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Studies on Shedding Habit of Rice Plant I. Morphology of separation zone: Morie EBATA and Toru
TASHIRO (School of Agriculture, Nagoya University, Nagoya, Aichi 464, Japan)

Abstract : Relation between the strength of shedding resistance and morphology of separation zone (SZ) were
investigated. Varietal differences in the morphological features of separation surface were observed with a
scanning electron microscope. Separation in the abscission layer (AL) formed a ‘‘separation pit” at the base of
rachilla and a “separation pileus’ at the terminal of pedicel. Although diameters of separation pileus, vascular
bundle and pedicel did not always relate with the strength of resistance, the height of pileus showed a highly
negative correlation with the strength ; whereas separation angle showed a very high positive correlation. In easy
shedding varieties, separation started at the marginal portion of AL and proceeded inward with the progress of
maturation and dehydration. The separation was rather noticeable on the abaxial side of AL. The cell walls of
AL were thinner and melted more severely at the merginal portion. In shedding resistant varieties, however,
formation of AL was obscure and separation usually occurred at a curved portion of pedicel by its breaking.
Inferior spikelets as compared with superior ones had a poorly developed morphorogical structure of SZ and
showed better separation of AL and weaker shedding resistance. A sclerenchymatous fiber tissue developed
around the vascular bundle sheath. The development of the fibrous cell wall was remarkable in shedding resistant
varieties. Pits were seen in the walls between abscission cells and adjacent cells. Density of the pits was lower in
lesser shedding resistant varieties. In the wild species, the formation of AL extended far into the bundle sheath
region and the development of fibrous tissue was very poor. Shedding, in general, may be regulated by a relative
extent of the AL formation and the development of sclerenchymatous fiber tissue, though it depends upon the
mechanical strength of fibrous tissue in the case of resistant varieties.

Key words : Abscission layer, Cultivar, Morphology, Rice plant, Sclerenchymatous fiber cell, Shedding habit.
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Fig. 1. Diagram showing separation zone of rice
spikelet.
AB: Abscission layer, P: Palea, L: Lemma,
RA : Rachilla, PE: Pedicel, IG: Inner empty
glume, OG : Outer empty glume, IRG : Inner
rudimentary glume, ORG: Outer rudimen-
tary glume, VB : Vascular bundle, « : Separa-
tion angle, =-=: Portions of separation, (A) :
A type separation, (B) : B type separation,
(C) : C type separation.
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Fig. 2. Influence of spikelet position on the
degree of separation.
O : Upper branches, ® : Middle branches, A :
Lower branches, (I) : Te-Tep, (II) : Century
Patna, (Ill) : Hoyoku.
Degree of separation; 0: No separation, 1:
Peripheral part separated, 2: Mid-portion
separated, 3 : Almost entire portion separat-
ed, * : Order of spikelet as counted from the
terminal spikelet. Parenthesized numbers
imply inferior spikelets.
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Table 1. Tensile strength in spikelet separation, dimensions in separation zone and separation
angle in relation to rice varieties.

Cultivar TS(g) Separation zone LD of pedicel Separation angle

LD(um) H(gm) LD of VB (zm) ¢ )
Kusabue 298 466 53 102 468 57.8
Akibare 293 530 57 121 471 57.5
Koshihikari 263 503 46 114 466 51.0
Koshijiwase 241 482 55 95 508 53.5
Zenith* 216 554 96 125 537 56.0
Kinmaze 213 501 79 117 479 48.7
Sesia** 203 543 107 134 553 54.7
Norin 18 189 424 101 92 468 40.3
Bluebonnet* 188 369 98 82 432 53.0
Century Patna* 171 393 151 93 504 37.4
Konan-Sen* 141 446 175 115 542 33.8
SR-26 B* 140 415 173 106 505 32.0
Dular* 138 434 203 98 523 23.1
Te-Tep* 115 442 186 101 496 32.3

TS Tensile strength, LD Long diameter, H : Height of separation pileus, VB : Vascular bundle,
Separation angle : An angle made up from a separation pileus and an axis of flower glumes, * : Indica
cultivar, ** . Javanica cultivar.

Table 2. Correlation coefficients among tensile strength, dimensions in separation zone and pedicel,
and separation angle.

Tensile LD of H LD of LD of Separation

strength SP VB pedicel angle
Tensile strength - 0.541* —0.931** 0.253 —0.382 0.856**
LD of SP — —0.495 0.868** 0.372 0.573*
H - -0.178 0.463 —0.909**
LD of VB — 0.543* 0.328
LD of pedicel - —0.284

Separation angle —

LD, H, VB are same as in Table 1, SP : Separation pileus, *and ** : Significant at 5 and 1% level,
respectively.

Table 3. Effects of spikelet position on panicle on the tensile strength, sizes of separation zone and
the type of separation (Kusabue).

Position Tensile LD of LD of LD of Type of separation (%)
of strength SP VB pedicel
spikelet (g) (zm) (zm) (m) A B C
1(S) 248 469 115 429 44 .8 20.6 32.2
2 (D 199 391 103 396 17.2 1.6 80.4
PB 3 (I 206 414 115 421 36.6 9.8 53.5
4 (S) 245 454 122 446 42.0 12.1 44.0
5 (S) 289 460 126 460 55.5 14.8 26.8
6 (S) 313 484 134 498 57.4 14.9 25.7
1 (S) 292 445 116 441 39.1 20.8 35.8
SB 2 (D 225 383 92 380 26.0 2.5 70.5
3 (D 257 444 110 421 61.5 6.1 30.5

LD, SP, VB are same as in Table 2, PB: Primary branch, SB: Secondary branch. (S) : Superior
spikelet, (I) : Inferior spikelet.

NII-Electronic Library Service



66 HEAEMFE = HLE F59%5 (1990)

Table 4. Degree of separation in mature abscission zone observed by a safranin staining method.

Degree of separation

Cultivar Tensile strength (g) 0 - 1 2 3

% % % %
Akibare 298 75.3 16.3(84.8) 5.5 3.0
Century Patna 171 39.7 21.0(73.9) 33.4 5.9
Te-Tep 115 5.6 9.6(53.0) 32.9 51.9

Degree of separation . See the note in Fig. 2. In the parenthesis shows the percent proportion of spikelet
that more conspicuous separation occurs in abaxial side of abscission zone than in adaxial side.

Table 5. Change in shedding resistance with the progress of maturation and drying.

Degree of A-type Tensile
Cultivar Fresh or Dry separation separation (%) strength (%)
FL MT FL MT FL MT
SR-26B F 0.00 2.27 8.6 94.9 251 131
D 1.50 2.24 42.2 99.7 224 156
Bluebonnet F 0.00 1.08 20.3 73.0 180 146
D 0.32 1.28 34.4 89.9 188 206
Akibare F 0.00 0.49 30.0 52.5 207 234
D 0.13 0.60 35.9 56.2 249 297

F : Fresh spikelet, D : Dry spikelet, FL : Flowering stage, MT : Mature stage.

R EE

1. RBRBESROOFZRE & BERIIEI 4R

P B Ao 0D o B TV /N R AR i (e
=), /FEEA T OE BBEFL) a5, BEEE
HEHOBEARICCPPREVCABEE XL, MAED
BRICIKELERIAS N, BRAIKTEE
(BIERD#E), BEMAEORES I UEE, #EKR
DRE, HEEAELYOMEICE2EZREYE 1R
KU 7, BRAEPGRE IR HARKRE TR X L, 1>
R DKFGIZEE S Ic - 72, BBEEROTZEE & OFE
RTIE, REMEOSS L RBEHEFERE ORI IZE
WEDOHBEL A S, BB 5 RIS &Rk
REZL, BOREEICRYL2BREE L2, HE
DR E S ERBHEYEEE & ORNCIZIFVIEDOMES
HY, BOOHERE—KLE, L LEERDOKS
LoEE L ORI IZHEBEERIE A N o (B2
£)., SEORBMORS IHRBEEOK E S PHE
ROKE R E XD 3T L 8B ORERE BB
P 2 ERE MO Fd o C B O B/ 0 E
WIZE DR KERESN S b LEZ 55, LBEE
EROREE O T AR CBREIRTTEE & o
BOIEOHEN A S, F9MAEIE EHAICEL S
BRH DFHATH -7z, BB O 2 T AEIEAN 2
MOEBEOEEMBOSSHREZ L IZEHA K

%, BRMEOE A > REITR 2 OERDE, K
B7 70 ARG T b BRIEATE O 28, 2 D kL
MELEL, HEAELHANTH-Z, Lr LE
AR TR IR D TEWIZ L 2o b S PN
BRIRFCHRBAEDL KX, ML I3IERICR
DR AR R U, EROBAIERAIIC X D BRI
A, B, Co3Bizaaens (BIRERE). L
THRMOSREIZ CBE SR (AR ORK
L, Bipi#oshiECIRIFEAEL O/ MFE L S
FEREOBR (CE) HB%WEEIICOVLTIET TIC
WE L, REBOBR, NEEBHMIOKX
XL ELMEOBS LT L L EENREGRNS S
nxh-otz, Lz TREOB Z 2EALIEEED
MM REEC L > TRELZ LD EAOND, T
FERIEBER IR TRV EENL - 721E»,
BRI E S/ IMEEDOFHHE D T X THEBER L D/
Eoz (BI3IFK), LriliBooBELEWIE
‘assht: B2, Lo UBERKOMS X
747 LTIk E L AHBER /RS TR
(CH) DOBKIAS S, 2D L 3B ER ITE
HOEIL LTIV, Z U W/ IEFE S5
S, LBV I LETRTLOLEEZOND,

2. BEEHBEDETT

BB O S EEOMEIT IR SR E D, BAED
BORBIZENEE TRATED (B4R, Bk

NII-Electronic Library Service



(LW « HG— A 2 OB MIcBE T 20198 (55 1 0 67

EMOBOEETIIESHBELZLATBEL TLHE
VEHOSBEZEEEEHDNE o1z (B4R).
FIERO 58 NEERER] GHEhE]) »orERA (9
fhE) X OHEATBY, HEFEACAONS LD E
WEBSEII O R L o, BEIBIEE B 1XE
B OFELxsLAaONS, BEBOSBEIIETE
OGHMEADE S AT E L AN 0D, F
TE5EFOABIZCE LB EDERTH D,
FroRBSED EBESE - EBESR). K
B 5O SEE TR IS HEE RIS B L 0T
R AL CHEBERDIZ A NS 20 %721
BOTHBLBVIRETHL AaONE, 20X
BB RR O SR 7 R RE T b BBWIHA £ TS EEDS
L2 oW OFIER DI L TEOLBAIEITZ R L
THERRE 2R (3520, 21 X)), Lo Lp#Ew
i BB OB R ES 10K,
WEBEAL FooEEABET S0, KEHICIE

BT L AR LR 2 - THEEITE
i AERERL (BB5R), IhiZHBOTES,
Bz & - THBOMEIEESE T -0 TH 3
.

3. BEEOCEEEFEMSECL 28%

B /R L VR ORI ERR S R B 3, T
FHOMBIIMIEOR, K& SEFIOFREZ EICB N
THEZECELZD, FFRPRNEOSAR, ®ER
BuMEROMIEE 2> T3 (55, 8.

BidErE EOX) CBiBErl (10K &y
LM E O ES R T 53, HEOREES
bSO THELIL Tw 2, BEBRRST <, BB
MoOBBHZEIRFCHL, FEIIK), HALLS
WREORBAE I FERREE L (B 12
M), ZofE"IZ7 7V ARERWTLRETH - 12
7 (EBK) Ly LEFEMBOKEMNEZEIRFETH
-7 (B4,

FROME M3 I 5 & PRSI B 1 5 8
BRI O MR DB & > TREZ D, BB LVE

BEREFIRIER /N3 < B, Lo LBKIRTUERE
B O SBEDMET L 34T L DT, s

Abbreviations and symbols

R : Rachilla tissue, P : Pedicel tissue, A : Abscission layer, SC : Separation crevice, V : Vascular bundle,
VS : Vascular bundle sheath, F: Sclerenchymatous fiber cell, IR : Inner rudimentary glume, OR : Outer
rudimentary glume, 1 : Inner empty glume, O : Outer empty glume, M : Melted cell walls in a abscission
layer, p: Cell wall pit, a: Abaxial side, *: Shedding resistant, **: Intermediate, *** : Easy shedding,
++++. Highly shedding, * : Portion of enlargement.

Explanation of figures (Figs. 3--19.)

Fig. 3—8.: Longitudinal sections of separation zones. Fig. 3: Unseparated abscission layer in a young
spikelet (10 DAH), (Dular***), X120. Fig. 4. Separated abscission layar in a mature spikelet
(Dular***), X120. Separation is advanced in the marginal portion and also in the abaxial side. Fig. 5:
Partial enlargement of Fig. 4(+*), (Dular***), x400. A separation crevice in the abaxial side of
abscission layer. Fig. 6: Surface of separated cells in the pedicel tissue are in a crevice (Dular***), X
2400. Fig. 7: An underdeveloped abscission layer in a resistant variety (Kogane-mochi*), X 120. Fig. 8
Partial enlargement of Fig. 7( * ), (Kogane-mochi*), X600. A few undecomposed abscission cells are
seen scattering between the tissues of rachilla and pedicel. Fig. 9: A separation pileus at the terminal
of pedicel (Bluebonnet**), X55. Fig. 10: A separation pit at the base of rachilla (Bluebonnet**), X55.
Fig. 11: A separation pileus of a resistant variety (Kogane-mochi*), X80. The pileus is flat, and broken
cell of pedicel tissue caused by a forced separation are seen over the entire surface. Fig. 12: A separation
pileus of a easy shedding variety (Dular***), X45. Shape of the pileus is hemispherical. Fig. 13: A
separation pileus of an African rice (0. glaberrima Steud.***), X 55. Shape of the pileus is hemispherical.
Fig. 14: A separation pileus of a wild species (O. officinalis Wall****) X55. Shape of the pileus is flat.
Fig. 15: A part of separation pileus (Bluebonnet**), xX600. Broken cells with sclerenchymatous fibrous
wall are seen scattering around vascular bundle sheath. Fig. 16: Partial enlargement of Fig. 15(*),
(Bluebonnet**), x1800. Outer portion of a separation pileus. Cell walls of abscission cells are well
decomposed. Fig. 17: Partial enlargement of Fig. 15(**), (Bluebonnet**), X1800. Inner portion of a
separation pileus. Borken pedicel cells with cell wall of sclerenchymatous structure. Fig. 18: Outer
portion of a separation pileus (Dular***), X 1800. Cell walls of abscission cells are severely decomposed.
Fig. 19: Inner portion of a separation pileus (Dular***), x1800. Well decomposed abscission cells are
mingled with some fibrous fragments of broken cells of pedicel.
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Explanation of figures(Figs. 20—25.)

Fig. 20: A separation pileus brought by a forced separation of young spikelet (10 DAH),
(Bluebonnet**), X 600. Broken cells are seen over the entire surface. Fig. 21: Partial enlargement of Fig.
20( * ), X 1800. Pedicel cells are broken and spiral structures of their fibrous walls are pulled out. Fig.
22: Middle portion of a separation pileus in a wild species (O. officinalis Wall.***%), x600. Fig. 23:
Partial enlargement of Fig. 22(«), x1800. Cell walls of abscission cells are severely melted. Fig. 24:
Central protion of a separation pileus in a wild species (O. minuta Steud****), X600. Cell walls are well
melted over the entire pileus except the vascular bundle. Broken surface of the vascular bundle is fairly

smooth. Fig. 25: Partial enlargement of Fig. 24( ), x1800. Cell walls of abscission cell are severely
melted.
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