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Quantitative Relationships among Vegetative Organs and Their Conductive Tissues in Several Millets
II. Quantitative observation of conductive tissues in leaves: Tomomi NAKAMOTO* and Koou YAMAZAKI
(Faculty of Agriculture, The University of Tokyo, Tokyo 113, Japan)

Abstract : The number, size and morphology of vascular bundles were observed in transverse section at
the base of leaf blades and at the center of leaf sheaths. The results were fundamentally the same in seven
species of millets examined.

The number and size of both large and small vascular bundles increased as the leaf position
(shoot-unit) became higher (Fig. 2,3).

In the large vascular bundles, cross sectional area of phloem, cross sectional area of xylem and
diameter of late metaxylem vessel were proportional to the size of the bundle (Table 1,2,3). But in the
small vascular bundles, the cross sectional area of xylem was not in proportion to the size of the bundle,
and smaller small vascular bundles had relatively smaller amount of xylem (Table 2).

The total cross sectional area of phloem at the base of a leaf blade was larger than that at the center
of leaf sheath. But the total cross sectional area of xylem in the leaf blade was smaller than that in the
leaf sheath (Fig. 4). Large leaves had large total cross sectional areas of phloem and xylem, but the total
cross sectional areas of phloem and xylem per unit leaf area were smaller than that of small leaves.

The determining process and functional meaning of a quantitative relationship between the amount
of conducting tissues and leaf were discussed.

Key words : Conductive tissue, Leaf area, Millet, Phloem, Vascular bundle, Xylem.
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Fig. 1. Diagram of large and small vascular
bundles of leaf blade and sheath in cross
section. The followings were calculated
from the diameters measured, diameter of
vascular bundle (/ab), area of phloem
(Jed) and xylem (/a’®’-Jed for large
vascular bundle, Jef for small vascular
bundle), and diameter of vessel (g).
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Fig. 2. Frequency distribution of vascular bundles at the base of
leaf blades. Large vascular bundles are shown on the upper
side and small ones on the lower side. Numerals on right
side of figures show the short-unit number.
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Fig. 3. Frequency distribution of vascular bundles at the center
of leaf sheaths. Large vascular bundles are shown on the
upper side and small ones on the lower side. Numerals on
right side on figures show the shoot-unit number.
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Table 1. Relationships between the diameter of vascular bundles and the cross sectional area of
their phloems.

Leaf blade Leaf sheath

Large vascular bundle  Small vascular bundle Large vascular bundle Small vascular bundle

a b r n a b r n a b r n a b r n

Setaria italica 0.47 1.74 0.98 24 0.12 2.20 0.98 24 1.28 1.50 0.99 23 0.79 1.72 0.98 20
Sorghum bicolor ~ 0.03 2.35 0.99 28 0.07 2.36 0.98 28 0.08 2.16 0.99 25 0.48 1.82 0.96 23
%%%%@ 0.16 2.02 0.99 28 0.04 2.46 0.98 28 0.17 2.03 0.99 28 0.34 1.96 0.95 27
Panium miliacewm 0.20 1.85 0.98 28  0.04 2.36 0.95 28 0.08 2.06 0.98 28  0.08 2.20 0.98 26
é%j;ﬁgfﬁéﬁga 0.09 2.15 0.99 28  0.007 2.98 0.95 28 0.21 1.98 0.99 28 0.11 2.26 0.96 28
Eleusine coracana  0.06 2.21 0.95 26  0.08 2.23 0.95 24 0.14 2.01 0.98 22 0.19 1.94 0.92 21
Coix lacryma-jobi ~ 0.12 2.09 0.97 28  0.06 2.42 0.96 28 0.64 1.73 0.98 24 0.48 1.80 0.95 24

a,b ! coefficients of allometry (y=ax").

(x =diameter of vascular bundle (um), y=cross sectional area of phloem (um?)).
r . coefficient of correlation.

n : number of vascular bundles observed.

Table 2. Relationships between the diameter of vascular bundles and the cross sectional area of
their xylems.

Leaf blade Leaf sheath

Large vascular bundle Small vascular bundle Large vascular bundle Small vascular bundle

a b r n a b r n a b r n a b r n

Setaria italica 0.43 2.08 1.00 24 0.011 2.65 0.96 24 0.32 2.15 1.00 23  0.04 2.42 0.96 20
Sorghum bicolor  0.93 1.91 1.00 28  0.008 2.92 0.98 28 0.72 1.97 1.00 25 0.03 2.61 0.99 23
1};;2??32;24 0.57 2.01 1.00 28 0.0042.99 0.91 28 0.54 2.02 1.00 28 0.01 2.69 0.98 27
Pawium miliacewmn  0.10 2.28 1.00 28  0.005 2.72 0.92 28  0.13 2.22 0.99 28  0.0032.90 0.98 26
?ﬁﬁ;zg;ﬁégga 0.67 1.97 1.00 28  0.003 3.07 0.93 28 0.55 2.02 1.00 28 0.02 2.60 0.97 28
Eleustne coracana 0.05 2.43 0.98 26 0.005 2.78 0.84 22 0.08 2.33 1.00 22 0.06 2.00 0.85 21
Coix lacryma-jobi ~ 0.58 2.01 1.00 28  0.05 2.46 0.95 28 0.28 2.16 1.00 24 0.05 2.54 0.97 24

a,b : coefficients of allometry (y=ax").

(x=diameter of vascular bundle (um), y=cross sectional area of phloem (zm?)).
r . coefficient of correlation.

n : number of vascular bundles observed.

NII-Electronic Library Service



486 HAEMEDFE < KE BLTE (1988)

BrEmT2boraonl B1ER), NMER
W2WTIE, b DEIRERHTH 7205, BEFIIBW
T2 XD KERDBEN—RETH- T,

(2) MEEFRBERZR & ARSI & ORM%

KHEERICBWTIE, HL<D b B 2EWEE
KL (B2F), HEROKMERE & RLKTEHE &
IZHBIBEIR R R - Tz, IMNEBERICB W T,
FEEAEDBEIC b 2 XD KEL, HEERKE
EHBEINT 2 12 L7203, KED G D % EE o3t
Bjlic k& ko,

(3) #ERER L KEEEZE & OBMR

b OfElx, BWOABEERICB LT, EFITHAX
TRDRKEWERICH 720, WTFRDOBEESLE &
ZFULGEWEEFE->TW B3R), Thbb,
MR (ER) CIIZHFIL T, KEEOWH
R (EX) »EmL 7.

UEDHERL D, KEERIIBWTE, EYRI
ETOHEIEH 528, HERMERE, KEKEES
L OKRBEWERO 3 13I3ITLHABEREZER-> T»
7z, TRRFTLT, MMEBERTIE, HERIKEL
BHIFE, KEOLED2EELEL 5 2 EHS
Mo Tz,

3. (BENNEMME & BMARE - NHRARF
(1) {BZEHEE R ARHT AR

HEHRIE L UERDREIC BT 2 AEEERR
WrEFEIIEE 4 BIWRLIED ThH- Tz, »wIFhofE
PINZonwTh, MERICEREIEMT 2L
1z, EEEERGEERESENL 72, Bx0BERIC
HEHT 2L, EHHREEHPREICB T 2HEER
HBWERE LI Lo 7.

(2) ERERASMTTEIRR, RESHEMTEMRE

RIEY E b EEESIARZ VY, BEHB L UER
WBITS, EE, KEEHFEESKE» -7 (B4
B, LaLiass, EEBECNL TEL, KEHE
WEEEZ 7oy T3 L, LT EMOTnggEs
Z 6, EEE/NSOIZEERL, KRIREKERE
HXANICAR X <, EEEIAE &2 LR, KEH
MRWTERE SNBSS o T,

AR L ERES, ARESRRMERE & OBRIE, wTTh
OEICOWTHHENICELD TELULTEY,
YEOEEIC L 2 EREIKE o7z,

%, A—EBRICBVLTES & EBOIRETE
BerhtEgs 2L, MHERZALERZRLZY, EFHOD
ER SRR E R DS ERIC AN THE IR K E D5 1
(B4), LT, KEEImEE &L T

AbL, WThDBEHICY, BEHEIBWTESLD
RKEfE»EBS T,

E £=

. MBEETEUCT, EERLITIEXZ 2SS
DOEEH 5 WIFERICE T 2 BEHEBE L OB
12, TEYIORBEOHRC»1rb ST, 1JIZHE0ER
FIBARAR N T W B Z B it o7 (B4
&),

BEORABRBICEH L CLEDEE2A S
&, RSN 2 BEEKRO BRI 2 EEEE R
FELTLWADTIE RV, WO EEEENEZ s
3, TTICARCBVTIZ, EFEB L UVESEN
BREICET 20DIC5ALT, EFOHEREH
EXNDIENHLHICIEINTWBY, iz, ¥4
LIIZBWTIZ, BREOILKICHEALT, BB L
UEHOME S L UKREBEIRE SN EY, DL
51z, EEEOILAKDBREIZ, THSETHEICRE
ENLHERZBALU TCESNIYERBIHE SR,
FORRELT, KFETHLIZLIZ LD 7, B
AT & EEARE - ORI —ED RGOSR
HOTIREVD, E0WD I ENHEEING,

—F, BREE» S A L0, ERLZERCE
B NEBEEEIL, THICLEL I 3EKSOMH
MERER S NIOEEREYOERR & & i B%
LTwbdEEZONE, LichoC, BEEEL EE
MR - O, RFFETHL I LI &5 R ERE
REMENREIEL TWD I Eid, BEERYIC b+ IcHE
BLOIDEIATHD, vt F 4B
T, EXEZBETEBWTEE LB EE
PMETL, ZHIxinl TERRICH L TERDE
M ERSAENANICRY 35 Z EpBs IS
TWn3Y, EHROERELHbY, KEELHRE
EOMICEELEROSE L ERTEH AL D
EMTELS,

2. 2L, AL, WTFROEIZDOW
THTH, EREOKE HEZ ECHEMCVBDOE
EEBRCL > TERINTWE L LI BEY R
CHEBL s nE oy (B4, 1%
BN OHEMC BT H, EER L EFEEKmES
H B VIAREIRKTER" L o, RBEOEERLS
ADoNTWna, ZOLS3CHEHBEORKEWET, X
R 43 DERER R ARER O T ERE > Az D72 < 72 B
EWO R, EYOBErHbLTRBL AR
2—oD—MBAIEAB I ENTELDTIER VL

NII-Electronic Library Service



e - (UIF—HMBREOXRERE S L SEEHBMOBMEEREGRE (F25) 487
Table 3. Relationships between the diameter of vascular bundles and the diameter of their large
vessels.
Leaf blade Leaf sheath
a b r n a b r n
Setaria italica 0.29 1.00 0.97 24 0.11 1.18 0.98 23
Sorghum bicolor 0.21 1.09 0.98 28 0.18 1.11 0.98 25
Pennisetum typhoideum 0.20 1.09 0.98 28 0.13 1.16 0.97 28
Panium miliaceum 0.14 1.10 0.93 28 0.03 1.36 0.97 28
Echinochloa frumentacea 0.22 1.06 0.99 28 0.11 1.18 0.97 28
Eleusine coracana 0.05 1.32 0.98 26 0.05 1.31 0.98 22
Coix lacryma-jobi 0.45 0.93 0.99 28 0.20 1.06 0.98 24

a,b ! coefficients of allometry (y=ax").

(x=diameter of vascular bundle (¢m), y=cross sectional area of phloem (um?)).
r . coefficient of correlation.

n . number of vascular bundles observed.

Table 4. Leaf area and cross sectional area of vascular bundles.

C;oss sectional glrea Cross secltional area
. of vascular bundles of vascular bundles
Shoot unit Leaf area at the base of blade at the center of
(mm?) (mm?) sheath (mm?)
Setaria italica 3 1.3 0.02 0.02
7 19 0.11 0.12
11 60 0.30 0.35
16 130 0.74 0.53
Sorghum bicolor 3 4.6 0.04 0.03
7 57 0.24 0.28
11 288 0.93 1.04
13 383 1.41 1.12
Pennisetum 3 5.4 0.05 0.04
typhoideum 7 31 0.18 0.19
11 180 0.73 0.70
14 272 0.82 0.77
Panicum wmiliaceum 3 3.5 0.07 0.05
7 39 0.28 0.27
11 113 0.66 0.76
13 125 0.76 0.73
Echinochloa 3 1.4 0.02 0.02
Sfrumentacea 7 17 0.10 0.11
11 86 0.32 0.39
14 154 0.52 0.49
Eleusine covacana 3 1.2 0.02 0.02
7 8.3 0.08 0.08
11 30 0.18 0.17
24 47 0.28 0.22
Coix lacryma-jobi 3 15 0.10 0.09
7 73 0.34 0.30
11 183 0.60 0.59
15 111 0.57 0.43
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Fig. 4. Relationships between leaf area and the
cross sectional area of phloem (broken line)
and xylem (solid line) at the base of leaf blade
(left side) and at the center of leaf sheath
(right side). Lines were drawn along the
sequence of shoot-units.
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