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Interspecific comparison of leaf physiology, morphology and physical characteristics related to foliar
water uptake
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1 Forestry and Forest Products Research Institute

Abstract: Trees absorb water not only from soils but also from leaf surface, and recent studies have shown that this foliar water
uptake (FWU) affects growth and survival of trees. However, there is still no unified view on the relationship between FWU and
plant morphological and physiological characteristics. In this study, we measured leaf and stem morphological traits (such as leaf
thickness and wood density), leaf chemical concentrations, physical traits (leaf water repellency) and physiological traits (cuticular
transpiration) related to FWU. Although there were no statistically significant correlations between leaf morphological traits and

physiological traits, water repellency and cuticular transpiration differed among tree species.

Key-word: Foliar water uptake, Repellency, Cuticular transpiration, Deciduous tree, Ogawa Forest Reserve

I 3o = A LITONWTHE B BARIIRTE 20,
R DOARBIT KT 22DTE5 5 70> 2 FEAITAR D TEDKGY AP L IEDTERE, LRI R

SR LEEZE U TRER~KEHET 5 Z L 03 —fRiic YR D D, FIZIT, FEEREEY OfRERE (LMA)
HONTRY, ZoKOFENEZRHEE L CKERIZRT DEWWEITZENIISN I LR (2), EOEREAENE
DR BEOFENM TN TE T2, Lo LITEDOHFEC W ERKEAREERENZ ERMBN TS, Ll
X oT, TN DERNICE L OKERIL (FWU) NG DOIEOIHE L ALERST DY FWU 1052 5 82D
LTEY (9), ZHUZE->T, HERLHEOE/LE —ARME WCHHREIFZEIT D 72\, F72, FWU IZZEDOREIZK A
HIDHZ e (4) IR ML AREmMER, Z L MELTHLRIZBSRTH D20, EORBMOKONS
NoyvoTEE (1), ZDX 1T, FWU IIBARDOE EMEOFTUMNBETH D, ZDOKONNEMZ TS 58
REFE~EELTRBY, FoKkYy—REEBIBND BV & U CHOKEN N ST D03, FWU Bk &

(5), 7=, ROEL OHIRT, HEDIBIUIER 100 DEURMEZ DWW TIIRTZEMEN R+ Th D, £ TH
ALLEHEZ-TEY (3), BEERNOWEERRE TO WFFETIE, FWU IZBURT D EEOTEHE & AP, (b5PRR
MEJAVNSA A — DMZAET HH)C FWU PR ST 57, BOKMERED LS RBURICH 20 & LT 2 2
W5 (5), 20X, FWUITBIKRORESSEFIZE EEAME Lz,

JHEERBEREEZONDD, TOAKRRAERA D

- 73 — (ZFRH 202243 A 8 H)



I Ak s

1. FaEsHh &Rk

FRUBHREU T N 7 R R Rk (RIS LR
BAAKET/ NI, N 36° 56° , E 140° 35 , & 610~660
m, [HFEK 100ha) NIZdH B/ 1ERERHL (6ha) % 00T
1Todz, INIFRBRI & T ORI AEFT 2 17 Bl (74
NG TR, TAYT, THE, A XTF, U
BHTT, FFEID, F=A BYHTT, WP HTT,
70, r¥x, atr7, A¥, e hYARAITT, vSv
FUBTT, TF, IAXFT) EXIGHERRIC Lz, 2021
8 A2 FI/NIFEBHICREIED DV TV Dk % 1 Fll
DX 1ARNG AR LTz, B L7AITT <ITKFT
A ZREEEID L, 30D ORI L D ROEELIZ
Bl E=—/VIETE, FEBRE AL LT, FERREIC
DWW, HEKDTHEEZ TEDY Lz, 2EL, TF
NG TR, AVATT, Y, AXOEOEIK
PEDORNEIIIZRMFRABITETN O 1 BIARRE GRIIED
IEFHROE 1, N36° 000 , E140° 08" , 1 20~25
m, A 3.28 ha) IZEFTHREEOKEH W, Fiz,
7 F OFEAMEORIE 3N B & 55 1 RE O 5
DAEROE % AV z,

2. MEHEA
EOIRERFEE L CEDE S (LT;mm) CHEfEY 72 v
OHRERE (LMA;gm?) %, {bFn e L THEOLE
ZefAm (LeafN; %) L&RFBEEA@ (LeafC; %) FE
OFCRERFEE L THEE (WD gem?) ZHWz, Zh
HOEDOT — 2 I MIFBRHMNICAET 5 2o
BIREICKIL, 12206 3{EEOIEL M AL, FEE
i LAY N

EPRRRE L LC, EORmEEEmD Y F 7 T (T,
mmolm?s!) ZHIEL, FEOHERLTIITOVTHHME L
7o ¥ED I F U TEMOWEDRNS, Fiblfo71v kL
X, KA IS A7 B = — VA CE T C— -
TR ST, PIDIZEEREZRITITHVERY, g1 R
MODOKOPBIEZFS ST DRT T 4 VA THEST=, D
%, EORHD I T 7 7 EREWHEEITE, HEORHE
MOEAKBEREMZ DT-OEmMITE ) V287, FED
HED 7 F7 ZEMOMESLFRETH D, LT, ED
EHREOMFZELEZRIE L, =|iE25°C, Ig#sz v
TR AT UCHRE L=, 1B, I L=
DT UH NIHEE 6KV EY, Rl s ERENEN 3
Mo SRIE Lz, 72720, 8B LIEOREN D 7eh -
7o, 7Y HIEEE EEBRGENEN LSO, vIANES
TFRRE I MOBRRE Lz, £z, THANL, HPH
T, rYE, AFX, B hYARAIITIIRERENDHY

74

BRI D DOKOEROFREEN S 5 1= DRIE Lig > 72,

EOYERHE L LC, EDORE & HDOZIENDK
WOl f (2 Adaxial CA, Abaxial CA, H{L
X ° )% 2016 L 2021 O RN TRk A
(2016 FiEB R mE A ARt DM-701, 2021 4Fi%
RSt H T, HehlmFl/RERFH, B10OW %
W) ZHWTHE L, BOKMEZFHG L7z, 2016 4EIC
WX, TANZ, Th=<Y, hPhxT, 7r¥x, AFX
TFE, 2RI T AT, THHE, AXTF, 7Y
NEHTT, FAEIY, =AY, 7V, atF,
v hYAhT, v UFUATT, T, IXFTO
BOKMEZ R U7z, BOKMEAMEN O & FEEDNBENRSST W
CEEBEWT D, SBFEEND SKOEARRL, FKme
Wiz et 2 E Lz, 72720, 7 HE4 %o
BECHEE LTz, £z, BEEIT-72 2021 48 A TIL, /b
JIFRBHICAB T 52 < OB CENREIN TV
O, TANL, Th~<Y, hohxs, AXIZEL UL
%1 BPKRER O HEE L= E AV -,

TEHEIRE & AR E OF N ENOE OMBEREGROA
BMICOWTL, ©7 Y oMBfR e PlEEGEY 7
k7 =7 R(ver.3.6.1)% HWTHH L7z, #EEHLE i -
e =21, DI F 7 FHEMONEELTT, THY
T, AXTF, DINTHTT, THAEIV, F=A%
Yhxr, 7V, 257, eFUFUI=T, 7T, 2
RFTOF =5 EHW -, THEEFED T F 7 TR E
HE LT ERREZNEI 1 BORIE ThH > Tl it
FHLERIZ WD T — 2 B H) BRuTz,

I fERLEL

TEDTHERE & A B & OFEBIBIERIL, LT & LMA
DHFFHHNA B R EOMHBERRICH Y, FEORLED
BEKMER Y F 7 2B & AR B e AHBERAMRIC B 5
FEIIR OGN T2 (F%-1), ARIOAIE CIEFABIR
RO NIRDS TN, HED T F 7 FHEBEOT — 2 EH
10fELRONTWD T8, SBBFELIEOL TN 2L
TEY —BREOBEVERN T DS LRV, £,
7T TER° Wax OiiE, b 74 a—LhOFEREDIE
ORMEEICERT 2WE LMD Z LT, ALY
F U FEBUCBRT DIEER RO 55 b LIV,

— 5T, HEORLEOFKMEIIMEIC L > TRE R
BRoTWE (K-1), TATT, TANE, hPhTF,
F=A BT DL DIZHEDFR & FLTHIKIEIC R
ENRALNRVETRE, THE, A XT), atT, s
U, IXF IO LD I ZEEOFARMEDIRRIZ S RN
WD Z EBynotz, B, A XT7F, arZ, IXF
TDEHICEDEIZ F T A a— L0 H LR TIIEDE



H OBEKIETE < KEIFZ T ERLTWEEEZ LT, %
LT, %< OBFETITREORAKNEL » b EROBKME
DEVMEBNCH D Z 2N 0hotz (K-2), —fIICE
HUTFEND EFAL A Z R0 >TWBH T, KILIE
P UTHAMT DEOEROBAMNRmE Y bEWZ &
I, AR TIIARZRFELE B X H5H03, FWUIZ
Lo TED LI BRBENRH D ONEH%DOHFEIC L > TH
ML TNETW,

DU F 7 FHEBOLBEIC Lo TREL B> TV
(®-3), 7HH, A XT7F, 7FTDLHICHEDEKmD
I F 0 TAEBNEmICHARTHEFICEL R /L, £
& HAETY F7 T RBNRRRE OB D Z & 23y
Mol EOEED T A a—AIRREa X7 4
AEIEL L, 7F 7 THEMEMA D ENTED L)
TR (6, 8) ZOWNREMET LN TED
EWVWSEELHD (10), AFIETIL, 7V, 4 X7
TFOEED Y F 7 T EEBRE LR TENZ LT b
TA4a—LOEHEZLNED, 7V, IXTFT, a2
FTIDEIZITAa—2BHHICHEDLT I F T
KENER LB TENBEEL VD720, 202507
N—T"T T4 23— ADIEREEITONT LY /a8
EHWIE)E LIV, Ohrui B (2007) (9) DOHFZET
1%, F A= EOWKPHERIN TS, 514,
HORLEED I F U THEBOERDE NS N T A 2— 4
OFMRFEFHEN ED L HIZ FWU LG 500
FRMETH D,

INDDOFRERMND, AEOMNBFROM TIE, HEOWRE
NROT SO L R DB KEPEOT X 0T SO L
2% 0 F U T HEBITBEDAL RGO E & ORICHE
A EZMBERIENZ R LSR5, —F T,
KPR F o T ABUIBIEIC X 0 K& S Br- Tz,
BRI 7 F 27 SHRBIIEORA TR ZAHLTH S -
B, EOREMIEC, T2 7, oA a—bbnol-tE
OREWEEHERTILERD DL L, 5%,
HEDOREREDTHE L FWU OFERIZ4TV, FWU & BIf%R
T HIEDRHEZH SN LT MR H D,

BiEE - AHTZEIL ISPS BHFEE TP 21H02243, 15H05626 D
B &S 7o b DT,

3R

(1) Benz BW, Martin CE (2006) Foliar trichomes, boundary
layers, and gas exchange in 12 species of epiphytic Tillandsia
(Bromeliaceae). J Plant Physiol 163: 648—656

(2) Berry ZC et al.(2019) Foliar water uptake: Processes,
pathways, and integration into plant water budgets. Plant Cell

75

BASRRARBFZE 73 (2022)

and Environ 42: 410-423

(3) Cleiton BE et al. (2013) Foliar uptake of fog water and
transport belowground alleviates drought effects in the cloud
forest tree species, Drimys brasiliensis (Winteraceae). New
Phytol 199: 151-162

(4)Dawson TE, Goldsmith GR (2018) The value of wet leaves.
New Phytol 219: 1156-1169

( 5) Goldsmith GR, Matzke NJ, Dawson TE (2013) The
incidence and implications of clouds for cloud forest plant water
relations. Ecology Letters 16: 307-314

(6) Kagawa A (2020) Foliar water uptake as a source of
hydrogen and biomass. bioRxiv,
https://doi.org/10.1101/2020.08.20.260372

(7) Kenzo T et al. (2008) Changes in leaf water use after

oxygen in plant

removal of leaf lower surface hairs on Mallotus macrostachyus
(Euphorbiaceae) in a tropical secondary forest in Malaysia. J
Forest Res 13: 137-142

(8) Nardini A, Peda G, Rocca N (2012) Trade-offs between
leaf hydraulic capacity and drought vulnerability: morph-
anatomical bases, carbon costs and ecological consequences.
New Phytol 196: 788-798

(9) Ohrui T et al. (2007) Foliar trichome and aquaporin-aided
water uptake in a drought-resistant epiphyte Zillandsia ionantha
Planchon. Planta 227: 47-56

(10) Schreuder MD, Brewer CA, Heine C (2001) Modelled
influences of non-exchanging trichomes on leaf boundary

layers and gas exchange. J Theor Biol 210: 23-32



F- 1. 11 BREOEDRERE L BT L O YT Y OFBIRE

Table 1 Pearson’s correlation coefficient between morphological and physiological traits among 11 tree species.

Leaf N Leaf C LMA LT WD Adaxial CA  Abaxial CA  Adaxial T = Abaxial T
Leaf N
e o ET VL OB T, AR
LMA .05 .5
LT 010 039 045 KFTad (P<0.05) , Pearson correlation
WD 0.13 0.31 0.21 0.16
Adaxial CA 007 033 -0.16 -0.04 -024 coefficients are shown. Significant correlations
Abaxial CA 0.01 0.13 0.47 037 0.52 0.36 . .
Adaxial T -0.15 026 022 0.55 0.57 0.05 029 are indicated by bold (P < 0.05).
Abaxial T -0.22 0.55 0.52 0.68 0.14 0.22 033 0.62
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