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Summary

Leaf browning was induced at sites distant from the wounds in detached leaves in 6 species
of Acanthaceae and 13 species of Gesneriaceae plants. This injury was observed in
unwounded young leaves after their detachment from the mother plant, and sometimes in
unwounded leaves on the wounded plant, e.g., when stem cuttings were made. The injury is
restricted to one layer of palisade cells; the response is rapid. Chlorophyll fluorescence
intensity decreased irreversibly in an injured tissue within seconds at sites distant from the

wound.

Key Words: Acanthaceae, Gesneriaceae, systemic leaf injury, wounding.




Introduction

We found that several species in the Acanthaceae and Gesneriaceae respond to removal of
basal leaves or detaching shoots from the mother plant by obvious browning in the upper
unwounded leaves. It is a rapid response as green leaves become brownish within a few
seconds after the wounding. Finally, the color of the injured portion remains brownish-
yellow. In Ruellia macrantha, a wound-sensitive plant, young leaves as far away as 70 cm

from the cut end of the shoot showed signs of injury. To date, there have been no reports

TR R EEEETIIIIITTITTEEITIE—————

about this phenomenon.
Several species of Acanthaceae and Gesneriaceae are popular and valuable not only as

flowers but also as foliage plants. These plants are usually propagated by using leaf cuttings

e

or stem cuttings (Virginie and Elbert, 1976).  Although these procedures entail wéunding that
causes leaf injury, this phenomenon has been overlooked until now. In this study, we

examined the systemic response to wound in many species of Acanthaceae and Gesneriaceae.

Materials and Methods

Fifteen species of Acanthaceae and fourteen species of Gesneriaceae plants (Table 1) were
grown from cuttings for at least one year in a glasshouse with 90% shading under a natural
photoperiod at 18 to 35°C by day and 15 to 20C by night.

The plants were subjected to one or two of the following wounding treatments: a leaf or
shoot was detached from the mother plant by hand or crushed with a leaf punch (0.5 ¢cm in

diam) 1 or 2 minutes after detachment. Plants in which browning appeared on unwounded



leaves and those in which injuries appeared at sites distant from the wounds in the detached
leaves were classified as injured plants. Other organs were also examined for signs of injury.
Wound treatments were conducted in a glasshouse on sunny days from May to July, 2000 and
the injuries were detected by the naked eye and ascertained under a fluorescence microscope.
Chlorophyll fluorescence is the most sensitive and rapid indicator to determine whether leaf
injury occurred or not at that stage in Saintpaulia (Yun et al.,, 1998). Injury, induced at a site
distant from the wound, was detected by fluorescence microscope, using symptomless
detached leaves. The adaxial side of the leaf was viewed under a fluorescence microscope
(MZ FLII, Leica, Switzerland), equipped with an exciter (430 nm) and emitter filter (680 nm)
set for chlorophyll fluorescence. The wound was made by crushing a 1-cm length of the
midrib with a scalpel. Images of the injured portion of the leaf were baptured by the change

in the fluorescence intensity, using a cooled CCD (Photometrics, Germany), digitized, and

processed simultaneously using Meta view imaging series™ software (Nippon Roper,

Universal Imaging Co.).
To examine the injury anatomically, leaf segments (0.6 mm?), obtained from the injured
area 7 days after wounding, were dehydrated with an ethanol series, embedded in resin

(Technovit 7100, Kulzer, Germany), and sectioned at 8 /. m with a microtome.

Results and Discussion

In 6 species of the Acanthaceae and 13 species of the Gesneriaceae plants, leaf injuries were
observed in wounded detached leaves or in intact leaves on the cut stems a few seconds after

those stimuli (Table 1, Fig. 1A, B). These injuries, which were observed only in young
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leaves of vigorously growing plants, appeared only on sunny days. Ruellia macrantha in
Acanthaceae and Streptocarpus genus and Saintpaulia ionantha in Gesneriaceae were the
most sensitive plants with more than 50% of the leaf area injured after local wounding (Table
1). In these plants, the young leaves were often injured even by the removal of the basal
leaves (Fig. 2).

Under the fluorescence microscope, a rapid decline of fluorescence intensity was confirmed
in the injured area of the R. macrantha leaf.  When a part of a detached leaf was wounded by
crushing, fluorescence intensity declined rapidly across the leaf, starting from near the injured
site to an area distant from the wound within a few seconds. The irregular shape of the
injured area, which was confirmed by a decline of luminescence, coincided with that of the
brown area in the leaf which was taken 1 hr after wounding (Fig. 3). The injury did not
subsequently enlarged. The decrease of fluorescence intensity was observed in-dther injured
plants and other organs, such as bracts or calyxes, after detachment of the shoot or peduncle
from the mother plant (data not shown). Such a rapid decline of chlorophyll fluorescence
intensity has not been reported in other plants except in Saintpaulia, which was directly
induced by a rapid drop in leaf temperature with cold water (Yun et al., 1998). However, the
mechanism of this rapid response is still unknown.

Other kinds of stress besides wounding could also induce leaf injury in the wound-sensitive
plants described in Table 1; e.g., a sudden temperature drop in Gesneriaceae and Acanthaceae
plants (Yun et al., 2001). Those injured plants (Table 1) were frequently injured by overhead
irrigation even with water at room temperature during propagation by leaf or shoot cuttings or
transplanting in a glasshouse (unpublished). The anatomical features of the wound injury

(Fig. 1C) were identical with those of temperature drop shock (Elliot, 1946) in that the injured
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portion was restricted to the palisade cells. The responses were also rapid in both cases as
the injury appears within a few seconds, but in our observations, only wounding triggers leaf
injury at a site distant from the stimuli. Species that are vulnerable to wound or other
mechanical stimuli, such as temperature drop shock, rubbing and touch, are identical in the
Acanthaceae and Gesneriaceae plants.

Wounding is generally done under cultural and propagating conditions such as leaf- or
shoot-cutting, grafting or transplanting, and may trigger leaf injury. It is well known that
plants respond to mechanical stress by adjusting their growth and development, by shortening
and thickening the stem (Jaff, 1980). They also acquire toughness and hardiness as
‘mechanical defenses’ (Lucas et al., 2000), or show ‘chemical defenses’, such as a systemic
induction of defensive genes (Ryan and Pearce, 1998) in response to mechanical stress. We
conclude that Acanthaceae and Gesneriaceae acquired specific responses to wounding, which

leads to a systemic cell death but whose function and mechanism remain unclear.
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Table 1. Systemic injury induced at sites distant from the
wound in leaves of Acanthaceae and Gesneriaceae
plants.

Plant Injury”

- Acanthaccac
Barleria repens
Beloperone guttata
Crossandra infundibuliformis

Eranthemum pulchellum

Fittonia spp.
Hemigraphis ckamotoi
Hypoestes phylostachya
Ruellia barbielana
Ruellia humilis

Ruellia macrantha
Ruttya fruticosa
Schaueria calycotricha
Strobilanthes japonica
Strobilanthes cusia

X XOxXxOQOOXOXx x xx0O

Thunbergia vogeliana

Gesneriaccac
Achimenes spp. cv. Clouded yellow
Achimense X Smithiantha cv. Aquarias
Chirita sinensis cv. Dwarf
Columnea spp. cv. Aladdins Lamp
Columnea longiflora cv. Alba
Corytoplectus congestus
Gloxinia speciosa
Gloxinia silvatica
Nemathanthus fissus
Nemathanthus spp. cv. Rio
Saintpaulia ionantha
Streptocarpus saxorum
Streptocarpus spp. cv. Boisenberry delight

©0OBOOOOOOOOOXOO0

Streptocarpus holstii

Detached young leaves were locally wounded by crushing and

leaf browning was observed immediately.

* ©, injured severely (more than 50% of the leaf area was
injured) ; O, injured moderately (less than 50% of the leaf
area was injured) ; X , uninjured.
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Fig. 2. Injury of young leaves induced by excision (detach-

ment) of old leaves in Saintpaulia ionantha cv. Akira.
More than five basal leaves were detached at once on a
sunny day in a glasshouse. The photograph was taken
more than a week after the treatment. White arrows

indicate injured portion.




Fig. 3. The distribution of injury in a leaf after wounding at a

distant site in Ruellia macrantha. A, Chlorophyll fldores-

. cence image of leaf injury. The images were ‘captured

’ ; within 1 min after wounding. Black image shows the
. k decline of fluorescence intensity (injury); B, The same
-v | part of the leaf with A was photographed 1 hr after

wounding. The arrow indicates wounded site (1-cm
length). Bar=1 cm.
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Leaf temperature drop measured by thermography and occurrence of leaf browning injury in

e a1t oS et ot et e

Saintpaulia

Summary

The relationship between the rate of temperature drop, observed by infrared video
thermography, and leaf browning injury was investigated in Saintpaulia. The severity of leaf
injury increased largely during the immersion of leaf (20°C) in water (5°C) for 10 sec, whereas
no further increase in the severity of injury was observed thereafter. During 3 sec of leaf
immersion at various temperatures of water, leaf injury was induced only when the rate of g

’ ;
temperature drop was more than 3°C/s. In the case of decreasing leaf tem‘p’erature from various
initial temperatures (40°C, 35°C, 300C), leaf injury was observed at smaller temperature
difference between leaf and water when the initial leaf temperature was high. The rate of
temperature drop was high when the leaf temperature at 33°C as dropped to 20°C (3.5C/s)
rather than from 23°C to 10C (3.2°C/s), resulting in 53% and 32% injury on the leaf,
respectively. The temperature drop of coated leaves following immersion in 7°C water
showed a lower rate of temperature drop than uncoated leaves, resulting in 1/30 times of the
injury in uncoated leaves. In addition, the severity of the injury decreased as the size of a
water droplet decreased due to the slow drop in leaf temperature. The results suggest that a
gradual drop in leaf temperature inhibits leaf injury even though the temperature difference

between water and leaf is large.
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T2 bR=UY (Sainpaulia) TIEHEENAKIZE DEDBEBENREEH LA
BEE LIRS TNDS. BEEZEOREIIHE EMAKICE S TELU ZERE TITHA L
TRELRBEEDNTNS (Elliott, 1946 ; Okada et al., 1973 ; Maekawa et al., 1987).
COFMRIIEENEROBBZETICERT S5 EE2RBL TR, EERE S BN
EOLNDSHEEIT, DAKKEOKER, EiR, ERBIVEREHTOKOMNERLREICE
BIN5b0EEZ6NS. LML, EORERENEREDISICELL, BER
FEIZNWZ DD DWTEMZR Z &3> Tz,

Y—%7 771 ZHVWDEEBRMITICED, EERRNICETHEESLEZY TILY A
LTHETDHIENTED. BWFADIEAEL TIE, EEOMRBY L )L TOMIK
(Wisniewski et al., 1997 ; John et al., 2001 ; Wisniewski et al., 2002) <, HEMIERIZ B

HAEME, NEREEBIONEYEDOWIN/2E DT (Omasa et al., 1993) 72 2R,
%:&ﬁf%é.$ﬁﬁm,ﬁ~%ﬁ774%mmtﬁ%ﬁ%uﬁﬁm%%mf,m
EDEMIZEDENTHEY PR—U Y OERAEREOBILERND Z &T, ERE
THEEEERESOBRICOVWTHELRE

MEB L O %

HEfEY & U Tt > NR— 1) 7 (Saintpaulia) spp. cv. Ritali Z Wz, kL DEEH L
CE->THELEDDZET I AT v Ry b (HE 10 om) WWEMLZ. $kt&LT
N=3Fao1h, E—FEA N=F14 % 5:3:2 (Wv) QEIEGTREALZDHD
ZHW, A 1 BOHEETETS (N:P,0s: K,0=5:10:5, #74%, ¥ 1000 Sk
ZINAIKIZE > THEE U7z, #ERERIT, ZESBIICE D 80~90% et & L, 18 15

~35CELIEATABRENTERLE. A 15~30 M2 MIT-mMEEERICERL,
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EWZE2~3 cm T TY D ZEROR - 2 E%E (BHIES 10~20 &H) H5W0
YR ZEZTDEREERICH N, BEZERICHVWSEICIE, YWOR-oEESE 23T
DOEREFGETICBEL, YD OZKEL L/IZRETUHEET 1| FEREBWE. BERETL
I, PrEDIREICHEIL/ZKICESEEMESELDICLT 3 WERET S Z & TfF
o7z, MEITTNTER23CICRE LZERENTIT /2.

ERE, BEUHEREUREROEZESICY—ES T 7 ¢ (TH51-701, NEC,
Japan) IZX DR L7z, TH51 BAERUIE 7007 I AKX DERBEY -0 OFEEE
ZXROz. EROBE, QUEFTOEEER —UHEEZOFEER) &Lz, ”%E
E, (EEmREAUE L ZEREX 10000 53RD, MEmMETLE | DHOBEEZHEH
BB 5 EIZKDRDZ (Yunetal., 1996).

(R 1) UHGEDOBNVERBE N CEERECRITTE CIZRRE L 77Kz
BRENBHEDIT 1, 5, 10, 20, 30, 50 HEIEEL, %m%“mm%?éﬂ#ﬁaﬁc:isw‘é
ERECBIVEOEEREZRDEZ. £z, SCOKEERMS 5 cm DIEEET 2.4 ml/
E@A>FX7V~%mm1@%1@@%%Tlf&~éso@ﬁb,x7v~@ﬁt
LBEREBMEPIVEOHEREEZRDZ. EROE(IT, BEZKNSHLZER
DEDHDZNIATL—UBEROEEZY -/ I T4 ICXO|METHI LTI TR
Wiz,

(EBr2) ZBRETHRELEEEE OG22 5C, 7C, 10CELIT I5CITRE
U727KIZ 3 BHEEHE L, TN OUBICBITHEROELE S SITERBE FHE (C
W) EROE. E, EOEEREEZRN, ERETHE S OBRERDE.
(EB3) WHEATDOERDOENNERE THEESEERECKITESE  iEORE

DK (23T & 33C) 1T 3 HMHEEZRBEL, BRI2EROEEZHELE. BEHIZTART

DEENTIREREN 13CIT/ARD X DITHRE L7z 10C £ 20C DKIT 3 BiiZE L 7~.
BEAHICX2EROEB M EEEREZ RS, £z, BEAN (KR 20T, HHEE

45+5%) THEMEZEZANTIEDREDK (25C, 30°C, 35C, 40C) |2H FEi4ek




ZHKITEDED 3 HERETAHZETERNELRLHKZHAE L. BT B4
FEREBRZENENEN 10C, 15C & 20CIERE LK 5 REREL, BHICEE
FREZEOREZFELZ.

(EB4) EORBUHNERB THEEEBEREICLITEE  EoWBICLE
BERANDZD, BEOMEBMAOREE2EZT Y O THEHIHEBELEEEHBEL TR
WRUEIROEZHEL, 7CIZERELZKIC 3 PREBELE. BELEICLSERD
L EBEEREZRDZ.

(R8RS FEICANBETHKMOREINEERBRTERELHEREICKETEE . <1
ZoERy MZXOFEREDKE 10~100 1] ZEEEENSHE FLE 3 BEOKE
EHEEY 2D OERE(ERD . £, Kl 1~20u] 2 FLEZBROBEEEE (&
EHEFE/ KRR X 100) ZEEBOCHEME T TKEGE 1 2RO 7007 ¢ )L

JERREK T H 7 OERN 53RO /= (Yang etal., 2002).
HER

(B 1) UEHAEOENVERRE N EEEREICKITTEZE  ERV20CTDEE 5T
DKITERBEL 25 G, BERMD 5~10 BTERIZ 2~13CETL, KRITEWEE
THolz T~8CIZET Moz (Fig. 1A). BEREN10~50 HEE<IoTHER
BENLUEETEY, TOROEERER 35~L% TIEE-ETHo72. 1 HREDE
WIEERFRICB W TERIZN OCEKTL, TOROBEEREIT 5% Tholz. ZERINK
DREETEFLTNVS 1~10 BOMTIE, ERBENKENVWZIEEEEEIIREN

o7z, —%, 5COKE | B/BOMBTAT L —UEL Z#%, EEIT 15 BETY-

<& 10CHEK T LA (Fig 1B). AL —E %G T/~ 50 R TEICE<EEIIRA
Lighotz., EENICTETTIDIZ, 5CORANDEBEBUEN I BZELEOIZHL

AT L= 15 BZ2ELTH0, FERME KT UZRELE TOAIEICEENF
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L.
(EF2) EEETHREHEERE SOMFR  BRICENWZELZ R DLKEDK (5~
15C) 12 3 DEEELZHE, BARMU2Z0 0ERERE CGEEMTHRESFHET D)
B 3CIWZEBALLE ZATEERENR SN (Fig 2). ERETEEN 3C/HLL
TTohL, BEORENT SN/, BEERETEEN SC/HEBAHREZ,
HWENRKRENWZEEEERENRKEBS5EMZERLE.
(E53) UHATOEROEVWNERBETEE LEEEEICKTITEE . ZEiR 25T
5 A0CETOEGDORKZHNT, 5 i 10, 15 BIY 20COERKE TUEET>
TR R, WHEHATOZERIZE > THRENFEET DIREREICKERENR S5/ (Table 1).
DED, BREKENI0COHE, 40CT—30CDURTOREENFAEL, 35C—25C,
30C—20C, 25C—15CTIEEENR s Nano7z. BEREN 15SCOHE, 40C—
25C & 35C—-20C TREENRE 5NN, 30C—-15T & 25;’C—>10°CT015$%73§ﬁ63’L
o7z, REREMN 20005832 TOURKIZBWTEENESN. 5T,
TR 40C, 35CZ LT 25CORICBNTIE, ERNE bxtit/l\fi§>7%£$§%@7k?ﬁtz
Ko THEENFEELZ. FER 3BCREIN 23COEZAEL, BERENRU 13T
725K 2F8NTN 20CB XY 10COKITEEL /R, WHEAOERICK > TEA
HiREELZERLUZ. BE 3 BEIT 33COEE 23COEF, TNEN 105C (3.5C/
) & 97C B2C/#) DERBETZRLE (Table 2). TOROBEREIZFNE
1534% & 318% &RLUT-.
(R 4) EORBUHENERBR T EEEEEREICKITTEE Uk > TEDM
BEZHBLIEEEHEBL TWRNEZ 7COKRN 3 BHEE L 2R, TN 88T
Q9CH) & 13.1C (44C/H) DERBETZ/RLZ (Table 3). EOXRMAEHET S
ZETHEMRKMSEZDOREZ NN </ao/. HBLEELL THWIINEDEE
BEZTNTN14% & 41.9% ER LT

(KBS HEIMNBETHKMORESVERE FEEEEEREICKITEZE  KE
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TCOKEKE 1011, 50u] TLUT 100n] TE 23C) ORMEICESELIZEE, KiE
N SEREE S 72 0 ORERE NIKENME Lz 3 BRTEhTn 58C (1.9C/
#), 73C 2A4C/H) £L T 84C (28C/H) &L= (Fig 3A). 7=, /K 5CD
KZEKE 1~2001 TEOFRE (25C) IZEELREEA, KENED H2EREFE YLD
DEEREIIKEENS 7£ébi£k%<fio 7z, 200] OBEFAKEE Lul & 2501
DFEITHAL 5 FOREREZ/RLUZ (Fig 3B). 8-, KEE OREOMNEKH

) NEWFEERRE FNERENHES 720 -ORERENRKEL 2D LRI N/,

252

T PR CRET HEOBEBEDREIT, EEBEET S KOEERESS
BACBIAL T3 (Elliott et al,, 1946 ; Mackawa et al., 1987). S [EH—E5 57 4 %
W RIMREA B R MENTIC & 0 SO EFIRE 2T LR, E2EROKIE®RLT
75 S BUNTERASAEETLTHED, COMICHERENAS < EFT20 &
MRBENE (Fig 1A). T OREND, EEOREMBE TR < EROAMAET
WCERT S ZENKDTRENZ. ZOFERIT Maekawa et al. (1987) DOEERRRTIC &
BEEREOHEE ML TS, RATERDEBICIET L - B i i w2
BL, ZOMOIERN FRE - EERE - OBGE R LE.

BE 4 IR IREE D KANZE R —E MR L2 452, 1214 3 DREIOERE 3C/HER
AT BV TEENTEE L (Fig 2). ABRGERKETICL2EOBEIE R
MBEETH D, EROEL 3CHB—EREE (22T 3 ) #< ORBEERED
BIEEVWASD. BERKITBET HUEEAERTL—F HUETIE, EERAFRLEL 9°C
EFUABICRELEOSI BN THEESFELE (Fig 1). ZOHED, SR
DHTIOMBEERALEZDEZEZSNS. EORTMEREL 7 COKIZERE L6

R, BRVPBABRLEZDOo<DEETL, ERIICHEEL TR NWEICLREE
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AUEE f EFAE LI o 7 (Table 3). BT B 2 &10 & - THERE FAED > -0l
EEANIICL <, BEENDDRBDIEIRLEIBDEELBND BA, 1998).
Maekawa et al. (1987) 12&5 &, HHEBBOICETS G260, LEGERD
KICE O THEENRELREN 2T EL TS, HBILXS2EEREORBIT, RE
BENKEVBEOKTH > THERDLILEE THLETIIEEOREEMA S é
CEMTEBIEEREL TN,

Al UL B 25 AL 1 o T b 38 A D BRI 0D VM 1T & o T IR IR F RS 12 i R
51T (Table 2). FERAE VA IE &7 DI EHE 101 U CIRRM FREAES, 2
DiEREERELREA -, CORRIE, 3 DEOERE FEENBED 3C/BE
WA E, TORENENEEEOBERENKE AL EERLTRS. L
U, SEOREN S XERAAE N T & EQRER Tk 5 RS % mw 5 i ik
COWTIERATH 5. BEOEYIEE R W TEELE LS, RN 30C, 35C
2 AWCLEESRDITONTAEWIREREICK > THEENKELE (Table 1). &

DIER SR OB LSRR THEEDENCERT 5 bDEEZ 5N5. LML,

v

BEGOEN)EICHNEEDRET HRERENREN S EHBIZDWTIIARHTH
5. BRBHHEETIIH HD, Mackawa et al. (1987) Ik & I2ZER O YIEEDMIUT BN
TH 5~10COREREICI > THEENKET DL L THBD, Okada et al. (1973) |3
R EKIBICENTRNWRFICODBEDOEENEELZELTWVS., ZOXIBREZHEDE
WIZEZ UM T 2 BEOFE (Yang et al., 2003) &2 WISHRBIREDE L (Yun et al,
1997) ICEHET2HDE EHA TS, Okada et al. (1973) 1, £ hR—Y 7D
BNERICE o TRARD, EiR 20COHKE TIIEENERE 3~4CERESD ML T
W%, ZOERELT, BHOGBRICEDKADOHED 2 WITEOBEN g L
MEZOLND. BAOBRIZEDE, BREMNSVWHOERMICBY2HEEMAKIZES
TEICBENEELLTWY. ZOXIRBRFEENSD, BREKBOAZHLELEN

KIZEBRTH 5. SHROERIT, EENEWVWEICITHBN S WEEDOKIZE-S>TD
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EENEELDDHIEERLTNSD.
RABEDOKEZANWTERBET 270 ERIE, KEE OKFENED 2 EHE)
MREVWIERERENRKE o7 (Fig. 3B). 77, KEENKEVWIFEFDAE
HHzDDERBETNELS 2o/ (Fig. 3A). FUKIEDKTH > THKBEHLHMNNIF
EENS OEFELN DIz (Fig. 1B, Fig. 3A), 7m&EZKENMEVEETHI A B
HENWIEFIZLLMAKITEBEEEDFREZNHTEDITHRIIDEEZ NS,
UEDFERNS, BEENAKICEDEOBAEREL, HRNABMIETTS &0
FERTHD, TOROEEREL, HLMELEAZERBETNEEIGERT S 2 &M
REEN/Z. BEDOEY PRV 7 REERCIIEOBLEEEZZ /-0 1 £2EL
TERIZEANMAKETO> TS, LML, T2 MR- ZIZERNENS Z & T
ZHELEFNMEEESNS ZEEEET SHE (Hayashi et al., 1999), FE_EMAKZENGITY
BT ENEELVEEDNS. RN 25CTUTFOBIIIE 10COKIZE > T bE TR
ELRWE® (Table 1), ZFERMENEZHTDONT ARFEIFITB W TIZEEOHE LAk
%ﬁW,E%K%MTM%#MEXFK&%#&*Eﬁ5Z&KiDF%%Eﬁ%ﬁ

SNHHDEEZALNS.
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Fig. 1. Time course of leaf temperature and leaf injury at low water temperature.
A. Immersion treatment or B. Spray treatment was conducted using detached
individual leaves for different time lags (from [ sec to 50 sec). * (Leaf
temperature before the treatment — leal temperature immediately after the
treatment). In the case of immersion treatment, leaf temperature was detected
immediately after removing the leaf from water. Leaf temperature was monitored
by thermography as an average temperature of leaf surface. Y (Browned area/leaf

area) X100. Vertical bars indicate SE.
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Fig. 2. Relationship between leaf temperature drop rate according to water
temperature and severity of leaf injury. * The same as in Fig. 1. Y Change

in leaf temperature per second calculated from the temperathre difference

4
-

during 3 sec of immersion.
Table 1. Effect of initial leal temperature on the incidence of leaf injury during
temperature drop. *The same as inFig. 1. ¥ The upper part of the plantlet was immersed
in water with the previous higher temperature of water for 3 min to make the leaf
temperature uniform and then immersed for consistency in the next lower temperature

of water for 5 sec. The shaded parts indicate where the leaf browning occurred.

Temperature difference (°C)*  Higher temperature — Lower temperature (°C)”

10 35—25 30—20 25—15
15 0—15 25—10
20
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Table 2. Effect of initial leaf temperature on the leaf temperature drop rate
and the severity of leaf injury during the temperature drop at the same interval.

% X The same as in Fig. 1. Y The same as in Fig. 2. Y The average of 10 individual

leaves £ SE.
Leaf temperature (°C)
33 23
Temperature difference (°C/3 s)* 10.50+0.3" 9.70%0.5
Temperature drop rate (°C/s)" 3.50+0.1 3.22+0.2
Extent of injury (%) 53.40%13 31.80%15

Table 3. Effect of leaf coating on the temperature drop rate and thé severity of injury.

<

Detached leaves (23°C) coated with vaseline or not were immersed in water (7°C) for 3

sec. %Y *The same as in table 2. ¥ The average of 10 individual leaves=SE.

Uncoated leaf Coated leaf

Temperature difference (°C/3 s)* 13.1%+3.6" 88+1.8
Temperature drop rate (°C/s)” 4.4+0.1 2.9+0.1
Extent of injury (%6)* 41.9+47 1.4+05
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Fig. 3. Effect of quantity of water droplets on temperature drop rate and severity
of leaf injury. A. Effect of quantity of water droplets on the temperature drop
rate, which was monitored on the leafl surface for each water droplet 3 sec after
dropping. * The same as in Fig. 2. B. Effect of quantity of water droplets on

the severity of leaf injury, which was detected on the leaf surface for each water

droplet.
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F£4E PENHBICEI > THEEINIBEYOBREREBEORE

B R DAL T X 5 NTHD . 25 ERHT B ERD T 2T
BYORE~LE, BESE BT ENTESD, MY ETCIEY RS
HLUTHRAICHETES T &, EROMBICHL THERISE LT 2 &, W
Boio kLT RS SRE A AR R A R T A SN R L 7 S 2 B
DU, AT EA DR AR > TN AR TH S, TOkD, BT —E/2kE
T <. BB LT LS TR b D EE X 5N 5, |

4 ENTRREY R TRTI, O HBEEOT BT LT, EUEEIH
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Fig. 4. Leaf browning in wounded and unwounded plants after a brief immersion (3 sec) in water

at 25, 22, 19 or 16C. The leaf temperature before immersion was 24-25C. A, 4 leaves were cut
off (wounded plants); B,D, Cut shoots length in 6-7 cm; C, 7-8 old leaves were Acut off. Two
minutes after wounding, wounded plants and cut shoots were immersed in water for 3 sec.
Injury in the opposite leaves of the first and second nodes (A,B,D) ar'ui remained young leaves
(C) was evaluated. Each symbols represent the mean injury indexes (See in Fig. 2) of 5-10

plants. Error bars represent SE.
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Fig. 6. Time course on the effect of cut shoot length on the incidence of leaf browning.
Shoots that were 3 to 40 cm long were briefly immersed in water (4°C lower than ambient
temperature) at various intervals (0-5 min) after cutting. Browning index was determined in

Fig.2. Each point represents the mean of five shoots. ~Bars represent SE.
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Fig. 3. Leaf injury induced by a local wound.
A, Leaf browning induced at sites distant from the wound by crushing with a leaf

puncher (black arrow) in detached leaf in Ruellia macramtha

B, Leaf transverse section 7 days after wounding, indicates injury of palisade
layer (wi). Bar = 200 um.

C, Injury of young leaves induced by excision (detachment) of old leaves in
Saintpauliaionantha cv. Akira. More than five basal leaves were detached at

once on a sunny day in a glasshouse. The photograph was taken more than a week

after the treatment.
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Fig.1. The distribution of injury in a leaf after wounding at a distant site
in Ruellia macrantha. A, Chlorophyll fluorescence image of leaf injury. The
images were captured within 1 min after wounding. Black image shows the decline
of fluorescence intensity (injury); B, The same part of the leaf with A was
photographed 1 hr after wounding. The arrow indicates wounded site (1-cm
length). Bar =1 cm.
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