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Altitudinal changes in nitrogen, organic carbon, and its labile fractions in

different soil layers in an Abies faxoniana forest in Wolong
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Abstract: Distribution characteristics of soil organic carbon (SOC) and total nitrogen, as well as the coupling relation
between SOC and TN are important areas for research in the carbon and nitrogen cycling in mountain ecosystem. In this
study," vertical transects in Abies faxoniana forests at altitudes between 2920 m to 3700 m in Wolong were investigated to
détermine the distribution of soil organic carbon (SOC) , soil total nitrogen (TN) , and labile soil organic carbon fractions
(LFOC) along the altitudinal gradient, as well as the coupling relationships among them. The results showed that; i) SOC
content in the humus layer increased along the altitudinal gradient and had a negative relationship with temperature. LFOC
and particle state organic carbon ( POC) increased followed by a decrease along the altitudinal gradient. TN did not

significantly change with increasing altitude, whereas LOFC, POC, and TN significantly increased near the forest line. TN

BEE WA 04 ESE 25BSRSEHOR A R (2011BAC0O9BOS)
e7s B #1:2016-04-06; ) £ tH iR B 83 : 2017-03-02
# W IRAER Corresponding author.E-mail ; ghliu@ rcees.ac.cn

http ://www.ecologica.cn



14 4] BAL A IVE RMEIRTT Y AR L A MR 2H 735 038 5 R e 4 b JBE 1) 28 AL AR AR 4697

and SOC in the 0—10 c¢m depth layer were double —peaked as altitude increased, with peaks at 3089 m and 3260 m,
respectively. ii) The major fraction of LFOC and ROC were observed in the humus layer and the 0—10 c¢m depth layer of
soil. In addition, LFOC/SOC and POC/SOC in the humus layer increased along the altitudinal gradient, whereas LFOC/
SOC and POC/SOC decreased in the 0—10 cm layer of soil along the altitudinal gradient, indicating the stability of SOC in
the humus layer decreased along the gradient, whereas the stability of SOC in the 0—10 cm soil layer increased as altitude
increased. iii) SOC was significantly and positively correlated with TN, and SOC content was the main factor affecting, the
TN. However, TN did not exhibit a significant relationship with the labile fractions of SOC in the humus layer. iv) The, ratio
of C/N in soil and that in microbial biomass were higher than 25 at an elevation of 3177 m, which was the main factor

causing the significant decrease in the SOC content.

Key Words: soil organic carbon content; soil total nitrogen; labile soil organic carbon fractions; soil humus; altitude
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Fig.1 Study area of Sichuan Wolong Yeniu catchment
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Table 1 The result of sample plot survey
A i 4% / o B L RE / T HAEER B/ C
U 70 N T O 17 il ey DR e
Altitude Slope Aspect . Tree height
breast height depth 0—10ecm  10—20 em 20—30 c¢m
2920 35 WN35 34.05 15.48 11 2.29 2.42 2.64
3029 25 WN30 43.02 15.9 8 2.40 2.68 2.81
3089, 20 WN30 44.14 14.7 7 1.90 2.19 2.51
3177 40 WN35 9.39 7.21 14 1.82 1.97 2.27
3260 27 WNS55 12.57 7.22 13 1.13 1.39 1.73
3401 55 WN50 25.87 8.54 15 1.15 1.55 2.14
3522 15 WN60 12.85 9.07 Na 0.74 1.58 1.67
3584 15 WN60 16.58 8.7 Na 0.05 0.90 1.26
3675 10 WN65 23.95 7.2 5 1.32 1.86 1.07
WN: P frdt
1.3 ik

~E S HLBRR I F B R B LA A ARk o ORISR (53—2000 wm ) SR IS IR BERR 320 1 )

TKIFEPER LR (DOC) K Jones J7 ¥ E 2 5240 43 iR 5 IR

Janzen ¥ , 7 J SR B IR B AN B4 7 ik

Fe s G A HLER (ROC) SR e B BR B L G iR I ) 5 Bl Wi ik ( MBC) IR A= ) 4 280 ( MBN ) SR 11
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FR-RARIEME ™ A5 R LI Rk, B 2R e 7 1Bk g > iR ] SPSS 18.0 Ak fF
AT Z R DL AR S

2 ZWHERESN

2.1 VEIRBEE I ARAK IS 2 A LR S 2 S AR A R

W 2 Fi7s , 8 52 HEA DL , 52418 ML S BURE A HLEK & 2 B4R T s s, 2 S Ak S i A
Yyt B 2 Bl VAR T R AR A RN TR KV I A WILAR 5 £ Bl I 4R T 5 SE AR S T i85 50— 10 m = 3EAHUAR f2
T PEZH 230 3 I L RO ERAE | 5 fB 7F 3089 m Fll 3260 m Ab ; 76 S 48 )2 IR /N T 1 em 19 3522 m J2 3584 m
A, A A URR F TG P4 43 A S PRI

N 2 Firzn , LFOC Fl POC 78 & 54 5 2 1 0—10 em 4 2 1 5 A HUER Fe 4k, @ 78 )2 LFOC/
SOC KM e - FHZEE in , ROC/SOC R4k T FHef# K E] 10% 5 T — 3 POC/SOC WIZRIN Feke L5
BTN ;11 0—10 em H' LFOC/SOC FI POC/SOC $43¢ BHL H WU AFAE | 578 MUK 2 43 7% 48 fE 3B — 2 ; DOC
MBC ST i He 48/ N , MBC/SOC 7 6 78 5t J2 Bl 3 T 2 32 BT R AIK, 0—10 em )2 Fifi¥Ag 45 T 1 12 4 7t i, DOC/
SOC TEJEFH I Z K 0—10 em J2 Rl T 5 24 2 BRI 35 m

£2 THLUTERRFEENRAS S ZETEGNBREEHN ST

Table 2 Percentage of labile fractions in total organic C of subalpine topsoil along an elevational gradient

R R % 5 EAA LR % WURLAT BLER % TR Wi/ % TR A B %
M4k /m Light fraction ; Readily oxidized Particulateorganic Microbialbiomass Dissolvedorganic
Altitude organic C (LFOC) C(ROC) C (POC) C (MBC) C (DOC)
JEFFZE 0—10 em  JEFEFZE 0—10 em  JEFEFZE. 0—10 cm  JEFEF)E  0—10em  JEFEI)E 0—10¢ m
2920 35.80 48.70 16.36 12.75 70.11 70.52 2.24 1.24 0.76 0.70
3029 38.72 58.92 14.28 11.92 57.54 81.75 2.14 1.64 0.77 0.55
3089 50.27 71.36 9.99 6.77 56.33 65.20 1.74 1.38 0.46 0.55
3177 57.01 25.93 11.76 11.07 51.46 39.89 1.74 1.48 0.39 0.58
3260 55.85 51.91 10.58 12.43 76.15 80.54 1.54 2.18 0.40 0.57
3401 46.67 55.21 11.05 12.27 52.24 48.26 1.64 2.18 0.51 0.57
3522 Na 37.82 Na 13.53 Na 38.35 Na 2.38 Na 1.04
3584 Na 29.88 Na 21.07 Na 59.14 Na 2.68 Na 1.03
3675 52.89 37.20 10.78 14.20 67.52 52.41 1.58 2.48 0.55 0.64

2.2 VEIRBHEE AR AN 2 AR A SR AR R

WK 3 Fis B2 A & B AR 2920—3401 m [AJ# 4 TA5E  FEARER B T B 5 18 i = 18.07 g/kg,0—
10 em + 2 SRS A PURLE — B0, BN BTG L TH 38 B0 h SO RURRAE A A 207 68 5 5 )2 e
0—10 cm FJ2 513 T i B MUAE ; ol 90 oo ST 0 0 I J 2 W 4 T 3 B R et 5 B A, 0— 10 em J2 N 5
4 A A VPRI A AR DL, 20k U RRAIE
PRI = R Y N w1 e e

WA 4 iR AR TZ B 0—10 em 2 96 L LL BV 3R T /50 1 2% 0 MR S 8 0 5 B A 1 8 34, (R MR 2
IE50--10 em 3% C/N B3 T 78 3177 m LIRT,0—10 em J2 C/N & TIEHIEZ , 3177 m VUG, WK T g
2 ABAEMRZ B, I C/N R/ T —380, JEE R MY R C/N BEWAR T & 2 0 Je T 5 )5 B AR
FHE RS T 0—10 em JZ AP0 C/N WRBN SeR s FEARR S 5 58 C/N R, 5 5 2B
B C/NARTHE 3177 m (LB RIARLZ 3675 m MHILE T 0—10 em J2 | W7 P IRIER EE, WK T 0—10 em 2,

PR EEUAISIERAE, — B S 2R SR 95% L L, HIA R BRI B T + A
BT AR RN >, Xt J i SR B A e SR e B P IR 40T, 43 ISR AR I E A (1 5) , R IR
TV RZ MR B 0 LA B8 2043 A B LA W (R AR R | B 0 i R ) (B 3R B — O
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Fig.2 Soil organic carbon and labile fractions concentration variation of different altitudes at the different layers
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Fig.3 Soil organic carbon and labile fractions concentration variation of different altitudes at the different layers
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Fig.4 Soil C / N ratio variation of different altitudes at the different layers
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Table 3 Correlation between Total nitrogen, Soil organic carbon and labile fractions at’humus layer
- e TR P A EYEA
ALY S S P Y Y 2 S WA R
L. Soil Total ) UL A B - K PER Alkaline Microbial
Soil carbon and . . PERSIRT3 (RT3 Bk . . .
it fracti organic C nitrogen LFOC ROC POC MBG DOC nitrogen biomass N
nitrogen fraction (50C) (TN) (AN) (MBN)
TIAHLK SOC 1
T34 A TN 0.779* 1
B HL LFOC 0.966 ** 0.476 1
LRk ROC 0.658 0.458 0.694 1
WOkL Ak POC 0.798 * 0.437 0.781% 0.914 % 1
fEY RERR MBC 0.808 * 0.094 0.723 0.41 0.573 1
KRR DOC -0.153 0.298 -0.332 ~0.172 0.009 -0.041 1
AR AN -0.087 -0.66 -0.114 -0.669 -0.534 0.148 -0.358 1
oA Wy i MBN 0.389 -0.419 0.447 0.519 0.546 0.722* -0.595 0.112 1

#1E 0.05 K- (BUIM) b REFAIC; =+ E.01 KECRM) F AR

R4 0—10 com TEFVE, ERREEFVBNEXYE

Table 4 Correlation between Total nitrogen, Soil organic carbon and labile fractions at 0—10cm soil layer

R I T T T G T
nitrogen fraction LFOC ROC MBC DOC MBN
THEA HLEKR SOC 1

+ A% TN 0.711* 1

BHAHLLFOC 0.978** 0.629 1

Sy AALTER ROC 0.707 * 0.921** 0.603 1

R ZS B POC 0.936** 0.805** 0.897** 0.794* 1

A= iR ik MBC 0.780 " 0.783 0.710" 0.827** 0.731" 1

JK¥E B DOC 0.916*" 0.697 0.945** 0.639 0.889 ** 0.699 * 1

WA AN 0.546 0.791" 0.453 0.729" 0.502 0.789* 0.497 1

= Py A MBN 0.891** 0.744 = 0.836* 0.816** 0.860** 0.917** 0.788 " 0.722* 1

w0 7E.01 ACE (O E WA = 76 0.05 K (R 1 A

T A= WIS o0 i 22 S5 SO o A LB RN 20, A3 DR A AE AT 7 i 3R LU AN [R] TR A B ROC I 2 B, A
[ L v (1) 5 SR AR 5 ek BEEAR TR N, 32 ) 1398 2 R 2520 0—10 em L4 ROC 8 T3k 11
RRETE 2 B A 52 BITE A2 1A BUBR AR 43 R E AR ERE T . DOC SRR KA A, DOC
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wmy
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T B A AR T JEFE 2 AT 0—10 em )2 LFOC &840l 7E 3260 m A1 3177 m iA$ K fE, POC F
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UK AT ALK o5 AR AR A A LA FE A RS 4, L o R E ) K/ B3 R R SOC W iRk AR AL B Y i
ROC,DOC 1 MBC J&: - e LA 22 Hh 55 R 16 BR A0 443, AR a2 A A ) 3 e 90 T ot ) 78 fL LA °F il
N7 - AT MILAS AT R B8 A5 B 4 T
3.3 RHERRERN G O RN LA PR AR AL LA A

SRR N B R TR B 3 AR, T C/N S 251, REHEBIY) /3 e A s IR | T2 W i)
SYFRVERNE S HAEA RS A E ™, 3177 m 4b C/N K% 30: 1, 5 R I W B0 1, 3 el P A T RE
BUBR , FBOZ A & B PR & 5 B & AL,

T A C/N BN, HETE 3—4, WARETE 4—5, BT 11—13 R )2 7E IR E Y&
C/N A%, JE R AT g 2 IR BRI 5 MR B 2 A I A A [RIFP S Ak By B R AILAR B 3R, B4R 1 Tt
T I BRAI IR A B 0—10 om 2 0 3 WA & & MR C/N RS, BB T o5 L3 AR+ 38
ML IR E BRI 3100—3500 m X8 = 3845 AL & B KT 2900—3100 m DX 3k ; 17 78 5 3 AR ER BT DX 3, 94 7%
WP 17 5, Sl P B BT PR XA R AR, R T LA 9 B 3R (45 3 LA % & #F 3500—3700
m Z 8] XA BT
3.4 g

I X 2900—3700 m P R iy L -3V 5 L AE AR BE I A 0 2 RN % J2 3 LR RN TG 4 4 53
FIRFSE A3 5L R 4538,

1) JE5E 512 FAEA LK (SOC) L& Wi in, 5 A 7E B3 0 R R A A WLk (LFOC) BBk & A AL
fii (POC ) Bl I ThI5 SR B0 S 38 in Je BRI A i 34, 1= 38 4 0 (TN Bl ol A A8 Ak R K, (R PR e Ak 5 21 5 LAk
(LOFC) BUkiA HLAR (POC) Fll TN 27 535 1415 0—10 m 337 HLAR Bz 4> 280000 26 Bl WU R AE | 4 {1 43 I 7E
3089 m Al 3260 m Ak A5 ZEVE TR IRE LR E LR,

2)LFOC Az ROC TEJEFE 512 F1 0—10em - J2 it oy LUK s W 78 17 32 DX 7 Jo )22 S 3R 22 A LAk 1)
AFENE ,POC 5 POC/SOC TR R I A WU RIARFAE A A 12 POC 5 SOC 38 2 IEAH G, & B POC %
g 1K AL BB 2 AR AE W 5 LUy oy 32 2 3 AU B0 M40y s SRR AR I A 3R 5 o

3)SOC 5 TN, MBC 5 MBN HA7 B & iYL PR IE AR JCOC R (EAE JE B8 522 vh A DL 36 1 2 53 5 - S R 2 ]
MHRPEAR R, 3 C/N A4/ C/N FE 3177 m KT 25:1, &5 H3A LIk & & 7E e Ad B8 PRy £
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