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Vertical distribution pattern and seasonal dynamics of photosynthetically active radiation in a tropical sea-
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Abstract: Photosynthetically active radiation (PAR) is a main factor controlling primary productivity, which influ-
ences the structure, function and dynamics of forest ecosystems. Here, we analyzed the variations of PAR in differ-
ent community layers (77.7 m of above canopy, 61.3 m of upper canopy, 24.3 m of middle canopy, 16 m of lower
canopy, and 2 m of shrub layer) and different seasons (rainy season and dry season) in a tropical seasonal rain
forest of Xishuangbanna. The key factors affecting the distribution of PAR were determined using linear mixed mod-
el. Results showed that: (1) The diurnal dynamic trends of PAR in various vertical layers were generally similar in
both seasons, with the maximum value appearing around noon, and PAR in the dry season was slightly higher than
that in the rainy season. (2) The maximum monthly PAR in various vertical layers usually appeared in the dry-hot
period (March to April) of the dry season, while the minimum mostly appeared in the fog-cool period of the dry
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season ( November to December). (3) The annual total amount of PAR in the above canopy, upper canopy, mid-
dle canopy, lower canopy, and shrub layer were 7533.63, 5327.93, 1346.69, 1036.87 and 58.63 mol - m™,

respectively, which was roughly equally distributed between dry season and rainy season. Due to different degrees of

shading, the annual total amount of PAR in upper canopy, middle canopy, lower canopy and shrub layer accounted
for 70.72% , 17.88% , 13.76% and 0.78% of the total, respectively. (4) The results of mixed linear model showed
that both temporal factor (hour, season) and spatial factor (PAR of the upper canopy) affected the PAR of each

subsequent layer in the community. PAR gradually decreased toward the forest floor, which subsequently created a

complex light environment and sustained diverse groups of organisms in the tropical seasonal rain forest in Xishuang-

banna.

Key words: tropical rainforest; light; canopy; vertical gradient; habitat heterogeneity.
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Fig.1 Site location and instrument installation diagram ( picture on the lower left was taken by Deng Yun)
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Fig.2 Diurnal variation of PAR in different layers and seasons
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Table 1 Linear mixed model analysis of factors influencing the vertical distribution of PAR

K F T+ A FJZ Upper trees FeAR )2 Middle trees T+ KT )2 Lower trees KIWEJZ Shrub layer
Factor F P F P F P F P
B} %] O clock 26.764 <0.0001 10.630 0.0011 10.846 0.001 1.267 0.2603
Z=7 Season 90.919 <0.0001 80.776 <0.0001 4.814 0.0283 2.487 0.1148
4% PAR UPAR 3443.517 <0.0001 1054.253 <0.0001 22.513 <0.0001 67.772 <0.0001
At ZIx 2245 HourxSeason 1.217 0.270 0.711 0.3992 0.339 0.5607 0.064 0.8006
i Z)x 2% PAR 152.315 <0.0001 325.779 <0.0001 14.155 0.0002 5.052 0.0246
HourxUPAR

Zix 9 PAR 50.462 0.0066 74.436 <0.0001 13.062 0.0003 0.722 0.3956
SeasonXxUPAR

I} ZxZ=95 % F 4% PAR 42.208 <0.0001 47.005 <0.0001 2.8511 0.0914 18.249 <0.0001

HourxSeasonxUPAR

T« 2 BEVE S UK FTER SRR df g 1 = 3166 df e g = 3112 df o pop = 2906 df 1z = 5864

Note: The df of each community layer was df,,,... .

T4 R R R, T A ORB A TN PAR
WA,

RIS

3.1 TUBRANIAE 25 FRAR PAR AR ] A8 SRR AR

PO B TR [ V% 2 PAR H AR (L 2
I — B 06 e KB IAE IR e/ IME I
UL W, 31X 55 K B 4 JpF 0 A A A (oK — F 5%,
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HEREZELRUBYT RN E, FrLlH PAR &
K HMETRUE 5’ AR N HP 23 SR BE AL T4 5
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i (R [R5 e P8 SRR 44 #2815 M AR 2 H 19 PAR
JEAHAIR], ZH X Al B AR T i A6 2 A A i
PEPE, K32 20 VG e 2 KU S, (3R ) B S ) 2
P (RAEEE1998) VU SR 4 b DX AS [R] 255 FR 25 119
25 SRR SR, LS W A 1) 245 Bl AR RRAE A R A
—EFEE B 2 X RS 45 )2 0 PAR,
T PAR B H AL RLAE

R 11—2 J, BRKRAREKE D HREKSE
KA AU RWIE SR, — M 22,00
ZIRH 1200 4G W5 18 CE A 1996 7K —
A5 2005) , (A3 140110 PAR 5 A ; M7 52 3—S5
ARG KA —25 T4, 55 B Uk BERR AR, B AR i
A B R 2014)  REREAH A A
WP IR 2 iAo 2 MO, )2 PAR
ez e 5 A i N RTHE AT RS BRI
KAWL, mmn, T3 PAR AL, HATE
2, 5T X PAR Ao 55 76 FH 3 T FR 22 14

e =3166, dfigite wees =325 dfigyer trees =2906, df i 1ayer = 5864, respectively.

2, SRR, 5N % X ARG R /D T
AU Y — b & 4D T K YR (Liu et al., 2008 ; Fu et
al.,2016) , FFEE R 35 18 25 KR I TN BH B 4 5
RO S A B8] S T A 2R A 4 7 9 B VE FH ( Roder-
ick et al.,2001; PMEAN S, 2010) , JEJLH4FEK, 7
XS R A o P R AR B AT 224 e R 5 5 o, 17 7 L )
1F U HRTE K S 4 B L (Qiu,2009) , BEATL
WK R 7K 4r F T 261, 30 S K R AL, #aiy
AR A WK IEAPREIR (Tan et al.,2011) i1
b X 55 H |55 R 55 AR A 0 (B AR
1996) , PAR 37 S 4 Itk iy 5 | e s e a6, 306 23 5%
Ne] G XS 400 i, DX A ) 7 55 Bt 2 ) 7K G AR BRURIDO G ke
[F €
3.2 TUBRANIAE 225 FRAR PAR 19725 ) 28 S REAIE
LHRABRBI M R B (R 1), BENE
JZR ) PAR ¥ 7 — 5 B [ 32 2 i %) =5 f0
UPAR o H A2 BAE RS2, (459 340 25715 M AR
FEAFXS T AR5 i BE WL £ (9 DX Sl v 2 R &Y
470 m)88% 35% 23% F1 3% A% =5, PAR H
SR S AE E T 71.14% 17.92% |, 13.56% Fi
0.79% ., Torquebiau(1998) Xt 7 | 1% M — A~ b i 7
REMR B BIF 5 5 7, 6 RO A X R BE Y 289% B, I
PAR & TFEE 1.7% ., ERIR—ALL Gilbertioden-
dron dewevrei A H.— It R ) A5 T AR H ( Vierling
et al.,2000) , AKX PAR A9 1) 55 1 FH 5 5 | AR Y
81% F1 %t =5 B v, PAR H B i AL 4 Ak e B 7 11
5.1% , iXFW], PHRURRYY HAHT 25 T AR I BRAR S 14
5 H A I B AR KA TR, KH 43 1) 25 48 56l 2 07
TR AL (15 PAR 16K P BEAK R TR BE 4 18 fin
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PERURR AN IS 2545 R AR I 52 2% 26 Lo 2 AR
[FIRE 7 2 R ) DG PR 458 B W 3 8 Ak X 28 AR TS 7
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AH 5 1 el 2 B TR ART , YR ER B A9 28 £k 5k 105
EHR Y B G E FE (Scoffoni et al., 2015 ; Kenzo et
al.,2016) AN ARV )2 R B AR ) 22 B Hh AN [R] A
JEIE N RS . AT, TR R B2 T a2 2 A Bk
FERIIERY , 67 R S FU AR 1 s A BRI, (ELA
RIS AR, 1B e Kk F] 724.93 pmol + m™? -
s™1 BXAHASFARIEE b B P S 0 A0 A2 358 i O
FHEAFFEHE 1Y (He et al.,2008) 1% Hi X — 2656 2 B
FhAI I LB Bk A RRAE , E A T /N T R )
W F BRI 21 21 5 06 45 2 201 A DA B B R
1) £ 0 J2 S R B XS S EREE . MO 2 FIMOE T 2
T3 3] L 2 MG RS, A R 5B
H K 3~3.95 mol - m™, H PAR gt K {53
324.50 F1289.13 wmol - m™ - &7, J& THHXF & 55 1Y
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