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Abstract: [Objectives] Atmospheric nitrogen deposition significantly affects soil nutrient cycling in forest
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ecosystems. Soil aggregates are the most representative basic structural units of forest soils, which are of great
significance for the protection and stable storage of soil nutrients. However, the effects of nitrogen (N) deposition on
the stability and nutrient contents of forest soil aggregates are still unclear. [ Methods] Based on this, a 5-year field
N addition experiment was executed in an evergreen broad-leaved forest in the Rainy Area of Western China. Three
treatments were set as follows: control (CK, 0 kg hm a'!), low N addition (LN, 50 kg hm a™!), and high N addition
(HN, 100 kg hm a™'). The mean weight diameter (MWD), geometric mean diameter (GMD), fractal dimension (D)
and the contents of soil organic carbon (SOC), total N (TN), ammonium nitrogen (NH4"-N), nitrate nitrogen (NO3™-
N), total phosphorus (TP) and available phosphorus (AP) of four soil aggregates grain size (> 5 mm, 2-5 mm, 0.25-2
mm, and < 0.25 mm) were determined. [Results] The results showed that N addition significantly enhanced the
quality of the soil aggregate > 5 mm proportion, and the enhancement in HN was stronger than that in LN treatment.
N addition significantly increased the soil aggregates MWD and GMD by 16%-20% and 18%-27%, respectively. N
addition significantly facilitated the transformation of small-grained soil aggregates to large-grained soil aggregates.
HN addition significantly increased the contents of SOC in soil aggregates by 26.7%-47.9%. N addition significantly
increased the contents of TN and NO3™-N in soil aggregates by 8.4%-46.4% and 36.0%-102.4%, respectively, with
significantly decreasing TP contents in soil aggregates. N addition significantly increased soil aggregate C/P and N/P.

[ Conclusions] The above results indicated that N addition can improve the stability of soil aggregates and enhance
the C pool in soil aggregates while aggravating the soil P limitation in this evergreen broad-leaved forest in the Rain
Area of Western China.
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6 m, ERUE 5231 °C, FHN 16.2 °C, EFEHHIIE 18.1 °C. HIHCEN 1039.6 h, 24 KBRS
Y 3640.1 MJ-em?. JEREMIN 304 d, SFEPHEEKE 17722 mm, FEKEN 1011.2 mm, EEHE
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KT 60 cm, HIZEAEEA—E, pH {E 4.0 24517,
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AT IS 10 mm PIARAEST, RIS E— 2 22 B/ N UG/ MEAT. R 100 g & T HZhHRIFHL (TTF-10
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Fig.1 Particle size distribution and stability of soil aggregates under different nitrogen treatments
AERGFRFRBR MR MZEREE P < 005, EZRKREE P < 001, ARNEFRFRBIRAGHEZ 127 EE P < 0.05,
ZRREE P < 0.01. RZELFRIFUHEIR % . Different uppercase letters indicated significant difference in aggregate particle size P < 0.05
and extremely significant difference P < 0.01; different lowercase letters indicated significant difference in aggregate particle size P < 0.05

and extremely significant difference P < 0.01. Vertical bars represent standard errors.

2.2 FEH 358 RAATR B A R R
22.1 XAEVBRAMEERSERZMH
A H ) 3 F R AR SOC S EANT 15.96-35.39 g/kg 2 fa] (K 2). 5 CK #tk, HN 4¥#F < 025 m
m. 0.25-2 mm 1 2-5 mm TIEHRAE SOC &&= BER S, WIS HHN 26.7%. 31.9%F1 47.9%, i LN &H
THHR SOC FRERALE . R HN LHRGR Bigs 7 T3 RAME C §8 7). thoh, SBTE
PH < 0.25 mm Figk SOC & &
M 2 AT, & A FR IR R AR TN S84 T 1.30-2.99 gkg 2 1], 5 CK AHEL, LN ARG B T
< 0.25 mm 1 0.25 mm-2 mm TIEF A TN &, HES 508 8.4%F 28.7%; HN AR EHE T 0.25
mm-2 mm F 2-5 mm [P BB RA TN &5, IR 508 46.4%H 44.5%, 1 < 0.25 mm M > 5 mm +
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Fig.2 Organic carbon and total nitrogen contents in soil aggregates
ANFRKEGFRFRRFHRMER A M EFRE P < 005, ZFWEE P < 001, AFA/NGFREFRORFIREAE Y B 25 EE P < 005, ZFHRE
P < 00l. RELFRIMEIRE.  Different uppercase letters indicated significant difference in aggregate particle size P < 0.05 and extremely sig
nificant difference P < 0.01; different lowercase letters indicated significant difference in aggregate particle size P < 0.05 and extremely significant di
fference P < 0.01. Vertical bars represent standard errors.
222 NESENESESENT W
LT 13 F R AR NH-N S BT 13.43-21.17 mg/kg 2 18] (B 3). 5 CK AL, HN AHETF > 5
mm TIEF AR NHy-N S8 BE R, 1M LN A N pig HIRARAN NHy-N SR EFARE. &4
HRIH < 0.25 mm HEEFIRMAR NH-N i m. SO LIEFRAN NHS-N &= eR g0e 15>
A 22 AN
M 3 F R AR NOs-N &8 AT 7.33-20.16 mg/kg 2 18] (& 3). 5 CK #itt, LN F1 HN 4B R
BRI R AN NOs-N &2 WA, HIR 25T 36.0%-58.2%F1 75.3%-102.4% 2 [ B N 0
AbER AR AR IR A R AR NOs-N & & . [F] R HIR R NH-N &, SAEERIH < 025 mm -
BEARAR NOs-N &2 i A& A0HE 1) T A RN NOs-N & SRR R 1R 73040 22 S AN B R o
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Fig.3 Ammonium nitrogen and nitrate nitrogen contents in soil aggregates
ANRAKEFRFRRARBR G A ZEREE P < 005, ZRREE P < 001, ARA/NGFRERRFREGIE Y M ZREE P < 005, ZFREE

P < 0.01. RELFRSFEMEIRZE.  Different uppercase letters indicated significant difference in aggregate particle size P < 0.05 and extremely signifi
cant difference P < 0.01; different lowercase letters indicated significant difference in aggregate particle size P < 0.05 and extremely significant differ
ence P < 0.01. Vertical bars represent standard errors.

223 XTEBINARBESRHIRM

FAOER ) IR SRR TP F &N T 0.24-0.35 ghkg 28] (] 4). 5 CK #itk, LN 4H T 0.25-2 mm Al
> 5 mm HIEFIRAN TP &8 EEFEC, HN AT SR IR AR AN TP S8R R KW N &M
AbER AR ERRAK T AR N TP & .

FACHE L IEFR AR AP HENT 1.66-3.09 mg/kg 28] (K 4), 5 CK ALk, HN AT < 025 mm
TIEFRAR AP SR B ERC, 7 LN FHN 4R < 0.25 mm. 0.25-2 mm f1 2-5 mm AP &L EE%E
Fto AACER L IRERARN AP SRR RS0 A0 22 S AN

O < 0.25mm DO,ZSEmm M2-5mm @A > 5mm 0O < 0.25mm [@0.25-2mm M2-5mm B > 5mm
. - a

0.35 Aa R, 35
Aab Ab
030 r T % BbA‘BaBE Ab Ab 3.0 Aa A
0.25 5% u Ab% g iAIiA % A
T <25 r & A3 Ab
5, E Ed 7
35020 ¥ 20t
ﬂ 015 |} g 15 f
= ®
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0.05 |} 05 }
0.00 . . ; 0.0 . . ;
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K4 dIRBIRG S 2REAA RS &
Fig.4 Total and available phosphorus contents in soil aggregates
ARAKRE FRERARERZZ AZEREE P < 005, ZFWEE P < 001, RANGFRFRRARBLIEZ MZEREE P < 005, ZREE
#E P <001, RELFRIFUEIRZ . Different uppercase letters indicated significant difference in aggregate particle size P < 0.05 and extremely sig
nificant difference P < 0.01; different lowercase letters indicated significant difference in aggregate particle size P < 0.05 and extremely significant di

fference P < 0.01. Vertical bars represent standard errors.
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FAEHR ) 3R B RAR CON AT 10.7-14.09 2 08] (R 1. 5 CK ML, HN AFF < 0.25 mm H3EFE
& C/N Sk, M LN A HN Z4F K 0.25-2 mm. 2-5 mm A > 5 mm TR R CON LEEHZEZR.

FRCER ) IR R AR C/P AT 57.79-124.27 208 (R 1D, 5 CK AHEL, LN ZA#F 0.25-2 mm Fl > 5 m
m IR C/P BRI K HN AHE RS HIE ARk C/P B E K. R N ek kT
I R4 /P, H HN A3 R &

B ML) L3 B R AR NP AT 5.49-10.18 2 0] (£ 1). 5 CK MHEL, LN 4FEF 0.25-2 mm 1 2-5 mm
HIE AR N/P B, HN AL R < 0.25 mm. 0.25-2 mm A1 2-5 mm HIEFRA NP BB A, £
B N IS INAL R AR 36K T IR AR N/P, H HN AHE FEH &R . A 3EF R4k CO/NL C/P Al
N/P 7545 KL% 1014 534 TG B S A

#1 FARREATAERARER, K. B HREE (IS
Table 1 Stoichiometric characteristics of carbon, nitrogen and phosphorus in soil aggregates treated with different nitrogen sup

plemental levels (mean + standard deviation)

WH It JEFE Tr THEH R Soil aggregates
em eatment < 0.25mm 0.25-2mm 2-5mm > Smm
CK 11.57 + 0.45Ab 13.01 + 0.10Aa 1242 + 2.13Aa 10.7 + 1.05Aa
(-4
LN 12.09 + 0.70Aab 11.74 + 0.88Aa 12.42 + 0.66Aa 14.09 + 2.79Aa
C/N
HN 13.88 £ 0.55Aa 11.75 £ 0.35Aa 12.19 £+ 0.66Aa 1146 = 1.1Aa
CK 87.18 + 3.20Ab 76.27 + 5.28ABc¢ 67.23 + 8.59BCb 57.79 £ 2.12Cb
Tk % L
LN 102.15 = 6.78Ab 97.73 + 3.93Ab 90.91 + 2.50Ab 96.97 + 8.23Aa
C/P
HN 124.27 + 7.40Aa 119.40 + 7.70Aa 123.74 + 12.27Aa 95.39 + 10.43Aa
CK 7.54 £ 0.06Ab 5.87 + 0.45Bb 5.51 + 0.48Bc 549 + 0.50Ba
AL
LN 8.44 + 0.07Aab 8.38 + 0.40Aa 7.36 £ 0.46Ab 717 = 0.73Aa
N/P
HN 8.97 = 0.60Aa 10.18 £ 0.71Aa 10.11 + 0.54Aa 8.64 £ 1.70Aa

FAT AR KRS FRERBIRANAA Z MR EE P < 005, ERHKEE P < 001, FAARNGFRESRBIRAELIE 127 EE P < 005, %
S P < 0.01. Different uppercase letters in the same row indicate significant P < 0.05 and extremely significant P < 0.01 differences in aggre
gate particle size; different lowercase letters in the same row indicate significant P < 0.05 and extremely significant P < 0.01 differences in aggregat

e particle size.

24 HIEARMGREMERERS SNEEE G AR S BRI

HH Pearson A AT Al &N (K 2), MWD 1 GMD 5 WSA 0252 mm EMRE FAHK, 5 WSA =5 mm 2K
W IEM <. MWD 5 SOCas > 5 mms SOCAas 2.5mm £ SOCas 0.25-2mm &% 2 IEAHIR, GMD 5% kigk +3EH 5
RN SOC & 2R3 IEAHI. MWD il GMD 5 TNas 0.25-2mm A E IEFHR, 5 TNas < 025 mm 23535 1EAH
Ko MWD 1 GMD 5 &gt HIEHA KA N NOs-N S22 R EIEFK, 5 NOs-Nas 2.5 mm. NOs-Nas 0.25-2m
m F1 NO3-Nas < 0.25 mm AR E 3 EAHIE. MWD 1 GMD 5 TPas > 5 mm 03 FAHIE, 55 TPas 2-5mm Al TPas
025-2mm EMWEE A K. MWD Fl GMD 5 APas < 025 mm £ 23 51AHE
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#2 DERARAREERESERERE LRI SR R
Table 2 The correlation between the stability index of soil aggregates and the mass proportion of each grain grade and the n

utrient content

T Factor TEEEEHE MWD JUTFEAE GMD SI4ER D
WSA 55 mm 0.986** 0.931** 0.378
WSA 2.5 mm - 0577 - 0424 - 0.664
WSA 0252 mm - 0.951** - 0.947** - 0.206
WSA < 0.25 mm 0.149 -0.054 0.924**
SOCas > 5 mm 0.689* 0.671* 0.278
SOCas 2.5 mm 0.770* 0.821** - 0.081
SOCas 0.25-2mm 0.717* 0.813** - 0.292
SOCas < 0.25 mm 0.627 0.758* - 0.397
TNas > 5 mm 0.403 0.478 - 0.159
TNAs 25 mm 0.536 0.584 - 0.003
TNas 0.25-2 mm 0907 0931 0.087
TNas <025 mm 0.791" 0.695" 0.468
NH4*-Nas > 5 mm 0.206 0.39 - 0.682"
NH4*-Nas 25 mm - 0.217 - 0.024 - 0.823™
NH4*-Nas 0.25-2 mm 0.027 0.139 - 0.560
NH4*-Nas < 025 mm 0.381 0.359 0.215
NO3™-Nas > 5 mm 0.747* 0.755* 0.171
NO3™-Nas 2.5 mm 0.855** 0.908** - 0.007
NO3™-Nas 0.25-2 mm 0.902** 0.904** 0.660
NO3-Nas < 0.25 mm 0.873** 0.890** 0.152
TPas >5 mm - 0.704* - 0.681* - 0.168
TPas 25 mm - 0.888** - 0.858** - 0.268
TPas 0.25-2 mm - 0.887** - 0.874** - 0218
TPas < 025 mm - 0471 - 0.570 0.318
APas 55 mm 0.265 0.122 0.677*
APas 2.5 mm - 0.234 - 0.254 0.088
APas 0.25-2 mm - 0.601 - 0.684* 0.167

APas < 025 mm - 0.767* - 0.774* - 0.119

*FE0.05 KF EERRE, L 0.01 KP EE BHREE. WSAS 5 mn, WSA 25 mm, WSA 0252 mm A1 WSA < 025 mn 7395179 > 5 mm, 2-
5 mm, 0.25-2 mm 1 < 0.25 mm FiZtIEFRAPTE L SOChs > 5 mms SOCas 2.5 mms SOCas 0252 mm H SOCas < 025 mm 7749 > 5 mm,
2-5 mm, 0.25-2 mm F< 0.25 mm KL HIEF AR A SOC %5 TNas > 5 mm» TNas 25 mm> TNas 0.25:2 mm 1 TNas < 025 mm 77 A4 > 5 m
m, 2-5 mm, 0.25-2 mm fl < 0.25 mm k2 FIEF AN TN &8, BIEAN NH-N. NOy-N. TP Al AP & &[F# . The difference was
significant at the 0.05 level and the difference was extremely significant at the 0.01 level. WSA = 5 mm, WSA 2.5 mm, WSA 0252 mm and W
SA < 025 mm Were the percentage of soil aggregate mass for > 5 mm, 2-5 mm, 0.25-2 mm and < 0.25 mm grain size, respectively. SOC ¢
ontent within soil aggregates of > 5 mm, 2-5 mm, 0.25-2 mm and < 0.25 mm grain size for SOCas > 5 mm, SOCas 2.5 mms SOCas 0.252mm @
nd SOCas < 025 mm respectively. TNas > 5 mm, TNAs 2-5 mm, TNas 0252 mm and TNas < 025 mm Were the TN contents within soil aggregates of
> 5 mm, 2-5 mm, 0.25-2 mm and < 0.25 mm grain size, respectively, and the same was true for the contents of NH4"-N, NOs-N, TP a

nd AP within the aggregates.
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3. AR 4% R bk L P R A RS e R e

BT R EH 5 L5 MWD GMD 1 D & {67 5 398 [ R AR e 14 11 28 B4R AR A 7L B
N ZWIAEEE R MWD fl GMD 238K, R N IRINAEEIESE 7 HIEFI R AR e, X5 Riggs &2
PIRFA— 3 JREATREA L =N S—, —ims, TIERKBIREEE, 3 54w g e
FRER PR THEE 22, AWFRLEREH, NN EER ST > 5 mm BHEKFRMARE S, H Pears
on AN, MWD Ml GMD 5 > 5 mm 8K BRI & 5 b 2R3 IEAOC. X3RN d i
HEE > 5 mm HEEFI R E S HCRIE S T IR SRR E . B, 13 SOC 1E A R R AR
GEF), IR AR EERE SOC W M In G580, ARF T R, HN #Ek bR E e T R F R
W SOC &+, H Pearson fHI¢ME2r 73, MWD 1 GMD 5+ AN SOC S EE T FH MK, XF
BN S IniE 3 TR SRR BN C & Bkl IR R AR AR e . 28 =, WRER 13 N Ae it
T SRAARE B R A S AR IR RV AR 2R, TR FEAR B o 78 M8 ARG 750, DT 388 o 338 [ 56 1k ) e 123
AR, NI B3 s 7 A SN TN A1 NOs-N &, H. Pearson fHXPE/#1R B, MWD #l
GMD 5 13BN TNas 0.252mm A1 TNas < 025 mm 50 2 IEAHIR, S5 HIEFIEMAA NOs-N &2 EFIE
FHIE X R W] N R I i 2 15 33 AR Y TN AT NO5-N 75 5ol i+ 38 [ R AR e v B A E R 380,
N s H3E B R AR e B M. Wl Sun R TR I, N st HIEERA MWD JC8 2 520 .
HILZE SRR TR, —, NIMAEPEEAR . ARSI N S INAEEFIE (59 Sa, 1 Sun ZER4R)4b
HREF AR 2a, FEUN IR R A R AR E M AT RE R e ARk . BB, N IR, AR5
F NH4NOs 4 N Y&, 1 Sun ZFPUHRES LA CONH2): A N Y. 25 =, RIS MIRIRERIAR . AHF T R A
W EEREAR, T Sun ZERAFIHT T GO MRA . ZEVY, NIIIEAF. ABFAR N BIEN 0. 50 F1100 kg h
m? a’l, 1 Sun ZERY N INEAN 0. 304 60 A1 90 kg hm? a'. 4 EPm&, NI E. NJE. NRINE
FHRIG A G2 REMe) 1 458 A SR ARG 10T N AN e B, 31Xt B AR 7 i — AP e 26 1R DU 7R N ARy
- S SRR R T RS

3.2 BRI ESREM R LB E RER AR S’ W

358 B R A 3 HUBR AR A 2 3R A7 SOC i — N EEE 5 123, AHTF 7045 B 7k, HN ARFE &
e b8 m T RIERIRAR SOC &, XHIHRHE MR 8. AALSGFREE/R, HN LB, 5He
KA, > 5 mm HIEFIRA SOC & ERAL. R L3 SOC HJ ML, 13 SOC flLiere /Mgl 1
B R, SRIGAE IR IR R AR TP RIS, > 5 mm 3 AR AR E R AR SRR S RIA 1
13 SOC, M > 5 mm LRI R SOC & EAHXT P

AFURI, 5 CK AHEL, N @A ak F3gm 7 &R IR A TN & &, X5 Wangl?” S5t
gER—g, HIREATEERE, —J5TH N RIS EESECEE TN G N SEine. 5— 5K N 3
SEEYH AR R R JIE Y EIG I, (ERHEY A KAREYAR R, EnEE T R E R, {f SOC
TN & BEH TR, (5N BN EZEEN > 5 mm BIEBIREN TN S8, HEEFERAREL/NBIRA K
A AR WU LA S SRR 66 77, B LSRR AN [ SR Ak p o B TR] P R 6 200 ASHIE Fe 4 IR aE B
N IR HAL B R R0 2 LI A R AR N NOs-N & B B 48w, 1M R LB A1 SRR N NH N & 280N 5,
XS HRREP R FE L B3 N IR B3 LI R AN NHS N &=, AIReSMAeEmissha . H
NFE AR FEAL NHSE A N VR T B S AKTFRE, W 7 L8 NHS-N &2 3

B A AR K EERGIPECRB2, A FRERER, NI SRR HIRFRAE TP & AP &
EIIEN, SR RO TR, XSS AL R R EERFEN P e LR LT
FRET W ATELE, HaE R RIRAG, Kb3R FRAR P & B2 L3 BER (RS M A KB4,

KWL FRIEEoR, NN T, < 0.25 mm A1 0.25-2 mm H3EFEAG SOC. NH4-N £l NO3-N
SEET 2-5 mm M > 5 mm HIEFRME, X5 Mangalassery 2505 FUBF 745 B — 8. X ARt T ARk
9+ 3 A B AR B S R AN R S 300, < 0.25 mm AT 0.25-2 mm [ 358 I B AR T R0k I B
i, HRSHEUN SRR AR L R0S, By L] DL R 58 2 1) SOC #1 N

3.3 FIIXE S AR R R A T E R
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4 O/N RN BRI AR, R S A LT R 5 R R AR, AT TS R
R, N IINA AR IR ON s, XAREEZR M T N SaAk B3 7 HEFRAE TN &=/
SOC &8, H TN SEWMIE T AR, Si+i% O/N T, HIE C/P 248 P AREmislre —B2. &
W45 R %, N IR N SR 3 B Rk C/P B8, W N R INFHR 7 3B R Ak P A 2k,
X5 Wei 07 B iR 58— 30 1358 N/P X L3R 4 ah MK 1 5 PR A /K 35 HAT — e ) TRl e T i FH B
2, ARG R TR, NHEMEHE T < 025 mm. 0.25-2 mm 1 2-5 mm HEEFRA NP BB, RPN
ININATREINR 7 3R P RRE . X5 Tie 0P7 MAF AR —8. — TR FE N N i B3 580115
MR HLN FITEHL N &80, 55— J7 T fe 2 N R Iniedt T K, 8n 75 38 AP rMRik, HEm
BEAL T L3RR AR AP & i, FECS R TR IR R N/P K

4 4Ep

S AR, NSNS 95 1 7Y R 5 R S R R R SR AR AR E I, S 1 - SR SR AR [ e A [ 2
REAT, nJEl 7 3 PRI PRIk, 7RSSR SEG NI T 5N AT S R R 2 L SRR A o (H phy T 3R
ARG ENE K757 Bl 2 B 13 1 R Ak N B PR A G E VDR S0, 754 5 IRORIE 5 v ST Jé TAT SR A A g
T A 0 A T3 T HORIT AT, DABE 4T A 1A NS IO R G R X 4 b R [ SR AA RIS
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