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Abstract ; Litter is the products of plant metabolism during its growth and development, and is an important way of soil
organic matter inputting. Litter decomposition is one of the key processes of ecosystem nutrient cycles. Under the background
of global climate change, the frequency and intensity of drought events in tropical areas are both increasing. Meanwhile, it
is generally believed that the tropical systems are soil phosphorus (P) limited. Therefore, it is necessary to explore the
effects of drought stress and soil P availability on leaf litter decomposition and figure out whether there is an interaction
between drought stress and soil P availability in tropical forests, which would be helpful to understand the way that drought
stress affects leaf litter decomposition and reveal whether it is regulated by soil P availability or not. Here we conducted a
leaf litter decomposition experiment on the floor of a lowland tropical rainforest in Ganzha Ridge, Sanya, Hainan Province.
The forest was treated by a two-factor interactive control experiment of throughfall reduction and P addition which was
established in 2019. We selected four type of tree species leaf litter, i.e., Hopea exalata, Koilodepas bainanense,
Memecylon nigrescens and Acronychia pedunculata, based on dominance, carbon allocation type and leaf texture. The
experiment included four treatments, i.e., the simulated drought (D, 50% throughfall reduction) , P addition (P, 50Kg P
hm™2a™"), simulated drought x P addition (DP, 50% throughfall reduction X 50Kg P hm™a™") and control (CK). All
treatments were randomly distributed in each one of the three blocks which were made three replicates. By employing
litterbag method, we investigated the variations of decomposition constants, litter carbon (C) and nitrogen ( N) losses of
four-tree species under the four treatments. Our results showed that the four-tree species litter with different litter qualities
decomposed differently, and the simulated drought inhibited litter C and N losses of the four-tree species differently, by
weakening litter physical fragmentation indirectly and the activities of soil decomposers. Also, the simulated drought
decreased four-tree species litter decomposition constants differently, because leaf litter with high quality was much more
affected by simulated drought which is more easily decomposed by microorganisms. P addition treatment promoted litter C
loss and restrained litter N loss, because increasing soil P availability improved soil microorganisms’ ability to decompose
high-carbon materials and made microorganisms preferring to take use of the nutrient to grow and metabolize rather than use
them to produce enzyme related to decomposing litter. There was a significant interaction between the simulated drought and
P addition on decomposition that P addition alleviated or reversed the inhibition of simulated drought on litter
decomposition. The results suggest that four-tree species leaf litter with different qualities decompose and response to
simulated drought differently; P addition would accelerate litter C loss and inhibit litter N loss; Soil P availability could

regulate the effects of simulated drought on leaf litter decomposition in lowland tropical rainforest.

Key Words: drought; litter decomposition; lowland tropical rainforest; phosphorus addition; stoichiometric characteristic
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1 #MREFE

1.1 AR5

A SR BIET HA T R A =TT H AU G A SRR X [ GO Ry T R = AR R AR AR S R G E AL
WA FE 2K 8 T AR (I R AR, B AR A2 109°34'E—109°42'E, 18°20'N—18°21'N,, Hu i &Ik 1L
B, AEF- 2 H BRI EOR 22 2563.0h 4E 1) 25.4°C  B4EA W W TR M 2= | B 2= Ay 244F 10 H Z=H4E S 1,
R I 2 S35 R T 2R R] SF-3AR K B 29 R 1800mm , J& HVHFIEVEME TR UM, HIEREBUNAE A, JE LD Al
CLHE  WORRE B OR W X LR PR, FK il 3 BOA R AR EE AR W XA 2 709% DA E S MOR
4 9.7—12.1m , #8453 XIREE 15m LAL, 22 54K HBHBE 0.6—0.9, Xk A BE & 2510 52 2% R BIRI K 1
AR Z £ B A B % (Hopea reticulate) | 7 B ( Vatica mangachapoi) . Pl 75 ( Alphonsea monogyna ) . By Aifj Fili
( Diospyros howii) | FE Al ( Diospyros chunii) %5 ; Y AR MY £ B/ & FF 2 B F (Scleria elata) F1 %5 5 ( Alpinia
oxyphylla) ; BEAS KLY £ B A 2 M AL ( Zanthoxylum multijugum ) 1% 7 B ( Jasminum lanceolarium ) | 5 W B

( Tetracera asiatica ) 2%

R1 LM EEAER

Table 1 Physical and chemical characters of soil in study site

IR % LIRALBREE %
W/ % R/ % " Soil partical composition/ Soil porosity/ FIEATE/ %
: p N N N o .
Carbon Nitrogen Wik oA Ly Soil bulk density
’ | : e e
(0.05—2mm) (0.02—0.05mm)  (<0.002mm)
1.25+0.07 0.11£0.09 4.830.08 54.01+4.05 42.84+3.71 3.15£0.36 37.55+1.69 5.57+0.46 1.37+0.02

Bl F R iR
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1.2 SRt

WRFCTF g = WA e P AR AR AR 28 R S8 LI 58 2 BRI 2B M8/ 5 P BSOS 32 58 B 45 S 561
7,3 3 DX B XA T 4 4> 40mx40m FUREHBALI, IR 4 TSR] A AL B, 73591 by 2 325 W o/ (40T
) (D,50% % % FH S0 ) AT P AN (P,50Kg P hm2a™") Ab B BT S xP %51 ( DP, 50% % % F 9 71> x
50Kg P hm™a™") Kb BH X AR (CK) FEML, FEHRAEHLIU S B PVC B0, BELLEAE N S ) 7K 23 38 4, 28 375 T D
LR AANEWE LSS PEP BN T B M2 2m b 7 #4448, £498K 50% AR 28 1B 7 L AHE KA
HEREHD ; P SNSRI T 40 Ca( H,PO,), - H,O(TSP) TH15%, jifi P 38 )% 4 50Kg P hm2a™", )\ 2019 4F 7
HIFG R P AR 1 1/2 H,2020 FFIERRETE 1 1K/4 H (i P AURRRAR, S AR ) ARSCE AR YRR b
WA 22 B8 B [ 2 Y kB, eI 4 AN X 285 2 A v RS A 8 - R 0 S B S8 00 42, 0531 S Bk ( Hopea
exalata) FA5 M ( Koilodepas bainanense) 22 4% K ( Memecylon nigrescens) | LLIJMH ( Acronychia pedunculata) |
2019 4F 10 AWCHERE A BRGSO (Il -8 v 4 R R AR 7 T 70°C T HET 240, T TN E
4 Pl o i A o7 o S B AN IR A B, AT TR R e 42, R/ 20emx30em , 9L
Immx 1mm , BN REEF 2% 8 M IJHTEY) (4 M Fixd AL x6 T x4 IR =384 4%) . F 2019 4F 11
J B AR Vs ) o3 AR EALAG & TR, 0 4R Uit [ 23530 0 2020 4F 1 A 5 A .6 .8 JT (Hike
R[] 2 2 1 R0 ), X6 7 43S ) 431 8 57d . 178d,230d . 273d , IR [T, AW AR R 95 4 4 S AbEER 43
BIHL 6 4% (TAFEHL AT B 2 4%)  BURE SR 3 48 vh I 24 W R VD A B 135, 1 70°C HET 24h, B A e
C.N&&,

R2 4MEEDHIER

Table 2 Four-tree species characters

R Fh Trag R o ARXT 2 B/ %
Species Functional type Texture Relative density
¥ Hopea exalata AR A S 12.70

H 25 Koilodepas bainanense WA 4L 2.88
45K Memecylon nigrescens P AR A 4R 5T 2.00
1A Acronychia pedunculata G T 1.32

RI ATWHAEVHLERSSE

Table 3 The chemical content of four-tree species leaf litter

) Fif /% R/ % W/ (g/Kg) KIFZE/ (¢/2) N
Species Carbon Nitrogen Phosphorus Lignin

BV Hopea exalata 52.30£0.13a 1.86+0.02¢ 0.94+0.01b 15.1620.13b 28.26+0.24b
125 Koilodepas bainanense 47.8620.20b 2.51£0.03a 0.13+0.01a 15.38+0.08a 19.11x0.16d
M-8 AR Memecylon nigrescens 47.39£0.15b 1.35+0.01d 0.05+0.002b 14.35£0.10b 35.24+0.13a
1A Acronychia pedunculata 46.28+0.03¢ 2.01£0.02b 0.15+0.01a 14.27£0.12b 22.97£0.20c

S T B b T 9 R NG 52 BEG 9% B 1825 (P<0.05)

1.3 JAIEWALE A

V&Y C 5 ERNE . TTR ML (ECS 4010 CHNSO, Costech, Ttaly) ,

V&Y S N F i . G ER 4 (ECS 4010 CHNSO, Costech, Italy)

FEPIRIIG 4 P S a0 E iR - SR I TH 2 (300°C , 3h) |, SR JHAH &Rt b (6l i Ak 2F e R il
(Smartchem 300, AMS-Alliance, ltaly) .

TATE VIR AR i 2R &/ I #1575 (GB/T 35818/2018)
1.4 MITEY BEIRAER R, SR IR R

M
JERREAR M (%) - M, :ﬁT x 100%

0
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Iy ARE k() M _ u

C.N#REC, N(%): C,=[(M, xCy)-M, xC,]1/(MyxCy) x 100% ;
N, = [(M, x Ny) = M, x N,]/(M, x N,) x 100%

A, M RIS G ¢ I TR 5 04 7% W0 5 AR B a3 0 B B S 4 LU A9 (%% ) 5 M, 3RS 43 Ad ¢ IsF ) 5 04 7% 0 ke 4% I
(g) s M F/R I TE VI BT (g) 5¢ R RIFR] (a) sk ARG RE(a™') 5C, . C,RRMEYIVIG C &t
BRI C & (%) 5Ny N, RPN & i R N S5 (%) .
1.5 HdEmdr

fsi 41 SPSS 22.0 BAF#ATSE 430, L R J5 2253 7 ( One-way ANOVA) | FL# 4 it 1 7% ¥ 0) b Ak 2
PR 22 18] 0 25 2 75 .38 s JH— R PR ( General Linear model ) , 43 M7 i Y& 4 56 5 o 2 43 fife ink 1] A48 1
5 BRI IR E Y i R AC.C N #1952 FHZR A% (01 )9 43 M7 ( Linear regression analysis) , 2087 M-8 7% 4 43
fift A C N HUK SRR fb 2415 & I OE R 5 FHBUR K J5 2253 BT (Two-way ANOVA) |, K S AR4LLT- 52 P ¥R il
AL TR SR 4 AT T i FR R C N SRR, VRIS Origin 2018,

2 ERE5H

2.1 BEJFTCR S I Y 1) o ik A R
R 2 oA X R P 0 0 AR B C N USRI 8 35 5 ( P<0.001 3 P<0.0015 P<0.001) (% 4) ,
TN A PV P 1) 23 ik 2 BOR T HE 3 AR v v 0 B9 ik R 80, A P 0 119 € IR RO T

R4 RFRHIT R BRI SRR E R 22 EAE A X S R R

Table 4 The effects of species, simulated drought, P-addition, decay time on leaf litter decomposition

ISP R KR IR FREL k
A s C loss rate N loss rate Decomposition constant
Influence factors df F P F P F P
N 380 380 86
FF Species 3 480.76 <0.001 """ 462.35 <0.001 """ 58.02 <0.001 """
T Drought 1 25.66 <0.001 """ 29.34 <0.001 """ 0.572 0.452
BRI P-addition 1 0.74 0.391 0.21 0.649 4.75 0.033 "
i) Decay time 3 146.27 <0.001 """ 120.06 <0.001 """ - -
IS x WA DroughtxP-addition 1 1.50 0.222 421 0.041 " 4.46 0.038
T E xR Fh DroughtXSpecies 3 3.122 0.026 * 0.04 0.990 1.71 0.174
S Al DroughtXDecay time 3 1.39 0.245 5.74 0.001 *** - -
A< HFl P-additionxSpecies 3 1.72 0.164 0.31 0.816 4.15 0.009 **
IS X3 it st [
%ﬁ?ﬁ.ﬂ, b TH. 3 1.23 0.298 0.54 0.659 - -
P-additionxDecay time
bR e 4 i i [
Hﬁ]. I J. 9 18.85 <0.001 """ 21.078 <0.001 """ - -
SpeciesxDecay time
B XA At

i TﬁlXﬁﬁg 11l . 9 0.570 0.822 1.85 0.059 - -
DroughtXSpeciesXDecay time
TR XTSI < 23 A 18] ‘

2. .071 2.91 035" - -
DroughtxP-additionXDecay time 3 36 0.0 ? 0.035
BN I AR A [
%(]{ﬁ.ﬂ, ek 6}% 1 . 9 0.97 0.468 1.92 0.049 " - -
P-additionXSpeciesxDecay time

SN TN
T RXBH ﬁjﬁl . 3 0.42 0.740 1.99 0.115 2.32 0.083
DroughtxP-additionXSpecies
BT S 0 < AR e x 3 fiff i [

FRBEGRRIF 9 176 0075 2703 0.005* - -

DroughtXP-additionXSpeciesXDecay time

# % % P<0.001; * * P<0.01; * ,P<0.05
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Fig.1 Decomposition constants, C, N loss rates of four-tree species leaf litter

2.2 RIS A H R A 43 ik P 5 i

4 AP TR R 75 4 43 A s AR TP ) A R 0, B T R A B R e VR ) R R B B R T 1% (P =
0.012) , fHXF Hg Al g 9 1 JC i &5 ma (181 3) o

4 BRI C i, R 57d R BT R R AR R ) C VR R TR T 14.46%
(P=0.042) (& 4) ;70 178d J& , Bl T S ABRAE (A ASH H 35 9 C 110K B T RE T 12.24% (P=0.044)
(B 5) ;50 230d J5 A48T R0 B 28R 75 9 C R B E 1T 0.6% (P=0.033) (¥ 6) ; 73 fi#
273d Ji BT A HXR | I RIS Y C BLORA W, S kv RIS ) C UK R BT
T 21.65% (P=0.050) ,ffi AT RE D) C PR B FRET 13.72% (P=0.010) (K 7) . JF BT F
AR FEXT PR TE ) C A5 SR 5 M [R] A 5 R S I R DG (P=0.026) (£ 4) .

BT FAL BT P75 ) N B 2834 77 A4 W 252 ( P<0.001) (£ 4) o 4 DRI N & &, 7
fift 57d J5 AU T AL IEXT 4 AR IS Y N SRR A A S ke PR IS ) N SRR R T
806.62% ( P=0.003) ; i FA SR -5 Y N BJK FRE T 64.93% (P=0.022) ; i BRI 25 AR MH-EEY) N S %
AT 15.13%(P=0.046) s S LLITHA - JA Y N B R TR T 195.34% (P=0.015) (&l 4) ;50 178d J5 15
P AL BRAE (LA YR N 1R B2 TR T 108.69% (P=0.024) (& 5) ;43 230d Ji , B8l 1 5 Ak 3
i IS AR TE Y N $1 0 2 1 35 R 245.74% (P=0.001) (€ 6) ;43 273d J& , 48l T 5240 B0 (1 25 R i
JRTEY) N #RR B TR T 11.95%(P=0.005) (K 7).
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Fig.2 The relationship between initial N content, C/N ratio and C, N loss rate, decomposition constant

2.3 BRENIINAL X R I 8 43 i R R )

P U InA ST - 95 ) 43 A R BRI RV 3 i R BT 0.64% (3R 4;,P=0.033) ,fHiX
S S PR IS IR G (3% 4518 3)

4 AR ETEY) C i, 0 57d J5, P B B R TR YA Y C BRI TN 183.42% (P=0.004)
(E 4) ;50f% 178d & , P WS INAL RN 4 AR TEY) C 1R IIR =4 B2 52 m (] 5) 3 40 230d J& , P B
IALEEXF 4 AR Y C 30 R B (1B 6) 5 20 273d I, P S INALERXT 4 AR b i 08 7%
Y C R TC W (E 7)

4 AR BT P VE Y N S, A 57d R, P IR IINAL BEXT 4 AR R TE 0 N8O R TG 3 R
(F 4) ;7% 178d J& , P U hnab 3 B it AR 7% N SRR E TR T 58.62% (P=0.039) (& 5) ; 471
230d J& , P B INALBEXT 4 ASBEFR IS Y N R RN A W R (B 6) 5 4r i 273d 5, P S AL BEXT
4 ADREFR-JETE D) N B0 321 T0 W25 m (181 7) .
2.4 DTSR SRR AL BE T - Y 4 A 052 HU

BT 5 PGS nAL B V5 9 o3 ik 28507 A2 W 3 28 HRON , 7E AR T 52 A BT 2R X - 04 9% ) 4 i
FREOT A B B ST R P U AL PR R B A7 AR B R 0 il R AR T 18.74% (£ 4, P=
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