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Seeds of Bhasamanik (aman), Ashkate and Satika (aus) and C.B. 1 (boro) were
sown directly in big earthen pots in triplicate. The aman variety was grown
every fifteenth day of the months, from March to August 1960, and the other
three varieties on almost the same date of every alternate month all the year
round. Most of the results indicate that the variation in relative lengths of leaf
-sheath and blade with respect to the two growth phases, e.g. culm elongation
and ear formation, was very evident in nearly all the sets. Changes in leaf
length and in the relative lengths of its sheath and blade at a stage, when more
than 60 per cent of the total number of leaves to be formed have developed,
fairly indicate the initiation of culm elongation. Evidences of ear formation
could be noted much earlier from the sudden elongation of internode, the size
variation and the higher sheath : blade ratios of a few leaves formed before the
terminal leaf. Besides these, (i) the total number of leaves of a variety varied
with the duration and the time of sowing, the variability being more in the
season-bound aman than in the periodically-fixed aus and boro paddies, (ii)
in most of the sets, the mean plastochron between. the development of two
successive leaves was nearly 10 days, and (iii) the extent of the hard culm
phase and of the pre-emerging reproductive one was relatively constant in
the individual variety, but that of the early culm elongation phase occurring
before ear initiation was extremely variable ; from the morphogenetic point
of view this latter one is very important.

INTRODUCTION

The plant life of different rice varieties under cultivation comprises a
number of growth phases including nursery, tillering, culm elongation, repro-
ductive and ripening ones (Akimoto and Togari 1939), and of these, culm
elongation and reproductive phases are very important. To indicate the
initiation of these two, the author (Saha 1960a, 19606) has already emphasized
the importance of the leaf lengths and the relative measurements of leaf sheath
and blade. And some interesting biochemical differences with respect to
free amino-acid content of the leaf samples associated with these phases were
also mentioned (Saha ef al. 1962). Reference may be made here with regard
to the morphogenetic aspect of the individual leaf sheath and blade in rice
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plant in relation to their devclopment and life duration (Arashi and Eguchi
1954). The successive leaves on the flowering shoot of Glyceria, Lolium
and Triticwm showed a correlated change in blade length in association with
the onset of the reproductive stage of the shoot apex (Borrill 1959). From
a study of the foliar influence on growth phases with reference to the seasonal
changes of size, dry weight and dry matter percentage of the various parts of
rice plant and to the leaf size index, Hasegawa and Nishikawa (1959) concluded
that the 8th-10th leaves govern tillering, 11th-13th leaves stem elongation
and ear formation and the 14th-16th leaves ripening in rice plants.

The present morphogenetic investigation has been aimed at further record-
ing the sequences of the relative lengths of leaf sheath and blade and the
correlated nature of such trends with culm elongation and ear formation in a
number of paddy varieties under different sowing conditions. Comparable
studies on the effects of variable sowing times on duration, flowering and
yield of many cultivated varieties, planted all the year round, were formerly
carried out by Ramiah (1933) and Chakravorty (1937).

MATERIALS AND METHODS

Seeds of Bhasamanik (aman), Ashkata and Satika (aus) and C.B. I, i.e. Chin-
. surah boro (boro), collected from the State Rice Research Station, Chinsurah,
were grown in Petri dishes and on germination transferred to big earthen pots
in triplicate with a mixture of soil and compost in proportion to 2 :1 (Saha
1961). The aman variety was sown every fifteenth day of the months, from
March to August 1960, and the other three paddies on almost the same date
of every alternate month throughout the same year. In most of the sowings,
the germination was normal excepting a few, required to grow in winter,
when the removal of husks or the help of a germinating chamber was sought.

At approximately bi-weekly intervals the plants were collected at random
to note and measure the fully-expanded leaves and the long internodes. During
the harvesting time, plant height, ear length, lengths of long internodes and
number of grains per main ear were carefully noted and most of them are
represented in the form of table and graphs.

To record the ear initiation, the terminal bud of the main culm was
examined from time to time by sectioning with a rotary microtome or by
splitting the culm into halves at its apex with the aid of a sharp scalpel. The
cell lengths of the subepidermal parenchyma from the middle regions of the
long and short internodes of Satika were measured from the tangential sections,
suitably stained with dilute solution of safranin (Johansen 1940).

The leaves were numbered acropetally from the base upwards by des-
ignating the first-formed prophyll on the main culm as 1, and the successively
later-formed ones as 2, 3, etc. (Saha 1960b).
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OBSERVATION

All the six sowings of Bhasamanik and of Satika grew fairly well, and
the other two varieties, Ashkata.and C.B. 1, showed rather poor growth during
winter. Most of the various aspects including duration, plant height, total
number of leaves, culm elongation, ear formation, panicle length and number
of grains per main ear of the individual sowings were noted,

Duration.—Considering the life duration, i.e. the period from sowing to
raaturity, generally the season-bound photoperiodic aman and the boro
paddies take longer period than the period-bound aus varieties., In the six
groups of Bhasamanik, sown in successive months from March to August 1960,
the durations in days were noted to be respectively 258, 227, 188, 167, 137 and
137, the earliest sown one being taken the longest period (Table I). In the
other series of sowings, this life period varied from 135 to 119 days in the three
sets of Ashkata, but its April group took unusually a long time of 178 days ; from
198 to 129 in the five batches of C.B. I and from 133 to 90 in the six plantings
of Satika. In relation to aman, the duration in the period-bound paddies
was evidently less variable. Mitra and Gangulee (1932) and Hector and
Sharangapani (1934) also noted that the total duration of a particular variety
(periodically fixed) was fairly constant and is influenced by some extraneous
factors like time of sowing, soil fertility, moisture condition, temperature and
season. The usual duration in days after transplanting is, however, known to
be about 100 to 105 in Ashkata, 125 to 130 in Bhasamanik, 140 to 145 in
C.B. 1 and 77 to 82 in Sattka (Tech. Bull. 2, Dir. Agr., Govt. of West Bengal,
1962).

Height.—The height of rice plants is an important character from the
economic standpoint. Too great a height may result in lodging at an early
age and too short a growth is not preferred by the Indian cultivators for
lesser production of fodder for their livestock. The height measurements
adapted in different series of plantings represented the length of the main
shoots from their base at the ground level to the uppermost leaf tip. An
average of about 21 measurements per set was considered for this purpose.
In Bhasamanik a gradual decrease in length was recorded in the six successive
lots, from 156:1 cm (March) to 47-2 em (August) and rate of increase in mean
height was almost comparable in the earlier four sowings. On the other
hand, the height variation in cm in the period-bound specimens was not so
much wide, only 65-8 to 123-0 in Ashkata, 581 to 109-2 in C.B. ] and 52:2
to 93-5 in Satika (Table 1).  Such lengths were recorded to be 140 to 142 in
Ashkata, 123 to 125 in Bhasamanik, 82 to 84 in C'.B. 7 and 93 to 94 in Satika,
when grown during their normal seasons.

Leaf.—The total number of leaves from the first non-laminate prophyll
to the last ear leaf, borne by the main culm, were separately counted in the



BISWAMBHAR SAHA

410

é-0¥% 1-€¢ 0-L8 (44 298 (de] (44 9-£9 16 cot g1 ¥8I o 1840300
$63 I-61 1-8¢ €8 L Ly 61 L9 L6 ag ¥l 861 a isndny
a-%¢ 0-¢¥ G601 LT 9L IR 61 [-09 g8 L9 8-¢1 61 oun g
(444 0-0¥ 4§86 61 oL [8Y 0z 9'%9 86 g9¢ ¥l g€t o rrady
§:0% ¥-1€ 0-LL 61 8% Y L1 €29 8-q 0¢ 11t agt n Arenaqey
(0309) 7 g0
0-£¢ 0-L2 gIL 61 96 L-g 0 9-80 €8 96 131 SE1 o TOqUISOR(T
9-8% L¥8 LG 03 16 1-¢ 0 L-9g ¥-9 16 a1t 1€1 B 1840300
708 (4 <4 1-19 ve 14 ¥t o G-89 L 8¥ 801 g0t o 1sndny
8-8¢ ¥¥y 9-86 [44 bt 4 98 0 L-99 oL i 8-0T 001 a sun (-
g-1¢ 93¢ G-¥8 LI 0g Lg 0 7-¥9 L9 og ¥-01 06 o dy
1-€1 608 829 LT qg L-g 0 %99 g9 gqg 08 £6 e Lrenrqog
(snp) DYDY
0-09 1-62 8-89 61 194 88 0 8-L9 08 ag 8-I1 611 o wndny
5% 819 886 61 oL ¢-¥ (114 L9 g6 99 861 get o eun ¢
1-6L 1-09 0-¢31 0% eIt 94 61 1-.9 7Il ¥6 0-L1 8L1 udy
[ 74 6:LE 8G9 81 L9 ¥ LI §-69 8-¥ 0g 06 yel o Areniqe
(sn%) pioyysy
3Gy L-¢Z Ly 18 g4 144 0 €89 g6 8L 6-¢1 LET o 1sndny
Q.99 pa 4 <86 61 Q6 Ly 157 ¥-L9 L6 (44 ¥l LeT . Amg
0-1L 6-1% 0-16 LT (181 99 LE -39 011 9L 9-LI Lot e eun
Lv6 g-6¥% 0-GTl LT Vel Lt 64 0:69 -1t gL 881 881 © Aol
€671 [FAY Sl 4l PLT -6 86 g9 11 9L 0% Lee . judy
161 %09 1-991 LI 0% IR 1441 (4944 811 28 068 865 T qoasy
(uswe) yruvwoeoyg
T 31 r I H D JL ) a O a v
FoEy ¢ B b H i N
ot o b=}
F Ex EF FEF 5% i5 44 3z gF :
&8 R 0 Lo a%s [P e 9 8 & CRE " 5 - 2
¥ = B g8 m.Wm + 58 @m. an...mmk .V.A..m “ g o g g ] sSuimos (@jeuw
© 5w i) Bea ] ) SGB Y 2 g HoR 2 mm - : HBA
58 F% PR pid Dge gd dgf 08 N g
g g BB & 3b 5% 1§ E 3 g 2
w
¥ O® 8 uoIyRIIUL OpcuIa}ul Suory & 7

8XBg pur [ "4 {ITBWEBSBY “BIBUSY (0 8202dsD sn024va U0 83wl Burnmos waaaffep fo sy

T T1gv]y,



LEAF MORPHOGENESIS IN RELATION TO GROWTH PHASES OF RICE PLANTS 411

individual sets. The recording of the fully-formed leaves at regular and
small intervals throughout the life duration of a set of rice plants would
provide the more reliable method in assessing the mean leaf number (Nagai
1959 ; Sircar and Mukherjee 1959; Saha 1960z). Kaufman (1960), on the
other hand, depended primarily on the number of ‘definitive nodes’ counted
from the vertical sections of plants. An average of 72 plants of different
ages of each of Bhasamanik sowings and of 48 of each of the other varietal
groups was utilized for the counting, and every leaf length, as shown in the
graphs, represents a mean of 25 measurements. The six successive sets of
Bhasamanik bore leaves in average 250, 20-4, 18-8, 17-6, 14-4 and 13-9
respectively, but they varied from 19-0 to 9-0 in Ashkata. 14-4 to 11-1 in
C.B. 1 and 12-1 to 8-0 in Satika (Figs. 1-4).

The general pattern of graphs on mean lengths of the successive leaves
is comparable in all the varietal sets of four paddy varieties; the earlier formed
leaves showed a steady increase up to a stage of culmm elongation followed
by a decrease towards its later phase of extension and ear formation (Figs. 1-4).
Although Ramiah and Rao (1953) reported the third leaf from top in the main
tiller as of maximum length, but in the present study, the fourth leaf from
top in most of the varietal sets indicated the highest length. As noted in
the earlier communication (Saha 19608), the shortening in length of the last
three leaves, as indicative of ear formation, was very evident and general in
most of the sowings. Borrill (1959) also recorded a correlated change in blade
morphology in association with the onset of the reproductive state in the
shoot apex of some graminaceous plants.

A correlation between the life duration and the total number of foliar
leaves borne by the main culm may be indicated. It is a matter of great
interest that most of the sets of Bhasamanik showed an average of about ten
days as the plastochron interval, i.e. the time period between the formation of
two successive leaves and calculated from the total duration divided by the
total number of leaves. In the remaining three varieties also, Ashkata,
C.B. 1 and Satika, the majority of the sowings showed a comparable interval,
excopting the winter sets which grew rather slowly. Morphogenetically this
interval is to be considered as an important finding to approximate the
numerical quantity of leaves of a variety which may thus help to indicate the
suitable time of the developmental stages in different months of the year.

Internode.—A large number of earlier formed nodes with very short
internodes develop the hard culm at the base (Katayama 1931), and in
oats Aitken (1961) describes this as ‘ jointing phase’; later after attaining a
certain age the rice plants start forming long internodes. The number of
nodes forming the hard culm is important and has a direct numerical relation-
ship with the tiller primordia to be developed. The greater the number of
nodes forming the hard culm, the more there would be the primary and
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subsequent tillers and thereby results in an increased yield. The age at first
initiation of culm elongation phase was recorded to be mostly unaltered and
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in the four sets of Bhusamanik, it varied only from 73 to 76 days. In March

and July sowings this period was, however, relatively longer, 82 days, and
shorter, 52 days, respectively. In most of the sets of other aus and boro
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paddies also, a relative constancy in the extent of individual hard culm phases
was noted (Table I). An average of 32 plants per set was studied for this
calculation. Morphohistological data on structure and development of rice
stem are indicated in the works of Juliano and Aldama (1937), Majumdar
and Saha (1956) and Kaufnian (1960).
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F16. 2, The mean lengths in em of the successive mature leaves of
Ashkata, sown in Februery, April, June and August,
showing stages of long internode (I) and ear (¥) initiation,

Irrespective of the long and short duration and the seasonal changes, the
relative invariability of the hard culm period appears to be very informative,
after which the stage of elongation begins. As noted in the earlier report
(Saha 1960b), the formation of extended internode starts in DBhasemanik
and in most of the others, when more than half of the total number of leaves to
be formed had developed and thereby maintains a comparable foliar age index
(Matsushima ef al. 1954). During this phase in the six successive sets of
Bhasamanik, an average of 11-8, 11:3, 11-1, 110, 9-7 and 9-5 nodes were respec-
tively formed. 1In others, these numbers were more variable ranging from
mostly 4-8 to "11-4 in Ashkata, 58 to 97 in C.B. 1 and 53 to 83 in Satika
(Table I).

The initiation of culm elongation in Ashkata, Bhasamanik, C.B. 1 and
Satika was mostly associated with an evident decrease in the relative lengths
of leaf sheath and blade (Figs. 5, 6). The number of long internodes was
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dependent.on the duration of Bhasamanik and hence in its March sowing
the number was highest in the series, decreasing gradually with its lateness,
e.g. 13-2 in March and 4-4 in August sets. In the other aus and boro paddies
the internodal numbers were relatively less variable, being mostly 3-8 to 5:6
in Ashkata, 47 to 5:5in C.B. { and 2-7 to 5-1 in"Satika.
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Fia. 3. The mean lengths in em of the successive mature leaves
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showing stages of long internode (I) and ear (#) initiation,

The length of an internode increased as its position on the plant became
higher. In all the sets the last-formed three long internodes, extended after
the initiation of the reproductive stage, were individually of very high length.
Comparing the internodal length of the third with that of the fourth one from
the top, an evident and significant difference would be observed (Figs. 7, 8).
The histological investigation of the hard culm and the successive long inter-
nodes in Satika indicates that cell lengths of the subepidermal parenchyma
were very small in the unelongated region and progressively increased with
the length of internodes (Fig. 9). Comparable observation was reported in
wheat, where the differences in blade length were attributed to the variations
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in the amount of cell extension and not to fluctuations in cell number (Nilson
et al. 19567 ; Borrill 1959).
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Fic, 4. The mean lengths in c¢m of the successive mature
leaves of Satika, sown in February, April, June,
August, October and December, showing stages of
long internode (I) and ear (E) initiation.

Ear.—As recorded in the earlier investigation (Saha 196058), the ear
initiation occurs when the last three terminal leaves are primordial and not
fully formed. The very young ear primordia of (-4 to -5 mm in length and
covered with hairy structures became visible towards the first week of October
in Bhasamanik (March to June sets), and in the remaining July and August
ones, the initiation was slightly late and occurred in the third and fourth
weeks respectively of the same month. In contrast to this, the period-bound
non-photoperiodic varieties, in relation to the sowing date and environment.
showed the beginning of such phase all the vear round.

The small ear primordia grew rapidly and in 17 to 24 days in most of the
cases emerged from the flag leaf sheath and this period appears to be velatively
invariable. Similar interval between the initiation and the emergence of rice
panicles was also reported by Nagai (1959) and other workers. As regards
the actual date of flowering in both periodically fixed and timely fixed varieties,
Mitra and Gangulee (1932) also recorded that this varied with the time of sowing
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in the first group, but it was rather constant in the winter paddies, so much

so that the second one, sown at different dates throughout the year, flowered

almost on the same date,
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The mature ear is terminal and branched, bearing a panicle of spikelets
in singles attached to small rachillae. The length of panicle was more in
sets having more duration and greater plant heights and the total number of
grains per main ear was also greater (Table 1). During winter months the
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¥re. 6. Sequences of the 8/B ratios in the successive mature leaves of Satiku, sown
in alternate months throughout the year, showing a decrease in ratios
in association with long internode initiation (I).

growth of plant as well as the mean number of grains developed per panicle
were affected and in general the quantity of grains in Bhasamanik was far
more than the other low-yielding varieties. An average of 20 main panicles
per sowing was used for this calculation.

DiscussioN

The detailed morphogenetic investigation on a large number of different
sowings of four rice varieties, Bhasumanik (aman), Ashkata and Satika (aus)
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and C.B. 1 (boro), indicates that most of the results have been in accordance
with expectations based on earlier findings (Saha 1960a, 1960b). The variation
in relative lengths of leaf sheath and blade with respect to the initiation of
culm elongation and of ear formation was evident in nearly all the varieties
grown in varying months. Besides these, a few more observations of consid-
erable interest were obtained: (i) the total number of leaves of a variety
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as 1, and the one immediately before this as 2, and so on.

varied with the life duration and the time of sowing, and this was more evident
in season-bound aman than that in the period-bound aus and boro paddies,
(i) in almost all the varietal sets, the mean plastochron between the develop-
ment of two successive foliar organs was nearly ten days, and (iii) the relative
constancy in the extemnt of hard culm phase and in the period from initiation
to emergence of ear, and the high degree of variation of the vegetative culm
elongation phase before ear initiation, were noted.

The sowing of varieties at intervals throughout the year, 1960, subjected
the plants to the range of rainfall, temperature and photoperiods prevailing
in Nilgunge area (West Bengal); during dry seasons, however, occasional
irrigation was required. The changes in growth pattern as shown by different
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sowings depend partly on the effect of temperature and may also on particular
interactions between the genotype and environment.

The number of leaves on the main culm was noted to mostly vary from
17:0 to 9-0 in Ashkate, 25:0 to 13-9 in Bhasamanik, 14-4 to 11-1 in C.B. I and
12-1 to 8-0 in Satikae, depending primarily on duration of a variety or of a set.
This study evidently indicates that the season-bound aman variety showed
greater variability in foliar development than that in the aus and boro paddies.
The longer the duration of a variety, the greater would be the number of
leaves being formed on the main culm (Katayama 1931). In a number of
field crops, Watson (1947) noted the variation in leaf number per plant to be
mainly attributable to differences in sowing dates. On the basis of experi-
mental data, the growth and development of leaves were considered to be
influenced by the nutritional status of the growing region and the nutrient
supplies proceeding from below (Wardlaw 1952).

When the rice plant attains a certain age and is equipped with a definite
number of leaves, it starts forming long internodes and thus enters into the
culm elongation phase. From the practical point of the rice plant it is very
important in that the young plants should have to be transplanted before
attaining such a stage. It is a matter of common occurrence with many
monocotyledonous plants that rapid axial growth is associated with the
reproductive phase (Cooper 1956 ; Kaufman 1960; Aitken 1961). In most
of the sowings, the culms started extension when the plants had developed
more than 60 per cent of the total number of leaves to be formed and when the
leaves attained almost the greatest length and the relative lengths of leaf sheath
and blade showed an evident decrease. In long duration plants, the formation
of extended internode was noted to be independent of ear development and
with the latter stage only the three uppermost internodes elongated with
unusual rapidity. In short duration Satike, the culm elongation phase and
the ear initiation occurred almost concurrently.

Depending on the varieties and the time of sowing, the ear primordium
formation begins to develop at the terminal bud and the plant enters into the
reproductive growth phase. The Bhasumanik plants, sown earlier in the
season (March), required greater number of days to form ear primordium than
those being planted later. Apart from the shortening of leaf size and the
higher sheath/blade ratio (Saha 1960a), the appearance of slight swelling of
plant tops in contrast to its normal appearance and the rapid increase in
internodal length could also externally indicate the ear formation much before
its emergence.

The time required to complete the formation of ear from its initiation to
emergence, for convenience it may be indicated as ‘ pre-emerging reproductive
phase’, was not much affected by the variability of sowing time and took only
17 to 24 days in almost all the varietal sets. In winter months, however,
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the primordial development was affected by temperature, intensity of sun-
light and length of day. Nagai (1959) also reported a comparable period to
be required by an ear primordium of 2 mm size to grow and complete its
emergence. During this phase the last-formed three long internodes extended
rapidly with the growth of ear primordium,

All the various growth phases, e.g. nursery, tillering, culm elongation,
reproductive and ripening ones, are very broad and knowledge of their extent
and morphological distinctions would be very helpful. With reference to
axial growth, the plant life may be distinguished into the hard culm phase,
being characterized by having unelongated internodes, crowded primary
tiller primordia and relatively of unaltered duration; the vegetative culm
elongation one having elongated internodes and of very variable duration
depending on the varieties; the pre-emerging reproductive period being asso-
ciated with high extension of internodes with the aerial development and of
more or less fixed duration, and the postemergence ripening phase. The
variability of the different phases and subphases of aus and boro paddies are
relatively less marked, and in aman the vegetative culm elongation period
forming long internodes before the transformation of the apical bud into an
ear one is well evident. This finding may offer some scope to apply experi-
mental and agronomical manipulation to influence growth and yield. Accord-
ing to Grant and Thein Aung (1941), the rice plant in the early stages of
growth might utilize its energy mostly in the production of leaves and 'tillers
and later in increasing the height during ear formation.

Similar studies have been extended to a large number of varieties of
barley, oats and wheat to find some comprehensive foliar indications as
symptoms for the initiation of culm elongation and of ear formation.
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