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Effect of the humidity/aridity gradient on the ecological stoichiometry of soil and

leaves in Xishuangbanna tropical rainforest
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Abstract: This study investigated the humidity/aridity gradient effects and ecological stoichiometry in Xishuangbanna
tropical rainforest. The geographical pattern, characteristics of ecological stoichiometry and its response to altitude and
humidity/aridity effects were studied in the soil and plants of Xishuangbanna tropical rainforest using field and laboratory
analyses. The results showed that the ecological stoichiometry of soil and leaves in Xishuangbanna rainforest was influenced

by altitude and humidity gradients, to varying degrees. The hydrothermal gradient of seasonal and montane rainforests was
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affected by altitude. The soil moisture content had a significant effect on soil organic carbon (SOC) (P<0.01) in dry and
wet seasons, which was significantly controlled by the altitude gradient. The effect of soil moisture content on soil total
nitrogen (STN) and soil total phosphorus ( STP) was more significant during the rainy season. The total phosphorus ( TP)
content in leaves increased with increasing water content, and the variation trend of leaf TN content in the dry season was
consistent with the TP content. However, water content reduced the total nitrogen (TN) content when it increased to a
certain extent during the rainy season. The significant correlation among soil moisture in the dry season, altitude, and the
C/P of soil, similar to the correlation between C/N and water content of leaves in the dry season, indicated that the level of
soil water content determines the mineralization of soil phosphorus and the ability of plants to absorb P under the water
shortage. Leaf C/N has obvious implications for the feedback moisture content of plants. This further illustrates that the
hydrothermal gradient is an important driver for the stoichiometry characteristics of soil-leaf ecosystems. Additionally, high
temperature and rain may weaken the assimilation capacity of leaf C content in a seasonal rainforest, and leaf N content may
decrease in terms of regional response to global change. Furthermore, the elemental cycles of soil—leaf systems would be
shortened, and the dry season may weaken the limiting effect of P in plant ecosystems of montane rain forests because of the

coupling effects of P cycles to other elements.

Key Words: elevation gradient; water content; dry and wet season; stoichiometry; tropical rainforest of Xishuangbanna
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Fig.1 Sketch map of the transect distribution and its elevation gradient in the study area

1.2.2  FE& S5 2

X RAER I F 5 A S0 N T HE T RIS 22 75um VA FAICC R b, HHEA HLAR (SOC)
A 424k (TC) R vario TOC 43 BT (FEE ™ ) Pz , £ 38420 (STN) Fiit i 420 (TN ) R BIL R &0
B, B4 (STP) A1t A28 (TP ) 2K ] Smartchem?200 4 [ BhAk24 /A A (5 FE 7= ) 1l 5E
1.3 Hdesgeitotr

FIFHRLE 2 7 22 53 H1 10 ( Two-way ANOVA ) | Pearson A S4B Rk 1 2 A1 £ P ] U150 700 ko 512 60 K3 40
TG T, IS [RGB B T 3R Fr 0 5 K 36 e R 7 i S AR k241 (C/N /P N/P
T EAE A A EE IR L) AR ARRAIE AR CE R . ARG SRR T 2200 11 A 12 A M 220 8 0 ki r it
P P SCE A b A A A58 o BT R 8 S S B A BT Y TE 5 A e b B R S PR A AL R AT

2 ZHREH

2.1 JKHEREE A =S ] AR AR RFAIE

PERURREN 2015 AF-24FH1 2016 4F 1—10 H 43 H 2788 KRA 30 52 B[R] (19728 A 3, JE R 5 R 4[]
9, U RE A B IR B A K BB (18] 2) . BT BT TR B R B R BRI QRS AR S i 55 il
) A vyl B AEL PR AR A B9 38 SRS TR AR K A IR A W 2 T A T 2 AT IF 5 W 0 24 B, 9 3
TR R SRR WA RSB IA . DI R G B PR UG S5 A 5 ) 13-
RGEHK O T R ANPE SR

http ; //www.ecologica.cn



4 R ¥ O 38 %
250 |- 20154 30 ao0 |- 2016 42
E 1 A e o
= 200 | ~~T\ B = ] S
g ~ X = 5 _ 20 §
& —-20 8 = 8,
%S 150 |- e %3 415 ®8E
& E =& & 5 =2
) 28 R}y 2%
m g i mE mg | =3
S 100 z g 0 2
« <
s —410 = 5 =
= =1 = =
E E 2 100 - E
| HHH 2 2 HS E
o LLII H Ol [ .
123456 789101112 12345678 910
H 4% Month

B2 FWARS 2015 ££70 2016 ESEFEKITLE

Fig.2 Temperature and precipitation changes in Xishuangbanna in 2015 and in 2016
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Table 1 Analysis of stoichiometry and its variance of samples of soil and leaf in dry season and rainy season in Xishuangbanna tropical
rainforest

RS +3% Soil

Wet and dry season SOC STN STP /N c/pP N/P

T-Z& Dry season 62.41+30.62 2.30+1.93 0.57+0.22 64.26+60.93 313.41£168.73 11.39+14.15

J72% ANOVA(P) <0.001 <0.001 0.287 <0.001 <0.001 <0.001

2% Rainy season 61.59+32.82 2.51+1.92 0.54+0.2 41.77+20.81 330.28+182.61 11.55+9.2

Ji 2% ANOVA(P) <0.001 <0.05 <0.05 <0.05 <0.01 <0.01

Figz M-} Leaf

Wet and dry season TC TN TP C/N C/P N/P

T-7 Dry season 419.24+31.41 22.19+3.09 1.72+0.21 22.53+3.98 641.45+105.49 29+5.31

J72% ANOVA(P) <0.001 >0.05 <0.01 <0.01 <0.001 >0.05

FMiZE Rainy season 373.17£53.41 26.25+3.86 1.89+0.17 17.3+5.35 512.73+80.05 30.95+5.08

J72% ANOVA(P) <0.001 <0.001 >0.05 <0.001 <0.001 <0.05
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Fig.3 The monthly average temperature and average precipitation in different regions of Xishuangbanna in 2015 and 2016
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Fig.4 Relationship between soil moisture content and altitude in dry and wet season
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KRR B EAKF(P > 0.05) (K 5), “EETES LUK HARRIH B R, B S K
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Table 2 Correlation between soil carbon and nitrogen and phosphorus stoichiometry and altitude and soil moisture content in dry season

ﬁii%n ~arizble 1K Elevation SoC STN STP C/N c/P N/P soffijj j:e Kuj Z“em
4R Elevation 1 0.804 ** 0.300* 0.149 0.051 0.618 ** 0.151 0.650 **

SoC 1 0.06 0.280 " 0.342" 0.653 ** -0.044 0.647 **

STN 1 -0.281" -0.631**  0.298" 0.883** -0.055

STP 1 0.301*  -0.454"* -0.465** 0.194

C/N 1 0.041 -0.492 0.183

c/P 1 0.382"* 0.487 **

N/P 1 -0.133
FHEEKE

1

Soil moisture content /%

s AHSCMERE 0.01 ZKF B3 OBUR) , * AHIEHETE 0.05 /K LB 3 (BUZ)

®3 WELEREBREAFITERSERN RS KEZ BREXYE

Table 3 Correlation between soil carbon and nitrogen and phosphorus stoichiometry and altitude and soil moisture content in rainy season

. e Ao 2
K Elevation 1 0.747 ** 0.569 ** 0.158 -0.386 0.558 ** 0.399 0.508 **

SOC 1 0.501 * 0.16 -0.158 0.769** 0.347 0.406 *

STN 1 -0.004 -0.826"*  0.368 0.900** 0.242

STP 1 0.042  -0.406" -0.274 0.089

C/N 1 -0.056 -0.831* -0.155

C/P 1 0.423* 0.333

N/P 1 0.352

HHEE KR

. . 1
Soil moisture content /%

3 C N P LA B ARE R B C/P IR SIGHAF N D B R (P<0.01)  fE T35 + 1
BRI EAE (P<0.01) , HiAc Ak 234 Ho D) 5 - S AR 4 38 35 A SRR G 1k oA 18 31 8 2 P K- (P >
0.05) (F£2.%3), W C/P IEAHAETM: 32 SOC YR AT STP, [R] At S ik T 78 P8 SR 44 #46i5 FR
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TEMBEI(FRL,%5), Hh C N P W BB & KRN AL, 2, 1 TC 58K
FR T WA OCHE | T TN R0 TP BRE M 7 3 K A3 K, B /KX TP By s2 i i 3 T TN (P<
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Fig.5 Relationship between soil C, N, P and soil moisture in dry and wet season
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Table 4 Correlation between leaf carbon and nitrogen and phosphorus stoichiometry and altitude and leaf moisture content in dry season

. Bk Ak % s

i[ii f;fn ariahle TC TN TP C/N c/P N/P Leaves water Elfjfon
content

TC 1 —0.474"  -0373  0.739°*  0.817°*  -0.273 -0.123 0.408
™ 1 0401 -0.805"" -0.565"* 0.599 ** 0.478" -0.508 *
TP 1 ~0.580** -0.812* 0.108 0.570** -0.795"*
/N 1 0.766"*  —-0.745** ~0.526** 0.556""
c/p 1 -0.162 -0.369 0.773"*
N/P 1 0.408 -0.091
Ak 1 e

Leaves water content/ %

WK Elevation
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Table 5 Correlation between leaf carbon and nitrogen and phosphorus stoichiometry and altitude and leaf moisture content in rainy season

B KR %

zl—(lmiiljtfn variable TC TN TP C/N c/p N/P Leaves water Elfjfon
content
TC 1 -0.843"" 0.072 0.951 " 0.837** -0.759"" 0.165 -0.397"
TN 1 -0.003 -0.930"* -0.748"" 0.866 " -0.118 0.296
TP 1 0.062 -0.477""  -0.494"" 0.489 " -0.202
C/N 1 0.800** -0.830"" 0.211 -0.341
c/p 1 -0.410" -0.137 -0.229
N/P 1 -0.328 0.372*
[H- P-4 7k 2%
LLiﬂ? \iii content/ % ! ~0.145
153k Elevation 1

E R TR TR TN AR 22 RS KR TH s T3S O, T2 000 24 55 K 3T i 2 — S R BE 2 4 ] TN 35 4
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Fig.6 Relationship between leaf TN, TP and leaf moisture content in dry season
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Fig.7 Relationship between leaf TN, TP and leaf moisture content in rainy season
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BT XK R 25, [FIRHA 5 3% 00 3h 48 R YO & B R AR s DA O X8 XU 48 i
BRI, IRAE SRR 3 (B8R T B4R 1) A SR A, ol I R 5 T 2 2 R PR ) 2 2434 1l X T il 16
e L LI AR 43 A X2 TR AR R 2 TR B SRR K AR IR R T, Ao 52 A BRAE A 1 52 i 7T BE
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T PR, K 2R T, 2N S R B AR R N S R B AG, AARXT C Y[R A BE )
55, AT BE S A VE R AR XS CO, MMIE R (EXT I B C/N A9 52 AN B, DRI R R K Al N 2t [ AT
RUTKES R R N S M R NG . BLAh, 2R & A A 1T BE I I8 7 0 1 o3 At | 28 Jn B AR A
ARG - - TR IE A AR AR, LT DGR AR B A A, A IXCF- B TRE AR B  <
PE<Bh i, sk R U, 76 3 A X [, Bl a3 T i, A 380 T AR S R AT B4, T i e AR S5 0t P YA R A X v 22
BUN(Z350m) |, PRI FE 25 5 01 10 2, BT D) e s V4GS 1725 m S L MR AR A 2204 IX 5 et iig 4
Xif e 223 1000m , FF7K T BV o 2 S R AR P T o a3 | LRI s R B2 LU IR R AR AR I G R 3 . 72 AL
bR AR A3 A R8BI T ML DX, T 2SR T, I 0 XU N IR 4 55 D B SR S i ik K o SR AR R P S i
BT, N/P N R LR A S R G PR A T R 0855 A s (H i — 20 TR A B R 45 SR A R
SEESISTE UL

PRI, A4 $-H ) R G SRR AR 52 T e R A W ER L AR I 5T 31 A5, B 2 X AGHT TR AR A T %
FIBEIE SR T RE A A 25 R G-y HAT FB 8 S, W RAR AL AR 25 R G iy e 2 F8 - VR A

4 %t

VAR K I 2= 2L [R5 M PO SR AN B AR C NP SR 2= T R E . T2 3 5K 38 SOC 152
M 2573 2] Ji 2 K-, 1 R 2 398 B KR X STN M STP Bsg 22 e 35 128, it F TP g T RiL 2w 2,
S K R B R S A S B T T e TN 7 T2 2 Bl 5 AR 9 FH s Mg K, M5 KR 5 TN
i I U A AR, 5 TC W TN BEECAR S, 1T 8 C/P SRR T 2 K R A
FHORPE KT ZEM i C/N 5 R SRR MR U], T K EZ &M T, HS K2 L1 P Y
WALEE A P W SOR] K, i EL B C/N X s K o e B BB 35 s E

XA ERARA TR =R KIS 22 Z2 7R e R I 55 = mAR I - C Y [RIAGRE 7, 2 BUTRE RS2, X C/N 152
el 1 TC I A ; 2R S -AE ) R G JC R R S IR v i . FHREAR BB RO T, T RE AT
RES 855 LI LI MAE D A= S R 5 P IR TIER
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