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Abstract To assess the effects of the Indo monsoon on litterfall dynamics and changes of litterfall along altitu-
dinal gradients in the tropical rain forests of southwestern China, eight plots were chosen along three elevational
gradients of 600, 1 100 and 1 600 m in Xishuangbanna, China. We examined the relationship between litter-
fall dynamics and climate, and their changes with increasing altitude. On three gradients; average annual tem-
perature was 22.1, 20.1 and 16.6 °C respectively, with a mean lapse rate of —0.005 3 °C m~'. With in-
creasing altitude, annual average rainfall increased (1 532, 1 659 and 2 011 mm, respectively), while in the
dry season they were similar (282 — 295 mm); evaporation changed slightly (1 369, 1 374 and 1 330 mm, re-
spectively); annual average relative humidity decreased (86%, 81% and 84%  respectively) and was much
more pronounced in the late dry season; and soil water content increased significantly. Litterfall production of

2¢a~!) was higher than in the tropical montane rain forest

tropical seasonal rain forest (1 072 to 1 285 g*m~
(718 1o 1 014 g*m~2+a~ ). Both litterfall production and CV of annual litterfall processes had a significant
and negative linear relationship with altitude. Litterfall production had a significant and positive linear relation-
ship with temperature and was inversely related to rainfall. Peak litterfall during the dry season was influenced
by relative air humidity and soil water content. Peak litterfall occurred earlier in the dry season at altitudes of
1 100 to 1 720 m due to decreasing humidity with altitude whereas at higher sites (1 820 m), increasing soil
moisture levels delayed the litterfall peak. Our results suggested that 1) litterfall production of the tropical sea-
sonal rain forest coincided with those of moist tropical rain forests in Southeast Asia; 2) water stress in the dry
season changed with altitude and determined the timing of peak litterfall; and 3) with increasing altitude,
there was a transition from seasonality to stability in annual litterfall process.
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Table 1 Description of the eight study plots in tropical rain forests in Xishuangbanna

ARG i FE L fr R P Hb TR AR VISTR=NES L B )
Forest type Site Plot Location Altitude Plot area Canopy Observed time
(m) (m® height (m)
ZET AR Bt ML, 21°56'03" N, 625 2 500 48 1999 ~ 2003
Seasonal rain forest Menglun 101°11'37" E
ML, 21°56' N, 650 2500 45 1988 ~ 1991
101°11' E
A BB 21°37" N, 680 2 500 60 1991 ~ 1992
Bubeng 101°35' E
1L b T AR e XM 22°06'10" N, 1105 2500 30 1999 ~ 2003
Montane rain forest Xiangming 101°20'29" E
B MS, 21°29'35" N, 1610 2 500 30 1999 ~ 2003
Mengsong 100°30"27" E
MS, 21°30'38” N, 1720 2 500 30 1999 ~ 2003
100°30'03" E
MS, 21°30'38" N, 1720 2500 30 2002 ~ 2003
100°30"10" E
MS, 21°30'47" N, 1 820 2 500 25 2002 ~ 2003
100°29'54" E
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Table 2 Climate data for the study sites at three altitudinal gradients in Xishuangbannas values are mean of 2002 to 2004
M (DALY HEZ/ P R PR ERBBE TER I P
Site Location Altitude i e iR B W Y R I
(m) Mean annu- Mean annu- Mean annu- Mean annu-  Rainfall in  Mean annu-  Mean annu-
al tempera- al maximum al minimum al  rainfall the dry sea- al evapora- al relative
ture (°C) temperature  temperature  Cmm) son (mm) tion (mm) humidity
e e (%)

B 21°56' N,

Menglun 101°11" E 570 22.1 29.5 18.4 1531.7 289.5 1369.4 85.9
%W 22°06' N»

Xiangming 10120 E 1105 20.1 26.0 16.3 1 658.5 295.0 1373.6 80.9
LIFS 21°29' N,

Mengsong 100930 E 1610 16.6 21.9 12.8 2011.1 282.4 1329.7 83.6

3 WFHUHL G B AR M e K A ) A LR [ 4 A
Table 3 Summaries of linear regressions of climate data on the three study sites and soil water content at five plots against altitude (m)

AZHE Dependent AR Intercept B Slope R? n

AESF 893 B Mean annual temperature (°C) 25.374 -0.0053 0.970 4 3

A8 85 il S Mean annual maximum temperature ( °C) 33.933 -0.007 4 0.997 1" 3

P B AR IR S Mean annual minimum temperature (°C) 21.714 -0.0054 0.974 6 3

T3 T B Mean annual rainfall (mm) 1231.4 0.458 7 0.9225 3

ARS8 75 K i Mean annual evaporation (mm) 1397.3 -19.85 0.671 4 3

FEF- S MK E Mean annual relative humidity (% ) 85.767 -1.15 0.2111 3

1 1585 /K 5 Soil water content in January (% ) 4.597 1 5.809 4 0.987 0™ 5

3 J 145 /K& Soil water content in March ( %) 2.564 8 5.122 8 0.929 5 5

*: p<0.01 **x: p<0.01
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evaporation and air relative humidity on three research altitudinal gradients
in Xishuangbanna during 2002 — 2004
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Fig.2  Soil water content at 0 — 100 cm depth on five plots with different

altitudes in Xishuangbanna in the dry season
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Table 4  Annual litterfall means + SE (g*m~2+a~!) in the eight plots of tropical rain forests in Xishuangbanna

AR B b H 1t S A= )4 M

Forest type Plot Leaves Branches Flowers Fruits Trash Bark Total
ZETMI AR Seasonal rain forest ML, 614 + 16 185+ 12 6+2 97 + 40 109+ 15 61 +8 1072 + 65°
ML, 624+ 107 18821 2316 186 + 110 63+7 27+3 111215

BB 916 4 38 102 4 1285
) Mean 718 + 99° 185 + 2° 116 107 43 91+ 14° 4+9° 115665
LI Hb WY K Montane rain forest XM 647+29 208+ 33 2+3 26+5 130 + 11 6+2 1 040 + 54°
MS, 430+ 13 113+ 15 16+8 63+10 9211 3£1 718 = 38°
MS, 526+ 19 107 +4 53+9 90 + 34 90+9 4+4 869 + 42"
MS; 532+£29 188 + 40 43+2 69 +23 735 19+8 924 + 61
MS, 656 + 2 172+ 19 21+12 53+£29 82+ 00 =1 995 + 5
P¥ Mean 558 +42* 158 £ 20° 317 60 = 10° 93 + 10° 9+3b 909 + 56

8 TObT: 1 ) 95 % 2 T L LA R 240 PR 5 L e PO R P TR O 22 7 S MR N BEAT T T ZE 0B, T REAN R R R ZE R W The sig-
nificance of difference of litterfall among the eight plots and between seasonal rain forest and montane rainforest are shown. Different letter indicate significant dif-

ference CANOVA, LSD multiple comparisons LSD, p=0.05) F& BB FEHLY 1 4 (00 U254 , S0 i b 3 00 2 4F 1 W 4R For plot BB, only one

year data was available

TS5 U IIAR 8 BURE it A vk B 22 57 R 5L

Table 5 Coefficients of variation ( CV) of monthly litterfall in the eight plots of tropical rain forests in Xishuangbanna

AR FEH nt 5 1€ P h5)

Forest type Plot Leaves Branches Flowers Fruits Total
TR Seasonal rain forest ML, 114 83 140 160 81
ML, 103 81 117 99 73
BB 68 66 271 238 52

Tif}ﬂ ;SgE 95 + 14° 77 +5° 176 + 48° 166 + 40° 69 +9°
#ati 1l Montane rain forest XM 65 45 168 61 51
MS, 61 65 187 47 44
MS, 61 52 163 149 46
MS, 62 84 141 115 51
MS, 61 90 137 97 51

T;ff;g 62+1" 67 +9° 159 + 9* 93 + 18" 49 £2°

FREAN R 278 AT AR AR 19 %5 53 35 Different letter indicate significant difference between two forest type ( ANOVA, LSD multiple comparisons LSD p

= 0.05)

U HILTE 1~ 3 H, w5 a1 57.
8% ;s XM Fl MS, P8 74wl B ILAE 2 ~ 4 H, =y g St
P& B3 ) 7 % B AR V& S 51.5% 1 49.5%
MS, FF Hh 1 V& = e tH I AE 3 ~ 4 H, 5 AR R
ALk, o 0TI RV o AR R VR S 36.7% 0 1L
TR fe W Y e K ] v B 103 ~ 172 gom ™2, IR TF
AR

ZETT MRAE I 75 S ARG, ML, A1 BB A48 7%
AR 3 HL A3 ML, 76 6 J1OU I 208 i (1 46 4 V% .
LMl R MREE ML 2 ~ 4 H AR R 74 5, (H— S RE Hh 7
5 K06 H UL 3 55 g 1 AE R . 2 AR R
W AR HILAE 7 ~ 9 H, B 8. 1l Bl Y AR

o, MS, A MS, 759 ~ 11 T H BT SR Uk e i, 4
ZE AR HE s MS; 7€ 6 H AT 10 ~ 12 H 1 FL 08 % =
B XM A MS, SR T& AN B W (BT 3D
3.5 N EAR R R EEREN

ZE T IR Hh RV T AR e RACE I B
P IR AR IR Cp < 0,050, RRTA 10 H AR 5 R4
W TR ARCp < 0.05), (HFFPAR Z (7], 46 3
B ARELE R R ERARE RS 8 kfH
RS R T D10 R T B e R BB R T e B R
PRI 25 PR p < 0.01, 04 p <0.05, &l 4),
3.6 AL SR AT AL R RN I Y A

B 4k T o, R K S R W PR AR p <
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Fig.3  Annual litterfall processes on the eight plots of tropical rain forests in Xishuangbanna
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