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Short-term response of the decomposition of mixed leaf litter of Leymus secalinus

and Artemisia ordosica to warming in the Mu Us Desert
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Abstract: The decomposition of plant litter is jointly regulated by environmental and biological factors. However,
considerable uncertainty remains on how climate change may modify the effects of species mixing on litter decomposition.
Using open-top chambers to create conditions of higher temperatures and litter bags to investigate decomposition processes,
we examined the effects of warming on mass loss and nutrient dynamics of the leaf litter of Artemisia ordosica, Leymus
secalinus, and their 1;1 mixtures (on a mass basis) in first 150 days of decomposition in the Mu Us Desert. Warming
resulted in 7%, 7.6% , 12%, 8.8% , 20% and 10% decreases in the residual rate of litter mass, C, N, P, cellulose and
lignin, respectively, for L. secalinus. In contrast, warming led to 2.2%, 2.2% and 0.8% increase in the residual rate of
litter mass, P and lignin, respectively, and 1.1%, 2% and 2.5% decreases in the residual rate of C, N and cellulose,
respectively, for A. ordosica. Compared to separate decomposition, the residual rate of mixed litter mass, C, P, cellulose

and lignin increased by 7.7%, 8.2%, 4.1%, 3.9% and 5.9%, respectively; while the residual rate of N by 4.1%.
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Warming resulted in 16.9%, 18.8%, 11.4%, 18.5%, 21.5% and 21.1% increases in the residual rate of mixed litter
mass, C, N, P, cellulose and lignin, respectively. Therefore, antagonistic litter-mixing effects occurred during the early
stage of decomposition, resulting in lower mass loss than that under separate decomposition. Furthermore, antagonistic litter-
mixing effects were enhanced under warming conditions. Our findings suggest that the interactive effects of warming and
species mixing on litter decomposition should be considered in predicting the biogeochemical cycling in shrubland-steppe

ecosystems of the Mu Us Desert under the background of ongoing climate change and vegetation restoration.

Key Words: litter decomposition; mixing; antagonism; warming; nutrient release

A BRAS B K AL A T 1L 5 7E N G2 BRI 43 b DX 7= A S 76 T Rk T R ORI R R
ey AT L3 3o 22 g A 5 e U 7 00 F) ik, A R MR 0 A R BB i g e ) 55 1 S S R A
SR D T P 1 A2 5 3ok e DR SRR LA D, ST S0 2 U VA W o A 2 R VR W A R €O, 2
PRI FE LI B SRR A RGBT A, R, TR IE T 0 S S B T R 4
BRARME 25 Bl A= 25 R Geh-FA

L FEE KT SR Ay S i U P 00 A i 1 S PR 3R SR (s ) S A I B 14 o e U
Yyo3 i, AN, B IRUINE T AR e LA AL AR I A T B e T TR AR B R T
5 B2 M DX W 0 i T 5 TR AR AE 2SR G v, 1 e s AP S 5 K i ) ™ AL 08 9 0 -t i 400 )
WREAE R, S BT i doRim e ™ o BRI, LA R IE R 2R T 7E AR MRORI B S A 28 R e 1 ZE IR AR

S A A HRGE

AN AE A ARAR SR GE D A TS Y AR e TE 2 AR S RS N AT SR VR W) o AR 1L
TR PRV W) BAT B A 7 0 2 R F B S O A 2, - SRR S5t B I 2 e | 3 6 DR 2 T 4 B () i
SRR VA P o e A R e R AR SEHRGE D TR A VR T A R e U MR AEAR AR
23 B F ST (TR 8 7 W o e 45 2 /N TR U8 7 40y vh 4% b 08 9 40 Jom 450 2 1 SR P 24 (B PR
BT, RFFRN PR  GERRAE LR ) |, o 7] B A= IR0 (TR U8 7% ) o e 41 2R 55 TR 5 P Vs ) vh %
Wyl Ty Jo e A R B S AT YA IR0 5 A I 8 BE RIS 2800 ), HLasX Pt 1 £ B o Bsf 1) 38
H TSI AR I AR VAR ME AR A Dy IR X A [ VDA A 2, A H e BE O [ E T
R Z )G, — R M2 AR A BAAE ) BB IR B3 e e N TB) 3t 3R A THEARGE 2 T, T8 U DA - 3h S8k
ARIAEDIETE AL, SR, WA TE R HREAR G AW A o i FE b BB M EAE ], DA BEAE 25
2 B I A

EL RV A T/ESI M5 B EUR A RBCSHEIX R RE R~ A DOk Bk
AW (i T B4 ) B8O E PR /A LAl BRVDES (Artemisia ordosica) J& 6 SR U
TR [V HEARNEY) L (Leymus secalinus ) 25 S A AR 1)t 18 . B8 - 181 7 i v0 2R 11 Z S5 B WK A2, T8 A 4
TR A Y R R AR R V8 8 AR v B DA SR A A R B, AR A TRVE Y B o S R
I3 BT R 10 1k R v R RN W37 o RO T ORI, 2 BRI S I Tk 2 0 o) PR e AU U
W o0 AR R YD R SR I TR B A X R T P i [0 1 AN A X 2 R B S R N E S R 5
TR 7R TR o A 3R 0 JR e ) oA DA AR

PRI, A B DA 6 55 3200 b %) P e 00 240 e 0 s RO e Sy 0 50k 42, R D T T IR A (open top
chamber , OTC ) FlI 73 4805 FEAT B AL PR S50 AR 2 (1) A SRR HRFIHE i A BT B /0 o5 RS s 8 v 40 i
S0 ik R b B AR R B A 5 (2) PR R AL U 7 ) TR S TE T A0 R v 2 7 AR R R AL 5 (3)
SED s IR R T M TR A 00 A e 3R, DA 2R B 5 R VD HOHE N AR RGP T ) O3 i SRR Ak

http ; //www.ecologica.cn



16 4] DYl A5 BRI E SRR VP TR Ae T S 1L 1 L i 1 7303

FiRy SRR AL, AR 5T AR AL I A R IR 5 % B L R VD HLE N E S R GE SR 03 U B 520
1 #MRERE

1.1 R IXHEN

BFZE S A, T R (37°42/317 N, 107°13'37" E, #f4K 1550 m) , AL B R iPHI R 4%, SRR T
HRR T 2 T R R P R RS, AR 8.1 °C AR K i 287 mm, AR I TR 78 K 1 2024 mm,, FF/K
oMY, R TR S o 7—9 A4y &FREKIY 60% LI, RIS 3 HIEARE N (1.
54 + 0.08) g/cm’,pH {H7E 7.8—8.8 A1 20 {H4r 90 4EAR LISk, JT /B T Ri% ik bk B HE A ARGE B AR 4
FAESBE TR ORI T SRR, S50 0], FE N R Rl £ & A SRV R RS e
( Cynanchum chinense) JNZE ( Dysphania aristata) ffi7 (Incarvillea sinensis) PR ZEIELE (Aster altaicus) 55, H:
HTHE A ) S R A A A I A TR A X 7 A 80% LA I
1.2 WFExtg

BV E R TR 5FL (Asteraceae ) ¥ 8 , & S 2R VD M (9 URL VD AR AR ), 76 HCAH JRUid R A2 32 V0 i 1k 2
RS E 7 I EA EEAEN B e 24 AR A RZE Rk JohE BrE6E 1 i Eh ol 5 SR 0 (E 5 25
A5, e — RO BRI > AR ST SR FH ) S Vb R R R VR W R 4 T 2022 4 5 T hoa), W AR R G SR
YE RIS RS, FSRIAT S BRI -4 IR S R A s B, B BT A 2 em ZE A RO/NEE, AT
WBEAFLE 50 H K/NH 10 em x 15 em BYJE R MAE o rb SRy E R R B A8 A 5 o, IR G Y
EYE M SRR 11 B A 2.5 g IRA AR ALS T IF TR L = UA Y5 W T T bs BEAL P R
M5z
1.3 Lkt

ARSI T 2022 4F 5—11 A WA, R FHBEHLIX 41331, 7 S50 By — i e o 4 v e B 5 Bl 438
FEWE S5 B3 — HAE K A ROREHL (BRI S AL, AN K N B H AR IR (CK) SRR HR (W) , #i s (7]
Z/DMEE 2 m, SRAFFBCHEIRAR (OTC) Bl sh i a4 B b BEIEA 7465 . OTC At A MLBE B AR E 5 mm,
BENEE 95% LA 1, BAN XL HTICE EMS0 H 4 R4 4% (Decagon, USA) ) —2=, IR (0 cm F1 10 cm)
FIMARFRA 7K & (0 em F1 10 em ) 38 33 75 I FEFEHL N A STE 1 338 1578 B #55k ( Decagon Devices, Pullman, WA,
USA ) I5E , F 30 min SRE—RBIE, 2022 45 A 28 H KA 7% P 1Y JE T 0 4% 455l I 3t 1 e 8 1 4%
HuPN , SEEALEE 3 FhRVE SR (RUE T e SRS SRR A ) 2 R R IAEE (CK R W) 5 AN XA (RP
TN S ) At 90 45RVE Y . 1S 3 YRR ], BIAR I 0 48 2 J5 43 51 F 30d,.90d LA K 150d 43

AT, ARV DA 43 AN DX 2 AN TR Ab BRI 3 A ALR VA M 25 —4% it 30 480 IR 5080 %

1.4 SEETJTE

R b [T G (74 3 7% 400 375 s 2 T 2% 3 J5 T ATEL YA (75 °C) LT (48 h) BAHFH IR0, PG MEEY
FHER AR J5 35 100 B 5, W2 75 P 4t (C) (2R (N) (20 (P) (£F4E % (Cellulose ) FIA 5 % ( Lignin)
FHT M BRALE B, A5 S2E0 T A FNZE SR Nt (BN 2022 4F 6 A 5 2022 4F 11 A ) BUS X 41 P A [l b B A4 - S50
TIEA LK DA 2 (SOC TN | TP) 5 T3 i A= e | 3504 P & (MBC  \MBN) 7387 57 53 Jil 5% 5 76 )
B R

P75 C AN F ik I R 40 H172: ( Elemental Analyzer, Germany ) Il 52 ; P 5 1 5% FH Al iR - 20 JRU R - XU
7K, 180°C f I I f#% 30min , LAy A IR AL /2 Sh, ICP il % ( Optima 5300DV ICP-AES, USA Perkin-Elmer) ; A Jit &
AR YE R 5253 BRI Klason 725 AT B2 B L 475 (Q6 UV-VIS, Shanghai ) , 884 HLEK & & (SOC) F
Multi N/C 3100 TOC 43 #74¥ ( Analytik Jena, Germany ) | %2, 4= & % & (TN) H H, SO,-HCIO, 4 f# J5
SmartChem200 4= H 8 {L22 0 R 73 H11X ( Alliance , France ) Ml € | 8% (TP ) FHEHE6PT b (7600 %2 , S0 52 75K,
SO, FE LI 5 +3EHE Y AE Wtk (MBC) | 3R Wit A (MBN) P

http ; //www.ecologica.cn



7304 JAE = 44 %

1 SRR
Fig.1 Experimental site and layout

15 Zitsrtr

K F Olson B4 BORISAST AL 5 0 7 01 3 e ik AR R A T 0L 1220 A 308 9 0 AR AL R R 3 it JEL G 0 T
(VAT BT o3k 9590 BT I 18] ) 1 T o (U8 7% W 5 Hk ik 50% Pt I IR] ) o SR B DA 3R 75 22 73 A7 ( One-way
ANOVA) XARIZE R J 75 Yy Brid (C N (P P 4E R FURTUR & i AT 22 57 & M («=0.05) K9, R AT A
W& 75 25387 ( Repeated analysis of measurement variance ) o 56 34 i | 8 7% 497 258 70 153+ i s 1] S JHE 58 B 2% 07 %)
TR TR AR B R C AR B AR N R B RN PSR B ARG X SRR RS 128 SOC TN TP \MBC Fl MBN % &
HET ¢ K25

X TG TR Y, HAUR A B i 1 43 BT T3 h 2% 41 23 B O3 A 80 4% o o 71 0 L R X AL ] i 380 4% ot
Ltk ZR A N U O it 2R BOR S BR 3 ik AR BRI A T o AR TR G KON T IV ) A SRR M TR A T R U
o VLEHr A B 1E R4.2.0 58,

T IR 75 W) BT R B AR (M) TR A

Mt
M, = T 100% (1)
Olson T 48 B IR AY .

y=ae™ (2)

TR 35 400 53 1 A e A 2K

_ In(1 -0.5)

Ty ==t = (3)
Toos == w (4)

TP YIIR 0 S R (N, ) TR A

Cl x t
NR—CO - x 100% (5)
FEYIR AN (LME) 738 5
0, -P
LME :“”7’”) (6)
PM

http ; //www.ecologica.cn



16 4] Bl A5 B YR U RS S RV IR 0 X Gl ) A 7305

A, M2 o RFZPRI A AT PN RCRE (o) s MR VR IIRIIGR BUR (g) 5y AR PIERE R (%) sa HUESEL
ko 8 (g g at) 5o HOMEIGE] (a) s C, N WIIR IR0 15 C o ik o 20U B B9 37 23 & 5 (meg/g) o
0, JHRA VA TE LB RIR TR (g) , Py N IRE PTSYITUNRIAR TR (g) o 70 280 ke (E0T 271 U 75 100 73 fik
RGPS |k AR R MR, N /NT 1RSI R, i T 1 R IR I E

2 #R

2.1 FHYAEY) BV S M YRR

ANRIZE B A V5 W) 00 i BRALME B 2 AR (3R 1) o BRI TS YIRS C N P ZFZE R RIR TR & AR, TR
GUEYN C N P FYERMARR S ERE, BN C/N NP KEE/N FMABER/P fiE, 150d
J , SR AL BN A SR B 148 SOC R TN it 43 fir R R, {2 TP & & F+m ; +3€ MBC Fil MBN & & -7t
( 2) AEEHRALFR RN [ SRS BT 4 MBC A1 MBN % & L4 )& SOC TN TP Z [ C i #% 5%,

O | O MR
= 100 06 04
ah ) —~ Uar
S E] E
g 75¢ § g 03} —}—}
@ 04 g o
i = =
£ 5ol 41 <1
- & & 021
T & 02 i
:_ﬁ 25| % % 0.1}
0 0 0
360
%g é‘ﬁ 30 é 12}
&) Z Q
2 20 2 g 4|
it i 20 X
& & £ .l
T 8 ﬁ
= )
£ = g
] = g T
H + +H
0
0 6 11 0 6 11 6 1
I5fE] Month

B2 EERAETEREMEYELER
Fig.2 Soil and soil microbial physicochemical properties before and after the warming

SOC; Soil organic carbon; TN ; Total nitrogen ; TP ; Total phosphorus; MBC ; Microbial biomass carbon; MBN ; Microbial biomass nitrogen

F1 FEEBFEDNHBUMER CEMELPRERZE n=5)

Table 1 Initial properties of different litter types ( mean+SE, n=5)

JRIE Ak T BYE (mg/g) R (me/g) A (mg/g)

Litter property Artemisia ordosica Leymus secalinus Mixed litter

fitk C 458.95+9.14a 438.07+7.88b 463.40+8.67a
AN 7.99+0.29h 7.28+0.24¢ 8.82+0.20a
P 0.40+0.01b 0.32+0.01¢ 0.42+0.01a
AKJFZE Lignin 9.61+0.28b 9.28+0.20¢ 9.95+0.21a
24 Cellulose 17.07£1.22b 14.98+1.64c¢ 18.71£0.80a
i/ % C/N 57.50+1.69b 60.19+1.53a 52.55+1.22¢
R/ N/P 20.20+0.53¢ 22.56+0.68a 21.25+0.36b
ABiZE /A Lignin/N 1.20+0.04b 1.27£0.04a 1.13+0.04¢
AR ZE /W Lignin/P 24.29+0.42b 28.76+0.93a 23.99+0.61b

AR FREFRR 225 B3 (P<0.05)
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Fig.3 Month variations in temperature and soil moisture under treatment and control during the study period
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Table 2 Effects of warming, litter type and time on mass loss and nutrient release during litter decomposition
is Ry /% R./% R/ % Ryp/%
l[;ljor b biz F P F P F P F P
T 3 12 174.00 <0.01"" 508.00 <0.01"" 934.05 <0.01"* 7530.00 <0.01 ™"
L 2 8 14.40 <0.01"" 94.20 <0.01"" 135.00 <0.01"" 1040.00 <0.01""
W 1 4 2.06 0.224 104.00 <0.01"" 1.05 0.364 66.20 0.01**
TxL 6 24 9.22 <0.01"" 9.51 <0.01"" 43.7 <0.01"" 39.60 <0.01""
TxW 3 12 1.91 0.182 1.74 0.212 5.50 0.013 2.17 0.214
LxW 2 8 7.72 0.014~ 1.55 0.27 0.01 0.994 26.70 <0.01""
TXLXW 6 24 2.02 0.103 1.21 0.337 15.20 <0.01*" 4.73 <0.01"*

WM. « P<0.05, % % P<0.01; T, 430} [E Decomposition time;; L: %2R Litter type; W 1495 b B Warming; Ry, : Joi e pR B R
Residual rates of mass; R ; 5% B R Residual rates of carbon; Ry : % 5% R Residual rates of nitrogen; R : 5% 5 % Residual rates of phosphorus ; X3

N HAEH Representing Interaction

AR BN SRV U vE M B R TR I Y ), 3 IR SR U E R VR M PR B N TR T,
I PR HE T v 0 8 O i R B B RN R 7% 5 AW T R R T W B0 i, PR AR B R BT 2.2%
(Kl4).

PRV SRR UR VR AR A i AR R A TS BUYE T R R TSP SRR A L TR
v YIRS R R BT 7.7% , 3 AR B0 0.24 (35 3) s MR R TR & 00 ¥ W DR B B R BT 16.9% , 30 fif
i/ 0.52, FEUVEHBE— LR (18 5) o IF HIHGIRAATET , J7E W RYIR & 20N B U4 7% 9 C/N FIUKR TR 5%
B A T g o, A SGPERGR (& 6) .
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Table 3 Exponential decay equation for the residual rate of litter mass ( Y) against time () and the half-life parameter for different litter types

under warming treatment and control

P e
iz Wy OURROTE ) IR
Tyeatment Litter tvhe Negative exponential R Decomposition Tys(a) Tpos(a)
o T hpe equation coefficient (k)
X} B Control RDE y=0.9529¢ 0.7 0.901 0.726 0.95 4.13
FIE y=0.9825¢ 0641 0.960 0.641 1.08 4.67
RA y=0.9674¢ 046 0.868 0.446 1.55 6.72
JEIR Warming R y=0.9919¢ 706 0.984 0.699 0.99 4.29
i y=0.979¢0-905 0.987 0.905 0.77 3.31
R’E y=0.9783¢ 02 0.875 0.285 2.43 10.51
3 itig

3.1 SRR IR A B R A

AT IRGWEDRILG C N P AR NARTR SR TSR (R 1) o RIDE N %
Py PR 1) 22 5 ] AR X — BRGE , [N O JR VD 85 5 e v TR TS HE R 3R T BB 5S ,  R SR
S Y B R S R ECE B 3R O i AL R TR SOMORVRR R IO v b 14 U8 % 40 43 i S 46 P IR DR 9 0 1
TCR HIMEST AT HUBTA 3 & 3R TR 4 > 0 (RS IR G URVE P37 53 & iR A T AL I
Wi e 553 R ARSR 43 i 2 8] 272 S AR 8 X e A3 BT B R 5 R 7 A % 4 R 43 0 5
S R T RN T A Vs MR IR B 2x B, 3 w] REJE A [R] SE 38 AR WU Al 28 (IS 7 0 | HEVB 38 25 53 i il
4, AR S R IR 45 IR T ) A% TR B 4 i T 2L 23R D B0 19 0 AT R BRI 22 S R O S 38 M 7 T A S
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Fig.5 Expected and realized residual rates of mixed litter under warming treatment and control
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Fig.6 Fitting of litter mixing effect against C:N ratio and the residual rates of lignin
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Fig.7 The residual rate of C, N, P, cellulose and lignin during litter decomposition under warming treatment and control
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