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Changes in soil aggregate-associated organic carbon of degraded alpine meadow

in the Zoigé Plateau

SONG Xiaoyan, WANG Changting* , HU Lei, LIU Dan, CHEN Keyu, TANG Guo
Institute of Qinghai-Tibetan Plateaw, Southwest Minzu University, Chengdu 610041, China

Abstract: Soil aggregate is a basic unit of soil structure. The physical isolation of soil aggregate is the most important
mechanism for soil to protect organic carbon from being decomposed by microorganisms. The effects of soil aggregates to
maintain the stability of soil organic carbon even exceed the decomposability of organic carbon itself. Meanwhile, the
distribution of organic carbon in soil aggregates and the stability of soil aggregate are closely related to the magnitude and
stability of soil organic carbon pool, thus they can explain the change in soil organic carbon pool under the changing
environment. Zoigé wetland, the most typic plateau wetland in the world, is the birthplace of the Yangtze and Yellow Rivers
and stores a large of soil organic carbon. Since the 1960s, the Zoigé wetland has undergone extensive degradation which led
to the decomposition of peat and the acceleration of carbon release. However, there are few research on the changes in
organic carbon distribution in soil aggregates and its relationship with the changed soil organic carbon pool under alpine
meadow degradation. Therefore, we investigated the soil organic carbon (SOC), soil aggregate, and aggregate-associated
organic carbon in an alpine meadow and its adjacent degraded sites under the degree of light degradation (LD) , moderate

degradation ( MD ), severe degradation (SD), and exireme degradation ( ED) in the Zoigé Plateau to explain the
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mechanism of soil organic carbon pool change and support for the restoration and management of alpine meadow. Wet sieving
was used to analyze soil aggregate. The results showed that 1) the aggregate stability and the mass proportion and internal
composition of the macroaggregate decreased with degradation, 2) the OC concentration of all size aggregate particles and
internal fractions of macroaggregate also decreased with degradation, 3) although the OC stocks in free microaggregate,
occluded microaggregate and occluded silt and clay increased with degradation, the decreased SOC was mainly resulted from
the decrease of OC stocks in macroaggregate and coarse particulate organic matter, 4) in the surface soil (0—10 c¢cm) , the
decreased SOC concentration was mainly due to the changes of OC concentration of microaggregate and macroaggregate ,
while it was the OC concentration of macroaggregate and the aggregate mean weight diameter ( MWD ) dominating the
changes of SOC concentration in the subsurface soil (10—20 cm). Moreover, the SOC stocks in the 0—10 c¢m soil depth
was largely affected by aggregate MWD, but that in the 10—20 cm soil depth was the result of the combination of aggregate
structure, soil physicochemical properties and OC concentration of macroaggregate. Overall, improving the composition and
stability of soil aggregates and increasing the macroaggregate-associated OC could increase the nutrient supply for plants and

the SOC stocks, and ultimately could restore the productivity and function of the degraded alpine meadow.

Key Words: grassland degradation; restoration of degraded grassland; soil aggregate stability; aggregate-associated

carbon; Zoigé wetland
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2 102°08'—103°39", Jb£h 32°56'—39°19", P31 3500 m, MR T AR Rl v e, K& T H, F R
fit o AP N 0.6—1.2°C 1 HEd& A B Z4-FE RN -10.6°C 7 H Ff A B 24P 2Ry 10.8°C,
ZAR AR K B 600—750 mm, Z4EHF S A FRIZE 7 Aa], 4 H BEHEZ R 2389 h, B Pk H2
N 1232 mm  FAXHBEEL N 71% ., (5P G R4 /R 6 B B B R 5 ml A P SO I B 65.5% 1
1.2 FRHRE SR

T 2019 4F 8 J T A) FEA R d EL N e IR ZEVE PR AL ), /R D RIB 4K ( Undegraded meadow, UD) FEHE,
SRIG S BRVPIS ™ 2545 75 AN 7 45 SRR AL SO R AL ARG R0 43 05 12, AR R0 1 TE V8 A | 25 13 At
AR (R 1), A3 B IR K (Light degradation, LD) | H1 iR £k ( Moderate degradation, MD) | T
JEiR 1k (Severe degradation,SD) A1k & iR fk ( Extreme degradation, ED) £, FEHBTET AN 10 mx 10 m, LAFFEHY
FRUETEA R a BB N U R IR fE 2291 3 4> B 3 A
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Table 1 Plant characteristics and soil physicochemical properties of the study sites

TiH Item uD LD MD SD ED

IR Number of species/fift 12+2a 12+1a 8+la 3+1b 3+1b

3 F 29 Aboveground biomass/ ( g/0.25m?) 88.89+17.56a  46.08+9.08ab  54.16+6.46ab  30.58+2.66bc  19.94x2.23¢

i Coverage/% 97+1a 94+2ab 94+2ab 43+9he 3229¢

ARAPBIZEE Coverage of grass/% 8+2hc 6=1hc 45+5a 4+3c 17+2ab

TR Coverage of sedge/% 65+5a 60+3a 24+19ab 0+0b 3+3h

TR HEZE T Coverage of forbs/% 53+9ab 56+9a 46+7ab 45+10ab 14£8b

RR F7Kik Water content/(g/g) 3.00£0.29a 1.66+0.09h 0.70+0.01¢ 0.34+0.02¢ 0.13+0.02¢

0—10 cm F % Bulk density/ (g/cm®) 0.43£0.06d 0.68+0.07cd 1.1020.05¢ 2.10£0.15b 2.61x0.12a
pH 6.64+0.02¢ 6.77+0.16¢ 6.97+0.14bc 7.33+0.03b 8.66+0.07a
ifiﬂ?jin concentration/ (¢/kg) 282.57+6.58a  166.60£28.14h  68.93+5.53bc  48.30z1.44c 10.000.23d
iﬁiﬂﬁ‘fﬁn ctocks/ (kg/m?) 12.02+1.42a 11.15+1.47ab  7.52£0.30bc 10.11£0.44ab  2.6120.16¢
£ F i Total nitrogen concentration/ ( g/kg) 19.37+0.30a 12.07+2.09b 4.83+0.50bce 3.13+0.23¢ 0.20+0.00d
BREE C/N ratio 14.59+0.19h 13.710.04bh 14.330.35h 14.9120.20b 50.00£1.15a

% F7KE: Water content/% 3.06+0.49a 1.26+0.02ab 0.34+0.02hc 0.320.04bc 0.18+0.04¢

10—20 ¢m 5 Bulk density/ (g/cm®) 0.49+0.08d 0.94+0.05¢ 1.86+0.07b 2.15+0.09b 2.62+0.03a
pH 6.64+0.04d 6.8220.12¢d 7.22+0.13be 7.500.04b 8.6020.09a
;ﬁiﬂfﬁin concentration/ (¢/kg) 224.97+22.10a  49.20£10.65b  44.93+4.85h 27.37£1.34h 11.77£0.65h
ifzif"fin ctocks/ (kg/m?) 10.89+1.62a 4.53+0.84bc 8.3020.55ab 5.910.53be 3.0820.20c
LR % Total nitrogen concentration/ ( g/kg) 15.9021.33a 3.13£0.72b 2.77+0.20b 1.73+0.09bc 0.330.03¢
TREL C/N ratio 14.11£0.25¢ 15.86+0.38ab  15.6120.16bc  15.79£0.25abc  35.61£1.70a

UD.: KB H Undegraded meadow; LD, 2R Light degradation; MD; R K Moderate degradation; SD ; R AL Severe degradation; ED WER AL
Extreme degradation ; /N[ BEF R AN RIIR AU BE (] 22 53 .3 ( P<0.05) ; & PRI I P2 (H AR MERE (n=3)

ABRA A E AL B AR AR A L) DU 5 ( Kobresia tibetica ) i 4 XL, I AE B L BAR (Poa pratensis) |
JIPGBY B35 (Agrostis hugoniana var. aristata) TEFEHEHE - ( Elymus nutans ) 55 7R W DL N RS9 2 1% 5% ( Potentilla
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anserina ) Y5 ( Caltha palustris) 3% W0 X E 2§ ( Saussurea pulchra) 572 JS B A K K%, 5 85%—
95% , TN = FEREE L, BB A B N A A R R AR U S A AN B R e T B B
BTHR . HEERACT ARG T AR A AN B S E A A R ) B o3 IR Ak, 9 AR B ( Kobresia humilis ) FIR A
FHEY RS TS KRR, EART  APE a5 B W 3 AR, b 2R Wi W2 T R PR AR A O
AR A 52, FEAA RIS 22 ( Polygonum sibiricum) AL 75 ( Elsholizia densa) % T A ( Anemone rivularis) K92
B SRS AR T AN . MR BV S SR T R (AN A2 45% ) BAEI RN ZRAE /D 3 B A i ik
TIEVACIER I AR AES FE T BARAE R LA LR 1,

TERFEHLN, “S”IEATE 54> 50 emx50 em BIFETT . 1 SGRAE Ty INAE B HEATHE 75 4 A, WOkl s
o EAEYIE, SRS )2 (0—10 em, 10—20 em) SRR TAE . J5UIR T ARG N/ IO AR ARz Hi, B Ik
B ARG + 45 R B 2, ISR & S, S B R BRI AR BT, T 1 RE B i A R T N R
(<8 mm) ARJEH BRI R D 5 DR RAERIR G, ARKT,
1.3 ZEWL

FREL 100 g KT A, B 40 R AR O K A0 0k . R A (>0.25 mm) |, A 44 (0.053—0.25 mm)
FZEBIAL(<0.053 mm) . SRJG CKFAF 20 BRI IR 73 b7 HE— A2 MUt 43, AR HUBORL AT HLITT (POM 5 >0.250
mm) , A& AR (0.053—0.25 mm) DL KT SR KE( <0.053 mm) o AT 24071 SOCHETIFFRE . fix
J& KT A 1 0.053 mm i , R FH 240011 CHNS/O JCE M {0 A ML A e R A i, Bk 2
% Del Galdo &%,
1.4 Bt

SR ¥ o E AR (MWD) FPF3 L] B8 (MGD) KPP A R iR F et . Ha s A,

MWD = ZI‘ w; X x;
i=1

w; X Inx;
MGD = exp(l_l—)
2o
P w, FoR S ORAR AT AR I3 ) S o5 SR PR R E R T 0 (% ) 5o, TR HS i RLAR TR AR 20 K-

HAE(mm)

+ 3 BA PR AE & (SOC-stock , kg/m*) AR,

D x BD x SOC_,,
100

A, D Fm 2R (em) ;BD Fl SOC-con Frn HIEHE (g/em’) I EIEH PR S 2= (2/ke) .

+ 145 T B L 40 LB ik (Stock of OC,,g/m?) FHEEITTF
D x BD x w, x OC,

10

A, D FRLJZIRE (em) s BD F2n 2 E (g/om®) s, Frn 5 i RLAR PSR RLL 3 1 B & oy 1398
HE AT (%) ;0C TR i R SRR 53D E 15 3 B9 A PLIKk & & (g/kg aggregate) o

s Hrfe SPSS 23.0 kAT, SR Z 7 22 70T (one way-ANOVA ) 45 56 A [R1 R AL F2 5 A+ i b |
A HEE R HEEOKE R pH S /N HIRAL] AR [ 2R MWD MGD A BLER
it UL S 45 PR IREH 0 A Ui & s A i 22 57 . SRAHIZE A [R1H stepwise regression ; M < 0.05 BfgEA,
F = 0.10 B E£5R) K56 5B ad fe b H 3 SO HUK & & A 2 A S 3 B A i | S PR | AT SR A
S MWD S 21 3 A LIRS AR AR A DG 2R o TR A0 101 J3 A Z 17, SR JH 2 803 70 A (PCA) X 4% T 5 1
oy EHE AT U TR U — FE B AR A R AR ZH 1 ( Fraction ) , % 123 pH \BD Fl-HIE &K i E A7 R 4E
B — ERUMER R IEIRAL 5T (Soil ) o AHOC IR HIVETE Origin 9.0 H5E K,

SOC-stock =

Stock of OC; =
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Fig.1 Mass proportion of the soil aggregate and the internal macroaggregate of the alpine meadow under different degradation stages
in Zoigé
AN TR R AN IR AR FE ] 22 57 .35 (P<0.05) 5 ¥ FP A A I B FRHEZE (n=3) ; UD: RIBHEAEHL Undegraded meadow; LD : 42 JEIRAL
Light degradation;MD; H1EiE4L Moderate degradation;SD; B 1k Severe degradation
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Fig.2 Soil aggregate mean weight diameter (MWD) and mean geometric diameter (MGD) of the alpine meadow under different degree of
degradation in Zoigé
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Fig.3 Soil aggregate-associated organic carbon concentration of the alpine meadow under different degree of degradation in Zoigé
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Fig.4 Soil aggregate-associated organic carbon stocks of the alpine meadow under different degree of degradation in Zoigé

A TR A R AL BE [R] 22 5 138 (P<0.05) 5 B PP Bl P B (AR HEDE (n=3)
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Aggregate-associated organic carbon stocks/(g/m?)

2.3 EFERMLIRAT 1A LR R AR S S AR | AR SR A SRR O R

Mg IR B E AL T W FE R A SOC Fri, BREIR LRI (5 1), BB b | R AR IR 1k
T2 SOC S ARIBALF A 435 F B 41% ,76% ,82% F1 96% ; .36 )2 SOC & 1435 F [ 78% ,80% , 88%
M195% (= 1), MM, BILfl = FE R M) SOC fiff 2t 2 GG 34, (HER AL R [R] SOC Aifh i 1) A8 fb 3 Sl &8 A
(F 1), TELIERZE PEERELRIL SOC fift i i K TR B Ff) | 52 B2 F o 2Rk SOC fifi it SRR fh e
fESARE (R, EEPEVRZ BE EEARERM SOC ffd B Z LT ARR A , R soc
it SRR AT R EET (£ 1),

it SOC Fr M SOC fig s 5 A s | e b tE T IR MWD 45415 OC & =i 1% 45
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R2 TEANKRSENGEESH EEWE THEEAMR ARECER FTHEEERRARGHSANBRIBENX R
Table 2 Regressions between the soil organic carbon concentration ( and stocks) and aboveground biomass, soil physicochemical properties,
aggregate structure, mean weight diameter, and aggregate fraction organic carbon concentration
B (FRifEfb R
iR 1 (FRIEIL R ED) W R

Explanator variables dj F P
P Y 4 Adjusted R?

+/Z/em mIEyig

Soil lay Equati
or tayer duation (standardized coefficient )

+0.208 0C-  OC-conpy(0.793) ,

icro

0—10 14 0.997 2166.831 0.000
conyp,.ot1.839 0C-con e, (0.208) %
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