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Response of labile organic carbon content in surface soil aggregates to short-term

nitrogen addition in artificial Pinus tabulaeformis forests
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Abstract ; Increasing nitrogen (N) deposition is significantly affecting the carbon cycle in forest ecosystems. However, it is
not clear how N deposition affects the content of labile organic carbon in soil aggregates, which restricts our understanding of
the soil carbon /cycle and the development of the carbon cycle model. This study was conducted in an artificial Pinus
tabulaeformis forest and simulated N deposition for nearly 2 years. Three N treatments, namely, N3 (3 ¢ Nm~>a™'), N6
(6gNm?a'), and N9 (9gNm~a™"), and a control treatment with no N added were applied, and each was replicated
six times. Three labile organic carbon in soil aggregates were measured. There was no significant effect of short-term N
addition on surface soil aggregates, while soil organic carbon was dramatically affected by N addition. Soil organic carbon

content in the 0—10 cm soil layer was higher in the three N addition treatments and was highest in the N6 treatment.
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Additionally, the change in organic carbon content in macro- and micro-aggregates generally followed the pattern of soil
organic carbon, and moderately, highly labile organic carbon also followed. In soil aggregates, the amount of highly labile
carbon was greatest, then moderately labile carbon, and the content of minimally labile carbon was lowest. Compared to
three labile organic carbon of CK treatment, the amount of minimally, moderately, and highly labile organic carbon in the
N6 treatment increased by 115.06%, 178.73%, and 79.61% in macro-aggregate, respectively. And the amount of three
labile organic carbons in the micro-aggregate increased by 32.84% , 166.79% , and 62.05% , respectively. Among the three
labile organic carbon categories, the change of moderately active organic carbon in the macro- and micro-aggregates was
highest, which indicated that the moderately active organic carbon in soil aggregates was the most sensitive to short-term N
addition. The results showed that short-term N addition affected surface soil organic carbon content by changing the amount
of moderately labile organic carbon in the surface soil macro- and micro-aggregates. The results of a principal components
analysis showed that soil total N and pH were affected by short-term N addition and it also caused a change in soil texture
and total P. The changes of soil physical and chemical properties may result in an increasesin root biomass and litter

decomposition which brought a significantly change on active organic carbon content in surface soil aggregates.

Key Words: nitrogen deposition; surface soil aggregate; labile organic carbon; Pinus tabulaeformis forest
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R T R N R 2 A LB 28 5, HE T S BOE M BILB i 22 5 L AR R IAT SR A5 ol A R Ak
A EZ R B A A DUBR 5 R BRI AT SR A b T AR P SR A v B8 AT BILARR DL s BAT SR A P A
BLBRK 202 i BE AL P VL 43, AR S A2 L ORI RE G A SR A v | R ) 0 A BILAS &5 5t i T LAk
BRI R RME S TR

FIHIOC T N RN AT T L 30E MR LR B9, 2 LA 42 Lo B 150 i A1 SR A rp oA i) v M A
HLBR I PRI 7858/ 1l TS [RDREZR AT SRR (AR s M R A R A SO A A 22 5, RIS N e - 3 ] 3¢
PR RIS A DLBS B 2 M o aa B AN, OGS0 P A L 52 i DR 3R A F 5 22 4 b 7 S LR
BT, 280 7 AR A RO o DR 25 BIF S - S SR A e JB R 9 P 5 Xof - 98 P SR RS [ T A MLl 5 i
(520 , AT B IR 2 ) - 38 DA R AT A LR D 3R AR AR AR R BN T AR MO B X 42
I EFAMER L N A8 IIS: , F 5 3 2= S P SRR P AR [ 335 A BB 35 508 NS W 0 14 2 5, RS2 245 5800 Ay
PR N DU T 58 A WU AR UK I 2%

1 #MREFE

1.1 WF5E XML
TG A, TG 2 BN LBk e TS b3, AL 5 00 LR X 2= ), s B AR bR R 35°39'N, 110°06'E,, 5 M B
3R BR MR 860—1200 m 3% B oA 20°0—25° A HRR 9.7°C , ToFE 180 d, FEX /K i 584.4 mm, 7—
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9 A Oy kK b B4R KK B 60% LA L, SRR (L) sk 2k (I 4A) Bt RIZ HIEATEN 1.1 g/em’,
Mo AR AR I T Y 7 T R bR A AR TR AR, AR T AR I 2 I8 3—5 em,, 0BG AA AR T 1966 4F
i AN 600 hm® , MR AR FBA LUK T (Lespedeza daurica) \WIFT ( Elacagnus umb-ellata) . %5 il
¥ ( Rosa xanthina) G523 ( Spiraea salicifolia) 2.2 ( Lonicera japonica) ¥y % ( Caragana korshinskii) 55 ; 5 S
V) EE N PEN BB (Carex lanceolata)
1.2 it

SRR, 2010 4EH E R DI 2 LIER N 0.1—7.43 g Nm™2a™' F¥ N 2.11 g Nm™?a™', 1980
AEEE 2010 4F LR TR R BIAEAELRL 0,041 ¢ N om™> a™" B SORIE I, I FLICRI O 378 K SR B4R hak
WRpge TR PRI AR L B 4 AL HL, 350 %) IR (CK) ARADIRERE (N3) , TP AR (N6, m A
DU (N9) , AFREAE N 0.3.6.9 ¢ N m™ o™ IERHE IR E, B4F 4 .6.8.10 H 43 4 IR T K g
i, N N AT 6 R REHE T AN 10 mx 10 m, BEHIEI RGN 5 mo [ 2014%F 4 A IFEE B IR Z 5%
T 10 LK SR I 25 85 X AR 38R [0 1 5 I8 i SR ASTADL TR | X VAR 5 58 7 5 i ) /K o Ut A T R i
Wi, DUS S0 IR R K . RAERT IR G — Ui AU 18]y 2015 4E 8 A4y, T 2014 4 4 H i XAE AT 17 4H
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Table 1 Basic characteristics of experimental forests

e BRATHEAE Vegetation characteristics - HEM: BT Soil properties
Treatmont Wt W ik e A
DBH/cm Height/m pH Organic C/(g/kg) Total P/(g/kg)  Available P/(mg/kg)
CK 16.04+1.46a 16.43+0.47a 8.22+0.01a 11.88+0.53a 0.51+0.02a 2.79+0.17b
N3 15.79+1.92a 17.22+0.40a 8.19+0.02a 14.91+1.17a 0.53+0.01a 4.24+0.76ab
N6 15.96+1.71a 16.12+0.76a 8.18+0.02a 14.34+0.67a 0.52+0.01a 4.76+0.24a
N9 16.34+3.23a 17.67+0.69a 8.26+0.03a 12.90+0.81a 0.52+0.01a 4.14+0.38ab

N3 KA Low nitrogen addition; N6, FrE I Medium nitrogen addition; N9, BRI High nitrogen addition;z:ﬁ/J\i‘j"iﬂﬂéﬁ'\‘Z:[ﬁlﬁﬁﬁ
Ab 2 [ 3k g 3 2% 57 7K (P<0.05)

1.3 MRS

2015 4F 9 A4y, e AR REAL I 3 NFE, RN 1 mx 1 mo WERBEANFE T NI IRE Y, T )5
(65°C ,48 h) FREE ., FERE I x 55 x 85 4 50 emx50 emx 10 em B9 44, P IR 2, 340 AR (52
mm) AR (<2 mm) M5 (65°C ,48 h) FREE, AR FT A58 25 5 K 300 1 S0 A8 n 32 235 ) 2 J22 + 49 P Ak
PERR 2 R AR FE R AE 1 AFRJZ(0—10 em) JFR 1 IARE AR & vy [l s2 g6 %, PhBR T 0L A% skl
IR T, — R BEAT I SRR 9, — 3R 0B 1k 100 H 07 0 e BLak , 40, pH, 2, T A% s A%
T 432 FALL B PO BE SN 2 A ML A, K I X SR B 5 A 4 2R b oE R 4 R A R (<0.002
mm) , ¥4 (0.002--0.05 mm) FIFH7(0.05—2 mm) .
1.4 5 Tk

- HEPH R RS 9ok IR L . B 100 g i 8 mm G A9 KT 4, BEEA 250 um 1 53 um fY 4 207
L AE LB TR RN 10 min, ZJ5HME 3 em PRIE 30 Y/ min, 52 2 min, FIRIEREAEKIE b AL, T
OB K Y R 2 2 AT A5 3] K A1 B AK (>0.25 mm) |, #8541 Z 4K (0.053—0.25 mm ) , Fks-HY A 5 4k
(<0.053 mm) , A AREMGERIR &, T 65CHEFE, AHLER (TOC) 7 R F 55 R A Lk 2
ATRITE A LA (LOC ) SR FH i i PR B A 0 5 20, IR s AR etk , LA ik an R L R EBCET 15—30 mg B9+
HERES T 50 mL B0 T, A 333,167 .33 mmol/L =46 FR AP AT 25 mL, % EH 9% 1 h,4000 r/min &0 5
min, B FIERARRE 250 15, SR B BERT 565 nm P AL Fe 4, B KMnO, T AER T 3 FhiGHEA L
e, IEHh C,.C,.Cyo C, RIEIGTER P, C,—C, A ISR K, C,—C, AEIEEA IR, TR
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ML (NLOC) 5 TOC 5 €, HY251H,
1.5 #itE 550

F AR T B 5 i = 1R A SRR/ AR A S T X 100%

K HI SigmaPlot 12.5 i B F1 SPSS 20 2 #F 47 %540 4k 1, >k FH 5K R J5 22 53 7 (one-way ANOVA) Fl
Duncan #56 [LEA R EALBE T & 28001 1 2 57 («=0.05) , FIFH HF4347 ( Factor analysis ) X 4 1€ R 5 R 9%
R4 T £ R
2 HEREHW
2.1 FIRINXTZE K Fa A A SRR 43 A5 1 52 el

e 2 TT 0, 2 RS ) - KRR M T SRR A A 52 R B3 (p>0.05) o BRI, 45 A B 4 K Rt (A

BARLIKRA BAK (>0.25 mm) N &, Fr i LL ]~ 65.36%—73.65% ; 13 A B A& (0.053-+-0.25 mm) IR, N
21.88%—28.49% ; 5Kl A A4 ( <0.053 mm) 5 He A, At 6.16%
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Table 2 Effects of nitrogen addition levels on composition of soil aggregates

Qb BRI IEFE The range of particle sizes of aggregates/ %

Treatment >0.25 mm 0.053—0.25 mm <0.053 mm
CK 65.36+7.63a 28.49+6.40a 6.16+1.98a
N3 68.78+7.99a 25.95+7.41a 5.28+0.72a
N6 73.65+5.05a 21.88+4.57a 4.48+0.90a
N9 72.76+7.82a 22.11+6.45a 5.14+1.48a

2.2 FEISIIA R JZ A A HLORFN A SR AARA ALK 75 5 152 00 o 1 R AR A AU B

1 2RI, S N TR A BLBE AR 5 P< Lo
0.05), HF N UHUK PRI, ARG AR E 2 *‘A '
SHIR BT 5 R 76 No ALK KL B S w %

CK HIEL, N3, N6, NO 4b #0437 fllgl T My BURTT T §5 o] g
61.1%,74.4% ,47.6%, ILAh, SREMATHURA RGN £ 2 %
e, CK ARSAT LR & G 5284k, N3 NG NO AR BSy 2 s .
WS T 4.76% ,17.99%,10.93% . 5 %

P 1 2 T8, [ S 3 AT DL B B ENEE EEEE R

T SRR IR 2, Ak R AR LR & A B N 3 % 4b 3 Nitrogen addition treatment

T 3G I R VA 2R AR i 141 3R A4 A B LAs 722 A T 1) - 458 Bl N A R RN
ﬁm@%%ﬂ%)ﬁ B%{EE E/‘J/Ep(‘ﬂr[% ’ %‘BT’E N6 ﬂiﬂ?é\% Fig.1 Effect of N addition on the content of soil organic carbon
e AH G CK AbER | 25 A0 FER G T ERARA HUIR & 58S KRNG5 8 3m R B )35 392 R KT ( P<0.05) , &
BEEIEMI(P<0.05) ;N6 AL R AN [RPRI g A SRR ML TFIRTS 520 3 o] — A Bt S 7 /5 =2 il 22 57 3k | 37K OF (P<
B TN, KA RIARA YL IR 56.85% (A% 0-05)
B HLRIGIE J 51.63% ,N3 N9 403 5 CK AL 2% %
AE . BT RIE 13X 3 FloRi g A R BRI T N B0 A BT 25 5
2.3 RIS R )2 4 HE A R AR [R] 38 M A DU RN T35 4 AT ML 75 2t 5% 1

e 3 Fros, [FA—Ab BT R R A s 6 A DL & S e s, s A LRI, TS P A P B e 1K
Bl N ZKSE3 A0, K AT SRR A AU 15 Fa a8 W3 o, vl 3 0 v 0 M LA 75 i A b S SR i s AR
e IEAE N6 Kb 3R A B fe K. AH L CK Ab 3, 4% Ab 38K PAT SR A I 37 4 A ML Bk & 12 29 3l 385 0 86.67%
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115.06% 144.60% , Fp i P A ALRR & 8800 104.22% 178.73% . 148.65% , 1= 1% A HLBK & B HE I 72.54% |
79.61% 73.63% ., GN[E 4 FrR , [Al—Ab 3T A SR AA = 1 M A DA & i de i, TR TS A LB IR =2, (IR 1 A L
fcied%, BEE N ARG, A R AGE M A LA & i AR AL R AN U e | e 3 P 0 3 35 A LA 7 i A
LIS AR, FAE N6 AL FE Rk RIHok, MIH CK ALFE it N Ab 3R 6 A S AR T A HLak & 1 %
BN (P<0.05) , Hhid A AR 15 F 184 M 5 K A SR ARG T8 PR AT LA 7% S 189 0 65.69% ,32.84% 64.46% , i
A LR B SN 115.02% .166.79% .59.18% , =1 1 1A Pk & 38 0 59.35% .62.05% .46.94% , K Al 5
P b A LA B S I e, R AL SR AR b G A LR T NS e [0 e Sk BH I 3B A L ER R I ORI
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K5 R, R0 BE S , KRR I A AR & R T SR AR B N 7K 3G, K ] SR AN i 141 5%
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Fig.2 Effect of N addition on the content of soil aggregates Fig.3 Content of minimally, moderately, highly labile organic
organic carbon carbon in soil macro-aggregates under different nitrogen addition
RN T 3 i) B VB 13 5 395 5K P ( P<0, RN TR ) — V6 PR R A B 2 3 Bt 925 Sk (P
05) , ANIRIKS T8 F 7R [F]— Ak 25 i 2 ] 2 573K 1 27K (P< 0.05) , ANIFIKRE F-1EFIR [F]— b A [R5 P fe =2 ] 22 57 35 Bl 7K
0.05) - (P<0.05)

2.4 SN FRJZE 13 PR AR VA LRI 519 32 oo B

TG TR ALK 52 2 AR AN R A IERAE T, RIS SO BARMAE S RS GNP ALt
i UM pH (E, S0 PR 75 W20 ik AR e | L BN A5 | R T W B b SRR A A% DA ) AN AT G
AP Z2 B ICERAE, O 1 W25 D T OS2 R IE 6 52 - S8 AT SR TG P A LA 1) 3 SR i IR -0 7 A 0
- BEAT R AT (32 3) o 45 REW], T R PRI > 1 94T 3 A, o7 22 BRI 5TI AN 77.16%
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Fig.5 Content of non-labile organic carbon in soil aggregates
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Fig.4 Content of minimally, moderately, highly labile organic . . s
under different nitrogen addition

carbon in soil micro—aggregates under different nitrogen addition RTINS S 3 7% Tl — 6 R b B = 1 3 2% 2% K ( P<
0.05) , AR GE B RaR ] — ib 4R 9 2 8] 22 5 35 1 % KF
(P<0.05)

R3 BEFREEREH®E

Table 3 Principal component loading matrix and contribution rate

AT FJH 3 Component e FAL43 Component
Factor 1 2 3 Faetor 1 2 3
A HLEK Organic carbon 0.861 " -0.107 -0.262 || &Y LY Litter biomass -0.487 0.143 -0.784"
pH -0.859 0.276 0:053 || #5KL Clay -0.809*  0.044 0.124
41 Total P 0.700 * 0.351 0.071 ki Silt 0.034 -0.906 " -0.171
44 Total N 0.947 " =0.043 -0.045 || #bki Sand 0.628 " 0.700 " 0.039
HARA: Yy . DR

Rough root biomass 0.327 ON12 0.224 Contribution rate/% 42.62 18.96 15.58
4 %7k 1 ok

AR i o2\ 0206 ogyye| PR 062 6157 77.16
Fine root biomass Accumulative contribution rate/ %

# A5 50 35 A0 (P<0.05)

3 g

ABEFEESIE 2 AF R N IS K B, it N X O TR AR R JZ (0—10 em) 304 HLGR 2 1 2
Fo A EEENAGSN(3.6 g N m™ a™') X 3RJ2 L A DL & B A B3 A EAE T, 108 N SS9 g N m™
a” ) AR FAOF AW, S W] A HLAR X N U0 B Wi LA S22 R 09, Al BEAFAEAR AN AT, N B IxT A L
Ttk (IR WA ATV 0 A 7 FE s e R B A 55 43 0 A R A i 1 =22 D F) A7) b v s 132 NBR
PRI N ARSI SR A 2R I (E A N DR R S S N SRIEA , AR AR T R N B2 1) N
TR B B S X — BBt N AR RCR AP BRAIR ! L s i N 0K AR A AR A R ik 2 TR I
I T RAIAR 2R B A0y ) - S B VA Y S B0 S I R AN B L AR, 6 g N
m™* a” AT AE R FAS H DO Tl AR AR N

ABIFTE B, R N X 2 J2 39 P SR A 53 A1 O TC 10 2 5 ), 4% Ak B LK P SRR LR & i fie vy, 5
FRLLAE AR RIS, ISR IS 25 1 5 A1 2 2% 0, Bl P SRR WM e o 5 A, 1 A A SR o ] 3¢
PR — 20 PURIE LR | BRI AT AL A, 2 2R SO A A AL ek AL 59 R 2RI R 22) BT A,
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SE B N USR0S R RV PR 3 R BILs A A A8 A DL S T 35 S AR i 8 A, 2
TE N6 AbBER B i iy, iX R B R SR IR R A SRR A DL 5 RS HLBRAT — 5 O AH DG
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B2E A PURRISSE R 2.5 A2 A AV A A SR AT L), ORI 2 23R IR 9 1 0 ik KRR 0 I8 ) B It v 00 Aol
R RS S A R SRR, ARBIE S R LIS N VAR o S T R A B
3 s AT LR 5, TS AT SRR AR I PR A BILAR 75 0 2 e, U N 32 0 5 R o 36 A LR E
TR PSR K - e L &5 it RIS 1 RN BOIETE 4518 . ASHITFE R ) — AR BN ek il SRS 1
A LR 5 AR A B A g T A LB > Hh T A BB > AR 1R A BILR , D6 AS i DX PR BILRR 2H 70 LU s
HLBAT . SRR R P SR A 335 A LR 5 2k 1 M i I, 26 B A SRR i AT LB S N A e V7 e o
T RS A LR S 2 B ATOTSEXE T N ST 5 e i P A HLaR B A UGH A AN
BB, A N U023 a2 00 - 398 PRI e 9 08 5 10 0 A RV 28 23 A 00 il A ™ A B 25 O 38 P 25
T AW ERA TR, N BG4 N pH AR5 R T 1R TR s, 3E 0 B8R
Z AW IR B TE f, IX TRER MTERAR PG PR A LA W AR A Y B

ABEFE KB, R IR IEEAT HLRR AL, o s 3 PEAT BBtk 25 f5k A0S 2 U L B N B8 B 508 18 o s i/ ) AL
L TE N6 KRB By . IR g i M AL, AT SR AT BIL AR A L 87 BBk A2 AL A 2 101, 15 B ] SR A
A WU K S LS A R AR D S TR P ML OC R B, X R SR s s R — 2 b e iE e
HLBRAE R VA SRRl P SR v (1 431 B0 WD W 2 5, 3 S i N PO R SRR ], AR IR Y e T L m 55
JEUHB DX I R B, A VR A S S A A SR AR P BB o RS Y A I 2R i aie . T ER B4R
S BRAS G5 DA R AR r I A LR 5 S EAT 0 KT A DAL S5 P A LA A [+ 20 AT SR A v 14 A e —
AL A R IX SR T AR AR E A 3R LR A SRR 3 BT A B0 22 5, vl e Je T BT ST 45 2R
ZE5 i RN,

4 iR

(1) B N VR Iy 28 )2 RN K Aot T SR A4 rh o BB AN P A BILB &t 4 35 5, Horh N6 AL 3(6 ¢
N m™a™") o B
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