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The impact of soil moisture on litter decomposition and soil organic carbon
deposition in the temperate grasslands of the Loess Plateau
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Abstract: Litter decomposition is a key process affecting the formation of soil organic carbon (SOC) , and soil
moisture conditions exert a significant influence on this process. Investigating the effects of soil moisture changes on
grassland litter decomposition and its role in soil organic carbon formation is conducive to clarifying the dynamic
changes in soil carbon pools and their stabilization mechanisms in the context of climate change. In this study, Stipa
bungeana, a dominant species in the temperate grasslands of the Loess Plateau—was selected for study. S.
bungeana leaves (SL) and S. bungeana roots (SR) were co-cultured with soil for 3 years under different moisture
conditions [ W,: annual average soil moisture content (gravimetric water content of 7.16% ) ; W,: 50% of soil field

capacity (gravimetric water content of 23.55% ) ]. The decomposition characteristics of litter and the changes in soil
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organic carbon and organic carbon in soil aggregates under the different moisture conditions were analyzed. It was
found that, compared with W,, the soil microbial biomass carbon in the SL. and SR treatments in the W, treatment
increased (P<C0.05) by 25.2% and 40. 7%, respectively. The W, treatment not only significantly accelerated the
litter decomposition rate but also significantly increased the SOC content (P<Z0.05). In addition, adequate moisture
conditions facilitate the formation of mineral-associated organic carbon in soils of semi-arid regions. Specifically, in
the W, treatment, the new carbon formation efficiency of the SL and SR treatments increased significantly by 6. 5%
and 8.0% respectively compared with W, (P<C0.05). These findings indicate that in the temperate grasslands of
semi-arid regions, an increase in soil moisture can not only promote litter decomposition, but also promote a greater
allocation of litter carbon to soil aggregates <C0.053 mm, thereby facilitating the formation of mineral-associated
organic carbon.

Key words: soil moisture; litter; decomposition rate; soil aggregates; carbon stability

b 7 T T 4K i TR 4020, J2 bl AR S R G e KBk (carbon, C) E 22— AV 4 & + HEAT HLAK
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S T RR KRS JR A A8 1 2y I 35 5 T - A K O A R X B A A 2y T B T 2 X R A 3 AR G R U W 0 4y M it
T2, SR A 38 PR AR C T8 1™ A= 52 o A BIF 5 208 BB 4 oo Jir VL P 2 it 3 2 ) K 15 B (Stipa bungeana) g ¥
B TEA RIS 64 SRR 5 Rk m R % DU T /% . 1) H 3K o0 XA & 9 o f i B s e 5 2) K 43
7S AT PR 7 ) 53 8 J S TR R AR T SR AR C R B8 52 1
1 MR 5FE
1.1 AP R

A58 DAL T HOR & 22 0 i A B R B M B AR AR D JE 45 35757 AR 104709, TiE 4K 1965. 8 m, 4R M i
6.7 °C,J& KBtk T 2%, A FEK £ 380 mm. AR B IS Y O I M LR | SRR RS+ EEAE YR A K
TEEL BT R ZE M AR (Heteropappus altaicus) (8168 (Artemisia annua) JHHE (Leymus secalinus) 55 .

1.2 #&eRES M

1.2.1 PR BRE S 30 2020 4F 10 A, 7 I 5 DX 50 1% B b, 22 i OB 1 B e (5% M T 5 B ) DA %
FHR AR R FAR R RS 5 B S5 S e 5 T BRI 22 . BEE R R SR i AR R BV 1 em
(9 /INBE 2 FH o B 43 U8 95 0 B R B U 0 M T S M B AT 3T A B ORUR T S U A B AR
— L HIBRIEAL (JOSVOK, KH) - E , HITCR 73 M i (Elementar Vario ELTITL, 8 [#) 73087 C 55 4

1.2.2 BIERESBOREE T 20204F 10 HFENTIE X 2 mR 4R LSRRl HOE IR BE O 0~10 em, Z2 A5 R A 09 4
REWS) RIS =X . RRERA YRR LY, i 2 mm 0 5 H T RE W R . BOE 5 LA — 2
i 0. 149 mm i, H T SOC & = i .

1.2.3 LIRS BT FHICE 73 B (Elementar Vario EL I, 18 F) I & 1= A LAk 7 & 5 R @ 05 B 28 E
5 A B Bk ik B T 53 BUS0. 00 g ok 2 mm B A XU = RF SR FH O 50K 4 98 A R AR 4 R 3R
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0. 250~2. 000 mm 0. 053~0. 250 mm F1<<0. 053 mm""”, 176 & 43 H11% (Elementar Vario EL Il , £ [ ) il & A [ ki
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Mgy T = NHEER S . FRIL80.00 g B AEE T/NBEM 5 FREUM 2 T 2.00 g C K 22 FL it 7 (S
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FRE A HEIRE N IR R REE RN 15°Co WE 2 LKA, W, AR Sk (s &K E N
7.16% ), W« 43 [ ] 435 7K 5 19 50 % (& & 7K Bl 23, 55% ) ;1% & 3P 75 Wy kb B . ST SR T CK (R B8 , o i 7%
Yy ), 3t 6 A b, 4L PR 3N TS, B SR E) g 34F L K% IR 0 18] 2 W) OF 35 0 XU, O AR AN ST B AR
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1.4 45
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T SOC K i B i 5 8 95 W ik 19 58 2R o 1 F B80T B T 80 R (AL ) 9% W ik 5 R o A Ak Ol - AT HILBR 1
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1.5 %t o

JH SPSS 26. 0 iyt s FEA T B PH 2E J7 2243 H1 (One-way ANOVA, LSD) X i 3 B k47 25 5 58 3 1 4y
Hr(P<<0.05) . H Origin 2021 fE .
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B (P<<0.05), SL 227 4k 2R FILF 4 R & i 0 & R AK, SRANET 4 25 & 5 3000 R e F R AR (P<<0. 05) 6
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Table 1 Changes in the chemical composition of litter under different moisture treatments (g-kg™)

P& B 5 0 i) 4ib 24 AT RS iR ENIES
Litter Co-culture time (a) Treatment Soluble components Hemicellulose Cellulose Lignin
Ik Leave (SL) 0 W, 0.135=0. 001b 0.163£0.001a 0.1474£0.000a 0.05540. 000b
3 W, 0.204=40. 003a 0.114=£0.010b 0.036+0.011b 0.090=£0. 010a
3 W, 0.210£0. 006a 0.113£0.009b 0.026+0.007b 0.10840.017a
i Root (SR) 0 W, 0.101=£0. 000b 0.126+0.001a 0.165+0.001a 0.06140. 000b
3 W, 0.14840. 025ab 0.117+0.016a 0.069=+0.010b 0.14440.007a
3 w, 0.19540. 042a 0.109=+0. 006a 0.050=£0. 009b 0.166=40. 020a

W, : ¥14fAE Initial value; W,, W,: tHEJF & & /K& 40501°8 7. 16 % F123. 55% The soil mass water contents which are 7. 16% and 23. 55% , respectively;
T[] The same below ; [A] 1K [] /NG 7B 2 75 AN ] K 43 b 3R] 46 (i =2 [ 22 5 4 2 P 35948 £ Ar i %, P<<0. 05) Different lowercase letters within the

same column indicate significant differences among different moisture treatments and the initial value [ mean- standard error (SE), P<<0.05].

2.2 REKRSIEINBAEYTHRKZGENY A

S3 i 34F 5, SLOFT SR 1Y T 4 B 5k B R AE WL AR BER 4351 g 34. 800 1 36. 86, K T W Ak B (40. 094 AN
40.1%)(P<<0. 05, & 1), ¥t B = 19 - 8K 43 B BEAR 08 1 U8 V% W0 1) 53 i o
2.3 KRR KT E MRS TR

Sy 3AEJE IR TE M C & R SR AA 1 (W) A 35 2 1 35 IR I i a3 (P<<0. 05, 8l 2) . SLHh C & i 7E
WA BER Sk 24. 3%, W AR B (28. 3% BEAR T 14. 1% (P<<0.05) . SRR & 7E WA R (21.4%0) 8% W, kb 3
(26. 2% ) B&K T 18. 3% (P<<0.05) .
2.4 RERSAIEIT LIEHIHEAS TGk

I3k 3R W AR, SL A SRALHR ) SOC & 5 43 5 5. 851 5. 71 g-kg s WAL R 43 51 2 6. 12 F1 5. 96
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g kg LB ERE T CK(5.21% M15.20%) (P<<0.05,
K3). SL ISR W, ANH T Y SOC & h 4 ) 8 & =
HOW AL B (4. 6% F14.4%)(P<<0.05).

2.5 FARKSAENSIEARKIEANKESZH

ANTFIZK 53 A BRI 3% W0 4 i 3 4F S B0 RLAR +
B RAK SOC & & ¥ 258 i@ (K 4) . WK
Iy &R, SL AL H T Y 0. 250~2. 000 mm ., 0. 053~
0. 250 mm F<20. 053 mm {1 A 1k SOC ¥ 3 m
N 1.01.1.03F1.88 g kg ', EET W b3
(0.19.0.22F10.33 g-kg ) (P<C0.05) ; 1fii W,7K 4%
PFF , SR &b 1 34Nk AR HTE AR SOC ¥ 38 i 1 43 5]
J90.73.0.15H11.60 g-kg ', BEE T W AL FE(0. 07,
0.05H10.36 g-kg ') (P<<0.05) . &b, Wi Fl i 7% By
b B R <20. 053 mm FY 4 3E F R MR AE W, & 1 T
SOC ¥+ 3% Jm &= o % & T H b w4 R 42 B Rk
(P<<0.05).
2.6 RE KA AT 23R A IR AR AT AR R 2R 6
A

3% 34F 5, SL T SR AL HAE W R W, 45 1F T 1Y
BB TE R R B L <C0. 053 mm A B AR f i, H B 3
T 0.250~2. 000 mm A1 0. 053~0. 250 mm ¥ 1%
FR(E5,P<0.05), SRALHETR ,0.250~2. 000 mm
0. 053~0. 250 mm A 5 {4 14 3 ik B 18308 7E W, 5%
T B W, a5 B E B 5.2% Ml 5.8% (P<<
0.05), <<0.053 mm M R, SLF1 SR AL BLTE W, 5%
T8 F 0 8 B JE 80 R B W 43 ) B RGN 6.5 %6
8.0% (P<<0.05),
2.7 FARAKSAEANLIEMEDNZTHREZTHUH A

Oy ff 34F I, SLA SR AE W, b B 3 3 AE ) i
CH& 8o h37.3F124.2 mg-kg ', 35 = H W, 4b
H(29.8 A1 17.2 mg-kg ') 25.2% F 40.7% (P<<
0.05,&6), H¥ W& T CK. He W% & i £ 5K 4>
Tt W RN T R Y ik & (P<<0.05) .
3 iTig
3.1 LR ALY SRR YR

9% W 43 A J2 £ A HLBTIE BRI B Y 2
P MK A3 RS R IR ) o i B R R — e E

V. ZZ V-

Aa
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49 5 54 B

Dry matter residue rates (%)
W
<

T T T T T T T T T T 1

2

KEEM f SL KEEMR &K SR
4 7% ) Litter

1 AEKSLETHRAZDTYRKEER

Fig. 1 Dry matter residue rates of litters under different
moisture treatments

AR KRE FhF 28 AR PR & Py b 3100 25 5 0 35 L R R/NE SR ROR AR
[ 7K 43 4k 2 i) 22 5 4 25 OF- B8 = 4R 1% , P<<0.05) . F IRl . Different
capital letters indicate significant differences between different litter
treatments, while different lowercase letters indicate significant differences
between different moisture treatments [ mean standard error (SE) , P<C

0.05]. The same below.
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Fig. 2 Changes in the litter carbon contents under different

moisture treatments
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Fig. 3 Changes in the soil organic carbon content under

different moisture treatments
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Fig.4 Net changes in the organic carbon content of soil aggregates with different particle sizes under different moisture treatments
A A K5 R R R [ KL AR
capital letters indicate significant differences among aggregates of different particle sizes,

05].

between different moisture treatments [ mean+ standard error(SE), P<<0.

PRk 2 0] 22 5 8 % N [F/NG 8 2R 8 R 7K 4 Ab #1 e) 22 55 0 3 CF 908 + bR iR, P<<0.05)

80 r k= wint s IV, AW,
70 |
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BEl5 FEKS IR 115 & 4 4% ] 3R ok o T Bk
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The same below.
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Fig.5 New carbon formation efficiency in soil aggregates of various particle sizes under different moisture treatments
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Fig. 6 Soil microbial biomass carbon content under different
moisture treatments
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3.2 RIS SOCHERKCHHH

SOC 5 it Jo AR b 352 22 B SRR C ot AR SOC 43 fiff 22 1] 3h 25 1 i 1) 8 4 1, 1 B 22 1) Al 400 VR ik R AR 2E 9
AR = W] LU SOC BT AL o AN R V& W0 7E A TRl K 43 4610 R B85 38 00 1 34F )5, 45 Ab B SOC &5 Ht 45 5 % R
E I, HOWL AR A SOC & 2 8 3 /T W A 33X AT R B A 540 1 B K o0 25 R4 i T s i T 1
TE T Y A e, SRR T R AR P L A SOC B R A SOC & i i B 4 ™, X Bt gl p A
R A AR R BB S P R SOC Y FE 22 43 S B0 B 1t i M AR, ELBE B 7K 23 A5 1 385, 3 4 fige 46t
B,

IR 3AETE AR LR RAR R LB B 2= R WAV AT, 7E 0. 250~2. 000 mm 0. 053~
0. 250 mm F1<20. 053 mm =~ BL 4% 4 48 P R AR i 2 52 WARHE R SOC Ay hin i B & & T W R 3, Hop <
0. 053 mm P & o (1) SOC ¥ 38 i 2 e v (B 4) 3881 B 7K 20 2 1 F 38307 ik 1 A 208 23 1 4 s AR 52 13X — a5,
AN MR K 3 554 T 45 R AR T SR A4 1 38 i T 1 8023t L <<0. 053 mm A R4 Ry d &5 o <20, 053 mm 1Y 4= 3 A1
TR SOC 3222238 b 94 I W1 2 A= W o3 f R S I BR 7= 5 R Wy UL ARZS & B IR T RE B TR &
ZA #HL C(mineral-associated organic carbon, MAOC) "™ . AHF 58 o 5841 1Y - HE K o0 SRR 2 T JR T 9 16 o0 it
Bl 2 3 P % 388 0 S BB AR W AR 0 A B B A S SR AR N T 5 — T T, 5 R A AR B B K A S A
T T2 A ) R R IR VS A A T o A R | A R B R AR T MAOC BT R, L Y -
B 5 e 0 A Ok AR TS, U 9 W 43 ik TS B4 B D B 25 g 0 A AT T B MAOCH, f 1 il HLBE A T K A MR AF T
HHE ST R AR R K BN A IS BT, 3R n] BB AL SE B A% AE AE MAOC H R4 2 T AR E SOC %
O VR, K 1R 380 3 R RE i - R e T 22 (1 BH S A A A T, a3 2 BH S AT RE S a R B R A 1 2R
F T AA WAL G W 2 I8 HEATRF R, BETT R 3 2 10 MAOC™ . A A BFSE &3, il M R4 & 8w i e )
VL Gy figt sk R v 88 g ) B0 0 o 2 5 SO A R U5 R BUE 2 1 MAOC™ . AWF5E v, SL AR <C0. 053 mm [ %
TRAE W, 200 F B9 SOC ¥ 3 i i T SRACER , 5% WF 58 45 5 — 80, U WA R 4 5 F T, 5 43 1 08 95 W T B 4 X 4
PRV W25 5 I B MAOC .

4 it

2 B XU R R = B b MK A B A W 0, AR R T YR W G 43 TR B A R T4 R Y
8 V& W i 1) = 9 A R AR, R <20, 053 mm = HE A B AR R 4 e, T E A £ 1 FR e M MAOC, A Fl T 5
SOC K [E A7, I 42 7 SOC By Fa g .
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