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Effects of N addition on soil organic carbon components in an alpine meadow on

the eastern Qinghai-Tibetan Plateau
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Abstract; Increasing atmospheric nitrogen (N) deposition caused by human activities significantly changes carbon cycles
and carbon budgets in terrestrial ecosystems. Compared with plant carbon pools, soil pools are more complex in their
components and they respond in a variety of ways to N addition. Thus, contrasting conclusions have been reached as to the
consequences of N addition for carbon storage in N-limited forest and grassland ecosystems including promotion, no change
and inhibition. Alpine meadows are a N-limited grassland ecosystem on the Qinghai-Tibetan Plateau, where plants and soil

microorganisms have adapted to the environment of low available N. N addition might be expected to affect inputs and

HE&WBHK ARF 24T H (31070435,41071166, 31130009 ) ; [E 5 5@ A5 56 fl #F 75 & J& 3+ % T H (2010CB833502, 2010CB833501,
2012CB417103 ) 5 B} 2% b BLRL 2% 5 B8 YA o0 O “ e 4k ” 075 4 A A B4 WU H (2011RC202) 5 v [ R} 27 B iR mg 1 S 5 B 46 % T
(XDA05050600) ¥ Bl

Y B H#A:2012-04-05; &iT HH#3:2012-06- 14

# WM IHAVEH Corresponding author. E-mail ; slcheng@ gucas. ac. cn

http ://www. ecologica. cn



5364 A E = 32 &

outputs of soil organic carbon (SOC) via changing returns of plant residues and soil CO, release. However, a related study
of this ecosystem has not so far been carried out. To assess the effects of atmospheric N deposition on SOC dynamics and the
stability of an alpine meadow ecosystem on the Qinghai-Tibetan Plateau, a multi-form, low-level N addition experiment was
conducted at the Haibei Alpine Meadow Ecosystem Research Station in 2007. Three N fertilizers, NH,Cl, (NH,),SO,,
and KNO,, were added at four rates: control (0 kg N-hm™-a™), low N (10 kg N-hm™-a™"), medium N (20 kg
N+-hm?-a™'), and high N (40 kg N-hm™a™'). Each N treatment had three replicates. Each plot had an area of 9 m’
(3m X3 m) and a 2 m isolation band was established between adjacent plots. During the 2010 growing season, soil
samples were collected to 30cm depth at 10cm intervals in mid-May, July and September. The contents of three size SOC
fractions, coarse particulate organic carbon (CPOC, >250wm) , fine particulate organic carbon ( Fine POC, 53—250wm)
and mineral associated organic carbon ( MOC, <53pum) as well as POC/MOC ratios were measured to examine the
dynamics, shifts and stability of SOC caused by N addition. Soil POC in the alpine meadow mainly accumulated in the top
10c¢m and accounted for more than 64% of the total SOC content, reflecting the lability and poor stability of the soil organic
matter. Three-year N addition significantly changed the contents of soil CPOC, FPOC and MOC, and there were significant
differences between various N levels, rather than N forms. Both soil POC and MOC responded in contrasting ways to N
addition in the early, end and peak of the growing season, suggesting that temporal variability in the dynamics of SOC
components responded to N addition. N addition tended to increase soil CPOC and FPOC contents in the peak of the
growing season, while significantly reducing them in the early and end of the growing season. However, soil MOC content
responded insensitively to N addition. N addition also significantly lowered the topsoil POC/MOC ratio in the early growing
season, suggesting an increase in the stability of SOC. These results suggest that increasing atmospheric nitrogen deposition
in the future may cause significant short-term changes in soil organic carbon composition and stability in the alpine meadow

due to its lability.

Key Words: atmospheric nitrogen deposition; particulate organic carbon; mineral-associated organic carbon; soil organic

matter stability; alpine meadow
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MR 2208, FIFHAA R 7 22307 (One-Way ANOVA) Fi HARRAS B HE— A st — + 24 LA HLk 4
25 M Duncan 17 2 5 L R H B EZ I & 253787 ( Repeated measures ANOVA , RANOVA) Lt
BN it AL B AN ] £ 2R [RPRLAR A AR 4 & i i 22 5% o A 03 S PR Py A8 i i 1059 2 R s
MR KB AS & 73 | BEPE Pillar's Trace Fl Mauchly’s Test of Sphericity #5417 2. PERE 5 . I SPSS 16. 0 Ff4:
WATGET AT, B 3 KR 0. 05, R SigmaPlot 10. 0 #4424 1144
2 ZER551
2.1 PRI LK A AR f

HARRZS T (X RAR B ) | vy FE ) + SRR 258 HILEKR ( CPOC ) FA0 JUk: 258 HILES ( FPOC) &5 i Bt -+
BEUREE R I 20 TR, AN 2P ARIAR POC S s B (£ 1) . 11 CPOC A FPOC HA WA Wi 275 o)
.5 Ay, 7 ABERAL,9 AMEEFHEH(FE D) . 0—10em J213E MOC & & 1215280 IF If AR I, Wl
HMIAET A, 8 0—10em JZ HIEMIF, CPOC & A2 fL M FI R 12. 31—16. 74 o/kg, AHN HLAIL T FPOC % it
(12.52—19.26 g/kg) (£ 1), HHM,0—10cm 213 MOC & BTG F A 15.60—22.49 g/ke,7 A ET
PIA-RiAE POC i, I7E S AR 9 AIEGAHH . SOC T BISE T 3 R A HLak 443 & & 2 Fl, POC (CPOC+
FPOC) % i i 5 SOC 1Y 53.71% —71.66% ,“V-34°8 64.29% , I AT W, | o FE R A + 1A HLAR AN AR e 21
Sy BT L BIAR K

F1 2010 FERFHAKRS T GHELH) ARMETEAVRASSE

Table 1 Contents of soil organic carbon components with different size in control plots during the 2010 growing season

CPOC &t * FPOC 5 4 * MOC F it *
+Jz=/em CPOC Content( g/kg) FPOC Content( g/kg) MOC Content( g/kg)
Soil depth
P 5 /1 711 9 J1 5 /1 7 11 9 J1 5 /1 7 J1 9 J1
0—10 17.62Aa 12.02Ba 13.61Ba 21.98Aa 14.08Ba 18.80ABa 15.66Ba 22.49Aa 15.60Ba
(1.55) (1.31) (1.21) (3.09) (1.37) (2.59) (1.39) (3.18) (1.11)
10—20 8.08Ab 6.48Ab 7.06Ab 9.24Ab 7.10Ab 8.94Ab 17.10Aa 16. 14ABb 14. 17Bab
(0.89) (0.68) (0.33) (0.97) (0.68) (1.07) (1.25) (0.78) (0.76)
20—30 3.86ABc 2.64Bc 4.57Ac 6.11Ab 5.03Ab 5.04Ab 13.75Aa 13.58Ab 12.14Ab
(0.57) (0.26) (0.61) (0.95) (0.63) (0.49) (1.18) (1.15) (0.65)

= B N BE AR R 22 ;. FAT PRI S PR R — LR AR H fril 2257 B3 | FF R RVNG FRER R R — H 5 T AR L= R 22
e

i 3a WA T SOC A 43, HEE M7 20 45 R R &5 [ CPOC I FPOC & it 1148
{1 ( ACPOC FIAFPOC) 7EAIR Ay 22 53 5 % (P<0. 001, 3 2) ; [dl— A 4y, AF + 28] ACPOC Fl AFPOC
ZHEE(P<0.001,32) , IHH i H KV B ERA T 3 CPOC Ml FPOC % # (P=0.014 fl P=0.001) ,{H
St F R RN 25 (P>0.05,382) o 534h, [Wl— A5 T i ZK Rt Z 2B FPOC & A w35 158
HAEH(P=0.041,352), MYk, %A 3a S$E A+ CPOC M FPOC & & FIET 1.14% M1 3. 81% (%
1,E 1 HIE2),

SR, Tt EUSON FEAN R H A FUAS [F] 42 2 h R A —F, 5 1458 CPOC i &, A EMR 5 H 4y 10em 2
14 CPOC Fr i, H = R AL B RRARSR N 55 2 57 A A, e Ui 1] T34 i -8 CPOC &5 2, {HUill 300 75 52
THE R 9 A0 AREUR & T30 CPOC 5 &, 1M = AL 5 FRAIK CPOC i, AN AE K1
HKF , B AN W AR T 158 CPOC &8, B T 20—30em JZ AR A AL BEAM , W2 )2 (10—20cm 1 20—
30cm) -4 CPOC & B ALIR RSN HE AR (E 1) .

158 FPOC & XA N 5 CPOC it T AL, RIMAEPI D I, 25—, fEA X 0—10em JZ2 115
FPOC 7 i [ 2K T 10—20cm A1 20—30cm HIAERZE 46— iAW FRAK S A9 A 0—10cm JZ
148 FPOC ik, Horp 5 A IREAE BN 9 A 43 rh AL 5 %) B2 TR A9 25 55 0 255 D3 A, it St A i) T34 m 7
A AR L2 FPOC & {Hl ZUSOW Ak B G i B E K . WA A KR A | it U0 1) T K 3% FPOC
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i BG T E R BRI, CPOC F FPOC 7E AE K 25 v A 1A 4 230 2R 1 19 25 %o 384 40 194 g 7
ARI(E2),

®2 AM TEMEKFEREEMNAEBNHRASSEXMNEENEFEZSH
Table 2 Repeated Measures ANOVA results on the effects of various factors ( month, soil depth, N level and N form) on soil organic

carbon components

S HIAbEE Treatment ACPOC AFPOC AMOC POC/MOC
2H P97E 5 Within Subjects P P P P

A 15> Month <0.001 <0.001 0.611 <0.001

A yx1JZ Monthxdepth <0.001 <0.001 0.012 0.037
A< i Z7KF MonthxN Level 0.014 0.001 0.009 0.031
A% i &2 Monthx N Type 0.545 0.784 0.947 0.765
A4y xita Z K F-xiti 258 Monthx N Levelx N Type 0.076 0.041 0.721 0.118

2] )45 5% Between Subjects P p I P
+JZ Depth 0.355 0.238 0.730 <0.001
J &K N Level 0.004 0.426 0.132 0.515
HEAZEA N Type 0.771 0.697 0.042 0.279
AKX A LS N Levelx N Type 0.855 0.496 0.174 0.561

3 a a
a a a a ab a*
0
b
_3 |
I} 6
&5 o1
§ g 0—10 10—20 20—30
=%
=2
E 2 3 i a *
Z a a
< 8 a a a a
< 0
b
3
b*
_6 |-
S—9H ¥HE
_9 |-
0—10 10—20 20—30 0—10 10—20 20—30

+:)Z Soil depth/cm

B1 FAEERKFTEELE CPOC RENETL
Fig.1 The net variation of coarse POC contents caused by N addition in different months and soil horizons

A TR R R AL B AT W V2R  Fon R AL X I W] 22 57 0 3%

2.2 WG SAPKE R

A+ 35 MOC ZEAETE A 12. 14—22.49 g/kg, F34 i 4 SOC F i 35.71% (£ 1), EEM )T
Z TSR |+ MOC SR ZWAMAEE (P=0.611,%2), Bx5 HOoh, 13 MOC & ik 4 3% i
BT R R, R R 2 L MOC S REEREE(P=0.012,% 1 M 2), F—HMTF,lEKF T EE0H
+3E MOC i (P=0.009,3 2) , it A 52 R 85t 2, I LU 607K 1 it 2 28 A8 22 ) G Wt 2 14 28 1A )
(P>0.05,32) , [FlFE i 20 +45 MOC 17 2000 IR 2245 R+ 2 10 5, 5 40 POC 55 H %] 1 2601 i [ A% =)
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