129°15'E), i
K 500~800 K, HuAbIbFER AL BUKIX B, JBIRH KEEER AR, BFETREZR, EFRRHLZW,
BERTAELE 7~8 A, T H AR E 25 8—-0.5"CFl 638 mm. +IERAONEEL AR L, 3% pH
5.5 FEHRE BN AT R I VRAS AR, 32 BLEF AR Tl LLALAA (Pinus koraiensis) N F - 4K B (Picea
asperata)~ V12 (Abies nephrolepis)~ >4 %W KA(Larix gmelinii)~ ¥ (Pinus sylvestris)& o [ Fh
A “C=RARE T KW (Fraxinus mandschurica) ¥Rk (Juglans mandshurica) ¥ 3% % (Phellodendron
amurense), {EH 1M (Populus davidiana)~ FAME(Betula platyphylla)~ WM (Tiliatuan) KB (Ulmus pumila)
SERRR

3. fiRFG=E
3.0, HEMgE

TEEU/ING 2R XIS 25 AREL R ST b A% (AT ) R 2 RA AR, T 12 HRA e T A X 35— 1)
20 m x 20 m FREGFEI . FEDTIAIRCE 10 m Z2obaty, JFH PVC ARFRWT, DUBE G M 2 A% I B rh At B pf
AR EE . S5 FRZRRIE AL R 1918 B 4 NEIRINEREE, 2 BUARELAHEOIN S gNm2a'),
HEALFIMN 10 gNm 2a ). EEALFI(HN 15 gNm 2 a )X IEALFI(CK 0 gNm 2 a™), HALFKF
HE 3 KA 3 Yeptsth), DL NHNO; MR, 7l KR TEDTRIRER) 2. 4. 6 i1 0L T (it
KABIBFREE N 2.5 g m ™ a YETEMIRIIR[20] [21]. BEHLT 2010 48 5 H FAAREURITRE RS, It 6
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FEHEM 5 AITIER 9 AL, 70 5 N AG- T EImE. NHERRK A2 R, 0 TR 55 A 405K
3.2. SCERALTER

PRI it 0 R0 7E 25 b 8 B K20 ) LSRR B b R IR T 0 U L B AR T4, IR T 2 R
LA e M EE(150 H,300 H), 150 H o vr LB H1EH, 300 H WL AT G HERR HIB3I1EH[17].
ML KN 10 cm x 10 em. FFEEEEN HARKTRIT 5 g (B 2.5 g, R 2.5g), &b, g AT
DPRIGIREL S g IAETHEYIAR R, I8 TEHKm At RE D= b

3.3. FEYERER DA E

2016 4 9 H ARAERHSLIGFEHIBCE = FOAN R FR 2RI 7E 0 72 48, L8 216 4%, T 2017 4 5 AARIF
G, BYSLIORE RN . RIEVEWIAS 24 4%, S UGHTREGC HL T HL 9 AK), HFELEBRER
WS A B 24 0 R Rl S Be =, 2017 4 9 A ARELE .

E ] P 9 1 TR S0 = AR AT 5 FH R R FRR L, 5 RN A . 93, A TOC/TN 43 HAX
(Multi N/C 3100, Analytikjene AG, Germany)XJGelllfFFEi4 C & &E. KM H2S04-HCIO4 #£[22], H
TOC/TN 43 4% (Multi N/C 3100, Analytikjene AG, Germany)Jll 55E 54 N S8, 8 FEREAT L (a2
FEfh 4 P 5 2[23].

3.4. YRR

F Excel 2013 (Microsoft Corporation, Redmond, WA, USA)#E4T¥4E % . ] SPSS20.0 (SPSS Inc.,
Chicago, IL, USA)BHTEHE Ge it 20 . 51K 2577 25 (One-way ANOVA)FILE 3 72 75 (LSD) /3 A A [ it ¢
Qb RN - S S WTE SR AN [F R AL PE TR s, MK RN P o= 0.05. R SigmaPlot]3.0 (Systat
software, Inc., San Jose, CA, USA)%4: .

B B P AME + FritEfe 22

4. EREDH
4.1. TEFIES T AEH BRI REIBEBRRTL

1 AT, fEERIRES T, BRFEEHREUNE, HERRRNAR, WAHFLLE0s50 H, 300 H)HF
TE o R ka BRI : [ (43.9%, 41.6%) > £11H(43.5%, 40.3%) > Y (31.9%, 31.4%). &J5 Z43 T A]
S5 S TR R T R 4% R R 2 1) 25 5 R (P < 0.05),  TRATATE R 4% 0 R 2 R T T R R A R
(P <0.05).

Table 1. Different types of litter in two types of mesh (150 mesh, 300 mesh) initial mass and the remaining mass after 1 year

F 1. mMMFL(150 B, 300 B)AEIREVAZEMBARETVGERER | FERNARE

P& Y ZEIPNAN IR b & 1 AR A
Litter leaf species Mesh size Initial mass Final mass
150 H 5.000 £ 0.000A 2.824 +0.065B
411 Needle leaves
300 H 5.000 £ 0.000A 2.982+0.019B
\ 150 H 5.000 £ 0.000A 2.805 +0.058C
[i#@ ™ Broad leaves
300 H 5.000 =+ 0.000A 2.918 +£0.072C
. 150 H 5.000 £ 0.000A 3.402 £ 0.053A
V&M Mixed leaves
300 H 5.000 =+ 0.000A 3.426 £ 0.109A

e AR TR 2R AN [ I I 7 ) ) o 2 S S

2(P <0.05).
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ARl LAV 98 58 FR R V& 1R 23 R R LKL 1, 150 B FLASEF 280t 43 fi ol A% U V5 0 B N T )
56.4%, MREFN 43.5%. 300 HILESE R RIED ENVIGHEYE 59.6%, 7 EZHEA 40.4%. 150
H LS H-RTE YD /3 i R EE 300 H 20 iR 3.1%, 257 53 (P < 0.05). 150 H AL EEYIH 79.5%
FBEF 56.1%, 1#53RRN 23.4%; 300 HFLEEH 79.7% FFE3 58.3%, 1§09 fFE N 21.4%. 150 HFLISTR
RV DT AR 2 68.1%, 43 29 31.9%, 300 H FLEE 68.5%, 73 il 5 31.8% . 1% A1 . 3 72 /(P > 0.05).
TEARFEZRRFVE 8], TR R H N 150 HILES > 300 HLAS. BRI H3Esyhnidsm A i) E &
ik
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Figure 1. Different types of litter in two types of mesh (150 mesh, 300 mesh) percentage of mass remaining * Indicates that
the residual rate difference between the two kinds of cell treatments is significant (P < 0.05)

1. FFRMFL(150 B, 300 E)AEXBVEZEM REF KRB D R(%), *RRAEHRMNILLEERAREREEEP
<0.05)

W% 2, 150 HALLENRTE R BRI >300 HALESNEE M RES, HE 2R EEEP<0.05), ik
WEN 7.3%; HIEESVINEES C IR REREL, N. P #HULREIE,; X FARZRMEEH, 150 H
FLAS N C TLERBCRY) <300 HILSAHTEM; 150 HALEE N. P s 2BCR Y > 300 H LS N TE M-
TG R AE A [R] WX FL AR HE 2 1] () 22 S8 3 2 3 KPP < 0.05) . HIESHNIEEIINGE T N P e R IR
AL DESE LT, JHEYIRE R N, P e RBRICR I —2, BRI > £t > R,
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Table 2. Different types of litter in two types of mesh (150 mesh, 300 mesh) weight loss rate and nutrient element release rate
2. WIEEL(150 B, 300 B)ARIEVEZEM K ERF 5 TEBRRER(%)

B £ fiE] et VR
IO IR Needle leaves Broad leaves Mixed leaves

Nutrient element o N N,
150 H 300 A TR 150 H 300 H TR 150 H 300 H TR
¢ 36.1+1.6B 427+27A -182 343+27B 455+0.1A 326 26.1+57B 446+69A -70.8

N 37.9+46A  279+19B 263 386+35A -81+64B 120 27.6+9.5A 4.1+28B  85.1

P 527+27A  454+43A 138 62.6+13A 505+1.1B 193 48.1+15A 452+27A 6.1
PR 435+ 13A 403+3.7B 73  439+1.1A 41.6+14A 52 319+1.1A 314+21A 16

W ARFERMURLE P<0.05 KV EWEREE.

4.2. NEIEREKE TAEH 2RSSR I RBIERTN

HE 2 oJUUEH, AFEBEEEL T, 150 B L3R5 E 2 9 5128 LN (67%) > MH (65%) >
HN (61%) > CK (57%), 300 HfLESEF M- H5% B 27051 9 LN (71%) > MN (65%) > HN (63%) > CK
(59%), 5 CKAHEL, ZACHESHS] 1B J7E Y BRI SE, LN LB Ry (P < 0.05); AR
ALFEAE FE 23 A S IR A — RE A, 150 H FLAS R R Y P )5k FE R IA LN (0.60) > CK (0.57) > MN
(0.53) > HN (0.52), i &t 4 AR 201 0@, 300 H FLAS I M- VA Y (K15% B %4 LN (0.61) > CK (0.58) >
MN (0.57) > HN (0.52), 5 150 HFLSEH—3, 150 B LSRN 5% B 29 HN (0.64) > CK (0.63) > MN
(0.62) > LN (0.61), T A HN B ZEHH 4. LN A MN 222300, 300 H LSRN 5B R A LN
(0.67) > CK (0.66) > MN (0.65) > HN (0.59), 5 150 HfLESAH R A LN i 3. HN B2k .

110 110 110

(a) —— LN (b) ——IN (c) e IN

—o- MN o MN

100 v HN ! v HN

<P —a— CK S —A— CK
ES =S
S< =
el e
=} =]
&5
®5 Zs
=¥ I8
RE 8E
g7 g
3 =3

60
50
916 517 n7 n7 916 517 n7 n1 9/16 517 mni o7
H/4E H/4% A/
Mouth/Year Mouth/Year Mouth/Year
110 110

(d) —e—IN —e—IN (6] —e—IN

o MN O MN O MN

v HN v HN v HN

—— K —— CK —— K

50 40 50
916 517 n1 7 916 517 n7 1 9/16 57 7”7 917
A/ H/4E A/
Mouth/Year Mouth/Year Mouth/Year

VE: (a): 150 HALEAEM: (b): 150 HILEWREM; (c): 150 HILZWIEM: (d): 300 HILENEM: (e): 300 HLIZEHNFEH;
(H: 300 HALAEAEH

Figure 2. Percentage of litter quality of different nitrogen application rates * indicates that there is a significant difference
between the nitrogen treatment and the control treatment (P < 0.05), ** indicates that there are significant differences be-
tween the two groups in the nitrogen treatment (P < 0.05), and *** indicates the nitrogen treatment. Significant difference
from control treatment (P < 0.05)

2. TREERREFAEHRERRBTE%), *RAIEALEHFEASHRABEREZEP <0.05), *RRER
AP ARASHRLBERRZP <0.05), *REZHRANLEBSHRABERITEP <0.05)
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T IEEN D) I B R AL ER AT U E AR R S PR R R v A T 2 (1] 3)s AETR IR
LN &g 1 LIRS WP < 0.05), {H HN &40 1 LS5 (P < 0.05).

100 Y 80
(@) — 1500 (b)

1
[ E(JE]

Aa 3
= 300H == 300H
Aa AaA Ch ha Ba - Aa Bb
S~ a 2
a8 Aa Aa S8w AafAa i
Aa g< Ca
Ba gy o E
.5
g
2
2

LN CK LN

MN HN MN HN MN HN
P oL L
Nitrogen application level Nitrogen application level Nitrogen application level

e (a): £ (b): B (c): YR

Figure 3. Percentage of litter quality of two kinds of meshes (150 mesh, 300 mesh) with different nitrogen application rates
different uppercase letters indicate significant differences between different nitrogen treatments (P < 0.05); different lower-
case letters indicate significant differences in leaf litter under different N treatments (P < 0.05). The same with below

E 3. FREERKREXAFMEL(150 B, 300 BYEAEMRERNKED RO FIRIAEFERAENERALEEER
EEF (P <0.05); FRNEFEFRTENLEBTARMIVAEHEREEP <0.05). TE

TR A EE R (55 3), EFFETRIEVEM Y C BEBCRE BRI 300 HALESRT 150 HFLEE, 300 HLEE
HZE R [A) AL R R ) C BRI B3 T 150 H(P < 0.05); ARIFLE =M% H NP BZE 150 H > 300
H: N&2| 7 REFEMEKFP<0.05),

Table 3. Different types of litter in two types of mesh (150 mesh, 300 mesh) weight loss rate and nutrient element release rate
= 3. mMMFL(150 B, 300 B)TRIMERRE TRZEM 59 T EBRRE%)

it pirt it
FRO LR it Ak E Needle leaves Broad leaves Mixed leaves
Nutrient element  Nitrogen application
150 H 300 H 150 H 300 H 150 H 300 H
LN 22.8+7.1Aa 334+143Aa 31.1+79Ba 38.7+0.1Aba 293+24Ab 40.6+5.4Aa
MN 258+9.2Aa 36.2+72Aa 463+09Aa 464+3.1Aa 17.9+13Abb 35.5+0.1Aba
¢ HN 30.1+8.1Aa 422+6.1Aa 385+ 11.6Bb 52.7+4.4Aa 258+29Ab 459+54Aa
CK 36.1+1.5Aa 42.7+2.7Aa 343+27Ba 455+0.1Aa 26.1+57Ab 44.6+6.9Aa
LN 29.6+104Aa 7.7+10.7Bb 252+32Aa -10.5+3.7Bb 30.5+6.4Aa —2.1+5.1Ab
MN 209+9.1Aba 42+7.6Bb 412+99Aa 11.9+8.1Ab 155+3.5Ba —14.7+0.1Abb
N HN 348+ 11.8Aa 74+7.6Bb 43.7+10.1Aa 17.2+12.2Ab 24.4+10.4Aa 43 +7.9Ab
CK 37.9+4.6Aa 279+19Aa 38.6+3.5Aa —8.1+64Bb 27.6+9.5Aa 4.1+£2.8Ab
LN 43.4+99Aa 352+42Aa 61.8+6.1Aa 59.4+79Aa 583+102Aa 44.6+1.6Aa
MN 41.8+82Aa 39.6+6.6Aa 64.1+35Aa 61.1+£0.8Aa 509+83Aa 44.3+0.1Aba
? HN 46.7+5.6Aa 44.1+£22Aa 60.7+1.7Aa 60.6+5.8Aa 48.8+54Aa 56.3+92Aa
CK 52.7+27Aa 454+43Aa 626+13Aa 505+1.1Bb 481+1.5Aa 452+2.7Aba

Bt ALEL(LN, MN, HN) R R R fLAR BT R VE I AHAL CK SR, C N. P TERBIRREIMSE: LN
SRR BRI C N PR/ T CK AR3E, MN, HN BACBER(EsE 1 i & e e w8, %
SR AR BRI R ) 0 R AR RUAC B R RO AR S RO S, LN AREINER 7 150 H fLAR
TRH-PAVEVI TR R, X 300 H LSRR R DL ANHE R . AFEREE R TR0
PURR G R R R R —E.
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5.1. FAEINDBERAEDRBE LR

PETEI  flid  SVE M R E OC, AR TSR RETR 3 PR ANIRTE I il R e B R, K
A R VA ) B D TR R VE D AN AT R YA (e 1), LR IR AT B AT R YR B S, i I
Biks, FORCHRERE . RERELGERIEN, UROK/NECERH O, FITREYI B 2%, RIREA) T g sh vyt
PR AR, e o A R B AR . TR ER[2417E X AR AL T ARISE T IR R IR ZLAR Rl AR 20 . S AR €
KM 3 FRALFEDRT TR S A R S5 8. FEXHR S VA E AR S B SRR T, 60% TR &
RN RN TERNL[25]0 ARRIGAER S 2 MR, TR TR 40T 42 o B Y2 3 v T R - v, IR
RKRL . P REE TR A FRRTTE PG N T BRI i, oSO8 T R AR E B, R4 T 4
RIIFR LS, I TR HUINH] /. Hansen 1 Coleman [26]fIAIF 558 3 Fiak Lu A IR & HJE I8 M 24
i 10 N H B R IE LI . iX 5 Wardle [27]F1 Nlisson [28]25 A\ i 22 Mok 2L 888 4 1 0 i
RETFEAEMA A T SN2 AL RENR AR R R AR B A E L, 4 s MR
(e AR B [V AR B R, P2 AE T NS 2 M A AR, A BRI AL 2% 20 43 9 22 0 vl e s i 22
BG N AT

5.2. HIRENMITEBIRAE S AR

AR S EGAT H T3 R Wi B AN [ R AL YA B AR R 2, Wi T A E R, (T
TR R 1) M RUAR[29]17E PU RGN A [RIAE W 45 44 5 3RS WD RV 45 R IR T 5 v i 3R 33830
WX AN [FR V& 40 I 45 K 26 BT SR 0t A DT iR AE AL o s ket 338 Sl il aok A () 7 5 03 3 6o A B e R v
Yoy e A A R B (AR R o 95 5, 388 3l W (0355 B0 06t R T4 P40 SR 5 O 6 A RS M R AR YA 46% 42 47301
TN T E D it X SR e X 7T 45 AR R [31] [32] [33]. AREG KRB - 3E B hnik 7 FvE i
IYRIEE, XM IIEAN R PR B2 e, LIRSS E B R Y s B (E 1(a)),
AT A8 BT T VE AR X R R ) C/N i T A E S M, A8 3RS R FE A R IR 1% 5 X 8 [34]
WA R —3. LIRNYNES IR IR 7 A, [R5 40 B 2 AR 2R [35] [36] [37]. Carcamo 55
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FRAER b, PR AR — S o ER L S0 R 8 N P 0, 2 R Y A ek 50 A A T
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SREM S RIRER, WVFARKRTE RN LSBT0 58 LB W Bl I8 95 4 40 e R 5 1 2 7= AR AR
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A S FAUE B, ST B IR 0 oy SR AP AE SR, B VR 2R B A7 AE — B A BAEH
MIETED I B R B, BT (LN, MN, HN)X & HEEY i S CK M ELE R T — & /il
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