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Abstract: Wetlands are important contributors to the global carbon(C) cycle because they store large quantities of C in

their vegetation and soil and exchange CO, actively with the atmosphere through photosynthesis and respiration. Plant

EEWA : HKARR2EEEGTH (41561022, 31260155, 31560343) ; H ol 4 A AR B = B84 (1506RIZA0LS ) 5 H ol 44 i & 2= A RHIF I H (2015A-
FRE P R R A B H
W5 B A :2016-04-26; [ 4% H AR B 8 : 2017-03-22

# WIANEH Corresponding author. E-mail ; lig@ gsau.edu.cn

http ://www.ecologica.cn



5092 JAE = 378

biomass is a critical part of the primary production in wetland ecosystem that maintains the wetland health and quality. It
also provides many ecosystem functions, such as C sequestration in alpine wetland. Therefore, biomass is the main link that
relates aboveground and belowground ecosystem processes. We used the peatlands and swamp medows areas in the Gahai
wetland of south Gansu province to investigate changes to plant biomass during degradation succession in an alpine wetland.
The time-space distribution pattern of the area at different stages of wetland degradation was analyzed using the sample-plot
survey method. Significance testing was conducted using one-way variance analysis ( One-way ANOVA) and the Schaffer
method. The results showed that 1) the aboveground biomass decreased gradually in the peatlands and swamp medows as
degradation succession progressed. The reduction in aboveground biomass followed the order non-degraded peatlands ( PI)
(334.19 g¢/m’) >degraded peatlands (PII) (290.72 ¢/m’) , and was non-degraded swamp meadows ( SI) (378.40 g/m”)
>lightly degraded swamp meadows ( SIT) (308.07 g/m”) >moderately degraded swamp meadows ( SIIT) (261.21 g/m*).
The curves for the aboveground biomass seasonal dynamics for the two sites were seasonal dynamics (of aboveground biomass
was single apex types, the variation trends were the same, and they reached a peak value in August: The changes in the
absolute growth rate and relative growth rate of aboveground biomass at each degradation stage on the same wetland types
were consistent for each degradation stage on the same wetland types over the years the survey took, places, but the values
were different between years. The values for absolute growth rate and relative/ growth also varied depending on the
degradation stage in the same wetland type. 2) The belowground biomass decreased significantly in the two wetland types as
degradation succession( P<0.05). The belowground biomass in PI was 23081:46 ¢/m’and was 12607.72 g/m’ for PII in the
peatlands, and followed the order SI (4583.16 g/m’) > SII (3008.63 ¢/m”) > SII (1290.73 g/m’) in the swamp
meadow. The seasonal variations in belowground biomass for each wetland type were different, but the earlier the growing
season began and ended, the greater was the amount of belowground biomass. Belowground biomass decreased significantly
(P<0.05) with soil depth and had a “T” shape distribution. The peat and swamp meadow belowground plant biomass was
greatest in the 0—10 cm soil layer, and occupied ‘more than 50% and 70% of their total belowground biomasses,
respectively. 3) The average root-shoot ratio for non-degraded wetland was higher than for degraded wetland between May
and September. The root-shoot ratio seasonaldynamies showed that the earlier the growing season began and ended, the
greater was the ratio, and the shorter the period of vigorous growth. These results provide a scientific basis for wetland

planning and management and an acctratésestimation of C balances in alpine wetland ecosystems.

Key Words; wetland degradation ; plant biomass; root-shoot ratio; seasonal dynamics
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Table 1 General information of sampling sites

7 25 B
K e ik . R AR
Wetland type Degradation stage Altitude /m cgetation Mean height/cm  Basic conditions
coverage/ %
PR ) 5 TBPEAEY) J O A, JL-F TE IR, # AF R
Peatlands ARAL(PT) 3612 >90 9-42 K, Hi R 7K A7 15—20 em
. TRVEAE W o AR AR A, M 3R AR 88 i
Bk (P 3590 4070 8.66 10%—20% , TSBUK , 4t F 7K 30—50 em
N Y TN I FIAR 2 d
L MR A L AR IR R L,

FiRfk (SI) 3477 >90 16.31 JUTFHIE, AR ET R T
JKAE 20—40 em

MR A=A W S I A 2R R M AR AR R AR

Swamp meadows

RECRAL(SI) 3478 7590 13.33 5%—10% , TGFUK , R 7K (37 40—70 cm
TR AR — e B 2B A sl 4 LA, B 3

rh SR AL (ST 3484 30—70 7.61 — R M SRR EE AN 10%—30% , TCHH
K, TR IKAE 70 em PATF

HIEIRL(SIV) 3486 MR ARFR B, A ZF 20 AR R B, R R T A 90% LA 1
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Fig.2 Seasonal dynamics and Changes of above ground biomass in different degeneration types
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AR A B 0 15 R s R e K AE 2013 ,2014 4FAHR], Y 3HE 7—8 H , H 2013 4EBI i & T 2014 4F, 7E 2013
4 RIBAL R EEIR AL A R IR ARG 54.27 ,43.38,31.57 gm A7 {HAE 2014 4E {UH 3.26,3.42,1.23 g m™
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Table 2 " Seasonal and interannual variation of the growth rate of the above ground biomass

5—6 H Month 6—7 H Month 7—8 H Month 8—9 H Month
Efy REE
Year  Degradation stage AGR/ RGR AGR/ RGR AGR/ RGR AGR/ RGR
(gm™>d™") (gm™>d™") (gm>d™) (gm>d™)

2013 P1 1.17 0.019 4.29 0.030 30.34 0.054 -27.56 -0.043
PII 0.96 0.019 5.62 0.040 22.17 0.043 -23.17 -0.048
SI -2.57 -0.010 1.27 0.006 54.27 0.068 -49.18 -0.051
SII -4.41 -0.025 3.97 0.026 43.80 0.063 -32.94 -0.034
SIII -1.62 -0.011 0.94 0.007 31.57 0.066 -17.28 -0.021

2014 Pl 1.71 0.032 1.10 0.011 0.22 0.002 -3.15 -0.040
plI 1.06 0.020 0.95 0.013 0.30 0.003 -3.08 -0.055
SI -0.21 -0.002 2.71 0.014 3.26 0.020 -1.52 -0.008
SII -0.44 -0.006 1.30 0.014 3.42 0.024 -0.39 -0.004
SIII -0.33 -0.007 1.08 0.019 1.23 0.013 -1.00 -0.010

2015 SI — — 9.78 0.036 0.93 0.002 -1.21 -0.003
SII — — 9.45 0.035 -7.10 -0.021 2.87 0.010
SIII — — 9.52 0.028 =7.35 -0.018 -2.93 -0.011

AGR; ZaXi <3 % Absolute growth rate; RGR AHXTH K % Relative growth rate
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Fig.3 Seasonal dynamics and. Changes of below ground biomass in different degeneration types
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KB R AL bR IR A A W i o Sl A A K A S AT AR B R B e R, (40 309 B 8 v TR 3, B0 3 4
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H P A%t 1 2 M A b AR A B BERE B R A R AN 2 E N3 3, TRV R, R LB B
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A 8262.67,4267.28 g/m* IR fL I B W AR (P<0.05) 5 ) 10—20 em 12, 3 F A ¥y B Wil /N, (6
3825.68,3119.50 g/m’, ARIRAL i F /)N (P<0.05) WK FEH 53.7% ,iB4E K 26.9% ;20—30 em 1240 FAEY &
535K 2970.66,434.32 g/m’ IR FUIT B i FFEAR (P<0.05) , IR Bl 86.1% . FEIRFEALF A, % B ILB Be Rk 2
(0—10 em) Hu F AR, S EM T AR 75% 0 F, KBk F AW E 5 &S TRE HEBA(P<
0.05) , KBk J2 R AL A AR AL Mo R A= Wi 43301 oA 2076. 81,1123.67,653.57 ¢/m”;10—20 cm + 2 HH#
R AW 53 508 523.09,208.41,98.96 ¢/m? A Py i/ | H b AR Al 2D i BE AE 70% LA L, HAhiR fe
M B e 80% LA I s 2B AL Bt 20—30 em )2 MR AE Wi 25 R 3 (P>0.05) , 4308 157.21,111.29,38.81
g/m” RPN R A 0—30 em 45 R AL RS BT AR YR AR L AL AR R] 2 B
HB AL AR, R A= Yy B R AR . FE VR A TR IR, KR 10—20 em A, HiAth 5 )2 A 1B b A 4 i B 2 s TR Ak
(P<0.05) , TRFEMAFAMALRILHB 0—10 cm Hi T AEY) & /A7 B 3 25 5 (P<0.05) ;10—20 et T 2E4)
AR B = TR R R (P<0.05) R 5P IR AL HE T A i 25 5 OR B 3 P>0.05) 520—30 cm M1
AP AR B T IR A (SRR ZE R A B (P>0.05) . MWL T AE Y dak B A L B 2R
FERG A Py BN SRR T T F BRIk A (B 4) . BB TR BAf Bl A4
WIERZE 0—10 em K, FiE T Z8INZ 808N, Je s 8 B IRIE B BE 70% DIk T A it R B4R v e
0—20 cm £ )2, MAFEAL T A 70% LA LT A4 EEAEPTE 0410 cm /2,

x3 FRTEREMTEMER G SRELLLE

Table 3 Belowground biomass in different soil depth and percentage of total roots

— o 0—10 cm 10—20'cm 20—30 cm

Wetland Degeneration EE%E EE%E i%;

types types Biomass/ % Biomass/ % Biomass/ %

(g/m?) (g/m®) (g/m*)

VIR VREE Peat PI 8262.67Aa 54.87% 3825.68Ab 25.40% 2970.66Ab 19.73%
Pll 4267.28Ba 54.56% 3119.50Aa 39.89% 434.32Bb 5.55%

HERE ! AT St 2076. 81Aa 75:33% 523.09Ab 18.97% 157.21Abc 5.70%

Swamp meadow SII 1123.67Ba 77.85% 208.41Bb 14.44% 111.29ABb 7.711%
SIII 653.57Ca 82.59% 98.96Bb 12.50% 38.81BCh 4.90%

WA A /NG T8 (BB RS bk (Rl )R Fonh B MR (P<0.05) , FNITC B ¥ 25
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Fig.4 Vertical distribution of the belowground biomass in different degeneration types
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WE s HARR AR B EE T, KRBk B 1k 5—9 H XM LA 85.33 1 61.05, Geit /i £ 2 7 A
F (P>0.05) ; TEVRVEAL A T RIR A R EERAL | P B IR AR T AR e Lb 43531 R 18.06,14.21 F18.79, 4t 1t
ITRAZERAEE (P>0.05),

MZEN BT, RS R B A AE —E 22 5 . TETRRIB PR, AR LA b dpe A 30
AR 2 A THECREHb I KB AE A KR, A S A KA B AR e Ho Bt 25 AR 4 A K S ]
Bk TFAGIN, B 8 H ik B A, SR 5 s 1 T, T 25087 s, Bk 8,9 H 4y Wi AR AL 28 RUARE L 25 5+
AR ZEIN(P>0.05) , HAlH 3 AFAE D 3 255 (P<0.05) o TEVHEEALE A BRAZ EEIRALTE 6 H 4y 7 A s Ho At
B[] £ AR TR B B AR AL R AT AR — 350, 497 A K R AR 7 B B 5, 31 8 1 H AR/ DN, T i S 320 H ih )
B G5 20T, RBAEAT EERAEAR T LU AE 7,8 2R AR (P>0.05) , Hifth 4 A 125 5 18 3 (P<0.05)
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Fig.5 Seasonal dynamics of root-shoot ratio in different degeneration types
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[F4EGY AGR AT RGR AA1E—E 25 , 78 2013 451 2014 4FAR (L FEAH] | 1] 2015 AF 22 515K, 7E 2015 4F
7—8 H ,AGR Hl RGR ¥ ff, iX vl RE T 2015 4EF/K A H 56, WF9T AL, AGB 5K B4 B35 IEAH &
KR IEHIN BRI, AGB iR 5 _E—4FH F A= J A8 b AT 7 s A WSS A, i b AR ) S AR PRI K i
BEYIRR M LA 7= S AR MoK B I K AR IE 25 R LR 2 B AT 4 R AR — B B F AR
RETIRHEETE AGB Z IR 152 m B 2, Mtk TR HBBEYE AGB A2 1R 3 52 a0 A AN B 5, 150 BH YR iR
A AR R R 0 A A T R R A R Bl b B A SRR Z IR O RS A O

3.2 R R A AR T A a5

TR A i R R A R S B FE B AR A SR B AR R R A S R G R Al R
S T AR ) R 1 A A R D RE Y B, 52 AR R A DR e S N A I S R R R i
T AR ) ZREE B TR R MR ™ SR A W R R S R R, B M R A s M B SRR AR R R
AHgsEtk, [FE, BT AN A YR i = S — AR EERRE R L SRR M R AR Y AR ST
B — 22 . FEXTH At R iE , FEHRETERARBMESREWH T EY
T AN ) R 28 SR R T AR i A A R AT A R g v R L R —
FERRBEIRAE , DAACIR A 10 AT B T A e 5 SRR A 25 R G TG IR R J3 AT , A R 27 SR A K 2
ANBEAR b S W LS O, UL, AR GEET R AN [ 1R A0 7 3 =y S, 43 AT 1 e Y A5 B B 1)
A AT B R T B KSR, N ERA A A R A AR TR S R SR A S S A

FE RN b B 7 T R AR B A R A b AR o S B R R S A RR A  T R AL X
T MR AR IR 5 S H AR R AR L BUT AR YO A T AR R, DU AR R AR K, O A Y
AR R A S ERKER , T2t TR RIS HEE Y P X AN 52 A AR R AE K R i H 2k 1
R TR, AMIAZ A7 LA YRR B 58 U AE g2 il f | B iR M K e R 80 N AR )
X5 VR i X ey S e o ) B AR Al e b R AR R AR e — Y

b A= it SR B ] PR S, FF ST bR A R AR ] 81 AR A B o A S B S B S
ARG 2% T 20 b 25 1R AR B B S Ay e TR T AR AR TR 25 S (R R IR i AR KRR i AR M E
R (BRARBITE RIFEESL) o VeH IR £ AR LB Bmi g AR 1 2 35 A8 A R S5 AR R 3 R« N R AR {p
M2, 5034 L Lyt e Lyt e Je L e S L e VB S M T A i BT s A O AR AL TR R
A 2R B Bom it T A R R A V7 B ARt 2 i e ARELHE IRAE 7 T, 2R W [R]— b X, AN [ 5 b
FKIEAHPORE Bt T AEY) S e e 2 57 . S FAEY s Hah S EHB B 2 5%,

WA, BT B A Y i 5T 2 W L i T A ) R AR R e IR )R A TR R R, AR W e
BRI 2T A3 V022 AR gt e B, R [ 3E L B T A it AR 4 P 3R 2 1) R B TR A
TR T T, SR BAYIR R EZAETPTE 0—10 em 1R Z e iEGE S ST A Y
50% LA b VAR ) (5 709% A L Bl R AR EE R, 5 1R e o Ak - SR O BTG 2 S e A
Wik KA, FEA B AR KR TR, RIBARM AR KA 78 2 T 354 #h 5 | i B b 18 b
WA DHOA R E LA — R L, LR AT YR R IREGR O > TR R AR
(], B fulf 2 2S00 b 25 1R A BORE w1 T A= ) T L0 A SRR BE AR — 8 22 57 Rl th B2, v JE T Ml
AP AR R T R KA RIS 2 A BOCHRZE AR, B A 1 R AL R B R, A BE I
F AR T AR A i KN SO A S R G Y REAG I Sl B
3.3 VbR XA B M T | b b AR A i A3 TE Y R R

TR 25 BB 32— G0 — B REAA b b 5B 3 X b T 3870 9 AR KR B A S50, b b A R AR )i o
PG Z8 SRS A AR MR A S AR A HE (IR L) i TG A 1R A S e R 1A
B4R AR AR AR B BOAR R b 55 1 TR TR B, I Bl A A AR e L o K el 3 728 04 K, X
S R TAR AR AE 52 30 A A BIR ) DR 38 BRI, A 4 SR W A A 2 o 52 IR ] (%) D8RR 56 23 T 4 2 IR 1) DR 25 5% il e K
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A f E RS, BEZEE R IR AR BE IR S K o375 B 0 3 A, AL 2oRs S 22 K 0 AR ) 0 T 465 Ml
TERAR L 2 2R AR B B AR TEE L 2 Bl A5 B T A K TR IR AR (BB 3 R B S 4 2R
O, YRR TR MR AR Y R T AR AR R BRI B SR T TR A A R IR
M, FEAGRT W (5—6 Ay) i, B il B AR THi A Ll )= B A AR I A AR R Ok b
ER AR AR T M T R AR R AR MR LT AR/ N (EUR 2 SR MR T O (L R BRI [ AN TR, 98 e
AR FR 9 H R R BEA KEFETIFR 5 A, TIRRIB PR T A HCH0l , 4 e KR FER
W) AU R i B B AR R AR, 5 DR FER

4 %t

(1) B H RS A0 = FE 1 MR AL R B B, AF ) 56 B A b T AE i W0 T R, I K R R g T AR
B RRARR R A4 08/ . 2 ST M 45 1B Ak By BEAE B b b A= 0 () 245 B A5 2 oy s U il 2k (B e 8
By, 3 AR A KA SR IX BRI AR B UM 56 . 2 IR A B AL B Bt | A= 17 28 Xop 3 K 3ok S5 A ot
B HUR F T sh A R] , 4978 18 B e AR IE I TS 2 SO AR R (EOR TR AR f DR 4 30 1 B[R] R
], YA TH PR 2013 4E7E 7—8 H ,2014 4-7E 5—6 A |, MiTA Pk % fa) 2013,2014 F¥7E 7—8 H ,2015 4F-7F 5—
6 H,

(2) Wi 720t 2 2R AR AR T, AR 0 b T A i 2 B T R A R O AR IR b 3 T H AR
TEBYBE (P<0.05) , 1H 2 281 b AR [H)IR Ak B B o i ™ A= 4 2oy ARG 7oA 25 57, VR VR R A IR AL B B A
R A i ZE AR AR A AR B N B AR AL I, EL AR (i SRR, T AR (B TE 8 H A, N
25727.17 g/m’* e/ MATE 9 A 43, 4 20380.33 g/m” ; A4k R fa] 23R 1L B B AT B T A4 i = AR L R
ARV BRI SRR R A b B IR AT AR oy B A K A R 138 B f KA, e (I
BIHEAE 7 A0y, 40000 1914.94 1238.38,287.71 ¢/m’ , 221t N A= 45 Bl 2 TR AU RS INZ /) |
RN T FIE T BSR4, B T AR TE 0—10 em ZEEK,

(3) A% 2 R J8 IR 5—9 A VIS LEHT R B IR Ak 5 TRk, 2 Z00 MM et LU i 2215 AR (b - A 22
5t RHRIREAE, AR AR AR AR K58 2 A R RE M KA A KA 9 A s TR E AL S
AR ZEPIH AR B SO, B 8 H H /N 15 SGZ g,
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