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D 1 by 25 A ) 2 RPN AR BT A R
BRGE, Hfch “HEkZ B B FHR IR E
P 2 7 e DL T RR R R BRI IR M, X R
AL A TR M BURE R, I 20 4D 60 4F
IR, =23 TR R IEHEK . BeeE A
ENUE A CINERE S LIRTERE o I I =9 A B
[ORTE= S SRR TN TR = E e o R (A2
ZUL, FERERBOR L2 g R . R B, R
R FIPEER A R EAE BN 7 e A B R Y
RATRIEZENNL? IAF K 2o FISE X Lem] i 2
JEIF TR A A A L S o e
FHERR AR TR RHE | R AR HRGE R
WH5E . BHEA LA BRI EZORIR, ARA
ScPE i PR AR R o0 B LA
oG, BRI AU SRt 1
HEE A DL 25 R AR AR, S iR iR s+
PEANRAD LM ARG  EROIE, APRHADT 5H
BRI & 5 Z UL 1 AN T

P, A SCRIE R i e FE R P T A B P AN TR
IBACAR BETRPEIR N X 52, R i FE TR R A
P IR R R YR AR R,
1 BRI ST e T bR A5 A rh U AL AR
AEAR BERIEHER, Ak 52 IR A s FE T I 4 it 5k
Tt K0

1 bbR ik

1.1 #HREER

A R (e FEVH I A T R B R LR
( 102°08'E~103°39'E, 32°56'N~34°19'N ), ik
3400~3 800 m, Ay LAY Y Al 1 g Jit 2 KU o B
B H 1 HPRIE-10.6°C, 4XHRINR-33.7C;
e H 7 AR 10.8°C, 40 i I 24.6°C,
AR 0.7°C . ARFEIK R 600~800 mm, ~F-XJ[%
Kt 656.8 mm, b 86% HHTF 4 A FHZE 10
Hepa) . g LIE PR g A R AR B o 32, T
YL BRI A KRB E R ( Carex mulieensis ), BF
# % ( Carex lasiocarpa ). % $i # ¥ ( Carex
meyeriana ) %5 ; FLAAEAE DL E L RBCR ( Kentucky
bluegrass ). R Y. ( Plantain ), 2H#5EH ( Carex
alrofusca ) ZAE 4 Jy F19,

1.2 TEFmMRE

ARWFFEAE 2006—2013 4RI 11 4 KA /R 35 TR VR
T 13 A RO 1% S b VR A S A L, AR I 1 /K S
(A THRBUK S BUKRREE ). PR - HEK IR AL
TR TS AL | AR o B A T 0T 3 55 A 2 3
Befabr, $otos R TEEE KRB bR R TE
( Lightly degraded marsh, LDM ), HEiRfLiR
( Moderately degraded marsh, MDM ) Fl i iR LA
7% ( Heavily degraded marsh, HDM ),

2015 48 7 J A AT A 92 08 A wF 58 R, 7
AR i W L A AR OR AP DX 2 [ AR i ) i, EREVE
B LA B VR R A T P T R A ) | ) FTIR AL R
) 4 PR, 3 ACFRARXS 54 THPE ( Relatively
pristine marsh, RPM ), LDM, MDM #1 HDM. 4 F
AN AR B AR AR 1 A S A BRI AL AN R 1. TEAETHI-
POURKI, mIRE . Sehifv-ve . BETr. B
Wy, BT TR R B 6 S RFEIX IR E 4
JEFWL 100 mx100 m K 2~3 A, BEASFE B S Al H
GPS &M AL AR AL S, FE BT
34 1 m o x1I m BYFETT, AR £ R AR
( Eijkelkamp, fij 22 ) R4 0~ 100 cm + 55 AL &,
2 0~10, 10~20, 20~30, 30~40, 40~60, 60~
80, 80~100 cm + 2R+, KRl —FeHIA 3 4>
FET R — 12 ERCE — e, BB KA
. JWEWE, WAL, %0 % 1 kg, KAKE
RS T HERE AT R KT, DR, b0 H
1.3 SHmBERAZE

+ A HLE /4R Bremner?li:, Hor | iR
I E R H 6 mol- L' HC & fit—al K& i i A
s IR AR INE R MgO Z&1R 1% ; MRESA
5 G M A RO R SR FH W8 R - 0 1R A % P i 7% 0
ey R 2 1R A8 0 A R B =l 4 Ak . B R ER -
BPR Eh 22 P 25 18T RIS A . ARRR R A M
2 fitf S RS B R 220Kk 15 . A, TR
3R CuS0,4-K,S04-Se (100 : 10 1) itk 2
fale ek L EG S T R e A ) s 2O
14 HESWESHE

#diz 1 Excel 2010 A1 SPSS 19.0 #7481
et AT, R J5 2250 B ( One-way ANOVA )
B ( Duncan ) 407 AS [A] 1R AL 2 B30 Hb + 841
Kb 25 0 EM, MAHEKHE (Pearson ) MK HR
BT A WA S A PLA A R AR, £
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T A 11 VA 4317 2 — 25 1) WA L R0 0 % e 2R 11
DUk, GEiH R Y 2 K F-h P =0. 05, FIH] Origin
9.0 B2 El

2 4 R

21 EMBUEHTIESREEBRSERE

EETWL

WK 1 ffas, RPM 3 TN & ik
13.6 gkg'c 5 RPM [k, LDM, MDM, HDM + 3
TN &R MR 7.2%~22.3% . 33.4%~77.8%.
69.4%~93.7%, H RPM, LDM +3 TN &S5
MDM . HDM #2253 i 3 ( P<0.05 ). FKIHHFEML
FECEHE TN S ERAC, ELREACR G R LR
FA) T Ja] 7T 38 o

bt )2 RIS, LDM +HE TN & 1 ek
RGN REAL, (H4 2R TR E 2SS . RPM,
MDM 1 HDM 43 TN & & ¥ ffi 5 1 )2 (g i

18

r Aa

15 —%Aa
L] Aa
= //
il &

£
Total nitrogen/(g-kg™)

FHIEMG. Hrp, RPM 13 TN &4 )20 0 B %
25 (P>0.01); MDM H' -3 TN & #7E 0~10 cm
520~100 cm +JZ[H . 10~20 cm 5 40~100 cm
+ 2RI 2R B3 (P<0.01); HDM H -4 TN &
HBAE 0~10 cm 5 30~100 cm +JZ[E . 10~30 cm
5 40~100 cm 2], 30~40 cm 5 60~100 cm
+ R B FEES (P<0.01), I3 TN &8
TH] 4355 Bt T Y5 AR A %9 o) T 34 K

1 m%EEHN, RPM, LDM & + 20 (AN)
& A 0363 ~ 0.622 gkg!' . 0343 ~
0.814 g'kg'. AN & 7E RPM 5 LDM [i] , MDM 5
HDM [8] JC i % 2 5 ( P>0.05)( [ 1), #kili, RPM,
LDM %+ )2+ 3 AN & & 8 %5 T MDM, HDM
(P<0.05) (& 1), MDM #1 HDM + 3 AN & &4
%E RPM FEAIL 36.8%~80.2% . 57.6%~82.2%, 4
H%: LDM &R 51.7%~82.3%. 65.2%~81.1%.,
UEHIREE AR R . BRI, T AN S E
EREAR .

[IRPM LDMRJ MDMHEHH HDM

Aa
Aa Aa
Aab
Cb Cb Cbc
CDb
Db Dc

6 b
3 %
0 1
2 0~10 10~20 40~60 60~80 80~100
TD.D
=
20
= Aa
i D
%Eé 2 Aa Aa N
= E: a
& 5 Aa AaAa
= BCb .
=z
= BCb Cb Cb
< e BCb b

20~30

30~40 40~60 60~80 80~100

+ 2% Soil depth/cm

E: NG FRRE — 2R ARER LR B (P<0.05), KRG FRAUGER—KM AR L REREE (P<0.01), T A Note:
Lowercase letters mean significant difference between soils different in type in the same depth at P <0.05, and uppercase letters mean
significant difference between soil layers in the same type of soil at P <0.01. The same below

3 D G102 <3 B N ok o L e i

Fig. 1 Soil total nitrogen and alkalytic nitrogen in wetland under degradation
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AR I AN S EYME L ERENM KB ERMA SRR TERMA, H&+
ML, RPM, LDM 13 AN &®7E L2 TR E 2 HIERMAA SIER KA & & 4% RPM, LDM,
%5 ( P>0.01); MDM H 3 AN 75 0~10cm  MDM. HDM WIFJFREML, Hrb, RPM BRME S
5 10~100 cm /2], 10~20 cm 5 40~100 cm  ERMA S RE OB ATL 9.8, 3.3 gkg'c MDM,
+2EM2ZEFEE (P<0.01); HDM +iEf AN ¥ HDM M HIEMR M A & BT RPM 43 5 F& 1K
£ 0~10 cm 5 30~100 cm [&] , 0~30 cm 5 80~ 38.9%~60.9%. 72.3%~78.8 % (P<0.05), 0~
100 cm [HJAY2Z5 B3 (P<0.01), RABEEHEHFE 20 cm +)2, HDM B4R R i A & 23 RPM FEIK

AE ], 3 AN & & 005 T o5 66.1% ( P<0.05), 20~40 cm 1+ /2, MDM #1 HDM
22 BHMBRUEREGETITERNRASTL + AR R % LS B ) %8 RPM F#AIX 58.5%.66.7%

221 BRI S AMARR S A A AL m o (P<0.05), RUIHEFRMAEFRMI T LR A
Bl 2 7R, 0~40 cm REEA, #2000 B3R AR S i, HLRR IR0 B TR PR A AR 1Y
AL AR TR AR A i B R R BRI AR, 4 RIS R

120 . a [JRPMZ LDM[EXIMDM EE HDM 5
4L
- %% o
N P ,
4 %/ b 5y .|
S % g5 °
) = § oL
8 g /\ = Z
= S
S =
%\ :
0 7 0
0~20
+ )2 B Soil depth/cm + )2 B Soil depth/cm
K2 RSN LI S A AR A A A S
Fig.2 Soil acidolytic N and non-acidolytic N content in wetland under degradation
222 LIEERMAEM SR W 3 PR, BRSPS A SRR 2R EEAHAE 20~40

B ZEREE RS, 4 8 EIERMASE . | om £)Z, Hi MDM., HDM + )2 HIEREFHEEA
HMER . KAMEATRBYFEC, B MDM S & E501% LDM (0.20 gkg ™) F#AIK 56.1%. 49.4%
A3 B ESOE S A S A, BEEER (P<0.05).

B ERRAR T HIEREIER S RN AR AL 2.2.3  HIESAVIALLS S SR ) HE 4
Gyt HRERNE R R AR B R iR . L W, RIS A SR A AN s,
1, 0~20 cm 1)z HDM TR AS AT EHAE  H2H 25.5%~30.8%. 26.7%~38.1%; FRMFA T2
T RPM (2.4 gkg"') Bk 66.3% ( P<0.05); 20~40  FEHERA S SEM AR, U8 0.9%~5.8%.
cm + /2, MDM F1 HDM 3R i 2 A & & 43 ) MR A R AR AR, R AL A L 2y
i RPM (1.9 g'kg ') A 47.4% . 70.8% ( P<0.05 ), 9 84.9%, HNNT 8.6%; 1M M Hh B ol AR AL
MDM #Hil HDM +IEERMREA S HMHET RPM  BRIBA G SR LB I BT 7.1%. 10.5%., 5
(2.9~4.0 gkg ") A 47.2%~68.6% . 85.7%~ RPM A, HDM HIEZFEMEES R SRMASA S
86.7% ( P<0.05 ), HDM KHEZEH RPM (3.0~3.3 SR ETET 3.1%. 5.5%, MEFERSR
gkg!) PEME 62.2%~78.4% (P<0.05). 4 Kbt AYLLBIFRET 14.9% (& 4).
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23 273
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+JZEEESoil depth/cm + 2% Soil depth/cm
K3 MBI SRAE T R i A2 o i
Fig. 3 Soil acidolytic nitrogen fractions in wetland under degradation
[ JAINKXIHUN [RXJAAN[TTTAMN [ZZ4 ASN
_0~20 cm 20~40 cm
a a a a b ab ab a
100 e & 100
C g - 4
o\\o - ) db L | be
= - L
= = 80 1 80 a
S e N N
@gsw\\ ka N
B “— a
3 A ISR Ry N
K o
H g
€5 wr 0
® S
= % - L
& § +
2 20 20
o
s L 1 L 1
&
0 I PR T PR T PO O 0 I S T PO T PR I O
RPM LDM MDM HDM RPM LDM MDM HDM
1B HiZE R Wetland types

e AIN, JERRMA: HUN, RAEA; AAN, ZIEMEER; AMN, MEFESEA; ASN, FHMS% . TF Note: AIN, non-acidolysable N;
HUN, Unidentified acidolytic N; AAN, Amino acid N; AMN, Ammonium N; ASN, Amino sugar N. The same below
K4 BRI T H A HLAS A5 2 AN )

Fig. 4 Proportions of organic nitrogen fractions to TN in wetland under degradation

2.3 EMIBUEHTENERAS SHERRIEXME
Brad S AL, R 4 200 IR A . B
it R 5 A PR A Aoy AR B IEA R G R

(P<0.01) (5 2), HZLLIERIRMT N, 2898

Hiy - HE P I — AL o i AT S A5 ol
IHE R (£ 3), RPM a0 ey £ 25
Wi A TR S, LDM 5 MDM +3Erp i 3=
i PR T AR S AL, HDM RIS A .

1SVA
w
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x2 EHRUFHTIRENTESELR. BRANEXRY

Table 2 Correlation coefficients of soil organic nitrogen fractions, with total nitrogen and alkalytic nitrogen in wetland under degradation

B2 Wetland type $54% Index AMN ASN AAN HUN AIN
RPM TN 0.949%* 0.278 0.874%* 0.819%* 0.918%*
AN 0.939%* 0.147 0.926%* 0.889%* 0.815%*
LDM TN 0.984%* 0.056 0.868%* 0.794%* 0.912%*
AN 0.854%* —0.443 0.947%* 0.372 0.866%*
MDM TN 0.976%* —0.127 0.947%* 0.910%* 0.932%*
AN 0.634%* -0.255 0.710%* 0.566%* 0.454*
HDM TN 0.979%* -0.204 0.906%* 0.764%* 0.790%*
AN 0.701%* —0.239 0.449% 0.8827%* 0.189

H: TN, 2% AN, B A **7F 0.01 /KF B B G,

nitrogen. * * significant correlation at the level of 0.01,

*fE 0.05 /K b B FHISE Note: TN, Total nitrogen; AN, Alkalytic

* significant correlation at the level of 0.05

x3 TRERUEERMIRERASREASENEZ TES @I

Table 3 Multivariate stepwise regression analysis of soil alkalytic nitrogen and organic nitrogen fractions in wetland relative to degradation
degree

HE LAY Wetland type

[71J5 75 ## Regression equation

P e Z B Coefficient of determination/R*

RPM AN=-372.8+0.551AMN 0.939
LDM AN=78.48+0.188AAN 0.947
MDM AN=199.5+0.100AAN 0.710
HDM AN=67.59+0.142AIN 0.882
3 i #® Ft RPM FEAR 56%( P<0.05). MDM K1 40l 4,

31 EMBRAINTERERENTIG

AR FEORETREY SRER, Ko KiiE
RO, ARSI E A E R, RPM 1
TN Frimfeim, BT A RERAFERUK (F 1),
GRS 22, RIS VEAR, AL R
ARFAIARMBRET 2FMBEEIL 13.6
gkg'c RPM [i] LDM J87A8 5, +He4ab T4 AUk
WA, s AU S E Y R
SR U TN SrE A TR, {15 RPM G %
225, 4 RPM KorFega >, iB1Lh MDM 5,
75 T e RS RAS BI 2 G, A LA g 5
B3 55—y W CBGR B K, AR A KA Il
4 FIHEE, ﬁﬁﬂiﬁw%£W%ZVﬁ(%lx
Midg P KR, R TR TN S

INZBREML, PRS0 . 5B KK,
H AR R AR RS AT A G A PRI R R >
(% 1), Zit, RPM iB{ty HDM, +HE TN &HEE
RPM F&AIK 82% ( P<0.05). NIk, 4 KAREILFE
FEVRHE, B KSOIRGE . HBEREEFEAE . A TE A
W, HFARR . A TR 25 R T 2 1
TN &% 4. RPM>LDM>MDM>HDM, 5 Li %
PR BT 45 AL
ERH T ERM g SRS, iR, I
T 15 1 ) ) 1R A R ) QORI R A
BERREAL, (HmVE PR AR i, e A
A, RHEEH, SHAEYEGE S TEEA L,
KA HLAA G B A A RUE I E R A e A8 i
Mﬁﬁ%,mm% AN A HLA R TCHL
AP, METHEENS, WR R AL T s
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BB SAE T, e R 20 T Rk T
K%, AR A (£ 1), RESWY
X, AR HEN K, Bl LDM 8 A
FatE T RPM,
32 EHIRAITERNRAS M

A WU A 53 Fr ik KA 2 S 04 43 B L 1)
W R PR EE A A AR R T A B 22 B AR s, BR
QENERESN, HAEA AL & 5 k5 i
AR TR A AR (1B 3), S A AR T g
VA SR 2 HEA HLR AL S i AR LR AE A
. FEHJEH SIEES B AT H e A A8
AR —20, BRI, SN R O B b V8 Hh R
LSt E G AR, 7 LDM bR, k2 e st
WS R BRI TR W A i e BRSO AT
SR AR TR AL R A A DL B T
MTRPEEAR Ay ) | AR A Ok MR AR

W 2B, MR EAAS R FERIE T E b iz
bk B A 5 A, R ROR] FH A R RUED
ARG, RSN AR H i Rl A IR 1
EITHE AR K R] AR b 3 ) Y AR R
fal . RALEA S, APLAES RN, R
[ 2 A [ T RS R, BRI RNE, AR
TRASEMXT G, ZIRREREN—A
AE, VAR R A AR R SR Z R Y
KR iRk R, AILAEF N ES A —
5 A E S B A, S BT AR 2 L
WA R, KR 2 N E LIRS A, kil
YN RRERT R Wik, ZERSASESET
151 it 25 34 e 1) SR AR B AIG . X5 B AR U 98 AN W)
o A PR K RS - 20 i A5 L L A9 7 28 fb R AR AL
SAHENEA G A AU L A7) i o 1 ) 3R b T R
X ] RE 5 iR AL R W VR A AR G
KA EA AR R A o A L TG B AR fh kA
J2 DR A 2R S 285 80 e i 0 e R 7 e S5 A 0 A PR Y
FrRY AR, AR R AT T A T A A
W P e LR R AR sE . XER R
33 EHBAEZGTIEANERASINEZEN

14 i) o Ak

+ e IEHLAS B A /N o A AL A U
(A 2R ) R % 4 2 A b I e - R4 SRR B A
FEhR, MIXFIRIATERE, 0 P R i S R
RO FE TR o SRR R KRBT T

FUTR | AT S R R — SRS AL A PR T, AR
Herp EEUT KA NH, -NPU, Y8 3 A N R E A
B ) B i, A 0 v g R R A RN el i R DT R
K, 5 Bardgett 5PN b HE R B b+ 35 (1) BIF 57 45 R
AR, FIRESE M AR TR S, HER
fl 38 AR Tk, ) R A R
BAARPIEVER S & P DY, B & i
DAY MY AR . ERdaLRib)E,
HERWEABIMEE, RAERZ NG R E 2
SN ER, XORH THEREERAR, ARhT
PRIZL, T b @A SR M EAERERA T HAK
(5 (A i ST PN N R R o

4 Zt

AFLE AR TR P LR (TN) SEREHENY
RIS A BRI AR A i i
R, Bl CAN) &5 2R S H AR 12
ARSI JE B . R iRk T A HL AL Sy
i R I LA R R R TRk . Rl i
IBEREEE B, BERE RS ESA A 2R
B ETE, MR EERR SRR LR . RPM 3 b il
fifp R B 2SN TR R AR, LDM 5 MDM
TIPSR AR SR, HDM P RS

2 & x w
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Evolution of Soil Organic Nitrogen Composition with Degradation of
Zoige Alpine Marsh Wetland
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JIA Yongxia' XU Xiaoxun®
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Abstract Objective This study was oriented to characterize the evolution of organic nitrogen composition and
bioavailabilities of its components with degradation of alpine wetlands, in an attempt to provide certain basic data for restoration
of degraded alpine marsh wetlands. Method Soil samples were collected from 4 types of wetlands, including relatively pristine
marsh (RPM), lightly degraded marsh (LDM), moderately degraded marsh (MDM), and heavily degraded marsh (HDM) in the
Zoige Wetland Nature Reserve. Organic nitrogen in the soil samples were fractionated using the Bremner method. Multivariate
stepwise regression analysis was performed to determine contribution of each fraction of organic nitrogen to availability of soil
nitrogen. Result With RPM turning into MDM and HDM, soil total nitrogen (TN) decreased significantly or by 33.4%—77.8%
and 69.4%-93.7%, respectively, and alkalytic nitrogen (AN) by 36.8%—-80.2% and 57.6%—82.2%, respectively, in content. In
terms of contents of acidolytic ammonia nitrogen, amino acid nitrogen and unknown nitrogen, the four types of wetlands

exhibited an order of RPM > LDM > MDM > HDM. With a marsh degrading, amino sugar nitrogen therein increased first and

http: //pedologica. issas. ac. cn



6 1] B AR R e SR R A R v b AT HL AU 23 AT AR A 1435

then decreased in content, and the proportion of amino sugar nitrogen and ammonia nitrogen to TN increased, while that of amino
acid nitrogen to TN decreased. The main organic nitrogen fraction affecting the content of soil available nitrogen in RPM and
HDM was ammonia nitrogen and unknown nitrogen, respectively; whereas that in LDM and MDM was amino acid nitrogen.

Conclusion  Degradation of the Zoige Alpine Wetland reduced the contents of soil TN and the fraction of acidolytic nitrogen,
weakened nitrogen®“sink””function of the soil, and changed the contribution of each organic nitrogen fraction to nitrogen
availability.

Key words  Zoige; Wetland degradation; Organic nitrogen fractions; Nitrogen accumulation; Nitrogen availability
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