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Formation and Development of Abscission Layer between
Pedicel and Rachilla, and Changes in Grain Shedding
during Ripening in African Rice, Oryza glaberrima Steud.
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ABSTRACT : Six African rice varieties, two each from three types having the characteristics of par-
tially, irregularly, and completely developed abscission layers, were selected and grown 1) to investi-
gate the histological differences during the formation and development of the abscission layers and 2)
to evaluate the changes in the breaking tensile strength required to detach a grain from its pedicel dur-
ing ripening period in relation with developmental stage of the abscission layers.

In African rice, the panicle and spikelet grew rapidly from 15 days before heading and almost
completely grown in length at five days before heading. The abscission regions were recognized at
15 days before heading. However, any apparently developed abscission layers were not recognized
in the lemma side for partially developed abscission layers. A group of parenchymatous cells could
be observed sporadically in the abscission layers of the lemma side for irregularly developed ab-
scission layers,

At ten days before heading, abscission layers consisting of one or two layers of parenchymatous
cells were clearly distinguished from neighboring cells due to thickened and lignified cell walls.
There were a number of individual parenchymatous cells scattered sporadically in the lemma side
of partially developed abscission layers, and a number of grouped parenchymatous cells scattered
randomly in the lemma side of irregularly developed abscission layers.

At two weeks after heading, the grains became almost fully filled. The cracking of abscission
layers between rachilla and pedicel was observed, and the breaking tensile strength required to
detach a grain from its pedicel was as low as that at harvest time.
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Most African rice varieties formed complete
abscission layers between pedicel and rachilla
which were similar to those of Asian rice that
cracked almost completely at harvest time.
Jin et al.™® reported two types of incomplete
formation of the abscission layers in some
varieties of African rice: one type is partially
developed abscission layer that is formed only
in palea side but not in the lemma side, and
the other type is irregularly developed ab-
scission layer which is formed in both sides
with very irregularly developed layers in the
lemma side.

In Asian rice, the abscission layers were
distinctively developed at about 12 days be-
fore heading as the length of panicle reached
50~80mm and the length of spikelet was
3~4mm®. Also at 2 to 3 weeks after heading,
the cracking of the abscission layers was
observed®**5%23) and the breaking tensile
strength rquired to detach a grain from its

4.5.6.9)

pedicel decreased rapidly . Unfortunately,
there are few reports on African rices with
partially or irregularly developed abscission
layers,

The objectives of this study were 1) to in-
vestigate the histological differences among
the three types of abscission layers during
their formation and development and 2) to
evaluate the temporal changes in the breaking
tensile strength required to detach a grain
from its pedicel in relation with developmental
stage of the abscission layers during ripening

period.
Materials and Methods
Six varieties of African rice were used in

this study: varieties N-1 and F-11 for partially
developed abscission layers, N-2 and F-31 for

irregularly developed abscission layers, and
N-9 and F-8 for completely developed ab-
scission layers. The experiment was conduc-
ted at Sunchon National University in 1991.
Plants were grown in plastic pots of 4 ¢ vol-
ume each, 2 hills per pot and one plant per
hill, Twenty plastic pots were used for each
variety. All plants were grown under 8-hr
day-length until the stage of panicle forma-
tion, and then under natural day-length con-
dition thereafter.

Formation of abscission layers: From panicle
formation stage to heading, about ten panicles
from main stem and the primary tiller were
sampled at intervals of 5 days. The panicle
length and length of spikelet at the tip of
panicle were measured. And then the tip
spikelets with 5 mm long abscission region
were sampled and fixed in F. A. A. solution,
After embedded in paraffin wax using stand-
ard procedures, the samples were cut into
longitudinal serial sections of 10 gzm thick with
rotary microtome. Paraffin sections were
stained with Safranine, Fast Green and
Hematoxylin. After mounting them with
Canada Balsam, morphological features of the
abscission layers were examined by using an
optical microscope.

Changes in the degree of grain shedding and
development of abscission layers during ripe-
ning period: The degree of grain shedding was
investigated by mea- suring the breaking ten-
sile strength required to detach a grain from
its pedicel by using an unbonded gage type
transducer (UT=1Kg) and an automatic null
balancing recorder. To measure the breaking
tensile strength, three to four panicles per
plant were sampled at intervals of one week
from main culm and the primary tiller during
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ripening period. About 30 spikelets at the up-
per part of the panicles were used to measure
the tensile strength. From the same panicles
used to measure the breaking tensile strength,
about 20 abscission regions between rachilla
and pedicel were collected to observe the de-
velopmental processes of abscission layers by
the same method described in the previous
section, In addition, grains were harvested
from the main stem and the primary tiller at
intervals of one week from heading date. The
grains were then dried and 1,000 grain weight
was measured to investigate the relationships
among grain weight, degree of grain shedding,
and the development of abscission layers,
Since there were no significant differences
in the formation and development of the ab-
scission layers and in the degree of grain shed-
ding between the two varieties in each type of
abscission layers, the results in this report
were derived with three varieties, one from
each type, that is, N-1 for partially developed,
N-2 for irregularly developed, and F-8 for
completed developed abscission layers.

Results and Discussion

1. Formation and developmental processes of
abscission layer

Growth of panicle and spikelet (Fig. 1): In
Asian rice, the length of panicle was 2~5 mm
at 20 days before panicle emergence (DBPE),
50~80 mm at 16 DBFE, and the length at 4
DBPE was almost the same as that of panicle
at the heading date®. Although some vari-
ations in the length of panicles were re-
cognized among the varieties of African rice
used in this study, it was distributed within
the range of 15~20mm at 20 DBPE and
40~70mm at 15 DBPE. Thereafter the pani-

cles grew rapidly so that they reached in the
range of 170~220 mm at 5 DBPE and
remained almost the same until panicle emer-
gence time, The length of spikelets attached
at the upper part of panicles at 20, 15, and 10
DBPE were 1~1.5, 2~3, and 7~8mm, re-
spectively. At 5 DBPE, spikelets grew almost
fully so that their length were similar to those
at harvest date. These results were almost
the same as Asian rice®™?,

Formation and development of abscission
layers: In Asian rice, the region where the ab-
scission layers are formed can be recognized
at 20 DBPE, but the layers are not clearly dis-
tinguished from neighboring tissues at this
point. At about 16 DBPE, the abscission lay-
ers can be clearly distinguished since they
have smaller cells with dark stained cyto-
plasm, while the cells of the neighboring
tissues are elongated with well-developed
vacuoles. Also the abscission layers became
more distinctive at 12 DBPE as the cells
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Fig. 1. Changes in the length of panicle and
spikelet of African rice varieties during
booting stage.
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around pedicel are further elongated, thick-
ened and lignified”.

The results of this study indicated that ab-
scission layers of palea side of spikelet of
African rice also showed similar developing
process as that of Asian rice regardless of the
type of abscission layers (Fig. 2). Although
the region for the abscission layer to be
formed was recognized at about 20 DBPE, the
cells in the sides of pedicel and spikelet were
so similar to the cells in the abscission region
that they could not be distinguished from
those in the region (Fig. 2-A, B, C). Since the
cells in the side of pedicel were elongated
with developed vacuoles from about 15 DBPE,
while the cells in the abscission layers were
smaller and had darker stained cytoplasm
compared with the neighboring ones, the ab-
scission layers could be distinguished from
their neighbor (Fig. 2-D, E, F). At 10 DBPE,
the distinguishment between the cells in the
abscission layers and those in the side of pedi-
cel became clear since the latter were stained
red by Safranine as a result of the thickened
and lignified secondary cell walls while the
former were consisted of parenchyma cells
with primary cell walls and thus stained green
by Fast Green (Fig. 2-G, H, I). This phenom-
enon became more distinct at about 5 DBPE
without further development upto penicle
emergence (Fig, 2-]J, H, L).

There were some differences in the forma-
tion and “development' of abscission layers in
the lemma side of spikelet among the types of
abscission layers (Fig. 3). At about 20 DBPE,
the region forming the abscission layers was
distinguishable in the lemma side for all the
three rice varieties regardless of the types of
abscission layers which was the same with the
palea side, but the formation of the abscission
layers was not recognized (Fig.: 3-A, B, C).

Although the variety N-1 formed partially de-
veloped abscission layers at about 15 DBPE,
the cells around pedicel showed elongation
and well-developed vacuoles while the cells
around abscission region and spikelet showed
cell division in part but no elongation, so the
boundary between pedicel and lemma was dis-
tinguishable and no distinct abscission layers
were recognized due to irregular distribution
of parenchymatous cells (Fig. 3-D). On the
other hand, the varieties N-2 and F-8, which
formed either irregularly developed or com-
pletely developed abscission layers, showed
both elongation and development of vacuoles
in the cells of pedicel, which enabled to
recognize the boundary between pedicel and
lemma, Furthermore, 1~2 layers of regularly
arranged and vigorously dividing parenchyma-
tous cells located between pedicel and spikelet
made it possible to distinguish the abscission
layers clearly (Fig. 3-E, F). In the variety
with irregularly developed abscission layers, a
group of parenchymatous cells located in some
parts of abscission layers were observed. The
position and size of the grouped parenchyma-
tous cells varied greatly among individual
sections.

At 10 DBPE, the thickening and lignifi-
cation of the cell walls progressed simul-
taneously in the cells between lemma and ped-
icel for the varieties with partially developed
abscission layers, which disabled the recog-
nition of the existence of abscission layer.
Parenchymatous cells were scattered sporad-
ically one by one in the abscission region and
cell division of them ould be observed (Fig.
3-G, arrow mark). On the contrary, in the var-
iety forming irregularly developed abscission
layers, the abscission layers occupied partly
by groups of parenchymatous cells were ob-
served (Fig. 3-H), and for the variety which
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Fig. 2. Longitudinal sections of palea side of the abscission region between pedicel and rachilla of
partially developed (top), irregularly developed (middle) and completely developed (bot-
tom) abscission layers (X 400) at 20 days (A, B, C), 15days (D, E, F), 10 days (G, H, I)
and 5 days (J, K, L) before panicle emergence,
Abbreviations: a: abscission layer, ar: abscission region, p: protrusion at the top of pedl-
cel, r: rudimentary glume, s: sterile lemma, v: vascular tissue,

formed completely developed abscission lay-
ers, the abscission layer consisted of 1~2
layers of small parenchymatous cells with pri-
mary cell walls were clearly distinguished as
in the case of palea side. The same phenom-
enon was observed at 5 DBPE (Fig 3-], K, L)
and also at heading time.

The above results may indicate that the par-
tially developed abscission layers were for-
med because of the low activity of cell divi-
sion in the lemma side of abscission region
which caused to stop cell division and to dif-

ferentiate into sclerenchyma cells at the
earlier stage of development than in palea
side. The reason for the formation of the ir-
regularly developed abscission layers was the
progress of cell wall thickening except the
partially grouped parenchymatous cells in the
lemma side.

2. Change in the degree of grain shedding and
abscission layer during ripening period

There have been several reports: on the
change of breaking tensile strength between
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Fig. 3. Longitudinal sections of lemma side of the abscission region between pedicel and rachilla of
partially developed (top), irregularly developed (middle) and completely developed (bot-
tom) abscission layers(X 400) at 20 days (A, B, C), 15 days (D, E, F), 10 days (G, H, I)
and 5 days (J, K, L) before panicle emergence,
Abbreviations: same as Fig. 2.

rachilla and pedicel from heading to harvest.
Indica type rices**®, Indica-Japonica hy-
brids®, and easily-shattering Japonica type
rices” showed gradual increase in tensile
strength from heading to one week thereafter.
The tensile strength decreased gradually from
two weeks after heading, and at three weeks
after heading, the strength was almost as
weak as that of harvest time. However, some
varieties of Japonica type rice resistant to
grain shedding rarely showed any decrease in
tensile strength for the period from 2 to 3

weeks after heading'”.

The result of this study showed that all the
three varieties of African rice had higher
breaking tensile strength at one week after
heading than at the heading date, but the
breaking tensile strength at two weeks after
heading was so low that it was almost the
same as that of harvest time (Fig. 4).

The decreasing rate of the breaking tensile
strength calculated at 2 weeks after heading
as a percent of that at 1 week after heading
were about 40% to 50%.
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It has been reported that, in Asian rice,
there is a close relationship between the de-
crease in breaking tensile strength and the de-
gree of ripening such that at three weeks
after heading the breaking tensile strength is
reduced to a magnitude comparable to that at
harvest time and the grains were filled as
much as those at harvest time.*>* In all the
three varieties of African rice in this study,
the breaking tensile strength was the same as
that at harvest time and the grains were
almost completely ripen at two weeks after
heading (Fig. 5).

Hu et al.? reported that the cracking of the
abscission layer between rachilla and pedicel
occurred at 30 days after flowering for Indica
type rice and at 10~15 days after flowering
for wild rice. Also cracking of abscission layer

4,6)

was observed with Indica type rice*® and

Indica-Japonica hybrids® at three weeks after
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Fig. 4. Changes in the breaking tensile st-
rength required to detach a grain from
its pedicel of African rice varieties dur-
ing ripening period.

heading when the breaking tensile strength
between rachilla and pedicel was almost the
same as that at harvest time and the ripening
was completed.

In this research, the breaking tensile
strength between pedicle and rachilla was the
highest at one week after heading when the
cells in the sides of pedicel and rachilla were
as much thickened and lignified as those at
harvest time, and development of abscission
layers and the histological peculiarities were
similar to those at heading time (Fig. 6-A, C,
E). However, at two weeks after heading, all
the three varieties showed complete cracking
of the abscission layers in the palea side as in
the case of harvest time. In the lemma side of
abscission layer (Fig 6-B, D, F), no cracking
was observed for the variety with partially de-
veloped abscission layer due to the lack of the
layer (Fig. 6-B), and partial and complete
cracking were observed for the varieties
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Fig. 5. Changes in the 1000 grain weight of
African rice varieties during ripening
period.
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with irregularly or completely developed ab-
scission layers, respectively (Fig. 6-D, F).

The African rice generally ripen earlier than
Asian rice so that the cracking of the ab-
scission layer between rachilla and pedical oc-
curred to decrease the breaking tensile
strength at 2 weeks after heading when the
grain became almost fully ripen.
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Fig. 6. Changes in the histological peculiarities of lemma side of the abscission region between
pedicel and rachilla of partially developed (top), irregularly developed (middle) and com-
pletely developed (bottom) abscission layers, from 1 week (left) to 2 weeks (right) after

panicle emergence(X 400).

Abbreviations: same as Fig. 2., white arrow mark indicate irregularly developed paren-

chymatous tissue in the abscission layer.
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