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Bombax ceiba Tree structure and leaf traits response to habitat

elements of Bombax ceiba

MAO Kaize!, GAO Manjuan', WU Rui', ZHANG Yueping!, CHENG Xiping'-**
(1. School of Geography and Ecotourism, Southwest Forestry University, Kunming 650224, China; 2.
Southwest Research Center for Eco-civilization, National Forestry and Grassland Administration,
Kunming 650224, China)
Abstract: The plant’s morphology and structure results from the joint action of itself and the external
environment. In this study, we analyzed the correlation between the tree structure and leaf traits of Bombax ceiba
Linnaeus, and explored the influence of topographic, soil, and meteorological elements on the growth of B. ceiba.
It is of great significance to reveal the growth strategy and adaptation mechanism of B. ceiba. Therefore, we
researched 230 B. ceiba trees in Xishuangbanna National Nature Reserve of Yunnan Province and measured six
tree structure indexes, eight leaf traits indexes, and habitat elements of regional topographic, meteorology, and soil.
The effects and explantation of habitat elements on the tree structure and leaf traits of B. ceiba were analyzed by
structural equation model and variation decomposition. The results showed that: (1) There were correlations
among the indices of tree structure and among the indices of leaf traits (P < 0.05). (2) The observed indices of
habitat factors had a strong influence on the growth indices of B. ceiba leaves. The mean annual precipitation,
slope and average temperature had a higher interpretation rate on the growth indices of B. ceiba leaves, and were
the dominant habitat indices affecting the growth of B. ceiba. (3) According to the standardized path coefficient,
the three habitat factors had the same effect on the tree structure and leaf traits of B. ceiba, and all of them were in

the order of topographic elements > meteorological elements > soil elements. (4) The superposition of the three
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habitat elements explained that tree structure and leaf traits were 43.5% and 12.3%, respectively, indicating that
the response of tree structure to the habitat environment was greater than that of leaf traits to the environment. The
results of this study preliminarily explores the adaptation strategies of different growth indexes to environmental
factors of B. ceiba, which could provide theoretical basis and practical reference for the cultivation and
propagation of B. ceiba in heterogeneous habitats and efficient management of Bombax ceiba Linnaeus plantation.
Key words: Bombax ceiba, habitat elements, tree structure, leaf traits, redundancy analysis, structural equation
model

ITEER, SERAEEIEZENRRES, SRR, FHBKEHERESE B
5, 20200 o (IPCC &ERTHE 1.5 CHFAIIR S ) R, RREFRTVRVIFFET &, TREESE(IPCC,
2018), S5 AR A0 Al 15 80 A A K 52 BAS [FI R B2 (1 52 1 (Deslauriers et al., 2007), MR LS RA M
Z5K. ThBE(Bonan, 2008). i, 7EMRABME T, WIFIM AL KRR AR TR, A 8T i
TBRMAES RGN ES, NEDERK, RIPAEER MR ISR

FAT, XM Zh R R BT 78 © 2 AR BR 68 80— B A MR F T 9T, T o il oRbk 22 4 50 7
PERTE N TERR R ST C R (Kosaka et al,, 2004) . BIMTEIREMER S5, AESRAKINTERR,
A BT s A B AR A SR S SRR MR S, R A AR AR AR I N AERLE], W RO BE R AE S R GEHY
REE VSN P SOE A S Ak BE 0wl 5 1 5% B0 DA K S v Al ey 00 A AR AL R AL DR E VR 52 (Wright et al.,
2004; MTERAE, 2019) o BHESSMBEWEHIR R ARG, RBHAERK ., 5 B H R A2
NFTEBHIE, b, B A0R & e BN RS KRS RPN br (RS, 2023) o KRIRFEITE
@SR PSS 2RI IABE W oI5 A 5 AR 25 8 1% R 2 —  (Delpierre et al.,
2019) o BERMAR AT H 2w TARFERWRER I & —J7m, WA AT 7 KA S ik
ISP O oG E R, TGS AE AR T S XA & B AR, BRI R T AT
ARG A BRI DI BE (Shi et al,, 20150, AT AT I AIA BT & A2 A< BT /5 O BROKAL S0 0 R AR . JIETR I - 3 R
NP ARSI ZHE R ORI AN P, U A= ) LA A il 7, 2
BERSARAEAC . TR 2 R AR IR . IR DGR E 2 IR 7 R AR R 2R, BN IR AR AE K
B —ANEEEbR (BRALERSE, 2017) o MR NIRRT gE R AL, REY . L. KRR
AP B B B LA B, T PO PR AR A B U B PR BRI M A R B A AR A R . IR
Iy FEAE I P IR A B R T AR R BT e BRI, IR A TR AR B L BRI AR T
AT IEC, SEUURIE R ) R B, B A B AR KA IR A A D RE VIR B AR A A TR A
(Cornelissen et al., 2003) . B THEMRUN S SEHEY)RIEAFRINTIEESZSR, Bk, RANRE
T R Y A PR R i B R . R O 38 X YD s IR 585 50 Rtk AT 12,
ERE TR FP 3 2 T (RIS, 20215 f1 C3R5%E, 20230 AIHRXG )L (BEMEE, 2022; 4L
S, 2023) SBR[, OV EREFRIRTEY DI REEIR SR Z RIS R R, B2 A
[ B8 Ao R BE 7

AT LA 2 B P SR B R 2 SRR X A 230 BRAHE (Bombax ceiba) AT &, MIE 6
TGRS, 8 NHHERIESR LU A XY . AR B8R AR . MR . TURD
Bre GERITT R AL I b AR AR ZE I A IO T 7T, AR BUR R (1) MBS & DMER . IR &
MMFEFR A TR (2) ARSI IETR ARREREMZESR:  (3) MRS AR [F—24
S AN R A SR R N 7 o S DAL (R REAIT T, O SEIACHR B SRR A ST ORI SR SRS AR
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1.1 7 FU X AR

R X AL T 2 B A4 7E SRR E 2 20 SRR 97 X (100°50'—101°06" E. 21°08'—22°25' N) , kA
480~1 400 m2 7], DAL 2t A ey A i S a9 3o i DXKOEIRIBIE B, A Il RO B, 4
SRR E AT 200~1 600 mm, FFH5iE21.8 °C, HIRKI 402 293.4 ho FHXUREN =2 i [ iy AR EE 4
MM E X, THRM BRSO AR, FHEERE (BINAES, 20200 , &6, MESES
BRANFEE . P X H A FCH A X R ) 3 AR X ARV A g B B VR RS AR T B CRAEEE,



2015) , HRMEHEESR, FREVMEE, FRBKRTIMZEE, BT 3 EMER G RARES R4
BN A A B (Celtis timorensis) « KZjW (Antiaris toxicaria)~ F-%.(Hedyotis auriclaria)~ T4 111
1€ (Prismatomeris connate) %%,
1.2 A4 KR E

T HF A SR A, X PE XAl B 2 gt AR PR X VB A E AR A KOIR L T ) 230 BRAH 23 ) 12E47
AERNE, VLAABERINE.

i I SC & R & B AR AR A B 5= Cheight, H) + 4% (diameter at breast height, DBH) . 7 Il
(crown breadth, CB) . £~ (height to crown base, HCB) ; MZARFEPHALIUA T A2 500 4 %0 (number
of branches, NB) ; FIHEELLHI K RREFEHHISE (taperingness, T) o FEFRAME M 2R 7 PE AL YA 547 1
gk 2 T A/ Bl 4 B A 2ol e LA AR S 8 1 20 Mot Fr o FIA CID (8 45 00O AL (CID C1-202, USA)
W5 & K Cleaf length, LL) « %8 (leaf width, LW) . M-TH A (leaf area, LA) . K
(perimeter, P) ; JEITEEDHTRF (ATY124, Japan) FRIHAEE (leaf fresh weight, LFW) . Y1
(leaf saturated weight, LSW) . T-# (leaf dry weight, LDW) , Hrf, % /K&E (leaf water content,
LWC) = (fE—TH) /T HEx100%.
1.3 EBERNE

FIAH F4e0 GPS DLl MR AR T AE MU 220 FE . W3k BS54, PR A b g 2 2 0 FE 3
Xof BT SB[ AT SO A AR BE,  Se) B s IR DL A AR O T4, FIN &L D7 1a) Jiede 2= AR A6 U7 B Y 1~8,
Jo B 25 O HE AR HEAT R A AT — AR B (BRZESE, 20190 o HR4E 5 mUHUCREVEAE AR AL K IX IR L+
P, WEREERTTFE—E 5 A MR LE 0~20 om B LFEBOHEAR LT BISLE =, W LIERT. BB,
i, Ay N S8 % 0 € 4 &L (total nitrogen, TN) . 4% (total phosphorus, TP) . f % (available
phosphorus, AP) . ##%( (ammonium nitrogen, AN) . f§Z&%( (nitrate nitrogen, NN) [J{L2= 4845 CulE
%, 2021) 5 RIUEAREIEET 3 RER . RGAWER A P EME S BB (101°35"E. 21°28'ND ,
FREL 2009 22 2018 4 10 )44 (average temperature, AT) « “FIJFIXTIEE (mean relative humidity,
MRH) . “E#J[%W & (mean annual precipitation, MAP) C(htpp://data.cma.cn/) , FEHBFEARSFAEUIR (1) .
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Table 1 Determination of growth index and habitat elements Bombax ceiba

AR WA BUE G ¥IH Pt 22
Latent variable Observed variable Value range Average SD
RERTN =77 A LA (cm?) 29.73~72.95 54.81 11.24
Leaf traits index M4 LL (cm) 9.74~18.41 14.17 1.98
55 LW (cm) 4.81~6.84 5.78 0.64
JAK P (cm) 22.68~46.49 35.16 5.39
L EE LEW (g) 0.97~2.93 1.76 0.47
HIAE LSW (g) 1.03~3.04 1.84 0.46
HT-E LDW (g) 0.24~1.16 0.62 0.22
K& LWC (g) 0.56~0.79 0.65 0.06
LApIAZ kYN P H (m) 0.89~21.10 12.18 8.11
Tree structure index Hi4% DBH (cm) 1.10~112.00 41.49 32.07
7EE CB (m) 0.62~25.07 9.45 7.22
¥ T & HCB (m) 0.18~10.14 474 3.22
HHUNB (1) 5.00~27.00 15.67 5.90
HISEE T (%) 76.40~124.60 97.27 13.15
I E R R A (m) 492.00~523.00 503.00 7.91
Topographic elements PWHES (°) 2~10 5.40 1.76
W E 1~8 423 1.96
IR 4% TN (g-kg ") 0.95~2.23 1.76 0.46
Soil elements HA%A NN (mg-kg™!) 15.11~34.30 27.71 0.73
41 TP (g'kg™) 0.76~1.08 0.93 0.11



H R AP (mg-kg™) 0.47~6.51 423 0.21

AR AN (mg-kg™) 1.24~4.58 273 0.13

RRER SEJIRE AT (°C) 21.82~22.50 22.07 0.21

Meteorological elements SEAXHE A MRH (%) 78.00~85.60 81.42 2.61
SEH P I 2 MAP (mm) 1 224.50~1 943.60 1 544.57 207.80

1.4 ¥R

K F Excel 2016+ SPSS 22.0. Amos 21.0 Al Canoco 5.0 # A4 X i #b 47 48t 0 #r. %%, 7£a=0.01
BEIKE T, KH Pearson V278 IR AFE R 580 & 485 VR S8R AT O 28)5, XTRE
Zit g Aabr . YRR & febR . RIREER . B E R DK RER S MRS 8, RIS 1 E s
Bt PR B DAAE L 25 20 R iR AEL 149 ~F 7 AR AR S 2 W A F 1) R %0 . 76 Amos 21.0 Ge i34 4 FH &5 44 7 72
BRI A, R ME/E B (Chi-square/df) #EATHIAILE LA CRIEAR GFIE KT 0.9 BA_E g3 AR
(# RS, 2021) o #&Ja, KM Canoco 5.0 A AT TUAR 73 Hr (redundancy analysis) F174Z 22 7 fif
(variation partitioning) , 15 2N [F] 42 58 B 2R ACHE T 25 820 K /N LA B AR T 78 S5 04 (P RE 22
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FEORMBAH AT R W Al AE . iR B R AR E R A, MRS iE. BT
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HAb R Febr B R Z B, SFE, WAE., TEMSKEERDEZE MR, SHMSIEREREE T
M (B 1D

2 =
. 2 3 3
:’_], — B ey e
R R R e}
-2 BE B T ETEEE L
o Am k
g Bl wrLL ()
R O [C)
DB () ke |O[0[®
sEECH ([ wELPW (@] 0 |®
b F#HCB ()@ wiELSW @] @ |®
HIRET | ®| - |°|® HTFEHELDW |8 | @ | =
SHEHNB (@ |@|()|e|e| akELWC [©|©|e

A WSS S RARAHIGNE ;. B, IR SRR A S . MRRAHIGIEAE P<0.05 /K-TIA IR 2, * R KNEAE P<0.01 K1
BRI, NE; EPROEARRAER, AOEERRIEMICKR, BERNERHERRBRAD.
A. Correlation of each index of tree structure; B. Correlation of each index of leaf traits.* represents significant correlation at
P<0.05 level and ** represents very significant correlation at P<0.01 level, the same below; Gray filling in the figure indicates
negative correlation, white circle indicates positive correlation, and circle size indicates the size of correlation system.
B 1 ARSI T
Fig.1 Correlation analysis of growth indexes of Bombax ceiba

2.2 EBER. AREEES T

F AN B AR A KGR TUR AT o P43 RS 477 22100 60.52% 71 8.01%
LR 7 68.53%, UiW] RDA ML IR ATEE . ISR T X A AL K AR AR R R MK U AR R P & (46.4%)
>HRE (7.9%) >FRIRE (5.7%) >#R (4.3%) >4% (1.9%) >HH (1.5%) >R (1.4%)
>ERR (13%) > FHMNARE (12%) >3m (0.5%) (&2 .
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it ER K, HAFHN 0241, 0287, 0316, M. K. m5E. W& KEEHMHR P AE
HEEOR, HRB N 0254, 0.255. 0217 0.221. 4% 4. A e EE R DA HAEECR,
BOE R H05r 108 0.252 0.243. 0.25. “FIMXREAERRERPRE SRR, RECH 0467, 1A
EMEER PTG ER K, REHN0.58 (£2) .
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H. Height; DBH. Diameter at breast height; CB. Crown breadth; HCB. Height to crown base; T. Taperingness; NB. Number of
branches; LL. Leaf length; LW. Leaf width; P. Perimeter; LA. Leaf area; LFW. Leaf fresh weight; LSW. Leaf saturated weight;
LDW. Leaf dry weight; LWC. Leaf water content; TN. Total nitrogen; TP. Total phosphorus; AP. Available phosphorus; AN.
Ammonium nitrogen; NN. Nitrate nitrogen; AT. Average temperature; MRH. Mean relative humidity; MAP. Mean annual
precipitation; A. Altitude; S. Slope; E. Exposure
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Fig.2 RDA analysis of habitat factors and growth factors of Bombax ceiba

R2 BREMERIRER
Table 2 Expression of PCA for latent variable

A58 Latent variable F s ik Expression of PCA

W% 454 Tree shape structure 0.241H+0.287DBH+0.225HCB+0.162T+0.0018+0.316CB

IR Leaf traits 0.254LA+0.255LL+0.217LW+0.203P+0.037LFW+0.038LSW-0.057LDW+0.221LWC
+1EFZE Soil elements 0.252TN+0.243TP+0.254P+0.211AN-0.176 NN

S5 H & Meteorological elements 0.467TMVP-0.44TAT+0.389TMAP

I E 2 Topographic elements 0.585-0.5294+0.271E

2.3 EBERNARKENELEH. HHEREES T

PR A TR RS I R R B R . LB R S T B 20 AR T 45 4 5 PR B R8E, Se AR s Y
53R 8 BB EILEE (GFI=0.998; AGFI=0.968; SRMR<<0.005) . AHEH L5 5 PR S 4%k &
MR (P<0.01) , HHFXARFN-047, WILER., SEERM BT R = F MRS, EREEIE
R (P<0.01) o HEEASHAE, HIBER, SRER. DIEEFN AWML WA E R #Em, H
H, R E RS R E RN T E EREH (P<0.01) , BEREDHN: 04781039, HIEEERY



WAL, BEAR R EON 0.12. =AM ESTEZOS AR LR A PR 22 57, R ZEE 0 R A
ARG R, BRAE RECN-0.32, MIARER. BIRERPIF N ARM R B2 (K 3) .
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Fig.3 Path effects of habitat elements, tree structure, and leaf traits

2.4 AERNMIBLEH . HHERBRES T

RRER . MUPERAN IR T R R A R R A5y, MEYMAEKAAEER L. FHE
R R R . AR E RN LI R B N8 BAE R MR T a5 0y 5 PR ok (& 4)
SERRW], 3REMER WBER. SRERMTHER) NASIERMR T AN IZE-T 43.5%,
Hp =AM R R P E R R R RN 18.6%, HGRARER, R T MIBEMIN 17.5%, THEER
RFEFE B/ MUA 12.4% AHES T EMERGN 5, HIRER. M ER A RE R R SRR
FEML T TEEEH), SRR N 12.3%, MR E ., IR E SR/ R B 3 = AN AR 55 B 200 AR MR T &5 M i e
FE N 6.0% 20.1%F1 4.7%.

A B

HiEE H B

Topographic elements Topographic elements

]_Iﬁ‘gﬂfi‘ B ¥E=0.21 ’ig-'-'lgé‘: FEE §L?."ti023 ’i%[%"f{!

Soil elements Residual=0.21 Meteorological elements Soil elements Residual=0.23 Meteorological elements

v L EIRRR L. A RTE4R: B HRIR.
¥ is the common of explanatory degree. A. Tree shape structure; B. Leaf traits.
Bl 4 A5 RO AR TS50 . PR 52 i 10 fife e B

Fig.4 The explanatory degree of habitat elements to tree structure and leaf traits of Bombax ceiba
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3.1 AR M X A SR B R e B

W EE M SR S B R AR SR R, AW, =AM EZ W 450 B A B,
Horp T EE R ARK A T S AR R FE e v, AR ERIRL, MR ER RSN, v, EHGH AR
S AR AE K B K TS (2012) R 1A [FREHR R FE S5 AR A A AR ) AR K 52
45 R IR B A 1R R AR A BR ) T i S A2 AR 1) AR KR A0 BB A B K e A8 D9l B, AN [) 2235 (1 PR 1) BT 1
KA, X —WE R GRS RAFAEZE R, T R 0] g 2 R 1 28 A0 5| S AR AR A 4K XK 23 RV B
FEAARE, PR BRI A A DL M T I B 2 7K 43 DA R 35897 0y, (BB R T s, IR R R,
KAEREME, Seomsbhn, BEEgmEr AR SR, REIMARAK (Panetal, 2009) , HRI
HH M AR K (R p o RN ASHIE 7045 S 5 Hu A1 Fan (2016) BF 5045 SRARL,  BIR T2 4219 & 5 AHRHE
FEFBER EREMHSE, M5 HEmREAMK. R, Aie. g, gl ="MEKEREE
BEIEML (P<0.01) , ROWHEERRIHE —3M, X ATRE AN NS . Ah A5 3 2L [H /E ik
B FAEEE (20100 FEARAS X 46 LA AR KU R I 5+ 6 A iR T, 2RI, HoEmt
Bk oy gk, dEmsgm sl EK, X-MRg RS A RS RAAEER, BERRETHEELZ
A B el e LA AR K W IR IR, AR TR XA T o R X, AR FE e i Bk 73 78 42
7K G5 R 8% 36 ok 5 1 200 PR 1) s 440 4T S e 20 PR 2 4 A AE K (Muller et al, 2011) 5 s IR B R T3 ook
FREEIER, ART A RE 2 MoK AV T AR AR, AT SE GF AT i S5 M R 2
3.2 ARHEH MR A2 5 B R e B

PEAS (1) e P PR AN 52 B A A B T 4% DAL 3R (1) 52 e, [R] B ok ] 8 52 21 - Fh A B R 7 1 4% (Rathgeber
etal.,, 2016) o WIFURIN, LHEREFNIHHHRMRE ROK, HUBERILK, MARERE/D. FR, HBiE
MR E R 5 R REZ A MR B g, HHRE R K TRRER . AN
L K HREKE. . PREEER. 2% AR EAEX, RECHAREKSERHES
3R T A MR, ARG R S5 HES (2021) MEREKSLHFES XA 5. £
B IR bk (AT TE B0 2808 B4y, AR P bR AT ) A BE R FR G L P T RRUR B g b

I, DR, EFRSER LT, RIIRFELA T PR 5 5 A A K R, A RS IR Z s
TR (BakEE, 2021 XESCEE, 2021 EARSEEE, 2022) o AUHREZN MR FS M 2 DR A8 22 R 1T
B EARFF A, WA B, R EKE. K. R SESEKE. PR EE R IEHX,
5P 2 AR . RS RIRES 150 AN MR B A (g E A, 1 s ek e bR G 38 410 )
ERH . RINIREF S 90, A EEER, #mgmARRAEYENRR, %A ELL T H
R ER I X, 4 A9 A IEE SR E CRKEERD , AR, BER SRR EE,
PRI A il AR I, (B S5 AR T MR S, X TS BURE RN, BB E T
Xt H S IR S AR AR, FEREEEE R EP RN IE R, B Fi 8 R 5[0 Ao 4
B3, TR E A K BAMEER S, 2019) .
3.3 RWBW T 54 S5 - kbR B 5%t B of B 5% 214 BR[O SR

T T3S 25 R Be s X MR ISR AN A B G B (s is %, 2007) , KRUE b, SFEZEREXNE
WIS EE MR I A S vk PEAE s AP R B, R A TP EAE A, i AE /N RO Bl R b 3
W, MR I Kk E IR R IE (Venn et al,, 2011) o ABFREY, SEER. HEEX T
BMERX=FHBAAWEEMRKR (P<0.01) , (EXAMILELE MR HAE G20, Forboh 8 2550w %
RNt AR oK OO R RE R M IR E R R N . R A AR K AR R 52 B R R
K UL S 33835 3 3L RE L, AN 2 B FE K 73 Bl P 5E - (Barboni et al., 2004) o SRBERREHAK
FRAE KB 75 R BE AN K 53, g4k 3 RE MR [ S5 b 2 B R UDa e 52 7k . s S0 2 T 3 T 5 X 3
MARDL, I BNRE L FRK. AEVNE S DL R R L N, BERE R IS E S A KNI E, %
JFEEEEMAEKRRFES . R EEN L RERErE, &L EK (Huang et al., 2018; X152 %]
2, 2021) o BEFURIL, WL SR A MR A R, T = AN AR B B2 W T 45 R
(43.5%) i THHPEIR (12.3%) , REPRFBEAD R A KB B2kl B & f REET o 0E i . Auid R



AT — 8, SR T 2hm R B B, NI B S PR KGR E TR, R A bt
AR TG SR A PO A RE T, RIS Rk 70, W 2 LB AR K& 3, AR mah Wi BLAEAR 1 (M
Y5R%, 2022) o EHRMRHEN A KA W B I U3 e R R TR B AR AR O 2 s AR
FEs el iy B AR I 22 (K08 IR AROK 70 R 3 KSR KA R R e B A e I TR R o2, £
AR R 2 BRI, A RORBEARR R R G, X T AR AL B RS LRI 26 AT (Wright et al., 2002;
T2, 2014; XEEHEE, 20200 o HIR, AREE KR AGER LR SR, fE5 T RBXHE
HEMR SRR AR IR e TR B R 2 B BT R A A KR h A EE S 5N, KRRz —
NN 2 5 KRR A EE R A SR 7, AR T R R A B

ZSTIPIREE oIS T DI (AR LN WG R NS =E AP S I o S S Bt BT E ) SN N R 37
R — A BN AR R R B SR B EAT AR AL . = BEEE R AR R 458 5 ik
WREMAFAEZE ST, RIS BTG R R SR 4E e 2998, ARHRAE A R rh g RO AR B A5 (A2 4
PG5 AL 5 AR Z AR AU R OC R, SRR TS5 44 15 PR T AN [ 2 SR 0 24855 1 e A 4
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