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Effects of different soil thickness, water and planting patterns on the litter mass

loss and stoichiometry characteristics of two herbs in the karst regions
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Key Laboratory of Eco-environments in Three Gorges Reservoir Region ( Ministry of Education) , Chongqing Key Laboratory of Plant Ecology and Resources
Research in Three Gorges Reservoir Region, School of Life Sciences, Southwest University, Chongging 400715, China

Abstract; Litter and its decomposition are crucial to terrestrial ecosystem functioning, and are responsible for carbon and
nutrient cycles. Litter quality and quantity vary greatly with the changes of climate, soil parent materials, species
distributions etc. Plants can regulate their physical and chemical properties to adapt and respond to karst habitats, i.e.,
shallow soil and drought, thereby produce litter with different quality, quantity and components, thus influence the litter
decomposition. Previous studies have shown that the effects of water (or precipitation) and nutrient addition on litter
decomposition during the decomposition period. However, the effects of soil thickness, water, and planting patterns during
the growing period of plant on litter decomposition are less known. Our aim was to determine whether the decline of soil
thickness and water, and different planting patterns during the growing period of two herbs would have effects on litter

decomposition that affected by the initial litter quality, quantity, and components. Two perennial graminaceous grass
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species, Festuca arundinacea Schreb. ( deep —rooted ) and Lolium perenne L. ( shallow —rooted) were chosen as the
experimental materials. These two species are often chosen as pioneer plants in karst revegetation schemes. We manipulated
three factors, soil thickness (control soil thickness: 15 em, and shallow soil: 5 cm) , water ( normal irrigation; 120 ml./3
d and drought treatment; 36 ml./3 d), and planting pattern ( monoculture and mixture) in a full three-way randomized
block design. We collected aboveground and root litter of the plants, and placed these litters in litterbags to decompose in
outdoor incubation beds for seven months. The results showed that; (1) compared with the control group ( CK), the
aboveground , root, and total mass loss rates, initial N and P contents of F. arundinacea and L. perenne increased in drought
group (D) and shallow soil plus drought group (SD), and litter production, C/N, and C/P decreased significantly,
whereas the aboveground component ratio of both species was not changed. All the above traits were not affected by the
planting patterns; (2) the aboveground, root, and total mass loss rates of both species were positively correlated with the
aboveground, root and total N contents, negatively correlated with C/N and litter production. The total mass loss rate was
positively correlated with the aboveground component ratio for both species. The results indicated that drought and shallow
soil plus drought could accelerate the litter mass loss rates of F. arundinacea and L. perenne by changing the initial litter
quality, quantity, and components. Moreover, litter N content and C/N were the main factors that influenced the litter

decomposition of the two species.

Key Words: shallow soil ; karst drought; planting pattern; litter decomposition; litter production and quality
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Fig.1 Monthly changes of rainfall, temperature and relative

humidity during the decomposition
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Table 1 Litter nutrient traits of F. arundinacea and L. perenne under different soil depth, water, and planting patterns ( M+SE)

BRI A N content P P content BRALL C:N ratio L C:P ratio
szzs Re;ources B M, TR M, DM, TR M, DM, TR M, LD TR M,
evel Monoculture Mixture Monoculture Mixture Monoculture Mixture Monoculture Mixture
EREF CK 1637£1.35C/ns  14.27:0.52C/ns  0.53:0.04A/ns 0.55£0.05A/ns  29.63:1.92B/ns  34.79£1.92B/ns  1383.01£72.91C/ns 1153.32+72.75B/ns
F. arundinacea S 9.96+043B/ns  11.42+039B/ns  0.36+0.04B/ns 0.38£0.01B/ns  49.94+0.85A/ *  43.13:2.084/ *  2089.18+97.10AB/ *  1394.02+55.24AB/ *
D 18.39+046AB/ns  19.82+1.09A/ns  0.36:0.04B/ns 0.37+0.04B/ns  2826:0.39B/ns  28.92+1.07C/ns  2468.84+174.31A/ *  1670.14£173.73A/
SD 2053+0.73A/ns 2056+1.11A/ns  0.36+0.04B/ns 0.39£0.04B/ns  26.36£0.96B/ns  27.78+0.34C/ns  1996.01+79.08B/ns 1701.12+165.25A/ns
B CK 1631£0.83B/ns  15.38+0.51B/ns  0.760.07A/ns 0.69:0.084/ns  32.48+1.29B/ns  35.29+147A/ns  1663.81272.18C/ns 1861.95+135.07B/ns
L. perenne S 12.18:023C/ns  13.39+0.66B/ns  0.50£0.06B/ns 0.57:0.04A/ns  43.78+£2.180/ns  39.02+1.42A/ns  269949+32143AB/ns  2305.90+119.83B/ns
D 19.42+0.70A/ns  20.14+0.90A/ns  0.52+0.07B/ns 0.58£0.10A/ns  28.64+£1.04BC/ns  29.94£0.85B/ns  2119.92+301.74BC/ns  2077.75£193.96B/ns
SD 2083+ 117A/ns - 20.83+1.98A/ns  0.64+0.07AB/ns  0.56£0.05A/ns  26.28+0.78C/ns  28.71+2.01B/ns  3132.09+94.26A/ * 3582.28+194.184/

CK. X HREL, Control group;S: ¥ 41, Shallow soil group; D; T541, Drought group;SD % £ +T-541, Shallow soil+drought group; AR KE T F R A — 414 T AR IR TR 2 5 2 (P<
0.05) sns/ # , [fl—BEIE KT T AR A IE) 22 57 124 (ns, P>0.05; # , P<0.05)

TESRRRANRAN T, 5% IREAAR LE , 2R 50 R A R st b AR AR LR P 7 3 PR IRUKF T 35
X, BAEA R PKF T BRI Z M E R E Z R (£ 2),
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S IRLAARLE  FE R T 2R R P W i 3t b 21 03 HUAE P R 2 3 BRI, v b+ T AL
e T 5200 0 A2 A MAEIRFN T SRR i B2 03 HUAE 3 FPRTEIRUKF- T 5500 MR e 0 . 25 25 5%
HAERSTEKFE T (CK,S, D, SD) SRR AR ] J0 2 35 22 5, % TR A2 B0, B W8 Ik A0 A 775X
AR, H s Yt B oy e IO R E 22 (R 2) .
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Table 2 Litter production and component ratio of F. arundinacea and L. perenne under different soil depth, water, and planting patterns ( M+

SE)
P& Y Litter production &AL Litter components
) ﬂl z?f:ii B Aboveground part fRZ Root BBk Whole plant ,‘ Abovegrjfnjd: iﬂoﬁ)iem o
peces level M, RF M, M, R M, M, TR M, M, TR M,
Monoculture Mixture Monoculture Mixture Monoculture Mixture Monoculture Mixture
EREF (K 1.60£0.29A/ns  2.02+¢0.24A/ns  0.42£0.09A/ns  0.51£0.11A/ns  2.02¢0.38A/ns  2.52+0.30A/ns  0.8020.01B/ns 0.8020.03AB/ns
F. arundinacea S 0.56£0.06B/ns  0.61£0.11B/ns  0.27£0.04AB/ns  0.280.05B/ns  0.83£0.09BC/ns  0.89+0.13B/ns  0.67+0.02C/ns 0.68+0.04B/ns
D 0.93+0.03BC/ns  0.59£0.16B/ns  0.22£0.02B/ns  0.16£0.04BC/ns  1.15+0.04B/ns  0.75£0.19B/ns  0.81+0.01B/ns 0.77+0.04AB/ns
SD 0.27£0.01C/ns ~ 0.24£0.05B/ns  0.05£0.01C/ns ~ 0.04£0.01C/ns  0.31+0.09C/ns  0.31£0.05B/ns  0.85£0.02A/ns 0.87+0.02A/ns
BER (K 1.02+0.19A4/ns ~ 0.80£0.17A/ns  0.33£0.08A/ns  0.33£0.04A/ns  1.35:0.24A/ns  1.1320.19A/ns  0.76:0.04A/ns 0.73+0.02AB/ns
L. perenne S 0.45£0.07B/ns ~ 0.45£0.08BC/ns  0.17£0.04BC/ns  0.19£0.02B/ns  0.62+0.10BC/ns  0.64+0.09B/ns  0.7420.02A/ns 0.69+0.03B/ns

D 0.800.124/ns  0.63£0.10AB/ns  0.21+0.03AB/ns  0.18+0.04B/ns  1.00+0.14AB/ns  0.81£0.13AB/ns  0.79:0.024/ns  0.7820.034/ns
sD 0.17£0.038/ns  0.15£0.02C/ns  0.04£0.00C/ns  0.04£0.01C/ns ~ 0.21£0.03C/ns  0.19£0.02C/ns  0.78:0.03A/ns  0.770.014/ns
R KEG FREF R~ F ARG 57 8 (P<0.05) sne/ + | [il—FEIKF T ELH RN 53 5 54 (ns, P>0.05; = ,P<0.05)

2.2 JIEYIBURRIR R

TCIE A BRI R, 25 RS AE e L AL A3 b ARG B0 G A 5 0 IR AT T 25 25 5% i+ 5 4
I A+ S ZE AR BE T X A 28 sl (0 B N, FEAS BRSPS, S8R50 10 45300 ot i R SR A S M A
A Z B o 5225 (18 2) .

TESARRAIRFN T, 1505 IR L, SR A2 B 734 20 0 B LS B B AE 4 2k R 0 B 38 Al 7+ R A £+
TR, TR BRI R R A 3 MR BT IR R A T X IR 0 8 % 25 5% 1E4 UK, B
AR SRR A SRR A A 2 JC B3 22 5% (181 2)

PIIR R J5 2270 W R BT, F5R 20 PR A2 B gl b MRS i 0 2R A SR P AR 5 2 K o R A
T3 SR K o MR T S AR R JE R 2557 (K 3) .

R3 EREFNEZEREVRERKENNERFTENHT
Table 3 Results of Two-way ANOVA test for the effects of soil thickness and planting patterns, water and planting patterns, soil thickness plus

water and planting patterns on litter mass rate of F. arundinacea and L. perenne

F
AT HBE EAIREZE F. arundinacea g - perenne
> 3 nd[ = = = > =
JrEAIR numerator AR ARk B Ho 1353 B ARk BB
Source of variation e R Bl Bk AR Bk sk
freedom Aboveground Root mass Total mass Aboveground Root mass Total mass
mass loss rate loss rate loss rate mass loss rate loss rate loss rate

g JELRE T
ii&};; 1 0.11ns 0.06ns 3.58+ 0.07ns 0.01ns 0.00ns
Soil thickness
ﬁl*ﬂﬁﬁ P 1 0.94ns 0.48ns 0.78ns 1.22ns 0.04ns 2.22ns
Planting patterns

B JEL X N
ii&))ﬁ_f; Fiiir s 1 0.19ns 0.00ns 0.03ns 0.50ns 0.21ns 0.31ns
IK5r W Water 1 2.53ns 4.36" 3.20+ 520" 0.17ns 5.83*
Py = P 1 0.59ns 0.00ns 0.24ns 1.87ns 0.50ns 1.46ns
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F
¥ AHBE ZEAREFE F. arundinacea Mo, perenne
Y ﬂ(lf =, =) =) =
wEE S umerator Hi b5 AR PENI S Ho b5y B AR FENiE s
Soutce of variation R e BkE  RBURE BURE Bk
Aboveground Root mass Total mass Aboveground Root mass Total mass
freedom
mass loss rate loss rate loss rate mass loss rate loss rate loss rate
IKAFXFPRE T W x P 1 0.68ns 0.36ns 0.32ns 0.61ns 0.02ns 0.85ns
TR K T+W 1 12.26 " 10.75"" 17.01 " 83.17""" 1.48ns 52.04 """
gt P 1 0.43ns 0.00ns 0.05ns 459" 0.12ns 3.57+
HEJEJE +7K 4
;‘;;Eziiiﬁ( ;f\j:)) >><< p 1 0.77ns 0.24ns 0.54ns 0.15ns 0.08ns 0.18ns
7
oyt ddf
denominator degrees 17 17 17 18 18 18
of freedom

ns RIBF W EKF(P > 0.1)5+(0.05 < P < 0.1) 5 # WEKF-(P < 0.05); " (P < 0.01)F ™" (P < 0.001)#% it FKF
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Fig.2 Effect of soil thickness, water and planting pattern on litter mass loss rate of F. arundinacea and L. perenne during growing ( M+SE)

ns/ # |, [Fl—BEWIK P T SRR RITR A 5] 22 53 5P (ns, P>0.05; % ,P<0.05)

[\%}
(%]
5
2
S
g.
=
o
S
S

JLRFHIE 5 B R A SE L R
TCE I BRI R, 2R AR A Rt b B R S B s N SR R IEASE, S C/N 2

http ; //www.ecologica.cn



18 1 AR A5 AN]SR SRR T O R AR ) S R AN R R 7

FOAE S E PSR C/P BREMERKR(EKL),

SR PR, IR AR R R ESSCR SR A N SR A O/N B A, (HI 0w, SR A P &%
L C/P BITC i 22 7 CERFEFWMERSN) (R 4) .
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Table 4 Correlations of litter nutrient traits with total mass loss rate in F. arundinacea and L. perenne

Wi e #1643 Aboveground part HF Root ik Whole plant
Species Correlation A M, TR M, M, TR M, WA M, TR M,
coefficient (R ) Monoculture Mixture Monoculture Mixture Monoculture Mixture
EIRESE F. arundinacea B A 0.53" 0.61** 0.31ns 0.24ns 0.77*** 0.76***
B Bk A i -0.22ns 0.01ns 0.02ns -0.62* -0.18ns 0.07ns
Bt e A A L -0.52" -0.58 " -0.08ns -0.32ns -0.77 *** -0.73 %+
Bt - L 0.26ns -0.14ns 0.02ns 0.57" 0.04ns 0.09ns
LR L. perenne s el ey 0.68* 0.48** 0.18ns 0.21ns 0.70** 0.68**
B R g 0.18ns 0.06ns -0.19ns 0.15ns -0.01ns 0.05ns
Bt - A L -0.65** -0.37ns -0.06ns -0.24ns -0.59 " -0.69 **
B - L -0.31ns -0.03ns 0.18ns 0.02ns 0.30ns 0.67**

ns RIEFNEEKFE(P > 0.1);4(0.05 < P < 0.1); # BFEKF(P < 0.05);** (P < 0.01)F1*** (P < 0.001) Wl EKF

2.4 PvEY R A5 R BUR RIS R

AR AR FR RS R AR A BRI A T 20501 55 4t b A 9 ek AR RS P B ARG
(ELASC b RIS 451 2 A7 BRI | MR B E 400 2 9 A YR Ao R 5 068 07 ) o8 5 i 2 S 3 R S 3 R G &R (¢
5) M TRARMS , I MR 2R T M b AR ZALE A B 45128 300 ) 5 b b v i AR A v

R v 52 W B TSR R R (R 5) .

TCIE FARR R SR, 2R A i W) B B 40 G R S ot b 2 70 LU W 35 T AR G, Ml b o 4 G R AU A A
554 1 2 00 O A 28 TE AT SG AR BURAR  R GARAL J EC R E AR SR (R 5)

PR B G R I R S A L R A OGN BRI AT 2 25 5 . OB B IE TR, AL BT
Mo b AR G R S E 2y L IRTCR AR R R S AR U R AR (R 5) .

K5 FRFFNEZDZFEVEMASULEREREAENXER

Table 5 Correlations of litter production and component ratio with mass loss rate in F. arundinacea and L. perenne

e IR F. arundinacea Y L. perenne
M RH - "
Correlation coefficient (R) WM, TR M, ik M, A,

Monoculture Mixture Monoculture Mixture
B e e =R

b ERERAEM RS R ‘ , 0.4+ ~0.40ms -0.57" -0.61°*
Aboveground mass loss rate-Aboveground litter production
3 T 40 2 SR AR I V% ) )
MR AR R % ’rﬁﬂﬁém. ‘ —0.36ns —0.44+ _051* 053
Root mass loss rate-Root litter production
B ERURR-BREY R . .

RERRE-LHEUR , ~0.51° ~0.40ns ~0.57° ~0.58""
Total mass loss rate-Total litter production
JsN gtz e 5 M e v .
AT 40 B2 , 0.71°"* 0.62°* 0.37ns 0.48°
Total mass loss rate-Aboveground component ratio

- e e ~2H4
Ao IR RECFA LAU E , 0.51° 0.36ns 0.22ns 0.26ns
Aboveground mass loss rate-Aboveground component ratio
e K M H 4

BT -7 ~0.30ns ~0.14ns 0.14ns 0.17ns

Root mass loss rate-Root component ratio

ns RIRFEEKTF(P > 0.1);+(0.05 < P < 0.1) 5 * BEKF(P < 0.05); (P < 0.01)F** (P < 0.001) i @ EKTF
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AL R N A 2R, C/N B2 FEL, X R 2 S B8O itk B R R 22—, 55— Jr il
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PRTE ) o3, HOSUER B LG 5 Sl e B e i bR i b 45 L A R TE W o . O3 — O T, FEAS BRIEOKSE R
(CK.S.D.SD) , P i iy _I- AR RS0 I8 V5 1 T F 450 2 SR AE SRR RN R ) 0 35 25 S, i R WA 2B 1 0T 1)
AN TR 7 Ak ST 1 o %) 45 2L - DR 9 00 o3 S U A S 3 RE T T R A R A5 A DR VR I T R S i TR
Lo iR Ay B DA K EAT] S B i A R R AR O R AR SR AR AP R KR BB TE R 2 5 S B AE T
Yy TR0 R AR BARPFIRFP ] TC 3 2% 5. Aerts Fl Heil ™ BF 5T & B, 7E 7 22 47 W TE N b, A2 K AEAR 35 0 36
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