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Abstract: Investigating the variation patterns of hydraulic traits of trees with different diameters at breast height
(DBH) grades has important physiological significance for understanding the water transport mechanism in
plants. We focused a dominant tree species (Lannea coromandelica) in the dry and hot ecosystem of the
Yuanjiang River, and measured the distribution patterns of hydraulic traits including shoot- (leaves and stems),
leaf-, and stem hydraulic conductance, and morphological properties (diameter at breast height, leaf
area/petiole length, leaf area/mass of petiole, mass of leaf/mass of petiole, average petiole length, bark density,
wood density, Huber value and leaf mass per area) for 56 L. coromandelica individuals with different DBH (0 <
DBH <9 cm), and then discussed the variation patterns of these traits among these three DBH levels (0 < DBH
<3,3<DBH< 6 and 6 < DBH <9 cm). The results were as follows: (1) the stem hydraulic conductance was
significantly greater than leaf hydraulic conductance in three DBH grades, indicating that there was a
hydraulic segmentation between the stem and leaves, whereas the degree of hydraulic segmentation had a
similar pattern. (2) Among the three different diameter grades, there were significant differences in
morphological traits such as average petiole length, bark density, wood density, Huber value and leaf mass per
area, but there were no significant differences in the hydraulic conductance of the shoot, stem, and leaf. (3)
Among the three diameter grades, the shoot hydraulic conductance was positively correlated with leaf and
stem hydraulic conductance, indicating there was a coordination between leaf and stem hydraulic
conductance. The shoot hydraulic conductance was negatively correlated with bark density and wood density,
and leaf hydraulic conductance was significantly negatively correlated with the Huber value, indicating these
leaf and stem morphological properties may impact shoot and leaf hydraulic conductance. Overall, this study

suggest that there are similar hydraulic distribution patterns between leaves and the stem of L. coromandelica at



different growth stages, although some morphological traits differ significantly among different diameter grades.
These results improve our understanding for the intra-specific variation in leaf and stem hydraulic traits of
valley savanna plants.
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FEAEARAE 5N, SR AT R B R OR AR B R A AE KON %EE (Blackman et al.,
2009; Scharwies & Dinneny, 2019; McDowell et al., 2022). H A7, T 5 & 4= 0 50 & A1 50 A #B 1E FF 4L 18
B (Fonti et al., 2022), CERIRTEE N LI 772 MR LR M ARIET: (Anderegg et al., 2015;
McGregor et al., 2021), 33 fij /™ 5 521 fifi b A= 75 RS S5 M A S5 Dhfig (Choat et al., 2018; Marchin et al.,
2022). PR IIF BT CERY, TRFEE R A A Ko A Re, S50 EYK D Th &
Bl RFBRKEYFN . JETARMRZREZERF R (McDowell et al., 2022). Fitk, WFFEEDAN AR &S
B RV K A A Ty B R AR S5 A% o 4B 7~ R A3 1 57 () A B ) B S L

YR —BEE B S A KKE RS IER (WU, 250, ARSI Kid
REANF IR AR 73 56 . BEE AR, KEMRUBRER SR YR A K AR —Fd Nk, R
S KA IR IR (K565, BT CART LA AR BMEIR. RGBT 7K 03RRI 35 50 R F R 56
RTMA I A KR L (King et al., 2006). 141, FEAIE N IR T B AS [528GR RIK 43 18 56 5%
JEIR T R AR BRI A GE T 25 Tk 4 A R TR K B 0, XK I e R i T 2
HEREMEM, FEMRAY Y E AR 7 R 110 43 A AT A8 D5 T H AT B K9 77 (Hacke & Sperry,
2001). KA TEREAVR N 28 B AP EAT AR 4, B SR LA B o BhAh, IR R A AL TR R R
Ko AR Z& I3, 7K 535 SR A) S P AL /K A3 R, AL B 2 BRI A6 5 AR SE H,
AR SR o S AN B R K& RLRE J1, F HAE /K o3 AR Re o SR 16 A 1 P L SR B IEAH G
K F (Scharwies & Dinneny, 2019). T TE A RHIE A2 S A V038 . 5E ) 1A RS 8L, A 0T 90 R IS S
TR () A R AL SR I AP R R 5 AR I 25 (6], A B LA, (AT 54 AR B, B
FEDAERKW RIS, RoRt—E WA WEORAEETENUZ IAMIAL, HI)gE TR W)
PE SIS SR I B BT A R, SN AR ARG A AT S 25 B LIRS 43 0 25 1)
M. Bk, BRI R B B2 35 AR A% B RE 0 T A A 2 A K S AT T B
(Kiorapostolou et al., 2019).
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BELy &5zt /N T ik Py K G AR S BEL g, o TERE K o A b 2 B < 22421 /B (Sack, 2002; Pratt et al., 2009).
Bucci 45 NFERE EWNS 6 Firg 1 XM FhEAT 7K MR I &, 45 R R B ah 25 BB A B0 0 R A A
S, FLMFIXEE “BRMN T 25 B M A R T K IR R A, RS SR SR IX RN “ IR AR
K17k 7356 8 (Buceci et al., 2012) JARSE A S X o [8 ZR L 2R 350 L X 32 BERT PR AL 2K 3 PR R R 92 R B0
B BRI R KR BT 2B K, R K T BT R K IR 7T 60% A E, BRI IR 80% (G
R, 2021). WARFFER I, Fhla) M SKR 2 R B35, HEBoRME S B MEZ 810 72 505K 65 fif (Sack &
Frole, 2006; Sack & Holbrook, 2006). £ & kg N A= A5 ORGP Xt ifg AL 28 RGP AR AR 34T 17K )
T, AR E IR RN KK AR AR RE ) UM O HLSCRE <K J343#1” R (Pivovaroff et al., 2014).
TEBT B 3L b, X AN 5 A2 P A T ) BT S R AR L RIREAT T, 4 R R AR AE KB B
(R R AN [R] R 7K 23 Y15 SRl (E R AR K 3 e iy, B A i 3 B 1) K R BB AR AE AN R R FE 1 T B
HEBEHLH 3 B K 7 RICRIRR YLK (Scoffoni et al., 2017; FEEZNT, 2022). %¢ w51, YK S 0005
FE B P B VR L 22 A BRIZ R Z O RE BRI FAR % (Sanchez-Martinez et al., 2020). T AIHT
FRY, EFR—PFARRANMER, BEERSEDBEER, HoKERE . RS, AKlREE
A S AR AE Z 5 (Gora & Esquivel-Muelbert, 2021). #8117,  H AT T R4 7K IR LE [F FpANA 8] 148
SR SRR TOE AR D

e P e A T L X A0 AT O TR AN ARV A5 E B [ PRy, I H T PR A R SR A S 3
BERBNTTIE G T B IR AR ENER RS . b e A0 45 2 v [ S0 ) i 4 2F
BARG . TTILTRIEE “F# AURRF AR RN, TR T ARt R RIE R,
CREBE R 2R (Bk—F%, 2005 &R, 2000). %X ALHEYEEEE KW (Lannea
coromandelica) & NJi (Polyalthia suberosa) %5 L-# (Euphorbia royleana) % (Zhang et al., 2007; Chen
etal., 2016), JuH LAJE B A 7E A AR VE h S HR a0 e g R A IR T A RHE AR, IR Iy
A, WACHFFHCRIRE M, AR RARJE AR, IR SR BT S R R SRR . B R b
BIAEZ) 87 B, B KAEZ A MELRGR X (Gunjal et al,, 2021). R E H TG HAXE —F, 84S AT
HEFEH, AREZNRER . BT RMLIEIAR . TR T VA S R i B RSB A R, 2 7EM
RSy 2GR PE T T (Queiroz et al., 2003), HXF & AHRIF R UL, T HRAE 2 B 5 Wb EL SR o
SERA KA, TRESE RO R HAREOR, TEThRE BTN, U T AR RIS AR (Malhado et al.,
2010). H A0S T 5 W5 R AR TR 7K 7 PR AR S SRt TR e = o BRIk, ARHIF 9 DA v ) 7 e
DX BT IR RT3 9 T DX, DL A Al B AT 35 3 5 i AR o JE R R R ek 4, TE T AN TR B A



(Diameter at breast height, DBH) J& F¢ Akl 5 /KT (1K Jy RS VIR, 0 T PR B PR TE =AM
#7% (0<DBH<3.3<DBH<6 fl 6<<DBH<9) [H][#i# I 1% K/ NBLEK I LA D e 78 4 = o
A G LU R R (1D & B ESRART Fr (7K A S OIRAE = A J R A g (8] i 22 52

(2) 5 BB AN (KK I AN S TR BE B A /N g 28162 (3) JB RSB 2 ok R A Jr 3K 3
oA R T, B2 SRR A B KT §KkE?

1 MRS
1.1 B ST X MR B i P ik

ARSI FT XA T R 27 B 05 XU 4 #AT AEL ) el e VL BT 4 AR 3 l (23 °28 N, 102 °10 'E, K
553m) o ZXIEESIEN 274 °C, EREKEN 733 mm, MEEEERKLZENER 3. SWNHE
SrEAL OEAEHRFE, SR, DRESRYE, OKME. X E N R REARY, M
BB MG ARMBER, BEIEISUN R -HEAR-SA” IR GLEE%E, 2010). HRIEEF4h st 2 5 /eI A
AUk 1 ha YEREH AR A W) B B HEA GRIBRUK. 2021), R IERAOG ARG, HIRA HLFAT pH
&, MW NS =R, FRRZELEEMN (Lannea coromandelica) « # NJ¢ (Polyalthia cerasoides)
At A (Haldina cordifolia) ¥, BERMNUIFF1E (Woodfordia fruticosa) F1H % M (Tarenna
depauperate) HNY, HEAZVLE R (Heteropogon contortus) MMk TEE S (Paraboea rufescens) 7,
FERN 0.5~ 8 mo IEPRE IR (39.18) TEI T AW FhE S Ry e i bkl . 454 JCILAEAS S 1 ha
PR 22 R I [E 5 M DA S S0 AR R Y R 55 v B R AR 4% DBHL ¥ Bl 5 3 2 45 SR (4236 FEl 1 ~ 10
em, X REKIEEDY 3.14 ~ 31,4 cm) , SERCSRAEMA K VE R AT A8 78 5 A DBH Yu ] (lf2yafE 1~9
cm, W REKIERY 3.14 ~28.26 cm) o SRJERIE/N. L KBRKEUSSE S =R R T 2022 457
Ho AR RN JE B 56 R, 4 Mfe KN B W o = ANME R (FEWER 2) , XEAR
JE M BEATARC, 76 2022 FAEKTERI (7—8 A BHATEUREAR MR 2 .
1.2 FK M E

I 5 K A 5 S 33 A (High pressure flowmeter method, HPEM) Il %8 £ 26 A Fi S /K% (Sperry
etal., 1988; Yangetal., 2019). i 52, fEAEKZMIN, FR-ErZnlH A RE M A4 H B A4 KR
DL R IF IR S I SLZON K R, IF HAECRUER S AT Fr 5 BE IR 00 T 7 [l S48 = o 7 JE4e e Hs e A3
BAEAR SNSRI RTIE N, fEK N IR RE i 2. EMERREIE BN, (X8R /7% 0.4 MPa #E4T
SR E, FRREFEE (15~30 min) IAFPER, 1038 5 7K% (shoot hydraulic conductance, Kshoot)

. SR, R AN, 18R 2 /K%E (stem hydraulic conductance, Ksem) o A S KR Z ] A fE



BEEATIN, HSKEMGKE B R, TG SRR REH S oK 71 B8 77 5 B EAT I, %
LA A B § 7K (leaf hydraulic conductance, Kieat)  (Yang et al., 2023). #Ji, JH R ARAEIL 153
R EERL S K (Kaoo) ~ M FKE (Kieat) FIBZEFKE (Kaem) > R T RARA S BRI
SRR KEE, AR HEAL S ) K AT G100 (Yang etal., 2023).
1.3 AR &

W€ 58 K E G, I E H B RIR AN R MR € o A B 4% 4454 (CanoScan 9000F Mark 11,
CANON, Tokyo, Japan) 7t 300 dpi FH#FTA M et KR & LR Fr, SREUE A5 Image J
(National Institutes of Health, Bethesda, MD, USA, https://imagej.net/software/imagej/) & JEAb #5411 5
M AR (leaf area, LAY 3 FlifAR R UM SRR EE (petiole length, PL) , 5 #3373 il 4
(area petiole length, APL) ; #HX—/NBR S, Wbz~ RO A0 R L S22 1R A 2 R 25 i Y 2 [ K 5
I H R BREE, G RRMAOBEERTIAL, R PR FIRE R ARYE HE KL (Hacke et al., 2000) 5@ A A % 5
(wood density, WD) HIF iz % % (bark density, BD) o $4k% 56 FBabtt Bz FBE J5 N 464Kt 12 h JEHK
BUHMAE (WW) , SRR 205K RIRMIR R T 70 2 — RF b, fR-TF RS E el 8 Vi,
FE R SR HINAAERE AR NP 5, RPHE R S5 10 S Vo, SRR IR BRI B2 BN et
i, RFEIEFGE IR EHE Vo BIGHR BRI 73 3B T 80 CHUARMLT 2= IEE (48 ~ 72 /Nif) JEHK
HAH, 15200 T H (bark weight, BW) . AK# T H (wood weight, WW) | I J;FH (mass of leaf, ML)
A4 T 2 (Mass of petiole, MP) o 38 I (6 1y it 1y = AT 3 g et 1y AR AR T3 e e it 22 (leaf mass
per area, LMA)  FI 245 (ORI A5 1 R T RR (0 A S H A 4A R 18 Chuber value, Hy) I F TR
54K i 2 EE (the ratio of leaf area to petiole length, LA /PL) « i} [ A3 5 4% T 2 Eb (the ratio of leaf
area to petiole weight, LA/MP) J M 5T EH 5 MHAETHE 2t (the ratio of mass of leaf to mass of petiole, ML
/MP) ZERimHER . M E AR T: WD=WW/ (Vo-V) , BD=BW/ (Vi-V)) , LMA = LM/LA,
Hv=LA/SA. X Flllse M AT A R, SR — A EE . B, S FEAMNEEY%, M5 0 < DBH
<3cmH, BUFE 20 BEIE M (n =200 ; 42N 3<DBH<6cm 1, HUBE 24 #EE MW (n=24) ; iz
N 6<DBH<9cm ™, HUFE 12 HREEM (n=12) .
L4 BEEL T

XTI MR B HEAT WD BT, X (i 2 IR S 00 (M BUR #E1T Logl0 #3, MMEgAME (0>10)
(I MERAR B FH SR EAT B4 230, 15 S 2 R A SRR 3R 5 22 49 T A Pearson ARSCIE ST, HUOW 12 S Theg 1
WREAT T A 00T, SRIEX =AMERRI IR B R RIBEAT T SMA ARt LR34, BEA = Med



HIEE - F 7K & ELEAT T LLEL. Pearson AHICME 730 M I psych GBI corr.test BRER, K o fHA P 1E.
H R & 5 “FactoMineR™ G H [ “PCA” B HHAT £ 850 40 M. A 73 Hr 80 #E R v.4.3.0 AT (Wickham,
2016).
2 R 50
2.1 ENAEREHARKIAIRERK S AR B KRB R

BN R ZE g &M, APL. BD fl Hv E = MARH 2 MAREEER (P<0.05) , {HEHK
fisRE =M R BEAREZER (K1) « £ 0<DBH <3 I, Koo /NN 0.557x10
kg+s'eMPa'em?, HAN2.635x104kgs' * MPa! * m?; Kyem Ft/N N 1.712x10%kg + s « MPa™! » m2, Bk
N 20.518x10% kg *s! *MPa *m2; Kiear B¢/N N 0.602x104 kg »s™! *MPa! *m2, i KA 3.024x10% kg »s' *MPa~! m2,
HARRZB (CV) HKIKN 32.52%, 64.57%, 30.668%, KgemZ5FHA (£2) . fEMEN3<DBH<6
I, Kshoot /NN 0.682x104 kg +s! *MPa! *m?, fix KN 1.838x104kg *s' *MPa! *m2; Kyem F¢/N Y 2.251x10
kg+s! e MPa!+m?2, HAN10.119x10%kg+s' « MPa' » m?; Kieat F/N AN 0.917x104kg + s » MPa! » m2, #%
KN 2.398x104 kg s« MPa! e m2, HAFFRE (CV) KIUKCHN 23.78%, 47.41%, 20.08%, Kem 22575
TEN4%N 6 <DBH < 9 I, Koot H/NN 0.963x104 kg =5 «MPa' *m?2, B K 2.046x10*kg *s"' *MPa' m”
Ksem 57N A 2.877x10% kg * s« MPa™! » m?2, Ft KN 14.692x10% kg * s » MPa™! » m2, Kiear 5l /NN 1.235x10
kg*s!eMPalem?, AN 2.608x10%kg s« MPa! e m?, HABFRE (CV) KKK 24.86%, 52.33%,
23.21%, Ksem Bl K. HH, HFFKERLRRBOCT A FKEN R 7 REL

FERa M (PCA) SR BN, I8 = o R 7 R T 1 20.2%F0 16.1%, =R
G JE B B 23 (8] 3 A AE(E 46 KR E S, DBH £%5 WD, BD Ml Hv H% (B 1)

FHRMEII TR, Kohoot 5 Kstem M Kiear 23035 1IEAHC; DBH 5 BD 2 1E#H5K; Hv 5 APL. LA/PL #I
WD ¥ 2RI, 5 Ker 2IEHIE; LAMP 5 ML/MP 2 1EMFE; WD 5 LMA Ml Kgem 2 1EHISE; HA
PERZ RITE A (R 3)
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Table 1 Results of One-way ANOVA for 12 functional traits among three diameter classes

Ejﬁ 0<DBH<3 3<DBH<6 6<DBH<9 F P
ffi4% DBH (cm) 1.68+0.52¢ 3.91+0.82b 7.16£0.70a 229.85  0.000%*
SRR 16.68+5.02¢ 20.37+4.78a 20.31+4.96ab 3.593 0.034*
APL (cm)

R AR R 10.66+4.62a 10.77+2.85a 9.69+2.04a 0.416 0.661
fEZ Ltk LA/PL

(cm?* cm™)

M AR R 724.43+119.40a  767.55+138.30a  803.93+250.70a 0.942 0.396
22l LAMP

(cm? * g1)

AT ESTET 6.20+0.89a 6.19£0.70a 5.89+0.90a 0.678 0.512
#Ex2l ML/MP

W% BD 0.34+0.03¢ 0.36£0.02ab 0.36+0.03a 4.476 0.016*
(ge+cm?)

WM ERE WD 0.41£0.06a 0.43+0.06a 0.42+0.06a 0.603 0.551
(ge+cm?)

HAH/R{E Hy 2.97x1.40a 2.13+0.75b 2.43+1.05ab 3.285 0.045*
(cm? * m?)

EbrtE LMA 86.18+7.82a 82.41+7.82a 84.63+13.04a 0.941 0.397
(g *m?)

BRFKE Koot 1.441£0.457a 1.276+0.297a 1.46620.349a 1.450 0.244
(x10%kg *s~! *MPa"

Lem?)

B FKE Kiem 7.154+4.502a 5.755+2.671a 6.617+3.315a 0.817 0.447
(x10%kg *s~! *MPa"

Lem?)

A FKE Kiear 1.961+0.586a 1.721£0.338a 1.992+0.443a 1.932 0.155

(x10%kg *s~! *MPa"

Lem?)

T AF/NG P RERIRA RS PR 2 57 B2

* P<0.05; ** P<0.01. [,

Note: Different lowercase letters indicate significant differences in traits among different diameter classes. * P <0.05; ** P <0.01.

The same below.
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Table 2 Variation in hydraulic conductance among three diameter classes

122 YRR FEAR /ME KA A P e 5 AR H
Diameter groups Traits Sample size ~ Minimum value ~ Maximum value Median Mean =+ standard deviation Coefficient of variation
Kshoot (X1 0
0.557 2.635 1.441 1.441+0.468 32.52%
kg ¢ s * MPa! * m?)
0<DBH<3 20
Ksem (x10* kg 57! *MPa™! 'm2) 1.712 20.518 7.154 7.154+4.619 64.57%
Kicar (x10* kg *s! *MPa™! *m2) 0.602 3.024 1.961 1.961+0.601 30.67%
Kinoot (x10* kg *» s MPa™! m™) 0.682 1.838 1.208 1.276+0.303 23.78%
Kiem (x10* kg 7! MPa™! m2) 2.251 10.119 5.685 5.755+2.728 47.41%
3<DBH<6 24
Kicar (x10* kg *s! *MPa™! *m2) 0.917 2.398 1.677 1.721£0.346 20.08%
6<DBH<9 Khoot (X107
0.963 2.046 1.451 1.466+0.365 24.86%
kg +s!«MPa'*m?)
12
Kiem (x10* kg 7! MPa™! 'm2) 2.877 14.692 5.961 6.617+3.463 52.33%
Kieat (<10* kg *s! *MPa! *m2) 1.235 2.608 2.063 1.992+0.462 23.21%




Table 3 Coefficients of Pearson’s correlation between stem and leaf functional traits in three diameter classes

R 3 ZAMEBAIBEAH DI REVEAR 18] A < 2R 5L

DBH APL LA/PL LA/MP ML/MP BD WD Hv LMA Kishoot Ksiem
APL 0.193
LA/PL -0.120 -0.239
LA/MP 0.215 -0.003 0.092
ML/MP -0.135 -0.070 0.118 0.546**
BD 0.310* 0.118 -0.070 0.040 -0.066
WD 0.059 0.076 0.066 0.060 0.062 -0.236
Hv -0.098 -0.354%* -0.327% -0.105 -0.065 0.076 -0.372%*
LMA -0.127 -0.021 -0.111 -0.171 0.149 -0.034 0.306* -0.010
Kshoot 0.026 -0.138 0.010 0.062 -0.108 0.015 0.053 0.169 0.045
Kistem -0.049 -0.202 0.171 -0.035 -0.217 -0.302* 0.337* -0.014 0.034 0.674**
Kicaf 0.047 -0.147 -0.110 0.130 0.004 0.161 -0.210 0.313* -0.003 0.872%* 0.291*

He BEMOCIHE R RS WL 1. FRE.

Note: Significant correlations are shown in bold. See Tablel for trait abbreviations. The same below.



ZH1 Group 1 E 282 Group 2 II' #E3 Group 3

=#f Dim 2 (16.1%)

<t

&5 — % Dim 1 20.2%)

PRAES WAL 1. 41 1.0<DBH<3; #12.3<DBH<6; #3.6<DBH<9.
See Table 1 for trait abbreviations. Group 1. 0 <DBH < 3; Group 2. 3 <DBH < 6; Group 3. 6 <DBH <9.
B 1 =AU R 12 AN ThEEHER I 32 55 5 HT
Fig. 1 Principal component analysis of 12 functional traits of Lannea coromandelica for three
diameter classes

2.2 FK ARG HARBERT A2 K /DR R AR

FERRAE 5704 SMA A T IR IR 2 5B %5 DBH AR AZ AL, SE 0 i AN
K5 DBH Z Bl & AR FEIRIR, Wik P<0.05, #—Bdtir i &SI EEE &
4) o #iR&E7R, APL. LA/MP. BD. WD % —ZFI1EIREE DBH M2 HAT B &M ZE R, H

7\% j:7j(j7‘f$>|ji Kshoot\ Kshoot *H Kleaf ':F' *Eﬂﬂu EE EK%E o
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Table 4 Standardized major axis regression analyses for bivariate relationships among three

diameter classes

PEIR y~PEIR x 1% Slope P{A M Intercept K2
shifts
along

0< 3< 6< P 3< the
y~X DBH< DBH< DBH< \valu DBH < com
3 6 9 e 6 mon
slope
(P)
logAPL~logD 0.01
-0.9042 -1.1032 -2.927°
BH 4
logLA/PL~log 0.39 <
1.385 -1.370 -2.202 1.909
DBH 4 0.001
logLA/MP~lo 0.00
0.536° 0.9082 3.144°
¢DBH 1
LogML/MP~1 0.00
0.477° 0.5932 -1.639°
ogDBH 4
logBD~logDB 0.02
-0.2542 0.325° -0.739°
H 4
logWD~logD 0.01
0.4522 -0.688* -1.519°
BH 3
logHv~logDB 0.02
-1.385% 1.733% 3.841°
H 8
logLMA~log 0.00
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Fig. 2 Percentage of hydraulic conductance between stem and leaf for three diameter classes
3 WS
IRYEIARARLN 35 K JE B 73 AN R A LB B, AEHAE R RE W), Bk kR
A S 7K (R B KA AS R R BUAE KA, XU RAR O AR (8 0 AR B g (37K



IhAE) A PTIRES . X 5AETEXUREN T F AR 20 RIFR K 22 DhRE IR 5 AR K A K
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