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Genetic Studies on Leaf Characters in Maize

1L

Variations within an ear leaf and difference with inbred lines

of leaf vein frequency and stomatal frequency

Hideho Miura, Hiroshi NakasuiMA and Chikahiro Tsupa

(Laboratory of Industrial Crops, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan)
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JE X LEENRMIEERE & o, XABRE) & EOHEIBIR
ChHsHT EuHE L, CROOKSTON and MossD i3
Cs & CoHEYOILEIN G, Cy HY CHAERED DI D
O EDENRE L AR ORI OERCBI#E TS &
BT B,

Zh o, BEH X ThUED v THR
AEEEN L EROBFY 27 b D T H 5 H, HANSON
and RASMUSSON® {34 o & F CERSAE K X ol
WERNFETDHZEER U TV %, FIBSD 4+ v
w2 T, YERCRT AEREE CRFERZERRD
Bk, FiifEn~7 v o AR SHE 2.4 b 8,
B L > TRELSERT D LM L,

¥ 7z, DORRENZE? B 37/ —23=2y 7 5 AT,
MISKIN'D &34+ & ¥ CRIEE & FKECEE O,
YOSHIDA 518), HEHS XA+ aF TR BE LS
WEEN ORI Fh FHIEDOHBBRS S 5 & & & I5HH
Lz,

Lo T, IR &SI 2 CRRH R 2 BT
THZ &L, EOXERENIRLEOREE 2 HE D L
T, BEETHBEBZLLN D,
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x40 cm DEMEBE CHEEL, 6 A 9 HME | En X »T
1ARITE Lz,

BEKITHBD B A 29 Hic, ORI LcgiiE
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Ltz %%, leaf punch # BT, Fig. 1w
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Fig. 1. Diagram showing the positions examined
on ear leaves.

AL 2R, 1 REF 0.68 mm? OXFLE % 1.0 mm? Dff
B UOR Ut F32EME G 10 fEfR E Lic.

KB2 HAERHEER

1981 48, JtEsI B E RS CEERE S hicl
FERIE DT s, FRCTF v VEISRE, 7V v I E
125348, A4 — ME 15 R R R, HRER L,
BEHBBEED8H 28HK, #HRHMSMMEC D>
T, BMEORKIER Lo &3 & o (Fig. 1
DFLES) T, FEIREE & KIABEL RS, HESHE
BEBRL EFEFETHBE, AFcchbo @SR DV T
3, WMHAOBEBHFE L LTHEL, BlEE0ER, I
LA Lk, %7, HEGOEER xEFOELETHHR
ORAELE.
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Bnb, BEREE &ERY LSBT CEMTERC
Bz bt ote, Fhiowl, Eh% =
MOFIEER, &bl s Li-E4Mosthik &
<, MBHOERYRCHTI LR TELI oI, £
to, FMOEAEDIAFM S XU R LB & OXHE
e X A8, WThOBETH s,

FC, mIOEAEH LIET, ZEDMER
DK ¥ &% At (Table 2), FHEWRBEL, (LERT6.25
A/mm~7.57 A/mm itz o> TER L, EHDLH R
BIOHERHTL v ERE Ch- . AT, ERYY
K2 1312 fB/mm~15.14 ff/mm DERE LB, L
BEROBRIERBEOSA LFO BB 2R L, ¥
7o, BHEMOTIFER, MERCEEEIAVLD
O, BENRBIE L FITBIRE R L T,

R, AWEFRFRZOWT, BEHEREOKE X
PEMCERTLLEI R Lic, BEHEMEEDL
EXR, ETEERBRRC X - THSE L1z, Table 3 iR
LI B i ofER» S, EHFEMOKIVHARE & ERY
b ZALB L, MEBCERESED L R, §iE T,
Fig. 1 iR UIofof 1 @ 9.58% 75 {ufE 6 0 18.999 *
T, ¥ BB TRFULAES ©851Y hbfE6 D

Table 1. Analysis of variance for four leaf characters on an ear leaf
Mean squares
Item d.f. Leaf vein Stomatal frequency Stpnll)ata per
vein
frequency Adaxial Abaxial
Positions 5 17.248** 14.301 132,846 23.532*
Sides 1 0.408 0.649 13,138 1.585
P.xS. 5 0.488 36.289 12,316 4,929
Errors 108 1.008 32.549 61,741 7.956

1) Linear frequency of stomata along a vein with 1.0 mm length, which was estimated
by stomatal frequency (adaxial+abaxial)/leaf vein frequency.

*  kk .
y H

Significant at 5% and 1% levels, respetively.
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Table 2. Leaf vein frequency, stomatal frequency and number of
stomata per vein in six positions on an ear leaf
Leaf vein Stomatal frequency Stomata per
PositionD frequency Adaxial Abaxial vein
(No./mm) (No./mm?) (No./mm)
1 7.57 36.9 63.2 ' 13.12
2 7.17 37.6 58.7 ' 13.42
3 6.25 35.9 56.3 1475
4 6.97 38.0 60,4 14.12
5 6.27 38.2 56.8 1514
6 6.55 37.0 57.6 14.43
Mean 6.80 37.2 59.0 14.16

1) The position numbers are those of Fig. 1.

Table 3. Analysis of variance of the magnitude of inter-plant variation
for four leaf characters on an ear leaf
Mean squares
Item d.f. Leaf vein Stomatal frequency Stomata per
- vein
frequency Adaxial Abaxial

Positions 5 1.233 6.331 26.537* 29.537*
Sides 1 0.464 1.166 5.333 8.323
P.XS. 5 1.561 6.851 4,110 4.402

Note) The magnitude of inter-plant variation in each position was estimated by coefficient
of variation.
*: Significant at 5% level.

1887% ¢, OEATAELERL O, L
WHE &L DESFORE, EITROKRNERICIZBEL /e
BAMERR DS itk -7

2 TRV FLEdiE, BERC2THE— TH %5,

b) Stomata per vein

a) Stomatal frequency at abaxial surface

Fig. 2. Schematic digarams showing the similarity
of micro environmental effects on six posi-
tions on an ear leaf. Position numbers
are those of Fig. 1.

(D= means a significant positive correlation
at 1% level.
(®—— means similar correlation at 5% level.

Folcw, EHBEUOKILFALE EERY b AR THED
bR EGREEROK & XOMEBIC X BERIL, EHD
REBRMC X - CREDHREEL > T3 2 Ll T
BEEXBLENTES, T T, BHECTOWTHLE
R OB ORI & 2 5 7o, BRI Y &
W, Fig. 2 iRk Lz, MabWbii ks, MBHEE
LIRABER EofrE 4, 5, 6 DRl AR R OB
RO LTz, Shic, (2B 1 Lf7E4, 6 LOMTHLA
BoBGARS LI, Lidi-T, ThbofEET
1, REBM CEMEGE SBEUEOBVRIEDREE S
T EHMTRE X hi, —JF, BIREE LEHEMOSIUR
ECi, MVERMOBERERORKR X J—gDBFRY
otz
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Table 4. Mean performance of each inbred line for eight characters

Line Plz'mt leaf Leaf vein Stomatal frequency Stomata
name height Length Width  Areal frequency Adaxial Abaxial Pef veIR

(cm) (cm) {cm) (cm?) (No./mm) (No./mm?) (No./mm)
a) Dent corn
A 340 1122 68.8 8.4 580.5 7.3 83.5 111.8 26.8
CK 24 165.6 65.6 7.7 508.1 7.5 59.7 78.2 17.7
CM 37 127.8 56.0 55 3110 79 724 96.8 213
CM 91 141.0 62.3 5.7 352.8 7.3 476 724 16.5
CM 174 135.0 69.1 74 512.2 7.6 70.3 894 21.0
CM 182 139.0 61.0 6.0 366.0 7.9 54.1 74.1 16.4
CMV 3 121.2 474 5.0 236.2 8.1 60.0 90.0 186
RB 259 165.4 68.8 85 583.4 7.0 56.8 75.0 188
RB 262 1314 51.2 6.3 322.5 6.6 54.1 70.0 18.8
RV 37 116.2 62.6 75 468.6 6.8 68.5 80.6 21.9
RW 11 125.2 484 6.4 3114 8.0 52.6 94.7 184
W 401 133.0 57.6 8.2 469.9 6.9 57.1 73.8 189
W 79A 108.6 52.1 5.6 293.7 7.9 385 58.8 124
Mean 1324 59.3 6.8 408.9 74 59.6 82.0 19.0
b) Flint corn
AG 14 128.2 59.8 7.3 436.5 8.1 58.8 86.8 18.2
CK 52 129.4 46.3 4.0 183.6 9.0 494 75.6 138
CM 7 125.4 43.2 35 151.6 78 491 75.9 16.1
EA 49 98.4 444 42 189.0 81 409 69.1 135
F 7 133.6 50.3 3.7 186.7 7.8 52.9 741 16.3
N 21 1704 71.1 6.9 4949 6.1 309 72.1 16.8
N 85 188.8 734 7.8 569.4 6.2 46.8 63.2 153
PM 9 1144 483 4.0 194.8 7.6 518 75.9 16,9
T 6 141.8 68.0 6.6 445.1 71 426 65.3 153
To 15 159.8 67.8 85 579.8 6.8 50.6 70.6 17.8
To 19 131.6 57.1 7.8 446 4 6.9 65.6 91.5 22.8
To 27 100.6 50.0 53 269.1 6.8 67.4 97.7 24.2
Mean 135.2 56.6 5.8 345.6 74 50.6 76.5 175
c) Sweet corn
Ma 21547 105.2 55.3 74 411.3 6.6 67.1 87.9 234
V 574 134.6 574 44 257.0 6.1 49.7 60.9 18.1
VvV 725 118.6 64.3 52 332.2 6.4 60.9 75.9 214
W 6767 135.8 72.2 7.2 519.4 71 735 80.6 217
W 6786 133.8 62.5 7.1 442.7 72 86.5 123.2 29.3
J9C 1-6 136.6 61.6 7.0 430.7 8.6 81.5 114.1 22.8
E 16 128.4 558 6.5 362.1 72 66.5 86.2 212
E 17 1644 64.7 9.0 579.8 6.7 54.7 75.6 194
Md 66- 9 135.2 70.6 58 411.5 8.1 62.4 87.1 185
Md 66-17 136.4 614 75 459.3 74 89.4 98.9 25.5
Md 66-44 127.6 74.8 79 587.7 7.0 73.2 95.9 24.2
G 61D 110.6 60.8 58 350.2 6.9 53.8 721 18.2
4701 116.0 60.8 58 350.2 6.2 58.8 7.9 22.3
5008 1150 59.7 58 346.1 6.5 63.2 74.4 21.2
55-S-53 117.0 63.0 71 4211 71 69.7 91.2 21.2
Mean 127.7 62.6 6.7 4211 71 674 86.8 219

1) Leaf area were estamated by length X width in each individual within a line.
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Table 4 &F# Lic 8 WEIOWT, %45 MG
EEY ENERBMECR Lic, ¥F, RERCEEL
LERBE TR, 7 v 1 TR I 6.6 A/mm~81
A/mm, 7V VI A - METRER Fh61EK/
mm~9.0 &/mm, 6.1 4/mm~8.6 A/mm DLRIELE
Shic, BFEE, v 79 v M, A4 — MR
DRTERTN T4EK/mm, 744 /mm, 7.1 4&/mm T
B ot IIBEZThORFECLEMUOTE L,
7YV MECHLT v M, AL~ BT D RERME
wIRLlco RMBIOLROES 7 v 1, A1 - PET
IO KRTHotk, ¥, Blz7Fvr, 79 v 1 DK
2, BRTRAA — ME, EECIAL -1 Fvi

BORBD—RICKTH - T

wic, o Rt 8 HEORMS X 04 RERHM0ZR
ORI X > TR Lz, Table 5 2GS i X
51, WEROBETHRMMERIERE Th ot &
NSRBI OLE Y, B L ORHRRKMOLEE N
SEILIAER, @TOoBReEEE R bAL, b
W, MEOXERL, FECETBR ARV CAN -
L, Tk, 70V MEEOBITRECT EBHLNE
Teontce —F, T IEE7Y v IMEOERL, B

ERBIVCERAEO SHETITAR T, Bk
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MEL, FUbh, 7YV MEDERTHMITESZ N
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Table 5. Analysis of variance of inbred lines, among and within groups
_of dent (D), flint (F) and sweet corn (Sw) for eight characters,
entries are mean squares
Ltem Lt Plant Ear leaf Leaf vein Stomatal frequency Stomata
height Length Width  Area frequency Adaxial Abaxial Per vein
Lines 39 193.6%*%  361.9%x 105.2%x 794 7** 2.447%* 84 g** 102.6** 65,3%*
Among groups 2 101,7** 61.0%*% 193.7*% 1076.0%* 3.226** 509.1%* 174.5%* 343.3%*
D+F vs. Sw 1 172.8** 99,9%* 67.2%%  857.4%* 6.210%* 687.4** 256, 7** 595,1%*
D vs. F 1 30.6 221 320.1%% 1294 5%* 0.242 330.8%* 92.3** 91.5%*
Within Dent 12 156.3*%*%  304.4** 73.7%  676.4%* 1.272%* 68.4%* 98.8** 57.2%*
Within Flint 11 360.9%¢ 611.4** 1744%k 1353.6%* 3.668%* 52 1** 54 5%* 51.1%*
Within Sweet 14 107.3%%  179.8** 65.0%%  416,9%* 2.384** 69,3%* 133.2%* 43.6%*
Errors 160 7.8 121 3.0 17.3 0.363 8.7 10.6 . 44

*k . Significant at 1% level.

R, ThbOpHaHRnErd L, FHBEDOE
BREROKE &8 XOMEROHAEREGRYH S et
5EINT, BB, HEMEE BEHEB R HEE Lk,
Table 6 i1y, Fv REE 7Y v R - R Lo
ERA TR L, chid, —eF v L7 Y v rEt
BFESH & LBV bh B s, Fuvbh, v
YU, AL —FREECSICHEE, DHFEEEGSX
Dzt LA, BTOBECHE EE LoFIH B X
LOMTHL o LD, Shicid, AERCER LAk
B LKA BCESEM © FrrEET Y v
FMEDERIWNIWI ERERB LD TH D,

¥, EosfAaR LR LUCEBEICOWTRS L,
B, FEE, HEER JOERE T, WL D 70565~
92.5% DEpNMER E Y, TV, 7YV IMETLDIEY

Beh otce TBIRBEE CTIL, FvEh, 70 v ER
445%, A A — FFED 69.6% DBIELEREYESA T,
¥Hok, EoKAHEL, Fvr, 7V VIETE
RENST4Y, 554% DIEE LWEENYR L. A
A — METEREMA 0L, BN T06% Offiv L -
foo Ei, FEIRMVIHBOBEIR, T, 7YV
Ml A — FETERENT29%, 5947 TH o1,
Table 6 ©f L, ZETFELFNFHEMIEES & BEHE
BIaR Uiz, 7L, ¥, ERAEOA MY BN
1AL, ERFESLIIAME R L 4BHE L OMTE,
AR & LB RIEN & ieh - Tk, BIEHENT
HEETERMolee TOEPD, TV, 7V v iEE
A — METE, BEMEOEEBERATRE TR S MEHRA
R L, WCERFETELVL EBHLNER T,
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Table 6. Heritability, simple and genetic correlations between all pairs
of characters in dent, flint (D+F) and sweet corn (Sw)
Plant Ear leaf Leaf vein Stomatal frequency Stomata
height Length  Width Area frequency  pjavial Abaxial Per vein
1 ) 3) 4 ) (6) U] (8)
1 D+F 83.67 JT0%* A49% 61 — 48%* —.29 —.38 —.12
0 Sw 78.49 36 41 50 26 12 14 _o1
9 D+F 72 88.70 Rt 93k* —.60%* A1 —.06 .29
@ Sw .39 70.45 .26 66%* .34 21 17 .02
3 D+F .50 82 90.10 96%* — bg@** .32 15 49*
@) Sw 43 .26 83.83 90*+* 24 43 44 42
(@) D+F .63 94 97 92,47 —.62%* 24 .07 A43%
Sw 52 .65 .90 80.68 32 42 40 .33
5) D+F — — — — 4447 .05 16 —-.37
Sw — — — — 69.59 58* BTF* 156
©) D+F — -— — — —.04 57.37 B83%* 87k
Sw -— -— — — 59 59.14 88** Baxk
@ D+F — — — — .09 .85 55.38 B2%x
Sw — — — — .70 .92 70.60 81
®) D+F — — — — —.40 .90 84 72.87
Sw — — - — 18 .86 81 59.38
Note) Simple and genetic correlation coefficients are on the right and left side of the diagonal,
respectively. Heritability values (%) are on the diagonal. Hyphens indicate that the
genetic correlations were not estimated.
* ok

, *¥*: Significant at 5% and 1% levels, respectively.

Thebb, BEOF T, ERBECEX ER E
B I OERR L oML THEELAOHBBEGREE LA
2, BEE, BOSIBFE BRI LTV e, ¥
R OK 2\ Rz EEIRY b AR L VAR L
T, FhickiL, HBEDA M — FEETI, FEIREE
BEHOKEIEFERTIRVCHAEOH AL, #
5%, BHoOSILEE &3St el L\,
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£ =
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Y 2 L5, ARl 5 BIRELSI 02 b+ 5 2E
BIBERR EBE—FKTHEELOND, E, fERE
CEARRIEROK & SIERN e h - 7D, BEIREDS
RO HBEHIMBBRBCRET S 2 &, BREES S
GHEIRBIEME B OB A PET 5 £ C, B b T
BRC OB ShABE CH Db EHELRS,

—J7, KA CIIES DF, B E b BERTER
DREIPMUBEM TR D, ZDldGIlosfiosd
(%, MEEICHL Tl ok, UL, 7 b
HRPDLIL 0T, RO & P17 /e BRI 5
D, Fig. 1 iR UrcE 12 e B o HES R 5z r=0.88%*
Thotl, ABEOMEBILT A AFDE LR TLHE
ThTwaE,
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R, AERMEROA X SHANBRITERCERL -1
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i, &SI ERBOS B RER TR —THh >t —
Ji, EWRBEE T2 O L 5 e Ry —i R b e -
2o BH® b A F OGIBE T, F—EPIEARE
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R EHEE SR B, R, ZOREROREL
FBENCMEL LTV BT EASRE SR,
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EIER, BEHEESDVEIERBE L3R - ot oM
BEBARAEH S 5 0, FENRIIERE L3 DX E X254
CHIERIBIRIC H B & EXTRE IR T E T, HMD 34
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Bt ownt, MREEDLTETDH 5.
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HNTRIch (Table 3), X b FAEMAVEATHS Lk
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Summary

Variations with positions on an ear leaf were
investigated for leaf vein frequency and stomatal
frequency which had been suggested to have
associations with photosynthesis. Then genetic
differences and relationships among these two
characters and with leaf blade size (lenght, width
and area) were also studied on inbred lines of
dent, flint and sweet corns.

It was found that the number of leaf veins
varied with positions on the ear leaf (Table 1).
High leaf vein frequencies were observed at the
leaf tips and margins (Table 2). On the other hand,
stomatal frequencies of adaxial and abaxial sur-
faces of leaf blade had large inter-plant variations
These

were estimated to show the micro environmental

among positions. inter-plant variations
variations among individuals or positions within a
leaf of a plant. So it was suggested that stomatal
frequency was more plastic character for environ-
mental variation, or developmentally less stable
than leaf vein frequency.

Leaf vein frequency and stomatal frequencies of
adaxial and abaxial surfaces of leaf blade varied
among lines (Table 5). But difference of relation-
ships among leaf characters involving these three
characters were found between sweet corn and
dent, flint corns (Table 6).
vein frequency were positively correlated with
stomatal frequencies, especialy those of abaxil
surface (7,=0.70).

In sweet corn, leaf

But not in dent, flint corns (7
=0.09). These groups showed negative correlations
between leaf vein frequency and leaf blade size,
and positive correlations between leaf width and

the number of stomata per vein.



