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Litter decomposition and nutrient dynamics of Carex lasiocapa under different

water conditions
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1 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130012, China
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Abstract: A great research effort addressed the effect of plant litter decomposition on nutrient cycling in terrestrial and
aquatic ecosystems. Environmental factors such as temperature and moisture content related to the decomposition process
have been widely studied, and among the hydrological condition is more important and has quite complicated influence. In
the present study, we investigated the effects of water conditions on decomposition and nutrient (N and P) dynamics of
Carex lasiocapa litters using litter bag method in the Sanjiang Plain of Northeast China. The litter decomposition study was
carried out in a typical dish-shaped pit along a water table gradient from May in 2009 to May in 2010. 60 nylon bags
(‘approx 1mm diameter) with 8g C. lasiocapa litters were placed near the soil surface or the grass layer in the marsh under
unflooded or flooded conditions, with 12 under every water condition. 3 bags in each site were taken back to the laboratory
every time and then the mass losses and nutrient elements (N and P) contents were analyzed. By the end of decomposition,

mass loss of C. lasiocapa litters was 34.99% and 27.28% under non-waterlogging and seasonally inundated conditions,
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respectively. In the permanently inundated conditions, with increased water table, litter mass loss ranged from 26.99% to
30.67% . The resulis showed that during the growing season (from May to September) , C. lasiocapa litter decayed quickly
in the flooded conditions. With increased water table gradient, the mass losses were 16. 09% ,24.25% .23. 53% and
26.60% in non-waterlogging, seasonally inundated and permanently inundated condition, respectively. However, during
the non-growing season, though higher water table accelerated the C. lasiocapa litter decomposition slightly in the inundated
environment, flooded conditions significantly inhibited the litter decay compared to the dry condition (P<0.05). With
increased water table gradient, the litter mass losses were 18.90% , 3.02% , 3.46% and 4.03% in non-waterlogging,
seasonally inundated and permanently inundated conditions, respectively. In the growing season, litter N concentration and
total N content increased gradually in the early 122 days of decomposition. Waterlogging conditions enhanced litter N
immobilization, and litter N concentration under the deepest standing water condition was significantly higher than that
under the dry condition ( P<0.05). However, litter N concentration and total N content declined in the freeze-thawing
season, and all the litters under flooded conditions released N after 122 days of decomposition. In addition, seasonal
inundated conditions significantly inhibited litter N accumulation, and litter N content was significantly lower than the initial
value after 360 days of decomposition (P =0.01). Moreover, litter P content significantly increased after 61 days of
decomposition, especially in the flooding conditions. However, litter P enrichment had no correlation to water table depths.
For all litter decomposition treatments, litter P concentration and total P content decreased after one year of decomposition,
but did not vary with water table (P>0.05). Our results suggested that, in the Sanjiang Plain of Northeast China, the
effect of water table on litter decomposition varied with decomposition stage, and flooding conditions stimulated litter

decomposition in the growing season in the freshwater marshes.

Key Words: litter decomposition; water condition; marsh; N and P dynamics
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( Calamagrostis angustifolia ) . 2 $i & ¥ ( Carex meyeriana. ) . B & B ( Carex lasiocapa ) | T2 1% & B ( Carex
pseudocuraica) , A M ( Glyceria spiculosa) M3 ( Sium suave Walt) JK KW ( Equisetum limosum )
S MR SR B — RTE 80% Ao, ABESE b B R & R HIAG IS VI AE A 7 5 399.2 ¢/m’,
1.2 W55k
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5 26.60% , BIEUK &A1 BAEHE TAE Y0 20, 0F HLS 2 M BUK AT 10—20 em BUKKAAHEL ,17—30 em
BUKSEAFREE T AR Y B E B8 5 3 360 d B, £ 7K 43 588 T ALV W)k FE 38 5 Z R L &k A W i A4k
Bt KAV 3G 7 2 M 34.99% 27.28% 26.99% 55 30.67% , 43 HIHEHN T 18.90% 3.02% 3.46% 4.03% ,7W]
HERBEREBAES F | BUK AL 7 ) o3 A 2200 0 WS 0 VR AR 30 4 FH Bt A7 38 i)
2.3 VR IR R AL

o FH IR BRI W,/ W, = ae™ X B 5 RARTE I 0 W) 5% B R IEA T4 (6 1) R 5T th Al VG 0 1
ARG R, 3R 1 i UE, BUKSRE N BIRE SRS 95% 53 ff i (R 2E K, o 2215 AR
K5 10—20 em BUKSAE T 43 iR 22 52 AN B BUK IR IRAL G 75 B0 0 i dOR A e T EBUK A T B R E
FAGTEH 95 % 53 ] BH SR 4

R1 EREEWHEWEEER(W,/W,) —REHBE

Table 1 First-order exponential simulation of mass remaining rates of Carex lasiocapa litter

Ko F A —RARBAU G AT P e 95% 43 f B F]/a
Water condition First-order exponential simulation model 95% decomposition time
St W,/ Wy =0.9868¢0- 0012 0.0012 0.9760 6.81
2 W,/Wy= 0.9459¢ 00009 0. 0009 0. 6993 8.95
S3 W,/Wy= 0.9529¢0-000% 0. 0009 0.7299 8.97
4 W,/Wy= 0.9296¢- 01 0.001 0.7107 8.01

S1 . HAE TR /K B A1) Wet meadow with water table permanently below the soil surface;S2 . AT R K IR AR, 7K A7 0—13 ¢m Marsh seasonally
flooded with 0—13cm of waterS3 ; % - FUK TR PRI M , 7K 10—20cm Marsh permanently flooded with 10—20¢m of water $4 . HWAERUKIRFER D, KA
17—30cm Marsh permanently flooded with 17—30cm of water

Bl 0t AT, BT EREE AR R AR F PR A AR L, AN R A st BE N Wi ) i i R A I e 22 5 &
2 Fy TRV B A 5 40 s R AR Ak, R AT RUE Y A K R PN A5 K A3 25 1 T A 9 400 Ak S5 B e ) AR 1
REFREAH , Forh 61—92 d Y454l 6 0 2 e T AT Bt (P<0.05) . 122—360d PN BUK IS 2544 T 11
BB ARG Yo R AR T A AT I S1 2R F RS YE W o i R A B R B T IR TS
FUKFEH

R2 AEAKSEUHTEREER/RENSBEREL/a™

Table 2 Changes of decomposition rates of Carex lasiocapa litter under different water conditions

KA S5 A 3T ] decomposition time/d
Water condition 0—31 31—61 61—92 92—122 122—360
s1 0.3916 0. 4083 1.0061 0.1051 0.2899
2 0.4759 0.3095 1.3565 0.7476 0. 0464
S3 0.3629 0. 4439 1.1247 0.8819 0.0530
S4 0.7302 0.3621 1.4243 0.6483 0.0618

2.4 HEWEFICRE S REML
2.4.1 Hi¥&E¥ N PR S4 %05 B4R

B3 s THIVEDH NP R IRIE AR L, T R ARG 590 0 T o5 19 H A 0 285 LA S e A 75 9 v 46
XSS, HEE R W T ARG T i SRR i

M 3 AIE 0 0—122 d P ,4 UK 550 FBREEATEY N WE SRR FFHE 122 d JERiK
BN N He A3 I 3.47 meg/g T3] 4.84 5.28 6.33 mg/g 5 6.69 mg/g, BIFEKALH B ARG I5 M) N ¥k 5 14
K,$4 5 S1 Z[H 22 5858 W E K- (P<0.05) . HHA40i# 31 d BF S5 S4 K43 554 FAGTE Y N W EERG A T
K, AR T 18.37% 5 13.56% ., %P BN N 4axf & i (1 3) 5 N kAR A0 L, 43/ 122—360 d
WL, BUKSE THTEY) N R B B B R R, M CBUKIREE T (S MY N W BT, 1 4. 84 mg/g
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HNNR 5.29 mg/g, /KRR EE T ARG VE ) N 4ot & m AR R I B R B, 3 IR T 15, 25% (37, 22%
28.66% F123.41% . SHIRMEM L, HivE Y N & &0 W ARk, o S4 K A IAR IS N &3 m T
8.45% , I K43 1a IFEI N N SR NG FL 8 ST .82 5 S3 5514 R BIFAK 7 0. 83% .27.63% f15.78% , 5%
BN N TR PR, FE AR 22 57 B3 (P=0.01)

SIS AN £ K A3 S5 NG TE Y P TR ST & i AR A S A AR, B I SR AR R
61 d B, & /K550 T ALVE Y PR BE 5 & iR B KM, P 485 & S /K 38 hn 530 h 2. 85 mg EFH314.06 .
12.09.5.86 mg 1 5.20 mg, I N S2>S3>S4>S1, £ Kk Z [A] 25 5+ . 3 (P<0.01) , 43ff 61—92 d i}, P
WeBE 5 Fr i i SRR, K b B T JE I B 25 57 . Z A0 360 d SEIRZE AT, N [RIUK /B TR TE Y P ik
5 2 % S AW RA (XA T R e, P B2 20 01 74. 08% (68. 12% 74.90% 55 76.25% , 2K P TL R [
PR AR R] 1a PNAIK AT 2512 00 N TR PR 225 AN B3 (P>0.05)
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Fig.3 N, P concentrations and contents in Carex lasiocapa litter during decomposition under different water conditions

2.4.2 HEWTH C/N 5 C/P kB

O3 1a IR AR RK 20 860 F B S BAGIEY) C/N AW B RFE (K 4) . 20 31 d i, =I5 FRUK
ST BREHEMTEY C/N WA AT, 2 61 d I C/N 855 35 T HALFUK R, 22 J5 2 R et s Htbk 43
FAE T ARTE Y i 31 d B C/N YB3 R TE 0 31—122 d N B T B, 40 122—360 d 1N, & FUK
U T BREFREY C/N A HE, MR IOBUKIREE (S1) FATEY C/N 258 T, SCii B
EEARETEY) C/P BERTIRIZSAL 38 C/N B AR, SR SRR S p#a s 4) . 2 0—61 d B[] Py 4%
KA FRAT BRE FAGIEY C/P ¥4 F T B, WK 20 85 m 4 51 Sk 1 iR (B 61. 25% ,19. 99% ,49. 09% Fil
49.61% JLrP ZE W HERUK S FARTE Y C/P FRilR 35, BHAMEAT , bR S1 B EHANIE Y C/P #E50ff 92 d
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BRI B N RO, 2K i A TE ) C/P RIN LIS, 5 SIS Bl K 433 AN [RI7K 4346 B 8 &
WEBERETEY) C/PAESY BRI A Y 229. 43% (181.79% 233.82 5 272.84% , Herh 2 5 S4 2 [l k&4
C/PZES W3 (P<0.05) (E4),
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Fig.4 C/N, C/P of Carex lasiocapa litter during decomposition under different water conditions
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Yy or iR A BB . A3 92—122 d B ISR IX AR T R (BT 1), TERUK IR (S1) T A4S % 4 53 fif
HORFEALT 89.55% , MA/K A N AW 53 fif i R 4 BIFEAIR T 44.89% (S2) ,21.59% (S3) F154.83% (S4)
VAW 82 AR T T ARG TS50 A0 AR RS AR A B A IS o Sun 2548 HY | 7K A3 2% 1 184 M0 R 0 555 2L %o s 9% 0 it F4
SRR AT SAE R — U TG, BUAh, R 122 d PR TRIBUK A5 PR X A V5 90 Ok B 53 A4 5% i G
W FE 225 (P>0.05) , ULHA R K (7 A8 Sh g ma 2 2 - HER B EAE I vk 28 (1 PR B AR ALy BB N, K A0 28 AN A2
DAX A 3% 0 3 e = AR B R A

I3 122—360 d B, TCRUKIREE T (S1) B2 & FAG 7 4 2 5 o 3 0 bl sy T H A BUK &4 (P>0.05) ,
HAEHR N 18.90% , i 2AF M 54.02% , i THEA = A T 0 0 B0 O F %6, o0 5 X8 4 2 1100 %o 7 8 1 L AR b U
E I RIS 4518 — 3, =YV RE TR URAL X, ZRELE AT DA AT AL Y BLfS 8 2 R
T I HATET W A 0 B TG S A T B R AR LA R S5 ST KA A T ROAN VR
Yy A I UE I T X — o IZBBERI P BUK S0 T B T i o PR (R 2) , UL AR IEBR i T
BUKSAE TR 53, 221 MR RO K S5 MG 95 40 o f 1A W R AR HEFE . IR 9% IX I A& ZROK AR R 45
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RO T APRAELE S W03 3, (EUR A 45 200 M At ) 4 3z B B 38 40 it oA 0T /K 38 o oK o8 2 i ok
DR G AP IR 5 VR 25 B 7 B VR P B T A VR VAR o3 A S 38 AR i 30 ] Bt K 7 T v B SR B A P ) Ok
AR 3.02% 3.46% 4. 03% , BIVEE 7K A7 385 Ikt 9 4 i) Fi e 403 2 3 R, L DRI W] 8 A A 9 DX e 8 oy L 0 At
TEHEH , B KGN T KRS 22 S ARRLIE ER , WA HE T RGP P 2k
3.2 AR FMBREEAIEY N P hE

Witk S35 B IR T R A SRR M A TE s RN R, — Bk B R C/N 50 C/P e
TERERETE DI A 20 X B R B AR IS YA OIS S RS VE DRI 4G C/N B, R Y5 M LA 5
PR, (HARSC A Hr R B A fifad B b C/N /P 500 fiff % 2 A G (A SC O RN B35 (P>0.05) , Uk
W IC R & e AN REAVE A SRS 3% 0 o f A AR B . A I Db I E I S A NP R RS AR 5 C/N 5
C/P RYTEZERZ ™) R4 1T LAE o 5 M0 R 00 3 B ik LA B A 8 M oV A0 1 A = A S i

M R B E AL A N W B AR AL S aIE R A IR A e A, B R AT, B 122d BE N S
N 4%} & ARt kS IF LB A2 3G Al e 0 N Ok B3 e (161 3) , BUKOK i fe i ik S A& N Wk BEE S
S1 Z A 25 Sk B @ K F (P<0.05) , Uk B BL B BE A 75 90 AN R BN, IF B BUK SRR E T N LR,
Gessner ™ I\ A TE Y N ¥ BE 5 A= 0 181 80T Bl A 0%, T A A 0 b8 97 00 2R B0 1 52 3% B v 9 v o A IR
BFRICRMTTSAFER > RIGESE 8 M ATE Y 2 2] N A BRI Sk M 8 3 0 5 i 75 R 4K
T AN RANG TS AL A b N S REHg I, SCIR 2 R B WIBUK & whidg W N LR BA (R HEE AT, Ut
WIAFAE TR B K S T 0 o i R BT e JC R MRS MR ) O HK IR s A A N B R TR i B a2
I3 122—360 d N, Hlid ) N MR BEBR S1 AR SRR 3 D W] A KRR G585 T Alids P rh i N SRR, s
PRI B i IR EE N OC R Wi B 52 BIRHAT , b ¥4 40 o0 ffaxh A v i A= 0 A R A st A AR A5 Rl T N U T G
BUKSAET (SU) Vil VE R #E 5805 520 R BT, AMEA B N R AL E W o il B i X R T R
RN Ve BRI 3 E A (E R B 9 ) i B R, T DA N 48 X 5 it 5 45 FRUK IR AR AR (L3 9 v
i, BIRYG LSRR B EEARTE D) N Zaxt & i K/ NN . S4>S3>S1>52, B S4 SNSRI 46 F B
Mtk N R R, DL S2 B 35, U B K A 38 S AR ERG TS 0 N R R iR AN 1 58 R 1 A5 7K
Ay IRVE XA Y A A A E R T R T RIS IR N R,

5 N RZE BS54 R A 5 KA BR S AR P 4ax) & E YT RIG & &, &K 50
TZEFARE(P>0.05) 3R La s EEHE IR TE DR B XT P G MR, i 1l RS RO AEAE P 41 21
P EEDIBERRAR S AW T SR T 28 50 B AR IR R P8 40 61 d REAR RIS TAE Y P &
AR EE E T, UL A i ad B PR 5 At P AR B B T ah AR rh, X R ST A5 e A
fll, Canfield % 45 A E 0 N (RS [ 52 52 SIMG &9 B C/P IYSENR, 24 C/P>80 B, T Ak 4 43 i 7
XF PR A TG A8 S AR W L el DL R R B R B AT P B RLRAEH . a6l d
I HEBUK SR TS C/P B2 53 oA, Z IS AT Y P RO I S AR SR RS e Af AWF g s =
VU IR 37 2 PR 2 B0 AT A N JEFR S, WE Pt P OCR Il RIS A 2 85 20, I HLd By P
SR E MG E P B P AR L KA SR TE WA i R R P B R A R BLAE S 61 d I
itk P & 225 P R HEBUK (S2) 500 AR Y Pl B 5 24 X5 i T v i B e R, TERRUK 24
(SU)f/h PPAEZIE R AT REZ R T 7 =V RS Z KA B R E T 2 g R e Rk
I, HHEA R T A MUSECE TS P AR T Al v P = AR . iR AERUK S5 1 R B KR
BRI PR BE AR RRIEI Y i S3 5 S4 &0 TS P I RAE IR T BT ERBUK IR JF H
T EER,
4 Z5ig

(1) 7RG Z 5 T8 S 85 B T 40 0 ik O 52 T 2 B R AS [ (8 B B PR AE , AR B R UK 5 15 A 7 400
R I IIHIE A . 2 0—122 d N, BUK SR HERG T4 2010 73t AN TRI UK IR B2 PN A V% 0 53 it R JC i
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FES BRI N g AR 16.09% 24.25% 23.53% 5 26.60% ,122—360 d P, 4 7% 4053 fifk i R0
1 UREE AR HE T JCRUKSAE T RG340 R T BUKSAE TR W00 7 e 2 M ARG T &
LR 18.90% 3.02% 3.46% 4.03% .

(2) BREFAEYN N R RS BRHE A B MR, AREMEYRAE M N
I HBUK MR A et N R SE N R 5 4 k2 B 240 5 T O BUK IR EE (S1) |, 1 v Bl 00 PN 7K 43 R &%
o) B AL, BOKSRE T AR N R RGE IR, 40 1a KA m e ik T B R & BAL R P11 N -
LM RSB AKNARHE T ARSI N ZR, 20 1a TP B RS A ISR B B P o R Rk,
ANFEIZRAE XS RGTE I P A TC 2 3% 25 5% (P>0.05)
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