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Abstract : Seven near-isogenic lines which were derived from rice cultivar “Calrose’” were sown on June 8, 1985,
and transplanted on June 25 at the fourth leaf stage in rice facility of the University of California, Davis. Each
plant was marked by a felt pen on every even leaf of main culm to count the number of flag leaf. At leaf number
index (LNI) 85 to 95, young panicle length was investigated. At heading stage, all panicles of about 50 plants
per genotype were dated their heading date on their flag leaf, and at harvest each panicle was recorded its node
location from which it emerged.

A high correlation coefficient between LNI and logarithm of young panicle length was obtained in all
genotypes, so it was considered that LNI was an excellent index to estimate young panicle developmental stage,
when the total number of leaves of genotype was known already. In ES-201, panicle of main culm and tillers
headed nearly the same time, whereas in the other 6 genotypes, heading date of main culm was later than that
of the first headed tiller panicle. Especially main culm heading of S-201 was delayed more than 2 weeks than that
of the first headed tiller panicle. Primary tiller which emerged from 6th node on main culm headed at first in the
genotype excluding ES-201. As the 6 genotypes other than ES-201 showed the most advanced young panicles
in their 6th node at LNI 85 to 95, above-mentioned behavior seems to be a characteristic of these genotypes.
Heading date of main culm in M-302 and S-201 was prolonged by low temperature compared to that of Calrose
76 and M7, respectively. This might be based on their tolerance to low temperature for the uppermost internode
elongation. An early heading genotypes showed less number of flag leaf (M-101) or higher leaf emergence rate
(ES-201) than that of later ones (M7 and S-201), respectively.

Key words : Distance between collars, Heading date, Leaf number index, Main culm, Tillers panicle, Young
panicle length.
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FEEE 200 BED PIEME T A -G, & ES-201 O FBEOHBEA R 1 Bkoh TRYNICHBEL 29 >0
A S IZIZETH - 72H, o 6 REOLTEHIFRLI Y T o0E I R, £, &
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M-302 & S-201 DFRBOHEEA S Calrose 76 & M7 ICHE L TEIRIGEAL B IOBERESA X
Do leBEOVE DI IS ORBEOREHROREIC L 2 BERINGNEFshz, £7-, M-101 £ ES-201
HM7 & S-201 £ D »HEBESNELDE, M-101 TIRIEEEHES DLW I &, ES-201 TREORBHEENF
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Shifting time of growth phase from vegeta-  important for rice culture improvement. The

tive to reproductive and heading time are former is characterized by young panicle
* Present address of latter author: Associate Area dlfferentlatlon’ which is in general determined

Director, Mid-South Area, USDA-ARS, P.O. Box 225, Dy basic vegetative growth, photoperiod sensi-
Stoneville, MISS. 36766, U.S.A. tivity and thermosensitivity!®¢17). The latter is
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directly brought about by the uppermost and
second internode elongation which largely
depends on temperature during elongation
periods.

To know young panicle developmental
stage accurately is important for nitrogen top
dressing to increase the number of spikelets
per square meter’ 'V, Heading time is also an
important index in cultural practices, not only
representing ripening stage as ‘‘number of
days after heading”, but also young panicle
developmental stages as ‘“‘number of days
before heading””. On the other hand, it is
known that leaf number index, which is the
relative leaf number to the total leaf number at
any growth stage, is a useful index represent-
ing young panicle developmental stage®.

So, using isogenic lines which have similar
genetic background except heading!'#!%, the
authors tried to clarify the relation between
leaf number index and young panicle develop-
mental stages, to search heading variations of
individual plants in a genotype and of individ-
ual tillers in a plant.

Materials and Methods

In order to minimize the influence based on
different genetic background, seven closely
related lines which have nearly the same
genetic background except heading time were
chosen and classified into three groups accord-
ing to their genetic relationships to Calrose 76
and each other as shown in Table 1419,

Seeds were sown on June 8, 1985, in jointed
paperpot (15 mm square, 30 mm depth) and
grown in glasshouse until 4th leaf stage. After

marking each 4th leaf by a felt pen, each
seedling was transplanted on June 25, in 10X
25 cm, at the Rice Research Facility of the
University of California, Davis.

Each genotype, which consists of 2 rows of
25 plants per row, was arranged by random-
ized method with 4 replications. After trans-
planting, each plant was marked by a felt pen
on every even leaf to count flag leaf number,
and the length of young panicles of all tillers
was investigated by direct dissection as well as
the main culm at the stage of 85 to 95 in leaf
number index (LNI), which was defined as
the percentage of leaf number at that time to
flag leaf number®.

Heading date was recorded on flag leaf of
main culm and of tillers which headed at first
in the plant. Especially on one plot in each
genotype, the heading date of all panicles of
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Table 1. Genetic background and characteristics of genotypes.
Coefficient of No. of days
percentage with : to heading

Calrose Last number No. of sown sown

Group Genotype of group plants 6/9 5/9
A ED7 1.000 1.000 191 89 97
Calrose 76* 1.000 1.000 196 102 115

B M-101 0.922 0.850 198 87 95
M-302 0.766 0.850 195 96 105

M7* 0.844 1.000 195 104 114

C Early S-201 0.625 1.000 169 84 95
S-201 0.625 1.000 194 94 102

* Photoperiod sensitive cultivar.
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Trend of heading percentage of main culm (solid line) and

tillers panicle (broken line). Numerals in parenthesis indicate an

average heading date.

the plant was recorded. At 30 days after
heading, the originating node locations of each
panicle and the internode length of main culm
were investigated.

The distance between collars (DBC) of flag
leaf and the penultimate leaf on main culm
was also recorded to estimate the temperature
effect on the uppermost and the second inter-
node elongation at booting stage.

Results and Discussion

Estimation of young panicle length

A young panicle showed slower growth by
the stage around 90 in leaf number index
(LNI), and after that grew exponentially. A
high correlation was obtained between LNI
and a logarithm of young panicle length
(YPL) of main culm and tillers which emer-
ged from 6th node on main culm as shown in
Fig. 1. No difference was detected in regression
coefficient between LNI and YPL among
genotypes. Based on these relationships, we
can estimate the young panicle length from
LNI without dissecting rice plant. As the
number of flag leaf can be confirmed by
naked eyes at the stage of primary rachis

branch differentiation, about 80 in LNI®, it
was considered that LNI had been more reli-
able index to estimate young panicle develop-
mental stage than other indices such as the
number of days before heading (DBH),
because LNI was determined on the basis of
leaf number expanded at that time.

When no information is available on flag
leaf number, it is, of course, necessary to
dissect the rice plant directly in order to
determine young panicle developmental stage.
As a result of it, if white bract hairs around
growing point were recognized and if flag leaf
length was less than 5 mm at that time, young
panicle developmental stage is regarded as
secondary rachis branch differentiation, that
is, LNI 85-86. After this stage, 2.0-2.3 leaves
must be expanded in case of flag leaf number
being 14-16.

Heading characteristics

Heading time of main culm and tillers panicle :
Heading date of each plant was recorded on
main culm and the first heading tiller in the
plant. Fig. 2 has shown the ratio of headed
plants each two day intervals to all plants of 4
replications in each genotype. In ES-201, main

NII-Electronic Library Service



MATsuzAKI and RUTGER—Heading Characteristics Relating Rice Genotype 301

Relative length of young panicle

Fig. 4. Relative length of young panicle at
LNI 90 on main culm and primary tillers
emerged from 3rd-8th nodes on main
culm. Vertical line at each point indi-
cates the standard deviation. (upper S
-201 n=11, lower ES-201 n=6)
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culm and the first heading tillers headed
almost the same time. In other 6 genotypes,
however, tiller panicles (broken lines) headed
earlier than that of main culm (solid line). An
average heading date of main culm delayed 2.
7 days in M-101, 4.8 in Calrose 76, 5.4 in M7,
6.6 in ED7, and 8.7 in M-302 from that of the
first heading tillers, especially 17.4 days in S
-201. It seems that the difference of heading
date between main culm and the first heading
tillers was larger in the genotype which had
low temperature during their heading period
(Table 3) and that it was controlled by var-
ietal characteristics and enhanced by environ-
mental conditions, such as low temperature in
heading period.

Node location of the first heading tiller panicle :

Heading date of all panicles in the plants was
recorded for about 50 plants of each genotype.

Fig. 3 has shown the average heading date of
main culm and of panicles which originated
from each node on main culm. In ES-201, in
which only 20 plants were investigated, the
average heading date of main culm (M) was

earlier than that of tiller panicles. On the other
hand in another 6 genotypes, tiller panicles
which originated from 6th node on main culm
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Table 2. Percentage of main culm, primary and secondary tillers which emerged

first in a plant.

Percentage of

No. of Main Primary Secondary tillers
Group Genotype panicles*  culm tillers
Total v A% Others
A ED7 107 0.9 45.7 52.9 19.5 28,9 4.5
Calrose 76 69 2.9 69.5 27.7 10.3  17.4 0
M-101 83 6.0 79.5 14 .4 4.8 6.0 3.6
M-302 77 1.3 63.7 35.1 23.4 9.1 3.6
M7 72 2.8 55.6 41.7 13.9 20.8 7.0
C ES-201 47 34.0 51.0 15.0 4.3 10.7 0
S-201 72 0 65.0 35.0 5.6 21.0 8.4

* Two or more panicles in the plant emerged at the same time.

Table 3. Estimation of number of days to heading from distance between collars.
Regression of
No. of Measure- No. Average DBH to DBC
ment Ave-  of days daily
Group Flag date of rage  before max, Con- Coef-
Geno- leaf Plants = DBC* DBC heading temp. stant ficient
type (DBH) * ok * Kk * K Kk
mm °C
A ED7 14 100 Aug. 27 33 13 28.7 16.7 —1.71
Cal 76 15 114 Sep. 3 29 16 25.7 19.8 —1.27
B M-101 14 120 Aug, 22 16 13 32.7 13.0 —0.96
M-302 14 120 Aug. 30 25 18 26.6 20.3 —1,12
M7 15 141 Sep. 4 33 18 26.1 21.0 —0.83
C  ES-201 15 133 Aug. 18 29 10 32.6 10.4 —0.38
S-201 15 117 Sep. 3 11 20 26.6 21.5 —0.92

* Contraction of “Distance between collars”,

** Average temperature from measurement date of DBC to average heading date of main culm.

*** Number of days to heading when DBC is zero.

* kKK

(VI panicle) headed at first, and then tillers
from 5th (V panicle) or 7th (VII panicle)
node on main culm followed. Main culm
headed after heading of V, VI and VII pani-
cles in these 6 genotypes.

Fig. 4 has shown relative young panicle
length at the stage of LNI 85-95. S-201 repre-
sents other 5 genotypes except ES-201. It was
obvious that tillers originated from the 6th
node on the main culm had most advanced
young panicles except for ES-201. So, we can
consider that the pattern as shown in Fig. 3
and 4 is mainly based on genotype characteris-
tics.

Table 2 shows the percentage of main culm,

Number of days required to elongate 10 mm of DBC.

primary and secondary tillers which head at
first in the plant. In this instance, node loca-
tions of secondary tillers on primary tillers
from which they originated, were estimated by
the synchronous leaf growth theory®. As
expected from Fig. 3 and 4, the main culm of
ES-201 showed a higher percentage than the
other genotypes. It was also observed that
some secondary tillers emerged at first. Espe-
cially in ED7, more than half of the panicles
which emerged at first, belonged to secondary
tillers. As for the node location of secondary
tillers, it seems that panicles originated from
IV and V primary tillers have a greater chance
to head first in the plant. A definite tendency
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was not observed among the groups or earli-
ness in each group. However, percentage of
the first headed secondary tillers was low in
genotypes which headed at an earlier date, for
example, in ES-201 and M-101.

Low temperature effect on heading : A few
genotypes in this experiment were hit by low
temperature during their heading periods. It
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Fig. 5. Relation between number of days
(Nd) to heading and distance between
collars (DBC). Numerals under the

curves indicate the number of plants
investigated and vertical line at each
point indicates the standard deviation.

was 5° — 13°C lower in daily maximum tem-
perature than that of the average from 1951 to
1980, during the periods from September 5 to
14. At that time, the tillers of M-302 and main
culm of ED7 were just heading, and the tillers
of Calrose 76 and M7, main culm of M-302
and Calrose 76 were beginning to head. In
these genotypes, prolonged heading and drops
in heading percentage were observed (Fig. 2).

In genotypes which headed before Septem-
ber 5th, an average heading date, indicated by
arrows, was located at or after the peak of
heading curve, whereas it appeared before the
peak in genotypes which headed after that
time. Tillers average heading date of M-302 or
S-201 located after or at the peak, however, an
average heading date of main culm appeared
before the peak, and these two genotypes
showed much more differences in average
heading date between main culm and tillers.
Judging from these facts, it seems that the
degree of sensitivity to low temperature was
higher in M-302 and S-201 than in Calrose 76
and M7, respectively.

The distance between collars of the flag and
penultimate leaves (DBC) of main culm was
recorded at booting stage, and regression of
the number of days till heading to DBC was
calculated from DBC and heading date of
main culm which had the same flag leaf
number in each genotype (Fig. 5 and Table
3). The number of days to heading from zero
DBC showed a high correlation with average
daily maximum temperature during the period

Table 4. Decreasing rate of culm and internode length differring seeding date.

Internode length (cm)

Culm  Relative
length* culm Upper- Relative Second*  Relative
Group Genotype length**  most*  uppermost** second**

cm % cm % cm %
A ED7 57 90 19.8 71 14.2 82
Calrose 76 54 87 20.0 76 12.9 76
B M-101 57 89 22.3 82 14.6 85
M-302 50 77 19.1 70 14.1 79
M-7 50 83 18.7 71 13.1 77
G ES-201 62 98 24.0 92 18.2 101
S-201 49 85 18.7 80 12.1 82

* Averages of 20—60 main culm described in Fig. 3, which sown on June 8.
** Relative values of June data to May, averaged of 12 main culms which sown on

May 9.
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Table 5. Factors relating to early heading of ED7, M-101 and ES-201.
Leaf DBH Average Second
Flag  emergence at daily Ft- Degree internode
Geno- leaf rate from 50 mm  max. fective days  elonga-
Group type number Jul. 5-Aug.8 DBC* temp.** temp. tion***
(per day) (NQd) (Tm) (Te=Tm—20) (Nd*Te) (mm)
A ED7 14.4 0.18 8.1 28.0 8.0 65 2.2
Cal76 14.7 0.18 13.4 24.9 4.9 66 2.0
B M-101 13.9 0.18 8.2 31.3 11.3 93 1.6
M-302 14.1 0.18 14.7 25.4 5.4 79 1.8
M7 14.9 0.19 16.8 25.8 5.8 97 1.4
C ES-201 15.0 0.22 8.5 33.0 13.0 111 1.6
S-201 15.1 0.19 16.9 26.3 6.3 106 1.1

* Calculated from regression in Table 3.

** During the period from 50 mm DBC to heading.

*** Second internode length in Table 4 was divided by degree days.

from measurement date of DBC to average
heading date of main culm. This means that
low temperature delayed heading some extent
through decreasing the uppermost internode
elongation.

Extremely delayed heading of main culm in S

-2017 : Although the main culm of Calrose 76,
M7 and S-201 began to head at nearly the
same time, the main culm of S-201 showed
extremely delayed heading (Fig. 2). Low tem-
perature during that period, of course, must
be a cause of it. Delaying in S-201, however,
was too much to be explained by only temper-
ature effect compared to Calrose 76 and M7.
On one hand, S-201 main culm has had
shorter young panicles at the stage of LNI 85
-95 than that of tiller panicles (Fig. 4) and the
uppermost and second internode length of S
-201 were nearly the same as that of Calrose
76 and M7. However, the ratio of the upper-
most and second internode length to that of
May sown plants in 8-201 was larger than
that of Calrose 76 and M7, because the upper-
most and second internode length of May
sown plants in S-201 was less than that of
them (Table 4). Moreover, it was observed
that more than half of the plants showed
delayed heading of main culm even in May
sown plants. Judging from these results,
delayed heading of main culm of S-201 seems
to be a unique genotype characteristic.
Morphological characteristics in relation to head-
ing : As stated above, earliness of genotype is

explained by basic vegetative growth,
photosensitivity and thermosensitivity!®!?. In
general, short day length was accompanied by
high temperature under field conditions, and
rice plants have combined effects of them. In
this experiment, only heading date observa-
tion was recorded in May sown plants (Table
1). So, the authors tried to approach to the
earliness of the genotype from the viewpoint of
morphological aspects.

Table 5 shows the flag leaf number, the leaf
emergence rate and the second internode
elongation rate. In group A, Calrose 76 is
photoperiod sensitive®*!®. So, differences in
heading date between ED7 and Calrose 76 are
mainly explained by photosensitivity*!? and
partly by thermosensitivity of ED7. Pinheiro et
al'?. found that ED7 headed in 23 days earlier
in the glasshouse than in the field, compared
to two day less for Calrose 76 in the same
conditions. According to Wada’s idea!?, it was
considered that early heading of ED7 in glass-
house was mainly based on thermosensitivity.
In morphological aspects, little difference was
recognized in the flag leaf number and the leaf
emergence rate. In group B, late genotype M7

is also photosensitive, but M-101 and M-302
are not photosensitivel®. Therefore, the
difference in heading date of M-101 and M7
was mainly ascribed to that of photosen-
sitivity, and partly to the difference in the flag
leaf number and the second internode elonga-
tion rate. However, in M-101 and M-302, no
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difference was detected in any of them. In
group C, both genotype are not
photosensitive?, and have the same flag leaf
number. So, earliness of ES-201 was ascribed
to higher leaf emergence rate during the
period from July 5th to August 8 and to
higher second internode elongation rate than
that of S-201.

Differences among groups were noticeable
in the degree days which were induced as the
product of the number of days before heading
at the stage of 50 mm in DBC and effective
temperature which was defined as tempera-
ture higher than 20.0°C. The degree day was
largest in Group C, smallest in group A, and
intermediate in group B. It was considered
that the larger the degree days, the longer
period was required when they were hit by low
temperature. So, deficit of effective tempera-
ture may be one of reasons that heading date
of main culm of S-201 was delayed as compar-
ed to Calrose 76 and M7.
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