SOME ASPECTS OF INTRA-SEASONAL GROWTH-VARIATION
IN PLANTS

Parr 1
by C. V. KrisaNa IYENGAR
(Communicated by T. S. Mahabale, F.N.I.)
(Received March 20; read May 1, 1959)
ABSTRACT

A preliminary study of the seasonal and intra-seasonal conditions was taken up in view
of their close association with plant’s growth. The variation in the daily number of sunspots,
and its effect on temperature and other factors have been pointed out. A briefaccount of
temperature, atmospheric humidity and rain-fall, and the prevailing growth conditions in some
places of Mysore Plateau is given.

Based on the sizes of the successive leaves and internodes the author has recorded four
growth periods—or curves—during a year, each one of these being parabolic in nature. Of
these the first and the third are larger curves, hence mejor, while the second jmnd the fourth
are smaller in duration and magnitude, hence minor. The differentiation into the four curves
is noticed in all branches of perennials with large numbder of leaves formed during a season.
Where & smaller number is formed there is the merging of the first and second, as also the third
and fourth, resulting ir only two curves during any year. Each curve represents the growth
of & season or period forming the ‘Growth Parabola’ _Since animals also manifest similar
features in their activity this may be appropriately styled as the ‘Biological Parabola’, The
magnitude and duration of the growth-curve depend on the degree of agreement between the
prevailing growth conditions and growth of a plant.

The lower plants are as much affected as the higher plants. This has been shown by
taking a few representatives from the different groups of plants. In all these members not
only vegetative but also reproductive parts meanfest the parabolic size variation. The sizes
of sporophylls, sporangia and spores are directly related, and best sized structures generally
develop about the middle of the seasonal part of a plant bearing these, )

INTRODUCTION

The subject of growth happens to be an elaborately studied part in plant
physiology. Volumes have been written on this subject and on the development
of plant parts under natural and artificial conditions. The various aspects of
growth with and without stimulation, have also been studied by many. Extensive
work has been done and elaborate literature is available on the growth-rate not
only from season to season but also from time to time during a season. Changes
in weight, diameter, size and length have been the several aspects which have
drawn the attention of the various investigators, and long and short time interval
records have been taken to explain this feature. An old reference on this subject
happens to be by Sachs (1873) who selected the study of the linear changes in
plant parts during the hours of the day. Gregory (1921) has studied the changes
in the area of the leaf, while Briggs, Kid and West (1920 a & b) assessed growth
in terms of weekly increase in leaf area and dry weight. Friesner’s work (1920)
on the radicles of Cucurbita indicates an attempt at short time intervals recording
and this has shed some light on the daily variations and rhythm in the growth of
plants. Weight fluctuations in plants from time to time during the hours of the
day were recorded by me and published in 1945. During! my work on growth
and other activities the advantages and efficacy of high magnification and short
interval recording have been sufficiently stressed. The high magnification employed
has enabled me to record the several activities of plants not only at intervals of
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a few minutes but also a few seconds. In all these activities recorded and pub-
lished by me during 1942-1946, the preSence of oscillations in the rate has been
explained in detail. I have noticed these oscillations manifesting themselves at
intervals of a few minutes or even less than a minute. Just as in other activities,
in growth also, oscillatory variation in rate is noticed, even when the external
conditions are constant. For the work on growth young roots, stem, leaf and
flowers buds were selected and the recording was done with these parts in tact
on the plants. Probably the changing Ph of the plant body, oscillatory changes
in the water-content of the plant (Krishna Iyengar, 1946a & b) and the attendant
stretching and contraction of the tissue (Krishna Iyengar 1946c) must have in
no small measure contributed to the oscillations in the rate of linear changes during
growth. A diurnal variation in the diameter of stems of several plants has been
reported by Mac Dougal and others (1924) and it should not come to one as a
surprise if changing water content of the plant body is also responsible for this
feature. The records of Went (1925) and Silberschmidt (1926) show oscillations
in the growth rate, but these have escaped the notice of these investigators.

Most of my observations of ‘the several activities of plants were of short or
long duration with constant external conditions during the period of observation.
These have revealed the existence of oscillations in the rates of these activities,
and growth which happens to be the result of the harmonious adjustment to the
several factors shows, by its oscillatory variations, that there should be similar
variations in the hormonic and enzymatic activity and the resulting tone of the
living matter from time to time.

While studying growth, one’s attention is naturally drawn to the effect of
seasons and their influence, and the way Life has adapted itself to these forces for
its survival, growth and expression. Kxtensive literature is available to explain
the influence of seasons and their succession on the pattern of plant’s life and
structure (Schimper 1891, McGregor 1932). The significant contrast in the
appearance of a plant during the different season is invariably a reflection of the
contrast in the nature of seasons and the resulting variation in the growth condi-
tions. This is quite striking in places with a pronounced seasonal contrast. The
rhythmic succession of seasons and changing weather conditions are often asso-
ciated with the oscillatory variations in the sunspots number (Stetson 1937), and
these are expressed by changes in the structure of a plant denoting the plant’s
constant effort towards an efficient adjustment to the changing conditions. The
addition of an appreciable number of large leaves and the high rate of growth and
other activities during spring, and a highly reduced activity during winter, form
an interesting expression of the seasonal changes and their contrast and these have
their counterpart in the internal structure, thus making the plant body an efficient
record of weather conditions and their changes. Investigators like Douglas (1919)
and others have taken advantage of this feature to study and explain the clima-
tology of places through ages.

While growth changes are oscillatory and generally follow g definite annual
rhythm, I have noticed parabolic variation in the sizes of successive leaves, inter-
nodes and axilliary branches formed even during a season, suggesting the existence
of a rhythm even here. A paper on this was communicated to the session of the
Indian Science Congress of 1946. Further work done by me in this field has
revealed a similar variation in the successive flowers and fruits as also seeds formed
during a season or even part of a season denoting the varying vigour of the different
parts. A critical study of the developmentl of the individual parts has revealed
a similar variation in the vigour of the different regions of any part. All these
points have been discussed though briefly in my paper: published in 1947. My
recent study of the development of the underground! parts has shown that these

are as much affected as the aerial parts and also manifest! similar variation in size
and vigour.
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In my previous work (Krishna Iyengar 1947) I have explained that the para-
bolic variation noticed in the sizes of successive vegetative and reproductive parts
of a plant denoted a similar variation in the vigour of these parts also. The pre-
liminary work connected with the propagation of plants, making use of this feature,
has also been explained in the paper mentioned above. Tt has been pointed out
that this parabolic growth and vigour variation seems to be a feature of not only
plants but also animals. A brief reference has been made in the paper stressing
the importance of this knowledge in plant and animal breeding grafting, propaga-
tion and cultivation of plants. At the first instance this biological principle was
applied to the cultivation of sugarcane, cotton and paddy. The work of four years
convinced me that there are tremendous economic possibilities, since the applica-
tion meant a significant increase in yield per plant under the existing conditions.
This has been published in 1951 in the form of a note. In fact this feature could
be exploited for the propagation and cultivation of almost all crop plants and fruit
plants. In Horticulture, Sericulture, Sylviculture and animal rearing also this
knowledge seems to be of some significance. Elaborate study and data collected
by me from 1945 till now have denoted the scientific and economic importance
of this feature. I am inclined to feel that this parabolic variation in Life—or
‘Biological Parabola’—is one of the secrets of Nature one has to exploit for the
economic betterment of Mankind. The urgent need for its exploitation to ensure
better crops and better plants, and the significant trends and possibilities noticed
in this direction, are primarily responsible for this present work.

SEASONAL CYCLE AND GROWTH CONDITIONS

Since a plant’s growth is the result of its response to serveral factors any varia-
tion in these will necessarily result in a change in the growth rate. Tt is well known
that the clearly defined growth-rings are associated with the sharp contrast in
seasons—s0 very characteristic of the temperate areas. The striking contrast
in the plant’s activity due to seasonal changes has left an indelible impression on
the external as well as the internal structure of a plant. In tropics this contrast
is generally wanting, and with this feature the structural contrast is not likely
to be so marked. In general, the plants of any area follow a certain course of deve-
lopment in conformity with the climatic conditions of the place, and the latter
will be changing from place to place. The present observations are mostly from
areas round about Mysore and Bangalore belonging to the Mysore plateau, with
growth conditions not unfavourable during any part of the year since the extremes
in temperature are absent. Thus, the summer months are not too hot and the
winter is not too severe either, the maximum temperature during the year ranging
from 70 to 95 degrees Fah. and occasionally, though for a day or two, touching
100 degrees. No doubt humidity will be changing in a significant way since some
months are without any rains, hence are likely to be very dry with the lowest per-
centage of atmospheric humidity.

The present work is connected with plants mostly under field conditions and
as such an enquiry into the weather conditions prevailing at the place seems to
be necessary to understand the effect of these several factors. Since this work
was started during the early months of 1945 data were collected for temperature,
humidity, rainfall and sunspot number for the months of February, March and
some of the succeeding months of the year 1945, and a chart has been drawn up.
Fig. 1 shows the graphs of these based on the daily readings. This work was under-
taken to understand the relationship among the several factors as an aid to deter-
mine the growth conditions during different months from February since most
of the trees started sprouting during early part of February. A few started their
activity even during the third or fourth week of January. The variations in the
eunspot number and temperature appear to show a general agreement and the
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high temperature preceding the advent of rains will be preceded in its turn by an
increase in the sunspot number. Highly reduced atmospheric humidity, increasing
sunspot number and temperature and very low water-content of the soil are the
characteristic features of the months of February and March.

601

A

Foh

Temperalune Suntpot number

T

¥ .
F C‘ ,A"[.’lltd'.
TexT-F16. 1.

Graphs showing the daily humidity, temperature and Sungpot number during
February and March 1945.

The influence of sunspots on weather and growth of plants is sufficiently stressed
by Douglass (1919). The general agreement between the sunspot number and
plant’s growth through ages has been noticed and recorded by him. According to
him the growth rings are of great meteorological significance, and very useful to
explain the changes in weather from year to year. But from his recorded data
the seasonal and intra-seasonal variations cannot be understood clearly nor followed
closely. My observations published in 1947 have shown and proved that the
external structure of a plant can explain changes in growth conditions not only
from season to season but also from time to time during a season. From the obser-
vations of Douglass it is clear that there is a close agreement between the sunspot
maxima and peaks in the sizes of growth rings and that the major and minor
peaks in the maxima occur at intervals of about 23 and 11.4 yeéars respectively.
Less prominent peaks occur at intervals of even a few years. The data collected
by me show an oscillatory variation even at intervals of a few days. Since the
sunspot number and ultra-violet radiation are directly related (Stetson 1937), it
may be inferred that significant variation in the ultra-violet constituent of light
seems to be a possibility, if one can judge from the changing number from day to.
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day. At times a daily variation of 20-30 per cent seems to be a possibility accord-
ing to Stetson. In view of the above it will not be surprising if the growth-rate
is affected even at short intervals thus making the structure of a plant an efficient
record of the weather changes at short or long intervals,

The dry months of February and March are succeeded by April and May when
there are the occasional showers preceded by thunder and lightning. These
months are warm and the humidity is not low either. The increasing moisture
of the soil will be favourable for a good rate of growth in plants. The South-West
monsoon sets in by about the middle of June and the rains are accompanied by
heavy wind, and cooler days succeed the warm summer months. These conditions
prevail till about the beginning of September, by which time the South-west monsoon
also comes to a close. After a brief lull for a few days the North-east monsoon
sets in during the later part of September, and generally continues till about the
end of November. Heavy rains of short duration and warm days are quite charac-
teristic of this period. Generally from about the end of November the days are
clear and get cooler as days pass by, On account of the changing position of the
sun the days become shorter, and this trend is maintained till about the 13th or
the 14th of January. From this time onwards the days get longer and the tem-
perature also takes a gradual upward trend. Till about the last week of March
the days are clear and the earliest rains for the year will be generally during this
last week, or during the first week of April. In fact during 1945 the first rains
were only on the 31st of March.

It is strange that just at the time of the year when the water-content of the
soil is almost at its lowest, many of the trees start sprouting. This will be during
the end of January or during the early part of February and the peak in the growth
rate is reached by about the end of ¥ebruary or a few days later. The pot plants
as well as those in the field have shown the same feature. The growth activity
which had reached the lowest rate during December and partly January manifests
itself visibly and the deciduous trees which had shed their leaves for a short period
of rest, start their first flush for the year. That there is increasing rate of growth
as also rich foliage added during the succeeding weeks when the weather is warm
and dry and the moisture in the soil is lowest, is a feature which needs clarification.
Rest in all the woody plants is accompanied by certain changes in cell-contents
(Samish, 1954). Accumulation of food reserves has been a feature preceding
dormancy or rest in not only the plant parts but also the plants as a whole and
even protoplasm undergoes alteration. All these processes denote a partial dehy-
drolysis of the cells. With the break in rest, Treverse processes start manifesting
themselves, the rise in external temperature aiding not only in breaking the rest
but also in the several processes. It is quite possible that the plant reserves are
converted into mobile products before sprouting and that these probably introduce
not only a high rate of respiration but also a bigh osmotic pressure to serve as a
mechanism for an efficient absorption of water trom the soil in spite of its poor
moisture-content. Instances are many to show the high degree of adaptability
of plants in their osmotic adjustment to suit the environment. The investigations
of Ursprung and Blum (1921) have shed considerable light on this point. With
an efficient adjustment of the plant the rate of growth increases and the peak in
the rate is reached by about the end of February. Even the pot plants regularly
watered behave similarly signifying the existence of a common factor affecting
the rate of growth in both, favourably or unfavourably.

Thus with the advent of a period with favourable conditions there is the spurt
of growth. During a year four spurts are generally noticed. These spurts—or
growth periods, are represented in the form of a graph (Fig. 2) where each period
is shown as a curve denoting the varying rates of growth from time to time during
the period. These growth curves are slightly smoothened in the figure. For the
proper understanding of this aspect hundreds of plants had to be carefully observed
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and their development watched from time to time. The graph is based on the
growth noticed in the plants of many parts of Mysore State. With slight modifica-
tions this may hold good for the plants in other parts in and outside India This
graph is based on the lengths of the successive internodes and sizes of the successive
leaves formed from time to time during a year Of the four curves the first one is
noticed to be present during the months of February and March. Since early
part of February happens to be a sprouting period for most of the plants this curve
(a) of the graph is introduced to illustrate the feature. The lengths of the successive
internodes are also represented in the figure and the varying sizes of these convey
an idea of the varying vigour from time to time. The duration for this curve
happens to be nearly two months, the peak in rate being noticed by about the end
of February. Towards the end of March depression in the rate sets in, as seen
clearly in the shorter internodes and smaller leaves. Since the two months are
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Growth curves of & year. Explanation in the text.

dry months this growth curve has its own interesting aspects. It is noticed that
the peak in rate is reached at a time when the days are dry and warm and the
moisture content of the soil is very low. The depression in the rate of activity
noticed about the end of March and preceding the summer showers cannot be
ascribed to the further depletion of moisture in the soil, since even regularly
watered plants in the pots manifested a similar feature. This common feature
can only be explained as due to a rhythm quite in harmony -with the seasonal
rhythm. After a short period of depression in the rate there is a second spurt in
the growth. This starts during the early part of April after the early summer
showers set in, and ends by about the middle of May as represented by the curve
(6) of the graph. The duration of this period is shorter and the magnitude is also
less although the water-content of the soil is much higher. But the temperature
goes on increasing being in the neighbourhood of 95°F or slightly more by the end
of April. The second curve is clearly separated from the first and is seen in all
plants and their branches sprouting in time and having a large number of leaves
added to their branches. As instances may be cited species of Morus, Bignonia
and others. Where there is some delay in sprouting or where the number of leaves
added during the period is small, the first and second curves cannot be differentiated.
The growth rate is very low from the middle of May for a period of about a month.
"The temperature during May is usually high, ranging from 95-100 degrees and
only on rare occasions during the month touching even 100°, this being noticed
only for a day or two. The period of two months April and May is characterised
by the summer showers which are often preceded by the thunder storms. Total
rainfall during this period including the last week of March will be about 4 or 5
inches or & little more. On account of the heavy electrical charges it may be
expected that the rains during this period add lot of Nitrogen to the soil. With
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the advent of June the temperature gradually goes down, and with the water-
content of the soil not unfavourable the third growth curve (¢) makes its appearance.
During the second or third week of June the South-west monsoon sets in and the
conditions seem to be favourable for a high rate of growth till about the end of
Aungust. The heavy wind and the constant showers bring down the temperature,
the maximum for these months ranging from 80 to 85 degrees. In fact this period
happens to be the longest one for growth noticed during the year, extending from
about the middle of June till the beginning of September. The total rainfall during
this period will be about 12-13 inches. Average growth rate is high, and the
largest number of leaves and internodes are added on during this season. Even
the size of the leaves is appreciable. By about the beginning of September the
growth rate shows a downward trend or depression, and this will be present for
about 15-20 days. During the later part of September the North-east monsoon
sets in. The heavy wind so very characteristic of the South-west monsoon is
absent during the second monsoon. The temperature also goes up. Bright and
sharp sun, and heavy showers in the afternoons or in the evenings characterise the
second monsoon period. While the first monsoon is a season of very heavy raing
in the Western Ghats area of Mysore, and moderate showers in the maidan parts
of the State, during the North-east monsoon the maidan parts get more rains. At
times this rainy season may extend up to the end of November. During this period
the fourth growth curve (d) for the year manifests itself. The positions of the
second and fourth curves seem to be almost similar. These in fact succeed the
first and the third which are periods of high rate of growth and the pause after
these seems to be short. Just as in the previous case the smaller number of leaves
formed as in some of the plants or slight delay in the response of the plants or their
parts to the growth-conditions may result in the absence of the sharp distinction
between the third and the fourth curves. Thus in all plants the first and the third
are well differentiated, while the second and the fourth may or may not be. If
all the curves are distinct there will be four curves, while there will be only two
big curves when the second and the fourth are not clearly separated from the
preceding ones. It may thus be stated that the first and the third curves stand
out clearly. Even the growth rate during these two seasons seems to be more
than the same during the other two periods. We may say that the first and the
third may be taken as the major growth curves while the other two as the minor
ones. Countless number of perennials can be cited as example for this feature.
This situation in the annual cycle reminds one of a similar picture in the daily cycle.
Although usually two periods of high growth rate are reported as the general daily
feature, there are in some, according to Friesner (1920), 2-4 peaks in the daily
growth-rate in plants.

All these growth curves are slightly smoothened for a general representation.
While the smooth curve generally holds good for the plant with a low rate of leaf
production this is noticed to be composed of series of smaller curves in all plants
with a large number of leaves, added during a season. The finer curves or
‘oscillations’ noticed in the leaf sizes and the lengths of the internodes are noticed
in the sunspot number also. This makes one suspect the presence of a relationship
between the two.

While the previous general description has dealt with mostly the perennials,
it may be stated that even the annuals show the same parabolic growth variation
with finer ‘oscillations’ in the curve. The growth of an annual can be compared
to a seasonal branch, and what is noticed in the former is but an image of the latter.
These curves may be pronounced or not, depending on the season in which the
annnal or the seasonal branch starts its growth activity. It has been a common
observation that the annuals cultivated during off-season rarely grow well and the
belated sprouting of any branch will manifest a similar feature in its subsequent
growth, since growth conditions are not quite favourable. The best results are thus
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obtained when the period of cultivation and the seasonal growth conditions agree.
The following diagrammatic sketches (Fig. 3) will illustrate this point. Even with
the best of cultivation one may get different results since seasonal factor will

4
TEXT-FIG. 3.

Graphs showing the relationship between seasonal conditions (1) and growth of
plant-parts (2), without agreement (a) and with agreement (b).

influence the growth conditions in a significant manner. These are seen in (a)
and (b) of the figure. This applies not only to the flowering plants but also to
the non-flowering.

PARABOLIC VARIATION IN GROWTH

For describing this feature countless number of plants had to be selected and
critically studied from time to time. Although most of the plants happen to be
Angiosperms a few representative forms from other groups have been selected
to understand the working of this growth principle in them. Members like
Spirogyra, Chara, Sargassum, Agaricus, Riccia, Marchantia, Lycopodium, Selagi-
nella, Ophioglossum, Adiantum, Asplenium are some of the cryptogamic plants
included in this although many others have also been studied. Cycas, Araucaria
and Pinus species are the Gymnosperms selected, while among the Angiosperms
the number of plants studied are too many to be listed, but the plants described
in this section and others may be taken as the representative forms of the groups.

CRYPTOGAMS AND G YMNOSPERMS

1. Algae : Spirogyra : A few filaments have been examined and the lengths
of the successive cells have been measured. The following figures (Fig. 4) shows
a sketch of the filament (a) and the lengths of its successive cells (b). The details
incorporated refer to a filament which was neither too young nor too old. From
the figure it can be seen that there is a significant difference between the shorter
and the longer cells. Younger filaments show even more pronounced oscillation
in size on account of the intercalation of cells with meristematic nature. This is
represented in (b) of the figure. Even in an old filament a significant difference
is noticed in the lengths of the cells and this difference between the longest and
the shortest cells of the filament being about 40 percent or more. The study of
the zygotes and their size variation could not be taken up since several other factors
are involved in their development and size. .

Chara : The lateral branches at the nodes of the older branch were separated
and several of these have been studied in connection with not only the lengths
of the internodes but also the sizes of oogonia and antheridia as also their distribu-
tion on these branches. The diagrammatic sketch (Fig. 5) of a branch, and the
data connected with the sizes of the sex organs introduced below will convey
an idea of the degree of variation. In all the branches the first internode was the
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shortest and the node just above this was devoid of the six organs, hence sterile,
Usually the 2nd, 3rd and the 4th nodes, and occasionally the 5th also, bear the
sex organs. It is generally noticed that the best sized oogonia and antheridia are
borne at the 3rd node. Next in order are the basal ones, while the distal ones,
usually the topmost, are the poorest. The last ones are very much reduced in
size, and at times missing also. In the older branches it was noticed that only
the lower two oogonia had developed into the oospores demonstrating the greater
robustness of the lower two. The several nodes above the 4th or the 5th are
invariably sterile.

> Som e Vot o)

,1..“.T..
AMMWW x20

kw-y%«'m, cms X w0

5 ST M S S e

11!
|

W)

Swceesrive cells

1 (&
H(a)
H
TEXT-FIG. 4. TEXT-F16. 5.
Diagrammatic representation of Spirogyra filament Chara ‘leaf’ with oogonia and
(a) and lengths of the successive cells (b). antheridia.l, 2 and 3-order of sizes.

Sargassum : Two diagrammatic sketches of one of the species of Sargassum
are introduced in (@) and (b) of the Fig. 6. The entire plant is represented in (a).
The general outline of the plant reminds one of the outline of a branch (b) of the
plant, and this in its turn approximates to the outline of one of its leafy structures,
or ‘phyllode’ (¢). The most robust branches seem to be distributed about the
middle. The ‘phyllodes’ are also larger about the middle of the branch and the
basal part seems to be next in order of vigour while the distal part appears to be
the poorest as is evident from the smaller ‘phyllodes’ on this part. Even in a
gingle leafy part the middle portion seems to be more vigorous than the ends. In
several other algal members, belonging to the Green, Brown Red Algae, a similar
feature is met: with, and it is unnecessary to describe them in detail since the above
description and a casual mention of others should suffice.

2. Fungi: Rhizopus, Agaricus and Coprinus are the forms selected from
this group though for a brief study. In Rkizopus cultures it was noticed that
the first formed sporangia were often slightly smaller than those formed subse-
quently and the last formed enes were also smaller. This knowledge may be use-
ful in the isolation of the sporangia and the spores for a healthy culture of the fungus.

In"Agaricus and Coprinus the gills were separated and the sizes of the spores
along the length of the gill were critically studied. It was noticed that the middle
of each gill generally bore slightly larger spores than the ends. These were slightly

2
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longer and of a larger diameter. With this knowledge of the vigour distribution
in the gill it will be easy to isolate the desirable spores so important in the cultiva-
tion of edible fungi.

3. Bryophytes : A general study of a few representatives like Riccia, Marchan-
tia and one or two mosses were taken up. Not only external but also internal
structure of the forms was thought of, and this was mostly connected with the
growth peculiarities. It has been a common observation that the thallus of
Riccia and Marchaniia and other liverworts which possess a thick thallus show the
thin ends and the thicker middle part. The width is more about the middle and
the two ends are slightly narrower. The margin is thinner than the middle part,
and shows poorly developed chlorenchyma and parenchyma., Marchantia and
some others show larger number of ‘chimneys’ as also better sized ones per unit
area about the middle, while those towards the margins are fewer in number and
smaller in size. The gametophores of Bryum and Polytrichum species show the
poorly developed basal and the terminal ‘leaves’ with the more robust and better
formed ones about the middle.
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Thallus of Sargassum sp., its branch and phyllode. Spike of Ophioglossum sp.

4. Pieridophytes :  Lycopodium, Selaginella, Equisetum and Ophioglossum
species and a few ferns were taken up for study. The first three will be dealt with
together since the possession of stem, leaf and strobilus forms a common feature
of these. In all the three, any branch will show the first and last formed reduced
leaves, the best sized ones being distributed about the middle of the seasonal growth
of the branch. In Equisetum the scale leaves also show this feature, and the length -
of the successive internodes of the branch illustrates this point very well. In all
the members the basal and distal sporophylls of the strobilus are reduced in size
while those about the middle are larger. Even the sizes of the sporangia borne
on the successive sporophylls show the same parabolic variation and the close
tela.n(_)nsh.lp between the sizes of the sporangia and the sporophylls. A critical
examination of the spores from the several sporangia has revealed that the middle



GROWTH-VARIATION IN PLANTS 115

sporangia generally bear larger spores. There seems to be greater uniformity in
the sizes of the spores developing from the middle part of the strobilus than from
the ends.

Even in Ophioglossum the sporangial size-variation is a significant feature of
the spike (Fig. 7). The sporangia are arranged in two rows along the spike, and
of these two or three on either side towards the base and more than this number
towards the distal end of the spike show a reduced size. These show a high degree
of variation in the sizes of the spores, the smaller ones being more numerous. - The
sporangia about the middle are invariably larger and the spores are more uniform
in size as also larger.

A few of the ferns have also been studied. A photograph of Asplenium
(Fig. 8) is introduced in Plate IV. It is possible to notice in this plant also the
features met with the other members. The sizes of fronds show a parabolic varia-
tion. The smaller fronds precede and succeed the larger fronds formed during
the middle of the season, one kind gradually merging into the other. Even in
fertility the fronds about the middle are better than those towards the two ends,
the latter showing a gradual decrease in this with the resulting sterile fronds at
the two ends. The distribution of fertility in a single frond shows the same feature.
A long basal sterile region is succeeded by a longer fertile part and this is followed
by short sterile part towards the apex, as is well illustrated by the sporangial dis-
tribution along the length of the frond. There is also a transition from the com-
pletely sterile marginal portion to the fertile region towards the midrib. The
width of the frond as also of the sporangial zone increases gradually from the base
towards the middle and sharply tapers towards the apex. Even the density of
the sporangia seems to be more in this region and gradually becomes poorer towards
the margin and the ends, with the sterile region succeeding this. All these can
be clearly seen in the figure.

Adiantum is the next genus selected. On account of the compound nature
of the frond and a slight variation in the distribution of the sporangial region this
was taken up for a critical study. The highly branching frond of Adiantum forms
a striking contrast to the simple one of Asplenium. Here also the first and the
last formed fronds during a season are small and sterile, and between these and
the large fertile fronds about the middle, there are those occupying an intermediate
position. The middle ones are not only large but also bear the largest number
of sporangia, and even these show regions of varying fertility and growth vigour.
From the small and sterile leaflets towards the two ends—basal and distal—there
is & transition in growth and fertility to the middle part where the leaflets show
a highly increased growth and fertility as seen by the larger leaflets with the larger
sori and sporangia and a larger number of these. Just as in the previous forms
the larger spores and larger sporangia generally go together.

5. Gymmosperms: Many members have been observed but only Cycas,
Pinus and Araucaria species have been introduced in the descriptions. In Cycas
the leaves forming the crown show a parabolic size variation, the basal and the
distal leaves being a little smaller and showing a transition to the larger ones about
the middle of the crown. Even in a leaf the pinnules towards the base and the
apex are smaller while those about the middle are larger. A variation of 12-15
per cent or more is noticed not only in length but also in breadth. Even the persis-
tent leaf-bases of a season show the same feature, the middle ones are larger than
those on either side. In the male cone one can notice the successive sporophylls
showing the same parabolic variation in growth-vigour and fertility as is evident
from the reduced and sterile or partly sterile sporophylls towards the base and
apex and the well developed ones towards the middle. The diagram introduced
below (Fig. 9) will show some of the points mentioned above. The larger sporophylis
invariably bear larger sporangia and larger spores. The individual sporophyll
shows the sterile distal and basal parts and a fertile middle region which is generally
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broader also. In a section of this part it is observed that the larger sporangia
are concentrated towards the middle and that the smaller ones are towards the
margin. The sizes of the spores also vary proportionately.

TEXT-FI¢. 9.

Sectional view of the male cone of Cycas eircinalzs.

The megasporophylls also are similar. In the cluster of sporophylls it is
noticed that the first formed ones which are very small and without any ovules,
are towards the base. Gradual increase in size and fertility as the middle ones
are approached and a steady fall of these in the sporophylls towards the top
characterise the cluster. This is denoted by the size and number of ovules. From
the sporophylls towards the base and without any ovule there is a gradual appearance
of reduced number of smaller.ovules on those just above, and these are succeeded
by the sporophylls about the middle with larger ovules and a larger number of
these on each. There is again a gradual reduction in the number and size of the
ovules towards the top. These ovules on the basal and distal sporophylls show
a very high percentage of degeneration during the later stages of development.
In each sporophyll it is noticed that the basal and distal ends are sterile and only
the middle part bears the ovules. Most of the ovules towards the base either
develop into very poor seeds or degenerate during later stages.

A few species of Araucaria and Pinus have been studied and a brief account
of these is given below. Fig. 10 is a photo of Araucaria cookii, In this plant the
lowermost lateral branches are shorter than those above, and even after years this
initial difference in growth vigour is maintained. On each lateral branch there
are several smaller branches (dwarf branches) arranged in two series, and the latter
bear the small leaves. The lowermost as well as the topmost leaves are smaller
than those about the middle.

Other species of Araucaria are also similar. In A, bidwills the ‘dwarf’ branches
persist for a few years. Any of these old branches will clearly illustrate the effect
of seasons, by the varying sizes of the scale leaves formed along the length of tha
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Photograph of a plant of Asplenium nidus.
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Fig. 10. Phctograph of a plant of Araucarin conl:i.
Fig. 11. Photograph of the female cone of Pinus sylrestris,



GROWTH-VARIATION IN PLANTS 117

branch. The general outline of the plant is conical with the sharply tapering base
and a gradually tapering distal end. This holds good for any of the branches
arranged in whorls on the main axis. What is noticed in Araucerio is noticed in
many other conifers also. As examples may be cited the several species of Cupressus
and Callitris.

In the case of Pinus an attempt has been made to study the length of the leaf
(“Needle’) and the sizes of cones and their sporophylls. The stem bears the scale
leaves all over, These are smaller and crowded along a part of the length and
this is followed by the part with larger scales showing a better spacing. Thus in
the annual growth of the stem one will notice the alternating lengths of these denot-
ing higher and lower growth-rates. In the ‘needles’ formed during a season also
the varying growth vigour is noticed. The lower ‘needles’ showed an average
length of 6-7 inches, the middle ones measured 9% to 104 inches, while the needles
towards the distal end were ranging from 8 to 9 inches in length. The male and
female cones of Pinus were next taken up. The Photo (Fig. 11) of the female
cones is given in Plate V. In both, the parabolic variation in size and fertility
is noticed. The small sterile sporophylls towards the base of the cone, transition
to the larger and fertile ones towards the middle and a gradual decline in size and
fertility of the sporophylls towards the distal end remind one of a similar situation
in the other forms already described. The size and fertility of the ovules as also
the size of the pollen grains are closely related to the size and vigour of the sporo-
phylls. A general study of the cones of Araucaria and others has revealed that
these also show similar features.
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