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Study on the Development of Secondary Phloem
in Harigiri (Kalopanax pictus)

By

Hitoshi IMAGaAwA and Shigeo IsHIDA
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AELTELTR ORMALETHB LEELLRD, —7, Bk (1964) BiER/L T35 &
S, “BAREFOEBEPBHD RATHEE BCHBE) QRULAML D LRLINCEET
HBHEIZEICTLDTELMITH- T, MEOBBEIBCHBENRARDONREIRD X
)Tl BAROAR, HBERNOYEBE OB SCBEL T ORIV RIETR
Bt B2 Lo, ¥, BEOFALEL23BEACL, BEOER - BER IO LheH
BRI RSO D T b2 - BB R AR MBRO RS LNETH B,

Zoki, BECHK BECEMENEETHITIHLLTLEDOLDDOPE,L DI
DTS OBEBNE L NS, F 1 HCHE~FIE Lo NEE I FRERECEENCRHER
DOhleirote S &, B2 X OMM - BEOB MR T LY, B3I L OEBE T HRT B Bif
FIRIES I ERBITFSR X 5,

COXIEIBEENAENEIRT S D00, SETILLENS L OMRBED R TV 5,
Fi%2iE, Cuanc (1954) 2 X Atk 7H B EOB K OB LBEX TR L BRI,
Esau (1969) OEEiC D\ T O - BIfEE O, EveErT (1964, 1967, 1970) itk 5
2 WA D R ERB O TO—BEDORF PG, * 750 Tk MArTIN: CrisT (1971) DRF%E
ENH5,

LaL, RETIXE®R (19584a, b, 1959, 1960) 1< X % A& 16 f & EH T DJLERIC D\ T
DOBHIHEEDITE, B3 (1964 12X B P F~YABEORZECODLTORE LWL 2w,
0Lk, BATIRIZEALEHREZI AT, EHEOBAROMBICIIRBEHCERA SIS
NEERSEBES TWAHEE2LRB,

DEDX S IeBArOEAHRCEFLIERTH S, —7F, EEOLRKIDZhETO—HE
DHEE ELI—HED BRI F TR T D, EELIIBROKRBHEIC >\ Tz %
DEEFHFEBCESLYECTHELED TRLMY, 2o, TOEBCEVTRIEERD
DO—DCHRBEGHOERHOLARH D, ZCHBHDTE S ETLRL, BRBIELZONS
CARE A, HHEIBEEEL TT L. #-T, BRBES M5 CEIARBHBC2HERL
TWDTERARTSTH D, MHBBRC O T BRILEL L5,

Tihbb, CITRETHEBEOHWBFWILECE S LL T, I LUWRBEE XL
WHROELSIEBL LIS ELTHRRE YD KRTH Y, ~VFY (Kalopanax pictus)
D 2 KREHR DR ZEDOEMAEA OV TELRICHERELHRE TS, ks, ~ V¥V OKBBK
BRI DN TIRBECREL THHDOTEORE, HICEHEE O RBEBBITRIELNLL
Ko Th, Thif, KEPEREBE b TEBRTEESTH N 2 RSO REERR LB X
BZEeT B, ¥io, BNAE»LOWRLO CTHELMTOBMEEC L T7 L EBNES
nN53DLEZLRS,

AR EED DD, dLEBERFES MO EER KR -RREZDEE) OF 2
AR ORI DL TABCEE R I TH e, 2 IRBELRBHOBELEL 12V,
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II. &% R % %

~ Y ¥ Y (Kalopanazx pictus) O 2 KEFHORET HEHWEAY +HCTIBETEZH X 5
R ORI I EE BRI e Shic, Tiobs, EREMEHEEKRNTRIFICAE
BL, TR IEFS RBARY 1969 ik 34K, LI 1971 Fioid 2 2EEL, 2 2B
BIL5EADERKRIZOWTENR LT HORERBE TR, 2OL 5L TR EBL-OT,
RERBYRTHIBECRIMB L L 2 ESES IOERMOB G ALETHERBDERL R
RBb» 5 ERTRELRY, SCTHBLRALEREIAN YV F ) BRI TSCHET DL
Eibh3,

FHEAR D B 82 & B PICAR 2 T b\ 7 (Table 1), RBHIBIED - HRE -
HBEELH 1Icm HOAE X T, EbIC FAARCEEL LYY, HE#BD e v OM
ZTie\, BEMTHE - BEEA 10~20p) 2EHELC, 7y X MREY 7 T = vOTERE
FERITR, Hr—RAORGBIZILS 724 FRED FEG,

IIIl. ERHEIUER

~YF Y RBEROBEORMEERYABRTRS L, BVWRIHOD ZBREOI/H K &
TORMCH 5 REEONBE C KERHDHRD) EXRDLRDL, = OB OIS
HY, BOOEHEENERLEIIL TW5023R 503 (Photo 1),

2 RERFBITILETE (sieve tube), EENZFMMAS (phloem parenchyma cell), ffiif#i#e (phloem
fiber), H#fifig (companion cell) ¥ X N EiEF A EL 8% (phloem ray) 2% %, 7rds, [HEHTHM
R 2EBED Y, TOoPRTCKELMAREBRLYHELERTACHRCESL TLW 5RO
bD&, MEBELBEL THFEL T B FhUAOFME & 25 5 (Photo 2), 7, gD ih
CREREFACHL2EIhTLE, ThEAROBREL AR TLESLLDLB 3,

ChHOBRERMAD 5 b CHMMEHE & HRO 5 5 ML h £ hEi o mo R
BEIRERMES TWDD0RLN S, #- T, MELBMERN-ZMARM LTI TR
CR2%, £OR, ~VF) D2RIMMERBMICRTIT  ENTEET, BRENSHH
“ﬁof,#ﬂ@tiﬂ@é%@ﬁﬁZD%ﬁﬁ(&m,%%%ﬂ@ﬁﬂm,ﬁm@&?ﬂ@&
ERUHE L OMERH (S-1), MEBHER F) OIRCEFIL T»5 D252 % (Photo 3),

COXSCHBMICRTT L, BER (S-2) 2 DHIFMMER F) s TH1y1 7%k
L, BRIICIIZDOY A 7 LOEBEL T2RABATE LS TWBILNBBINL, L
L, WEE»L2OHDY A 7 417 % LEER (S-2) RERFACHLDEIRTL 24,
THUBED A 7 VITZAKROIR 2 MR L 7o ME B (S-2) R 5 hic {7t 5 (Photo 3 &£H)),

Table 1 12i2 & h b O MO HE L TREFEHUEBAIRIRTW B, ZHOHT, BR
& (Cam) i2fi\ TR—DE BRI N T ML DR EORL TN FIEETH B,
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Table 1. The Seasonal Development of the Secondary Phloem in Harigiri,
Kalopanax pictus in 1969 and 1971
1969 1971
DATE Tree-1 Tree-2 Tree-3 DATE Tree-4 Tree-5
4-25 Cam-S or C Cam-S or C Cam-S or C 3-13 Cam-S Cam-S
5-10 Cam-S-F-S or C Cam-S-F-C Cam-S-F-S or C 27 Cam-S Cam-S
20 | ceerererneeerneens Cam-S-F-C Cam-S-F-C 4-10 Cam-S or C Cam-S or C
31 Cam-S-F-C Cam-S-F-C Cam-S-F-C 17 Cam-C Cam-C
6-9 Cam-S-F-C Cam-S-F-C Cam-S-F-C 24 Cam-S-F-C Cam-S-F-C
19 Cam-S-F-C Cam-S-F-C Cam-S-F-C 5-1 Cam-S-F-C Cam-S-F-C
29 Cam-S-F-C Cam-S-F-¢ Cam-S-F-C 8 Cam-S-F-C Cam-S-F-C
7-9 Cam-P-S-F-C Cam-P-S-F-C Cam-P-S-F-C 15 Cam-S-F-C Cam-S-{-C
19 Cam-3-P-S-F-C = oeoorvrmeeninens Cam-3-P-S-F-C 22 Cam-S-F-C Cam-S-F-C
29 Cam~3-P-S-F-C Cam-/-S-F-C Cam~S-P-S-F-C 29 Cam-S-F-C Cam-S-F-C
8-8 Cam-S-P-S-F-C Cam-p?-S-F-C Cam-S-P-S-F-C 6-5 Cam-5-F-C Cam-S-F-C
23 Cam-S-P-S-F-C Cam-S-P-S-F-C = ceeorerveeeieens 12 Cam-S-F-C Cam-S-F-C
L A B RRAALIARLITIE Cam-S-P-S-F-C Cam-/-P-S-F-C 22 Cam-P-S-F-C Cam-S-F-C
22 Cam~S-P-S-F-C Cam-/-/-S-F-C Cam-S-P-S-F-C 7-2 Cam-P-S-F-C Cam-S-F-C
10-7 Cam-S-P-S-F-C Cam-3-P-S-F-C Cam-3-P-S-F-C 19 Cam-P-S-F-C Cam-S-F-C
26 Cam-S-P-S-F-C Cam-3-P-S-F-C Cam-S-P-S-F-C 8-3 Cam-S-P-S-F-C Cam-S-P-S-F-C
- - - 19 Cam-S-P-S-F-C Cam-8-P-S-F-C
Note: Cam; (‘:amblum, C; crushed second sieve tube group formed in 9-1 Cam-/~ | S-F-C Cam-S—P-S-F-C
previous year
F; phloem fiber group, S; sieve tube group (first or second) 15 Cam-S-P-S-F-C Cam-S-P-S-F-C
P; phloem parenchyma cell group 10-9 Cam-/-P-S-F-C Cam-/-/-S-F-C
8, P, ¥, @ ; imperfect occurrence of the groups in section 11-15 Cam-/-/-8-F-C Cam-S-P-S-F-C

/; no occurrence of the groups in section

~~~~~~ ; no sample

FEAMYERELHLYRRY

H1¥ H0CE
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PRI < BIOMBARED SHEAUE & o TUTEL & & RHA LR B, %L TRRCHIC
HOFEER I » B D THDOFED LI E e Z &itbh b, ¥, HAEHORR
F RS LN BAENKRORB CREAD LN L S BE LRI OTHA L BT &4
TELHLIOREESI RT3,

ZDXSRLTELR Tablel © 5 KOFEAKIC DT, ThEhOFORERKEL L
B-BHLTCR5E, EROSEEBENLSCETORRREDSND 00, BIFRAIUE
BRI REEAERL T 50505, #oT, ZOREBEYEELEDTHRDE, ~NVFYD2
REHORFEEBIEMABEOHEAL TRLIBEB/ESHTADEGTH I EANFETH S,
MDITHMERESHR T2 2 TOM, RWTH 1 OMBEROSEL T 5/, £ LU THidt R
BEAAHEL TUBM, BECE 2 OREROMEL TV AR AR TS 5, < hi Bl
Bo5&, 1B 4ATAEEC, H28EL6 ATHHIC, FIERMITAhHE T,
FABRMIIAREIICA S 10 A THE 2 CRGEITE 3,

BEDX3E, ~VF¥YO2ZRIMBFBOXEBERBLLBEHMCRFTELDT, TOXGFERC
ME& B TEEMCSET Ao tict s, —F, COXORBEMOERN L RERBL LY
Z, ThODOBEPEBRL Q528051 - BEAORR D 2 KT ORKECOWTUIR Z &
DTERCIDTH B, LaLinhd, SERERMEORAKSCIERNLERNORST
HEAIHBHCECEELORD, Thik, BORERE L AMRORERD L ¥ /i
BB LA RBRIALIE, B2 EECTHGRE v, - T, FTOEHR TG
LR, MEOEBIIFACHBETAHZ LTS, £ 2T, FHOGTILOFEHOEAYE
CHREL, TORCEBEBYFMCANDLZ LTS,

1. FH/HRAER (BOHRER)
L1 FifEMENOSE -

Photo 4 iXKIEIO R BHAEOBKEYIA Th 5, ZOMBBH LIIEER M BRI
L, RECT, BEoREGHARKIEHOMEA SR, T3, HRBH O/ ERH,
BH LR cEiEECoe - BEL MRS, Nill» 58 2 oERE, MR, £1 06
B, BHEOECHY, FRCHEVCTHL DS INLE 2 OMEROS D Z L b5,

WRBEE DR E AW TE, BERBICEIERD 28 2 0MEHL E LML -5
EhTixwiw, Lhrl, PRBEES HBEIECLD L, TORMEECHRINIE 2 DM
BERPOMEOMRIL VWK EREARDO L OLLEML TITL. FhiE TREBROBRE
FOFEFHBL COEERROMLL R VIR ERFACOSRIED, DWICIEELIHEL
DHEIRTL ¥ -7z (Photo 5), DX 5 BlEITEARDOBRKBMIC & i 5 BENBEDR
MOERTHAHLEHBEEINRS, LrLEMND, 2 OMERCTRERNCLOEELZT,
FHRBONMIC S B 1 OMERILORBEZ w2 &, ¥R LE 1 OMER
LRETHD LR ERRELEV, CORKTOWTORAIISEOHRICEHESTLEL,
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CTRFOHEEYRET AR EE DD, ¥, OB TRRMAMS X O BEHER
Aol (e, LM, Rk, B cMENAY L Rbhid s iz (Photo 6),

COXOSRBENALNRD L LR, BRRBMRASEHZBDONAD LR (Photo
7. WERBEEZ Db DOWROFEITIL, BEID5EHMMEE D LR AR 2 A BT A % B
LCTAHZ ENBETHHL, T TIRIOKACEL TUIELBRLeho ke, BARDIER
BIEE (MRS OBRESBHIRLOLRMOKELELECHBEINDDOT, —EDRE
o BT E BRTIRR,, HE, ~VFYOHE, 1999F 34 ATH, 1971 F24 A%
HEEIXSRETOERENEDLR, FRA—4ARMTLEFELELLhIHELRDD
hiz,

SHERE, EDLCHEIBESRTH DL, OB Y F ) O 2 KREMAOHRES
FoOMIRICRD X 3 kBEARD b, XEFTRICED b icDRE 1 OHERF O
DOEIE DL CERFHNDIK) THo 1228, ZOMEOBR bR MENIEECEHEHENTH
st Thbb, ThETRBAFEOMRBMELEUBREEL CWici¥it 2~3 @O M
OHEITZ OB NT IR DD TH D, FD, ZOFFEiila (future phloem fiber)
BHEE 2L TLE - (Photo 8), 2Dk 5L THEE»HABEL 7- # HE 3¥
T DE EFORPILREMERFL KT, ThrFEFEANEREED DR Y FOREE
L 7% THh- i (Photo 18), - :

EEDOSMEOKRE L THRBLL ML 2 BERI T TRERBMHREZEALR
UHRTC, ZREBAT2 LR TE b ol i, HEOSILICEN > TRECHES R
b DTHRCI EELTDOERBEDRECZEMBHALNTH D, Thik, KIEHOHRBHPIC
BECFAEL TRY, ThRRMEECHEIhLIDLEELLbRS, Tihebb, BEHIVL-HO
AR THDHTERHELA LI T, BI#ICE T, ) F Y ORBHOHRBERH
CLBEMREOD S L AR I RIS, BT EhOI B LR EINLRTH 5,
¥, MBMUOERBEPICRLHBEDOS 5 = L1t Celastrus scandens L. - Parthenocissus
inserata FritsH (DAvis-EvErRT 1970), Acer negundo (TUCKER-EVERT 1969) THab T
Wwh,

AR XA M A D AT H Z ROt Iedd, ZOGFHEFLEFEXEN
ES5rRBEHLIEBRFNEZETITHA 5, KETTOMLOE LBBRIETERTH B, Th
- CTHIBBANAYH OBERE L bhd, LiL, BEOHEIHMEEND O5EE L HRBY
L= T 50T, MEASYOBIL DWTIRAY MG b, LrLliehnib, o
DHMDOBECRIDLIBRFACIB TULEDL, #oT, ZTRFEBEEI T LKL,
BULFPHC O TRSEOBRTFCHEL I,

—, B X MBS L £ i, ABMTLRLMBOEANEL T
(Photo 8), 7o, MO LT > TixERT 5,
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1.2 H1OBERDOFE

BHDOMEDO T E, EORDMHEDI S IEREA T - e, FE - L 1266
FEHrEEHAC 2~3 B SOV e HIZ X R OSE L TR Y %, FHES (future
vessel'P DILAMNBE BN B L 517z (Photo 9), #*7-, Fid & LIcEM X OB
BIEL AFMAEEH L TR, ThDOMRINIWIDD, ThbOFEDWTIRIE
EAEMRRBOR s, ZOFPORMRCHMITILAEE L EFCHRABOOEY b
TkY, BLUABHENLREREF S TWEDT, —BERS L ISR 5508
E2BREROL DR, TORBEHLACTICRETERECORELELDTH
A5,

1.3 m@MEMBRBOIE

B1OMERPCHEN3~4BEHMLEIhic 7 A LB, RO HLEE - 2 (Ta-
ble 1, Photo 10), Z OoFMIXZThIFEL CHLHRBMIRL v B RE BT, BWE
RHEEIRD LI, #o T, SMEERORMEEZTA LTHBAT5Z xR TH - .
LHL, 20X 5 EML3~4 @2t % L, BbictohRE el RRBRATER
Thphdlc (Photo 10), D7, B: L TOSBMIRIBEHRETSHZ ENTE,

=75, ZOHOKRBU TS T H5MBEIEMLLEHNEERL T LBTH -1, T
bbb, BEHEERRERAL (KMLOHT), BEHEEREOMMErMEES S LT HEHTH
tz (Photo 11), # 5T, ZORETHBATIILTHE TOMEHOMLIIKRTL, THEHRD
SALDBMR, KT CTIEMOFLOBE, 85 X 5CKRE - MME bFRETOLIEE
DELETERALEES ZLNTELI AN, Esau (1964, 1965) DE 5 X 512, K0HE
BTG &8 T, Bif % earlyphloem & latephloem & 43tk 5 35745, oM
JAFOHR 2L DOHFIFERETHZLLFETHS 5,

LaL, ~VF)OHE, FEMOBITRA L MO HERESNELIKE—KL TWBFR
Tid/e{ (Tablel), ZOFHMABO MR IALWEFLHBH 2L (Photo2) i ExEx 5L
RIBEE D, SOX 5 RMERERBCL TS, ~V+ )02 KA % KB O BEHCHES
T, COFMBBEOHRLL - THET 5 LR 2KIRLERTS Ehs b EELERY
FEOoLbDLELLRD, ¥, WRBEHOZAYMD LTLFHBCHKLLHTHD, 55
SHIEHLMCTREFEDO—DTHA 5,

1.4 B20HEHOS{t
_ FHRIFCH T, 2 OMEHOILH IS E » 7= (Table 1, Photo 12), . & DR DL
HRB1OBHFOLDL Y L XOERERINPEL, L0V wlc, BlLOBOHE
s, HMRE ZMELEECHIEL THEL e, —F, KBHCREMNESNEA
SMEL T, o » ‘
SATAREK LS L, BMBTEHL TOABRBMIIIL 2tk iEfloRBZEL KD,
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MRATEIXRLE ERB N5 TL ¥ 57 (Photo 13), 2D X 5 RERMICL TEDH
PR, MRS BR L EEL TV 503K 5 hic (Photo 14),

Z DT O EEAREO MR T X TERLARAL EOMROE T TH o,
UL, 10 ApAciad s, $ 182 OmMERROME, 4k, TR TTrofilk
AEWHHERL TL EW, BibBELEFCR, TL ¥ 57 (Photo 15), =0 X 5 i MIBEA%A
Yoo TORWHRREE TH S LRELBR TV, f, THEBBH IR TLTILES
bDLEELZLRD, ok, FMEFMCEXMAOELEDLRTY, FHAEXTHLEILIHL
MTH 5,

LLEA A~ Y &) AR (BEH) ki % 2 REFORKEEE, Trhbb Ao e
L TREEHOEBTH D, TTEHLACIR X 51T, ~VF YD 2KRMEDORED,
WHAMERE, 1 OMER, MREMKRE, #2oMENHORCHEL HERERIRD, o
T, CORBRANY XY O2REMMWO L AERPCAEE IR DERNE 2~V THDHEEL
5, .

L2L, SO REANLHBRCIETORHOS A LRI, Thbb, B
BWECTALD S bOWHE, HFMal, FhCBEN I EEIREWBEIRADdLRE
(Table 1), ¥7:, H2OMFEHIFLCHLOSEINTLEIZEbBHEMn Lo T,

o T, ~VFYDO2REFEMIT I TORAWBEERIL, MR, &1 Omen,
FHRERE, TLTHL DS S hE 2 OMBERN LR D EELBRETH D, FOLD, 2K
MEPCARROERCHET LI 0ERD L 5 LTI, HFLOSIhEE 2 OMERHL
LI BEAMHBRC L DRNETHY, ILREXDOBECRFOHBCER DD > T MaREC
MR EEL TARE TR, F1-F2OMERYEBLTIHREYTHA ),

2. REERMIAOERER

AYFYO2REMIZEBL 2L S BT, ThEhOBAHBREIh, BHRCRKEL
TR, COHORELFABCHLERTHMELERERSL - BT 5, LL, B0
HERBLRILY, 2OGE - RAEBCIFHNALEROBET IEAIENLELbRSD
DT, WP LMD BB ERicToE20TE L5, UTRZZD X 5/ 8 A H»
b, BEEZRMBOS - RBEAEXIE S 2, ThLEEHHAERALBEEL A&
BisgT&iol, BE, MBLAIOCE L OMENLE 2 OMEHLYEBEL LSS, 106
BHPOMEOHNE 20D IV IREL, BHDE VI LRSI, SO LB LML,
BEOD. BRACKTIEHHNEROBE L ML EL bR, ThExBRTocix8%
DEFMLMESLETH Y, AHROKERENLIXFHCERT A LILTER,

®oT, YY) O2REFHBREFIMBOME + BBFBIC W TR h TIREEX
hTOSMAERRETE DRI SECL TR, BHAREREZMRL-RBEL
2 R g a7 38
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2.1 ,

COHOTHD L ZAHTRNIL ST, BEMIIFECRERSL REEAELRL 1,
WBEARIICbY IBEAMRTH YD, FEEERPIRIICHAS R, 20 % ¥ OMRTHE
RO THA L -, BEFOPATRIAFEMB CHRBAR L XAT5 Z L X RTE
TH b (Photo 16), BEDRFDHEDOHEIT X » THD TEDFELENFD b h - (Photo 8),

BMEMBEIABL LD THE I LDHAREILE, FORBZBLIFECEHERPYELOT
Bolz, B, WRBTHAIRCHARIEEBLLEE D ORTERERTL THL -
BENETTELELD2OR—BRHTH S, UL, BEARIICZOL S n— B i
Bigh, WREB»LOTEEXBRNC I WbLT, TALAET CREAHRY FO THREL
7z (Photo 8, 17), Zofl], XBEHMWCIELLEMRED LAY, ThiBLX L TOHRT
HY, BEEEBH LRI -TCEERWEBRL 5 AREBTCH- -,

MR e T LOMDIENDEERDOBKRTH e TORE, LOENEIIFANMLE &
b, TRETOHPCETRERE L EFNTEL <& hi (Photo 18), = DEPERE AR
PTHs, BRCELRSBEERCOLWTRFRYPBRICRTEEY RHLBLhw .
BN h 2 BRT 2 TRBHREAR I Y L EL, BEHOMBC SV THEER YTk
5L EXZDRTNE2Y, EERCYIF ETEORKYHRTHLRFECHLVLBbh 5,
¥, WRBHEMRLORIOKBRIBEMBOBREAAFECIIEOS L LkDT, *
DEC Z 2 TE S ML RBOBHMMIT (future fiber) L RABOMMMATL DRI X BT S
TELUNETHAD,

BEROIRIZFIENT, 2KREDOHRIIEE - 7=, BEHEEMICS 5 1 DOBEFOBHIEL
REOWTEOBMELABL RS E, BEBEIBOFRACHHMBMS 2 KEBRI BT Y,
FORFHCTH B bDNEMERETL THw %o (Photo 19), 7nds, 2 KEOHEIMEE » 7-HIf
BEDOENEL IR BHDT, BMEETA 2HFEMCBRETTHAITE 2, BER =2 Mkt

T - 7= (Photo 20),

Sic, SHEERO 2 KEMBILEOhREADIEE D, TARE~ZEBAEREL T
QbDLER BRI, Thbb, BEMBIHEL TS, OFEBE~TICOREDH
BN T B, T, MITEIN L TEEDAER S0 LNS T b DR ERERER
HEMIRG Db R & LB OBBIE TH 5 L BATZ LN TED, SOX 5L T 2 KM
BEOBEMALILEL TH5 L, BELTLTLEEOA S AMBOBIE, —Hhsk
LoE (Photo 21, 22), Fhi, -~V ¥ ) D 2 KEFHOBEMID 2 KA BILE Dbk
b HR S hited, TARR~ERL TA L& L bhRY,

2 RIEHROBIGSE, + CCAARTL Tiot. L, KPR TRALOREL L
TH7 5 =viC BEORRRE SR ALY, KMTES, PRBR X CREMROEL 5 5
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P& (cell corner) 7B % 2D AR H Btz (Photo 21, 22), FHHROMIC DWTHRAE, 2K
BEOBELABCHERBLEDHFRACHALDLBBED, AHNELBERETL T, %
7o, EAOHIICOWTRZE, 2RIBOZERLA, THhbbEFOBRBEIERIh, HHE
BOE I B OAFOBEBHIREINDDHED bR (Photo 21, 22), # - T,
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Summary

- In this paper, the seasonal development of the secondary phloem in Harigiri (Kalo-
panazx pictus) was described. Thus, this study is expected to contribute to understand
the bark structure, which had been investigated relatively less than the xylem structure.
In addition, this process of the development was discussed refering to the xylem devel-
opment.

The materials containing the bark-cambium-wood were collected from the five trees
grown at the Tomakomai College Experiment Forest, Hokkaido University, at one or
two weeks intervals in 1969 and 1971 (Table 1). After the usual treatments (FAA,
Celloidin) of the materials, the sections for microscopy were cut on a sliding microtome,
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and stained with safranin-fast green or tannic acid-ferric chloride-lacmoid.

The secondary phloem of Harigiri consists of the sieve tube, phloem fiber, phloem
parenchyma cell, companion cell and phloem ray. They exist in tangential band (group),
and the groups orient radially and regularly (Photos 2, 3).

1. Seasonal developmental process.

1.1 Phloem fiber group (F in Photo 3)

The cambial divisions began in late (1969) or middle (1971) April (Photo 7). At
about the same time, the cambial derivatives also began to differentiate.

At first, the sieve tube began to enlarge between the cambium and the future
phloem fibers, and the overwintering xylem cells!® also did (Photos 8, 9). So that the
future fiber group was separated from the cambium by the enlarging sieve tubes, but
showed no indications of the morphological differentiations and continued to be flat
in shape untill early June (Photo 17).

In the dormant cambial zone, the future fibers could not be distinguished mor-
phologically from the other cells in it (Photo 15). After the cambial reactivation, no
cell divisions were observed at this region where the future fibers had existed probablely
(Photos 4, 16). Therefore, it is considered that the phloem fibers are the overwintering
cells!? formed in the previous late season.

1.2 First sieve tube group (S-1 in Photo 3)

The first sieve tube group which occured between the cambium and the future
fiber group differentiated successively to late June (Photo 8). The companion cells
and the parenchyma cells which existed in this group occasionally differentiated.
When two or three of the sieve tubes were formed radially, the seasonal process
transited to the next stage in the development.

1.3 Phloem parenchyma group (P in Photo 3)

Following the first sieve tube group, the phloem parenchyma group having the
intercellular space at the center in it (Photos 36, 37) was produced (Photo 10). It is
very interesting that the differentiation of the parenchyma group and the maturation
(lignification) of the earlywood vessel are almost simultanous in time (Photo 11). It
may be possible that the earlyphloem was separated from the latephloem by the
occurrence of the parenchyma group in the secondary phloem formed in each year.

1.4 Second sieve tube group (S-2 in Photo 3)

The second sieve tube group containing the companion cells and the parenchyma
cells was differentiated for middle July to middle October (Photo 12). The sieve tubes
in this group were more or less smaller in size and fewer in number than ones in the
first group. The cells in this group were crushed completely in the next spring at
about the same time of the cambial reactivation (Photo 5).

As mentioned above, it was clear that the secondary phloem of Harigiri developed
usually in the following order; fiber group, first sieve tube group, parenchyma group,
and finally second sieve tube group (Photo 14). But it was sometimes observed that the
parenchyma group was not produced and the fiber group also didn’t, and further they
were disordered one another. So that the basic pattern of the orientiation was disturbed
considerablely (Photo 2). Therefore, in order to determine the annual growth increments
in the secondary phloem, it must depend on the crushed cells (second sieve tube group)
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or the non-crushed first group.
2. Maturating process of the each element cell.
2.1 Phloem fiber

In spite of the early separation of the fibers from the cambium by the enlargement
of the sieve tube, they were considerablely delayed to begin their morphological dif-
ferentiations. The fibers began to enlarge their diameters in middle July, so that
they became round in shape in the transverse section (Photo 18). And thent he secon-
dary wall formation began soon after the enlargement. In this group, the fibers at a
distance from the cambium first began the secondary wall formation, and then the
inner ones did (Photos 19, 20). The lignification began at the cell corners far from the
cambium and then proceeded inward such as the secondary wall formation (Photos 21,
22). It may be considered that the initiation of the lignification in the wall followed
soon after the secondary wall formation. At maturity, it was observed that the fibers
had fully developed lamellar structure and were highly lignified (Photos 23, 24, 25).

2.2 Sieve tube

The sieve tubes in both first and second group differentiated morphologically and
cytologically. Morphologically, the diameters enlarged and the walls thickened more
or less, but they did not showed the birefringence of the walls between the cross nicol
prisms and the lignification suggested with safranin staining.

However, the remarkable changes were observed in the cytoplasm. As the mor-
phological differentiations proceeded gradually, many slime bodies in the sieve tubes
appeared (Photos 29, 30) and then they became fluid-like (Photo 31). The pores lined
with callose were observed on the sieve areas (Photos 27, 28).

Approching to the dormancy, cell contents in the sieve tubes, the companion cells
and the parenchyma cells in both groups disappeared completely (Photos 6, 15). And
further, it was observed that the mass of callose, definitive callose, was accumulated
on the sieve areas (Photos 33, 34, 35). From the disappearance of the cell contents
and the accumulation of the definitive callose, it may be considered that the function
of the food-conduction is limited only for one season in which the secondary phloem
of Harigiri is formed and developed.

Explanation of photographs

Photo 1. Macroscopical transverse surface of the bark and the xylem of Harigiri.
OB: outerbark IB: innerbark (secondary phloem), X: xylem.

Photo 2. Microscopical transverse section of the bark. Most of the phloem elements
(groups) are orientated regularly but some of the phloem fiber groups and
the parenchyma groups irregularly (arrows). May 8, 1971.

Photo 3. The basic pattern of the orientation of the groups in the secondary phloem.
C: crushed cells, F: group of the phloem fibers, S-1: group of the first
sieve tubes containing the companion cells and the parenchyma cells, P:
group of the phloem parenchyma cells having the intercellular space, S-2:
group of the second sieve tubes containing the companion cells and the
parenchyma cells, Cam: cambial zone, X: xylem.
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22.

Secondary phloem adjacent to the cambial zone before its reactivation.
Second sieve tubes (arrow) and the others which were formed in previous
year retain their mature sizes. March 27, 1971.

Crushed cells between the cambial zone and the parenchyma group. Com-
pare with Photo 4. C: crushed cells (group of the second sieve tubes
formed in previous year). April 17, 1971

Disappearance of the cell contents in the sieve tubes, the companion cells
and the parenchyma cells. S: sieve tube, C: companion cell, P: parenchyma
cell. April 10, 1971.

Division of the cambial cell (arrow). April 17, 1971.

Enlargement of the first sieve tubes between the cambial zone (Cam) and
the future phloem fiber group (F). EX: enlarging xylem cells, R: phloem
ray. April 24, 1971.

Enlargement of the sieve tubes (S-1) and the earlywood vessel (V). May 10,
1969.

Differentiation of the parenchyma group. Arrow indicates the intercellular
space at the center in the group. July 2, 1969.

Mature earlywood vessel (V) and differentiating parenchyma group (arrow).
July 2, 1971.

Differentiation of the second sieve tube group. The group (S-2) is produced
following the differentiation of the parenchyma group (P). Aug. 3, 1971

Inactive cambial cells near the dormancy. The wall of the cambial cells
are thick such as a dormancy (Photo 16). Sept. 22, 1969.

Orientation of the newly formed groups; fiber (F), first sieve tube (S-1),
parenchyma (P), second sieve tube (S-2), in order. Sept. 22, 1969.

Disappearance of the cell contents in the sieve tubes, the companion cells
and the parenchyma cells. Oct. 26, 1969.

Dormant cambial cells. Future phloem fibers can not be distinguished
morphologically. March 27, 1971.

Flat future phloem fibers. The fibers (F) are separated from the cambial
zone by the enlargement of the sieve tube group (S-1). June 29, 1969.

Enlargement of the phloem fibers. The fibers (F) become round as a result
of the enlargement. Compare with Photo 17. July 9, 1969.

Initiation of the secondary wall formation of the fibers. Fs: fibers after
begining of the formation. F: fibers before begining of the formation.
July 19, 1969.

Birefringence of the secondary wall of the phloem fibers between cross nicol
prisms. Corresponding to Photo 19’

Proceeding of the secondary wall formation and the lignification of the
fibers. Arrows indicate the lignified cell corner stained red with safranin
(black in photo). July 19, 1969.

Later stage of the formation and the lignification of the wall of the phloem
fibers. See the difference of the wall thickness of the fiber between the
large diameter and small. Aug. 3, 1971.
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Mature phloem fibers. The secondary wall are very thick and highly
lignified. Sept. 22, 1969.

Birefringence of the mature secondary wall of the fibers. It is clear that it
has the fully developed lamella structure. Corresponding to Photo 23.

Phloem rays (R) through mature phloem fibers in the tangential section.

Phloem fibers in the outerbark. The group (F) is separated from inner
bark by the periderm. C: cork cambium, Cc: cork cells.

Pores lined with no callose in the sieve areas on the sieve plates.

Pores lined with callose. Black small circles in photo indicate the callose
cylinders stained blue with lacmoid. Aug. 19, 1971.

Slime bodies (arrows) in the differentiating sieve tubes. May 10, 1969.
Slime bodies (arrows) in the sieve tube in a radial section. June 9, 1969.

Fluid-like slime substance (large arrow) and nucleus (arrow) in the sieve
tubes. June 9, 1969.

Slime plug (arrow) on the sieve plate. Aug. 23, 1969.

Accumulation of the callose on the sieve areas. Mass of the callose, de-
finitive callose (arrows), is deposited in the newly formed sieve tubes. Nov.
15, 1971.

Definitive callose on the sieve plates. Oct. 7, 1969.
Previous year’s definitive callose (arrows). March 27, 1971.

Parenchyma group in a transverse section. The group has the round in-
tercellular space (arrow). The parenchyma cell contains the starch grains
(small arrows) and nucleus (double small arrow). Sept. 22, 1969.

Parenchyma group in a radial section. The group has the round intercellu-

lar space (arrow).
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Photo 27.

Photo 28.
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