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Botany. — Jou. H. van Bugrnon: “On the connection between phyl-
lotazxis and the distribution of the rate of growth in the stem”.
(Communicated by Professor Wexm).

{Communicated in the meeting of November 30, 1912.)

Various investigators have-studied the longitudinal growth of the
stem. They have for the most part paid attention {o the total
increase in length of the siem and only a few investigated the dis-
tribution of the rate of growth in one or several internodes. Com-
plete investigations. on widely different plants with regard {o the
distribution of the rate of growth over the whole growing region
have so far not appearved. There occur indeed in -the literature two
important utterances which are based on preliminary observations.
The first is the opinion expressed by Sacms?) that the growth of
stems with distinet nodes differs from those with indistinct nodes.
It the stem is sharply articulated then according to SacHs each
internode shows its own curve of rate of growth. This rale increases
from the base of the stem towards the apex, reaches a wmaximum
and decreases again towards the upper node. If the stem has indis-
tinct nodes then the whole growing region yields a single curve of
rate of growth of this type. ’ :

Roraert *) has further described this. He speaks of individualised
internodes when each internode grows as a separate unit and passes
through the great period of growth, whilst in other cases the whole
stem passes through this growing-period as one internode. Notwith-
slanding that {hese two authors have clearly distinguished two
methods of growth, the growih of the whole stem in one growing-
period has had most allention paid to il. so that in most text books
it is given chief consideration.

This is the circumsiance which led me in 1907 to make measure-

‘ments on varvious plants in the Botanic Gardens at Utrecht.

With vegard to the results of this inquiry which will be shortly
communicated in my Dissertation, I wish here 10 make a brief
preliminary statement. ’

With the aid of a little stamp made for this purpose or of a
brush and India ink, linear marks were made on the stem, so
that it was divided inlo zones.

1) Sacus Jul. 1878. Ueher Wachsthum und Geotiopismus aufrechter Stengel. Flora
56 Jahrgang. Regenshurg.
%) Roruerr W, 1896. Ueber Heliolropismus., Conn's Beilrige zur Biologie der
Pflanzen Bd VIL
86*
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Immediately on the completion of inilervals of time which were
as far as possible eqnal, the length of the zones was measured
accurately to '/, mm. I calculated from the increase in length
the average rate of growih per m.m. during each separate space of iime.

In making the measurements a great difficully was the determination
of the exact boundary of the zones, becanse the portion of the stem
on which the mark had been placed, grew althesame time. I there-
fore tried {o defermine as far as possible the middle of the mark.
In my Iater observalions, I succeeded in avoiding the error dne to
this, by marking aliernale zones with a lengthwise line. I then took
the extremities of the longitudinal mark as the zone-boundary.

Rapid growth also caused 1lus boundary to becowe indefinite and
difficult 1o delermine.

To gain an idea of the errors in my obscrvation, I frequenily also
measured in the course of my observations the zones which had
already been found to have grown oul. .

I thus obtained numerical dafa concerning the length of the same
zone measured al differeni points of {ime.

The greater number of these data were identical, only a few
deviated. Calculation showed that the average error was smaller
than the expected degree of accuracy.

In Asparagus officinalis Lanx., Ginkgo biloba Yanx., Hedera colchica
Hoen and Linum wsitadissinum 1any., the whole region of growth
formed a single curve of rate of growth, i.e. regnlarly increasing
growth from below upwards and then decreasing growth above this.

Acer dasycarpun Bury., Acer platanoudes Liny., Dewtzia scabra
Tusc., Lonicera tatarica Tasy., Syringa vulgaris Lasx., and Viburnum

Veaitehe C. H. Wrient showed a similar
curve of rate of growth with this dif-
ference that the zones in which the

, nodes were »situaled showed less

% growth than (he zones lying ncarest

J LI | to theni.

Fig. 1 shows the curve of rate of
Fig. 1. Deutzia Scabra Tupe. growih in Deutzia Scabra Thbg. from

£3—17 Juli, 13% 1o 17 July ™).

1) On the abscissae axis the zones liave heen plotted al equal distances. The
thin hnes give the division-marks belween the zones, the thick lines are the nodés.

As oudinates I have plotled the average rales of growlh of cach zone during
a definile space of tune, R

The 1ate ol growtn of the lowest zone of the stem is given in the curve on
the left, and that of the uppermost zone on the right.

Rt
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In Clematis alpina Miuuur, Clematis recta 1ans., Euecalyptus Glo-
bulus Lisviiy., Dallic varicbilis Duss.  Polygonum cuspidutum Sizs.
el Zuce, Polygonum Sachalinense ¥. Sciyupr and Sambucws niger
LixN. the zones lying below the node had moveover a distmctly
slower growth than the others. (See fig 2).

1 1 i
Fig. 2. Polygonum Sochalinense I°. Scumnr 9—11 May.

In both groups of planfs m the beginning the lowest part of each
internode grew fastest whilst the rate of growth near the upper end
decreased {ill 1 the ‘‘node-zone” 1t became very slight or zero
(Polygonum).

Afterward (he maximal rale of growth was displaced toward the
apex and diminished in magnifude,

The zones in which the maximal rate of growth had lasted the
longest time. during which period i1his maximum 1 the internode
also reached ils grealest value. increased much more than the upper-
most zones in wlich the maximum lasled only for a shorter time
and in which it was moreover mnch decreased in infensity.

The difference between the first group (Acer etc.) and the second

group (Clemalis elc.) liecs m the rale at which the maximum of
growth fravels along each internode and the point of time at which
it occurs.
. In the first group the displacement of the maximum begins m a
very carly slage of development and the maximum is very quickly
found below the node. On the other hand this movement is slow
in the plants of the second group, so that for some time, often indeed
for a considerable {ime. the uppermost zoncs of an internode show
less growtl than the inferior zones of the same internode.

Since the difference is confined to the moment of time in which
and the velocity with which the maximum moves in the dircction of
the apex, the iwo groups are not sharply differentiated. and sometimes
it is possible to obfain a curve ol the rate of growth from plants
in the one group which agrees with that from the other gioup.

I have not yet been able {o delermine from my observations what
factors may influence the movement of the growlh maximum. When
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the maximum chanced to occur just under the node and was there-
fore measured in the nodal zone, this zone showed the maximum
growth.

The ascent of the zone of maximal
growth from -the basal portion of the in-
ternode now coniinued in the lowest zone
: of the second internode up 1o the maxi-

\ mum rate of growth of this internode.
il /\ In this case I found in both internodes
\‘M one asceni of the rate of growth without

% diminution in or near the nodal zone
jr (see fig. 3).

Humulus  lupulus Lasn.  showed two
lﬁig. 3. Sumbucus miger Loy, Qifferent curves of the velocity of growth,

11—16 Mei. namely, some had a regular course (one
maximuwm for the whole growing zone) and some with a decrease
at the upper end of some internodes. These divergent results can be
brought into agreement by specially noting the movement of the
maximum. .

Its quick passage into the nodal zone, not only in the undermost
growing internode but also in the second inlernodes, caused the
curve of velocity of growth in these internodes o become a regu-
larly ascending line. In the higher internodes the maximum occurred
under ihe nodal zone.

If a sufficient number of growing internodes had been marked on
the same stem. I was indeed able {0 observe this.

I think I have also observed that the movement of the growth
maximum in an internode of Humulus takes place at about the
same time as the maximum of the whole growing region is found-
in that internode. -

A

1

I regarded the growth as intercalary, if. there was either in the
upper or in the lower portion of an internode a short zone which
maintained its growth a leng time, whilst the middle of the internode
wag alveady full grown.

I have observed intercalary growth in Commelina nudiflora Linx.,
Equisetum Iimosum Lanw. and Tradescantia repens VAND. |

In Commeline 1 saw this stage preceded by growth throughout
the whole internode with the greatest rate of growth below. The
maximal rate did not, however, move lowards the upper end bhut
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remained situaled in the basal porlion, whilst in the upper part
growth quickly diminished and wholly ceased.

In order io observe well the growth of stems with individualised
internodes, extcrnal conditions must be favourable. [ found that
during the days on which the lemperature was very low (an average
of 10° C.) the curve of rate of growth was almost a horizontal line
with scarcely any maxima, and this was also the case with plants
which at a higher temperature had a sirongly undulating curve.

All plants, which were found o have a lower rate of-growth in
or also under the nodal zone (lo which class plants wilh intercalary
growth also belong) possess compleic nodes, that is to say, they
show an exiernal thickening round the stem at the poini where a
leaf is inserted. This may happen in plants with alternate leaves,
but it always occurs in plants with opposite leaves.

On the other hand plants in which ‘ill-defined nodes (“incomplete
nodes”) are found, show in the growing region a single curve of
growth rate and the nodal zones are not differentiated by a smaller rate.

It is therefore seen from these observations that there is here a
connection between phyllolaxis and the distribution of growth in
the stem.

With regard to the structore of the stem three theories ave chielly
put forward. Nexi io the view that the leaves spring from the stem
as independent organs (Strobilus theory) stands the phyton theory,
which declares that the stem is composed of the basal parts of the
leaves (Gowrre. (GAUDICHAUD). CHIAKOVSKY ) expressed this view iu
his caulome theory.

A third opinion regards the interior of the stem as an axis round
which there is a layer of leaflike origin.

 HOWMBiSTER regarded this development as ontogenetic, whilst
Poroniff #) thinks that il has taken place phylogenetically. The pith
is according to Poromif the primeval caulome, round which origi-
nally xylem and phloem have developed from “leaf feet” (phyllopodia).

CELAKOVSKY'S theory as also those of Howmustir and Poronik,
holds that the snrface of the stem is composed of parts which belong
to the leaves lying above if. DuLrivo®) has called these pavts “leaf-
feet” (phyllopodia).

1) Ceraxovsky L. T. 1901. Die Gliederung der Kaulome. Bot Zeitung 59r Jahrgang.

%) Poromzi H. 1912, Grundlinjen der Pflanzen. Morphologie im Lichie der Palae-
ontologie. Jena.

% Deceivo, Atti della reale Universith di Genova. Vol 1V, Parte 1l, 1883.
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In plants with incomplele nodes there is found to the left and
right of the point of atlachment of the leaf an area which belongs
(o a leaf placed above, therefore there are two different phyllopodia.

When we now assume that in planis with alternate phyllotaxis
(incomplete nodes) the phyllopodia themselves are subject to (lie
same growth as is also to be seen in fhe node of the stems with
complete nodes. then parls having a different rate of growth will
be adjacent.

The question now arises, how in ibat case will the rate of growth
be disiributed over the whole area of growth, when according to this
supposition each piece of the stem has the average rate of growth
of its component parts.

In order to irace this I have made a calculation for which the
known rate of growth of the stem of Polygonum was chosen as the
startingpoini, becaunse milernodes of this planl are very markedly
individualised.

I assumed that each leat only surrounded a fifth part of the
circumference of the stem and that the leave were displaced along
the stem to the position */..

From the averages of the rales of growth of the five zones thus
situated at the same heiglit I oblained a regularly ascending curve
with a shoit descending branch.

Its course agreed with the curve for plants with alternate phyl-
lotaxis.

Although I do not see in this any proof of the theory thal the
stem may be composed of leaf vases or may be covered witlh them,
yet it is clear in either case thal the observed manner of growth
is not inconsistent witli this.

If this theory is accepied, there 1s morecver agreemeni between
the growlh of plants wilh complete nodes and those with incom-
plete ones.

Finally I should like {o point out that I have observed in one
plant, namely, Ginkgo bilobe Lanw. a difference in growth hetween
three slems, which were in {he light and threc which grew in the
shade.

The number of my observations is (oo small {o warrant any cer-
{fain conclusion, bui nevertheless 1 consider I have observed that ihe
grealer increasc in length of the shaded siem must only be ativi-
buted to a slight exlent 1o the greater rafc of growlth, but was more
especially due {o a longer region of growth, that is to say, each
zone grows during a longer period of time,



