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Table. 1. Crop materials used in this experiment

Crop Variety
Two-rowed barley Seijo 17

Naked barley (uzu) Ehimehadaka 1
Wheat Shirasagikomugi
Rye Petkuzer

Oat Hyuga-kairyouenbaku
Sorghum Wheatland
Maize (dent corn) [Tnknown
Paddy rice (japonica) Reiho

Paddy rice (indica) Hatishail
Upland rice (japonica) Norin 21
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Fig. 1. Apparatus for testing plumule elongation under weights.
(P:plumule, Fr;plumule holder, L;rod for weight, Gt;glass tube,
St ; Stopper for glass tube, Sb;seed bed, D; weight dish, W ; weight)
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Fig. 2. Elongation pattern of plumule in some cereals.
1 e¢m long plumule was marked with indian ink at equal intervals of

2 mm under a safety green light. Plumule was grown for 48 hours at
20 C in darkness.

Screened portion shows mesocotyl of plumule.
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Table. 2. Mean vertical length of parenchyma cell of plumule in some
cereals as they grow.

L;ngﬁ o?parenchyma call (x10%nm)

Length of plumule

Crop lem 2cm 3cm 4cm
Two-rowed barley € 3.8 9.6 15.0 18.4
Naked barley (uzu) G 5:9 10.5 14.9 23.3
Wheat G 9:5 10.3 19.2 25.9
Rye c 5.4 16.2 20.7 28.0
Oat C 4.6 5.0 6.5 7.3

M 12.0 15.1 22.4 31.8
Sorghum C i 3.9 4.6 6.0
M 8.7 12.2 22..2. 26.2
Maize (dent corn) C 4.1 4.6 5.1 75
M 8.0 8.5 1%7 13.8
Paddy rice (japonica) C 5.0 9.9 16.5
Paddy rice (indica) C 4.2 5.5 11.4 18:3
M 6.0 16.5 18.9 19.2
Upland rice (japonica) C 6.0 13.0 17.8

C;coleoptile M ; mesocotyl

Table. 3. Number of parenchyma cells in a plumule of some crops.

‘Number of parenchyma cells

Lengii{- of plumule

Crop lcm 2cm 3cm 4cm
Two-rowed barley C 23T 226 212 230
Naked barley (uzu) C 178 206 211 199
Wheat C 191 212 193 203
Rye C 185 164 191 187
Oat C 115 123 117 126

M 55 86 97 103
Sorghum € 121 128 130 143
M 73 93 119 142
Maize (dent corn) C 180 176 174 185
M 50 140 185 209
Paddy rice (japonica) C 199 203 196
Paddy rice (indica) C 146 164 171 163
M 65 68 83 101
Upland rice (japonica) C 166 158 177

C;coleoptile M ; mesocotyle
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Table 4. Relation between number of parenchyma cells in section of
plumule and its position from the base of plumule.

Length of parenchyma cell (x10*nm)

Position from the base

Crop 0.5cm 1.5cm 2.5cm

Two-rowed barley C 19.0 152 10.7

Naked barley (uzu) G 19.0 159 9.8

Wheat C 28.9 20.2 8.4

Rye & 32.7 22.1 7.4

Oat C 6.5
M 24.5 20.3

Sorghum C 4.6
M 28.7 15.7

Maize (dent corn) C 7.4
M 26.7 8.5

Paddy rice (japonica) C 19.7 17.2 16.5

Paddy rice (indica) C 122 105
M 18.9

Upland rice (japonica) G 13.8 20.1 16.1

C;coleoptile M ; mesocotyl
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Fig. 3. Effect of temperature on rate of emergence in some cereals.
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Table 5. Effect of soil moisture ratio on rate of seedling emergence
(Temperature ; 20 C)

Day.: from seedling until 80% emergénce

Soil moisture ratio

Crop 9% 13% 17% 21% 30%
Two-rowed barley 10.0 52 55 6.4 -
(100)* (100) ( 96) (93) ( 33)
Naked barley 12.5 84 5.9 6.3 -
{ 95) (100) (100) (100) ( 52)
Six-rowed barley 8.4 5.3 5.4 6.4 -
(100) (100) (100) (100) (10)
Oat 74 59 5.9 57 -
(100) (100) (100) (100) { 10)
Maize (pop corn) 8.5 8.4 53 - -
(100) (100) (100) { 50) ( 23)
Maize (dent corn) 9.4 7.9 5.7 5.9 -
(100) (100) (100) (100) ( 16)
Paddy rice (japonica) - 14.3 12.0 12.3 12.3
(0 ( 90) (100) (100) { 93)
Paddy rice (indica) - 13.0 74 7.5 79
(0 (100) (100) { 95) (100)
Upland rice (japonica) - 1555 12.0 12.6 12.3
(0 ( 86) (100) (100) (84)

% Emergence rate | 9ﬁat7he end of &berin?erit.
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Fig. 4. Effect of compaction of covering soil on the emergence.
After seeding at 5 cm in depth, four intensities of compaction were
given. (soil moisture ratio; 13%, temperature ;20 C)
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Table. 6. Effect of applying weight to the top of plumule on elongation of
plumule in some cereals.

E.Ioggation amout (mm)

Wéight loaded on plumule (g) o

Crop 0 5 10 20 30
Two-rowed barley 35.8 33.6 28.3 22.0 9.0
(100) (94) (79) (61) (34)
Naked barley (uzu) 19.0 22.6 17.8 11.6 8.7
(100) (93) (62) (45) (35)
Wheat 32.5 29.6 27.3 14.0 10.5
(100) (91) (84) (43) (32)
Rye 30.5 278 23.2 10.6 8.7
(100) (91) (76) (35) (29)
Oat 29.8 23.3 153 9.6 6.0
(100) (78) (51) (32) (20)
Sorghum 41.7 40.3 24.0 23.0 20.0
(100) (97) (58) (55) (48)
Paddy rice (japonica) 9.8 8.5 6.3 55 2.7
(100) (88) (64) (56) (26)
Paddy rice (indica) C 21.3 18.8 14.3 7.0 5.7
(100) (88) (66) (33) (27)
Upland rice (japonica) C 7.0 5.3 2.3 0.0 0.0
(100) (76) (33) (0 (0

* Number in p;e»nthge'sﬁéhﬁorws each 1engt)h in terms oﬁ)ercent?ge oﬁg lot.
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TRUBEEZLND, £2C, LEOMEVDFENMBRICED L ) L BE B LITTH
PHIB RO, BEFICEENMELZ 2T LN RBREE L ERL T, EBRE2IT- 1.

1) WFOREICELFTHEORE

Table6 & 0, FF A4 X2 TAHL, FHHE0 8K TIIBRE20T T8RRI %D
& iA35.8mm Th - 720kt L, ##H 5 & XK TI333.6mm THIHIHIZA6 %&b T
MTH-72h, FEHH108, 208 &MINT 212 DN THEIFIZF20%, #40% &5 %
D, FFE308 X TI{EREIGEIZH965% TH - 7=,

KIS, MDVEMINDIhZFEDREIC I T HATENEIC DN TANS, FEC L 5530
BERGRERORERIEYICL - Tk ) R epkKEPICEBNTALF, 2L%, F
ALXBLIUY N LB ZEA A LT EZEIULERZRLZOICHRL, o785 0
AAXATIRIZEA A LX L VMEIC L BHEIEFRELEN L ) TH - 72,

&) HEWIC L BEVORRK E LT, MEls £ 2RI AAESIC 9N T 4%
BIUTALXTIEE HA T LXERU LR CBRT H20IHTL, (RIEHMH 23
N aX (@) RAARKMCREEI TN EEZ bbb, T2, FHRisHE
TAHEYMTIE, VY AK L TREENSIAND - 2oL, =287 85 51 F T

Table. 7. Effect of applying weight to the top of plumule on mean vertical
length of parenchyma cell of plumule in some cereals.

Length of ﬁarenchyma cell (><10“nm)‘

¥W(-ight loéa onﬁmu]e (g) o

Crop 0 B 10 20 30
Two-rowed barley C 29.2 20.0 18.1 13.8 8.7
(100) (93) (82) (63) (39)

Naked barley (uzu) C 12.6 12.4 8.7 8.0 7.5
(100) (99) (69) (64) (60)

Wheat C 24.6 25.0 24.6 16.3 12.9
(100) (102) (100) (66) (52)

Rye G 222 20.2 16.6 9.5 9.6
(100) (91) (75) (43) (43)

Oat C 9.1 8.6 6.6 5.7 4.3
(100) (95) (73) (63) (47)

M 14.2 13.3 115 10.7 9.3
(100) (94) (81) (75) (65)

Sorghum (o 6.9 6.8 5.l 48 4.7
(100) (99) (76) (70) (68)

M 26.1 26.7 20.5 T1 10.9
(100) (102) (79) (66) (42)

Paddy rice (japonica) C 8.4 8.2 6.9 6.0 45
(100) (98) (82) (72) (54)

Paddy rice (indica) C 6.6 52 4.0 3.9 42
(100) (79) (61) (59) (64)

M 14.3 14.0 10.5 9.6 9.3
(100) 97) (73) (67) (65)

Upland rice (japonica) C 7.6 6.3 45 2.9 2.9
(100) (83) (59) (38) (38)

o *‘Numitgiin_arenthesés shows each icﬂgthﬁ terms of peréeﬁageg Oig‘lot.‘
C;coleoptile M ; mesocotyl
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HED - 2%, T OJREIIATEIC X T B ERMIGOE OIS, KERERRHC 2T 50
ICH T B2RGHEDE DL L T EDTR AW EEZLNS.

?2) HEOBRBRLWSIUVEBRPRICSSIEIIRENRE

Table 7 12 fifdi & 22 1F & MK EECMRE L 725 FIc B 28l L Ot E M4t
MOEE &R, ZH4 4 AXBFTCOMEOTMIBEL, MEIKE(LDBIEONT
" hrEmbH -7, 0g KOFLLHMIEZ100E§ 5/9—%> TV TABLE, 5
g X790, 10g X782, 20g X T63xr MBI MIZ DAL, 30g XTI, 39%¢& 0g X
D¥I1/347c ), WIS & - THIRRO#EA MOl M IS HRI S iz, 22 THRAL 72
TEMRC (3, BTEIC & 2 MAaOHE S M OB LANH OBRMIC R0A A S L2 hY, Dtk
T L 10g LLED R % T 12 A B DB & 7 - 7oL MR O HIRIFR R O VEH R 2 5L
13, FEDENEEROBRETL, RO DK E L EWIT & MBEOIH L 74
Vo

KIS, W3F 1 K 72 ) oMt mog bl & I B H L DRIfR % A72 (Table 8).
SR A XN MO IS, RIS R E ST CTHEREL CUIIEAYED
b7, 30g X TlE, 0gXN88% & X0~ 724, hFEFDLODHELN 0 EXDF NN

Table 8. Effect applying of weighting to the top of plumule on mean
vertical number of parenchyma cells of plumule in some cereals.

Number of paxenchyma cells per [ plumule

Welght loaded on plumule (g)

Crop 0 5 10 20 30
Two-rowed barley C 184 193 184 196 161
(100) (105) (100) (106) (88)
Naked barley (uzu) C 191 182 193 170 155
(100) (95) (100) (89) (81)
Wheat C 160 155 131 130 127
(100) 97) (82) (81) (79)
Rye C 160 162 170 165 143
(100) (101) (105) -(103) (89)
Oat C 129 137 116 121 115
(100) (106) (90) (94) (89)
M 110 104 90 92 73
(100) (95) (82) (84) (66)
Sorghum C 143 139 124 124 100
(100) (97) (86) (86) (70)
M 143 127 114 103 105
(100) (87) (80) (72) (73)
Paddy rice (japonica) C 176 164 163 174 171
(100) (93) (93) (99) (97)
Paddy rice (indica) @ 163 155 15 147 139
(100) (95) (94) (90) (85)
M 93 95 88 33 70
(100) (102) (95) (89) (75)
Upland rice (japonica) C 157 163 168 160 153
_ (100) (103) (107) (101) (97)

C;coleoptile M; mosocotyl
* Number in parentheses shows each length in terms of percentage of 0Og lot.
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MIHIC & 2 SHEER AR DR R 12 12 4 TR RN 2 85l b iz, 30g X T #Nf]
WA 5 &V LI1330%, ~NFH LXK, TLXIEIMN0%, ZHEAFLF, TALX
TIK0% & - 722%, BATIKKE, BARER TIHIZEA SR> Loy 72, 2
LAXIFEICNT B RIEHKE C10g Ko#fH318% 2 R L30g K TL21% Th - 72, &
MSH LT, “H$AALXIE T4 L% L AMIZ20g X TRIMBEO RO C RS 330
g X T b MRS I & A e W T T AT IS & B ShEF (R RGNS (3 1 HUBE i
BOWLHES L T b,

FPEEMESEIEDICONTAD L, FEIFEERERIC L DHEHT OB B HE A
FHYELZ SEANCTR E WM\ DB - 72, 30g KoihFop Eofilatkis, 0gXozxho vy
LTT3%, T2 /R7T66%, 4> FRIKFRTIS% &L D2 ViR L Twiz, 23, il
FIC L > TREDHIIDRAMZ bNB1HTHA T,

ZDE T, MEIC L BHFOMENENCE LT TR OIS & O E o
AT IZEDRFECEMARLC & D B 7e o Tus e, HZE IR B B E AU D E
GKE D o7z, WEEREICHND M EIF DTS 2K E - 2285, 20g [X30g X
W EMENKRE LK TR LA XL & TR NES LERTE L7, 72, W
YA MRREDEYOR T R4 A L XA EICNT 2 MO ME DZ 5 HN 5 L
¥, JLX UYL 0/RECBARRKRG, MR LD KXo 7225 208 X E TONFOMERN
filid & CHIRMRIGHC L 2 b Th - 72,

= £

EHTH A A LXDOHFOMEFFEAE ST 5 BN TERYIT- 72,

FT, BENMERMI 2 2 A, Tom IME L 72D £ D 1248 ] DB & 13 4
MR RIR TR E (, IEERSEIRER TId/ & - 72, F 72, DZEOMBEICHE ) $IE0 A %,
SELIE, SRSl R A BISEL /2 X 24, Tem o L 280 MBI £ DD
EIC L » TRIBML vz &, RHBEOMEIZEALIC £ > TREEIN 2 5ok b 5 1) iRy
5 ERIC IR L Z E AL IS - 72,

Ll BEER S, PRI THMERARKEWEREIIZ, B2 1can OGTTH - THIRT
33 Tloh BFEMBMREAEA TWAEIZYD, FDHRDIMUN D (, BHFPRETIE,
EBRBIA B RAGEIC & 5 oA X <, Simdl TId 48Rl D E B AR N T3,
ELF ZEIIEEAIL T > T nwieHtd B L nEFHz b,

KEEIC B O TR AIEI TE 2SO 2R L Z EAH LI T s 2hY, 2
LEXEOWMET LR F TIEREY, LTk 5 (Roesel and Harber 1963) 2%
ZENHIEINTEY, KEBROERIIZNLETH - 2.

BHED A ZFEHEMO I D W THEREBDHRS» LT D L, TLX, ~NFhaX, 7
ALX, K EOMELIZITRBOMENLEZ Lo Twb e 5,

E AT, AALXOEDN MR T — 13D 5 { D HETLERDOEE - FDHENRA
ST b FR o) 2 DR L 7z FE A 5 70 A4 (Liptay and Davidson 1971)2Y, 2 4%
T LA B 1L 2 DO H - THINE 2L AR & 1L 5 F5 R 18RE R & 2 AN TE
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HBEWEINTWD (Wright 1961)®, LIENZ & 5E 2 b EAERTOHFOME
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PO O, v FRUKREG & T E EREYIC b ToOMBE O
LN, PETITFEC T L DM THES P L - TRMBELEEMI T 5
EZEZLND, ZoLJic, RUEFERETCLREEMETR ZOMERICE L WERD
A bz,

IR L 72 & J I BN RE DR S IZHIEIC L > TERELERTH 5, EHEOHENHZEF
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DHRFARNDOER KL, BBFICEEM A2 ) T &, FOMICHIC & 2 BRETHET 2 726
T& % (Pinthus and Rosenblum 1955) %7,

ZDEVICHFDMENRE S HARE , RFBREARETHSF TE 22 L3 BRI 4 2N
SHDMRIZ UL E M TH 5.

K2 DERTEZEAALX U EDZEE, P70, A XL EDEEHTD
EENIGDE DAL D2 % - 72,

EAALX G ELXBETIRIOC TLUEF2 MRS UMIFTRETH » 225, 30CHEIE
TR HFENMEHIHEC, BED EFHCH ) MEEREOMAS RN LD » 72, ZHUSHL
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HIKG EHFENMEDE S & DEURIC OV TEREIT- 72 L 25, MEME A F 08
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Al L HEF L 72 KRS HRER L0 D B VI B R R CRBICHET A Z & (7
7 1953*, Kordan 19762, Osada 1982%%) »%15 N Tk D, ¥ LA T THOMIED
ENE FICEBEEGE T TCOMFEOKED I BINT AN EEZ LN,

SRR TORFRIGE, SOBGRIR LN, WMIEM TIIHETEL 9 %X Tld( 212
BETE L -7z,

EFOMHENY » & HBH - 72 KIS T 5 9 XD A TEIEHE Hk L TA B &,
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T 2 2 T BN Z E 2R T b, ZOAOEIEIC DWW TIE D 2 Tl W
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FHOFER, WHET TLYHFOMEMRIEIZHEI DA, ECHEFTRIECSE L, £
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Tz,
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1322 3L%, THLX, 74 LXFOMEMER, pERIMEROKY S U ENT
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LEDFRD b, M E2 21 > FAUKRR S I3 & A E{RE S 44w QAR
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RO EHRREIZ T o 72,
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Agronomic Studies on Seedling Emergence
in Two-Rowed Barley

IV. Deveropment and growth of coleoptile in relation to emergence.
Shigemi TANAKAMARU

Summary

Elongation pattern, number and length of parenchyma cells of plumule in
two-rowed barley and in some other cereals were measured.

One-cm tall plumules of these crops were marked with indian ink at equal
intervals of 2 mm and grown in darkness for 48 hours. In every plumule tested, the
center portion of the plumule elongated more than the top or base portion(Fig. 2).

Number of parenchyma cells in coleoptile in plumule did not change as the
plumule grew from 1 to 4 cm tall (Table 3). Coleoptile cells elongated at basal
portion of plumula and then the zone for elongation shifted upward to the top of
the plumule (Table 4).

In crops with mesocotyl elongation (oat, sorghum, maize and indica type rice), the
number of parenchyma cells in mesocotyl increased as the length of the mesocoty!
increased. Thus the mesocoty! is capable to increase cell by cell division at a later
stage of growth than the coleoptile (Table 3).

Winter crops including two-rowed barles were able to emerge at temperature of
10 C where summar crops such as maize, sorghum anc rice fail to emerge (Fig. 3).

Upland field crops including two-rowed barley failed to emerge when soil
moisture ratio was increased to 30%. In a dry condition of 9% soil moisture ratio,
upland field crops can emerge, but rice cannot emerge (Table 5).

Crops were classified by response of seedling emergence through compacted
covering soil. Crops with long mesocotyl were highest in emergence followed by
crops with long coleoptile, and crops with short mesocotyl or short coleoptile (Fig.
4).

Inhibition of plumule elongation by applying weight to the top became larger as
load was increased from 0 to 30g. Cell elongation was inhibited by treatment
(Table 6,7, 8).
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