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Abstract ; In this study, the functional traits of annual branchlets and leaves of Michelia odora, an endangered species,

were sampled and measured along five different latitude gradients in Guangxi. The variation of biomass distribution and
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leaf functional traits along the latitude gradient were discussed. The results were as follows: (1) The total branchlet
weight and total leaf weight tended to allometric growth relationship with the increase of latitude, and its biomass tended
to the construction of branchlets. (2) The functional traits of the leaves showed a certain rule, i. e. increased with
latitude from south to north, and its leaf area and leaf mass decrease of with the increasing latitude; leaf thickness, leaf
dry matter content, stomatal length, stomatal area, stomatal density showed a trend of gradual increase; specific leaf
area, leaf water content and stomatal width increased at first and then decreased, and overall showed a trend of gradual
decrease, leaf tissue density decreased and then increased, which indicates that M. odora can respond to changes in the
geographical environment through the plasticity of the leaf shape. (3) Specific leaf area was significantly positively
correlated with leaf moisture content, but negatively correlated with leaf fresh weight, leaf dry matter content, and
stomatal density. There was a significantly negative correlation between leaf dry matter content and leaf water content,
which means that M. odora can respond to the change of geographical environment by adjusting and balancing the
character combination of leaves. (4) CCA analysis showed that slope was the most significant variable affecting the
functional traits of M. odora, the mean annual temperature also had a significant impact on the functional traits of
M. odora, the mean annual precipitation, and relative humidity had a certain intensity effect on plant functional traits,

but not significant. All the results are helpful to understand the adaptation characteristics of M. odora to the environment,

and its response mechanism to latitude variation is of great significance.

Key words: twig, latitude, biomass allocation, functional traits, environmental factors

T 5 IR B Z 18 B9 AH BLOC RR — HAR R A
TR AL O ) 2 — A 3 s VR | it e A
— SR ) R O PR R AR AR R Y A /D
A W6 3 T R RUAT , 52 Tl /SNBSS A R A SR 43 1
ek B W3 B W AE ) A T s A Y A 2SR
W% (Dai et al., 2020) , A= 55728 10 H8 ) B9 70 A R
B REHIR T A A R ST R A 7 A E R B
(Collins et al., 2016) , MY HA R KM FEKAE
RTIE P W R 2SR 5 45 0 e fE BE DG IR K o)
IR 2 45 PR PR 2R 118 728 A1 T AN ] 248 2 1Y) 346 )3
£ (Niu et al., 2018) , FE¥ M T RE AR 2 th e 1
WA= B A AL A8 B 1 O B8 T & ( Roa-Fuentes et al. |
2015) , ‘& S ¥ % ¢ U5 0 % BUR 1  )AH O
(Zirbel et al., 2017) , AHY) 45 DI RETEAR A B0 57
RAENE IR, 25 AR TRIAE7E — 5 B AH M (o] &8
4,2018a) . A& TEARIEI R G PE A B T 1 i
T 38 07 Ah 30 55 A A AR AF B9 SR I ( Guittar et
al., 2016) . HEA/NBIEHY PR G i A
A TR 3, R R R 2R SRR AR K A X
IINKE (twig) b, B HRRPE XS T R AR A ) A A S
AL FIAR ) 0 A 0% s SR B B L (A
S5,2011) . AEY I A A A BT IR G RN, LA 3 N
AR K B B B 2, A BRI T i 25
FUBLA B 8 (0 ek (BR8NP iR A, 2014) o it
AT SC BRI A 1 X A8 4 it e T BE PRS2 Wil 14 F 52

FEAE P AEREE RE | (Petter et al., 2015; Weng
et al., 2017) , 1fi Z W& T B N P 4K A8 5 (Petter et
al., 2015) . FBTLLL4F(2017) WFSE R, Pyfhia) 45
DRE MR A7 7 135 22 5, [l FiAs ) ) 2 e e AR A8
ST 240,

WG A ( Michelia odora) , K 22 B 1 B )&
i R ER AR S BN ERESAN T s
BT T ARAEAE (IX) MK 500~ 1 000 m H
Il P prp R AR R T TR R e U IR R I IR
5 BEE DRARBEIR B LA AL AR, WG A B A Fif
FEEGE D, C A B 2 e — 9 0R
Y. A RWCARBIETE F 2 P AE T i AR (K
WA, 2017)  F LA R (BRYLAE,2019) &
AT, [ A7 S A Ty B 1 bR D 1 A 58 E A A O
AHICSCHRHRE o I, AW SE LA PEIX N 5 A4 A
] 445 B2 AR A= K AR WL AR Ry BF 58 42, 40 A
Ho— 4 A /B A Wy & 43 T 5 D0 RE IR 0 26 B A
SRR, LU e LR LA ), (1) AN [\ 45 B
W AR Y /N B A W i B AT AT B g3 PR 2o
(2) ARl EE Rl D Re MR R B A7 25 55
HAFTE—@ WA (3) R E I RE R Z 18]
FETEAI RN OC R | 2T R MR A2 AT b 2R 5 P 52
Ml ACBIF 5T 45 A By T 3 A U 56 R X BR 5% A Ak
AR A, G 5 BE AR S 1w 1 AL ) A5 B A E B



396 OO0 M W

42 %

1 A5 X 58 5% 07 ik

1.1 G SR & XL 0 3t 3R R 45 [ F # R Y 3R X

TR PEIX N 5 A [E] 45 2R BE ) A SR A K
UL O AR #E AT B 58 (I8 1), 3 M B 4 A Y
(109.99°—110.21° E ,23.52°—25.89° N) M 4 1]
WAL T (GP) & F B (JX) K A&
(YF) RNE(LC) T8 (LS) , i X g T I
PO BN AR, BB RIEZW, A FIRE D, h
T[] AL S B W ) i R EE R e K B BE AR Ak 4R
PRE N 17.6~21.4 C, ¥ A 1 AHFHRE
7.9~13 C, A H 7 A0 F49<06 24.3~29.5 C.,
AR B[R — BETE 1 534.7~1 992.6 mm Z [H],
SARE TR R 345 d, B A RAEHL Y A IR BT
MEOL UL 1, AR AR T R AL a LGEE
Hl Chttp: //data. cma.en/) o 75 & R 46 0T 72
H MU T GPS I 25 46 M i Ak 1Y 22 )8 43
FH 3 B S S 3 B2, ) B A 5k J2 4 A A S AR
M
1.2 s REMLE

2019 4F 7 A, TA&RIR A 5i, 70 5 B 3 bk
KR AF I AR WDOE A, TE B Bk bR AR I AR (R
P b 4 AST5 1) BUIBOE )R 4G IR BAT 58 4 A
MR 4 MRS AE AR NG, NSRRI B B AT
I, SRV UK 0 DR TR AR v, 7 R Y PR B
ST P VO = N T = A g G G o
BT 31, N B A rh AL B Ad Rl 52 8 10 11
e e I R/ AR 52 450 9 e B i e, X
R T RRIC g, Ho 10 B FH I ek R A
B, 1R R AR
1.3 Mt R Thae R E

H CanoScan LiDE 300 41454 Photoshop I
FEHM M (leaf area, LA) ., FIKE N 0.01 mm i
SRS 2 7 AN ¢ U WA TE | ER T QO TIOR8 1B
I AR (leaf thickness , LT) , BOF-32 LA D )5
FE., H T K OFFR & it ff 5 (leaf fresh weigh,
LEW) K58 5] 0.01 g RFIRCH BT R 70 C HEAS
WHET 2 EHE 5, FR T 5 (leaf dry weight, LDW)
[ S5 = T L e G EQ = AR Ll e i £
(total leaf dry mass, TLDW) | (/Mg b 430t 7 Fnnt:
W B+ E) /M (twig dry weight, TDW) ,

7/ N WS VN S T A TR

specific leaf

area, SLA) M T#) i & i (leaf dry matter content,
LDMC) W& 7K K ( leal water content, LWC) A1 r}
ZH 2125 FiF (leaf tissue density, LTD) ,

SALJE P AR AL HE ALK FE (stomatal length,
SL) <. fL % ¥ ( stomatal width, SW) < FL m 2
(stomatal area, SA) < fL % J& ( stomatal density,
SD) . s HAAD B K o 38 Al B ) IR R T i
FASHE (A1 em®, B EFF 0K KT 5
75 W JIE R A2 i T o4 AR 70 I JBCT il e 7
F B R R FDGAE B TE 40 5955 A 10 %5 H
BTSRRI e, B — A BELIE$E 3 A
e s ALECE AR LY N A AL ECR 35 SD,
[Fi] B 4 0 B ) R v BE LR 3 AL, AL
ImageJ 1.8 73 Ml i ALK B AL T, A
SCLASAL A 08 T 40 i ) Bl B2 (o ) 0 Bl G
JE (um) RS 58 B AL T AR AL
KA HHRREYH R AT

Fert BB (SLA, m® - kg ) = MR/t T 8
MR (LDMC, ¢ - kg') = M /-4l
FEETE ; SRR (LWC, %)= (HHEEE -5/
- fif X 100 ; A ZU% BE (LTD, mg - mm™ )= T
/(M AR |
1.4 HHE0E

KM R 3.5.1 FEATER G B, BB R
75 22453 BT (one-way ANOVA) Hil LSD ¥ #E4T £ 5
B (a=0.05) 53 HrWOEA 5 A KK 734 a0 25 1
AR 25 5 B DA ROAS [ 26 B2 5 1 D Re 1 R 1Y 22
S, H Pearson AH G 43 Hr 12 X 4% Dy e MR (7]
KA AT A O o3 B, W B A R 3.5.1 BF
“vegan” fLHEAT LRI AH O/ AT (CCA) |, AT D ek
REHER TR R . R S 34 K5 R x) 2Y 4F
AR R BB R A Y s e TR R, R
KAy = bt  REEAL R 1gy = 1gb + algx , 3
e x5y FoR 2 DMEFESE R 1gx F 1gy 1EIRL
bR o A KR E, ANt ¢
FMRPE (S a= 1B RFHRAERK, a # 1 BT
AR, A R 3.5.1 89 “smate” £ FE 47 b5 UE 1L
% | I8 4 # ( standardized major axis, SMA )
(Warton et al., 2006) , 737 £h 28 At b /A
THRE MR ] 9 S A KOG &R Jl 3 WG AR 4 4 AR
ANECRIINEL ST R A ) REAE 1 BN St
BT, A R4, JfEad Warton ( Warton &
Weber, 2002)



3 1] SRS WG AR DG A/ IV AR 7 TE 15 D RE AR B0 26 B 7 S LA R MR i) TR 3% 397

opuh

Ef1

Legend
@ mx 0 50 100

b
oK@  GL

BN
Lz

200 300 400

Sampling point

GP. 717 JIX. £F &, YF. k4@ E; LC. )11 & LS. k- E , GL. BT ; LZ. M 17, HZ. ZUM T ; WZ. #8075 ; LB. k&
TETT; GG. SUkTH; YL. EAKTT; NN. B3 17, QZ. #NTH; BH. JbiGTT; FC. Bk, HC. WMt ; BS. A @17, CZ. 44

W, T,

GP. Guiping City; JX. Jinxiu County; YF. Yongfu County; LC. Lingchuan County; LS. Longsheng County; GL. Guilin City; LZ. Liuzhou
City; HZ. Hezhou City; WZ. Wuzhou City; LB. Laibin City; GG. Guigang City; YL. Yulin City; NN. Nanning City; QZ. Qinzhou City;
BH. Beihai City; FC. Fangchenggang City; HC. Hechi City; BS. Baise City; CZ. Chongzuo City. The same below.

K1 DEAREE S A K

Fig. 1

07 2 00 R AR AT S B A B, SR R 3.5.1 A
SigmaPlot 10.0 £ K15, SCHh K R E 48 4 - 14
fi = brifiEe,

2 HERH A

2.1 NEBEBTES RIFEA KX R

BT HLIX PGP JX  YF LC LS WOt A 24
AN TEMAAZ LB AT EmE?2
Fi7R o

MR ) 6 FE AN TR 46 5 1, 6 AR /R 5
A A RSB A 280 3R 3 R, GP /ST
EHLAMNTHESEERERDEE/NT 1.0(P=
0.005) (&l 2:A) ; X /M H S S5 1) =
A RKAEEC F/NT 1.0(P<0.001) (K 2:B); YF
BT E S BT E S A KSR N T
1.0(P<0.001) (K 2:C) ;LS /M T HE 5 g+

Distribution of Michelia odora sampling sites

M A KA E /N T 1.0(P=0.071) (& 2.
E), 4 MR /M TES S THEYE R
HAERIC R, BIV/INVEL T 5 A 3G e R oK T St T
&, M LC/AMETES Bk 5 A5 A K455
H51.0LREXR(P=0.119) (K 2.D), 24k
22 AESGEMRMAARNEERERLE

Jr 22 BT 2R 00, AN [) 45 3 b XU R 1 i 2
MR L TR K SR AL RN R
EZH RIBEESARE, BE(3) A, N
[ iR <2 2o i3 2 1T ANy o Lyl s £
BRSBTS
SALR /N A AL B B LT Ak b i
FR B K 38 R 98 S 3G R R /DN B AR 2 3
AL ) 34 2 2% B S/ N e 3 R
2.3 WA F BT B B8 X 14

Xof AN [ 245 B2 b DX 08 SO ' A 1 Ty e PR R 2 17 A



398 L i 7| 42 &
F1 WARMBHEIREHRL
Table 1  Geographical environment of provenances
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b s, = g ,J;E '%TE Mean annual ~ Mean annual fiﬁfg Crown Relative
. - Longitude Latitude S Slope . 1
Site Code Habitat ) ) temperature  precipitation ) density humidity
() (mm) (%) (%)
FEFT GP b 109.99 23.52 21.40 1 726.70 26.33 50 80
Guiping City River bank
eHR JX bEINs= 110.09  24.14 17.46 1722.20 11.67 76 82
Jinxiu County River bank
KA B YF M 109.83  25.20 19.20 1 963.90 28.33 57 76
Yongfu County Forestland
R 5 LC KPR X 110.16  25.63 19.40 1 992.60 34.33 77 75
Lingchuan County Water source protection area
Je e LS NS 110.21  25.89 18.33 1 550.50 60.00 70 90

Longsheng County River bank

eGP HRI; X, & YF KR LC. R LS. s T,
Note; GP. Guiping City; JX. Jinxiu County; YF. Yongfu County; LC. Lingchuan County; LS. Longsheng County. The same below.
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Table 2 Biomass allocation at twig level
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Table 3 Biomass allocation between different

provenances of SMA analysis
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A. Allometric relationships among the twig weight and total leaf weight of Guiping City; B. Allometric relationships among the twig weight and

total leaf weight of Jinxiu County; C. Allometric relationships among the twig weight and total leaf weight of Yongfu County; D. Isometric

relationships among the twig weight and total leaf weight of Lingchuan County; E. Allometric relationships among the twig weight and total leaf

weight of Longsheng County.
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Fig. 2 Relationships among the twig weight and total leaf weight
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Fig. 3 Differences of leaf functional traits of Michelia odora from different latitudes
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R, 3 JUAR DG P PR s, SR 58 0 [ W) 6 /R JCAH 6 . LA. Wi B, LFW. M8 ; LT. iHE; LDW. HH:E,

SLA e A LDMC. M4 5 & = ; LWC. &K% LTD. MH2H2U% & ; SL. ALK ; SW. KIL9E; SA. KALmA; SD. K
LERE,

# indicates significant correlation (P<0.05), #* * indicates extremely significant correlation (P<0.05). The same below. The clockwise
direction of the circle represents positive correlation, and the counter clockwise direction represents negative correlation. The larger the filled
area, the stronger the correlation. The unfilled circle means no correlation. LA . Leaf area; LFW. Leafl fresh weight; LT. Leafl thickness;
LDW. Leaf dry weight; SLA. Specific leaf area; LDMC. Leaf dry matter content; LWC. Leaf water content; LTD. Leaf tissue density;
SL. Stomata length; SW. Stomatal width; SA. Stomatal area; SD. Stomatal density.
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Fig. 4 Matrix plot of correlation coefficient among functional traits of Michelia odora
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Table 4  Significance of environmental factors and
functional traits of Michelia odora
CCAl CCA2 R’ Pr(>r)

Sl -0.919 0.394 0.591 0.004 = = S| ©
o
MAT -0.901 -0.435 0.537 0.016 = b2
0.8 x | <

Lat -.0791 0.612 0.188 0.291 0.6 ) °g

. | < E

0.4 =S

CDh 0.890 0.436 0.186 0.300 ~ | oS

&0.2 )

o | NS

Lng 0.920 -0.393 0.173 0.344 Z 0.0 T o
= <
-0.2 [ o
MAP -0.997 0.072 0.135 0.451 < z
S -04 >
RH 0.980 0.198 0.118 0.502 -0.6 GID
-1.0 -0.5 0.0 0.5 1.09

E: CCAL A CCA2 PSS 7 ) {0/ 3R 458 IR 7 5 3k S5 4k
B AR ARTZAE, FR R T 5 HE e b A DG s R SROR IR
Ba R F X045 A5 1 P 8 R AL, RPN, FOR 1Z 3R B A T o Al
P RETEIR B /N Pr KR BV, SL B MAT. 4Ry
i RH. AHXIM B ; Lat. 4 )% ; Lng. )% ; MAP. 4 ¥R K
H; CD. MM, T,

Note: Values corresponding to the two columns of CCAl and
CCA2 are the cosine value of the angle between the arrow of the
environmental factor and the sort axis, indicating the correlation
between the environmental factor and the sort axis; R” indicates the
determination coefficient of the environmental factor on the species
distribution, and the smaller the R the environment factors have

less influence on plant functional traits; Pr indicates

significance. Sl. Slope; MAT. Mean annual temperature; RH.
Relative humidity; Lat. Latitude; Lng. Longitude; MAP. Mean
annual precipitation; CD. Crown density. The same below.

PEITH 9 34k A i R PR AE AR 1835 22 5 (Roscher
et al., 2018) . Zoih K0T 4 1 AR B 3 N7, 4k T
N[5 A 355 18 ) Ao 40 o 2 T BSOS [) %) 2 o 05 (22
e 5, 2015) o WG AR Ty RE VAR R BUAR X AN R
FE T RE A TS () 46 3 1 XK I 2% 22 55 o 3,
el A= Wy 7R /N 1Y 53 TC AU R 5 305 R ] 2803
FETEZE 57, 3 B e WL R Bt B 28 45 4 1y it
T AR I H R AR SRR A AN TRIUE 5 3 XU A
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NGB 35 0 S 3K AT RE S HONE AR A K M B
Bi S Ry BUR 5 BN R AR ) Y S IC
B AR BTG AR BAT B 1 i I8 25 T 9
LR 6F Mo BR3P 5 28 A (B s 1 55, 2019) o AL
Pk F 85 K o R ROR T ZE 18 VR H DL OG- HE
£ 2% (Franks et al., 2017) , AR 385 7 % < AL
JERPE B AN TR WG IR T B e T A e R
SALE A A5 (Yoo et al., 2013) . AW A
AL B 25 S N R i IR AT RE 2 F 9T K

CCA1 (0. 035%)

CCA =41l P Sk i K B R 8 B 1R, 36 5 P 3Rom
B MR T 3 T 2

Length of the arrow in the CCA three-dimensional sorting chart
indicates the strength of the variable, and the bracket indicates

the percentage variance explained by each axis.

K5 DA DIREMIR -5 A= K R85
HF CCA =4EHER &
Fig. 5 Three-dimensional CCA ordination plot of leaf
functional traits and growth site environmental
factors of Michelia odora
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