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Changes of soil active organic carbon components during restoration and

succession of Hedysarum mongolicum shrub forest in Mu Us Sandy Land
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Abstract ; Soil active organic carbon is the active part of soil organic carbon (SOC). Soil active organic carbon, which is an
important index to measure soil quality and health status, can reflect the early changes of soil environment in the process of
vegetation restoration and succession. However, in the barren sandy land of SOC, the influencing mechanism of long-term
restoration succession affecting soil active organic carbon composition is still unknown. This study took Hedysarum
mongolicum artificial shrub forest in Mu Us Sandy Land as the research object, selected Hedysarum mongolicum artificial
shrub forest with no afforestation (CK) and afforestation life for 9 a, 18 a and 30 a, respectively. We explored the changes
of soil dissolved organic carbon (DOC) , microbial biomass carbon (MBC) , readily oxidizable organic carbon (ROC) and

SOC during the restoration and succession of Hedysarum mongolicum artificial shrub forest in Mu Us Sandy Land. The
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results showed that; (1) the soil carbon sequestration capacity of Hedysarum mongolicum shrub forest in Mu Us Sandy Land
increased with the increase of restoration succession years. But there was a turning point in the restoration succession for 18
a, and the soil carbon sequestration rate slowed down in the restoration succession for 18—30 a; (2) DOC, MBC and ROC
of topsoil 0—10 c¢m were sensitive to restoration succession, and the contents of active organic carbon in topsoil increased
gradually during restoration succession; (3) The restoration succession years did not have a significant effect on the ratio of
soil active organic carbon to SOC, nor did it significantly change the carbon pool activity. To sum up, the restoration
succession of poplar wood shrub forest in Mu Us Sandy Land is conducive to the accumulation of soil active organic carbon
and SOC. Whether the long-term restoration succession has a positive effect on soil active organic carbon sequestration need

to study further.
Key Words: soil active organic carbon; restoration and succession; Mu Us Sandy Land
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1.1 WF5E XA

AIRES VAE S RV SR G 107 N 52 vt SR 22 30 vt B 1 =2 Bl il 53 iR 1Dl LS R 2
ERT XN T, M AR FR 37°27.5'N—39°22.5'N, 107°20'E—111°30'E , E-34 %4k 1300 m, ZHb X & IR
TR Rl WA, R iR DT, A ZR IRV TR AR R 7.2 °C AR P34 H BRI ER 2900 h, TERE 24
H113—156 d, PR 270—350 mm, K EZEH T 6—9 A, F#4FEZE & i 1800—2500 mm,, 11
AN MR VD ) R 9 2T LA 48 VDM ( Salix cheilophila) + 87 ( Artemisia ordosica ) . 40K 7 5 & 165
( Hedysarum scoparium) FIFF 258839 )L ( Caragana korshinskii ) % FHEREAR N £ MEHE 35 /N T 5%,
1.2 it

T 2019 4= 55 15 AR ST b A% 14 AH ) sl AE B0 AS i) s A Rl 340 140 4 S 0 AR RK , s AR A BR 8] B B3 7 9—12 a, 53
BOREMXS BRF SN TP (CK) , FEHBAF B AR 1, 0 nlEBURAE 9 a 18 a 30 a B SE N THEARAE N 754
[Fi) 8 RAT 03 A5 i v 0 S R B S Bt 20 mx20 m BEHb, it 4 (4B ) x5 =20 Hi g e, A HORE ik K/ Ky
5 mx5 m PIRETT BEHLRE B AT S Bl an 5 2.

F1 BLERDMGEATEAKKEFIBERER

Table 1 Basic information of the experimental plot of Hedysarum mongolicum artificial shrub forest in Mu Us Sandy Land

TEMRAE A o M WERTRE/ % WAREE % AR
Qb BH . HFR A7 E .
Afforestation . . Afforetation Shrub Herb Growth
Treatment Geographical position

Year way cover cover status

CK R 38°53'13.54" N,109°13'54.15" E — — — —
9a 2011 4F- 38°51'36.25" N,109°14'32.26" E ie) 60.3 30 [ES/e8
18a 2002 4F- 38°51'48.73" N,109°14'22.78" E KI% 95.1 27.6 RAr
30a 1990 4F- 39°02'47.41" N,109°15'34.25" E R 90.6 42.6 RLA4F

CK : %8 Control ;9a.: 15K 9 4 Afforestation for 9 years; 18a: 3 #K 18 4F- Afforestation for 18 years;30a: 3 #K 30 4F Afforestation for 30 years;“—" .
JeEE No data

x2 HEFEEEER
Table 2 Vegetation survey

PR KR
KbF Growth status of Yang Chai B YRR ZH AR
Treatment BB/ em St/ cm Hi14%/mm Herbaceous plant community composition
Height Crown width ~ Ground diameter

CK — — — —
WEE (Salsola collina) +3F3F ( Calamagrostis epigeios) + 1 J& W ( Setaria

9a 158.00£6.34 138.00+7.96 13.79+1.31 viridis) + 75 35 ( Phragmites australis ) +75 % 3% ( Cichorium endivia ) +%5 VK Z
(Bassia dasyphylla) +B/R I AL (Heteropappus altaicus)

B (Salsola collina) +M B HL ( Setaria viridis ) +35 2 3% ( Cichorium endivia)
18a 80.26+3.63 68.33+£3.66 8.03+0.41 +35VKZE (Bassia dasyphylla) +B /R Z& M I 4E ( Heteropappus altaicus ) +ffi 5
(Incarvillea sinensis) +v5% ( Cichorium endivia)

¥ T3 (Salsola collina) + ¥ F& ¥ ( Setaria wviridis ) + %5 VK ZE ( Bassia
dasyphylla) + B /R Z% 4 4 48 ( Heteropappus altaicus ) + 1 #  ( Incarvillea

30a 38.54+2.63 31.61+1.60 3.61+0.88 sinensis) + K E¢ZE ( Chenopodium glaucum) +¥52%: (Adenophora stricta ) + VK 5
(Agropyron cristatum ) + % ( Chenopodium album ) + Ji 76 5. ( Melissilus
ruthenicus ) + % #3YE ( Geranium wilfordii)

1.3 FEAREE

T 2019 4F 8 H At g A K HE B 2R oR AR - 48R 5, T bR FH 22 IR A R 4R 0—10,10—20 ,20—40
M 40—60 cm + )2 1, RERH AR R AR A TG R B EAS  HERR LA, IR7E 24 h iz RS0
=, BREsh 2 mm B I TS OREEAE 4 CUKEE T AT MBC g , 3 — 8B4+ A SR T, RIS R i
J& 17T SOC . DOC #1 ROC FAE , A4 M BL Al I AL ME B an e 3,
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SOC R JHE B IRAPAMm B 2E Y, DOC 2R Multi N/C 2100 TOC {3 MBC % JH 48475 28 7€ )
EY L ROC R B AR IR AN A AL L kil 2 12|
TR PEG BE (CA) HE AR T,

TR A LK NLOC=SOC-ROC;
e 2 1% CA=ROC/NLOC,,
*3 HEHfitEEAMR
Table 3 Basic soil physical and chemical properties
N FIEHUBEZH Y soil mechanical composition/%
b B +Z/em i iﬁ%@i 2R/ (g/kg) ki A A .
Treatment  Soil layer pH Soil bulk d‘;’nsny/ Total nitrogen  (0.02—2mm)  (0.002—0.02 mm) VPL(<0.002mm)
(¢/em™) Sand grain Powder granule Clay particle

CK 0—10 9.23+0.06Aa 1.51£0.02Aa 0.07+0.01Ab 96.9+2.15Aa 3.1£2.15Ab 0.00+0.00Ab
10—20 9.31£0.04Aa 1.52+0.01Aa 0.09+0.03Aa 94.89+3.49Aa 4.52+3.08Ab 0.59+0.41Ac
20—40 9.28+0.03Aa 1.53+0.06Aa 0.06+0.00Aa 97.94+1.38Aa 2.06+1.38Ab 0.00+0.00Ab
40—60 9.2420.04Aa 1.63+0.05Aa 0.05+0.01Aa 90.64+6.42Aa 7.65.19Ab 1.76+1.22Ab

9a 0—10 9.07+0.18Aa 1.61£0.02Aa 0.13+0.02Ab 56.57+6.32Bbc  40.37+5.87Aab 3.07+0.52Ab
10—20 8.96+0.15Aa 1.56+0.02ABa 0.10+0.00Aa 82.29+7.42ABab  12.54+5.34Bb 5.18+2.10Abc
20—40 8.92+0.16Aa 1.51+0.01Ba 0.13+0.04Aa 88.81+3.59Aa 7.32+2.04Bb 3.88+1.60Ab
40—60 8.87+0.13Aa 1.51+0.01Ba 0.12+0.04Aa 83.77+5.77Aa  10.02+3.65Bb 6.21£2.13Ab

18a 0—10 8.95+0.09Aa 1.45+0.04Ba 0.34+0.06Aa 34.05+14.04Ab  49.76+10.78Aa  16.19+3.65Bab
10—20 8.97+0.08Aa 1.55+0.01ABa  0.10+0.01Ba 10.68£9.24Ac  41.64+3.13Aa 47.69+6.70Aa
20—40 9.00+0.06Aa 1.6+0.02Aa 0.08+0.01Ba 1.3320.57Ab  57.664.03Aa 41.02+4.51Aa
40—60 9.03£0.07Aa 1.58+0.01Aa 0.05+0.01Ba 15.44£12.95Ab  52.54+8.68Aa 32.02+5.62ABa

30a 0—10 8.94+0.18Aa 1.57+0.04Aa 0.33+0.02Aa 30.72+15.89Ab  48.19+12.34Aa  21.09+6.15Aa
10—20 8.88+0.19Aa 1.58+0.01Aa 0.13+0.01Ba 37.96+15.21Abc  39.4429.41Aa 22.626.37Ab
20—40 8.83+0.22Aa 1.55+0.01Aa 0.08+0.01Ba 14.09+10.13Ab  48.91+6.15Aa  37+5.14Aa
40—60 8.77+0.24Aa 1.52+0.01Aa 0.09+0.01Ba 53.03+14.34Aab 25.11+7.01Aab  21.87+7.73Aab

R BN T +SE  RIR RS FRFR R PR + 2 EA B EZER (P<0.05) ; AN F/NG FREFRR R 1 2R R A0 B ) B 5324 57
(P<0.05)

1.4 Sit5a06
K H SAS 9.0 HEFT B 27 224587 ( Duncan ) 3% DOC . MBC .ROC F1 SOC BY25 5 B 2 M («=0.05) SRH
FHIEM AT (Pearson ) ¥:86 SOC S 458 4H 43 Z [RIAH 4

2 HRESH

2.1 R R AR D S A LR AR

Bifi i ARAT FRAE G, 2)2 0—10 em 3 DOC & it iAW s (K1), ek 9 a B, 21 DOC & &
AHAER CK AN 4.71% , TS AK 18 a 130 a AbFE+IE DOC & & B EWIN (P<0.05) , 5 B hn 177.57%
631.35%, 10—20 cm 1 20—40 cm + )2, #EHK 18 a 130 a AP 4% DOC S W EH TEM 9 a AP (P<
0.05) . i 40—60 cm + )2, #&-Ab 3 E] 4 DOC 8B F 25 (P>0.05), 7£ CK 1 10—20 em + 2+
DOC Fi R Em THA TR (P<0.05) ,MiE 9 a 18 a #1130 a ZbFd +1 DOC FE & ETE 0—10 em 12,
HLFfE + 2R B E RN (P<0.05)

#JZ 0—10 em 13 MBC 5 DOC # &Rk a#—E (B 1), 7E CK H120—40 em 1) 13 MBC & 2
FRTHATZE (P<0.05), MiEM9 a 18 a F130 a AP CK M, b 2 IR FREG LTS
20—40 cm 12 3 MBC S H &K, 0—10 cm Fl 1020 cm +J2H CK FIiEHk 9 a ALFH[E) +3E MBC &1
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WEZES (P>0.05) 15K 18 a A1 30 a A% CK WEYEIN (P<0.05), 20—40 cm £ )21, CK ' MBC 7% & ik
FHETHRL (P<0.05) ,1EM 9 a 18 a 130 a £bH[H] 11 MBC & E LR FH 25 (P>0.05), 40—60 cm
+ 240 E 3 MBC SRR EZESS (P>0.05),

158 ROC & #7E CK & LR RBRRI TR (K1), 7EEHK9 a 2bFE P BE 42 IR 1% ROC & &
5 MBC &5 —50, 7F 20—40 em T2 H G R FE AR, (H45 )20 ROC & & 22 RIF AR IR B W EH KV, 7hik
18 a F130 a AbFEH Bl 4 JZ IR -3 ROC & SB WAL ,0—10 em +2 3 ROC SR B E & THRA LR
(P<0.05) ,10—20 cm ,20—40 cm F140—60 em + 28] 158 ROC F 8 IR E 2% (P>0.05), 0—10 cm 10—
20 em F120—40 em 124 40FH] ROC FEICREZES (P>0.05) 1 40—60 cm 12 18 a £b3 +1E ROC %
H R EMT 9 a 130 a (P<0.05)

10 - 30 -
o0 Aa ) Aa
4 <
2 o0 Er
BE S0t 3
=2 s 20 Ab
=3 | 5
£ TE s
%5 g
F5 30r &
g Ab BZ ol
H é 20 t +H £ n " Ba  pcy
S 10 [ABAZBbBa  Ac apABd | |B2Babp, 54 Ba gy E St BCBbcg Ba A Ac A2 Zsb 23 %EE%
5 =
+ [T (e | 7RG | R0 = (260 (ol |
CK 9a 18a 30a CK 9a 18a 30a
Kb B Treatment
1.2 ¢
b
S 10| . £
2 L
ﬁE +)Z/cm
=5 08¢ o010
g% 2 10—20
=E§ 06f X3 20—40
e [ 40—60
S g4l
> 0.
-H ﬁ AaA Ba
a
E 02 + ﬂ%/\aﬁ Ba %Ba Ba
=] Ba
%) Bb
0 @ @&ﬁ ﬁﬂ
CK 9a 18a 30a
Kb ¥ Treatment

E1 BEEAMRSEEIEP TEREFNHRET
Fig.1 Changes in soil active organic carbon during restoration and succession of H. mongolicum shrub forest
Pl R SIS V- B £SE 5 A R R S F R ROR AR BN R 42 [0 B 835 22 5 (P<0.05) s ARINE FRERR R 2 K [RIAL 2 E) BA 35 22 5
(P<0.05)

2.2 REEE R D A Pk & Ak

)2 0—10 em SOC 7% 1 B MRAE BRI I i & (181 2) , 1Ak 18 a F1 30 a ALHE SOC & i & & T
CK, 735341 840.63% F1 884.38% ,9 a ALHH SOC % 4 CK i 228.13% , {H IR 1K H I E K (P>0.05)
10—20 em ,20—40 cm F140—60 cm 1 JZ SOC 7 it Bl ARAF FRIG M L2 B a3 (BRIEHK 9 a b FH 40—60
em HJEHN)  BIFERERR 30 a B SOC & it , H B & THALH (P<0.05), CK 14+ 2 S0C & &It
FFES MM O a 18 a F130 a MBI IERI A EKZE SOC F & & m T HALE (P<0.05), HBEEZM

R, S0C ¥ B Wik,
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2.3 RE SRR N A AL AL o L

Bt AR AR BRI I, 4% DOC 1 MBC 19 /5 LA, 1
ROC /5 He3g i, & AR AFBR X 2% )2 0—10 em 13 DOC |
MBC Fll ROC M Ay i 3, B 5 38 ARAE BRI I H: o b 2
GG (F4),

158 DOC/SOC HAE AR fLIE 2l 0.86%—2.68% ., CK
1 DOC/SOC HLfE I 215 T Ak 9 a 18 a F130 a AbH (P<
0.05) , %2 0—10 em 13 DOC/SOC FL{EFH N EI 9 a
<18 a<30 a, HATHZ1EHM 9 a 18 a 130 a LLFH[E]JC i 35
%5 (P>0.05), 13 MBC/SOC [ 1H 78 1k 35 Fl A 0.
M %—2.18% , %5+ )2 K Ak P ] 28 L B AE 5 DOC/SOC Fb
HR 3,

9 a F130 a AbFEr & 42 ROC/SOC WAETC 3% 2
5 (P>0.05), 7F 18 a Ab¥EHE )2 N ROC/SOC A
BT AR ,40—60 cm +)Z ROC/SOC HfH i #K T HA4 +
JZ (P<0.05), 0—10 cm 1 10—20 cm -+ JZ 4% &b P [i]
ROC/SOC HAETE B #E %S (P>0.05) , 20—40 cm 1 40—

AR

4.0
+2/cm
35 F [J0—10
I 10*20
230t EX20—40
2 14060
g 25}
=2
S 20
e r
@15-
= Ab
2 10t
Bbc ’
0.5 F Ab Ac Ab Ac ZBabBﬁ
, LLIRA | I7K
CK 9a

18a

AP Treatment

B2 EANREEELERTREANHREL

Fig.2 Changes in soil organic carbon during restoration and

succession of H. mongolicum shrub forest
P s S 4 (H + SE 5 A R RS R R W AL U /] £ )2
LA B 25 (P<0.05) s A/NG T2 A L2 A 4k

HEH A B 2R (P<0.05)

60 cm 12 18 a AL ROC/SOC HAH B KT H AL FE (P<0.05)

2.4 WRIZHORR R D b e PR AL 1

TEMRAEFR X CA F8EU AT 5855 . CA FREUAE 9 a Fll 30 a b4+ )2 A U0 B #2255 (P>0.05) , Mi7E
18 a AbFRFBEE T2 CA FEECEWIFEAL (K 3) . 0—10 em ,10—20 em F1 20—40 cm 12 CA F5%01E &4k
FHE)JC I 2Z 5 (P>0.05) ., 40—60 cm + )2}, 18 a 403 CA #5500 E(X T 9 a F130 a AbFH,

F4 TEFEEFUHSE SOC KILLG/ %

Table 4 Proportions of soil active organic carbon to SOC

£t +)2/em QbR Treatment

Index Soil layer CK 9a 18 a 30 a

DOC/SOC 0—10 2.5£0.22Aa 0.86+0.12Cc 0.87+0.15Cc 1.87+0.23Ab
10—20 2.68+0.46Aa 1.20+0.05BCh 1.36+0.12BCh 1.02+0.12Bb
20—40 2.39+0.34Aa 1.87+0.2Aa 1.86+0.34ABa 1.70+0.22Aa
40—60 2.51£0.53Aa 1.55+0.17ABa 2.25+0.21Aa 1.63+0.15Aa

MBC/SOC 0—10 1.43+£0.4Aa 0.41+0.04Ab 0.54+0.1Bb 0.83+0.07Aab
10—20 1.26+0.25Aa 0.65+0.11Ab 0.79+0.05Bb 0.73+0.07Ab
20—40 2.18+0.52Aa 0.86+0.17Ab 0.52+0.05Bb 0.72+0.11Ab
40—60 1.25+0.34Aa 0.79£0.19Aa 1.19+£0.15Aa 1.17+0.49Aa

ROC/SOC 0—10 — 22.39+3.87Aa 24.88+5.62Aa 25.60+3.75Aa
10—20 — 31.84+£6.37Aa 20.11+1.88ABa 22.64+1.88Aa
20—40 — 29.40+5.2Aa 13.20+1.6Bb 23.74+3.88Aab
40—60 — 37.14+2.56Aa 12.83+1.88Bb 32.05+3.32Aa

DOC ; Al AEPEA Pk Dissolved organic carbon; MBC : f#2E sk Microbial biomass carbon; ROC ; 5 & fLH HL#% Readily oxidizable carbon;SOC:
T+ HEAH B Soil organic carbon ; 1 EE J - HIE £SE; AR K E FRER R FABAF L Z R AA B EES (P<0.05) , RFEVNG EHRFRF £
JEARAL B R A B R (P<0.05) ,“—

25

" TR No data (A B 5KLTH)

PRI T8 A o A BRI S 25 e 2 22 TR AR S
FAOCHE I B4 R R W], H3A PR S 3 DOC \MBC Hl ROC [A] 1 A I 2 1Y IE A COC &R AHOCE &
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BOR/NFEI A ROC>MBC>DOC (%£5)
1.0

3 i Rim
208t 10—20

ABFGEAERAN], S0C AR e g 3 A0 A s

Wi LT (RAEAR TR 18 2 BN B T AR Eoep ki Aa

ST 1830 o B LI BRI, HL 18 o F1 £ N Mo

30 a ALERE] SOC LR FE XS, UAEBTTAAIER 2 Aa

A2 VRIS (R 3G, Ak A v S AR R TR B RS o % 02 | BaBb

SOC fr bt 535 Wi 1 T3> AWF5 2 0—18 a i} @m %

SOC Fr A% — A (A 1E 18—30 a i} SOC I " T 9a 184 2
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