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Anatomico-Ecological Studies on the Aerenchyma
and the Ventilating System in Rice Plants

Hiroki Arikapo, Katsuhiko Ixepa and Tetsuro TANIYAMA
Faculty of Bioresources, Mie University *ex Faculty of Agriculture, Mie University

Summary

The ventilating pressure is valuable for estimation of a degree of the development of the ventilating
system which affords a pass-way for internal oxygen transport from the shoot to the roots.

In rice plants, the aerenchyma contributive to oxygen transport is formed by cell division of the
aerenchyma cambium at one unit higher than that having the uppermost unfolded leaf.

As soon as the aerenchyma has been formed, root primordia begin to initiate in corporation with
the connecting vascular bundles diverged from the reinforced vascular bundes by cell division of the re-
sidual meristem,

The leaf-internode unit contains both the node and the internode. The node is a part where the
reinforced vascular bundles are divided into many compartments by the presence of air canals. The
upper roots are produced here. On the contary the internode is a part where the reinforced vascular
bundles remain completely circular in form and no vascular bundles can be seen in the aerenchyma.
The lower roots are produced here,

The form of the reinforced vascular bundles at the middle of the internode is classified into seven
types. In all unelongated internodes the form corresponds to type 1, and those of elongated inter-
nodes vary with the position of the internode. The uppermost one belongs to type 7. It must be
stressed that types of the form ranging from forms 1 to 3 are found without fail at the basal part of all
elongated internodes, extending over about 2~3 mm above the node along the vertical axis, An axil-
lary bud departs from here.

Key words: ventilating pressure, aerenchyma, node, internode,
form of the reinforced vascular bundles.
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Fig. 1. Apparatus. for measuring ventilating pressure.
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Fig. 2. Consecutive variation of ventilating pressure among various species of plants.
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Initiation of large vascular
bundles.

Kt Bo SMURIE QM AT TR IR O 5853 A8
THY, PHTHI L0 T, FMURIE Ll s
EDWMNEEHTH Do W - BIRIB T2 HBH DM
Mg E 2D S % Table 1 1ITH1F 5. RFIZE o TH
HBNOMBREL COBESICEROBLE LWL, &
ARG MO SRR IS - IR OB Ly

SR
U
AESE L

RS 3

X ISt e 2
e TR S0
A S NN T OS5 DAY
RSP TSRS '«‘"'-p‘-‘:- A

LTS (2703 0,
Luvar .

ate

Fig. 4 Aerenchyma cambium. Dot-
ty cell is stainable,

%

Fig.5 Aerenchyma, residual meri-
stem and vascular bundles.
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Table 1. Number of cell layers and thickness (1) of tissues
10th internode (n+2) 9th (internode (n+1)
Plot Tissue
No. of layers Thickness No. of layers Thickness
Cortex 6~7 95 11~12 139
}g;;%ﬁ Quter cortex
Aerenchyma
cortex 6~7 88
Upland Outer cortex
Aerenchyma
8th internode (n) 7th internode (n—1)
Plot Tissue
No. of layers Thickness No. of layers Thickness
Cortex 16~18 310 16~18 518
}'XZ;@E Outer cortex 5~ 6 123 5~ 6 224
Aerenchyma 10~12 187 10~12 294
cortex 13~15 240 13~15 370
Upland Outer cortex 5~ 6 101 5~ 8 190
Aerenchyma 7~ 9 139 7~ 9 180
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Fig. 6 [Initiation of root primordium.
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Fig. 8 Trasversal view of stem having a young root.
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Fig. 12 Apical portion of old leaf sheath.
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Fig. 15 Upper root formed at node.
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T RIMEE BN T B, (RS BRI~
BRY ML TS, WHROVHRECHTINZE (prophyll) ©
Yk H bk, Fig 18 & RIS ITOF O T
BEIHEL T DR LI EATED, 5T
DHEOTMARECHELE L COBIPEEEDT, 20D
LR OB CEmEICES TR b o TRHE
MRS ER L, AHRPICHE RS
CTAEL BV WA H5HY B EMATTHRTSH 5
(Figs. 16~19) o LLIGFEESY 13 FRIARIE LA & 0 gD
K&, TRERD S LA - TRTHIMIZRE L
BEAHK T Do £ L CTHIZERD L oM RGO
FCHAEFELBRESRAN L, o L RIRERES £/
BMTMICEAPT 52 L2 L7z & O ITHARSS 1

L RROBFGER LMK L, F701 KBOREIZ
206 DL B »E L OMNERM E, £h
FREHHCHM LTV D LB L7z, TR 0REROM
2, (UERAROGET B HiEE 1L A de Bt & J47
DEAME L BEEI K o THWFS W, EROMEL LD
~NRESRHBOFHEASHHR S B 0L, F
FEAR DL 2 B R T LT R S R & TR0 B
Bl L IBIRICERHATRY, EROMEE22
~AREIESHARSRRR I TwhnwZ &, (O
B VT, Bl s &5, WML BEsH
MO L BREA L TR L, o TR AL St
THILILAHETALOEEZSNHY, Fg 15,
Fig. 19 & L U Fig. 36 %I 4nil, T oM odd
AL A Yo WIEHIL L o Tk LR E TR %
WL THIRY F RS T 5D b
WM 2 IRA CTHTOHEOFET ML, SN LR E
LA E L, EMORETHEM S MBI TR E
L, MEefeTHBEBEL TV, ThICHLTH
BT R IRATITORDOHET B, S HBIRET
fudge L, BMoFET2H0» MR E bR E L,
i % fie CHEHEREAT LTV b,

HAEDT 10 em LLEAZ b U AR O JE 3K & o e
DOFEL % Fig. 20 15RT o BB OIS HHE L TR E
Zl%al (air canal) 2R 3T b, SO
1B OB A S - TIROWME R EOTwd, &
ORI B O ) MBS L, BELTuaY
R R A i L 7 R AR D B SR BRI e T
ORI L, BHBRO T 4 -7 OBEE L Tw S, Bl



KA 5515 B AL & STAHLAGR 1T B3 B AR 7 & UV A REBE 0 TIFSE 11

B 74— BLUY) ACHHETS 3EHICL TR
DFEERE A ST, B VTS & B S 5
D, MEOEREE & b ICHUEROBEIL L T 50 &
T LTwb, ERGHMEIE F AR 022409~
BT 50501 A% % b 177, Luxmore™ {2 1
i, KERROEMIIZB VTS, FREBME Y E
O3 VL DB, A S8 3on LT
B, WHIH RGBS Fyeu o ROY/3ICEL LT
WD EWV D ZHEAD LR O R 2 & BETE A
&N TR ERRLICR S, SRR oRP~ORA
EHCLTELDTHMMEAL VLI LidHinin
LT VB, F 72 Armstrong™® (2 ARRIR SR ER A
59 3om BN AL CREFA~OBEORILANT L A
LD LN oz B LT b, RO IR
Mabk, UG AL L 51, BB E-TH
D, WEAHIRZIBIER (schizogenous intercellular space)
BELEFL T A (Fig 21) . EdhoMaas sE
FRIGHE ] o T RLALMI D L CTHT < #4013 Fig. 15
~Fig 19 RIS > TREN TV 5, L OEED
5EEHIT AL, Fig 22 (RT L 90, MEMEO
FREEAEEM & 4 D, A DIEBRIEALALAS 2 ~ 4 F iy
L, HHH (brace root) MM EHMD D,

ERLA & SRR Y O RO & B A
DENEFLETNTHBLEVWEEZZONELOT,
2 3DPFEPERLTBE RV, 1 ABHCET A4
Hig ORI, I 4 ~ 6 1 OB BRI &
NTW B, ZOMOESILIE > SRIZD - THED
PN AR AL AT S T, L Lifhk
WREO T CIHlERIN 2 FREORIZ BT, Bl E Ry
THEOMNEN L~ 2 oKL L7z H AT 8 LT
Do ZALXBEAERY 2 LICA B AR O T
THMERLTHD, P brERaLBLIYT 2
o 74 (Setaria viridis) 2WREOTCEF LTV S
Bi& ORI Y OBFT R % £ R Fig 23~Fig. 25 12,
TG O ATARIRED T CTEF LT B YEDHER
thae B0 i Bl % F N F 1 Fig, 26~Fig. 28 1SR4, MR
TEO T CILFEARIEH & B THE ORI RIL L7z 4l
PRED LRV, EKIREOTClRILLA 1 ~ 258
DR SN T D, JIUZILIES 2 L4 &
I, WREARICHT AMIEBRTH L LEZON S,
Lo LIBOBEH O & Bbh 24 odizig,

Yo O s

Fig. 21 Apical portion of root.

Fig. 22 Basal portion of root formed at upper units,

HARIRED T CHEE LT T LA ORI AL
LR e 2 w2 b, FIZIENA
(Nelumbo muciferra), = % (Monochoris vagina-
lis), ‘1Y) (Oenanthe javanica), € %% (Sagitta-
ria trifolia) % 2% 0, T ABEBEMBE O/ D 2k
(cork) PR EN DM EH B, FIZETF Y FF2
(Aster sublatus), A ¥ % 77 ¥ 5V Y (Solidago
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From left to right

Fig. 23 Central portion of wheat root growing on upland.
Fig. 24 Same view of corn root.
Fig. 25 Same view of Setaria root.
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From left to right

Fig. 26 Central portion of wheat root growing on waterlogged soil.
Fig. 27 Same view of corn root.
Fig. 28 Same view of Setaria root.

artissima) %0%% %o o THEOMMIIAIL LM 66> TR OB B MERSIR L E#E A BHE D &
WA 8 D OASEERLEIC T 2 RN 2 RS BT A LITER Y,

T b &l Hiv?, FRFEHIC L o TIRP DM RIRO I BRI 815 Bl EHL & BROWN B
PR % 72 > BslAE & L, MR R LU B E B R TEMAER (PRI Al s
H#ELOLOLHE AT WA, Fig 23~Fig. 25 1R+ WBBERICOWT, F& LT - ROMBITOF L &3
L30T, Bt AR OB b BES MBI INEE R L TR E LT &A% Fig 29 (CHORIFT O

P SN LDV TH D, ZORSIIFROIEIL  HE b > TRAOEMBE T 2 HMERT, 727 Lt
B AAL LA HIATER S WCB6F, LarbE DFCREEREEEMLTH L,
12 %2 R ARG 1 L C o DA SRR B L A L T SAZAHEE B RS B O B AL & SRR O R

B S A RET SN, WIRTHIREWEMEAR T THHMERE T 572012, BUBAIERERY %0 K
TS ATHAIL O A o, MBIl MRS E v CREE ORI & A L 72
i & B B RN L CIF RN % 8 A, TR Cdh B, ik Table2 IR T9, BHMBAEFNRRIZESE-T
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Fig.29 Scheme showing the direction of air transport
from leaf to root through stem.

WSRFEAKEART U, SRR o £ R L
72, WSS T BRVWBREOMEMR LTy
Ho ZNLIRSEIIANGT » TERPISHEIEL LR T 5,
T Rb LM L SRIADZEE (HTIREEE) O
IR % B,

R E R S BME NS £ 512, LIROFTER

BAHEA TV B EEFRMM b, KRS oM
BRI A OB IRA R TR L, BEA SRS
IR Tnd, o T ORI IR O ATEHE L
AR OBRE AR T B0 S ORI BEIE 7R
THDE, WOERS HERZ L2 SR L,
REEBRIL RO Z L IZIc & o T, BATHEOBTH
T3 o CTIEH A MM 3 O L S CERRE
e boTwb, ORI LSO CIE bR
TR, HISESET 5 82 BL LS ETHY
HIREOBTESIAROBEIE A YA I sk o
ZE o TRABET LD TH D, 1LY (Y
DY & MbT, BAE20H I b7 o Tl VIR AR
TBHA, RHCHEL, BTN O RARA I
L, BELL2EHERDONT, EHFOHRBIzL L
T THMPRETLERE LTV S, £ 485D
AR D SRR T P S B B RO A BB 0
HBHMACHL ECORKRMARIELE LTI ENS
ENT L, TOMI DM Ik b a8
B R OME WD S W E 7P S B KBS
By oMo o T, bk % 1t L v B o8y

Table 2. Transition of ventilating pressure of rice plant at successive stages of growth

Date Plant hight Number of Number of Longest root Number of
(cm) nodes green leaves (cm) roots
6/ 9 20.5 4.9 3.9 11
6/30 48.0 9.1 6.7 21.2 64
717 60.7 11.9 5.0 30.0 303
8 9 70.9 14.4 4.1 30.8 681
8/24 74.4 16.3 4.4 36.7 744
9/ 6 80.2 16.1 3.9 36.0 812
9/24 79.7 16.0 2.7 36.7 707
10114 82.0 16.0 0.3 40,0 702
Date Dry weight Dry weight Ventlating Stage of
of top (2) of roots (g) pressure (cm Hg) growth
6/ 9 2.86+0.11 Transplantig
6/30 0.8 0.3 1.840.10
7117 4.0 1.3 1.42£0.07 Tillering
8 9 14.9 5.7 1.32£0.10 Ear formation
8/24 20.0 7.5 1,7240.09 Booting
9/ 6 22,5 8.2 1.98£0.05 Flowering
9/24 26.7 7.2 5.16+0.33 Dough maturing
10/14 29.5 6.4 11.9840.18 Full maturing
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WA L, MOFEMTRZRE L, ok
WRLBEAE 25 21k, EBYD, SHEY, [mee
B4 COMERICL > THIH SN Tw 5,

SREATLN S NGRS T R, BREAREEIC
EE L, ML S MO G FIRBE T QWY ATH
Wiz b FARDUREIZBEED L WO THY, KR
DF AR INHH SR GREE T E i L
Fok 2 A, RIS B AE @ RAREEDA SRR
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Fig. 30 Leaf-root system at ti-
lering stage.
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Fig. 33 Leaf-root system at flow-
ering stage.

Fig. 31 Leaf-root system at ear
formation stage.

Fig. 34 Leafroot
dough maturing stage.

ATV EER Lz, £LTIOZ & EHAD
KOG 2B T A LR WHICLCnb &g L,
— B EREN S BV T R TR A 5 B LAY 12T
&, DoROABNEEAEORYT I DN TRIEDOER
JEAEIR L T < Bo TR EET 2 B A d Iz HM
Wi OTEH & Z DRENLEIT R b, TD & ik
%40 LT B IS U Al BEE o LA 247
K bme#E2BMD, Fig 30~Fig 35 ISHEE L
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Fig. 832 Leaf-root system at boot-
ing stage.
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Fig. 35 Leaf-root system at full
maturing stage.
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LRI BB ERT, 1MTHEL ok
AR M OZMICEE LTV Al & LY,
BT LD BRI IR R OWICH L LT B F
TIMEVIATE DA 2 HERE LTV 505 2R iR
EOWIz DRI E LT AREBIC 2, EREOED
&bl THIERET RIS LR T D, B BITA
I OS AR & BEICBAT 20, BEHNR
DO EEROLBNEN L OMICIEOHMBGRYTS L
EREMATAILICRA G, LEOBMBIRARDIICE
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TP OREESEARPDOEN L DB NHEITIXERD
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Lo LT R B SEER AR E R A
HIBICHRAT, % BVIlREDMER Lohs, BERE
OEHHNIER NP L Tz, 2 FBISORAERYIZE
WG A OF RN S IRV B RE DA % R 95,
Wi AR T IUSBAE LB L, BRI B
RRALBTEEAME T A2 & s Eh - CRELBE LS
FBDTH B>,

N L, WERONS W BT B 0%
Bzt L, ZoMEFINIEDH L5 EMLTH LY,
BAEOKEWTFMRITEEEC L o THENR, S50
I LnESSTD o, TRERCHRLROMR, TIH
LEHHiTHb00% e, HHBEINRHRIZNS T
MIEHOHH B VI ENIEWHIHCME L, k6L
BIEARFEFEMET o B 1 A5 M2 EERI
TART “IbMW ZhBEVIH, B kDL I
BT B, TG ¢k, BT O — 88
LA o TTHA~ERT 545, HERRIN G o 5l
MEMIC RS E, RODHLDFHEERL, DWW
FEERMEC RSN LB bI b, TOL 28
LB E B0, BN LD v, BE
5 SRR & BT H MRS A CRER O M T A
OB EREZ L > HBRLTWAD TRV E
Mgpshs, &, Y 3B ARMOBIILINIC T
B2 527, Bulu OIS LI S IBUSBHRAH 5
LTV, 0L kiR & S &R
W b ARBUIGERO LIRS & Bl ORI
R BB T B AR OEMIEESOE M,

KBS N BA M s, L &M & 2 A SLEAUHL
MR EDHBRERBETHI LI L > TELITHMIICE S
DTEAEDH S

5. DEARMERBOBREL & HiREER

T B TR R ATE & & 3~4mm LLEIZ{HE
L7 RE O ET DR LA OWMIICES ¢,
WO AT L TE Y (MR an), 1
TS 1 Aot 5, WiAS EATIC 0 513 L
B C 2 B% PRI o W TR E T~ & s,
SR M R ORI TH B, Fig. 36 1RT L9
12, WEEMEEHEROBRIERO 7 BICHHTE DY,

W1 EHREERRDBIRICE OB (BN
TIY RS, € DI ELEAN » THRAF TR, 0
S, BB L UREAMRIHEE L, EARASEMH T
B

B2 UEEBMERED S e RERERL, €0
MU TR B &THAATEAE L, RS T
%o

B3 UM IR IR R L, BRESR

AL L WA OTAEATRE ISR 2 Y, T AT
HLTL o TEAROFAETEEEIC R D, S8 LT HHE
BB,

B 4 AHEAE USRS S A o iR L
ADFEOIEFHIAR A MEE RIS L TR A, B
For R & MARERATHA L, K - MR I o 2
oA D AR S A, AR ORIEERITT 5,
UL L v, FRAEG B R L RS, Bk
HEEH S TR 2o M ILEAROMEI & o THIBSEWN
KRELEHE L TV D,

BX5  MEERATRICESD L, BB AL A
BROBEE T B0 FMMALE I BT 5 B OB A7
B b, RS L 2y,

B 6 ADHEEHAT R A Lk 595, BIR®
IR AR B, TEHUELSE L v,

B 7 MEBRDSEEIT R L, MR
ARICHIICZe i B ERUESEI L 2w,

FRMPER IR ¢ AT, IS 2 P03
FHT B EDS NV (Fig 37) 0 SRR TROEMT
GME L7 03050 % B T O L AL OB ARSI
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Type
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Type 7

Fig. 86 Scheme of typical change in forms of reinforced vascular bundles.

FCMEL, BEEomm ot Lizsifoke L
TwhLNPETHDL, FPRIHIZET 2T TOHIMT
A FREE MDY, BRI » THREHEE
WEAHE L sft - CER MO BMA TR Y, LROHM
MO TR T S (Fig 41 ® 6N & TN), &b,
SEAE I IR IR 3 A I B T, SRR R
POMEHE T, £ OHEHLERB AT £
N7 B TH S 20%, RSB T 2HHII B
T, TNCHELMEERICEILL T b, iR
T 5 LA, LEOLILEIEEL, COLI%
ARG, LD L HIZLTRE Bz TIdiE#

T HLENDHH S,

BF R oM Cl, AR UeiBaLic 4807 % 08
A RBOBRAHN 2 ICHY L, WM, S THR
PR HORBU LT 52 (Fig 41 D 5N), #EEES
10 TR TR O R I O b YL BRI 381 B U
RHIROBIRAT 4 v LI 6 IZAE L TChwAEE
Db FRUTBVT O L TRBORILIRE 5,
SO LD A I BRI 0%t 4 MIT IS L,
TR S L. BAT AL 513 KHI RN
<y, FTROEIHFHE, 7L CHURHHEERROT
WA 4 (Fig 38) oM 7 (Fig. 39) ~&EET 5
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Fig. 37 Two axillary buds at 8th internode.

(Fig. 36 i), MEMM M RmM e Rftsn, 2H
HMAF IR OBRIEB T ICHN Y B, Zofilop,
BB RICHE LT B G HE l oMEEHi & 3%
LB, Fig 40 2R & 510, BiMEERIEHD
AL L, TIhOWMATHEEEITHELILED
12, FROPBNIEE O EMBAEEE L, MR
PEE LT D, T OFANRO PR RS
HEAS R 2 B A CHIR IS 8 DY, AL
P E CAET BEMIR ISR R 6, ke
RABEED L DL ERZ SN, RO L Rl EEHE
EHBOWIRECE, JMOWIMERD, TRoE

From left to right

B & LA R OWIER BT HING L L i, Bo
BB SRS 2 b0 e E L b b,

MR OEEI GO TR 1 ~ 313N+ 5 I
MBS L (Fig. 41), B & o Bl Ml mipiic
BORMMAMBRS NS 2V, 2 O AR R
W OWHBPRAALT, MBI R8T 5, Mk
o 2~3mm 13 &L F TOMHST, > 242
DA LT b MM A LA MREIRIC b8
BERBAERETHHT IR T LIEM LAz L,
CAUTBE L CHZZBIRIR Ve b BRI SR
SHEEcaML L, S ERILMEST AR CH L5,
T OMETH TR RBA R+ 585004 (5%
b, LfoOMEINIE SRR AR R BT B L
BUT, HRMERNAERYTAMOTELLDTHS
Yo HFMARBAE Y T AWM CEAE SRR (n
tercalary meristem) & 033~ & SPEAMLATIAE L),
AL ORI &M > T NI ATE R S 2 O TR
B LMW ND, JIEES (2 L,
MM MBS IR T A TR O M Tl intercalary
meristem AL LT 3EMNZ L WIE sl iz
Wil & LTS ONDED R LRV &0 ) WA
HHEVD o BHIEERIEIEP R IR+ BT
BFIIBNCE, HEMMEPRRERNTES,

(RS 1t L DM CIZ3H 2814 5 F AR
BT 5 EME LT B, I RREES RO A
WR L, TRANES LIS THDE, HHHIIIREL

Fig. 38 Disintergrated reinforced vascular bundles (type 4).
Fig. 39 Disintergrated reinforced vascular bundles (type 7).
Fig. 40 Peduncle exposing to atmosphere,
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Fig. 41 Scheme showing various types of form of rein-
forced vascular bundles within an internode.
Numerals in circle indicate the type, and thick
circles refer to lower root initiation.

TEPTERSNEWOT, hROFET B OH
54 LRI T B, oy L0 L) L BRI REK
A poRBEATH, THEENEMIIEIAT
L TFTHNMET B, %< OYER MO TRRIZR
TROMEGE BT 505, Bl TElok
OMBEHIM OIS & THMRFEMT 2, Fig 42
VBT T AL ORI T ST B O TR AT
Wt 2 12fEM L, ShE type2 EHRLTHB, 20D
WM OEE O O TAARATSIB L, Hiho Lirss
BULTD, &bICHE LM OMM P REMLIZEIT 5L
TS T EBROBRIT A S ITHH L, ThE typeb
ERRLTH b, ZOHMOBBIRE L TREOKRE
WFRERATEM LT b, FRICZEWT T8 Hhie
HMALEILTWAZ LB LIBTHA ),
B 1 258 3 F TCOLBEMEHIROBIRE LA
MR R T AT XCoficswT, F-—Hlo
WECRBAE L CHbND (Fig 41), Tt TREEMEY
WIRDEIREALI DTS 298 1SS MM O g
EAC BT U A2 R oMIf ) 1 % 8 L 7ok e 26
RETRET, B R USSR bR
72 5 v, Fig 41 128 W TR OB 3 0 R B
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Fig.42 Scheme showing composition of “unit” and
orientation of both upper and lower roots.

HBROMKNERL, KA FTHRIHENT 5,
4N BILMDF LS B LM OMER D S8 CTH
~4AFEOWE, SN IZBRTHOMREN, 6N & 7N
PRI IR M T B, LRI & 5%
3295, RIRE2HMEL:,

Al RN TS AL & B TEH e (R A I & sk 48000
K S D BB MRS, & b ICAE S RS0
NBEI & o THIMMBEIRE LD TH B, s
BUIZRTE ORI & 2 RO 5 N B, KHTHIAS
PR & N UERE K F D I S oA,
LI LIERSET &N 5 S RETIN I, Fig 43 1R
£ 1T, MRS B GUIEMHAE R & /MR I
AUOTEEL L, AR T B L e e RIS
HLEEANE S U CRAE AR I 22 AT S 1, 4L
MOBELRTTH L9100 5, BHS TGRSO
FC GAy 25 WS, AROTFRENICBWTEER
D& BRI o 22 ERBRL, HlEC
B GA; OEREET I K07 10 & 10 O 53 3G M
DG AEPHL, WEROME, BRI
JER EE LTl RE oy bo— Ly b oL
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Fig.43 Abnormally elongated internode at vegetative
growth stage.

M & RO A% 0. brachyantha %2 O, perierri &
OB OB ERICBWT, FRERIICER 81
AEWREREMICBOTHES LY, f2 Lk
MOV MRRIECME L2 D3RR 545, ¥
RO SRR A RTS8 B I A PRI g T
BT OFEMT I EL, £iFoniiikeEY 5,

B CLL, R & BRI BT Bl R TR
OBREHER TG, RO 3IBIZMETE B,

{1) O.sativa + O. glaberrima % & CI22E
A R T LB & LB HEAI - T, Wk, S
SEERE LT~ b L, DI/ E AT
TRACHET 5 (Fig 368M0) .

{2) 0. perierri + O. brachyantha B R RHiM T

Z OB B U RS D & 15 1S/ O
SHHSLL, EEOMESEHIIB T O AMEE I T K
EHET LY, TERHBRTALZ L0 v, TOMD
PR SR SN TR Ao I I 2 T L, A
ZUoNEIRERL, TROBKITE UIRHKILAVNT
Hbo

(3) O.sublata - O. grandiglumis & HrEHM Tk
MEHMICED T TTTOHMIIBWC, EMHEE
WEAWIRE R L, MEFIICHMML T 5 2 Lathn,
AL TR Th %,

VTROBIBL L S &b, JEMEHMSICE S A5
WO & MR OMIIE, BN & B, 28
IHEE A BIRICE 2 ) A, 2 0IMINCSEH B
205 U CIRAE AL & BACHIE & 2SR AE S B
TRZTONE, LhL, O.meyeriana (34580 2
&y, BEMBOBEIE RO, Kzl
AARBOT T, RS OME 4 AR & [
B ARAHEIE 2R 310, M7 L hid, BERO
AT BRI - TR U IR WA RS B &
TJo

6. KLU OEEORE - BEEYICH T 2 B5ER
CERTAMR

KE LA ORERY OMEAMICONWT, 230

W% BRT5H, 2 (Phragmites communis), & L

(Echinochloa Crus-galli}, # X / 2 # % (Beck-

From left to right

Fig. 44 Primary aerenchyma of Phragmites communis.
Fig. 45 Same view of Echinochloa Cruss-galli,
Fig. 46 Same view of Beckmania Syzigachne.



20 M

A - BE - B

iy

From left to right

Fig. 47 Primary aerenchym of Monochoria vaginalis.
Fig. 48 Same view of Veronia Anagalis.

Fig. 49

mania Syzigachne), 27 ¥ (Monochoria vaginalis),
#1779 + (Veronia Anagalis), ¥ 7% %> (Ranuncu-
lus sceleratum) #IZH OGN D & 52, KEME - whdk
AR E R 6K Y, REETL 1~ 280
B RGN BRI 8 TV 50, R e RaslaH
IS o TV BEAMES Vv, ZOBOMKAHIT IR
Mg S, RERER L WIET A2 LA v, 3
T (Fig. 44) & v (Fig 45) koM min, » X
Jaya (Fig 46) FHEMEHMOHRTH B, v
(Fig. 45) # &0 T2+ ¥ Fig 47), 77 F I+ (Fig
48), ¥ # TV (Fig 49), #I2B Wizl

From left to right

Same view of Ranunculus sceleratum.
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Fig. 50 Secondary aerenchyma of Bidens frondosa.
Fig. 51 Same view of Glycine usuriensis,
Fig. 52 Same view of Ludwigia prostrata.
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7 A Ak Y (Bidens frondosa) (Fig. 50),
Wb A (Glycine usuriensis) (Fig.51), Faw ¥
¥ (Ludwigia prostrata) (Fig. 52) % o> 2= 4% 5788
W E I ERIRE D T CHEE T U A IS B R
PO SN, R RE BN U CEEA R T
LHMEAHGER I NE, TREE 2 RAME (se-
condary aerenchyma) & M-ERL T8 (245, 82 4K
MR EILA - THBAER 2B ORETH Y, 250
WhAnDEdny, BRERETIREL R D, 2O
AR I S A A ARk L LT (Fig.
50), FIMIMIZE LD A TR S BT IEEIR
e LTHADHMEMER S NS0T (Fig 51, 52),
HHIELZAMBIL 9 %,

LFER b ET o LEOREMY OBAAEA L
W% BORLDBBIT CEFTTLHHEILA LN LMY
BIEOMBBII OB L o 7048, R (BAER
WE0%) AHRBOT TEF T 256 L HKINEDT T
HHT A, TRBERIC B 2 WO EH bR
B B S e R R BB L0 <@, Fig 53 ALIRKE
DT CEFTHHET, BRI L w52y, B
IR SN, EoBBICOBINCEEL
Tl A BT BT R & 2 v Fig 54 IHEKIRIED T
THEHFTHHET, RO BB S Z Ok
i v D S TR BT BT o T ZRRUAM L) L CAT <
AR T L - TRE3NTWAS, Fig. 23 B L U Fig. 26
KR LAEHROMR L Fig 2 (R LABEESMEE &
Pd CHETIE, DNENKREOT CEF T 26
B AHNCR T 5 SR L OB OBNIEE L

........

Cyxy
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Baes, oS ik
Fig. 53 Connection of leaf sheath with stem in wheat
growing on upland soil.

FIHIEERWETELTHALS, JOZEEHIHT L
DITRD & R EBRRERITOWTHE S 5,
MBOFTAERER L CEOFERLIEL, RO 1
gEHYDOTATHERB L, SOME N RAEGRIL
(specific gas content) & ¥ 52, HKIKEO T CHHE
T A H A a4 (Beckmania Syzigachne) 2t U®
WA TN AERILIETY 2.85ml-g TH Y,
MREOTCEFTHHED 0.79ml-g D 3 HWT
BHoto BRI FREIRECTEH LLATO
A S AL, MRECEFLLbOD
F3WIELALHME LTS, MIREOTTEFTS
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mi-g OB E o728, WKIKEOTTEFT LSS
DHAGRILIZ 0.80ml-g &Y, FARFRTHHE
FIHHIIOMITHIR LTz, S0 & d BRI A5k
WEOTT, Llh  EFEHRLCWIREDHICE
TRYPAICE, RS > RIEE L CTKBREET S
A, FHGRICE T B SRR O X R L (K
LCwhI L ERT, MAHMR OIS RAT 2 IR
YOI BIT BT AEGREIH N &, HL8»S
REA~DOHNEEGRRE BT B L 912, ot
MRIBASERE & LCRIDZ EFYH-Tnb, T/
AR O R ITR R R AN, HKIRIEISE
LCHEET HHEILE, LD S HBAORNEER
PEIET L LI, BEABRET S LEEYHL, L
A &l S N B AR R R O MBI R s g R
LERNDHILSNAZEERTEDTHD, RERICS
WORR O ARICE TR ABFBIEIE, 1 HuTh

Fig. 54 Same view of wheat growing on waterlogged
soil.
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