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S Close up near plumule top.

Fig. 1. Apparatus for measuring strength of plumule elongation (AR ;auto
balancing null recorder, Fr;plumule holder, P;plumule, SG ;strain
gauge, Sb;seed bed, Sc;covering soil, Bt;tube, Sgr;sensor tip of
strain gauge)
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Fig. 2. Changes in output of strain gauge from the plumules under compact-
ed and non-compacoed conditions (compacted;0.1 kg/cm?® non-

compacted ; 0 kg/cm?, plumule length ; 3cm, soil moistre ratio; 139,
temperature ;20 C)
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Table. 1. Relation between plumule length and the strength of plumule
elongation (soil moisture ratio; 13%, temperature 20 C)

Strength of plumule elongatlon (gf

Length of plumule Hardnes of covermg soil
- (cm) 0 l\g, cm? 0.1 kg/cm?®
1 28+3.4 (6) T34 90(6)
3 35:+7.5(10) 78 +10.4(4)
5 29+3.4 (6) 59+ 7.4(6)
7 23+3.0 (6) 47 +11.4(6)

Number of plumule used in each lot is shown in parentheses.

Table. 2. Relation between seed weight and the strength of plumule
elongation (plumule length;3cm, soil moisture ratio;13%, tem-
perature 20 C)

Qtlength of plumule elongatlon (gf)

Seed weight Hardness of covering sonl
(mp) 0 l\g/cm3 0.1 kg/cm?
24— 2% 20+ 3.0( 6) 60+ 5.9(4)
34-—36 35+6.8(10) 73+14.3(6)
44—46 36+75(9) 78+10.3(4)
54-56 39+7. 1(10) 89-+-20.3(5)

Number of plumules used in each lot is shown in parentheses

Table. 3. Area of cross section at the base of plumule under compacted and
non-compacted covering soils (plumule length ; 3 cm, soil moisture
ratio ; 13%, temperature 20 C)

Area of cross section in the base on plumule (mm

Seed weight Haxdness of covermg soil
(mg) Okg/cm“u ~ O.dkg/em®(y) y/% (%)
24--26 0.8_+, 5 10(4) 12* . 10(5) 150
34—36 1.0+ . 05(5) 1.3+ . 05(4) 130
44—46 14+ . 20(4) 1.8+ . 05(5) 128
54—56 154+ 10(5) 1.8+ . 05(5) 120

Number of plumules used in each lot is shown in parentheses.

u ”

* Area was calculated by the formula of zab/4, where is long diameter and
“b" short diameter in each cross section of plumule. Only area of cross section at
1.5 cm upper portion from the base of plumule was examined in this experiment.
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3) MEE@&BH (Table 2, 3)
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Table. 4. Effect of temperature on strength of plumule elongation in some
varieties (length of plumule ;3 cm, soil moisture ratio; 13%)

~ Strength of plumule elongation (gf)

Temperature Variety
) Totikei 144 Hakata 2 Taikei R 661
30 40+9.7 45+4.1 00+12.4
25 42+52 45+17.0 52+ 9.3
20 38+3.6 45+7.0 47+ 5.0
15 40+54 42472 44+ 50

DEOEER» A5, KA X LXOHFNMERSIIISTH H30CHRMTIE, BEIIC
& B NENEEZ LND,
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Fig. 3. Effect of soil moisture ratio on the strength of plumule elongation
under compacted and non-compacted conditions (compacted ;0.1 kg/
cm®, non-compacted ; 0 kg/cm?® plumule length 3cm, temperature ; 20
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Fig. 4. Effect of hardness of covering soil on the strength of plumule
elongation (plumule length; 3 c¢m, soil moisture ratio; 13%, tempera-
ture 20 C)

Six plumules in each lot

2) £RkHLHRA (Fig. 3)
BAROHFOBESRPER, WPER & L 13%R THAL 22, THADH13% & )
(T HIES CHBRAGADST 54, SWIPER TORASROBS 34250 TI6% X
BEABIB%EK 13 & A KB T o 12,
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Table. 5. Relation between area of cross section and its position from the
base of plumule (soil moisture ratio;13%, non compacted
temperature ; 20 C)

Area of cross section of plumule (mm?*)*

Plumule length_ 7position from the base 7(mm)*" -
(mm) 0.5 5 10 15 20 25 30 35 40 45
15 1.0 0.8 0.8
20 1.1 1.0 0.8 1.0
30 1.0 0.8 0.9 1.2 1.0
40 1.0 1.0 1.1 1.1 1.2 1.2 11 1l
50 1.1 1.0 1.1 1.2 1.9 13 14 1.4
60 1.0 1.0 11 1.2 1.2 1.2 14 1.4 L3
70 1.1 1.0 1.2 1.2 1.2 1.3 14 1.4 1.5 1.3

x Area of cross section was calculatediby the formula in footnote in Table. 3.
% % Theree plumles were used in each lot.

Table. 6. Effect of compaction of covering soil on the bending strength of
plumule section (plumule length;3cm, soil mosture ratio; 13%,
temperature ; 20 C;

Bending strength of plumule section (gf)

Seed weight Hardness of covering soil
0 kg/cm®(x) 0.1 kg/cm?®(y) y/x(%)
24—26 1.6+0.2(4) 3.0+0.2(5) 188
34—36 2.0+0.1(5) 29+0.1(4) 145
44—46 2.0+0.1(5) 4.2+0.2(5) 210
54—56 3.3+0.1(5) 4.0+0.2(5) 121

% Strength needs to push down (.36 mm at the center of plumuie section. Plumule
section used was 1 cm long from 0.5 cm above the base. Number of plumules used
in each lot is shown in parentheses.

icdik sy (13%) O TOMENDMAEE A2 LHEDFIZ L) Z I EMbp 7%
m o 12h, X TOF K TORL R RE AR A LN, -7,
B EKS I B CIFERKGOWHIIEEDOHE B b LT HELV L) ThHh- 72,

KSR THFENREINRALT D1k, TBEKGDENK TREUEIZ L - THEOR
HESMET L THFHIBEFRICH), hFOUELEELIBIFONE2HTHAH &
EZ bz,

ZIZTERLEYOTEASE THMERNMBREDIZEEXDRE N L D42 FDH
SERL 7.

1) MEHMEEHMBH (Fig. 4, Table 5, 6, 7)

Fig. 41 L fug, 3em iR L 2H0FOMENIFEHERX (0 kg/cm®) The b 55 < 34gf
Tholeh, BEOMEINTICONTHENEREAIZML %D, 0.2kg/cm®Tl382gf F
TRXL7, %8, 0.5kg/cm*IX TESHZFENMBEIELAREHDRE, TE b - 72,

ZDE I THRAA LXTIZIEE 0 ~0.2kg/cm* D FEF N Tl Mt O EFLREATENT L,
MEFORRITIER, SFEIIHFICFR TH A ) L HEIND.
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HIERAIE NF OB L MWL ThH - 72, DT L b, HEEX TIE, H3FEHHF
T5FETOMICERRP 7 7 X McHbA L 728, 0B M2 RT3 7L 0 G5
NTEREFFBIT LN LT USTHETELWEEZ LS,

22T, STz L A2 HREABAKOBRNAZML2IZT2HNT, HFEOEREL L U
FOMITERE & BMERAOBFRICOWTEREZIT- 72,

Table 6 1= & UL, BIFDIETRAOIFEEL L, WTNORERSICB W TLHTER DI
DEMEXDNFL D KEC L >THEY, HIEIC L > THFORMITEEHIRT Z & 2R L
TwWb, B, Btodihtic & 2 MFHREDN KRR, B2/ 3 (, EFED7H
C, L7zt THEDLBWHFIICHFCALNLL ) ThHh-72. 2, 1. 3) T
RL7z, SUEIC L 2HFOKS OMAM L L ETW 2,

Pbnk iz, B #80EST 22 810k THFARCL D, MTFHBELHMYZ LIcL
> THEADEARKLZDOTHA ) LH#EI N,

WL 28ET UL, HDFHENTROMESRL, MFENEMAREI VIS LI L
bEEZIL 5,

Table 72 L8624 & )iz, HFERAEO LHZH L B2 K& IS DL
SENHRETH -7, ZOZ &L, HEFERMO LRI LV FORBEIHIFLENE Z &7
PUEIC L 2MEIMAN—RTHLZ L 2L T3,

Table. 7. Effect of compaction of covering soil at the start of measurement
on the strength of plumule elongation (plumule length 3cm, soil
moisture ratio; 139%, temperature ;20 C)

Hardness of covering soil  Number of plumule Strength of plumule elongatio?

. (kg/em?) ) _ (gf) -
control 0 12 34+184
Pressed* 01~0.2 10 85-+36.0

* Plumule was elongated under non-compacted covering soil and covering soil
was compacted just before measurement.

1 =
CEAALXOHFIC L > THEL RN TH 2 BFNEENZAEL, MEEZHET S
EHFEDMENIMATEZI EHRML 72, 2512, NFOMERES L ORE L #E))
DEMFED L HEESR I EMENSKRENZ &, FLWENRRITILEBILZF AR E A5

62% (1990) 89



WE ERE WEMAERSD b LTz,

MEPEIC L 2HFEOBENOBKEFEIIIMEIZHN2 ~3FcELL, 20
LEUEIC & BN OB KIZHILAN B L PEEESBFIC L > TLRALIEETSH
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Erner and Jaffe 1982%) »#%, #EAVHISIC L 25FNBKRIT T2¥X, F14 X, 7D
2T LEILN T3, Goeshel (1962) 712 & +UiE, KU TIISEFICMEL» 25 T
LV RRELTC, 2ol FIRMABEK L TR KIET 2110558 e d 2 LR L 2
&N Twa, 72, Kolp 6 (1967 "Ik tud a2 X icB W Ti3@EEZMET A2 LI &
> THENORIRMIELEDIT X AT 2 Z LA AL IS N T 5,

72, Suge (1971) i3+ L > %4 H| 2 -chloroethyl phosphonic acid TAFE§ % &
A4 FDOWIENMRIZMEEE N 24, 2%, AFTLX, F4L4%X, T 708 ENRR
FHEIE N A2 L 2B\ L, AL E ST 54 ABEN UG M+ R L
&

AEBETALNI L ) L MEHUEIZ LD " RA A LXOMENOKS DOIA B & UHIERE
DIERDEIC LR EERLE I FL VICAESI NG TH S LHEIN D,

Table 3 & U Table 6 & 0 §HFE X & MEEUEX TOHFNKS & ITRAIENBIRE 217
WRDTAH B E, RLRKIOGFETLMEXDOFAPBITEEIRKE N L0925, Th
I3, HNERED RO 2 DMAEEENIERIZ L D SFBRBEOBE S LR TH A .

T, EETRIETHRL 29F 2 FH L CHFRMoTIEL @ TR EMEL 72
EZA, 25ENHBEANE LN, ZOZ EhLEAMOLIE THENRMABIF SN LT
LY, HIFEICL2MENERO—RNTHE L2 5,

REDKE T FIZEMEFEIRL, BMEADKEVWZ EERLLIICL 2,

2 X f#E (Carleton and Cooper 1972%), 2 A — } 7 ws,¥— (Haskins and Gorz
19759), A A& ((E1L119752'®) % & TIdFiFA KR E W3 EHFETE0C, HFEIFE LS
T3, Ching et al (1977)93 A4 & 4% 6 S &l L THIF LM TORE L O T
DEREWNBT AT 122 2AH, BFEIL- L LRELEINTH -2, 2O E L
TIHEHE% 3 BEHNMA T Phit, Bokii o7 7/ & ki, 7 B B OYREHOD &Y
HOMTH 72, - T, HFICPET 28 I3 ER DIANFE-—RBOEK L) LI F
WORGMEN LRI L 2 AL MBETEANTH L EH2 61bh, HEHEREDNEL
LLREFDZ & E2HTHAT.

—FHZFENRRIE AL D HL CBBL, HEAKS513% ClmfEEax L, £
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DEIMZHENMET T2 Z &, ETORRIEAENBEFARICHEZ L 2HLA2IZL TV,
F72, Al (19779, 1978%) 134 AGFEO(RELIIREEIBRE 1 BUT CIEEI BT & %
LIS L Tnd, A4 X TOHFOMEE LI X DRI S0 TlE L v, #
RIS L BRFARNRLE LA F L) HIHEEIZ NS WEEZ L5,

AROE IR BERIF TIRIBE I & » THREJIZ SR A LN L) - 72,

—HMFEDME DA Z (3 LRI E b - 72, I (1975b) 3 oL ) v BT L o
THKFEDINH DB EIAE % o> B WA T ED S E LA E LIRS HE B 5 & L T
WBA, THRA A AKX TIEEIR THEEEEAE (T UMM KSIC T VHENETT S
BRI WLE)THB,

THRA T L X TIEHMFE 0 ~0.2kg/cm® DI N T3 M L0 SATEFEEA T &, SN
Ehd@ k-7, Zofi2 Mz 5 EhFEFLPTHMETEL L b2, MEDE
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Agronomic Studies on Seedling Emergence
in Two-Rowed Barley.
II. Strength of plumule elongation.

Shigemi TANAKAMARU
Summary

Strength of plumule elongation was measured with a strain gauge transducer in
darkness under compacted (hardness of covering soil 0.1 kg,/cm?®) or non-compacted
(0 kg cm® covering soil (Fig. 1)

1. At each stage of plumule elongation (1, 3, 5, 7 ¢cm) (Table 1.), and plumules
grown from any seed size (Table 2), the strengh of plumule elongetion under
compacted covering soil is larger than that under non-compacted covering soil.
These experiments suggest that thicker plumules have greater strength of plumule
elongation.

2. The increment of the strength of plumule elongation by soil compaction is
due to; 1) plumule being thickened by compacted soil (Table 3) and 2) increment of
bending strength of plumle (Table 6) and 3) increment of soil pressure around
plumule preventing its bending (Table 7).

3. Strength of plumule elongation is largest at soil moisture ratie of 13 to 16 %
(Fig. 3). Under compacted covering soil, strength of plumule elongation is two to
three times larger than that under non-compacted covering soil at a soil moisture
ratio ranging from 99 to 289%.

4. Strength of plumule elongation did not differ at a temperature of 10 C to 30
C (Table 4).

5. Strength of plumule elongation increases as the hardness of covering soil
increase from 0 kg cm?® to 0.2 kg cm®. Herdness excess of 0.2 kg, /cm?® inhibits
elongation and emergence (Fig. 4). These data show the value of compaction of soil
after seeding barley.
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