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MacroPOC MicroPOC Fl1 MAOC [ 3 & & 4 9 N
13.6 gkg ' .18.8 g kg "1 15.6 g kg™', +HE POC
5 8 S0C (9 67. 1% , T 7€ 10 ~20 F120 ~30 cm
2% A5 43 5k 53. 2% F1 43.5% .

MR S a H B ERAE 0 ~20 em - HEfk %
HOE D), S ARA B ES T 0 ~20 cm
F )2 L HE MacroPOC & &, 17 & A W RE(R T 0 ~
10 cm )z 1 48 MacroPOC i (&l 1a) . Jifi & — B F
ik 15 MicroPOC & 4, I HRFAR R B2 Bl & it 20 it
R 38 i T 14 e LA B 3 MicroPOC 5 i b A AIG
T 36.3% (& 1c), Jiti & 7 & X5 MAOC 11y 5 Wi 5
MacroPOC AHML (&l 1e) . Jii A A X SOC 45 41 43
SR — 2, i i KNO, it B FREAL T 0 ~
10 ecm)Z + 3 MacroPOC Fl MicroPOC & &, HI & hn
T MAOC % (& 1b, & 1d FIK Lf) . SR, it 4%
SANE (fL 45 NH, C1 #1 (NH, ), S0,) I %A 2 2 %
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98.4%~99.3% ., i Z AN KA T 0 ~10 em + )2
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XoF 184 R e O AH — B (B a8 Te (B Te) o il AIZE
RIE A B E 45 )2 SOC SRt (Bl 2b, % 1), X
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2.08 Z[a], b A VR EE B 3G N R R e 2 B R AR
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[G— + 2 MacroPOC FlI MicroPOC #) 8" C {8 LL % 3%
T, B A FEIFE - 26. 18%0 ~ —23. 88%0 2 [H] , ik T[]
2+ 4 MAOC 9 6" C {H (E 3a ~ & 3f) ., 4+ SOC
7y 8" C {8 A5 1k 5 BBl S — 23.27%0 ~ — 25. 75%0 (
3g.[# 3h),

SOC L B AR [RIRL AR 4153 19 8 C (AR Ak 5 1 1
VRBE it 00 i il A R RV DI AR G, Bt 0 ~ 10 em
+ 2, KA 52 MacroPOC 1 6 C LT
2.6% M AMHEINT 2.1% (K 3a), LA, &
FALHE B E A0 0 ~ 10 em 2 3 MicroPOC FI10 ~
20 cm JZ 4 3 MacroPOC 1 8" C {8, 34 hn i@ & 43 51
F3.5%H 3.1% (E 3a, B 3¢). MR, KA S
0~10 cm 2+ 3 MAOC 19 8" C fHFEIR T 2.9% (&l
3e), A M N B ERAZ T MacroPOC F1 Micro-
POC f# 8" C {H , %} &4 SOC F1 MAOC 1y 8" C {8 T i
i mi (& 3b, & 3d, & 3f, & 3h), Ak, it
KNO,EXt POC (15 6" C {8 5 i i T £ 45 ZUIE (
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tions ) ¥4 5t i 35 1) 1E AH ¢, I H. MicroPOC 51k i K,
H. K &y MAOC #1 MacroPOC ( ¥l 4a), 52 MM,
SOC g 8" C ¥ E AL (46" Cype ) 5 =A-4143 67 C
TS A (A" Co puenen ) 52 BB 25 9 1F 41 36 ¢
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a b b
0~10 0~10 b
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= B
Jﬁglozo % = 1020 {1} Control
” ~ % 5 10~ i #8 Contro
§ %_ *FHE8 Control ® _§-
[}
il J65 Low N H = — #fkék NH,Cl
=]
2 148 Medium N s m— g (NH),SO,
20~30 2 Hioh N 20~30
% Hig 1 T4 KNO,
MicroPOCE& & MicroPOCE& &
MicroPOC content (g kg™) MicroPOC content (g kg™")
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
E:I : : S I I a I Id
a c
0~10 0~10 ab
- )
= w2
%= 22 .
= & 10~20 ® 510~20 mm— % i Control
% 3 s 5 @ Control H = o i
= z % NH,C
3 5 LowN 2 = N,
a .
t4 Medium N a mm filR4E (NH,),SO,
20~30 e . 20~30 a .
Ei % High N 3 —— AEERH KNO,
MAOCH & MAOCE &
MAOC content (g kg™) MAOC content (g kg™)
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
e > f
a
0~10 b 0~10 abab
_ " H 3
i g i g/ ab
S % 10~20 . % Eﬂ 10~20 @ — i R Control
% 2 p M} H Control HZ a ’
= 3 —
3 = fig Low N 3 . Fdeg NRC
4 . — NH,),SO
e a s 48 Medium N 20~30 aa FilREk (NH,),SO,

a
H, C—— Ri%& HighN
& 1

a — R4 KNO,

N[5 it 2070 2 M SRS AL AR 3R = AMREAR 4 43 SOC & = i AE fk

(P R R 7 R R TR 2 45 A PR 2 57 1 )

Fig. 1

Variation of three fractions of SOC in content relative to rate and form of N applied (In the figure, different

letters indicate significant difference between treatments within the same depth soil layer)
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®1 BENEXEMIEREXNS T AFHZAS SOCRERESCHEYMHN=ZEEFESF
Table 1 Three-way ANOVA analysis of the effects of rate and form of N applied and soil depth on C content and 8" C

value in bulk soil and the three fractions of aggregates

A 5 R ' MacmP()IC MicmP()]C MA()C] POC/MAOC soc l stc MacroPOC s"c MicroPOC s"c MAOC 8" Csoc
Resource of variance (mg kg™') (mgkg™") (mgkg™") (mgkg™) (%o) (%o) (%o) (%o0)
5 & Rate 0.012 0. 006 0.013 0. 003 0.073 0.015 0.023 0.043 0.016
&4 Form 0.031 0. 080 0. 049 0.071 0.14 0.033 0.036 0. 062 0. 082
+ )2 Layer <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
I x B2
0. 003 0.023 0.12 0. 007 0.087 0.13 0.18 0.18 0.19
Rate x Form
I x 12
0.16 0.024 0.057 0. 097 0.019 0. 095 0.032 0.14 0.12
Rate x Layer
A x 12
0.19 0.16 0.19 0.18 0.17 0. 085 0.085 0.15 0.15
Form x Layer
< IBE < L2
0.18 0.15 0.12 0. 042 0.19 0.19 0.17 0.14 0.18
Rate x Form x Layer
SOCE & SOCE &
SOC content (g kg™!) SOC content (g kg™!)
0 20 40 60 80 100 0 20 40 60 80 100
a
a b
0~10 2 0~10 BN
_ a
£ =]
2 2 a
R < ® S a
§ £ 10~20 = & 1020 Mem— 1 Control
o o N gnE Control o a
+H = X} Contro +H = == &({k4% NH,CI
A = (K& LowN %) 5
. ]
20~30 A Em 15 Medium N 20-30 aa TR EE (NH,),S0,
[ a C— 4 High N a T R§ERER KNO,
POC/MAOCH, EOLMBOCH
POC/MAOC ratio POC/MAOC ratio
0 1 2 3 4 5 0 1 2 3 4 5
a a
c b d

0~10 0~10

- =
?é l‘f {0-20 glé E 10~20 —
% S% ~ — 1 Control ‘% -% N a — ;Tfj!;o;zloél
E = {£4{ Low N s )
20~30 1 Medium N 20~30 PR (NSO,

— f-g_}ﬁ High N

— RHERAT KNO,

P2 O [l i 4050 i it 6026 R SOC A f Al POC/MAOC LA B4 28k (P HR R ) R R )2 R [ b 3 22 7 )
Fig. 2 Variation of total SOC content and POC/MAOC ratio relative to rate and form of N applied (In the figure, different letters indicate significant

difference between treatments within the same depth soil layer)
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0~10 a ? 0~10 i
— . a
£ £
g2 .
% § 10-20 X HE Control % § 10~20 ® mmm— 3§ Control
3 — {i{% Low N & = &tk NH,CI
2030 s 145 Medium N o = iR (NH,),SO,
. . o a
— 4% High N | — R4 KNO,
6 BCMncmPOC (%o) 8 leMlcroPOC (%o)
-22 24 -26 -28 -30 -32 -34 -36 -22 24 -26 -28 -30 -32 -34 -36
a a
a ¢ ab d
- 010 ab = 0~10 il
*H e s 5§ Control H = 10-20 3 mm—if i Control
s = {§% Low N s == 4fL# NH,CI
20~30 mmmm 5 Medium N 50-30 mmm i ERE (NH,),SO,
—— "% HighN — R4 KNO,
85C,, 00 (%0) 85C,,, 00 (%0)
22 24 26 -28 -30 -32 -34 22 24 26 28 -30 -32 -34
ab e a .
a
- 0~10 it - 0~10 a
® S ° ® S :
K5 a X 35
= S 10~20 a ) S 10~20 w5 B8 Control
H Z 5 w518 Control +H =
s —= {%& LowN i == & k4 NH,CI
20-30 o = 1 Medium N . = fiREZ (NH,),SO,
: —— H%& HighN —— A KNO,
85C . (%0) 85C (%0)
22 24 26 -28 -30 -32 -34 22 24 26 28 -30 -32 -34
. . P . . . . . .aa . ' . .
0~10 a g 0~10 5 h
— — a
w & m &
K = ® <
=5 " AN 45- "
% § 10-20 5| % Control % :? 1020 *} 1 Control
@ = {4 Low N a = &4ksk NH,CI
2030 s 145 Medium N 20~30 mm i EREE (NH,),SO,

— &% HighN

Fig. 3

= AERHT KNO,

I ) it 390 e Vi R 26 B R B SOC A B = AN4H 43 6 C i AE Ak
(P R ] 7 B3R 7R ) J2 S 4 A PR D% e 12 25 )

Variation of 8" C values in SOC and the three fractions of SOC relative to rate and form of N applied

(In the figure, different letters indicate significant difference between treatments within the same depth soil layer)
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30
Y= 043X +0.77X, +0.66X, a
—~ 20 F R=1.00, p<0.001 oe v
‘o
a
= p
P e 10 1
W g
o
ﬁ)n S ofr
: s
wn
<-101
-20 '
220 -10 0 10 20

SOC #1474k
ASOC fractions content (g kg')

¥=0.22X+0.33X,40.57X, b
4L B=098, p<0.001

—
°
8 Y
Pl <
3 L
O S of
Q v
72O
< @A
© %
< —4r
-8

81Cy. fractionsZE4k
AdBC, . fractions value (%)

SOC

Bl 4 A4 AR SOC &5 LK 8 C fH ¥ A8 {22 0] 19 56 &

Fig. 4 Relationships between bulk soil and the three particle-size fractions of aggregates in variation of the net changes in C content

and 8" C value
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EFFECTS OF NITROGEN ENRICHMENT ON TRANSFER AND
ACCUMULATION OF SOIL ORGANIC CARBON IN ALPINE MEADOWS ON

THE QINGHAI-TIBETAN PLATEAU
Li Linsen' Cheng Shulan'® Fang Huajun® Yu Guirui’ Xu Minjie' Wang Yongsheng’
Dang Xusheng® Li Yingnian’
(1 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China)
(2 Key Laboratory of Ecosystem Network Observation and Modeling , Institute of Geographical Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing 100101, China)
(3 Northwest Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810001, China)

Abstract Increasing atmospheric nitrogen ( N) deposition can significantly change carbon (C) cycling rates and
budget in the terrestrial ecosystem, and is generally considered to be an important pathway of missing of the sink. Howev-
er, the contribution of atmospheric N deposition to C sequestration in the terrestrial ecosystem is controversial. It is, there-
fore, essential to accurately evaluate the effects of rate and type of N deposition on amount, composition and stability of
soil organic carbon (SOC). Stable C isotope natural abundance (or 8"C) contains various information concerning C cyc-
ling processes, and hence makes it feasible to track SOC in its transfer, transformation and accumulation processes. The
technique of Stable " C natural abundance provides a way to characterize the dynamics of SOC with different turnover
times. Tt is hypothesized in this study that N deposition increases biomass of plants and "’ C-depleted plant debris that leads
to expansion of the fraction of coarse particle-sized SOC. Meanwhile, increased N deposition promotes activities of soil mi-

crobes, and increases emission of "’ C-depleted CO,, thus leading to decrease in SOC content and accumulation of 8" C.

25
Consequently, this study is mainly aimed at determination of the effects of rate and type of N deposition on contents of SOC
and its various particle-size fractions in the soil and quantification of relative contributions of the changes in these fractions
to the change in total under the condition of N accumulation. Through the above-described researches, it is expected a
better in-depth knowledge could be obtained regarding mechanisms of the effects of N deposition on deposit and stability of
SOC. For that end a controlled multi-form, low-rate N addition field experiment was conducted at the Haibei Alpine Mead-
ow Ecosystem Research Station in 2007. The experiment was designed to have three types of N fertilizers, NH, Cl,
(NH, ),S0, and KNO

ment. Soil samples, 10 in each treatment lot,were collected randomly with augers at 10cm intervals to a depth of 30 em.

,, and four N application rates: 0, 10, 20 and 40 kg hm "> a™', and three replicates for each treat-
A total of 1080 samples were collected in 2011 for determination of content and 8" C value of dissolved organic carbon, as
well as contents of the three fractions of SOC: macro particle-sized organic carbon (MacroPOC, >250 pm), micro parti-
cle-sized organic carbon ( MicroPOC, 53 ~250 pwm) and mineral bonded organic carbon (MAOC, <53 pm). It was
found that low N input significantly increased the contents of soil MacroPOC and MAOC, while high N input acted reverse-
ly; and N input, no matter high or low, decreased the content of MicroPOC. Besides, the effect of nitrate fertilizer was
more significant than that of ammonium fertilizer. In short, For the entire soil profile, low N input increased the SOC stor-
age in the 0 —30cm soil layer by 4. 5% , while medium or high N input decreased it by 5. 4% or 8. 8% , respectively. In
the treatments of low N input, the increment of C consisted mainly of MicroPOC, while in the treatments of high N input,
the decrement did mainly of MicroPOC, too. N application for 5 years in a row significantly promoted decomposition of the
POC fraction of SOC, thus leading to increase in the proportion of stable fractions of SOC. The above-described findings
indicate that N input may affect, increase or decrease, SOC storage in the alpine meadow, with the critical rate being set
at 20 kg hm ~? a ' while taking into account the ambient N deposition rate of 10 kg hm ~* a™'. Therefore, as long as the
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exogenous N input level is kept lower than this critical value, it is safe and beneficial to SOM accumulation in the alpine
meadow on the Qinghai-Tibetan Plateau in the current period of time. These findings may serve as a theoretical basis for C
and N management of alpine meadows in the future. Further study is still needed to explore microbial mechanisms of N in-
put affecting SOC in quality and quantity.

Key words N deposition; Particulate organic matter; Stability of soil organic matter; Stable carbon isotopes; Al-

pine meadow
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