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Differences in Panicle Structure and Spikelet
Degeneration in Two Different Types of Rice Cultivars:
Milyang 23 and Koshihikari

Si-Yong Kang* and Tomikichi Wada*

ABSTRACT : Differentiation and degeneration of spikelets in paddy rice has been studied in
high yielding IndicaXJaponica hybrid cultivar, Milyang 23 and a Japonica type cultivar,
Koshihikari. Germinated seeds planted in 5000~ a pots filled with submerged soil and cultured
under natural conditions, The young panicles of main stem were continuously dissected and
observered by Cryo-SEM from the panicle initiation stage, and investigated about formation
position of the differentiation and degeneration spikelet within a panicle of 7 days after head-
ing. The degeneration of spikelet appeared simultaneously throughout panicle just after clos-
ure of spikelet by the palea and lemma,. Differentiated and degenerated spikelets per panicle
were about 240, 80 for Milyang 23 and 87, 6 for Koshihikari, respectively. The spikelets de-
generation in Milyang 23 was mainly on the secondary and tertiary branch which were devel-
oped from primary branch of middle-basal panicle node and hardly not the spikelets of primary
branch, and degeneration rate of secondary and tertiary rachis branch and spikelets for
Milyang 23 were 2.5 times greater than those of Koshihikari, The proper relation equation be-
tween total differentiation or normal spikelets number per panicle(Y) and each rachis branch
number were different between cultivars, i.e., Y=5.5X,+3.0X, for Koshihikari as previously
proposed, but those of Milyang 23, Y=5.7X,+3.5X,+2.8X; for total differentiation spikelets
and Y=5.6X,+3.2X,1+2.4X; for normally developed spikelets, where X;, X,, X3 are number of
primary, secondary, tertiary rachis branch, respectively.

Key words : Cryo-SEM, Degeneration, Panicle weight type, Oryza sativa L., Panicle, Rachis
branch, Rice, Spikelet.
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Fig. 1. SEM view of typical spikelets on a
primary rachis branch at just before
closure stage by the palea and lemma.
cv. Milyang 23, Bar size:500.m.

Fig. 2. Degenerating spikelets on secondary
and tertiary rachis branch.
cv. Milyang 23, Bar size :500zm.

i
i

Fig. 3. An enlarged side view of a spikelet
showing cell collapsing on surface
layer of lemma(l) and empty glume
(eg). cv. Milyang 23, Bar size:500u.m,

Fig. 4. Degenerating spikelets of a secondary
rachis branch which were started
from more developed spikelets than
Fig. 2, at the stage of about 7 days
before heading.
cv, Milyang 23, Bar size:500zm.

Fig. 5. Degenerating spikelets and secondary
rachis branch at heading stage.
cv. Milyang 23, Bar size :500zm.

Fig. 6. A degenerated spikelet at heading

stage. cv. Koshihikari. Bar size: 500u
m,
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Table 1. The number of rachis-branches and spikelets in a panicle of Milyang 23 and

Koshihikari
Milyang 23 Koshihikari LSD
No. of primary rachis branch 11.4+ 0.837 9.3+ 0.9 -
Spikelet no. of primary branch? 63.9+ 6.4 50.0+ 4.9 *
Degenerated spikelets no. of primary branch 1.6+ 2.2 0.3+ 0.5 NS
(2.4%)% (0.6%)
No. of secondary rachis branch™ 27.1+ 4.0 11.2+ 2.3 *
No. of degenerated secondary branch 13.5 + 4.6 1.7+ 1.9 -
(33.3%) (13.2%)
Spikelet no. of secondary branch® 86.9x13.1 31.0x16.7 e
Degenerated spikelets no. of secondary branch 57.0+18.7 5.9+16.1 >
(39.6%) (16.0%)
No. of tertiary rachis brancht 3.1+ 25 0.0
No. of degenerated tertiary branch 7.1+ 3.1 0.0
(69.0%)
Spikelet no. of tertiary branch™ 7.3+ 6.2 0.0
Degenerated spikelets number of tertiary branch 20.8x 9.2 0.0
(74.0%)
No. of spikelets per panicle™ 158.1+17.5 81.0+ 9.7 -*
No. of degenerated spikelets per panicle 79.3x23.3 6.2+ 6.3 had
(33.4%) (7.1%)
No. of total generated spikelets per panicle 237.5+21.8 87.2+11.2 b

t: Normally developed spikelet or rachis branch.
¥: Mean + standard deviation for 10 panicle.
¥ Degeneration rate.

=: Significantly difference at the 195 level. NS: Not significantly difference at the 5% level.

— 836 —



Table 2. The length of each primary rachis branch, differentiation and degeneration number of
secondary and tirtiary rachis branch within a panicle of Milyang 23 and Koshihikari

No. of

Length of rachis No. of secondary branch L
g 4 tirtiary branch

Milyang 23 Koshihikari LSD Milyang 23 Koshihikari LSD Milyang 23

(mm) (mm)
MPAY 144.3+ 9.4 124.0+11.6 b
PB1f 73.1+32.8 45.6+10.9 * 5.0+0.8% 1.7+0.4 - 1.6+0.9
(3.6x1.0)7 (1.0£0.4) b (1.5%0.8)
PB 2 95.9425.9 53.5%6.0 hid 4.6+0.8 2.3+05 - 1.6+0.9
(2.8+0.7) (0.440.6) b (1.6+0.9)
PB 3 98.2+12.1 56.9+6.3 = 4.2+0.6 1.9+0.2 = 1.1£0.7
(2.5+0.6) (0.2+0.4) b (1.1+0.7)
PB 4 110.3+18.1 65.7£5.0 - 4.3+0.7 2.0+£0.2 - 1.520.6
(1.0+0.6) (0.1+0.2) b (1.2+0.5)
PB5 114.9+ 8.9 63.7£4.6 - 4.3+0.4 1.7+0.4 - 1.540.7
(1.0£0.5) (0) - (1.1%0.5)
PB 6 114.4412.2 58.8+3.7 " 3.7+0.4 1.3+0.4 b 0.8+0.6
(1.1+0.8) (0 (0)
PB7 114.3+11.7 56.3%6.5 > 3.7+0.6 1.3+£0.4 b 1.1+0.5
(0.5+0.7) (0) (0.50.5)
PB 8 110.7410.7 51.7+4.8 > 3.2+0.5 0.8+0.3 - 0.8+0.6
(0) (0) (0
PB 9 101.3%16.6 46.4%3.2 - 2.8%0.5 0.4£0.5 b 0.3+0.4
(0) (0) (0)
PB 10 92.2+14.6 40.5+1.1 - 2.5+0.5 0 0.1+0.2
(0) (0)
PB 11 92.0+11.6 40.0£0.0 o 1.8+0.7 0 0
(0)
PB 12 864+ 4.4 0 0.8+0.8 0 0
(0)
Mean 100.3 52.6 3.4 1.6 1.00
(0.7)

+
F
3

: Main panicle axis,

: Number of primary rachis branch from neck of panicle to tip.

: Mean number of degenerated branch * standard deviation,

7: Mean number of degenerated branch =+ standard deviation.

***: Significantly difference at the 5% and 1% levels, respectively.
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Table 3. Differentiated and degenerated spikelet number of each rachis branch within a panicle
of Milyang 23 and Koshihikari

Spikelet number of

primary branch secondary branch tertiary branch

Milyang 23 Koshihikari LSD Milyang 23 Koshihikari LSD Milyang 23
PB1 5.2+0.67 5.2+0.3 NS 19.6x3.6 5.1x£0.9 > 4.3 £2.4
(0.5+0.9)T (0.2£0.3) (14.0+4.4) (2.6+1.2) . (4.1 £2.3)
PB 2 5.5+0.6 5.6+0.6 NS 17.4+3.4 6.3+1.4 i 4.5 £2.4
(0) (11.1£3.7) (1.7+2.0) > (4.5 £2.4)
PB3 5.9+0.2 5.4%0.5 . 15.5£2.6 5.2%0.6 b 3.0 £2.0
(9.9+25) (0.6x1.1) - (3.0 +£2.0)
PB4 5.9+0.4 5.7+0.6 NS 16.3£1.0 54=%1.1 i 4.3 +1.7
' ( 8.0£4.8) (0.3+0.5) o (3.5 +1.6)
PB5S 5.6+0.8 5.7+0.4 NS 15.2+1.8 51+1.3 ** 3.8 £1.8
( 4.8%£2.1) (0) (2.9 £1.7)
PB 6 6.2%0.5 5.4+0.6 = 13.1£1.9 3.8%+1.0 > 2.1 £1.7
( 4.4%£2.7) (0) (1.5+£1.5)
PB 7 6.1+0.4 5.4£0.6 b 13.5+2.6 3.4+1.0 h 3.0+1.4
(25x2.7) (0) (1.8%1.4)
PB § 6.1+0.5 5.4+0.5 = 11.6+1.9 2.3+1.0 b 2.0+1.6
(0) (0) (0.2£0.3)
PB9 56x1.0 4.3+0.7 h 9.6x1.7 0.9x1.1 > 0.8x1.1
( 0.6+1.0) (0) (0.1£0.2)
PB 10 5.7+0.4 2.1+0.4 e 8.4+2.0 0 0.3+0.5
(0)
PB 11 4.6x£0.4 0.5£0.0 * 6.1£2.5 0 0
(0)
PB 12 3.6x£0.3 0 2.4+2.4 0 0
( 0.2+0.4)

t: Mean differentiated spikelets + standard deviation for 10 main stem panicles.
T: Mean degenerated spikelets + standard deviation.
= Significantly difference at the 1% level, NS: Not significantly difference at the 5% level.
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Fig. 7. Schematic diagram of typical forma-
tion of differentiation and degener-
ation of spikelets on a panicle in Mily-
ang 23 (A) and Koshihikari (B). O:
Normally developed spikelet, @: de-
generated spikelet. The bar size(1lcm)
is relatively to the length of main pan-
icle axis and primary rachis branch.
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