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Effects of mixed litter on organic carbon mineralization in a dune grassland
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Abstract: The mineralization of organic carbon in soil is an important process that regulates greenhouse gas emissions, soil
organic matter formation, and nutrient availability for soil biota and plants. The decomposition and release of CO, from plant
residue are important processes that affect soil organic carbon mineralization, and many studies have explored the changes in
soil organic carbon following litter addition; however, these studies focus on the effects of single type of litter addition and
failed to consider the effects of mixed litter. In both natural and managed ecosystems, plant litter, with different chemical
compositions, generally become mixed by the influence of wind, water, or humans, and animals influence the degradation
process of organic matter in the soil. Hence, examining the effects of the chemical traits of litter mixtures and litter species
diversity on the mineralization of soil organic carbon is of considerable importance. In this study, litters of typical plants
Setaria viridis, Phragmites communis Trin, Cleistogenes squarrosa, Lespedeza davurica, and sandy soil from the Horgin dune
grassland was collected and incubated in a laboratory for 95 days. In order to explain the effects of mixed-species litter on
soil organic carbon mineralization, four single litter species and their mixtures, consisting of all possible 2-, 3- and 4-
species combinations, were added to soil in jars. We described the dynamics of organic carbon mineralization rates and
calculated the cumulative release of CO, for all treatments and the difference between measured and predicted effects for the

litter mixture. We also explored the effects of chemical traits and species diversity on soil organic carbon mineralization. The
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results showed that soil organic carbon mineralization was not influenced by the richness of the litter mixture but was closely
related to the litter chemical properties, such as N, C/N, lignin/N, and LOM I contents. This suggests that compared with
litter mixture with few species, mixed litter with higher species diversity might have functional redundancy. In most
instances, species mixing produced no-additive effect on soil organic carbon mineralization, and synergistic non-additive
effects were more common than antagonistic non-additive effects, with 7 vs. 2. When the Lespedeza davurica litter was mixed
with the gramineous plant litter, soil organic carbon mineralization showed synergistic effects. When the gramineous plant
litter was mixed, soil organic carbon mineralization was antagonistic. This might be in part attributed to the similarity of

litter chemical composition between the two litter types or from the spatial heterogeneity of the leaf litter.

Key Words: exogenous organic matter; litter chemical composition; species diversity ; non-additive effect
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( Phragmites communis Trin ) . 7% U3 & & ( Artemisia halodendron ) | ¥4 & ( Artemisia scoparia ) . 5 Ml ( Salix
gordejevii) KB F ¥ ( Cleistogenes squarrosa) i & ¥ ( Setaria viridis) 5 2 BLEAR F ( Lespedeza davurica ) Fl1F &L
( Pennisetum centrasiaticum) %, T804 Y FISID S TR AT AR RN ERE R
H 10%—40% , 7= H 1 300—3000 kg/hm*
1.2 W55k
1.2.1 FEaRREEMAL B

PABHRID VD o rb g B 4% 2 B N 7D EE B Y 4 AP OLHEY) ) 5 8 5 IR ) 38 SOk a1 s iy i
JATEYI AT G B (9 A2 10 7 4] ) SR H 5 R 400 18 oA JI5E % %) 0 i o0 7 0 5 T S A 0 T 5
% 7E 85C THET 24 h, 4 4 MY I 0.5 em KRS G 24T — I == 4 MERRIBRSHE
AhFR(FE 1) JHRIER TR 1 (1 FEEWAAIE R 1 g, 2 FREWALIE N 40.5 ¢, 3 Fhi v ¥y 4k 58 25
0.333 g,4 FHATE YL I 45 0.25 o) , LA A HLBRE {1 IR S8 2

S 38 o BEATLIURE ) 5 R AR V) Fe B b B SR AR B2 TP B 0—10 em L3 o IS0 % fe oot 2
mm 0, B ER S A TS BEAT R BT E |, AR AR ORAFAE 4°C VKA B L A LR (L B 37 S0 30
Z . A A g vb R S A AR AR D S R 2 RR 90.9% KR KL S i 9.1% , HIEAHLIR 2R
TN 1.86 g/kg F10.27 o/kg, HRIERKIFKE R 17.2% , T F N 1.56 g/cm’,

x1 REWMHTARRE WM LG

Table 1 Litter composition and its ratio in different treatments

B AL L WYL
Ratio of composition Litter composition
1 CS LD SV PA
1:1 CS+LD CS+SV CS +PA LD +SV LD+PA SV+PA
1:1:1 CS+LD+SV CS+ LD+PA CS+SV+PA LD+SV+PA
1:1:1:1 CS+LD+SV+PA

CS: K& BT %L, Cleistogenes squarrosa; LD: ik % WK 1, Lespedeza davurica; PA: 75 3E, Phragmites communis Trin; SV Ji J& %t

Setaria viridis

1.2.2  #fedssR

SRR 2 NG IR T 75  ERRREL 200 o 3 fif (1648 - 38 1 + (Gl ad 3 S K38 ) |, ¥ 51 Al e 500
mL ] OO, FIZE R /KR 438 55 /K S8 2 (] f KRR 10 60% , AR SEBG LIS 16 ASAbHE, Hor 1 4>
X RE(CK) ARBR, 4 ANEINEAFP IR TE DI ALFE 6 AU I A 8 75 P Ab BT, 4 NG 3 FhORTE DAL FRAN 1 AN 4
PR AP B b EE S AN, RERFRER 1 o JRVE AR, S T L3R PO N 48308, XFIR (CK) A
WCEVRIEY . B TRRE AR B AR R SRR R, T 22—25°C 1555 103 d, B e)E BRI R L T ANSE )T K
4% PRUEEEAS SR R R T O N - 88 3 LR 2 H Rl R R K B 1 60% 2247, Ki g A 25 1l AN B K
FEE DAL J2 005 18 S0 B AT B LK i R e
1.2.3  CO,BGHE R &

B %) HR A Li-Cor 840A CO,/H,0 43H AL I R GE I CO, BERGH A 5535011 30 d, 5 3 d ME —IK
CO, BEHGHE 2R ,30—65 d Hila], 45 7 d M —IK CO,BEHGER ,65—103 d W], & 15 d M —IK CO, BEH R
103 d NIETHME 18 W, BRRESIINERIE A 3 min, & 1 s R4 1 NEIE, BUh1a] 100 s B988E 00, FH—
TCRPERFRILIHERE G COMGMER  IF ARSI COo, Bt
1.2.4 P75 B 7 vk

PR C RN N B 84 0 2R P B DG 2800 R 5 TR B AU AL - I Bk i 5 VR R i 3R o il i v s
KL AMI R I E VS S A ML (LOM 1) R 5 A WL (LOM 11 ) XE4> A5 WL (RP)
K A e I o 25000 5 . LOM 1 it 2.5 mol/LH, SO, YA 105°C HUKfARE S 30 min IR15 , 3085 A5k i
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283k 13 mol/LH, SO, # B RS B 1 mol/LH, SO, ¥R , T 105°CHUKAE 3 h, il il METFreE , -5 5 4y
A ALY LOM L, Ao X oA B RP,
1.2.5 HdEotr

K One-way ANVON 43 #5050 i 75 ) SR G V& ) 55 15 AR B2 (8] CO, FRITHREICE 5 7% ¥ A7 il
I ZE S B FR I AR PR TR AL B CO, BEHIGHE 11 22 572K FH repeated —measures ANOVA #4707 ; 5K F| Pearson
A AT o M R T P A2 1 A N - S HILRR T Ak i Z T A DG R 5 PR 5 W) Bt i PCA HE/F H Canoco 4.5 58 1 ; U
IR AR SRR S CO, B 5 AR YR AL R 08 7% B 43 fife J000 (L =2 [1] 1) 22 5% R One-way ANVON 5%
B, BIRE AT A AL AR BN Y, ik N

X, +X, +-- + X,

pre

n

StHp X R 0 FRTEY) C TR 0 FR TR
2 ERN

2.1 HHEE Y R

H 2 ATLAE 1,4 R 95 C & AT, LD MVE ) N &Rk L& I, Brkh ¢/N A
L/N B/N; PA MHJ7E D) N S/ LA, AR B C/N AL L/N 50K, 4 R g e, LoM T & /b
HM 35% (CS) , fx KAE K 50.67% (SV) , 15 73 ff AT LA () 22 AL I 7E 15.18% (LD)—29.43% ( CS) Z [H], i
IMRA NS RAE 30.9% (SV)—37% (LD) Z il ,

REREYIH ,CS+PA 9 L & & C/N /N LOM Il #1 RP & & m, N &% &M LOM 1 7% & 5A(%; SV+LD
BN S itAT LOM T &t fies , C/N HER L/N HfESAL, IREMEYN C & N & L & & C/N /N,
LOM I .LOM Il 1 RP BYZ5 b3 I35 76 A U8 15 40 AH 1 48 b 93 1B 22 N, 100 BHR A5 R 7 40 1 Ak 2 ik T BB 2
TRA R IRE DA 2E R R (K 2)
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Table 2 Initial litter chemical traits of all treatments

(SR

Lo CS LD PA SV SV4+PA SV+LD LD+PA CS+SV CS+PA CS+LD CS+LD+PA  CS+SV+LD SV+LD+PA  CS+SV+PA  CS+SV+LD+PA
Chemical index

P A H.
wal 4427 4417 4540 43.04 4422 4427 4512 4499 4484 4489 43.95 43.83 44.54 449 43.89
Carbon content
° .00 L74 109 121 116  LSI 1.41 L14 105 144 1.29 1.35 1.38 1.10 1.29
Nitrogen content
=N
ﬁﬁﬁ?ag 13.50 10.09 13.93 10.77 1235 1143 1134 1213 1371 1280 13.17 11.45 12.26 13.40 13.07
Lignin content
AL AL
%ayﬁai 4424 2538 41.90 35.76 38.25 2946 3194 39.60 4299 3132 34.19 3270 3234 40.92 3397
Carbon ; Nitrogen
JRE/ AR
/Mﬁ? gﬁi 1345 579 1285 892 10.68 7.60 806 1071 13.13  9.00 10.24 8.52 8.87 12.18 10.14
Lignin: Nitrogen
LT A

fﬁ%ﬁ%@ﬁm% 35.00 47.82 45.83 50.67 48.58  49.24 4749 4417  41.08 4241 43.55 44.50 48.71 44.50 44.50
Labile organic matter

-
FFEJ})\%M:JT)L% 2943 15.18 19.25 1843 1884 18.14 17.88 2327 2334 2297 2229 2.02 18.62 2237 21.24
Medium organic matter

/Ml Y
EARAI 35.57 37.00 34.91 30.90 32.57 32.61 3462 32.57 3557 3461 34.16 33.49 32.60 33.13 34.26

Stubborn organic matter

PRVEPIARA 0 1 W4T 43 BT (PCA) (L 1) o, 4 Fh IR Y& W i Ak il o SRR BA S i FLR & JR P& 9 =
BT ATTENS I B 8] 7 0 4 T FEL, 158 TR 45 081 7 00 A 2 B0 5 00 I ol 8 9 0 A 2 O G R DD, PCA 4y
BRI P A AT AR R T AL S BT 94.6% AR S o PR — B EBURON TR Y N SR L & i L/N ¢/
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Fig.1 Principal component plot of litter chemical traits of all species
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i) 5B CO, B R R B EIEA R (P=0.0006) , T B 750 ff) B2 H R0 45 55 1 22 1 5 B AR
CO, B LA B A I (&1 4) RIS Y b ik 1 BUSIAS 7 2 peE H 3 DLy fh it

ST LS T R 15 R AP AL A AL BERE FR i R i e A WL B S VE IR N & & C/N K&/
N .LOM I 1 PCA1 S546 b5 Z A7 1 38 AU AH 1 (P<0.05) , Uk BAASWT S8 th BT s in i va I iy N & & (C/N R
/N AN A B, o C/N KRB /N $8hR 0 - HERR 0 Ak B 77 A 5 R0 (P<
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Fig.3 Cumulative release of CO, in soil sample during incubation period
R3I EFERAEVRTHLESAEDLERSNEEXR
Table 3 Correlation of soil organic C mineralization with litter chemical traits
eI CO, Rit el P
Chemical index Accumulative CO, release P Value
& Carbon content -0.324 0.239
A& Nitrogen content 0.543 0.037
AKJEZE Lignin content -0.446 0.096
fi/ %, Carbon : Nitrogen -0.671 0.006
AKJFEZE /A Lignin ; Nitrogen -0.653 0.008
12 5 53 i A WL Labile organic matter 0.515 0.049
1 5 43 A HLY Medium organic matter -0.408 0.132
XEST A HLY Stubborn organic matter -0.412 0.127
Fr 1 PCAL 0.579 0.024
F A5 2 PCA2 0.075 0.79

2.4 EHEEHURE AL AR I Ao
16 11 FRINR S5 YR560 b  BR T SV+PA+CS I SV+CS 2 Fhz o Hifth 9 FhgH & 55 3548 5 CO, B =
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Fig.4 Soil organic C mineralization responses to the richness of single-species in litter mixture
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PIRR A AL EE (B 5) i, CO, REIH A S0 TR 3 i A S WU AL b T A 29 33 4 35 T 28%—60% Fll 24%—54%
RWTEARARL R T ) iR AGS 5 ST A7 W vl LU HETR & U8 3% W1 B AR 0 A LI Ak i .

3 it

3.1 vEYALSE O MRk 2 REPE T A MR T (4 5

—JBE S, PP E B 2R R A G R T B A A o A iR 2 A W T REAE
A, AN R A 2 ) R A OB A A 0 0 P e T Rt B RS v, R A ) R
Wik & BUIA FAEIR G U v W) T i 2 5 A AR AU f2 25 A0 5 (P<0.001) s A B, RS AR 45 R
AT E R v 0 22 B X A AL AR B R FL N TR R VR M R 4O A HLBR B AL AR S 3 2
KPR TR A AVE W B o Z R B BGR fos  RER DI AiR & n , A ML e R e, ik
5o rh = ARABIAE Y U8 v W0 AR 25 AR, PRV WAL 7 o B LM T, DR e TR I 9 W vh S R A W R
T2 EIE H AR LR, ABFTELRRIESE T Hattenschwiler $2 H A . 5 TR I ¥ 4 15 1 B i
RO GG i e M R S Y P i 5 o3 A L) (RS Wb el BTSSR s i ot R X 2R
S P A b I IR LSRR A AR AN RN R R VR P B SRR S LR AL i T
Fofty 3 A7), X 0T RS A R R v M R B 2 A LA R LR 0%, R R O ko A e R A v
Wy eb 08 5 o i 2 o3 B SR W o i AT, A5 LA ML (i W R, Al OL, R HLaR e k5
JI TR N A v W B A2 B SR AR DG, T L P R A S STV s 6 A LRR A AL AR REOR
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Fig.5 Comparison of measured and predicted CO,release in soil sample
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