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SUMMARY.

A survey of biterature, and of manuscript reports and field practice in
Queensland, disclosed an unsatisfactory position with respect to the manuring
of Cavendish bananas and it was concluded that before sound field experiments
on problems connected with banama culture could be conducted it would be
necessary to obtain some more precise information on the physiology of the
plant than was available. This report is an account of the work undertaken.

In thie first place a study was made of the manner n which growth is
mamifested, and &t was shown that leaf production reflected growth quamntita-
tively and within lamits could be used to measure nutritional effects. In
particular 1t was found that the number of leaves produced in a given period is
governed largely by climatic factors, but thwt* the area of leaf produced is an
index of nutritional effects.

It was found that differences in size of plants could be attribuied to
differences i nutrition in the very early stages of growth, but that afier the
production of a comparatively small area of leaf all plants increased of virtually
the same relative rate over the remainder of their growing periods. The formative

period ts identified as that during which the meristematic tissue is lasd dowmn.

The size of that organization i each case. determimes the absolute response of
each plant, but the relative response over amy particular pertod will be the same
for oll plants.

It is shown that, by the use of the area of leaf exposed, and taking into
account the influence of temperature and of the duration of light, the time of
initiation of floral parts can be determined with sufficient accuracy to permdt
of this point in the physiological age of the plant being used in the study of its
development, ‘

The development of the plant was then traced through three stages The
first is occupied by purely vegetative increase; during the second both floral
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and vegetative parts are produced; whilst the third is devoted largely, or
entirely, to the maturation of the fruit. Further, the first stage is divided into
two sub-stages, the first of which is the formative period mentioned above. It ..
is then shown that valid comparisons between plants can be made only when
cognizance is taken of the stage of development of the plant. The data show
further that, for studying many questions associated with nutrition, the plants
will yield as much information within approximately three months from planting
as during the complete life of the plant.

The development of the flower and fruit was studied and it is shown that
certain climatic factors play an important part in determining both rate of
development and number of fruit. The age of the plant is also shown to have
considerable bearing on the number of fruit borne, but no conclusiwe evidence
is offered as to the effect of nutritional factors on the size attained by the fruit.

- Climatic factors were found to have so great an effect on growth and
development of the plant and of its frutt that it is concluded that unless the
influence of those factors is assessed it is not possible to study accurately the
effects of other factors such as fertilizers, and the measuring of results of treat-
ments by direct comparisons of yields from different plants can. give quite
misleading results. Thus the addition of an element which the plant requires
and which is deficient in the soil may lead to @ reduction in yield, for it may
cause the plant to develop its fruwt in an adverse season of the year. The
importance of time of planting follows as & corollary of this.

So far as the response of plants to the treatments used in the experimental
work 1s concerned 4t is shown that added potash is associated with accelerated
development, but mno quantitative effects due to nitrogenous or phosphatic
fertilizers were obtawined. However, there are factors which preclude definite
conclusions being drawn with respect to these materials.

SECTION 1.
INTRODUCTION.

Inquiries prosecuted in 1938 showed that growers of Cavendish bananas
(Musa cavendishit Liamb.) in Queensland generally could claim little apparent
benefit from the use of the fertilizers they employed, and certainly there was
no evidence that as the result of previous experience any particular material or
mixture of materials had commanded favour in even comparatively small
communities. Though some mixtures were used more generally than others,
the impression gained was that most growers worked with hope, rather than
certainty, that the fertilizer would prove of benefit. - Replanting of old land
with bananas is rarely undertaken and consequently the industry moves more
and more on to less fertile country. ‘As this second-class land increases in
proportion production figures diminish; or, at best, are maintained only by
considerably inereased labour and other costs, The problem of maintaining
soil fertility by artificial means is thus an inereasingly important one to the
banana industry.
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A study of the literature on the development of the banana plant and of
records of experimental work with fertilizers for bananas disclosed an unsatis-
factory position. The literature was almost devoid of even general information
on the basie facts of the growth. of the plant from the point of view of nutrition.
Fawcett (1913) had written :—‘The actual length of the time which is necessary
from the first planting of the bulb until the period arrives when the plant
commences flower formation will vary according as the conditions for growth
have been favourable or otherwise. But probably the time may be safely put
down as somewhere between seven and nine months.”” The same author (loc.
cit.) also said:—‘It is difficult to determine the length of time that elapses
between the first definite formation of flowers at the base of the trunk and its
appearance on emerging . ... from the top. Doubtless the time varies
considerably under different conditions, and, may possibly be as short as one
month or as long as two months.”” In 1938 the same vagueness was associated
with much that needed to be understood if nutrition of the plant were to be
placed on a sound foundation of knowledge.

For this reason it is searcely surprising that failure to obtain convincing
results was the rule, rather than the exception, in experiments on such questions
as manurial treatments for bananas. In all the available accounts of this type
of work, either in publications or as manuseript reports, yield data from experi-

ments of comparatively short duration were the sole basis on which results were -

assessed. Whilst it is true that inerease in total yield is the ultimate object of
applying artificial manures, it must be borne in mind that the total yield over
a period of years is not necessarily closely or even positively correlated with
immediate production. Experience with other plants shows that quite comimnonly
the amount of fruit is by no means the first of the products of the plant to be
affected by nutrition. Nevertheless, nutrition and fruit production are intimately
connected and, if the nutrition is faulty, it is certain that ultimately the yield
ot fruit will be adversely affected. It appeared, then, that if data on several
aspects of nutrition could be gathered, and particularly if these could be corre-
lated with yield figures, it was likely that sound conclusions as to the effect of
particular nutrient materials would be possible. Accordingly a series of
experiments was commenced in 1938,

STRUCTURE AND HABIT OF GROWTH OF THE PLANT.

In order to appreeiate the reasons underlying the choice of methods it is
necessary that some of the more important features of the structure and habit
of growth of the banana plant be borne in mind, and therefore before detailing
the work a short deseription of these points will be given.

Accounts of the general botany of the banana have been given by several
authors and of these that by Fawcett (loc. ¢it.) is probably the most complete.
The present paper deals wholly with the Cavendish variety, whereas most
published aceounts, including that by Fawecett, concern the Gros Michel. The
differences between the commercial types, however, are apparently in details
rather than in any general characters such as are of importance here.
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The stem of the banana is normally a rhizome, surmounted above ground
by the leaves, the petioles of which are sueccessively longer and arranged
concentrically so as to form a cylindrical pseudostem, at the top of which the
leaf blades form a crown (Plate 1). The leaves are entire. The immature leaf
is forced up through the centre of the pseudostem and is thus protected and
hidden from view until it emerges at the top, or ‘‘throat’’ as it is usually
termed. At the time of emergence from the throat the lamina is tightly wrapped
around the mid-rib and the unfurling does not normally take place to any extent
till the petiole has attained a slightly greater length than that of its immediate
predecessor, so that the basal edge is free to unwrap.

The true stem remains underground for the greater part of its life. The
flower buds are initiated at the top of this rhizome, or corm as it is most
commonly called in Queensland. The first flowers are thus differentiated at
just below soil level and from this time onwards the corm elongates vertically
to form an aerial stalk which carries the flowers up through the pseudostem in
much the same manner as the petiole has carried its lamina to the open. This
flower stalk attains a diameter of about 2 inches in typical plants but in very
vigorous individuals it may become more robust. As it elongates it carries up
with it the last few leaves, whilst at its tip are the developing flowers; The
inflorescence emerges from the throat shortly after the last leaf, and apart from
the further elongation of the stalk and increase in the size of the fruit there is
no further growth in the aerial portion of the plant once the flowers appear.
As the stalk elongates the weight of the fruit causes it to bend downwards; so
that, though it emerges directly upwards from the throat, the bunch finally
hangs vertically with the distal end downwards. A varying proportion of the
leaves persists until the fruit matures. The plant is then destroyed in commer-
cial plantations, and even under natural conditions death of the aerial parts
quickly follows maturation of the fruit. The original portion of the rhizome
persists for some time, often several months passing before it finally rots away
or is consumed by insects and other soil-inhabiting organisms.

The flowers are grouped in clusters known as hands. The hands are
arranged spirally around the stalk and the number of flowers in a hand varies
from about 25 to about 10, the oldest hands, that is those towards the base of
the stalk, generally having the greatest number. Each hand is subtended by a
bract and development proceeds in acropetal succession, each bract in turn lift-
ing to expose the flowers which it has protected during their development.
Apart from the bracts associated with the individual hands, there are larger
ones which enclose the whole inflorescence during development. The number
of these larger bracts may vary but normally there are two, neither of which
persists long after the inflorescence appears.

Examination of the flowers in the early stages of development reveals
that each is'a potential hermaphrodite. Differentiation, however, takes place
during development, so that commonly the opened flowers are described as
being of three sorts—female, hermaphrodite, and male. This description is
not accurate in the usually accepted conception of the terms as applied to
flowers. In the course of development femaleness becomes dominant in those
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Plate 1.
SHOWING GENERAL HABIT OF GROWTH OF THE CAVENDISH BANANA PLANT.
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flowers which are differentiated first, lessening more or less gradually until
~ maleness is so emphasized in the latest that femaleness is completely over-
shadowed. If the fully developed flowers are examined it is found that the
proximal ones have well developed ovaries, style, stigma, and stamens. The
stamens, however, do not carry anthers; nor do the ovules normally persist
to fruit maturity. This type of flower, which of course gives rise to the fruit,
may account for 12 or more of the basal hands. Following these femaleness is
less in evidence, the ovary remains small, and the stamens becorne more and
more pronounced; until in the distal hands anthers appear and pollen is
produced, and though the style may persist it is destitute of stigma. Tt is to
be noted that this order is invariable. This is an important point, as will be
seen when the question of flower and fruit production is considered in a later
section. No fertilization takes place, development of the ovary being
parthenocarpic. ‘
Propagation.

The Cavendish banana does not produce viable seed and propagation is
wholly by asexual means. From the corm there arise a number of lateral buds
and these provide the planting material. Two kinds of this material are com-
monly recognized, though botanically they are essentially the same. Kither an
‘““eye’’ is allowed to shoot and produce a new offset plant, or sucker, which
remains in contact with the old corm for a considerable period; or the mature
corm is cut into ‘‘bits,’’ each of which carries an eye, and these bits are planted.
Formerly the old corm, or butt as it is styled, was employed for planting pur-
poses; but the banana weevil borer (Cosmopolites sordidus Boisd.) now makes
the use of this material virtually impossible or at least inadvisable.

‘When a plantation has been established the new plants in turn produce
suckers and one or more of these is allowed to grow from each plant so as to
provide the follower or ratoon plant. The plantations are carried on in this
way for as long as the plants yield commercial crops. The number of successive
ratoons varies greatly and may be as low as a scarcely justifiable two or as
high as 15 in outstanding cases.

PRELIMINARY OBSERVATIONAL STUDIES.

Before a method of approach to the problem could be devised, it was
necessary to ascertain some more specific information on the growth of the
plant than was contained in the botanical accounts of the species, and a series
of preliminary observations was therefore undertaken,

Leaf Development,

The first point studied was the development of the leaf and for this
purpose plants on six different plantations scattered throughout the Maroochy
distriet in South-Bastern Queensland were selected to cover as wide a range
of soil types and land aspects as praecticable. The leaves were measured at
weekly intervals for periods of up to six months. The measurements taken
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were the length of the mid-rib and the greatest width across the blade. These
dimensions were used in all subsequent work and the area of the leaf was taken
as the product of the two. This is not strietly correct, for the leaf is not
exactly rectangular in outline; and the smaller the leaf the greater the error was
found to be. '
Consideration was given to the error thus introduced and over a large
series of leaves it was found to be of the order of 15 per cent. Examples are
given in Table 1. That the errvor is mot larger is due chiefly to two factors.

Table 1.

ERROR IN LEAF AREAS.

Pield Area.
Measurements. Calculated. Actual,
Inches. Sq. inches. | 8q. inches.

51x31 .. . 1581 © 1574
47 x 23 .. . 1081 979
44 x 23 .. . 1012 852
45x 18 .. . 810 661
33x21 .. . 693 540
2x 7} . 165 125
9x 5 .. e 45 32

In the first place, it was found that with the technigue employed in the field
the tendency was to obtain smaller measurements than the true ones, particu-
larly with large leaves. Secondly, the banana leaf rarely presents a truly flat
surface but undulates, so that when laid on an even surface it does not lie flat
on that surface and when pressed down there is a tendency to fold. A closer
approximation to the actual area may be obtained by treating the shape as
elliptical, but as in this work the figures are taken as comparative indices and
not as correct in an absolute sense the introduction of this complication would
serve no useful purpose. In the course of the work use iy made of the function

i.% but as this is invariant for any magnification transformation of A the
introduction of a constant such as # will not affect the result. It may be pointed
out that so far as total error is concerned this tends towards the same figure

for all plants since the series of leaves produced by each plant are comparable.

In the exploratory work it was found that no change could be detected
in the length of the mid-rib or width of the lamina once the.leaf had been fully
unfurled, so in the later stages of the work each leaf was measured only once.

As has been indicated above, the leaf is initiated at the apex of the corm
and emerges from the throat with the blade tightly wrapped around the mid-rib
so as to form an almost solid eylinder. The mechanism of the unfurling process
has been fully described by Skutech (1930). In the preliminary work under
consideration, one of the chief concerns was to discover how often it would be
necessary to examine the plants in order to determine with accuracy when a
leaf became fully unfurled. For this purpose, four fairly well defined stages in
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Plate 2. Stage 1. Plate 3. Stage 2.

Plate 4.~ Stage 3. Plate 5. Stage 4.
SHOWING STAGES IN UNFURLING OF LEAF.

the unfurling process were taken as reference points. This work was repeated
from time to time, throughout the course of the experiment, on plants which
eould be observed several times daily and the data from which could be con-
veniently correlated with that from experimental areas situated elsewhere. The
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four stages will be readily understood after perusal of Plates 2-5 and may be
deseribed as follows:—

Stage 1.—The leaf is just commencing to unfurl. The mid-rib is ecom-
pletely extruded and the whole is of cylindrical form. The withered tip may
still be attached.

Stage 2—The unfurling has progressed so that the leaf, whilst not
showing a great deal of surface, is less tightly wrapped and has assumed a
somewhat conical form.

Stage 3.—The leaf shows one-half to three-quarters of the distal portion
of the lamina opened, and the whole is distinetly conical in form with the apex
towards the erown of the plant.

Stage 4—The leaf is almost fully opened. The apical eross section is
nearly linear, but with a concavity upwards, formed by the base of the lamina
being still folded so that one side overlaps the other.

These do not, of course, represent rigid stages, since the whole unfurling
process is a gradual and continunous one. The end points are sufficiently well
defined, however, for a competent observer to use them as suitable references
which can be regularly reproduced.

As will be shown later there are seldom great differences between plants
with respect to rate of production of successive leaves under any particular set
of climatic conditions. Where differences occurred they were largely accounted
for by the intervals between the completion of unfurling by one leaf and the
attainment of Stage 1 by the next and not by variation in the times for the
actual opening.

In general, one leaf is fully unfurled before the next reaches Stage 1;
but at certain times of the year, notably in the dry spring (August to October),
one leaf may reach Stage 1 by the time its predecessor is at Stage 4. There
is a good deal of variation in periods required for unfurling in different seasons.
In March (late summer), for example, the times required were—Stage 1 to full
open four days, Stage 2 to full open three days, Stage 3 to full open two days,
and Stage 4 to full 6pen one day. In July (midwinter), from Stage 3 to full
open required 12 days and Stage 4 to full open five days. Any slight varia-
tion between plants could usually be readily detected. An observant worker
constantly handling the figures and plants usually had no difficulty in assessing
periods, and it was considered that examinations at seven-day intervals would
preclude appreciable errors. The method of using the data thus obtained may
be illustrated by an extract from the field notebook.

Novembher 28.

December 5.

Ilt;}tocgn

anc. Leaves Leaves . Leaves Leaves .
Produced. Remaining, Details. Produced. Remaining. Details.

12A 36 10 S. 4 37 11 46x 26 S. 3
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At this period of the year (early summer), from Stage 3 to full open requires
three days and Stage 4 to full open one day, so these entries would be interpreted
as showing that the 37th leaf, which measured 46 inches by 26 inches, was

produced on November 29, and another new leaf, the 38th, would be produced -

on December 8, though it would not be measured until December 12,

Height and Circumference of Pseudostem.

As the whole of the exposed portion of the plant is made up of leaf parts
until flowering takes place, it would be expected that any other measurements
would be very closely correlated with those of the leaf laminae and number
of leaves.

The height of the plant is obviously dependent on the number of leaves,
sinee the petiole nearly always elongates just sufficiently to permit full opening
of the blade. There is a certain amount of variation in the excess length attained :
in general, the more vigorous the plant the greater the elongation. The
differences, however, are usually associated with the conditions at a particular
time rather than with individual plants. Similarly the circumference at the
base of the pseudostem is largely a function of the number of leaves. The
cirecumference of the corm might be more useful but it cannot be determined
without interfering with the normal growing conditions. Although it was
expected that neither height nor girth of pseudostem would yield information
of material value not otherwise obtainable, these measurements also were taken
throughout the preliminary observational period. It was found that, over a
large series of plants, excluding the juvenile period the circumference at the
base in inches was slightly smaller than the number of leaves, whilst the height
was approximately twice the circumference. Table 2 gives the records of 12
representative plants.

Table 2,

ReELATION BETWEEN PLANT MEASUREMENTS.

Number of Leaves. Hﬁilgrl;géo Ggggef“t

Inches. Inches.

16 .. .. 22 12}
19 .. .. 28 15%
22 .. - 40 21
23 . .. 41 213
28 V. .. 46 23
25 . .. 47 24
30 .. .. 49 : 25
33 .. . 54 28
30 .. .. 54 28
31 .. v 56 27
36 . . 60 30
32 .. . 62 30

Number of Roots.

The number of roots carried by a plant was found not to be closely corre-
lated with the weight of the corm nor with other plant data. Relevant figures
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are shown in Table 3. From these it would appear that a well established,
vigorous plant may be expected to have between 200 and 300 roots.

Table 3.

Rerarion or NumBER OF Roors To Corm WEIGHT.

Corm Weight. Number of Roots.
Oz.
73 201
90 253
126 316
136 284
148 297
184 239
254 255
236 245

Banana plants when removed from the soil are commonly found to have
some dead and dying roots associated with them and this has been noticed
particularly in the late winter and early spring. The roots arise endogenously
and it appears that, as the growth of the corm proceeds, the root may be subject
to pressure which eventually causes death. An examination of any well grown
corm discloses numerous channels marking the former positions of roots which
have apparently died off in this way. There is no evidence that death has heen

due to pathogenic agencies nor that the plant has been adversely affected by
this oceurrence.

It may be noted that neither the weights nor the lengths of roots were

taken into account owing to the difficulty of recovering all the roots from the
soil, ’ ' ’

Table 4.
ReraTioN oF ARrREA OoF LEAFT To CorM WEIGHT.
Area.
Plant No. Corm Weight. To}t{t}eieaf
Corm Weight.
Oz. Sq. inches,

B2 .. . 1-3 230 177
c3 .. .. 2 560 280
D4 .. .. 6 1,704 284
c6 .. .. 13 2,860 220
A3 .. .. 22 3,530 160
F2 .. . 61 8,000 131
B5 .. .. 73 10,500 144
C5 .. . 80 10,000 - 125
El .. .. 90 10,400 116
A4 .. . 96 15,900 ) 166
A5 .. - 126 15,400 122
Al .. e 148 16,300 110
D3 .. .. 184 15,500 84
B4 .. . 254 16,500 61




14 W. A, T. SUMMERVILLE.

Area of Leaf Produced and Total Growth.

As there was a complete lack of precise information as to when floral
differentiation takes place it was necessary to start observations on very young
plants, and thus much of the data obtained early was of little or no use in the
final analysis. The number of plants which can be quoted in certain sections is
consequently small. A summary of the information of positive value in examin-
. ing the relation of the total area produced to the size as measured by

weight of corm produced is given in Table 4. It will be seen that, though the
figures indicate certain tendencies, the general correlations are not good and
the amount of growth cannot be computed solely from a knowledge of the area
of leaf which the plant has produced. Other aspects of the position must be
. given consideration concurrently.

Longevity of Leaves.

So far the leaves have been considered only as a product of growth, but
of equal importance is that growth follows partly as the result of activities
within the leaf. It is necessary, then, to think in terms of the photosynthetic
activity of the leaves. Since the chlorophyll appears to be distributed equally
throughout the surface of the leaves, it may be assumed that the photosynthetis
activity at any one time is proportional to the area, and the total amount of
photosynthate which the leaf can manufacture must be governed to a certain
degree by the length of life of the leaf. It is therefore necessary to consider
these factors conjointly, and for this purpose the concept of day-square inches
was introduced to describe the product of the area of the leaf multiplied by
the number of days it remained on the plant. It must be pointed out that the
efficiency of the leaf is not necessarily constant throughout life; but, as will
be shown later, though an absolute error may thus be introduced, where the
figures are used for comparing plants, any such error is of no consequence.

The leaf of the banana does not, like those of many plants, wither rather
quickly and fall. The transition from a fully functional leaf to one quite useless
in photosynthesis is, judged by appearance, very gradual; the general tendency
being for necrosis to develop from the marging and the distal end. Thus weeks
may be passed with an ever decreasing useful proportion. If the concept of
day-square inches, or any measure dependent on it, is to be applied with toler-
able accuracy it is, of course, necessary to know just when the leaf, or any
appreciable portion of it, ceases to be of value in the process it is hoped to mea-
sure. In all the investigational work now being described the leaf was removed
ag soon as it became apparent that the chlorophyll surface was being appreciably
reduced or that translocation had been adversely affected. In some circumstances
a fraction only of the leaf might be affected; as, for example, where a fungal
disease such as Cercospora leaf spot was involved or the mid-rib damaged by
wind. In sueh instances, the affected portion was removed, and the necessary
adjustment made to the area. In all but a few cases it was the practice to
remove half the leaf instead of only a small fraction, the Tule being to be
drastic with removals rather than credit the leaf with capabilities about which
there might be uncertainty.
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The value of a measure involving the longevity of the leaves may obviously
be greatly diminished if the photosynthetic potential varies appreciably with the
age of the leaf, unless at the same time the various plants retain their leaves
for similar periods. Consideration of this aspect of the problem is, therefore,
necessary. In Table 5 are the figures obtained from plants used in the field
trial which is described in the next section. Two plants in each plot are grouped
and the average given in order to conserve space.

Table 5.
LoNeEVITY OF LEAVES IN DAYS.
. Month in which Leaf Appeared.
Block. Treat~
ment.
March. April. May, June. July. Aug. Sept. Oct.
1. (0] 87 115 142 164 155 173 167 138
N 95 127 146 179 180 177 198 149
P 79 100 146 195 191 266 222 195
K 89 100 142 190 195 229 232 191
NP 76 85 122 162 172 188 184 193
NK 97 129 153 182 225 249 252 222
PK 83 89 134 173 194 194 225 212
NPK 89 102 129 152 165 187 186 123
IT. 0 95 115 132 189 219 245 218 184
N - 84 121 129 170 194 220 208 165
P 81 96 128 152 177 204 196 169
K 80 120 152 227 202 253 228 204
NP 73 92 131 168 172 145 | 178 159
NK 86 108 147 207 203 238 217 192
PK 74 95 124 150 179 169 170 163
NPK 80 103 147 198 205 2217 212 184
III. (0] 82 117 138 182 197 243 216 177
N 82 123 143 195 243 260 230 210
P 85 122 159 224 276 250 217 184
K 100 110 142 205 174 258 214 212
NP 79 102 139 198 201 194 195 190
NK 97 110 139 190 202 240 217 143
PK 89 102 142 168 202 216 230 198
NPK 85 99 146 187 197 222 210 155
Iv. (e} 85 103 133 178 281 146 184 166
N 84 94 127 162 183 204 204 167
P 85 85 121 135 132 155 147 146
K 7T 95 123 156 133 174 - 167 146
NP 77 97 133 168 188 228 174 162
NK 92 107 132 188 192 209 200 223
PK 80 98 136 185 201 229 220 223
NPK 71 93 136 182 178 199 209 196

It will be noted that there is marked uniformity throughout in respect
to leaves which were produced at about the same time. The plants in Block IV
were for the most part notably backward in comparison with plants in all other
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blocks and it will be seen that in the early months the leaves on these backward
plants were somewhat shorter lived than those on the more vigorous, It may
be pointed out that the policy of removing leaves showing appreciable damage
-precludes the drawing of any definite conclusions concerning other aspects of
longevity of leaves. ' '

SECTION 2.

MAIN INVESTIGATIONAL STUDIES.

General,

Following the exploratory work, in the course of which much qualitative
information was also obtained, an investigation was planned which had as its
basis two main experiments. These consisted of a growth correlation study and
a main field trial. Before describing these it is necessary to deal with a number
of comparatively small, but important, points which were common to all plots
used in the work,

Planting Material —Bits taken from mature corms were used as the
planting material throughout. This choice is the obvious one, for by using this
class of material there is no question of age or type to be considered, as would
be the case with suckers; and the bit can be cut to any desired size, so that
the amount of reserves on which the plant may draw initially can be more or
less regulated. All bits were cut to approximately 1% 1b. weight. The planting
was on the square system, the bits being set 9 feet apart.

Leaves Measured.—The first leaves of the banana are frequently so narrow
that even though the length may exceed 6 inches the photosynthetic value is
obviously very limited. In view of the comparatively enormous leaf area which
was known to be produced it was decided to ignore these ‘‘sword’’ leaves and
to commence recording with the first leaf which exhibited appreciable blade size.
This generally meant that the leaf had a blade about 2 inches wide before it
was recorded. It may be of interest to note that suckers produced as many as
ten sword leaves, though usually not more than five of these had laminae more
than 1 inch wide.

Sucker Growth.—The plant in each case was allowed to carry one sucker

only (Plate 6), the choice of this being made after some consideration had been

_given to the growth of the parent plant and more particular attention paid to

the type of sucker available, its position relative to the parent, and the general

growing conditions. All other suckers were removed as early as practicable
after their appearance above ground. '



NUTRITION AND DEVELOPMENT IN THE BANANA. A7

Plate 6.
SHOWING THE ONE-SUCKER SYSTEM EMPLOYED,
(Bag covers the bunech.)

Growth Correlation Plot.

This phase of the work was designed to study the correlations between
vegetative growth and the development of the plant, particularly with respect
to the initiation and subsequent development of the fruit. For this purpose,
36 plants were set out and leaf measurements taken as described previously.
Commencing soon after the plants had become well established, at intervals
of a fortnight one plant was removed from the soil and dissected. As mueh
information as possible was sought during these dissections but the essential
objective was to discover the nature and general facts of the development of
the sex organs. Certain data obtained from these plants have already been
quoted.

Main Field Trial Plot.

Layout.—The field trial (Plates 7, 8 and 9) was laid out in the form of
a qualitative fertilizer experiment designed to allow of interpretationg of differ-

ences in growth and fruit production due to applications of sulphate of ammonia,

superphosphate, and sulphate of potash. A split block design was used in the
hope of increasing precision. The layout is shown in Figure 1. Tach plot con-
sisted of 16 plants arranged in a square. The outside rows served as buffers

between neighbouring plots, data being taken from the four centrally placed

plants only. The materials were combined in the eight possible ways and each
combination was repeated four times.
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For the protection of the plants under investigation, a windbreak of taller
growing bananas interplanted with sugar-cane was set out on three sides (Plate
10). This was planted a little earlier than the plots and was thus always
sufficiently high to protect the plot plants from strong winds, but at the same
time was far enough away to preclude shading or other adverse effects,

Three cross drains emptying into a main drain adjacent to the area
ensured that erosion and washing would be reduced to a minimum. Observa-
tions made during the monsoonal rain period showed that the soil throughout
was well drained to a depth of at least 3 feet.

History of the Field—The land was first brought under cultivation
approximately 60 years before the experiment was begun and during the inter-
vening years had grown in succession bananas, sugar-cane, citrus, truck crops,
and grass. It has been credibly stated, that banana-growing was the least
successful of these enterprises.

The general appearance suggested that in the course of years there had
been slight erosion, more in the nature of a sifting than true sheet erosion. This
had led to the building up of a shallow alluvial shelf on the lower edge. Prac-
tically the whole of this shelf was included in Block III of the layout and the
design appears to have been justified by the uniformity of growth within blocks.

Location—The field, situated on the small plateau-like top of Buderim
Mountain, is of residual red basaltic loam with a slight slope to the north. With
the exception of the south-eastern side the area is surrounded by open country
devoid of trees, and as the mountain rises steeply and is surrounded by low
country there was no obstruction to the sunlight. On the south-eastern side,
which in this latitude (approximately 26° 30’ 8.) is of little account so far as
sunlight is concerned, was another banana plantation; but this was too far
removed to affect the experimental area in any way.

Treatments and Methods—Applications of fertilizer were made five
times each year, the times being as near the beginnings of January, March, July,
September, and November as weather conditions made advisable, The amounts
of each material given were:—sulphate of ammonia and superphosphate,
alternate dressings of eight ounces and 12 ounces per plant; and sulphate of
potash, two dressings of four ounces each, followed by alternate dressings of
six ounces and four ounces. These heavy applications were used to ensure
adequate amounts being in the soil and were not increased after the'end of the
first year as is often done with bananas. Cognizance was taken of the root distri-
bution as deseribed by Summerville (1939) and the fertilizer materials were
placed in a band about 12 inches wide round the plant. This soil is known to
fix phosphate readily and it is necessary to avoid spreading phosphatic manures
over too great an area.

" The whole field was planted as quickly as practicable after commencement
and this operation was completed on December 1, 1938.



NUTRITION AND DEVELOPMENT IN THE BANANA, C 19

Plate 7.
MAiN FIELD TRIAL. (Photographed Jaunuary, 1939.)

Plate 8.
MAIN Fisrp TrIAL. (Photographed April, 1940.)
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Plate 9.
‘ MAIN FigLp TrIAL. (Photographed April, 1940.)

The measurements of the leaves were carried out systematically on the same
day of every week; and, though for the most part data on the plant crop only
are used in this report, the work was continued with the ratoon plants, In
general, the cultural practices of leading banana-growers were employed. So
that there should be a minimum of competition for water and nutrients, no cover
crop was grown and the land was kept as free from weeds as possible, except
in the very wet season when weeds were of value for holding the soil against
erosion. All work on the area subsequent to planting was done by hand and
the soil was not disturbed any more than clean cultivation demanded.

The records of the growth of the plants are shown in Appendix 2. As
practically the whole of the postulations are based on the growth of the plant
crop, data from that crop only are shown. The general trends of growth of
representative plants are indicated in Figures 2-6. :

Although two sets of data were obtained on many points, adequate con-
sideration can be given only by continual cross reference. For the most part,
therefore, the information is dealt with from the point of view of the investiga-
tion as a whole, rather than separately in the way it was obtained.
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Fig. 1,—Plan of TField Trial Layout.

Leaf Production.

The growth of the plant above ground is manifested in two ways: firstly,
by the extrusion of individual leaves; and, secondly, by the area of those leaves.
These two criteria were examined separately.

Dealing, in the first place, with the production of successive leaves, Table 6
shows for 11 plants the average number of days intervening between the extru-
sion of leaves. These plants are selected for citation as they covered the widest
range of vigour in the field trial plants. The dates of flowering show how the
plants varied in this respect, and this is illustrated graphically in Figures 2-6.

The question was approached from the statistical point of view using rates
of emergence (i.e., reciprocals of the times of emergence). The analysis of varia-
tion between months into a part that can be related to temperature variations,
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WINDBREAK OF MAIN FIELD TRIAL.

Plate 10.
(Photographed January, 1939.)

Table 6.
AVERAGE NUMRER OF DAYS BETWEEN SUCCESSIVE LEAVES.

Date of Flowering, March, April. May. June. July. Aug. Sept.
Oct. 21 7 8 10 21 21 20 14
Oct. 22 6 10 11 19 21 20 14
Nov. 7 6 9 12 20 18 22 14
Dec. 3 7 7 8 17 21 21 14
Dec. 23 7 8 10 27 18 30 14
Jan. 3 7 8 11 21 18 21 14
Jan. 12 8 11 11 21 24 20 19
Jan. 16 7 8 11 21 24 20 19
Jan. 17 7 8 8 19 25 18 13
Jan. 30 7 10 11 19 186 13 12
Feb. 23 - 7 8 8 15 20 16 12
and a residual, is limited by the fact that only eight points are available. Both

rates and temperature show marked trends with time and such trends must

be-taken into account.
shows the calculated quadratic curves fitted to the observations.

The trends are indicated graphically in Figure 7 which

The major
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trends in both rates and temperatures appear to be adequately represented by
these curves, For consideration of the relation of rate and temperature the
deviations from these trend lines are used. )

The analysis of variance is given below:—

ANATLYSIS OF VARIANCE.

Source of Variation. D.F. Sum of Squares, Mean Square,

Trend—

Linear 1 161,986-6 161,986-6

Quadratic 1 168,170-5 168,170-5
Residual Regression 1 5,703-1 5,703-1
Remainder 4 5,358-9 1,339-7
Between Months .. .. .. 7 341,219-1 ..
Error .. .. .. .o .. 144 11,7354 81:496

The residual regression term (F=69.98) is highly significant, showing
that the relation between the deviations of the observed rates and temperatures
from their respective trend curves accounts for a large part of the residual
variation between months. The deviations are plotted in Figure 7. The signi-
ficance of the remainder term in the above analysis shows that, although
variations in temperature account for a significant proportion of the residual
variation between months, there is still a-significant amount of variation attri-
butable either to variations in temperature not taken into account in the analysis
or to some other factors such as soil moisture, &. The explanation is more
likely to be found in the latter., In March and April soil moisture, following
the ample monsoonal rains, remaing at a high level; it would be a little lower
in May; and in June, July and the greater part of August it still would bz
appreciably above wilting point. From the middle of August to the end of
October no rain fell; and it was not until the end of the following January
that the soil moisture, at any significant depth, would be in the neighbourhood
of field capacity for any length of time. The combination of soil moisture and
temperature, then, appears to be largely the influence which dictates the pro-
duction of the leaf. This combination points to transpiration, but so many
natural phenomena are bound up with these factors in combination that a definite
conclusion cannot be arrived at as to the actual determining influence. Of.
these phenomena the biological activity associated with the nitrogen eycle appeals
as perhaps of outstanding importance.

Many score dissections were made, including those of the growth study
plants, and there was comparatively little variation in the number of immature
leaves within the pseudostem of plants prior to the development of sex organs.
In general, the younger the plant the fewer developing leaves there were present.
In well-established plants the great majority carried 11 immature leaves of large
enough size to be dissected out; whilst the maximum number found was 12, and
the minimum eight. There was no evidence of any tendenecy to spasmodic
accumulation or reduction in the number being developed at any period of the
year and it follows, therefore, that at any one time the extrusion of the leaves

|
a
\
v
j
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takes place at approximately the same rate as leaf bud initiation. In view of the
relation between extrusion and differentiation it seems reasonable to conclude
that both are controlled largely by the same factors.

Thus it appears that leaf bud initiation is brought about by the influence
of external rather than internal factors and is not to be viewed as a measure
of the plane of nutrition. Of course, it cannot be, wholly independent of nutri-
tion; but it appears that, provided the internal conditions are not such as to
inhibit the process, leaf buds are differentiated in response to external conditions,
particularly temperature, with soil moisture probably exercising a limiting
effect. This point will be referred to again in connexion with fruit bud
differentiation.

Area of Leaf Produced.

It is clear from the above that if nutritional effects are to be studied
the differences between plants are to be sought in the areas of the leaves and
not in their numbers.
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An examination of the records of the figures showing the general
tendencies of leaf growth for individual plants reveals that there is some correla-
tion between climatic factors and the areas of leaves produced at any one
time. At the same time, there is a tendency for the size of the leaf to increase
as the plant ages. Age of plant, however, is obviously of secondary importance,
since at any one time all 64 plants were essentially of the same age. If refer-
ence is now made to the diagrams of leaf growth shown in Figures 2-6 it will
be seen that, whilst the relative tendencies at any one time are similar, the
actual areas attained are widely different.
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Relation of Area Produced to Area Present.—The size of the leaf is
limited, in the first place, by the meristematic activity associated with its initial
differentiation ; whilst, as its later growth takes place by ordinary cell division,
the size attained will depend also on the metabolic activity during its develop-
ment. An examination of the size in relation to the apparent photosynthetic
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potential might throw some further light on the measurement of that activity.
The two can be compared in an approximate manner by finding the relation
between area of leaf on the plant at any one period and the area produced
during that period. There must, of course, be some lag between the time during
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which the growth of the organ takes place and the time of its extrusion in the
form of a fully matured leaf; and as there is evidence to suggest that the lag
is approximately one month in certain periods the area produced is taken for
" the month following that in which the particular area on the plant occurred.
There is no reason tol assume that the lag is constant for all periods of the year,
but the area on a plant does not fluctuate violently (see Figure 8) and any error
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thus introduced would consequently not be large and would not destroy the
value of comparison between plants, The relationship for 18 plants is shown
in Table 7. It will be seen that reading down the table, or in other words
reducing the climatic variation to a minimum, there is a fair degree of uniformity
of ratios between plants. Further, if the ratios in the various months are
considered in conjunction with the mean temperatures, as shown in Figure 12,

1t will be seen that temperature is almost certainly a limiting factor. A close |

serutiny of the figures, however, reveals many exceptions to the general
uniformity and further evidence is needed before any conclusions can be drawn.
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Table 7.

AREA OF LEAF ON PrANT

Anrra PRODUCED

Month in which Area Appeared.
Plant No.

March, April. May. June. July. - Aug, Sept. Oct.
1B e e 6-1 68 59 105 13-8 170 98 67
2A .. e 57 56 54 .- 88 10-0 134 112 82
2B e .. 50 6:3 76 9-2 116 14-5 12.9 10-7
3A .. .. 59 71 84 10-2 10-0 16:5 10-6 10-7
4A .. .. 52 6:0 82 9-4 10-7 11-8 12-2 87
4B N .. 58 70 84 9:5 11-0 14-3 131 12:2
5A o . 65 71 81 9:2 10-1 12-8 94 7-8
5B A . 72 6-8 71 8:2 10-0 12-8 8:0 72
6A e e 59 73 87 9-4 12-0 11-3 90 6-7
6B .. N 64 76 79 10-1 10-5 139 15:0 10:0
1A .. N 71 7-6 87 111 12-1 181 152 9:2

3B .. ol 65 81 86 104 117 152 13-1 .
18A .. .. 6-3 77 92 10:5 126 181 12-1 10-1
14B . . 6:6 77 8-0 9-9 11-0 153 14-1 11-0

19A . . 6-4 77 9-5 10-6 11-9 16-1 18:0 .
22A o . 6-2 70 82 9-8 117 13:5 13:3 8:4
27B .. NN 6-8 7-1 8:0 9.4 10-8 132 | 12-3 74
12B .. . 59 7-3 81 10-8 14-9 10:6 10-5 80

Effect of Defoliation.—In an effort to throw further light on the question
of determination of leaf size, two well-established plants were selected and
defoliated and from that time onwards the leaf blades were removed within
12 hours of complete unfurling of each in turn. The removals were commenced
in September and continued until about the end of October. At the same time
two comparable neighbouring plants were also kept under observation but these
were allowed to retain all their foliage in the normal way. The areas in square
inches of new leaves unfurled after the time of defoliation were as follows:—

Defoliated Plants. Normal Plants.

A; B. c. D.
1st leaf . . N . . o 138 115 117 61
2nd leaf . .. .. .. .. .. 166 132 148 72
3rd leaf . .. .. . .. . 166 150 175 79
4th leaf .. .. .. .. .. .. 155 144 205 104
5th leaf . . N .. .. .. 124 158 220 - 98

The leaves are numbered in the order they appeared after time of
defoliation.

The experiment had to be discontinued at this stage; for the defoliated
plants were showing other effects, notably their inability to force the new leaves
clear of the throat, the petioles apparently not being able to elongate to their
normal dimensions. The plants were then allowed to retain the leaves they
produced after this time in the hope that some information might be gained as

B
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to the longer range effects of temporary defoliation. However, the treated
plants failed to respond in the desired manner. Fach produced only one leaf
whilst the check plants produced six. This last information can be taken as
suggestive only, since the banana weevil borer was found to have made
considerable inroads on the treated plants by that time.

The information is reduced in value owing to the small number of plants
employed, but it does suggest that there is considerable lag in the utilization
of carbohydrate in the manufacture of leaf tissues and that the area of leaf
produced at any particular time is not necessarily consequent on the photo-
synthetic activity during the period just preceding the development of its
greatest mass. The question could not be approached from the opposite angle,
by reducing the amount of storage tissue at the disposal of the plant at a
particular time, since the removal of a considerable amount of this can be done
only with the concurrent reduction of other essential plant parts, particularly
the roots. Apart from the size of the leaf, the observations show that when the
photosynthetic activity is markedly reduced the metabolic processes involved
in the synthesis of proteins are not immediately violently disturbed.

Relative Increase in Leaf Area.

The question of growth was then approached from the point of view of
increase in leaf area; and as a trend with time was observed, as has been
pointed out, the problem was first attacked through relative increases. It is
to be noted that five plants were rejected from these caleulations because factors
outside the experiments entered into the question and adversely affected the
plants. The trouble in three of the five was found to be due directly to the
depredations of the banana weevil borer, whilst in the other two inferior planting
material was believed to have been used.

The first application of artificial fertilizer was made in early January,
and was followed by others in March, July, September, and November, Tu
Table 8 are shown the relative increases in the leaf area produced by the
individual plants, the figures being the percentage increase for each month pver
the total at the end of the previous month. A graphical representation of the
data is given in Figure 9, whilst Table 10 summarizes figures for the first two
months,

Table 8.
PERCENTAGE INCREASE IN LEAF AREA DURING EACH MONTH.
(Original Plants).

Treat- Plant
No.

nent. Teb. Mar., Apr. | May. | June. | July. Aug. | Sept. Oct. Nov. Dec.

0] 1A 71 67 49 28 12 8 8 12 19 23 25
15A | 131 114 50 22 16 8 9 14 18 21 28
156B | 124 148 43 23 11 7 10 4 16 ..
23A 85 111 56 30 15 11 9 14 19 23
23B 89 107 51 31 14 10 8 11 15 .. ..
28A | 122 95 47 27 17 9 10 12 18 23 19

Av. | 102 107 49 27 14 9 9 13 18 23 24
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Table 8—continued.
PERCENTAGE INCREASE IN LEAF AREA DURING EACH MONTH.
(Original Plants).
Exgﬁ' Il\lf’ol?t' Feb. | Mar. | Apr. | May, | June. | July. | Aug. [ .Sept. | Oct. | Nov, | Dec.
N . 6A 89 92 51 33 17 10 10 12 19 21 26
6B 66 82 47 | 33 | 13 11 8 12 18 21 23
12A 99 136 49 33 | 14 14 6 8 14 .. ..
12B 86 111 39 32 10 9 10 12 15 21 28
20A | 111 111 58 24 9 8 8 8 . .
20B | 102 114 42 28 12 11 7 11 15 ..
30A | 160 135 49 33 14 10 7 10 19 24 19
30B | 156 109 - 58 38 12 11 11 14 16 25 27
Av. 109 111 49 32 13 11 8 11 17 22 25
P .. 7TA | 105 109 42 34 15 10 9 18 8 . .
B 80 82 52 35 17 9 11 14 17 35 28
9A | 110 114 60 41 10 9 8 12 20 25 25
9B 36 146 75 40 20 9 10 15 21 23 28
19A | 116 86 46 22 10 6 7 12 .
19B | 118 96 42 32 -15 5 7 10 .. .. ..
31A | 68 72 57 38 12 10 |° 10 12 18 24 26
Av, 90 101 53 35 14 8 9 13 17 24 27
K e 8A 92 119 39 18 15 9 9 10 17 21 21
8B 86 120 47 38 19 3 15 12 17 23 29
11A | 149 124 41 29 15 11 12 10 17
11B | 133 103 39 36 15 8 9 11 15
18A | 145 106 52 30 10 7 8 8 16 .
18B 85 108 55 30 11 9 7 4 21 .. ..
32B | 142 106 38 27 10 19 2 9 13 23 24
Av. 120 112 44 30 4 |9 .9 10 16 22 25
NP .. 2A 93 156 30 51 7 32 11 18 22 15 36
2B 107 186 75 44 23 12 .10 13 16 20 ..
13A 86 108 48 34 14 11 7 12 22 25 31
13B 88 98 61 37 18 9 9 | 13 21 34 29
24A 96 115 51 35 19 10 10 15 13 28 28
24B | 136 126 53 28 13 9 8 12 . .. ..
27A 79 100 44 29 11 10 7 10 17 25 26
27B 76 83 48 31 12. 11 8 12 18 21 21
Av. | 96 121 | 51 | 36 | 15 | 13 | 9o | 13 | 18 | 24 | 29
NK .. 3A | 121 123 63 36 16 10 11 11 15 17
3B 82 133 30 35 16 10 8 11 .
14A | 145 120 57 33 12 10 - 9 10 . .
14B | 132 83 44 30 17 8 10 11 8
21B 99 102 52 29 17 9 11 |- 8 16 .. ..
26A | 122 133 68 42 14 12 9 20 20 27 31
26B | 101 106 47 35 12 10 13 8 17 22
Av. 114 114 52 24 15 10 10 11 15 22 31
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Table 8—continued.

PERCENTAGE INCREASE IN LEAF AREA DURING EACH MONTH.
(Original Plants).

Ell;fl?g: Pl%a;?t Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec
PK 4A | 142 157 70 41 14 12 10 7 19 21
4B | 180 110 52 34 15 12 8 12 13 .. ..
16A | 100 139 57 42 19 11 10 16 18 26 27
16B 83 106 51 40 17 11 10 15 19 26 27
22A | 125 89 52 28 12 9 8 11 15 .. )

22B 94 112 40 31 13 10 9 12 15 17 ..
25A | 141 140 31 31 10 7 1 19 18 23 25

256B | 112 148 50 27 14 9 10 11 9
Av. 122 125 50 34 14 10 9 12 16 23 26
NPK ..] BA 99 93 57 32 13 10 10 14 18 26 23
5B 66 63 42 35 15 10 9 18 16 31 32
10A | 168 152 60 41 20 10 9 13 20° 26 12
10B | 110 115 44 33 12 9 9 10 .. .. ..
17A | 112 126 50 35 15 8 7 12 17 24 19
17B | 130 118 55 32 16 9 8 10 15 .. .
29A | 164 119 68 33 13 11 8 13 20 27 21

29B 98 103 45 36 16 8 8 11 15
Av. 119 110 53 35 15 9 9 13 17 7 21

Table 9.
PERCENTAGE INCREASE IN LEAF AREA DURING EACH MONTH.
(1st Ratoon Plants.)

Plant No. Dec Jan Feb. Mar, April. May. June. July. Aug. Sept.
1a 275 68 51 33 3 9 5 8 8
1n .. .. . 327 119 46 24 15 20 22
24 .o 487 220 121 68 28 13 12 7 7 9
2B 179 113 82 20 20 . .. ..
3a 300 170 58 32 19 11 7 5 .. ..
3B 198 63 44 23 11 6 6 5 7
4a 171 55 45 28 13 9 8 9 4
4B 177 100 51 35 14 9 7 5 9
54 .. .. 138 34 19 12 10 20
5B . 126 44 31 18 11 10 . 4 18
6A . 494 174 42 25 13 7 12 11
6B 216 69 36 17 9 9 4 8 10
A 155 107 50 27 19 10 8 6 10
B .. 173 87 60 23 14 8 5 7 9
8a 457 164 87 56 22 13 9 5 7 6
8B N . 203 | 107 39 15 12 9 7 10
9A 304 127 79 40 19 12 7 6 6 9

10a .. 217 73 39 23 13 8 6 6
108 354 141 66 40 18 10 5 5 4
11a 261 137 45 38 24 10 14 .

11B 217 75 40 11 8
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Table 9—continued.

PERCENTAGE INCREASE IN LEAF AREA DURING EACH MONTH.
(1st Ratoon Plants.)

Plant No. Dec. Jan. Feb. Mar. April. May. June. July. Aug, Sept.
12a 530 | 121 90 | 59 24 15 7 6 5 ..
128 .. 116 46 27 12 8 6 6 10
134 - 220 101 54 17 14 8 7 6 9
138 .. 135 64 25 13 9 7 7 7
144 .. 163 88 37 22 14 7 7
148 366 147 72 37 19 11 6 9 .. ..
154 .. .. .. .. 162 26 15 7 8 9
158 512 165 79 41 21 14 7 5 .. ..
16a 182 105 39 18 11 6 7 9
168 203 185 40 17 14 9 8 9
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The scatter diagrams constituting Figures 10 and 11 show that the
increases are not correlated with original size.

The outstanding feature is the remarkable similarity in the relative
increases in leaf area from April onwards. An analysis of variance (Appendix
3) shows that, whilst i the very early stages of growth. significant increases
were associated with the presence of added potash, no significant differences
are found dfter March though, of course, no statistical analysis is necessary
after April.

Table 10.
SUMMARY.
PERCENTAGE INCREASE IN AREA, JANUARY-FEBRUARY.

Py » P, K, K, Means.
N, . . .. 211-8 » 204-8 194-7 221-9 208-3
N, .. . .. 210-6 206-8 201-9 2156 208-7
Means .. - .. 211-2 205-8 198:3 218-8 .208-5
K, K,
P, .. .. . 205-3 217-2
P, . .. v 191-3 220-3

Analysis gave F for K 5.01, which is significant. s.e. per plot 25.87 =
12.41 per cent. .M. ‘‘Sampling’’ error per plot 15.94 = 7.64 per cent. G.M.

Nutritional Interpretation—There would appear to be from the point
of view of nutrition but one possible interpretation of the figures concerning
relative increase, viz., that the intrinsic rate at which the plant can use certain
mgmwerals s determined very early Yn the hastory of the plant. It must be
remembered that the treatments were given at five different times throughout
the year; but in no instance ig there the slightest evidence of any effect on
leaf area, and, therefore, presumably none on any other phase of growth, after
the end of the third month, whereas before that time statistically significant
differences occurred.

Much work has been done on the uptake of nutrients by plants of different
ages and it is of interest to note that Gericke, as reported by Miller (1938, p.
371), working with wheat found that removal of the source of potash when the
plants had reached the age of four weeks did not appreciably affect the amount
of growth which the plants subsequently made and that larger amounts of
straw were obtained when the supply of phosphorus, magnesium, or sulphur was
removed trom ‘plants one month old. Brenchley (1920) and other workers have
obtained similar results. There is no evidence from the present figures that
the total requirement of potash is taken wp by bananas in this early period
but merely that the rate at which the plant can subsequently use this element,
and presumably other mineral nutrients, iy determined at that time. The two
points could not be demonstrated concurrently, for the one necessitates con-
tinuous supply whilst the other requires starvation after a certain interval. It
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may be pointed out that over the longest period between applications, viz., March
to July, the potash-treated plants maintained their relative increase in compari-
son with the remaining plants though the amount of potash supplied up to
that time was only eight ounces. Further, bananas are reputed, and apparently
on fairly good grounds, to deplete the soil of some essential food very rapidly;
but the plants which received no artificial fertilizer, as well as those which
apparently derived no benefit from the treatment they received, all went forward
at the same relative rate.

The figures for the ratoon plants are not so readily capable of analysis.
The suckers are produced at various times and the plant remains in organic
connexion with the parent corm for a considerable period: there is no way of
assessing the value of that connexion to the offset. The true age of the sucker
is also in doubt; for when desuckering is carried out the growing point is not
necessarily destroyed and it is possible, and in fact very probable, that the
sucker which is finally allowed to persist as the follower was cut back earlier
beeause the parent plant was not far enough advanced, or the general conditions
unsuitable, at the time it first showed through the soil. Thus the ratoon plants
are not strictly comparable, Nevertheless, the same tendency to relative increas:

o
70 B '\\\.\\ o //
£
\ pﬁRﬂ1V .
bo \}\'mﬁﬂﬂy‘
50
MARA. APR. mMAY JUN. JLY. AUG. SERT ocrT. NOov.
' | ) I
’ B wATY iLF/‘/
‘o \\\ L EM ’/E/”’
\\\%M
50 s
40
30
AREQ
Al
v \ ' R ]
70 \r‘_ﬂffﬁs/_ .
ﬂFR‘ 1 may JUN. JLK AUG. SERPL acr. NYOU DECG.

F16. 12.—Showing Percentage Increase in Leaf Area and Mean Temperature.




40 W. A. T. SUMMERVILLE.

at a uniform rate after a few months’ growth is evident, irrespective of initiai
differences. For example, Plant 1A, which commenced producing leaves towards
the end of November, increased 275 per cent. in January, 33 per cent. in April,
5 per cent. in July, 8 per cent. in August, and 8 per cent. in September ; whilst
Plant 15A, which commenced leaf production late in February, increased 162
per cent. in April, 7 per cent. in July, 8 per cent. in August, and 9 per cent.
in September. The figures for half the first ratoon plants are shown in Table 9
(pages 34 and 35).

In Figure 12 are shown the mean increases in leaf areas per month from
April onwards for all 64 of the original plants. In the lower portion of the
graph are shown the mean monthly temperatures for the same period. As has
already been indicated, there is a lag in response by the plant to the climatic
conditions; and, in order to bring out that lag more clearly, in the upper half
of the figure the mean temperatures are arranged to allow for a lag of one
month. There is, of course, no reason to assume that the lag is constant
throughout the year.

Efficiency in Growth.

The conclusion which has been reached concerning the early uptake of
mineral nutrients is a most important one from the points of view of both
experimentation and farming practice and it is of importance to throw as much
light on the question as possible. An attempt to examine the question was
carried out by the use of the concept of growth proposed by Blackman (1919)
as being mathematically allied to the rate of inerement of capital increasing
at compound interest. Fisher (1921) states that this is the correct measure for
the mean value of relative growth rate over any period, long or short.

In examining the efﬁciency with which the various plants grow there
are two established points that must be borne in mind. In the first place, it is
apparent that the size of the leaf produced at any one time is an index of
the general metabolism within the plant. Secondly, though the area of leaf
may vary tremendously as between one plant and another, the rate at which -
individual leaves are budded is virtually constant for all individuals of the
same age at any one time. This means that, though the periods for which the
meristems are active in laying down the initials of the leaf are nearly the same
for all plants at any one time, the final results of that activity may be very
different. v

Blackman, and others who have used the compound interest concept,
worked with dry weights of plants, whereas here leaf areas are being examined,
so that the formula used became ‘

Al = Aoe”
where A4, is the area produced by an initial time, A, the final area attained, » the
rate or an index of ‘‘efficiency of the plant as a producer of new material,’’.¢ the
time, and e the base of natural logarithms.

‘Where the plant is grown from seed an obvious original point is indicated
either in the seed weight or in the size of the. cotyledons. In the case of the
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banana, however, no such well defined point is apparent. It was decided to
work, in the first place, with the area at January 31 as 4,. The formula was
then applied and it was found that the great majority of plants gave an approxi-
mately equal value for r. The only fplants which deviated to an appreciable
extent were those which had an abnormally low value for 4,. The normal value
for this initial area was in the vieinity of 1,000 square inches and an examina-
tion showed that the backward plants had all attained areas of about that size
by the end of February. The abnormal plants were then re-examined using
the end-of-February total. It was found that these plants then gave results
consistent with those of the normal plants. Table 11 shows the value of r
expressed as percentage increase per day between the attainment of approxi-
mately 1,000 square inches of leaf and the cessation of foliage production. It
will be seen that the average efficiency index () is virtually constant for all
plants; it is seemingly conferred by virtue of the genetical constitution.

Table 11.
VALUES OF 7 EXPRESSED AS PERCENTAGE INCREASE PER DAY.
Piant No. r Plant No. r Plant No. r Plant No. . r

Ia e -0080 9a .. <0097 168 . -0091 24B .. <0104
A .. -0099 98 .. -0094 17a .. -0095 254 .. <0102
2B .. -0104 10a .. -0090 178 .. -0103 258 .. <0090
3A .. -0102 108 .. -0098 184 e +0090 26A .. -0091
3B .. +0093 11a .. -0101 188 . +0088 268 .. -0091
4A .. 0110 118 .. -0095 194 .. «0087 27A .. 10084
4B .. -0109 124 .. -0099 198 .. 0090 278 . -0084
5A . -0092 128 .. -0086 20A .. <0094 28a .. -0092
5B . -0084 13a .. -0091 208 .. +0094 294 . -0084
6A -0089 138 .. -0097 218 .. +0091 298 .. +0091
[6:] .. 0080 14A <0108 22a .. <0092 30a .. -0105
TA .. +0091 148 .. -0091 228 .. -0089 308 . -0102
7B .. -0088 16a e -0094 234 . <0091 31a .. 0083
8A . -0086 158 .. -0094 238 N -0092 328 . :0090
8B .. -0092 164 o -0091 244 .. <0097

The question of differences in absolute leaf production then remains to
be determined. The banana does not flower at a particular time of the year
and differences are to be sought in the time taken for the completion of the area
and in the area itself. The constancy of r is obviously brought about by the
fact that normally 4, increases as t increases. The fotal growth is thus not a
function of temperature or other external factor, a result which is in keeping
with that obtained by Gregory (1928a) working with the cucumber.

The interpretation of the data is based on the deduction that the first
period in the growth of the plant represents a stage during which the apical
meristem is being developed. It appears that the rate of development of the
meristematic organization, or its size, depends on the availability of nutrients
at the appropriate time, and from the time of completion of this tissue all plants
complete their growth at a like average rate as measured by # in the formula.
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It should be pointed out that this value of » is calculated over a considerable
period and that the growth rate is not constant during that period. Therefore,
the only valid conclusions which can be drawn from these data must deal with
a like period. ‘ ‘

The completion of the meristematic organization is associated with the
attainment of an area of leaf, or in other words with an amount of growth,
rather than with time, The differences in absolute amounts appear to be brought
about largely by the sizes of the meristems rather than by the periods required
for the laying down of that tissue. ‘

Taking plants 11B and 15A, for example, the following data may be
considered :—

11B. 15A. Difference.
1,000 sq. in. attained .. . .. .| Jan. 20 Feb. 1 11 days
Completed growth .. .. .. ..| Nov. 13 Jan. 16 50 days
Average value of 7 .. .. .. .. 0095 10094 0001
Total area of leaf (sq. ins.) . o . 22,700 28,120 5,380

From Table 12 it will be seen that the percentage increases in leaf area in
each case in each month after February show no significant differences and
thus there can be no real differences in metabolism between the two plants.
If it is taken that both plants shown an average efficiency index of -009 this
means that if both start with the same amount of meristem then 11B must
have accumulated that amount approximately 30 days earlier than did 15A.
Such a proportional difference in the length of the periods of development is
scarcely conceivable. On the other hand if the meristem of 11B were approxi-
mately 1.3 times the size of that of 15A the differences between the plants are
explicable. From such considerations it is concluded that, whilst there may
be small differences brought about by time required to complete the organization,
the differences between plants is due very largely to the size of those
organizations.

The values of » for periods commencing after the completion of the first
stage of growth remain parallel in different plants, while the plants remain
comparable with respect to their development; as will be seen from Table 12,
in which are shown the values of » for different periods in respeect to four plants.

Table 12,

VALUES oF r FOR VARIOUS PTRIODS.

Plant No. 1,000 Feb. Mar. April May June July Aug. Sept. Oct. Nov.
Sq. In. 28. 31. 30. 31. 30, 31. 31. 30. 31. 30,

-00 00 | -00 -00 00 -00 00 -00 -00 00 -00

11z .. .. 95 73 52 45 31 33 42 42 | 36 24 .

88 .. ..o 90 81 63 56 49 48 57 58 61 64 63
238 .. o 92 77 57 45 37 33 36 42 36 48 .
158 .. o] 94 71 51 50 47 48 52 58 60 62. 57

The duration of the periods is from the date indicated to the completion of foliage
development.



NUTRITION AND DEVELOPMENT IN THE BANANA, 43

It will be noted that the values of » commence to diverge in March, but
the divergence is in two sets. Plants 11B and 23B remain similar until September
whilst 8B and 15A also remain similar to one another until just before comple-
tion of growth of leaves. The key to the differences between the two sets is to
be found in the dates at which flower bud development took place. This marks
the end of a stage in the development of the plant, and the relevant calculated
dates as shown in, Table 15 (pages 69 and 70) are May 20 for 11B, May 25 for 23B,
September 9 for 8B, and September 12 for 15A. The drop in index of efficiency
is particularly noticeable in the two early budding plants but is less obvious
in the other two as the budding in those cases more or less synchronized with
the advent of more propitious growing conditions.

The evidence from a study of the efficiency index indicates that variation
in the growth of different banana plants is due almost wholly to the development
in the very early stages. This development appears to be associated with size
of the meristematic organization then laid down, and the amount of this tissue
then developed determines both the area of leaf finally attained and the length
of time required for its attainment. These two are by nature inextricably bound
together. Environmental factors still play a very important part in growth
and development; and whilst the meristem of one plant may be such that, under
say July conditions, a leaf of 1,000 square inches is produced as against one of
500 by a second individual, the latter plant may still be capable of producing
a leaf of 1,000 square inches in November. The modifying effect of environment
is thus very considerable and it follows that the size of the meristem. chiefly
mfluences the period requived for the completion of leaf production and not the
total area attained. k

The fruit of the banana is developed from the same region as the leaves
and as will be shown later the two, considered as products of growth, are affected
in much the same way by environmental influences. Environment has a con-
tinuous and far-reaching influence; and though not specifically so interpreted
much of the work recorded in this paper is a study of the effect of environment
at a particular time on the accumulated results of environment up to that time.
The apical meristem is the medium through which the effect of the combination
is manifested; and the absolute size of the effect, at any one time, appears to
be proportional throughout life to the size of the meristematic organization laid
down very early in the life of the plant.

The position may be summed up as follows:—The meristematic fpotential
of the plant is laid down early in the life of the plant in response to the uptake
of nutrients. When this laying down is complete the ability of the plant to
utilize nutrients for the production of other tissues is automatically fixed.
Environment may influence actual size during subsequent growth but the rate
is a function of the meristem and size is automatically adjusted by the time
factor. Thus the period of formation of the meristematic tissue is a vital one
in the history of the plant.
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SECTION 3.
FLOWER BUD INITIATION.

General Considerations.

If the development of the plant is to be traced with any degree of
completeness it is necessary to have some information on the time of the change
from purely vegetative increase to production of the flowers and fruit. Whilst
the initiation of the sexual phase represents a climax in the life of all flowering
plants, in cases such as the banana, which is a comparatively short lived plant
grown for its fruit, the significance of this elimax is accentuated from the point
of view of agriculture.

As has been recorded earlier, no leaves are extruded by the banana plaut
subsequent to the appearance of the inflorescence. Both the leaves and the
floral parts arise in the same apieal region (Plates 11-19) and once the sexual
phase is initiated no further foliage leaves are laid down, the whole of the meri-
stematic activity being then devoted to the production of flowers or organs, such
as bracts, directly associated with them. Nevertheless, any immature leaves
which are present in the pseudostem when flower bud initiation commences are
developed to maturity, extruded in the normal manner, and precede the
inflorescence to the throat of the plant. Thus until the last leaf unfurls there is
no outside manifestation of the beginning of the fruiting phase which has taken
place within the plant. It is obvious that if the development of the plant is to
be followed and understood it is necessary to have earlier knowledge of the vital
change than can be obtained by external examination,

There are probably few botanical phenomena which have attracted more
attention than the conditions which attend the initiation of the sexual stage.
Whilst considerable progress has been made in some directions, notably phasie
development of plants and certain chemical aspects, there are still many wide
gaps in our knowledge which must be filled before practical use can be made of
much of the information. So far as the banana is concerned, all that was known
was that the banana may flower at any season of the year, including the middle of
winter and the middle of summer, and that the plant produces but one climax
inflorescence. The latter point suggests that increase in size is not unconnected
with flowering.

Using the data obtained from the growth study and field trial plants the
following postulates were accepted as a basis in the search for a point common
to all plants at an appropriate time:— ‘

1. All plants which flowered must have been subject to the same causal
condition.

2. The plant must respond to this condition and in the event of the
same set of conditions oceurring more than once in the life of the
plant the response must have taken place during the first
oceurrence.
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3. There must be no such response in the absence of these conditions.

4, In view of the large number of dissections showing that in well-
developed plants the number of immature leaves at any one time
was approximately 11 and never less than eight, the date of the
response should be approximately such that 11 leaves were
extruded by the plant between the computed date of flower initia-
tion and the appearance of the inflorescence. It will be remembered
that the number of immature leaves found in dissected plants was
smallest in the youngest plants, and therefore some variation may
be allowed in conformity with this evidence.

The underlying reasons for each of the first three points are obvious, but
the choice of number of leaves may be a little more difficult to follow since the
number suggested is that for leaves which were large enough to be dissected
out with a needle; but there are still two or three less differentiated initials,
which can be seen under low magnification, behind those accounted for. It will
be noted from the general description of the structure of the plant that, in
addition to the bracts which subtend the hands of flowers, there are always at
least two larger ones which protect the whole inflorescence, These bracts are,
of course, modified foliage leaves. Kven the last foliage leaf is somewhat different
in shape from the preceding ones, the former being generally shorter and
broader. This ‘‘spade’’ leaf, as it-is called, frequently has the lamina so greatly
reduced that its area is negligible. The smaller, less differentiated, buds are thus
to be accounted for as bracts subtending the inflorescence and the basal hands
of flowers and are not included in the total to be matured as foliage leaves.

As has been recorded above, there was no evidence. that temporary
accumulation or reduction in the number of developing leaves occurred and it
was concluded that leaf bud initiation took place at much the same rate as leal
extrusion. From this it follows that in plants of an advanced age the date of
initiation of a particular leaf is close to the date of unfurling of the leaf 11 in
advance of it. The number would, of course, vary somewhat in accordance
with the age of the plant, as has already been described. As a consequence of
this, then, it follows that the conditions at the time of appreciable differentiation
of the last leaf and the initiation of the first flower bud are in most plants
approximately those pertaining at the time of extrusion of the 11th last leaf.
It seems possible that the degree of modification of the spade leaf might be taken
as an indication of the degree of development it had undergone before flower
buds were commenced, just as the major bracts of the inflorescence are less
modified than the smaller ones which subtend the hands. '

The second and third points can be checked positively in the case of the
growth study plants but with the field trial plants the evidence must be largely
circumstantial.

The early conception of the production of sex organs was that this took
place as a direct consequence of growth and followed automatically as the resuit
of nutrition. The original theory thus meant that internal factors alone con-
trolled the development of the plant in this respect. Klebs, as reported by Stiles
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Plate 11.

Plate 12,
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(1936, p. 394), showed experimentally that external factors could also be of
- moment and more recent work on the phasic development of plants in connexion
with such problems as vernalization emphasises-that the growth of a plant and
its development are by no means identical. It was not expected, therefore, that
any of the simple data which had been collected would yield much information,
but nevertheless in the first analysis each of the sets of these data was examined.
Thus the total area which had been produced, the rate at which unit leaf area
was being unfurled, the actual area produced at any one time, and the day-square
inches of the plants, were each given consideration. Whilst there was, as might
be expected, a tendency for like plants to group themselves in respect to some
of these measures there was no evidence from any of these statistics of a point
common to all or even to the majority of the plants,

. Consideration of Light.

Garner and Allard (1920, 1923) in a series of very important investiga-
tions first showed the dominant role played by length of day and illumination
in the production of flowers by a large number of plants, and though the banana
is not apparently subject to photoperiodic control it is of importance to examine
the influence of light in relation to the initiation of its sexual phase,

Plate 13,
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As has been indicated, banana flowers may be found on every day of
the year; and therefore it seems that, unless there are considerable differences
between individuals in the period between bud differentiation and the extrusion
“of the inflorescence, the effect of illumination, if this is a determining influence,
must be connected with a total amount, or an increased rate, of absorption of
energy at a particular time. That is to say differences, not being attributable
to the length of day itself, must depend on the potentiality of the plant for its
utilization ; and obviously this potentiality must tend upwards to a limiting point,
since the plant gets nearer to flowering as it increases in size. There is a great

Plate 16,

Plate 17.
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deal of evidence to show that the period of development from bud to flower extru-
sion does not vary greatly between plants at any one season of the year. The
data, then, may be examined on this basis.

Relation of Area of Leaf on the Plant to Bud Initiation.—The potenti-
ality of the plant, to absorb energy from the sun at any particular time may, at
this stage, be taken as proportional to the area of leaf on the plant, In
interpreting the data from the growth study plants there is the difficulty that,
in the absence of a very large series, it is impossible to say how far from budding
an unbudded plant is or how old the bud is when found. The data obtained
can only set the limits, and for the purpose of investigation at this stage an
arbitrary figure was chosen within those limits. After a series of trials made
from the data from all available plants, an area equivalent to 10,640 square
inches in June was found to give the most satisfactory results, except that plant

Plate 18.

Plate 19.
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EXPLANATION OF PLATES 11-19.
FLOWER BUD INITIATION,

Plate 11,—Seation through apex of corm before flower bud initiation. Note that the top
of the corm forms a slightly concave line.

Plate 12.—Section through apex of corm, similar to Plate 11.

Plate 13.—Section through apex of corm, showing the change from a. concavity to a con-
vexity., This is the first indication of flower bud initiation and is caused by the
corm commencing to form its aerial stalk. The section is from Plant 21A, for
which Ts x Avea Produced = 56,000 x 107

Plate 14.—Section through apex of coym, with the flowering bud slightly more advanced than
that in Plate 13. Note that the elongation of the apex is more pronounced.

Plate 15.—Section through apex of corm, showing the youngest actual flower buds obtained.
These can De seem as dark structures in the axils of the hracts. For this plant
Ts x Area Produced = 63,000 x 10°.

Plate 16.—Section through apex of corm and flower stalk, showing flower buds in a more
advanced stage. Note the dark area at the base showing the straight line of
the corm surmounted by the flower stalk.

Plate 17.—A similar section to that in Plate 16.

Plate 18.—Section showing later stage in bud initiation. Note the vasculay strands supply-
ing both bracts and flowers, whereas previously the strands ran only to the leaves.
For this plant Ts x Area Produced = 83,000 x 107,

Plate 19.—Portion of the same section as in Plate 18.

All photomierographs are of hand sections stained with haematoxylin,

Magnification.—Plates 11-15, x 12-5; Plates 16-17, x 6; Plate 18, x épprox. 37; Plate
19, x approx. 80.

EXPLANATION OF PLATES 20-23.
DEVELOPMENT OF FLORAL ORGANS.

Plate 20.—Inflorescence just emerged from throat of pseudostem. Note the modified ‘‘spade’’
leaf and the enclosing bracts. '

Plate 21.—The braets lifting in acropetal succession. The basal hand of flowers can he
seen to be well advanced, the ovary being more than four inches in length,

Plate 2.2.——]5‘111'ther hands exposed.

Plate 23.—Basal ‘‘female’’ hands exposed and the subtending bracts are shed. The
‘“hermaphrodite’’ flowers are also opened. The ‘‘male’’ flowers arve still tightly
enclosed under the bell of bracts at the distal end.
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A4 of the growth study series had attained this area many weeks before dissec-
tion but showed no sign of flower bud when examined. The standard was
persisted with, however, since the variation between plants was unknown; and
though no error could be detected the possibility eould not be ignored. On the
basis of number of hours of sunlight the monthly equivalents of area are as

follows :—
Sq. inches. Sq. inches.
April 9,600 . September 9,200
May 10,100 October 8,600
June 10,640 November 8,100
July . 10,400 December 7,790
August 9,900 January 8,050
Table 13.
FLOWER BUDDING DATE As CALCULATED FROM LEAF AREA.
| . No. of . . i No. of
Pt No. | igahe | Fiwerng | Loves | pangyo, | Ppdine | Tigverng | beive,
Subsequently. Subsequently.

20a Apr. 20 | Oct. 24 10 8a Sept. 12 | Jan. 11 10
19a Apr. 21 Oct. 24 10 244 Oct. 7| Jan. 15 10
198 May 10 | Nov. 7 10 8B Oct. 9| Jan. 15 9
24B May 11 Oct. 31 10 154 Oct. 9| Jan. 13 10
218 May 12 | Nov. 9 11 17a Oct. 17 | Jan. 11 8
144 May 12 Oct. 24 9 6B Oct. 17 Jan. 9 8
18a May 17 | Nov. 7 10 13a Oct. 21 Jan. 30 10
25B May 18 | Nov. 14 11 30a Oct. 27 | Jan. 3 7
108 May 24 | Oct. 31 9 29A Oct. 29 | Jan. 28 9
3B May 26 | Oct. 31 9 164 Oct. 29 [ Jan. 30 10
188 May 19 | Nov. 7 10 278 Nov. 6| Jan. 2 6
178 May 25 | Nov. 10 10 9a Nov. 6| Jan. 19 10
4B May 26 | Nov. 7 10 274 Nov. 7| Jan. 19 10
298 June 1| Nov. 21 11 9B Nov. 6| Jan. 20 9
11B .| June 2| Nov. 16 10 308 Nov. 14 | Jan. 20 7
11a Juue 15 | Nov. 13 10 31a Nov. 15 | Jan. 20 7
238 July 2 Nov. 21 9 168 Nov. 15 Jan. 30 8
7A July 2| Nov. 28 9 264 Nov. 16 | Jan. 25 10
34 June 16 | Nov. 29 11 138 Nov. 17 | Jan. 17 10
2B . July 11 Dec. 5 11 328 Nov. 9 Jan. 17 9
158 Aug. 6| Nov. 28 8 5A Nov. 22 | Jan. 14 6
148 . Aug. 6 | Nov. 28 8 7B Nov. 22 | Jan. 20 7

224 Aug. 8| Nov. 21 7 1a Nov. 26 | Jan. 16 6
22B Aug. 156 | Dec. 5 8 6a Nov. 26 | Jan. 20 8
4a Aug. 22 | Dec. 23 11 24 Nov. 13 | Jan. 30 9

254 Sept. 4| Jan. 9 11 128 Nov. 29 { Jan. 30 9
234 Sept. 12 { Dec. 16 8 5B ..| Dec. 61| Jan. 30 7
208 Sept. 23 | Nov. 14 4 32a .. | Dec. 9.| Feb. 27 9
268 Sept. 11 | Dec. 23 9 18 Dec. 18 | Feb. 20 8
10a Sept. 30 | Jan. 9 10 21a Dec. 26 | Mar. 5 8
12a Sept. 2| Nov. 7 4 28 Dec. 31 | Mar. 20 9
28a Oct. 6| Jan. 2 8 31B Jan. 8| Mar. 5 6
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This set of standards was then applied to the field trial plants and the
earliest date on which each reached the required area was taken tentatively as
the date at which budding occurred. The results obtained are set out in Table 13.

Though the results show a general serial trend there are many variations
and inconsistencies which must be explained before any acceptable theory can
be based on the premises involved. For the most part the number of leaves
which were extruded after the plants reached the required standard of area was
somewhat at variance with the information obtained in the dissection work., In
general the number of such leaves is lower than would be expected and in several
cases is so far below the expected figure that the whole series is left open to
much doubt. Further, the trend is in the opposite direction to that shown by
the dissection work, in that plants flowering early developed more leaves than
those which were older at flowering time. ‘

It may be noted that the plants in plots receiving nitrogen only as a
dressing produced an appreciably lower average number of leaves after reaching
this potential than did the plants in any other plot, the averages being—K 9.6,
PK 9.5, NP 9.5, NK 9.4, NPK 8.7, P 8.5, and N 6.9. Even though this point
may not have a bearing on budding time there remains the fact that the leaf
areas were equivalent in apparent potential for light absorption and thus the
nitrogen-treated plants reached this position later in life than the others. This
may be taken as meaning that the development of plants which received nitrogen
only was further advanced than that of plants treated otherwise and with which
it might be expected comparisons could be made. It is to be noted that potenti-
ality for light absorption only has been taken into account. That leaves with
higher nitrogen status may have increased power of assimilation would need
consideration in an exhaustive study.

The position found may be summarized by saying that the apparent
relationship between the area of leaf on the plant, as qualified by the duration
of sunlight, and the development of the flower bud is at least no stronger than
would be expected bétween any two sets of figures reflecting activities which
it is certain cannot be wholly independent,.

Other Barren Approaches—TFollowing these results a number of othev
tests were made, but in no case was any better result achieved, In most cases a
botanical interpretation of the applied formulae could be readily found, but in
others the formulae were tested though the botanical meanings, if existent, were
obscure, In this barren work the following formulae were tested :—

: ArxDxT AxDxT
AyxDxT; A, xT; DAP s T ;

AyxDxTxP: A,xDxAp;

AyxDxAp A, xDxTxP
P ’ Ap

produced up to the appropriate time; where Ay — the area of leaf on the plant,
D —the number of hours daylight, T —the mean temperature in degrees
Fahrenheit, Ap = the area of last leaf produced, and P = the period required
for the extrusion of the last leaf. All measurements are, of course, referred to

; and each of these in proportion to the total area of leaf
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the date for which the test was being made. In the course of this portion of the
work many tests were applied using temperatures above a fixed point. Thus
the number of degrees above 20°, 30°, and 40° was used in three separate series,

Differential Coefficient of Leaf Values.—Although so many formulae
based primarily on the area of leaf exposed at a time approximating to what was
held to be the appropriate date for budding thus failed to give any sign of a -
suitable budding point common to all plants, this factor cannot be dismissed
without further investigation. As has been mentioned earlier, there remains
the possibility that leaf area should be corrected for age by the application of
a differential coefficient. It cannot be assumed that a leaf say seven days old,
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one that has been unfurled for 70 days, and another twice that age, all funection
with the same efficiency with respect to any phase of activity. Accordingly,
though the difference due to varying efficiencies correlated with age did not,
from general inspection. of the figures, appear to be likely to offer a solution,
it was mnecessary to examine the data in some detail. To do this graphs were
drawn from the data for each of the 64 plants in the field trial. As it could

“be assumed that the point being searched for occurred in the vieinity of time
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of unfurling of the 10th to 12th last leaf for the majority of plants the area of
leaf on the plants at those times was plotted so as to show the amount of the
leaf surface which was of any particular age. The area on the plant does not
as a rule fluctuate at all violently and it was concluded, therefore, that any error
caused by taking a leaf one or two removed from the correct one would not
obseure any facts in the general body of the information if any degree of reliance
could be placed on the evidence of dissection.

July, or August.
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Figures 13-17 show the position at the time of unfurling of the 12th last
leaf, whilst that at the 10th last leaf is shown for certain plants in Figure 18.
It is patent that plants which simultaneously produce leaves comparable witih
respect to flowering time tend to have similar areas; but at the same time within
these general groupings there are wide variations which are not offset by any con-
ceivable coefficient dependent on the age, even allowing that the variation may not
always be in the same direction. For example, comparison may be made between

& 5
e 3 T
& * Q
T\ % 3 2

_s5A

ge indicated on each Plant
which Produced its 12th last Leaf in September.
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F16. 16.—Showing Total Area of Leaf less than the a
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plants 5A and 10A, which received the same manurial treatment and which
flowered but five days apart. The total area on plant 5A when the 12th last
leaf had completed development was 5,750 square inches, at which stage 10A
displayed more than 9,000 square inches. At the corresponding time for the
10th last leaf, the respective areas were 6,500 and 10,000 square inches, Tt is
difficult to follow the graphs for the whole of any particular plant, but the
figures from which they were drawn show that 5A had a smaller area at every
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stage except in respeet to leaves less than 14 days old at the date of extrusion
of the 12th last leaf. At this point 5A had less than 20 square inches more
than 10A. Again, in the May chart it will be noted that plants 20B and 12A
remain low throughout and have total areas more than 3,000 square inches below
that of several apparently comparable plants. In general there is an absence
of that spindle formation which would be expected if a differential coefficient
were operating. '

which Produeed its 10th last Leaf in Oectober.

l
Deroser
Fie. 18.—Showing Total Area of Leaf less than the age indieated on each Plant
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The Significance of Rate of Leaf Area Production.
The one fact which can be observed as reasonably consistent in Figures
13-18 is that the area of the last leaf produced tends towards the same point
within each monthly grouping. The variation is, however, still quite large and
an examination of the plant records does not suggest that mere ability to produce
a leaf of more than a certain area is closely correlated with the subsequent
production of 10 to 12 more leaves.

It appears then that, if the initiation of the sexmal phase is in fact
correlated with foliage production or foliage potentiality, the relationship is
not a simple one but has two or more components, Combinations of possibly
contributing factors were therefore examined and Figures 19 and 20 show the
principal data for two plants chosen for similarity in bunching times and treat-
ment but for variation in the area of leaf exposed at about the presumed
critical period. Figures 21 and 22 are included to show certain of the data for
plants which were dissimilar in many respects.* The rate of production of leaf
area used was not a true figure sinece the whole of the leaf was not developed
over the time used and, further, other leaves were being developed concurrently.
In tracing the development of the leaf there are several difficulties. In the first
place, the final area which an immature leaf will attain cannot be determined.
Further, the immature leaf tissues are extremely brittle and fragile and if they
are artificially hardened it is almost impossible to unroll the tightly packed
lamina in one piece for the purpose of measuring the linear dimensions. Weight
comparisons between immature and mature leaves are not valid, as even the most
cursory examination will show.

Examinations were made on a number of occasions when it could bhe
assumed that the next leaf to be extruded would at least equal in area that of
the latest unfurled one. It was found that at these times the leaf in Stage 1 had
reached practically its full width but had still to elongate appreciably. The
next leaf following was found never to have attained more than half its probable
ultimate width and generally much less than half its length of mid-rib. On a
weight basis it was commonly found that the most advanced of the immature
leaves, excepting that partly extruded, was approximately equal to the aggregate
of all those less advanced than it. It is clear that the greatest absolute increase
in mass takes place late in the development of the leaf and thus the rate used
can be accepted as a measure of the daily production of leaf tissue at the time
chosen,

* The legend for Figures 19-22 is as follows:—

R is the rate caleculated by dividing the area of the last leaf unfurled by the number of days
elapsing since the previous leaf reached the same stage;

TA is the total area produced up to the time;
AO ig the area remaining on the plant; and

AP is the area of the last leaf unfurled, all points being referred to the appropriate date
in each case.
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Reverting to Figures 19 and 20, it will be seen that variation in functional
areas between two plants is not compensated by fluctuations in any other
measured factor and therefore its place as a part of any combination is very
doubtful. Total leaf areas, of course, increase practically continuously, and the
area produced at any one time and the rate at which it is produced naturally
reflect each other to some extent. The 12th last leaf in each case is found in
September and at this time both rate and area produced are rising and both
plants give closely similar figures in respect to each of their measurements.
These are, therefore, worthy of further examination. As has been recorded
earlier, neither is of walue considered by;itself. The diagrams show that neither
is at the maximum it has so far attained; and the minimum of each would, of
course, occur very early in the life of the plant. The next step then was to study
the relation between the total areas and the figures of rate and production.

From simple considerations the rate would appear to be the more
promising factor and in the first place this was used. However, although a
satisfactory date was given for the bud initiation of most of the plants, a
few yielded less satisfactory results, whilst in a small number no possible date
was obtainable.

It then became necessary to investigate the area of the particular leaf
instead of the rate at which it was elaborated, and when this was combined with
total area as a multiple a fairly satisfactory series of points was obtained.
However, if a standard were set up for a particular time, though all the plants
which obviously budded about that time fitted the scheme very well, higher or
lower values had to be used for the others according to whether they budded
before or after the time chosen for allotting the standard, and obviously some
factor connected with time was operating.

Further Consideration of Light in Conjunction with Temperature.

" ‘While the total leaf area produced by a plant may be expected to veflect
to a degree the amount of growth, as has been shown earlier there is not a simple
proportion between the two and other factors must be given consideration. So
far as reproduction is concerned the results of many workers have drawn
attention particularly to the effects of light and temperature and it seemed
logical, therefore, to examine the position with respect to these two factors in
relation to the area of leaf produced. Total leaf area as a factor failed to yield
the exact information sought relative to budding date but there was some
indication of a connexion between the two. In view of the fact that it was total
leaf which seemed to be implicated and that photoperiodism did not enter inte
the question, it was a total or an accumulated effect which was looked for rather
than a specific rate.

The first question to be decided was what measures of light and
temperature could be employed. With respect to light both intensity and
duration might be of moment. Intensity is of particular importance in
connexion with ‘photosynthesis but in so far as reproduction is concerned research
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has emphasized the importance of duration. With respect to intensity, too, it
is difficult to visualize how -a measure could be obtained, since position of leaf
on the plant would be such an important factor. The lower leaves are always
partially and varyingly shaded by those above and even average values would
be complicated to assess and of doubtful significance. Even under laboratory
conditions, investigations of effects of changing intensities of light present many
difficulties.

‘With respect to duration the position is very much clearer. The normal
seasonal variations are known to be of outstanding importance and the daily
periods can be easily measured; for this purpose Brisbane data corrected for
Buderim Mountain were used. ’

So far as temperature-is concerned several aspects needed to be considered
also. In the first place, there is no justification for assuming that Fahrenheit
or any other thermometer scale has any direct meaning with respect to the
banana plant. Initially then an attempt was made to calculate a banana scale,
but none more satisfactory than Fahrenheit could be devised. This scale has
at least one advantage in that its graduations are so small that it is markedly
sensitive. The effect of temperatures must then be considered. Whilst the
temperature coefficient (Q,,) for chemical reactions is high, in the case of purely
photo reactions it is low. Q,, for photosynthesis varies with different light
intensities but itj appears probable that normally it lies between 1 and 14.

‘Whilst an attempt was being made to investigate a possible photosynthetic
reaction it could not be assumed, at least at this stage, that ordinary photo-
sythesis was being measured. However, the reaction being investigated is
apparently of the same type as photosynthesis and, therefore, a tentative
approach may be made through the known facts concerning photosynthesis, In
the present work the range of temperature is from 55° F. to 90° F. ie.,
approximately from 12.8° C. to 32° C. If then the number of degrees Fahrenheit
is used as a direct multiple, the effect would be to record values of Q,, declining
steadily from the lower to the higher temperatures and having a mean of almost
1.3 which, though lower than the values obtained by F. F. Blackman and his
co-workers, conforms to those found by Willstitter and Stoll and the deductions
" of Brown and Heise (Miller, 1938). In the field all measurements are neces-
sarily rather coarse and it was felt that in using degrees Fahrenheit in this
way the facts would probably not be obscured, even though only approximations
could be so obtained. For many biological studies mean temperatures are known
to be quite inadequate and it was thus necessary to examine the position with
respect to temperature incidence. Initially, therefore, an inspection of the
temperatures was made by taking the readings hour by hour, It was found that
the mean daily temperature did in fact give a very good indication of the
conditions which had operated over that period. That is to say, the sum of the
temperatures multiplied by the period over which, they oceurred was very close
numerically to the mean temperature multiplied by the total period, a position
which was expected since violent fluctuations were practically absent.
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The Concept of Ts,

An approach to the problem was then made by combining in a multiple
the area of each leaf, caleulated as described above, the number of hours daylight
to which each was exposed, and the mean temperatures operating cver the
functional life of each leaf. For the purpose of this calculation, when a whole
month was involved the mean monthly figures were used. In this way for each
leaf a series of multiples was obtained which gave a figure for each month,

or other special period where desired. The sum of these multiples was for.

eonvenience termed Ts and thus the total Ts for any plant could be calculated
up to any desired date.

Ts x Area of Leaf Produced.

Inspection showed that Ts gave no indication of possible budding date
when considered alone. Following on from what had been ascertained concern-
ing the combination of total area and area of a particular leaf, the factor Ts
was then multiplied by the area of the latest leaf produced following the
attainment of that Ts. When this was done, it was found that. all the plants
in the field trial gave a product of much the same magnitude at such times as
the other evidence suggested budding should have taken place. The figures
were then applied to the growth study plants and in every case the results were
in conformity with what the dissections had revealed. It was found that in
the growth study plants the largest which had not budded (A4) gave a product
of 54,000 x 107, and the smallest which up to that time had been found to
contain a bud gave a figure of 63,000 x 10°. Following this, plant 21A (first
ratoon) was removed from the field trial and dissected five days after it had

[

attained a total of 56,000 x 107. The photomicrograph constituting Plate 13

Table 14.
Ts x ArRgA oF LEAF PRODUCED.

Leat Before Flowering.

Plant No.
14th. 13th. 12th, 11th. 10th. 9th.

1a N .o 38,110 59,960 ..
1B . oe .. 46,050 57,220
24 .. .. 53,040 68,470 BN
2B .. e 45,5620 - 59,800
3A .. .. 48,100 59,910 ..
3B .. .. 38,790 51,120 58,480
4a . 63,690 68,280 .. ..
4B o .. . 50,810 61,760
bA . .. 57,360 66,280 ..
58 .. .. 49,950 61,810 ..
6A . e .. 46,630 61,630 ..
68 . . B . - 41,530 61,160
Ta .. .. . 44,500 62,530 ..
7B . .. 49,830 65,460 ..
84 . .. .. 53,780 54,510 69,600
8B .. .. 47,140 70,250 ..
9A .. .. 47,250 70,570
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Table 14—continued.
Ts x AREA OF LEAF PRODUCED.
Leaf Before Flowering.
Plant No.
14th, 18th. 12th. 11th. 10th. 9th,
98 . 48,220 63,170

104 .. 50,388 64,480 .. ..
108 43,000 51,640 61,890
11a 50,630 69,810
113 51,600 95,900 . .
124 . 30,990 35,330 49,150 63,800
128 50,520 63,980
134 52,910 69,040 ..
138 47,560 59,230 .. ..
14a 36,160 43,320 49,840 57,560
148 48,420 60,170
164 58,010 .. ..
158 . G 46,870 56,040 65,540
164 50,310 62,700 ..
168 56,460 66,180 .. .
174 45,260 50,940 82,900
178 44,780 51,070 81,510 .
184 43,130 51,510 60,230
188 46,460 51,980 69,630 .
194 , , .. 57,120 69,740
198 . 50,890 61,560
204 55,670 64,890 .
208 - . .. 49,400 67,760
21a- .. 46,540 60,270 ..
218 .. 49,350 78,740
224 .. .. 46,280 60,330 .
228 .. 50,030 63,840 .. ..
234 50,900 53,700 47,800 64,880
238 . 48,810 64,570 .
244 42,760 62,740 .. .. ..
248 o 48,100 56,010 76,450
254 48,440 72,230
258 .. .. 48,900 62,840
264 .. .. 46,810 65,330 .
263 . 66,330 62,650 . . .
274 53,830 68,600 ..
278 53,250 76,920 .
284 53,500 53,210 75,750
288 58,350 ..
204 . ., . 53,160 74,290 ..
298 . . 48,200 64,910 .. .. .
304 . .. 34,610 41,650 66,580
308 40,150 59,290 o e
31a . .. 54,000 70,390 .
31B 48,000 49,940 56,990
324 .. 44,460 60,260 ..
328 - . . . 48,720 63,280 .

Each figure is to he multiplied by 107.
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shows that this plant had a very slight elongation at the apex of the corm, the
first evidence of the production of the sexual organs. The figure 56,000 x 107
was then adopted as the standard, and the result of applying it to each of the
field trial plants is shown in Tables 14 and 15. The dates set down can be
approximate only and have been chosen as those denoting the presumed time:
of differentiation of the last leaf of each plant.

Discussion of Results.—It will be noted that the table of dates (Table
15) as a whole bears out the results obtained in the dissection work. The
numbers of leaves produced subsequent to the calculated date are, with four
possible exceptions, in conformity with requirements. It will be seen that 13
plants subsequently matured nine leaves, for 14 plants the total was 10 leaves,
for 22 plants 11 leaves, for 11 plants 12 leaves. Of the remaining four plants

) Table 15.
Bup INrTiaTioN DATE AS CALOULATED FrOM TS AND AREA OF LEAF.
myddng | Vigurng | X of Torvs | Norgf Fomle | pcapmnt.
20a .. .| Apr. 29 Oct. 24 9 6 N
194 .. .. | Apr. 29 Oct. 24 9 6 P
188 .. .| May 19 |- Nov. 7 9 8 K
198 .. .. | May 19 Nov. 7 9 6 P
218 .. .. | May 20 Nov. 9 10 8 NK
24B .. ..| May 20 Oct. 31 9 6 NP
118 .. .| May 20 Nov. 16 1 10 K
108 .. .. | May 24 Oct. 31 9 6 NPK
184 .. .| May 25 Nov. 7 9 8 . K
114 .. ..| May 25 Nov. 13 11 9 K
178 .. .| May 25 Nov. 10 10 7 NPK
238 .. ..| May 25 Nov. 21 11 10 - (0}
4B .. | May 26 Nov. 7 10 8 PK
3B .. .. | May 26 Oct. 31 9 6 NK
258 .. ..| May 31 Nov. 14 10 7 PK
208 .. .. | - June 1 Nov. 21 11 9 NPK
22B .. ..| dJune 2 Dec. & 11 10 PK
208 .. .| June 5 Nov. - 14 8 7 N
144 .. .. June 8 Oct. 24 8 7 NK
1568 .. .. June 9 Nov. 28 10 10 (6]
7a .. .. June 14 Nov. 28 10 9 P
148 .. ..| June 15 Nov. 28 10 8 NK
34 .. ..| June 16 Nov. 29 1 10 NK
22a .. .. | June 20 Nov. 21 9 7 PK
268 .. .. | June 27 Dec. 23 13 10 NK
4a .. o July 5 Dec. 23 13 10 PK
124 .. oo July 5 Nov. 7 8 6 N
2B .. o July 11 Dec. 5 11 10 NP
84 .. ..| Aug. 13 Jan. 11 12, 9 K
234 .. .| Aug. 29 Dec. 16 9 9 O
104 .. ..| Sept. 2 Jan., 9 12 9 NPK
278 .. ..| Sept. 2 Jan. 2 11 8 NP
254 .. ..| Sept. 4 Jan. 9 11 10 PK
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Table 15—continued.

Bup INTTIATION DATE AS CALCULATED FROM TS AND AREA OF LEAF.

Plant o Biddng | Tigwerng | N, o Bevver | Moot Temal | peepmon,
284 .. ..] Sept. 5 Jan. 2 10 9 o
94 .. .. Sept. 9 Jan. 19 12 10 P
88 .. .. Sept. 9 Jan. 15 11 8 K

328 .. .. | Sept. 11 Jan. 17 11 8 K
154 .. .:| Sept. 12 | Jan. 13 11 8 0
174 .. .. | Bept. 16 Jan. 11 10 9 NPK
B .. .. | Sept. 16 Jan. 20 10 8 P
26a .. .. | Sept. 19 ~Jan. 25 12 9 NK
274 .. .. Sept. 23 Jan., 19 11 8 NP
308 .. .. | Sept. 23 Jan. 20 | 11 8 N
294 .. .. Sept. 23 Jan. 28 12 9 NPK
168 .. .. | Sept. 23 Jan. 30 12 7 PK
54 .. .. Sept. 25 Jan. 14 11 7 NPK
244 .. . Sept. 25 Jan. 15 11 9 NP
3la .. .. Sept. 26 Jan. 20 11 8 P
128 .. .. | Sept. 26 Jan. 30 12 7 N
134 .. .. | Sept. 29 Jan. 30 12 8 NP
14 .. .. | Sept. 29 Jan. 16 11 8 (0]
98 .. . Sept. 30 Jan. 20 11 9 P
6B .. .. | Sept. 30 Jan. 9 9 8 - N
164 .. .| Oct. 1 Jan. 30 12 9 PK
30a .. .. Oct. 2 Jan. © 3 9 8 N
24 .. .. Oct. 7 Jan. - 30 12 8 NP
6a .. .| Oct. 7 Jan. 20 10 7 N
138 .. .| Oct. 9 Jan. ‘17 10 8 NP
BB .. ..l Oct. 17 Jan. 30 12 -8 NPK
32a .. .. | Nov. 22 Feb. 27 11 9 K
1B .. .. | Nov. 22 Feb. 20 11 7 (6]
31 .. .. Dec. 10 Mar. & 10 6 P
21a .. .. | Dec. 10 Mar. 5 10 6 NK
288 .. .. | Dec. 13 Mar. 20 11 6 ¢)

13 leaves and eight leaves were produced by each of two. At first sight these
figures appear to fall into a normal distribution curvel but the small number .
of 'positive whole numbers precludes an examination on that basis. It is of par-
ticular interest that of those plants which produced nine leaves subsequent to
budding date all but three flowered before the end of November; and, as has
been pointed out earlier, the dissections showed that the younger plants carried
the lowest number of developing leaves. The flower invariably emerges quickly
after the last leaf is unfurled and consequently the time taken from bud
initiation to flowering is determined by the number of leaves which remain in
an undeveloped condition at budding time. Hence there is no stable rate of
flower development. Thus a number of apparent anomalies occur, as for example
with plants 5A and 26A. ' It will be seen that the former plant reached the
required standard six days later than the latter but a difference in the develop-
mental periods results owing to 26A having to mature 12 leaves as against 11
in the case of 5A. -
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The apparent exceptions—4A, 26B, 12A, and 14A—may now be examined.
The first possible explanation of the behaviour of these individuals is that errors
have occurred, perhaps through the approximate methods used in calculations
of Ts. Tt is, however, considered that this is not so, but that the facts are as
correctly represented in these cases as in all others. '

Though the maximum number of immature leaves found within the
pseudostem was 12 this is scarcely sufficient reason for assuming that that
number cannot be slightly exceeded; and as few as eight have been found in
well-established plants, though in all such instances the plant was too young to
admit. of flower bud initiation being suspected.

The hands of flowers are placed in the axils of bracts, and as bracts are
homologous with leaves it might be expected that the number of hands of flowers
might bear some relation to the number of leaves developed over a like period.
If reference is made again to Table 15 it will be seen that the number of hands
of fruit is never greater than the number of leaves developed after the calculated
budding date, and the average number of these hands increased as the average
number of leaves increased. It will be noted that the four apparénﬂy abnormal

plants fit quite well into this pattern, for 4A and 26B each bore ten hands of -

‘““female’” flowers and 14A and 12A carried seven and six such hands
respectively., ‘ :

The relation between the number of hands of ‘‘female’’ flowers and the
number of leaves developing after budding does not, of course, complete the
account of the activities of the plants in this respect; for in addition to those
flowers which are to give rise to fruit there are a very large number of other
flowers, each group of which is subtended by a bract in the same way as the
fruit-producing ones, and some of these have also reached an advanced stage of

" development by the time the inflorescence appears at the throat of the plant.

As has been recorded, the general trend is for the number of leaves being
developed at any one time to increase with the age of the plant. Initially, of
course, the number must be one or but very few. It would appear then that as
the aerial stem elongates the rate of initiation of buds which' are to give rise to
leaves, or to leaf homologues, increases; so that if the number of these buds at
any one time were plotted against the age of the plant the curve would commence
towards unity, rise fairly rapidly at first, until the number reached eight, then
rise at a very slow rate until some time after flower bud differentiation had
taken place, and then once more rise steeply. That is to-say, the curve would be
sigmoid in type. The flowers are budded in the axils of the bracts and it appears
then that the flowers which ard to give rise to fruit are differentiated before the
final rise in rate. The later flowers are then budded in rapid succession, male-
ness being positively correlated with rate of budding. This interpretation will
be made clearer when the question of flower development is discussed later. '

Botanical Interpretation of Budding Point.

It appears that change from the purely vegetative phase to that in which
floral organs are developed must be caused by a change in the reactions involved
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in growth and does not, follow from the simple accumulation of material of any
kind. It seems logical to look for a change in rate of some reaction. However,
it will be remembered that when a factor for rate was sought through a measure
of the daily production of leaf no positive result was achieved, but that a common
suitable point was found when the area of the appropriate leaf was employed.
If, therefore, rate is a factor it is evident that this rate is not to be computed
on an ordinary time basis but in terms of plant activity. The concept, then, is
that the area of leaf gives a measure of rate within the plant, the period between
the initiation of successive leaves being the only true measure of tume. Thus,
the rate is to be determined not on how much leaf is elaborated per day throughout
the growing period of the leaf but on the activity which the plant can bring to
bear on one leaf before its resources must be transferred to the development of the
next bud. The matter is discussed as though the plant shifts its total applicable
resources from one point to another, but this has been done only for simplifica-
tion and the same arguments would hold for a definite fraction of those resources.
It may be pointed out that a slowing down in the rate of initiation of leaves
should not be visualized. Though leaf bud initiation is not a simple nutritionai
effect the factors which control it have their influence also on growth in general,
~ so that when leaf bud initiation is retarded so also is the activity upon which
the size of the leaf depends. However, factors additional to those concerned
with leaf initiation are of moment in determining meristematic aetivity and leaf
size, and it appears that it is because of these other factors that the rate of leaf
production as caleulated failed to yield a satisfactory criterion of budding in all
cases. Apparently for the majority of plants the two sets of factors concerned
‘were more or less proportional at the time of budding and for these plants satis-
factory results were accordingly obtained, whereas with the other the propor-
tion was not sufficiently well maintained at the critical point.

The size of the leaf is determined, in the first place, by the meristematic
activity associated with its initials, and it seems that the result of this activity
is bound up to some extent with the length of time the meristem is functioning in
respect to a particular leaf as well as on the intensity of the activity. In turn
the length of time is under the control of factors external to the plant, as has
been deduced in the early portion of the work. In the second place, the area
reached depends on the conditions pertaining during the developmental period.
The area of the leaf produced, then, gives a measure of the meristematic
- potential ; and, since the greatest expansion takes place late in the development,
this area also measures the effects of both internal and external conditions at this
time. Since the plant in effect accurately and sensitively interrelates and
integrates conditions, the area produced is a better measure of those conditions
than could be obtained by the artificial measurement of each of the factors, even
were all of these and their interactions known.

‘When considering this measurement of conditions it appears at first
thought that a rather long period may be involved, but there are four points
which may be cited:—1. As will be shown later (page 81), the correlation
between size of leaf and Ts in the previous month suggests that it is conditions
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late in its development which mainly influence the area of that leaf, for even
though a leaf may have been initiated several months earlier there is a close
relationship with conditions just prior to its extrusion. 2. Flower buds are
developed not in place of vegetative buds but in addition to them, the vegetative
(ie., leaf) organs being modified to bracts and not eliminated. 3. The photo-
micrographs eonstituting Plates 14 and 15 show that flower buds of very much
the same size are present in each of several successive axils and in view of this
these buds must have been initiated in quick succession. 4. The development of
the bracts in this early stage is considerably advanced as compared with that
of the flowers and this suggests that flowers can arise in the axils of appreciably
developed leaves. This means that though the conditions eannot be assessed
until the appropriate leaf is extruded they have had their effects on the oldest
affected buds some little time before that extrusion. That expansion in the later-
stages of leaf growth may be due largely to water uptake is probably a significans
point. : '

The position may then be explained as follows:—A new leaf is budded
and the meristematic activity of the plant is concentrated on the laying down
of tissue for that leaf until such time as external factors cause a diversion of
materials and energy to the laying down of the following leaf. As has been
pointed out, the mere ability to produce a leaf of large size is not associated with
the initiation of the sexual phase. The Ts is also of moment, and theoretically
if a plant of Ts 28 producing a leaf of size 2 were able to bud, so also would a
plant of Ts 14 producing a leaf of size 4, whereas one of Ts 10 giving rise to a
leaf of 5 units would fail. The initiation of the flower bud is associated with
reactions which occur in one small section of the plant. ‘Other meristems are
not affected, for the suckers do not commonly bud at the same time as the parent
plant. This suggests the accumulation of some produet probably in the vicinity
of the apical meristem ; and, further, that this product is accumulated at a rate
proportional to the Ts as caleculated. This accumulated product apparently
influences growth reactions to a degree proportional to the conditions as
measured by the area of leaf being produced. For simplicity it may be taken
that temperature is the particular condition, though it is certain that the factors
are complicated. If there is such an accumulation then the material must act
as either an activator or a stabilizer. There is no reason to assume that the
action is chemical any more than that it is physical. All that can be said is
- that the effect is governed by the same conditions as influence leaf growth. For
explanatory purposes the action may be visualized as in the nature of a pressure
with the activator as the energy-controlling medium. The ‘‘pressure’’ is in
proportion to the amount of activator present as measured by the Ts, and as
with a gas can be increased either by increasing the medium or the ‘‘tempera-
ture.”” If then, ‘‘pressure’’ exceeds a particular value the directions of the
reactions are altered so that floral parts are developed. That the ‘‘pressure’’
may be measured in terms of an eleetric potential seems possible. As Thatcher .
(1921) points out, ‘‘many of the phenomena of nature are colloidal in
character’” and ‘‘the regulation of the passage of materials into and out of the
cell is governed by minute change in electrolyte concentration, &c., which produce
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enormous changes in the colloidal character of the protoplasm.’”’ The mechanisms
of the reactions, however, are of sécondary importance in this work, which i3
concerned primarily in assessing the validity of the calculated budding point
and assuring that a reasonable explanation of the events can be given.

Research in recent years has focused attention on the subject of plant
hormones, and whilst much confirmation of results reported and extension of
the work are needed there is no doubt that certain substances in plants can act
in the nature of hormones. Sachs (quoted by Maximov, 1930, p. 352) in 1883
noted that cuttings of begonia and other plants taken from blooming individuals
flowered more quickly than those taken from non-blooming ones. These results
have been confirmed by many other workers. Concurrently with this investiga-
tion on bananas, observations were made on papaw (Carica papayae 1.). It was
noted that invariably the grafted tree fruited at least two months earlier than
seedlings planted at the same time. This represents a reduction of approximately
25 per cent. in the period to fruiting. The scions used were the side shoots of
advanced bearing trees. The size of these shoots was, of course, a very small
fraction of the trees produced from then up to fruiting time and yet apparently
within their compass was sufficient of some substance to cause a reduction of
25 per cent. in time to flowering. Such a happening strongly suggests the
influence of a hormone.

Sachs postulated the presence of a ‘‘flower-forming substance’’ and recent
work on hormones appears to have inclined many towards this view. The
observations on the banana here recorded do not require the presence of a special
“‘flower-forming substance’ for their explanation, but can be interpreted as
readily by assuming that the same substance which promotes growth in the meri-
stematic regions during the purely vegetative phase has a different influence
when its effects exceed a certain figure (time x amount) ; just as the end products
of some chemical reactions are varied according to whether concentrated or
dilute acid is used or as the speed of the reaction may influence the course it
will take, particularly when complex organic compounds are involved. It will
be remembered that flower and bract formation alternate and thus some fluctua-
tion in the effective ‘‘pressure’’ seems possible, suggesting the using up of some
material or energy followed by a transient deficiency, or alternatively the
temporary accumulation of an inhibiting substance having a buffering effect.

Carbohydra.te: Nitrogen Ratio.

The ratio of carbohydrate to nitrogen has been given a great deal of
attention in connexion with its influence on the initiation of sex organs in plants
and it is, therefore, of interest and importance to examine the results which
have been obtained in this study from the point of view of the C:N ratio.

‘Whilst the uptake of solutes from the soil and the utilization of these by
the plant are not to be taken as proportional to the amount of water entering
the plant from the soil at any time, there can be no doubt that the amount of
nitrogen which enters through the roots is governed to some extent by the water
supply; and the general metabolism within the plant is likewise dependent to
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a degree on temperature, Further, though the rate at which a plant can utilize
nitrogen in the synthesis of proteins and other complex compounds may be deter-
mined by the early uptake of mineral nutrients, this does not necessarily mean
that all the uses to which the plant can put nitrogen are similarly fixed. The
amount of nitrogen which can be detected in plants fluctuates almost continu-
ously. The availability of this element to the plant depends in two ways on
soll moisture. In the first place, of course, the amount of water transpired by
the plant is affected; and in the second soil moisture in conjunction with
temperature has a profound influence on the biological and chemical processes
involved in the production of nitrate and other nitrogenous compounds which
can be utilized by the plant. It has been shown that there is a close connexion
 between temperature and soil moisture, as external factors, and leaf initiation;
and in view of the well established effect of mnitrogen supply on the leafiness of
other plants the explanation of leaf initiation may lie in the uptake of nitrogen.
‘When the change from leaf bud to flower bud initiation takes place the meri-
- stematic activity has been centred in one position over a comparatively long
period, i.e., the initiations of two successive buds have been sufficiently spaced
in time to allow the change to be effected. Thus so far as leaf initiation is con-
cerned there has been either a slowing down or more probably a failure
to accelerate to the potential rate of initiation having regard to the capabilities
of the plant. That is to say, it is possible that the nitrogen supply may have
been insufficient to allow of another leaf bud being laid down with the rapidity
necessary for the mainteffiance of normal vegetative growth. Thus a comparative
lowering of the nitrogen status of the plant may be visunalized at the time of
flower bud initiation.

Further, at the time of flower bud initiation the Ts and, as will be shown
below, perhaps the carbohydrate status of the plant are high. Thus a widening
of the carbohydrate: nitrogen ratio is a possibility and the budding of the banana
may thus be capable of interpretation in harmony with the chemical results
obtained by Kraus and Kraybill (1918).

Although these observations on the banana are perhaps capable of inter-
pretation in terms of the widening of the C:N ratio no such conclusion is
warranted solely on the facts elucidated in the course of this investigation; and
all that can be claimed is that the photosynthetic potential is high when effects
of factors such as temperature and soil moisture, on which the supply of nitrogen
also depends, are comparatively low. The results obtained by D. T. MacDougal,
ags recorded by Miller (1938, p. 1020), on the influence of colloidal hydration
on growth suggest that it may even be the water itself which is the limiting
factor and the nitrogenous or other material it carries merely incidental. A
chemical analysis of the plant at this time would, therefore, not necessarily further
our knowledge, for even though a low nitrogen content were found it would
prove nothing.

Evidence on Bud Initiation in Fruit Characters.

The general characteristics of bunches ‘‘thrown’’ at different times of the
year are well maintained, so within limits an experienced man can tell from
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general appearances approximately at what time of the year a particular bunch
first appeared. © Thus a typical September bunch carries compactly placed hands
- of even, strongly curved fruit; whilst a January bunch bears long, widely-spaced
fruit and presents a very open appearance.

The most characteristic of all bunches is the so-called November ‘‘dump’’.
In this bunch the main feature is the numerous small, squat fruit. This type
of bunch is almost invariably the only type produced during the first part of
November and is not repeated at any other time of the year. This is commonly
a month of low rainfall but that would not. explain the yearly occurrence of
this type of bunch; for the month is not invariably a drought one and, further,
bunches thrown at other dry times do not exhibit the characteristic dump fruit,
The factor which causes the shortening of the fruit is obviously of more regular
occurrence than rainfall. An examination of the field trial plants showed that
all bunches which were calculated to have been initiated before June 16 carried
dump fruit. It will be seen that these buds experienced lower temperatures
during their development than obtained at the time of their differentiation.
Other plants budded at lower temperatures but did not carry dump fruit. From
this it appears that when buds are initiated under one set of conditions they
are checked if subjected to less congenial ones, whereas those which commence
under the most adverse conditions are not so affected. Early April buds, which
would give rise to October bunches, apparently are too far advanced in their
development to suffer the same check though they mugt pass through the same
rigorous conditions. '

From all the evidence it is considered that the bud initiation date can
be calculated by the use of the product of Ts and the area of leaf produced at
a specific time and for the field trial plants is approximately as shown in Table
15 (pages 69-70). It will be seen that the validity of the date is by no means
undermined by results obtained by its use. The drop in the efficiency in growth
index, referred to earlier, also points strongly to the validity of the deductions,

-THE INTERPRETATION OF Ts,

As has heen shown, the factor Ts can be employed in the computation -
of the time of initiation of the flowering stage in the banana. Tt is, therefore,
advisable to examine this factor and ascertain whether it has significance in .
some more fully understood phase of plant activity.

Relation to Photosynthesis,

The contributing factors which have been used in caleculating Ts are of
outstanding influence in photosynthesis also. However, photosynthesis is a
multi-conditioned process and it is scarcely practicable in a field experiment to
assess accurately and take into account more than two or three of the principal
factors- involved. The factors may be divided into environmental and internal,
- though in'some cases even this broad division is not entirely satisfactory. A
great deal of research has been done on the subject but the meaning of many
of the results is far from clear; and obscurity is a feature of much of the work,
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since so much conflicting evidence is forthcoming. Stiles (1925) lists 14 factors
which influence photosynthesis and some of these are in themselves somewhat
complex and many are closely interdependent, Of the external factors involved
in the process carbon dioxide concentration, light, temperature, and water
supply, may be taken as of outstanding importance; whilst the chlorophyll
content of the leaves is a major factor within the plant. These factors can be
discussed in relation to Ts,

The Light Factor.—With respect to light, both intensity and duration
are of moment and, as has been pointed out, the measurement of intensity with
respect to all the leaves offers great if not insuperable difficulty. Although thers
can be no simple relationship between intensity and duration it appears prob-
able that if the duration is taken into account some measure is being made of
average intensity also. So far as duration is concerned two points at once appear.
In the first place, under natural conditions temperature and hours of daylight
are closely and positively correlated, long days being invariably associated with
high temperatures and vice verse. Thus in the absence of control of one of these
factors it is difficult to separate out the individual influences, except perhaps
over a long period of years, by the use of such a method as partial correlation.
In the second place, some plants are able to elaborate in but a fraction of the
day all the carbohydrate that can be dealt with by them. It has been observed
on many occasions that banana plants, in situations in which the length of day
is in effect shortened, grow more slowly than others exposed to the sun for the
maximum possible time. Such an effect quite commonly happens where high
ridges or belts of tall trees cause shading of portion of the area in the mormings
or afternoons. In these circumstances it was concluded that in all probability
the banana was able to photosynthesize over the whole period of daylight; for
though in many cases one result of shading is a lowering of temperature, in many
others this is not the case, as, for example, where there is notable reduction in
air movement giving rise to particularly hot conditions in the valleys between
ridges.

The Temperature Factor—Temperature has been discussed to some
extent in connexion with Ts and what has been stated there refers also to its
place in respect to photosynthesis. However, teniperature influences assimilation
in several ways; and can, in fact, be regarded as a ‘‘master factor,”’ affecting
as it does photosynthesis, respiration, transpiration, stomatal movement (thereby
influencing CO, supply), and supply of nutrients, particularly nitrogen. The
effect of temperature is, of course, not the same on each of these factors con-
cerned in growth, though broadly speaking within the normal range its finul
effects are at least in the one general direction; i.e. increase in temperature is
positively correlated with increased growth. It should be pointed out that iu
dealing with all of these phases it is not the temperature at any one time which
is to be considered. Thus it is daylight temperatures which influence photo-
synthesis whilst night temperatures are of particular concern with respect to
that respiration which proceeds during hours of darkness. Further, the
temperature which affects nitrogen supply is at least partly a soil one, However,
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under natural conditions in the area in which the work was carried out violent
fluctuations are rare. An examination of Figure 23 shows the correlation
between mean day temperatures and mean night temperatures. It will be seen
that there is a close relationship between the two and this will be appreciated
particularly when it is known that the points are selected from every month of
the year and thus represent disjoined periods. If a continuous period is used
the relationship must improve. From this it seems that whether mean daylight
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temperature, mean night temperature, or mean daily temperature is used, a
measure of each of the others would actually be employed.

CO, Concentration—No measure of CO, concentration was carried out
and all that can be said of this compound is that, considering the site of the
expemment the fluctuation of the amount in the air would certainly be small
and the concentration was taken as constant. In this latitude seasonal differences
would be expected to be very small.

‘%upply of Water—An attempt was made to incorporate soil moisture
data but several difficulties soon presented themselves. The soil is lateritic and
in com@on with others of this class its moisture relationships are very obscure.
For example, wilting point determinations were made and the results varied
between 14 per cent. and 24 per cent. according to the technique employed.
Maximum field capacity was consistent but this point is of less interest in this
work., TUntil a wilting point can be established it is scarcely possible to learn
a great deal about the usage of water by the banana or safe to employ soil
moisture measurements in the calculations. At no time did the plants show
any distress, and whilst there was no doubt great variation in soil moisture
during the progress of the growth of the plants it appeared that the soil moisture
remained above wilting point throughout.

General Considerations.—Gregory (1926), following experiments with
barley plants under controlled moisture conditions, stated:— ‘It may be said
that net assimilation rate is almost completely controlled by the factors of
temperature and radiation . . ..”” and again, ‘‘control of net assimilation by
temperature and light is almost equally close, and in general neither one nor
the other can alone be limiting the process over any considerable period of
time.”’ Most of the curves which appear in the literature showing the relation-
ship between CO, concentration and photosynthesis, temperature and photo-
synthesis, and light and photosynthesis, are either straight lines or exhibit but
slight curvature over the normal range. As has been stated, in this work the
temperature range was between 12° C. and 32° C. In her work Miss Matthaei
found an almost linear relationship between temperature and photosynthesis
up to about 25° C., and most investigators agree that for temperate climate
plants the almost linear relationship holds at least until the temperature is in
the vieinity of 30° C. There remains to be considered, however, the ‘‘limiting
factor’’ hypothesis as conceived by Blackman (1905). Spoehr and Smith (in
Duggar, 1936) state:—‘In recent years the effect of light intensity on the photo-
synthetic process has been extensively investigated. The experiments show that
the ‘limiting factor’ or Blackman hypothesis can never be fully realized and
can be approached in only a few cases.” Optimum and limiting values can
scarcely be fixed points, depending as they do on a multiplicity of interdependent
variables, and thus they lose something of their significance in practice. Whilst
Blackman’s thesis must be given every consideration, it appears possible that
in normal conditions the limit points will not be encountered. The points are
known to differ with different species of plants and in general it is to be expected
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that each of these points would be highest in tropical species. In the case of
this investigation, one species of plant growing well within its climatie range
is being dealt with and the temperatures are known to be far removed from
the maximum that the plant can withstand. With respect to the minimum, much
of the evidence obtained suggests that, whilst growth is very slow below 40° F.,
the lower limit of growth is appreciably below that point. The low tempdr‘atures
encountered were generally above 50° F., and actual minima in the vieinity of
40° occurred very seldom and always as night temperatures.

In calculating Ts a linear relationship was assumed for each of the factors
as it was felt that, if the curvature were marked and capable of being truly
estimated, or if a distinet break in the curve lay appreciably within the range
being investigated, the data would fail to give leads which would otherwise be
expected.

As has been shown Ts is arrived at by combining a number of the more
important factors concerned in growth, particularly so far as this is fundament-
ally dependent on photosynthesis; and Ts may, therefore, possibly give an
approximate measure of the ability of the plant to elaborate carbohydrate under
the varying conditions which it has experienced. In the absence of stresses,
such as may be caused through a deficiency of some nutrient material for
example, it may be assumed that the metabolism generally is consistently
proportional to that ability; otherwise physiological disorders would arise. It
must, of course, be emphasized that long term changes only are being considered
and the measurements are too coarse and the omissions too many to permit of
precise data being obtained or minor fluctuations being measured; and it is
factors which have been assessed rather than effects. It remains to be determined
how far this assessment of potential can be interpreted in terms of results.

In giving consideration to the component parts of a growing plant a
rigorous demarcation between cause and effect in the process of growth is largely
a matter of the time at which the examination is being made. Thus, by virtue of
its capacity to grow, the plant may produce a leaf and immediately the develop-
ment of this leaf is completed the organ becomes a factor in the further growth of
the plant. The position is obwious in the case of the leaf but it is equally true
of all other vegetative parts, though the manner of working may be less direct
or .more obscure in some cases. It is true that some of the final products of
growth, even whilst the plant is wholly vegetative, may contribute nothing to
the increase of the plant, as, for example, secretions such as waxes, resing and
gums ; but normally, in the absence of injuries or other factors which may distuth
metabolism, such products as these are produced in proportion to the amount
of growth. If then, a measure of the total growth up to a particular time can
be obtained quantitative information is at once available as to the plant’s future
capabilities. What is true of the whole must also be true of the, parts, so that
if a measure of the total photosynthate is obtained the ability of the plant to
react to environmental influences should be proportional to that figure. If the
immediate photosynthate is taken as carbohydrate it does not directly follow
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that the amount of carbohydrate present in the plant at any one time is propor-
tional to the total photosynthate up to that time, since further elaboration has
taken place. At the same time as the elaboration proceeds new leaf is produced
and the capacity of the plant to photosynthesize also advances, so that whilst
the proportion may change with time the mean amount of carbohydrate or other
intermediate product of growth will tend to increase as the accumulated products
of growth inecrease.

Correlation of Ts and Growth.

From the above it appears possible that, though all the factors influencing
assimilation and more particularly the interactions between factors have not
been given consideration, Ts may still give an approximate measure of the
assimilation under the conditions in which the plants were grown. Commonly the
best method of approach to a problem concerning amount of growth is by use
of the weight of plant material produced; but in this work, since dry weights
are required, this method could be used with a few plants only. It has been
established that leaf growth also is quite often a very good measure of growth
and this avenue was therefore explored. Before attempting to establish any
correlation between Ts and leaf area it is mecessary to point out certain facts .
so that the validity of the calculations will be clear. In the first place, the Ts
in each case is being correlated only with areas which do not form part of factors
used in the calculation of that Ts but which were the total areas produced in
the month subsequent to its attainment, Secondly, the total area of leaf pro-
duced by the different plants differs, so the area which is still to be produced
1s not a specific total area less that already produced. Thirdly, the correlations
are made over stipulated sectional periods and not over a particular fraction
of the life of the plant. In a previous section it was shown that there existed
some relationship between the area of leaf actually on a plant and the amount
of leaf produced at about that time. In this present section, however, the
relationship concerned is that with a summation of all the areas which had
appeared at any time prior to the specific month named. Correlations then were
looked for between the Ts up to the end of the month and the area of leaf
produced during the following month, The Ts of each plant was calculated as
at the last day of each month. In computing the area for the following month,
as it was only rarely that the plant extruded a leaf on the last day of thet
month it was generally necessary to estimate the amount of leaf produced. This
was done by giving consideration to the area of leaves produced just prior to
and immediately after the relevant day and the period elapsing between the
extrusion of these leaves.  For example, if the position on September 30 were
being ‘examined and the plant had produced a leaf on September 26 and one
measuring 600 square inches on October 4, this would be construed as meaning
that by September 30 an additional 375 square inches (i.e., § of 600) had been
produced over the total at September 26. 'When fractions occurred in the calcu-
lations they were allotted according to whether the areas of leaves at the time
were increasing or decreasing. The results are shown in Tables 16 and 17.
Tt will be noted that the plants were grouped according to whether or not they
were calculated to have commenced flower bud development, and in this connexion -
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Table 16.

CORRELATION BETWEEN TS UP TO THE END OF EACH MONTH SHOWN AND AREA OF LEAF PRODUCED
DURING FoLLowiNng MoNTH (BEFORE FLOWER BUD INITIATION).

Month, D.F. 7 ] z b
1. March .. .. . 14 -8800 946 320 2-376 - -343
2. May 8 -9450 766 464 1-373 |- -168
3. June 6 -8847 723 651 857 4 -184
4. July 7 -9646 484 689 713 4 -074
5. August . .. 7 +9324 527 577 592 4 -087
6. September and October 5 +9606 874 753 435 - -018

those plants were omitted which were believed to have budded within one month
of the appropriate date. Similarly plants which flowered in a particular month
were not included in the calculations for that month. The tables show the
correlation coefficients, the means, and the regression coefficients. All correla-
tions in Table 16 were found to be highly significant. The correlations are less
marked in the case of plants which have budded and particulars of these are
given in Table 17. The regression equation is of the form Y—y =b (x — ),
The influence of climate is indicated in the means ().

Table 17.

CORRELATION BETWEEN TS UP TO THE END OF BACH MONTH SHOWN AND AREA OF LEAF PRODUCED
DURING FOLLOWING MONTH (AFTER FLOWER BUD INITIATION).

Month. D.F. r v I b
1. May . e e 4 +9153 1,161 845 931 4- 205
2. June .. .. . 15 —+1046 1,005 937 |— 039 -095
3. July .. . e 14 -0912 783 1,172 |— 0404 -117
4. August e o 14 —0628 942 1,412 |— 0274 1-114
5. September .. . 4 8529 1,054 1,359 462 4 -158
6. October and Novembe 6 :9108 1,161 1,124 665 - -121

As has been indicated the correlations after bud initiation are less marked,
being now non-gignificant for June, July and August, significant for May and
September, and highly significant for October-November, these last two months
being grouped in order to obtain sufficient numbers of plants. The explanation
of this lack of correlation in certain months after budding is probably to be
found in the differences caused by variation in the degree of development. Once
the plant has budded it is devoting portion of its energy and material to the
production of parts which do not contribute to the further building up or
maintenance of the plant., Though all the plants were calculated to have budded
the initiation has taken place at various times, and thus the plants are not
strictly comparable as they were when all were purely vegetative. The variation
tends to decrease in the later months, for those which were more advanced have
been removed from the calculations, and in these late months significance can
again be attached to the correlation. This contention is supported by the results
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for May, for the small number of plants used in that calculation are known to
have budded at about the same time and would be in approximately the same

. stages of development throughout.

It may be pointed out that the correlations hold only within months and
no relationship exists between months in respect to these figures. At the same
time if the means (¥) be plotted against temperature it is found that a good
linear relationship exists within each set of figures.

Further evidence was sought from the small number of plants in the
growth correlation study but, as has been pointed out, many of these were
necessarily destroyed in their early stages; as the number originally was only 36
figures from this section of the work alone cannot be very convineing.

If reference is made to Table 4 (page 13) it will be seen that plants E1
and A4 were greatly afi variance in the figures given, for though the weights of
corm are very similar the area of leaf produced by the former was only 10,400
square inches whereas A4 had produced 15,900 square inches, giving ratios of
corm weight to area of 1:116 and 1:166 respectively. When the persistence of
leaves is considered, however, in the case of E1 the total day-square ‘inches
was 834,000 whilst for A4 the total was 862,000. The growth of these plants
took place at about the same period of the year so that the introduction of the
mean temperature x daylight factor makes little difference. For instance, with
D3 and B4, which grew concurrently, the areas are 15,500 and 16,600 squars
inches respectively and the day-square inches were 1,702,000 and 1,750,000
respectively. Plants Al and B4 show weight to area ratios of 1:110 and 1:161
but the day-square inches were 1,342,000 and 1,750,000 respectively, which gives
ratios of weight of corm to this factor as 1:82 and 1:85. When the further
refinement of temperature x daylight hours is applied the ratios come still closer
together, being then 1:9-0 and 1:9.1. An examination of all the growth study

. plants revealed that when all the factors included in Ts were applied the ratios

of corm weight to the multiple lay between 1:8-75 and 1:9-20 in every case.

It would appear, then, that under the conditions of this investigation Ts
as calculated is an approximate measure of assimilation. If, as had been
visualized, a growth substance is involved in bud initiation it appears reasonable
to conclude that this is formed in proportion to the total photosynthate and that
it is in fact a normal plant product.

It does not follow from this work that net assimilation of a plant could
commonly be measured in the manner used for Ts, and in other circumstances
the investigation should perhaps be directed towards a computation of net
assimilation in a more exact and direct way.
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SECTION 4.

DEVELOPMENT OF THE PLANT.

‘With the information which has now been obtained it is possible to make
a survey of the main points in the life history of the plant, Whilst development
and growth cannot be divorced, the terms are nevertheless by no means
synonymous; and, if the broad principles of nutrition are to be understood, the
difference between the two must be kept in mind. The development of the
banana can be divided conveniently into three main stages based on the dominant
activity over well defined periods. The cominencement of one stage, however,
does not mean the cessation of the previously dominant activity but merely its
relegation-to a place of less vital importance.

Stage 1.

The first stage occupies the time between the establishment of the plant
as an independent entity and the initiation of the development of the floral
parts. Before this establishment the plant, which arises asexually, is dependent
i0 a gradually decreasing degree on the food which the ‘‘parent’’ plant provides.
Initially it is thus parasitic in the widest sense of that term and its growth
depends on its ability to make use of the material provided by the parent,
It is, however, as an independent plant that it is being considered here and as
soon as that condition is reached the first stage is commenced. During this
period vegetative increase is the only manifestation of its activities.

Stage 1 may be divided into two sub-stages though the end point of the
first is perhaps not very sharply defined. The initial sub-stage may be termed
the formative one. It is of short duration, probably less than three months in
the case of the experimental plants, and is a period of large relative increase.
‘When the plant is separated from its parent corm it immediately commences to
adapt itself to its environment, the first roots being pushed out into the soil to
absorb nutrient material. It appears that it is during this stage that the apieal
meristem is developed, and the growth of the plant from then on is virtually
detérmined by the amount of meristematic tissue laid down during this period.
From the nutritional point of view it has been noted that the useful uptake of
certain elements, notably potassium, is determined during the initial sub-stage.
This would probably be more correctly stated by saying that to the amount of
potassium and probably other mineral nutrients taken up in this sub-stage is
fundamentally attributable the amount of growth subsequently made by the
plant in any given period of time. Thus the development of the meristem is
closely associated with the uptake of nutrients at this time. The evidence
suggests that the end point of this sub-stage is associated with the production
of a certain leaf area rather than with a period of time. :

The plant then enters the second sub-stage during which vegetative
increase proceeds at a rate governed by internal factors, the basis of which has
been laid down in the first sub-stage, and external influences, particularly climate
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and factors partially controlled by climate. The rate of increase, measured as
a percentage of previous growth, is remarkably constant for different individuals

under any one set of climatic conditions.

The absolute increase in various

individuals may, of course, vary greatly. The relationship of the absolute
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increase to the previous history of the plant has already been fully discussed.
During this sub-stage the plant completes approximately half of its total leaf
area but this does not mean that half of its total growth, as measured by Ts,
ig'likewise completed ; for the latter depends partly on time and factors associated
with time. Almost half the size may be reached or less than one-quarter may be
attained. Figure 24 portrays the manner in which the Ts of two plants increase
throughout their growing periods. .This stage is wholly vegetative and its
termination is marked by the initiation of the sex organs. In Table 18 are given
the relations between the areas of leaf unfurled during Stage 1 and during the
remainder of the growing period.

Table 18,

 Rarto or Area UNFURLED DURING STAGE 1 To AREA UNFURLED LATER.

Plant No. Ratio. Plant No. Ratio. Plant No. Ratio. Plant No. Ratio.
la 1:1-2 9 1:11 17a 1:09 254 1:1-0
1B 1:1:2 9B 1:1:1 178 1:08 258 1:07
24 1:1:8 104 1:11 184 1:07 264 1:1-4
2B 1:09 108 1:07 188 1:07 268 1:1:2
3a 1:09 | 11a 1:10 194 1:07 274 1:09
3B 1:07 11 1:1:0 198 1:07 278 1:09
4a 1:1:2 12a 1:05 204 1:08 28A 1:09
4B 1:08 128 1:12 20B 1:07 288 1:1-3
54 1:11 134 1:1-4 21A 1:1:2 29a 1:1-3
5B 1:1:4 138 1:11 218 1:08 298 1:08
64 1:09 14a 1:05 224 1:07 304 1:08
6B 1:08 14 1:08 228 1:1-0 308 1:1:1
7A 1:08 154 1:11 234 1:08 31a 1:11
B 1:1-3 158 1:08 238 1:09 31e 1:09
8a 1:1-1 164 1:1:3 24A 1:1-2 324 S 1:12
8B 1:1:2 168 1:1:3 248 1:07 328 1:1-0

Stage 2.

During the period occupied by the second stage the floral organs are
developed. No foliage leaves are initiated but the development of those which
have been differentiated before the close of Stage 1 is carried to completion.
The aerial stem is commenced and reaches the top of the pseudostem. The
continued increase in the weight of the rhizome and in the dimensions of other
parts shows that vegetative increase continues at much the same rate, relative
to climatic conditions, as has been the case during the previous stage.

Stage 3.

The third and last stage is ushered in with the unfurling of the last leaf
and the thrusting forth of the inflorescence from: the throat of the pseudostem.
No further foliage leaves are developed and photosynthetic activity passes its
maximum and gradually diminishes so far as it is controlled by the plant. On
the other hand the development of the ovary and other floral parts is accelerated.
The leaves die in succession, roughly in the order in which they were produced
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with the possible exception of the spade leaf, which quite often dies early. By
the time the fruit is mature the number of leaves may be reduced to one or two
on even well nourished and protected plants. After maturation of the fruit
the plant soon perishes as has been described earlier.

DEVELOPMENT OF THE FLOWER,

_ ‘When the inflorescence emerges from the throat of the plant it is found
that the basal hands have already developed ovaries of considerable size (Plates
21 and 22) and the degree of development of these organs decreases progres-
sively from the base towards the apex. The bracts which have protected the
flowers during development lift in acropetal succession., The proximal ones lift
very rapidly and the rate of lifting diminishes as the stalk elongates. No
fertilization takes place, so the development of the ovary receives no stimulus
from any outside source but depends wholly on the plant which carries it.

It has been noted that the number of hands which give rise to marketable
fruit is never in excess of the number of leaves still to be developed after the

time of flower bud initiation. The connexion between the two has already been -

dealt with in part. The explanation of the disparity of numbers of hands of
‘‘female’’ flowers probably lies in the acceleration of bract development. The
order of appearance of flowers is never varied, the quality of femaleness being
always most in evidence in the basal hands and maleness in the higher placed
ones. Further, the largest ovaries—that is, the largest fruit—are towards the
base of the bunch though there may be some slight variation of order in this
respect. However, as all the flowers are initially potential hermaphrodites, it
- may appear that to some extent femaleness and food supply are positively
correlated. Sex is referable to the development of warious organs. and is not
to be construed as meaning simply the size of the ovary. As has been shown,
the total number of leaves and their homologues in the immature stage at time
of flower initiation may be as high as 16 or 17, but if the inflorescence is examined
within -a few days of extrusion from the throat it is found that hundreds of
bracts are present in various stages of development and the apex still presents
very much the same appearance as it did when the first flower bud was differen-
tiated. The aceeleration in the budding of the leaf homologues is thus apparent.
It seems that the femaleness may be connected with the length of téme the plant
““concentrates’’ on the development of the flower bud, in much the same way
as the initiation of the flower is brought about in the first place as postulated
earlier. This would explain the rather sudden transition from ¢‘female’’ to
“hermaphrodite’’ flowers (Plate 23) whereas such a sudden diminution in the
supply of food ean scarcely be visualized. . The leaves are carried up on the
flower stalk and yet the last leaves, excepting the spade leaf, are quite frequently
the largest the plant produces. Translocation difficulties, therefore, cannot be
taken as the determining factor. The lessening effect on the activity of the
meristem by the shortening of the time it is operating in respect to any particular
set of flowers would further be accentuated by the gradual diminution of these
~ meristematic tissues which are used up in the process.
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Plate 20.

Plate 22,

Plate 21.

Platie 23,
[For explanation of Plates 20-23, see page 51.
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Any disparity in the number of hands of fruit produced, as compared
with the potential number caleulated from the number of immature leaves,
cannot be accepted at face value; for, as has been pointed out, femaleness is not
indicated only by the size of the fruit and it is quite evident that in many
bunches the ¢‘females’’ do not always fulfil their mission of producing marketable
fruit. In many bunches several flowers on even the lowest hands may fail to
develop ovaries of appreciable gize, whilst the higher hands may be found to
carry but a small proportion of fruit-producing flowers. In the same way whole
hands of ‘‘female’’ flowers towards the distal end of the bunch may fail to
produce ovaries greater than one-tenth the size required for marketable fruit.
The failure is particularly noticeable in, bunches which are extruded just
following drought periods and with these it would seem that translocation may
have been a factor.

DEVELOPMENT OF THE FRUIT.

The development of the fruit commences within the pseudostem and is
thus concurrent with that of the later flowers. By the time the inflorescence
emerges from the throat the proximal flowers may have the ovaries developed
almost to the full length that they are to attain, though the filling of the ovary
is not proportionately far advanced (Plate 22). As the development of the
fruit is parthenocarpic and takes place to such an extent before the inflorescence
appears it is difficult to define a point at which flower development ceases and
that of the fruit commences. To a certain extent, then, the discussion on the
development of the flower applies directly to the fruit, the degree of femaleness
being within limits virtually synonymous with the property of fruitfulness.

Number of Fruit.

Generally speaking, though the number of fruit in each hand is by no
means constant, even when the position of the hand in the bunch is taken into
account, the greater the number of hands the greater will be the number of
fruit in each of the hands. Though there are exceptions, which will be mentioned
later, the number of fruit in each hand and the size to which the individual
fruits develop decrease progressively towards the distal end of the bunch. One
limiting factor in the yield has been discussed, therefore, in considering the
hands of “‘female’’ flowers in the immediately preceding section.

If the characteristics of bunches appearing at warious times are examined
it is found that so far as number of fruit in the hands is concerned there is much
evidence which suggests that the number is determined very early in the history
of each hand. At certain times of the year, for example, bunches are found
in which the first hand contains many fewer fruit than the subsequent ones.

This is quite distinet from the failure of some ‘‘female’ flowers to develop

fruit, which has been mentioned earlier. In the eases now under consideration
the fruit is well developed and there are no scars indicating that fruit has been
differentiated but has aborted or fallen. The fruit which matures is obviously
all that was ever present. In 1940 the feature of smaller numbers in basal
hands was noted particularly in bunches which matured in the first week of
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August or a little earlier and again in bunches which appeared in December.
The former bunches would have been budded early in January whilst the latter
would have commenced differentiation during July or August. The first three
weeks of January of that year were particularly hot and dry. This period was
finally broken by heavy rain amounting to almost 12 inches during the following
three weeks. Similarly no effective rain fell between July 5 and August 19 of
that year and after that time effective falls were again recorded, The climatic
factors during the developmental periods of these two sets of bunches have very
little else in common, the one commencing in the summer and progressing through
the winter, whilst the other commenced towards the end of the cold season and
was marked by gradually rising temperatures and longer days for a considerable
period. It is concluded, therefore, that the number of ‘‘female’ flowers is
determined during the early stages of the development of each hand and that
sudden changes are apt to occur.

Table 19.
RELATIONSHIPS OF NUMBER oF FRUIT, Ts AND INDEX.
Ts. L Toutey Ts. L oty Ts. L outty
1,933 1,542 85 2,360 2,826 139 2,117 2,964 153
1,951 1,307 . 69 1,518 1,366 93 1,928 2,506 136
1,642 1,806 117 1,605 1,283 57 2,450 3,601 123
1,846 2,089 115 1,764 |- 1,940 122 2,226 3,339 120
1,962 1,706 79 1,942 1,942 136 1,994 | 2,592 121
1,793 1,741 75 1,724 1,896 133 2,358 3,372 138
1,982 2,379 141 1,989 2,686 153 2,052 2,524 144
1,792 1,774 79 1,553 1,553 99 2,059 3,232 139
1,781 1,786 144 2,179 2,755 147 2,108 3,141 153
1,984 2,376 138 2,168 3,171 157 2,077 3,064 131
1,894 2,033 109 1,477 1,326 84 2,244 3,388 163
1,816 2,052 137 2,325 2,906 158 2,023 2,832 119
1,970 2,364 128 2,476 2,971 143 1,840 2,447 110
1,784 1,605 91 1,847 2,457 128 2,134 3,137 151
1,920 2,112 103 2,160 2,938 136 1,919 2,552 131
1,988 2,386 122 1,863 2,347 115 1,961 2,608 131
2,098 2,727 143 1,933 2,707 127 1,989 2,686 138
1,845 2,326 110 2,090 3,135 - 164 1,815 2,196 120
1,932 2,705 146 1,983 2,385 125 1,721 2,012 107
1,722 | . 2,325 131 1,651 2,262 124 1,892 2,460 135
1,564 1,877 103 1,706 2,096 91 1,479 2,041 95

The probable relationship between degree of femaleness developed in the
flower and the period of activity of the meristem has already been traced. It
appears now that on the degree of activity of that tissue depends the number of
initials laid down in the first place. The degree of activity will depend on
general growing conditions and thus, whilst the number of hands is dependent
largely on external conditions modified by the age of the plant, the number of
fruits in any one hand is bound up with internal and external factors. Hence
external factors are of consequence in several ways in the determination of
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number of fruit and it is at onee apparent that the number of fruit may be so
subject to climatic conditions that care must be exercised in using yield data
as a basis for comparison between differential fertilizer treatments.

An examination of the average number of fruit in bunches thrown at
different times of the year, as shown in Table 22 (page 97), indicates the possible
extent to which climatic factors may enter into the determination of yield. When
such examination is being made of the table it must be borne in mind that the
most rapidly growing plants naturally bunched earliest. It is apparent, then,
that the extra vigour which caused these plants to complete their development
in the shorter period not only did not enable them to produce more fruit but
the numbers were actually smaller in every grouping than in the case of plants
which required as much as three months, or over 25 per cent., longer to reach
the flowering stage.

The question may be examined from the point of view of food supply.
The rate at which food can be made available for fruit development would
depend, in the first place, on adequate amounts having been manufactured by
the plant. There is sufficient evidence to allow Ts of these plants to be taken
as a measure of the amount of material on which the plant may draw. Table 19
shows the number of fruit compared with Ts of the plant which bore them at
the time at which the bunch appeared. An examination by statistical methods
shows that there is a good correlation between the two. The relationship was
examined by means of the following expressions, in which y is the number of
fruit :— ,
Regression equation, y — 123-1 = 0651 (Ts — 1933)

r = 5993 (61 D.F.).

The correlation is found to be significant. Nevertheless both theoretical
deduction and field observation strongly suggest that climatic factors are of
decided importance. Climatic factors, of course, enter into the calculation of
Ts but the immediate expression of these is to be found in the area of leaf
produced at the particular time, The difference between the numbers of fruit
produced by various individual plants is largely due to the extra hands above
a certain minimum. Thus if a banana plant fruits at all it is very abnormal
for the bunch to have less than four hands of fruit and in the case of the field
trial plants the smallest number of hands borne was six. It seems logical, then,
to look for the differences late in the development of the flowers. Accordingly,
the area of the last three leaves was examined and it was found that in this, too,
there was a very highly significant correlation with the number of fruit. Of
course, the area of leaves and the Ts are not independent and it was decided to
combine the two measurements. Accordingly an index was calculated by multi-
plying the Ts by the average area of the last three leaves of the plant. This
index is given in Table 19 under the heading of I. It shows a very high
correlation with the number of fruit, the regression equation being:—

y — 123.1 = .0326 (I — 2388).
7 ==.7623 (61 D.F.).
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The correlation of the number of fruit with the index is higher than with the
Ts and a test in which allowance was made for the correlation between Ts and
Index showed that the difference was significant. This means that the index
is a significantly better indicator of the number of fruit produced than is the
Ts. The relationships of some external factors to the number of fruit produced
may be examined by the use of partial correlations. With respect to temperature,
for this purpose the mean temperature over the four weeks immediately
preceding flowering was taken, Soil moisture offered greater difficulty and the
method adopted was as follows:—the rainfall on each day was carefully plotted,
and working from the field capacity the rate of drying was deduced theoretic-
ally. No true figure could be found in this respect and all that could be done
was to use the knowledge gained over 12 years of experience with the type of
soil. Very low soil moisture was given a value of 3 while maximum field
capacity was rated at 15. Three intervening points were recognized correspond-
ing to the qualitative classification of fair, medium, and high. The period over
which soil moisture was considered coincided with that for temperature, The
relevant data are shown in Table 20,

The following summarizes the analysis of variance :.—

ANALYSIS OF VARIANCE—Number of Fruit.

Source of Variation. D.F. Sum of Squares. Mean Square.

Regression e . - .. .. 3 33,8854 11,295-13
Remainder .. . .. .. .. 85 11,0363 129-84
Within Plots .. .. . e 88 44,9217

F for regression = 87.0, which is very highly significant,
The regression equation is:
y — 12329 = — 7.3059 (z, — 72.91) -+ 4.4022 (z, — 9.22)
- 1.2446 (z, — 380-94),
where y = number of fruit, #, = temperature, z, = soil moisture, and =, =
number of days to flowering. The s.e. and the ‘¢’ values are given below—
b, — 7.3059 — 1.0684 t = 6-838,
b, 44022 — 0-6199 t =17.101,
b, 1.2446 — 0.1277 t =9.746.
b, shows thé correlation with temperature when the soil moisture and period to
flowering are constant; b, the correlation with soil moisture when temperature

and period remain constant; and b, that with period when the other two factors
are constant. '

The values of ¢ show that all the regression coefficients are very highly

significant (P 1 x 10 —9),

It 4s thus evident that the number of fruit is closely linked with the
climatic conditions prevailing over the period of development of the last three
or four leaves,




NUTRITION AND DEVELOPMENT IN THE BANANA, 93

In view of the close connexion between Ts and the number of fruit, it is
necessary to examine more closely the factors which have been combined to
produce this measure. In the first place, time is of importance and other factors
being equal the more rapidly the plant grows the smaller will be the Ts at
bunching time. Thus a stimulation of growth may tend to reduce the number
of fruit. Against this, however, there is the fact that the Ts must reach a certain
figure before fruit buds can be initiated, so there is a limit to the reduction in
yield that can be thus brought about. Of the other factors the climatic ones
in themselves are outside control but this does not mean that nothing can be
done towards altering their effect on the plant. The effect of climate on Ts
depends to a large degree on the state of advancement of the plant when any
particular set of conditions operates. Thus by varying the planting time the

Table 20.
Darta CoxceErNiNG CriMatic INFLUENCES oN Fruir NUMBERS.
BLOCK I. BLOCK II.
e, | 50| T o | FERLLS) T | SR | TR i | FELS
(6] 125 75 9 411 (0] 138 75 9 411
109 77 9 418 122 72 12 362
151 73 12 369 68 67 6 327
N 107 o 9 415 96 67 6 327
110 74 12 404 N 84 68 6 341
111 74 12 404 131 80 12 425
114 77 9 418 98 70 6 348
P 136 72 12 362 96 66 6 327
139 77 9 418 P 123 75 9 411
143 74 15 397 138 77 9 418
) 134 73 9 390 131 76 9 414
K 143 75 9 411 153 80 12 425
120 75 9 418 K 138 69 9 355
105 74 12 404 141 69 9 355
88 68 3 334 106 67 6 327
NP 146 80 12 425 162 69 9 355
158 73 12 369 NP 143 80 12 425
123 77 9 418 131 75 9 411
125 68 6 341 160 80 12 425
NK 153 73 12 369 145 75 9 411
91 68 3 334 NK 57 67 6 327
119 67 6 327 - 133 72 12 362
108 68 6 341 51 69 9 355
PK 157 74 9 390 139 73 12 369
128 68 9 343 PK 164 80 12 425
170 73 12 369 119 ° 80 12 425
92 68 3 334 . 180 75 15 397
NPK 110 75 9 411 138 75 9 411
124 80 12 425 NPK 141 74 12 404
108 80 12 425 79 68 3 334
118 73 9 383 .. 75 9 411
163 72 12 362
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Table 20—continued.

Dara ConoErNING CLiMATIC INFLUENCES OoN FrRUIT NUMBERS.

BLOCK. III. BLOCK IV,
mostment, | o | TP (oo, | Fiodfo| Tt | Yoot | T | ol | Bt
(0] 128 73 9 383 (6] 136 74 12 397
137 69 9 355 111 74 12 404
133 73 9 383 119 74 12 404
N 85 67 6 327 N 120 74 12 397
93 70 6 348 131 77 9 418
67 68 3 310 153 75 9 411
50 67 6 327 131 77 9 418
P 69 167 6 327 P 131 77 9 418
79 68 6 341 153 80 12 425
80 68 6 341 134 80 12 425
126 72 12 362 K 121 |° 75 9 411
K 119 68 6 341 155 73 9 383
117 68 6 341 121 75 9 411
162 73 12 369 NP 125 75 9 411
82 67 6 327 115 74 9 397
NP 151 75 9 411 111 78 15 445
73 68 3 334 ] 128 80 12 425
146 68 6 341 NK 153 77 9 418
NK 115 70 . 6 348 147 73 9 390
99 70 6 348 130 74 12 404
72 68 6 341 140 74 12 404
PK 99 69 9 355 PK 153 74 12 404
139 73 12 369 103 70 6 348
143 77 9 418 134 70 6 348
126 74 9 397 138 69 9 355
NPK 144 74 12 404 NPK 163 80 12 425
109 68 6 341 122 . 69 9 3565
165 74 12 404 153 73 12 376
132 72 12 362 131 74 9 383

lowering effect due to stimulation of growth may be offset to a certain extent.
A limit to the offsetting is caused by the fact that if large proportions of the
leaves are thus brought under the most propitious conditions a reduction in the
time will automatically follow. The plants in the field trial were ‘planted in
December, with the result that the most vigorous budded in April and May
and flowered in October and November. Because of the rather poor growing
conditions at the time the bunches carried but small numbers of fruit. Had
these plants been set say three months later and grown at the same general rate
they would have flowered three or possibly four months later and would thus
have been subject to good conditions at the most important period. These good
conditions were experienced, however, by the more backward plants. There
are other factors which must be considered, notably that the number of hands
will almost certainly be smaller in the case of quickly developing plants; but if
a long range view is taken it will be seen that the stimulation of growth, even
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were it to lead to a slight reduction in the size of any one crop, must ultimately
be of benefit by increasing the number of crops which can be produced over a
number of years.

The position then with respect to the number of fruit is that, as the index
is a significantly better indicator of produection than is Ts, it is necessary to
consider not only what the plant has done but more particularly what it is
capable of doing during the time of fruit development. The latter depends
so much on the climatic conditions that it is apparent that yield alone cannot
be taken as a valid index of the nutrition of the plant, and the results of
fertilizer experiments based solely on yield cannot be exepected to provide -
reliable data unless at the same time due consideration is given to the climatic -
factors by the use of appropriate statistical methods.

If yield data are to be used for the purpose of assessing nutritional effects
it is necessary to carry the experiments over a number of years to obtain sufficient
data on climate. Further, with the banana there is a general tendency for crops
to ‘become progressively lighter, and though this may be due partly to lowering
of the soil fertility it would be necessary to assess to what extent the plant itself
enters into the question. To take crops at their face value and directly compare
the first and say fourth erops merely because they were borne under similar
climatic conditions is open to several objections.

Influence of Following Sucker.——After the plant has budded there is one
condition which is probably different for all plants, namely, the size and develop-
ment of the sucker which is being allowed to grow as the follower. As this
sucker arises from and remains attached to the parent corm it seems possible
that differences between the efficiencies of warious plants in the matter of fruit
production may be brought about to some extent by any drain on available
nutrients or reserves which may be imposed by this sucker. Observation,
however, suggests that the sucker quickly produces sufficient roots to maintain
itself. If comparisons are to be made between plants it is, of course, necessary
to take climatic conditions into account and thus the only plants which can be
compared directly are those flowering at the same time. However, the index
(I) used earlier as an indicator of potentiality of crop size takes elimate into
account and therefore can be used. Although this index and the number of
fruit are very highly correlated divergences occur and the rvelation of those
divergences to the age of the sucker may be examined. Table 21 shows the
figures obtained for 20 plants. The differences in apparent age of suckers at
time. of flowering are not great, because the growth of the parent was given
sonie consideration in the choice of time for allowing the sucker to grow in the
first place. There is no suggestion that the age of the sucker has had any effect.
Taking the plants tabulated from 28B to 14A it will be seen that the ages of
the suckers, i.e., the length of time they have been producing leaves, show differ-
ences of up to 68 days but that the index divided by the number of fruit is
the same for all plants. Similarly plants 20A to 1B show uniformity in one
respect and marked divergence in the other., With these plants, then, the drain
of the sucker on the parent, if proportional to the age, is of no moment so far

D
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Table 21,
RELATION OF APPARENT AGE OF SUCKER TO NUMBER oF FRUIT.
PlantNo. | T/No.of Fruis, | APREALOL | plant No, I/No. of Fruit. | APph Ageof
Days. : Days.

 15a - 24 53 19a 19 36
288 23 26 178 19 — 4
248 23 26 13a 19 50
108 23 43 298 19 50
6B 23 47 2a 19 63
144 23 —21 20a 18 36
198 22 —15 4B 18 —31
258 21 10 3B .18 —_ T
228 20 13 138 18 40
16a 19 56 1B 18 23

as efficiency in fruit production is concerned. The apparent age is subject to
the qualification mentioned earlier in connexion with relative increase in the
leaf area in that the sucker may have been partially removed earlier and have
grown again,

Influence of Ts.—The relatively small variation in the number of fruit
borne by different plants which flower at the same time of the year could be
attributed to genetical differences, microenvironment, or some factor connected
with the history up to fruiting time. Genetical differences appear to have been
very small if the deduction from the results of the application of the efficiency
in growth formula is correect. Similarly effects due to differences in micro-
environment should be reduced to a minimum by the replication of plots used;
and it thus becomes necessary to consider other effects, such as may be connected
with or measured by Ts. ‘

Budding takes place when the product of Ts and the area of leaf produced
tends to a fixed point (56,000 x 107). It follows, then, that in extreme cases
one or other of these factors must be very large, comparatively speaking. If
budding takes place when the product of area produced and Ts is 56, theoretic-
ally any two factors of 56 will be effective. Thus if the Ts is 56 a leaf area
of 1 will suffice and if the Ts is 1 the leaf area will have to reach 56. The
established correlations show that if the Ts is 56 the plant is able to produce
correspondingly large areas when subject to good growing conditions. This
means that in any event the plant which buds must be capable of producing
large leaves under propitious conditions, If it is able to produce large leaves
it is evidently capable also of producing large bunches. Thus, whilst the Ts is
of particular importance in determining the initiation of the sex phase, the
climate becomes the important component from then onwards. As the factors
dependent on climate do not undergo sudden violent changes, except perhaps
at the breaking of a drought, the potential of the Ts of all plants budding at
the same time must be approximately the same, the maximum difference being
proportional to the variation in climate over the short period between the laying
down of successive leaves. Thus differences in numbers due to differences in
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Ts can occur but they can rarely be very large. Larger differences can be
brought about by the variation in the number of immature leaves to be developed
‘after budding, as has been pointed out. It is this difference that accounts
for the small bunches frequently found on the very rapidly growing, luscious
types of plants at times when more normal plants are producing large bunches.

In effect, this means that if two treatments are such as to cause the plants
receiving them to flower at the same time there will be probably little to choose
between them so far as the number of fruit produced is concerned. If this is
s0-it means that the size of a crop in respect to number of fruit can be influenced
only by the time of the year at which it is borne and cannot be mcreased merely
by the use of fertilizer; and, further, unless planting times are carefully
arranged reduction in crop may result from the addition of a food material in
whach the soil is actually deficient,

The only way in which the treatment could directly influence the size
of the crop would be by affecting fruit development in some way not manifested
in the vegetative growth of the plant. It is difficult to visnalize this taking
place when the development of the fruit is wholly parthenocarpic. The number
of bunches thrown at any one time by the field trial plants renders it impossible
to reach any valid conclusion on the point. Again, over a period of years use
could be made of partial correlations, but in this work only seven temperature
points would be available. An inspection of temperature records over the
previous few years was made and it seems that even if the whole period of
usefulness of most banana plantations were to be used the number of temperature
points would still be rather small; for there is surprisingly little variation in
the mean temperatures for any one month as between one year and the next.
In Table 22 is given the average mumber of fruit per bunch produced under

Table 22,

Averaee NumBER oF Fruir PER BUNCH.

TREATMENT.
Date.
o N P KX NP NK PK NPK | Means,
Oct. 10-31 .. .. 82 67 103 92 73 81 92 79 81
Nov,. 1-14 .. . .. 79 80 118 107 102 148 109 106
Nov. 15-30.. .. 130 93 131 147 .. 133 138 139 130
Dec. 1-14 .. .. 151 .. .. 162 158 146 1556 173 158
Dec. 15-31 .. 131 .. 134 155 . 147 157 151 146
Jan, 1-14 .. .o 126 116 143 1056 137 135 153 148 133
Jan. 15-31 .. 109 127 139 127 136 153 142 163 137
Means .. . 122 96 122 129 122 128 141 137 i

each of the eight treatments used in the field trial. Differences will be observed
but they can be taken only as indicative. That is to say, in the absence of further
information it would appear that chance has played too big a part to permit
of sound information being obtained. Although nitrogen alone has produced
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a distinetly lower average than any other treatment it must be noted that the
plants which received only this material produced no bunches during December,
at which time other plants were producing their largest bunches.

Fruit Filling and Maturation,

The periods taken for the fruit subjected to the different treatments to
develop from the date of flowering to harvesting time are given in Table 23.

Table 23.
PrrioDp FROM FrowrrING TO FRUIT MATURITY.

Plant No. Treatnient, Fl%‘;%gng No. of Days. | Plant No. | Treatment. Fl%x;'%gng No. of Days.
1A (6] 16-1-40 126 17a NPK 11-1-40 131
is 23-1-40 133 178 10-11-39 115
Io 5-12-39 110 17¢ 9-1-40 118
24 NP 30~-1-40 126 17p 28-10-39 119
2B 5-12-39 125 18a K 7-11-39 118
2c 23-1-40 119 188 7-11-39 133
2D 7-11-39 111 18¢ 5-12-39 110
3A NK 29-11-39 132 18D 24-10-39 96
3B 31-10-3¢ 105 19a P 24-10-39 124
3¢ 24-10-39 96 198 7-11-39 98"
3D 7-11-39 128 19¢ 7-11-39 98 -
4A PK 23-12-39 107 19p 28-10-39 112
4B 7-11-39 138 20A N 24-10-39 112
40 5—-12-39 110 208 14-10-39 104
4D 31-10-39 89 20¢ 7-10-39 142
5A NPK 14-1-40 113 20D 24-10-39 112
5B 30-1-40 126 21a NK 5-3—-40 175
50 30-1-40 126 218 19-11-39 102
5D 19-12-39 111 21c 14-11-39 104
6A N 20-1-40 107 21p 7-11-39 98
6B 9-1-40 105 224 PK 21-11-39 124
6¢c 9-1-40 133 228 5--12-39 110
6D 23-1-40 119 22D 21-1-40 112
TA P 28-11-39 118 23A 0 16-12-39 114
7B 20-1-40 122 23B 21-11-39 139
Tc 2-1-40 111 23p 19-12-39 111
i) 26-12-39 118 244 NP 15-1-40 112
8a K 11-1-40 116 248 31-10-39 105
8B 15-1-40 127 240 7-11-39 95
8¢ 9-1-40 118 24p 9-1-40 118
8D 31-10-39 89 254 PK 9-1-40 118
9A P 19-1-40 123 258 | 14-11-39 126
9B ) 20-1-40 | 136 250 14-11-39 126
9c 16-1-40 111 25D 28-11-39 124
9D 30-1-40 126 264 NK 25-1-40 131

10a NPK 9-1-40 118 268 23-12-39 122
108 31-10-39 118 26c 9-1-40 105
100 16-1-40 N 26D 9-1-40 105
10D 28-11-39 116 274 NP 19-1-40 123
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Table 23—continued.

PrrioD FROM FLOWERING TO FRUIT MATURITY.

Plant No. Treatment, Fl(]’)‘;%gi?g No. of Days, | Plant No. Treatment. T I%;%E%ng No. of Days.
11a K 13-11-39 132 278 2-1-40 125
118 16-11-39 129 27¢ 20-2-40 e
11c 24-10-39 96 28A (6] 2-1-40 125
118 21-11-39 124 28c 9-1-40 133
12a N 7-11-39 119 28p : 9-1-40 118
128 30-1-40 126 29a NPK 28-1-40 145
120 14-11-39 104 298 21-11-39 139
12p 24-10-39 96 290 12-12-39 118
134 NP 30-1-40 126 29p 19-12-39 111
138 17-1-40 125 30A - N 3-1-40 123
13c 10-1-40 126 30B 20-1-40 136
13p 16-1-40 126 30c » 16-1-40 140
144 NK 24-10-39 96 30p 23-1-40- 133
148 28-11-39 117 31a P 20-1-40 136
14c -1 21-11-39 97 31 5-3—-40 175
14D 5-12-39 97 3lc 30-1-40 126
154 (6] 13-1-40 114 31lp 30-1-40 126
158 28-11-39 117 32a K 27-2—-40 182
150 24-10-39 96 328 17-1-40 110
15D 24-10-39 96 32¢ 19-12-39 111
16a PK 30-1-40 126 32p 16-1-40 111
168 30-1-40 112
16p 16-1-40 111

The term ‘‘“maturation’’ is not strictly applicable, for bananas are not allowed
to ripen in the plantation but are cut when they are considered to have attained
full size and will be in the best condition for consumption by the time they
reach the consumer. Thus cutting time depends to some extent on the market
to which they are to be sent and on the time of the year at which harvesting
takes place. The period is then not very satisfactory unless, as was unfortun-
ately not the case in this investigation, full control of the cutting time is assumed
by one man acting solely on some quantitative measure and independent of
any market requirements. However, the figures tabulated may be taken as
approximately accurate for maturation periods, for only one man’s judgement
was used. From these figures it will be seen that there is little difference
between treatments in respect to the maturation period and it seems clear that
its duration is controlled by climatic conditions and not by nutrition. For
example, bunches appearing towards the end of October are ready for cutting
in about three months whilst those appearing in February take more than a
month longer, no doubt owing largely to the falling off in temperature at this
period of the year,

The shortest period required was that by plant 4D which was ready for
cutting 89 days after it had flowered at the end of October, whilst plant 32A
which flowered at the end of February oceupied 182 days in the process. Both.
of these plants received dressings of potash, which is the only material associated
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with beneficial results in vegetative growth. A gemeral survey of the ﬁgur’es
shows that there 1s little material difference between plants which flowered at
the same time of the year and certainly none that could be ascribed to any
nutritional differences brought about by the fertilizer treatments.

Table 24.
AveraceE WEIGET oF ONE Fruir v OUNCES.
TREATMENT.
Date of Flowering, Means.

0 N P K NP NK PK NPK
Oct. 15-31 .. 3-8 4‘4 4-0 3-8 4-0 3-8 30 4.4 4-3
Nov. 1-10 .. .. R 2:2 4-3 4-5 4-0 4-3 30 45 4-0
Nov. 11-20.. .. .. 35 .. .. .. 4-5 4.4 . 4-3
Nov. 21-30. . .. 2.7 . 36 4-2 4-3 e 4-3 4-1 4-0
Dec. 1-10 ,. .. 2:9 .. .. 2:2 33 4-0 36 .. 3+4
Dec. 11-20 .. 3:7 . .. 39 . e .. 3:6 37
Dec. 21-31 .. .. . . .. .. 37 4-3 .. 4.0
Jan. 1-10 .. . 3-8 36 39 4.3 3:6 3:6 3:3 39 37
Jan. 11-20 . 39 36 40 3-8 2:9 .. 3-8 4-1 32
Jan. 21-31 .. 35 33 3-0 3-8 31 34 3:0 31 3-2
Means .. . 36 35 37 3-9 39 39 3-7 3:8

The size of the fruit is an important consideration; but, as can be seen
from the data tabulated in Table 24, the variation within treatments is as great
as that between treatments and in the absence of a large number of comparable
bunches definite information on the effects of fertilizer treatments cannot be
given. General observations on the field trial plots. and on other plantations
suggest that, in the matter of size of fruit, climatic influences again play an
important part; and fruit maturing through the winter or subjected to long dry
periods is generally found to lack the size of that filling under higher tempera-
tures or in periods during which the general growing conditions are good.
Bowman and Eastwood (1940) reported a probable increase in size of fruit
following the use of potash. This was the only benefit ascribed to this material
by these authors, who apparently based their results wholly on yields.

There is some indication from the figures given in Table 24 that potash
has increased the average weight, but again nothing conclusive can be stated.
It must be remembered that an increase of one-third of an ounce per fruit would
make a difference of perhaps half a ton of fruit over an acre. Owing to the
small number of comparable bunches the matter cannot be pursued further,
although there seems little reason to doubt that weight of fruit is very largely
a nutritional effect; but until the modifying influence of climate is determined
it appears unwise to make direct comparison between bunches not maturing
through the same period.
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SECTION 5.

EXAMINATION OF QUANTITATIVE RESULTS,

General,

From what has been recorded it is clear that in any analysis of data
concerning the nutrition of the plant it is essential that due consideration be
given to the basic facts of the development of the plant. The outstanding points
which must be kept in mind may now be summarized as follows:—

1. The relative growth rate of the plant, as measured by the percentage
increase in the leaf area, is controlled for a large part of the plant’s life by
factors not attributable to differences in nutrition; and a measure of leaf area
is apt to give misleading results concerning nutritional effects if taken over any
period extending much beyond the time of completion of the first sub-stage of
Stage 1 of the development,

2. The time required for the plant to produce its first flower bud gives a
reliable guide to its rate of development, whereas the time required for the
production of the flower does not. This is so because, whilst the ability of the
plant to bud is largely dependent on the rate at which the leaf area has been
produced, the interval between budding and flowering is determined essentially

by the number of leaves which have still to be developed. As temperature and

soil moisture, perhaps acting in combination with; other external factors or
indirectly, constitute the limiting influences so far as time taken to produce
leaves is concerned, it is obvious that when this second stage in the development
of the plant is included in the period the effect of mineral nutrients may not
be truly measured. When, as in this investigation, the most forward plants
develop the final leaves through the winter and the backward experience the
- more favourable summer temperatures a levelling must result. If the seasons
were reversed the opposite effect would be caused, so that in any event an error
ig introduced and the period from planting to flowering cannot be taken as a
valid index of rate of development.

3. The value of the total area of leaf produced as a measure of plant
growth is reduced by a number of factors, The position may be considered
" from the point of view of development. Whilst budding is not to be considered
merely as a direct result of growth the amount of growth is nevertheless a
dominating factor and the amount of leaf produced is governed by both internal
and external factors. Thus once a plant’ has budded its ability to take
advantage of enhanced growing conditions is limited by the number of leaves
" it has yet to develop to maturity. The size of the leaf cannot by that time be
increased by the addition of mineral nutrients to the soil. The size of the leaf
is limited, apart from environmental influences, by the previous history of the
plant, so. normally there can be no sudden increase or decrease in the size of
the leaf produced. The condition of normality is introdueced, for it is conceiv-
able that irrigation or the sudden breaking of a prolonged drought may have
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beneficial effects of a high order. Drought, on the other hand, is necessarily a
~ slow and gradual influence and would not have the opposite effect. The relation-
ship between Ts and the area of leaf produced at budding time is a simple
arithmetical one. If then, a plant buds at a low Ts it can do so only if it has
ability to produce a relatively large leaf, and as the weather generally changes
but gradually the remaining leaves would also tend to be of large size. The
reverse holds true also, so the tendency is for all plants to produce total areas
of the same order. The differences which do occur seem to be brought about
largely by the variation in the number of leaves to be completed after floral
parts are initiated. Thus the older a plant is when budding takes place the
larger the total area will tend to be, subject always to the influence of climatic
‘factors. As the number of leaves which have to be developed during Stage 2
of the development of the plant seems to be a function of age of plant, and
not directly attributable to nutrition, it appears that there is little to be gained
from a consideration of the total areas of leaf produced. The position may be
made clearer by considering two examples. Plant 12A produced 17,345 square
inches of leaf surface, whilst 15A finally totalled 28,120 square inches, these
being respectively the lowest and highest totals attained by the plants under
investigation, Plant 12A is calculated to have had but eight immature leaves
within the pseudostem at budding time, whilst 15A had 11 comparable leaves.
The last three leaves of 15A- added 4,457 square inches, or a little less than half
the difference between the two plants. In the absence of any evidence that the
number of immature leaves present at the end of Stage 1 is a nutritional effect,
it can only be concluded that the total area produced cannot be regarded as a
measure of differences between treatments, although its production cannot be
wholly dissociated from nutrition,

The method whereby the Ts of the plants is caleulated is such that valid
direct comparisons using this factor can be made only if the climatic conditions
remain constant for all plants. In these circumstances the Ts cannot yield any
more information than do the area of leaf and the longevity of the leaves.

Bearing the salient points of the development of the plant in mind, the
quantitative results of the field trial can now be examined,

Rate and Amount of Growth.

The rate of growth may be measured by the leaf area produced over a
known period; and comparisons can be made between plants simply by using
the total areas produced, provided that the same external conditions have been

experienced and the plants have all been in the same stages of development. .

The longest such period. in the case of the field trial plants is from the date of
planting to the time of completion of Stage 2 by the most forward plant. Up
to that time all plants have experienced the same climatic conditions and have
been in a position to take advantage of them. Appendix 4 is an analysis of
variance of the figures obtained for the areas produced by the plants up to
October 31, the approximate date of completion of Stage 2 by the earliest matur-
ing plants. It shows that a significant increase in area has occurred in the
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presence of potash but not in any other case. The following summarizes the
.position, each figure representing one-hundredth of the mean leaf area in square
inches per two plants:— ‘

Ko K, 8.8,
Mean .. .. .| 2974 3349 12:02
o N P NP K NK PK NPX s.e.
Mean .. 307 301 324 $ 296 354 363 340 320 24-05

The limitations of the final total area produced have been discussed and
it is of intervest to note that, though rates of production and amounts vary
‘significantly over specific periods, an analysis of variance of total areas shows
no such significant differences (Appendix 10). There is considerable variation in
the number of leaves produced by different individuals, the maximum obtained
in the field trial being 51 and the minimum 31. It has been noted that there
is but small variation in the proportion of the area added after budding though
the time occupied in its production may vary greatly. For example, plants 3B
and 31B added 42 per cent. and 47 per cent. respectively of their total areas
after the calculated time of budding; but, whilst 3B required 149 days, 31B
accomplished the increase in 79 days. As so great a proportion is added during
a period when the nutritional effects are subject to uneven modification by
climatic conditions, it is not surprising that differences, which have previously
been found statistically significant and which were apparent to the eye,
disappear.

Ts of Plants.

For reasons which have already been given the use of Ts as a measure
of nutritional differences is not considered sound, in as much as time is an
important factor and the climatic influences at work are not the same for all
plants after the first plant completes Stage 2. In Figure 25 is shown the Ts
at bunching time for each of the field trial plants. This diagram suggests that
there is some correlation between Ts and the climatic conditions towards the end
of the growing period ; and this might be expected, since at that time the greatest
area on the plant is operating. An analysis of variance (Appendix 5) does not
suggest that the differences in Ts are in any way associated with manurial
treatments.

Rate of Development,

The variations between plants are essentially in respect to rate of
development, this being due mainly to the fact that the banana does not fruit
at any specific time of the year, as do many plants, but after a period to be
measured solely in terms of the history of the plant. As the development is
divided naturally into stages it is necessary to examine the data for each of
these periods separately, at least in the first instance..
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The rate of development during the first stage may be assessed in terms
of the periods required by each plant to complete this stage. In Appendix 6
is given an analysis of variance of the figures used, which were calculated as
described above and are set out in Table 20 (pages 93 and 94). Doubt is cast on
the validity of the result owing to the high sampling error. If the result stood
alone and not supported by observation it could be accepted only as an indication;
but as the rate of development to this stage is so closely ‘bound up with rate
and amount of leaf growth it seems correct to conclude that the difference is
in fact significant. It must be remembered that the end point of the stage is
not determined directly and there are known sources of error. A summary of
the figures is given below. ‘

MeanN PrrioDs (v Days) vor COMPLETION OF StAGE 1.

Po Py Ko X1 Means.
N, 248 232 255 225 240
N, 230 248 261 226 243
Ko Kl
Py oo e .. 260 218
P, e .. .. . 262 ‘ 234

The analysis shows that a significant reduction in the number of days
required for the plant to reach the stage of flower bud initiation is associated
with the addition of potash.

. If use is made of the period to flowering it is essential to bear in mind
that this is the sum of two stages, one of which is only indirectly connected with
nutrition. The view may be taken that the number of leaves which have to
be ‘developed after bud initiation commences is not independent of nutrition
since this leaf number is dependent at least to some extent on the rate of
development. The difficulty might be overcome by computing how long the
leaves would have taken to mature had all the plants budded on the same
date; or, in other words, by giving each leaf a sliding scale value in days. This
artificial calculation is simple, but there are many points which make its validity
questionable at least; and as it has not been used it need not be discussed further.
An analysis of variance (Appendix 7) shows that whilst none of the main
effects is significant the decrease in period to flowering is approaching the neces-
sary difference where potash was present. With respect to the interactions
there is a definite suggestion that in the presence of phosphate there is a
reduction in the time where nitrogen was applied, and that potash is associated
with a reduction when nitrogen was present and also when phosphate was absent.

Growth and Development,

Growth and development have so far been treated separately in the
consideration of quantitative results, but an examination of the two in combina-
tion is of value. In Table 25 is shown the mean daily area produced by each of
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the plants-during Stage 1. An analysis of variance of these figures (Appendix
8) shows that, in this respect again, plants which received potash showed a
significantly greater daily production than those not so treated.

During the second stage of development environment exercises so great
an influence on the period required for completion, through its effects on leaf
production, that any true measure of differential nutritional effects is unlikely
to be obtained.

The figures for the total of Stages 1 and 2 (Table 25) are, however,
rather interesting. It will be seen that the differences between plants for the
whole of their growing periods are very much smaller than during Stage 1.
For apparently normal plants, i.e., plants not affected by outside agencies such
as borers, the variation during the first stage is from 85 to 31 square inches per
day, whilst for the combined periods of Stages 1 and 2 the maximum daily
average is 69 square inches and the minimum 54 square inches, This is con-
sistent with the results obtained by the use of the efficiency index and also with
the observation that the plants tend to produce total areas of the same order.

Table 25.
MEeAN DALY PropUcCTION OF LEAFP AREA IN SQUARE INCHES.

Plant No. Stage 1. Stages 1 and 2. Plant No. Stage 1. Stages 1 and 2.
20A . 83 66 278 .. . 45 60
19a . 80 64 254 .. . 48 67
188 . 71 64 284 .. . 45 61
218 .. 69 64 C 94 .. .. 46 67
198 .. 74 62 . 88 .. .. 42 64
248 .. 72 63 328 .. .. 46 63
118 .. 67 65 ‘ 154 .. .. 47 69
108 e 69 63 174 .. o 44 60
18a . 72 62 7B .. . 40 63
11Aa .. 66 65 26A .. S 39 65
178 .. 68 64 30p .. .. 41 62
238 .. 63 61 294 .. .. 29 64

4B .. 72 68 168 .. .. 38 60
3B .. 68 62 54 .. .. 39 58
258 .. 70 63 244 .. .. 40 65
298 .. 72 68 31a .. . 41 61
228 o 60 60 128 .. . 38 58
208 .. 55 50 134 .. .. -8 64
144 .. 68 59 1a .. .. 39 62
158 .. 63 58 9B .. .. 39 61
Ta .. 60 59 68 .. .. 40 54
148 .. 59 57 16a .. . 39 65
3a e 62 64 30a .. .. 41 58
22a .. 57 54 24 .. . 35 60
268 . 53 62 274 .. .. .41 59
4A .. 57 68 6a .. .. 38 54
124 .. 54 51 138 .. .. 37 59
2B .. 55 60 58 .. .. 31 55
8A .. 50 65 234 .. . 46 59
10a . 45 64 ’ )
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As might be expected, an analysis of variance of the rates of leaf
production over the longer period fails to suggest that any difference is attri-
butable to the treatments, though the length of the first stage has the effect
of giving to those plants treated with potash values which approach significance
(Appendix 9).

'

In the summary which is given below the rates of production of leaf area,
are shown as the sum of the two plants in each plot. The analysis gave an F
value for K, 5-39, which is significant ; the s.e. per plot was 17.9 = 17.1 per cent.
of G.M.

Summary.

MEAN DALY PRODUCTION OF AREA TN SQUARE INCHES PRIOR TO BUDDING.

Po Pl Ko K1 Means.
N, 105-9 107-8 101-0 112-6 106-8
N, 109-6 96-1 94-0 111-8 1029
Means 107-8 101-9 975 112-2 104-8
Ko Ky
P, 971 1184
P, 97-9 106-0

In the analysis for the combined periods of Stages 1 and 2 there were

no significant values of F.

Summary,

MeaN RATES oF GROWTH—STAGES 1 AND 2 COMBINED.

Po Py Ko K1 Means.
N, . .. .. 606 62-8 60-3 63-1 61-7
N, o .. .. 583 61:5 589 60-9 599
Means .. .. .. 594 62-1 ’59‘6 62-0 60-8
Ko Ky
P, 575 61-4
P; 61-6 62-6

From all these data, then, it is apparent that when the plants have been

in eoniparable stages of development potash has been associated with more rapid
growth, Unless, however, cognizance is taken of the development the quantitative
assessment of results is apt to give misleading information, for the total growth
results in a definite levelling of effects.
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SPECIAL CONSIDERATION OF NITROGEN, .

Before drawing final conclusions from the investigation some consideration
must be given to certain aspects of nitrogen metabolism within the plant. Many
- of the points are well known and are mentioned here simply to emphasize certain
aspects.

It has been shown that the uptake of certain mineral nutrients is associated
with the development of the meristem; and also how, from the time of comple-
tion of this stage of growth, further supplies of these nutrients produced no
measurable effects on the plant though significant differences in the production
of leaf areas were produced in the early stages of growth. l

From the completion of the initial sub-stage growth proceeded at much
the same relative rate in all plants. However, this relative increase varied
considerably at different seasons of the year and general considerations showed
that climatic influences were of importance in determining the rate. That
climate exereises such. a profound influence is not necessarily due solely to the
direct effect on the components of the plant itself. As has already been mentioned
climate ig of moment also in determining the direction and extent of fluctuations
of available nitrogen in the soil.

Nitrogen is required by the plants continuously for the further elaboration

of carbohydrates to protein and other complex products of the plant. Certain
of the mineral nutrients are also required in the metabolic process; but the
quantity of nitrogen, like that of carbon, oxygen, and hydrogen, is relatively
very large and though there may be accumulation of products such ag proteins,
which possibly provides reserves of nitrogen for the growing plant, nitrogen
is eontinuously entering the plant and being assimilated more or less as it enters.
As has been pointed out earlier, the rate at which the plant may utilize nitrogen
for the production of new tissues is limited by the amount of other nutrients.
The converse also holds true and it appears that the changes in growth rates
may be due in part to the availability of nitrogen at the particular time. Thus
an investigation of the effect of mnitrogen-containing fertilizers may be subject
to considerations not applicable to potassic or phosphatic manures.

The availability of all nutrients is not simply a question of their presence
in or absence from the soil, but in the case of nitrogen the status of the soil
is very readily changed. The absence of response to sulphate of ammonia at
any stage of this investigation may mean either that there was always sufficient
nitrogen available in the soil in comparison with other elements or that the
plants were unable to obtain enough nitrogen to effect a change. Such inability
could be brought about by a number of conditions, and particularly by a lack
of soil organic matter.
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SECTION 6.
CONCLUSIONS.

‘ ‘Whilst it is recognized that correlations in themselves cannot be assumed
to prove any particular point, where sound botanical interpretations can be

placed on the data they form very valuable, and in some cases probably the

only practicable, evidence of physiological phenomena. Where, then, the
botanical interpretations have appeared to be sound, deductions have been made
from established ecorrelations; and from these, the data, and repeated
observations in the field, the following conclusions have been drawn:.—

1. The production of each leaf is to a great extent independent of
nutrition, provided this is adequate to support the normal life of the plant,
and is governed largely by external factors. Of these external factors tempera-
ture, probably with soil moisture imposing limiting effects, is of outstanding
importance. The rate of development of unit leaves is of moment not only in
itself in direct obvious ways but also so far as it affects the time of development
of the flower and the number of hands of fruit.

2. The established plant passes through three stages of development.

The first of these is concerned wholly with vegetative increase and is divided

into two sub-stages. During the first of these sub-stages the apical meristem
is developed, and on the size of the organization then laid down the future of
the plant fundamentally depends. This sub-stage is of short duration: in the

case of the experimental plants it appeared to be completed within three months,

The end point of this sub-stage, it is deduced, coincides with the production of
an area of leaf rather than with a period of time; so ifi plants are set in a very
dry period, for example, their future is not necessarily adversely affected.

3. Though the absolute potential of the meristems of individual plants l

may be widely different, the efficiency of meristematic activity over the
vegetative stages of growth is the same for all. This uniformity, it is concluded,
is conferred by the genetical constitution of the plant and is so maintained
owing to the asexual method of propagation.

4, The amount of the meristematic tissue is the limiting factor in
subsequent growth rather than the rate at which it is laid ‘down. The rate of
its development enters into the question, for the formative sub-stage is of limited
duration and if the rate is low the size is automatically small,

5. The amount of these meristematic tissues is dependent on the supply
of nutrients which the plant receives during this period and it appears that it
is on the uptake of certain mineral nutrients, notably potash, that the plant’s
future ability to make use of nutrients in the production of new tissue depends.
There is no conclusive proof that the total uptake of such minerals occurs in
this period, but from all the evidence this must be considered a distinet possi-
bility. It should, perhaps, be pointed out that in the banana a single apieal
meristem is being dealt with throughout life.
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6. The second sub-stage is entirely wegetative and the rate at which it
is completed is dependent on the effect of environment on the initial meristematic
tissues.

7. The end point of the first stage is reached when differentiation of the
sex organs is commenced, and Stage 2 which follows is characterized by the
concurrent development of both sex and vegetative parts. Though the stimulus
to growth is different these two are essentially vegetative parts, so that in this
respect there has been no very drastic change and the measurement of total growth
is not thereby made greatly different from formerly. From the beginning of
this stage onwards no new foliage leaves are initiated, but those which have
already been differentiated to an appreciable degree are developed as foliage
leaves whilst those less advanced subsequently appear as bracts subtending either
the inflorescence or the proximal flowers.

8. All flowers as originally developed are potential hermaphrodites and
femaleness is positively correlated with the meristematic activity operating
during the laying down of these organs.

9. The number of flowers capable of giving rise to fruit is thus dependent
on the amount of meristem present and on its ability to function at the appro-
priate time in the history of the flower. Plants growing concurrently, with

" meristems of the same original potential, will produce flowers at the same time;
and, as the ability to function is dependent very largely on the prevailing
climatic conditions, bunches which are produced concurrently tend to carry
the same number of female flowers. Any unevenness in the size of the original
meristem may be offset if the leaves do not function for the same periods; but
this eannot give rise to great differences in the number of female flowers pro-
duced, since the ability of the meristem to function will be approximately the
same in all plants budding at the same date.

10. Differences may occur, however, for the number of female flowers is
dependent too on the length of time over which the meristem is operating. This
{ime depends on the period elapsing between the differentiation of successive
buds from which the bracts arise. In the early portion of the period during
which the flowers are being developed these bracts are budded at much the same
rate as that at which the foliage leaves are extruded; but as the development
proceeds the rate increases, and thus after a time the interval between the
buddings is too short to allow of femaleness being conferred to a sufficient degree
to ensure the flower becoming a potential fruit producer. Further, the meristem
is used up in the process. The number of fruit, then, through the number of
hands, depends to a degree on the number of foliage leaves which the plant has
still to develop after initiation of the first flower bud. The external conditions
which favour increased meristematic activity are generally concurrent with
those which lead to an increase in the rate at which leaves are developed, so
that no very great differences normally occur between comparably placed hands
in the bunches.

11. Climatic factors cause such extensive modifications in growth that
direct comparisons between plants can be made only when they have experienced
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 the same climatic conditions over the whole of the period involved. Further,
the comparisons would only be valid when the various plants are in the same
stage of development.

12. All female flowers do not necessarily give rise to fruit and the size
attained by the fruit also waries. It appears that both number and size of fruit
depend on the supply of food which is available during the development of the
fruit in Stage 3 of the development of the plant. The supply of food is
dependent on the amount which has been elaborated and the rate at which it
can be translocated. As budding in the first place is bound up with conditions
which require a certain minimum of food to have been elaborated, it seems that
the amount of food is rarely if ever the true limiting factor in the field. Trans-
location rate is bound up to a degree with the availability of soil moisture and
thus climate can have a marked effect on the filling of the fruit and on its
maturation.

13. If a particular material leads to an increase in the rate of growth
and consequent development it must mean that this material is required in the
soil for the proper nutrition of the plant; and, therefore, even though no effect
may be produced on the size of any particular crop, the inclusion of this material
in an artificial fertilizer is warranted. The ultimate effect, of course, would be
an increase in the number of crops.

14, Though the number of bunches produced at any one time is too small
to allow definite conclusions to be drawn, all the evidence suggests that the
application of any mineral fertilizer cannot, of itself, materially affect the
number of fruit which a banana plant will produce. Such treatments may,
however, affect the rate at which the development of the plant is completed
and may thus lead to an increase in the total production over a period of years.

- From what has been said in Conclusions 13 and 14 it follows that the
value of fertilizing bananas lies largely in the reduction of the time required
to produce a crop and in increasing the mumber of crops which a particular
piece of land will produce. There remains the possibility that the size of a erop
may be increased owing to the production of larger fruit. The evidence obtained
in this investigation is ineonclusive on this point; and, as results indicate slight
differences in favour of nutrients which brought about other benefits to the
plants, the question needs further investigation.

15. Leaf areas and leaf persistence give a valid index of the general
activity of the plant up to a certain stage; and, further, the differences between
plants are brought about largely by development in the very early stages. For
these reasons it is concluded that practically the whole of the information which
a fertilizer experiment on bananas can noermally yield can be obtained by
measuring the leaf areas over a few months and taking account of the life of
the leaves. Measuring can be discontinued as soon as the relative increase in
any month after the second becomes similar in all plants, for by that time the
formative sub-stage is completed and the future of the plant so far as mineral
nutrients can be of moment is fixed.

16. If it is desired to obtain information on the relative value of two
treatments so far as efficiency of fruit produection is concerned, bunches must
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be obtained in sufficiently large numbers at the one time or the experiment must
be carried on over a sufficiently long period to allow of the assessment
of climatic influences.

17. Nitrogen metabolism must be given special consideration and in any
investigation on the use of nitrogenous manures it would always be necessary
to ensure that the nutrient is constantly available to the plant. Nitrogen in
the soil is subject to more rapid reduction than are most other nutrients and
steps should be taken to guard against any rapid changes. However, in initial
qualitative work nitrogen would be subject to the points given in Conclusion 15.

18. The primary object of the investigation was to obtain information
on the basic facts of nutrition rather than to gather data coneerning the value
of any particular artificial fertilizer. That is to say, the work was designed
and carried out to discover what methods must be employed in fertilizer experi-
ments on the banana. However, the technique was such that some information
on the value of certain manures was obtained and this can be summarized as
follows :—

(@) On the red basaltic loam on which the field trial was located, and
which is typical of a large area of actual and potential banana-
growing land in Queensland, sulphate of potash was associated with
stimulated growth rate and faster development., Superphosphate
did not appear to have been of any benefit but it should be noted
that the fixation of phosphate is an important factor in this soil.
‘With sulphate of ammonia no results which could be quantitatively
assessed were obtained, but observational evidence suggested that
where this material was applied alone the effect was distinetly bad.
The plants seemed to lack vigour and the bunches were poor in
general appearance. On the other hand, where nitrogen and potash
were combined the plants and bunchés had a much better
appearance. ‘ ,

(b) The time of application of fertilizer is obviously of the utmost
importance and where mineral nutrients are being used these must
be applied early in the life of the plant. In most instances this
would mean fertilizing twice or perhaps three times each year,
for the suckers are generally allowed to come away in groups as
regards time. ’

(¢) There is no evidence that the age of the sucker materially affects
the number of fruit which the parent plant produces. :

(d) It is evident that time of planting is of great importance. If the
soil fertility is high and a stimulating fertilizer is used the planting
should be carried out late in the summer; otherwise the more effect-
ive the fertilizer the greater the likelihood of the bunches being
produced in poor climatic conditions. The logical conclusion would
appear to be to plant on fertile soils early enough to allow the
plants to become well established before the winter yet sufficiently
late to ensure that they will be throwing flowers when temperatures
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are high and when thunder-storms or monsoonal rains nearly
always ensure fair to high soil moisture. One other advantage
of late planting is that the soil moisture is almost invariably high

in the late summer, thus ensuring that the formative sub-stage will
be passed in good eonditions.
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calculating Ts.
of which are included.

W. A, T. SUMMERVILLE.

APPENDIX 1.
Calculation of Ts of Plant,

This appendix is intended to serve as an example of the method of
The plant used in the example is No. 1A, the detailed records

AREA OoF LEAF X NUMBER oF DAYS UNFURLED.

. Leaf, Jan, Feb. Mar. Apr. May. June. July. Aug. Sept. &e.

1 81 ..

2 1,054 510

3 2,212 2,212 . .

4 3,640 3,920 1,820 . .

5 4,394 4,732 2,197 ..

6 4,032 5,376 5,952 576 ..

7 3,638 5,992 6,634 6,420 214

8 3,159 6,804 7,633 7,290 1,944

9 1,338 | 6,244 | 6,913 | 6,690 | 4,906 .
10 5,940 6,820 6,600 6,820 1,100
11 4,200 6,610 6,300 6,510 1,050
12 N 3,276 7,812 7,660 7,812 4,788
13 1,716 8,866 8,580 8,866 7,436 ..
14 9,672 9,360 9,672 9,360 3,120
15 9,050 | 10,860 | 11,222 | 10,860 3,260 .
16 7,624 | 12,540 | 12,958 | 12,540 | 12,958 5,852
17 5,357 | 14,610 | 15,097 | 14,610 | 15,097 | 13,636 ..
18 898 | 13,470 | 13,919 | 13,470 | 13,919 | 13,919 | Plus
19 11,160 | 14,415 | 13,950 | 14,415 | 14,415 | Plus
20 9,639 | 17,577 | 17,010 | 17,577 | 17,5677 | Plus
21 5,895 | 20,305 | 19,650 | 20,305 | 20,305 | Plus
22 16,767 | 18,630 | 19,251 19,251 | Plus
23 . 10,125 | 20,250 | 20,925 | 20,925 | Plus
24 4,266 | 21,330 | 22,041 | 22,041 | Plus
25 12,274 | 22,382 | 22,382 | Plus
26 16,432 | 19,592 | Plus
27 1,168 | 18,104 | Plus
28 5,712 | Plus

23,548 | 50,922 | 93,558 | 137,650 | 183,395 | 198,308 | 203,210 | 213,711 | Plus

temperature the products are:—

January

February

March ..

April . ..
May .. .. ..
June . .

July

August ..
September, &c...

Ts (Final) .. ..

25,630,000
49,730,000
83,160,000
107,000,000
103,000,000
122,400,000
116,900,000
141,300,000

Plus

1,932,520,000

Multiplying each monthly total by the hours of daylight and the mean
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APPENDIX T-——continued.
Broox I, Sus. 1, TrEATMENT O, SToOL No. lA.
Leaf. Apgﬁgied. Disa%ifgared‘ Area. T‘gcfail)zﬁ‘ga
Sq. In. Sq. In.
1 .. . .. Jan. 1 Jan. 19 4.5 4.5
2 .. Jan. 1 Feb. 16 34 385
3 Jan. 3 Mar. 1 79 116-5
4 Jan. 5 Mar. 14 140 252-5
5 Jan. 7 Mar. 14 169 4235
6 Jan. 11 Apr. 4 192 612-5
7 . .. | Jan. 15 May 2 214-5 827
8 e . Jan. 19 May 9 243 1,067
9 .. | Jan. 26 May 23 223 1,287
10 -Feb. 2 June 6 2205 1,507-5
11 Feb., 9 June 6 210 1,717-5
12 .. .. .. | Feb. 16 June 20 258 1,975:5
13 .. .. ..| Feb. 23 June 27 286 2,261-5
14 ‘ Mar. 1 July 11 312 2,673-5
15 .. .. ..| Mar. 7 July 11 362-5 2,936
16 .. .. ..| Mar. 14 Aug. 15 4185 3,354:5
17 Mar. 21 Aug. 29 487 3,841:5
18 Mar. 30 Sept. 19 4495 4,291
19 Apr. 7 Oct. 3 465 4,756
20 Apr. 14 Oct. 24 567 5,323
Oct. 31
21 Apr. 22 Sept. 5 6655 5,9785
Oct. 17
22 .. . ..| May 5 Nov. 17 621 6,599-5
23 .. .. .| May 17 Oct. 24 675 7,274-5
Nov. 17
24 May 26 Dec. 12 711 7,9855
25 June 14 Jan. 2 722 8,707:5
26 July 6 Jan. 23 632 9,339-5
27 .| July 30 Jan. 23 584 19,9235
28 .. .. .| Aug. 20 Jan. 30 476 10,399-5
29 .. .. .| Sept. 2 Feb. 13 390-5 10,790
30 Sept. 19 Feb., 13 456 11,246
31 Sept. 29 Feb. 20 672 11,918
32 Oct. 9 Mar. 19 720 12,638
33 Oct. 20 Mar. 19 920 13,558
34 .. .. ..| Nov. 6 Apr. 23 1,104 14,662
35 .. . ..| Nov. 15 Apr. 16 1,127 15,789
36 Nov. 27 Apr. 30 1,200 16,989
37 Dec. & Apr. 30 1,296 18,285
38 Dec. 14 1,352 20,637
39 Dec. 23 1,404 22,041
40 Jan. 1 1,404 23,445
41 .. .. .| Jan. 12 1,323 24,768
42 .. e .. Jan. 16 902 25,670
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APPENDIX 2,
ArEA OF LEAF 1In SQUARE INcEHES PRODUCED BY END 0F Eacm MoNTH.
Treatment O.
Plant No.
Jan. Feb. Mar. Apr. May. June,
1a 1,507 2,673 4,291 6,410 8,213 9,191
1s Rejec|t Plant
154 1,036 2,390 5,117 7,681 9,388 10,893
158 1,170 2,622 6,497 9,269 11,400 12,663
23a . 1,177 2,174 4,582 7,090 9,219 10,588
238 . 1,472 2,783 5,772 8,720 11,456 13,138
28a 1,099 2,437 4,748 6,962 8,840 10,386
288 Rejecl|t Plant
Treatment O.
Plant No.
July. Aug. Sept. Oct. Nov. Dec.
1a .e 9,923 10,759 12,051 14,327 17,627 22,041
18 Rejec|t Plant
154 11,814 13,882 14,693 17,329 20,931 26,795
158 13,493 14,819 15,396 - 17,847 '|. Bunch ..
234 11,711 12,811 14,591 17,296 23,105 Bunch
238 14,469 15,628 17,424 20,018 Bunch e
28a . 11,318 12,426 13,912 16,436 20,245 24,100
288 .o Rejecit Plant
Treatment N.
Plant No.
Jan, Feb. Mar. Apr. May. June.
6A 994 1,876 3,698 5,445 7,219 8,416
6B 1,356 2,246 4,082 6,007 7,999 9,037
124 . 1,094 2,172 5,122 7,646 10,131 11,545
128 . . 1,094 2,040 4,300 5,984 7,878 8,633
204 1,784 3,771 7,967 12,564 15,621 16,983
208 1,276 2,582 5,613 7,816 10,028 11,182
304 690 1,797 4,215 6,264 8,333 9,485
308 688 1,760 3,676 5,798 8,010 9,032
Treatment N.
Plant No.
July. Aug. Sept. Oct. Nov. Dec.
6A 9,226° 10,146 11,405 13,615 16,531 20,804
6B . 10,038 10,877 12,152 14,331 17,387 21,396
12a : . 13,138 13,990 15,147 17,285 Bunch .
128 : 9,406 10,332 . 11,587 13,349 16,268 20,682
. 20a . 18,0563 19,523 21,114 Bunch - ..
20B . 12,371 13,251 14,705 16,965 Bunch ..
304 . 10,455 11,225 12,471 14,899 18,477 22,008
308 . 10,065 11,152 12,676 14,702 18,421 23,363
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APPENDIX 2—continued.

AREA OF LEAF 1N SQUARE INCHES PRODUCED BY END oF BEAcH MoNTH—continued.

Treatment P.
Plant No.
' Jan. Feh. Mar. Apr. May. June,
A 1,350 2,762 5,773 8,216 10,975 12,640
7B B 1,132 2,042 2,726 5,678 7,649 8,949
9a . 922 1,932 4,140 6,636 9,328 10,688
9B 885 1,208 2,970 5,196 7,253 8,704
19a 2,094 4,497 8,376 12,250 14,956 16,449
198 1,716 3,725 7,310 10,402 13,708 15,779
31a 1,310 2,207 3,797 5,958 8,228 9,217
31m .. Rejec(t Plant
Treatment P.
Plant No.,

July. Aug. Sept. Oct. Nov. Dec.
7a 13,919 15,123 17,810 19,300 Bunch ..
7B . 9,771 10,809 12,323 14,377 17,991 23,073
94 . 11,688 12,668 14,132 17,002 21,180 26,449
9B . 9,495 10,403 12,014 14,573 17,989 23,033

19a . 17,501 18,677 20,976 Bunch
198 16,577 17,692 19,456 Bunch .. ..
31a 10,138 11,104 12,491 14,753 18,304 22,982
318 Rejec|t Plant ’
. Treatment K.
Plant No.

Jan. Feb. Mar. Apr, May. June.
8a 1,274 2,446 5,362 7,442 9,816 11,205
8B 1,000 1,862 4,093 6,033 8,306 9,896

11a .. 1,175 2,924 6,537 2,917 11,891 13,689
11B 1,393 3,249 6,698 9,189 12,479 14,293
18a . 1,303 3,187 6,581 10,030 13,045 14,377
188 1,688 3,118 6,490 10,071 13,137 14,581
32a Rejecit Plant
328 1,100 2,660 5,485 7,654 9,622 10,597
Treatment X,
Plant No.

July. Aug. Sept. Oct. Nov. Dec
8a 12,279 13,442 14,744 17,234 20,886 25,332
8B 10,172 11,651 13,069 15,274 18,733 14,101

11a .. 15,253 17,044 18,689 21,798 Bunch .
118 15,428 16,814 18,641 21,474 Bunch .
184 . 15,425 16,677 18,090 20,951 Bunch .
188 15,862 16,964 17,703 21,357 Bunch

32a Rejecit Plant

328 12,606 12,861 13,996 15,880 19,372 24,018
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APPENDIX 2—continued.

Area or LeAF 1IN SQUARE INcEES PRODUCED BY END oF EAcE MoNTHE—Conitnued.

Treatment NP.

Plant No.

Jan, Feb. Mar. Apr. May. June.
2a 441 851 2,177 3,821 5,752 6,130
2B 640 1,326 3,797 6,667 9,617 11,792

13a 961 1,787 3,712 5,484 7,352 8,692
138 825 1,549 3,060 4,940 6,782 7,995
24A 869 1,706 3,674 5,551 7,615 8,950
248 1,248 2,944 6,666 10,207 13,084 14,739
27A 1,298 2,322 4,640 6,663 8,584 9,636
278 1,486 2,619 4,782 7,066 9,246 10,346
Treatment NP.
Plant No.

July. k Aug. Sept. QOct. Nov. Deec.
2a 8,067 8,967 10,570 12,895 14,874 20,233
2B 13,132 14,432 16,323 19,070 22,876 Bunch

13a 9,828 10,198 11,433 13,9556 17,473 22,833
3B 8,744 9,543 10,801 13,080 17,520 22,610
24a 9,849 10,802 12,377 14,023 17,997 23,097
248 16,100 17,463 19,494 Bunch o .
27A 10,474 11,251 12,374 14,503 17,985 22,644
278 11,387 12,351 13,826 16,289 19,782 23,956
Treatment NK.
Plant No.

Jan. Feb. Mar. Apr. May. June.
3a 1,014 2,237 4,984 8,101 11,035 12,839
3B 1,690 3,074 7,158 9,287 12,5677 14,530

144 1,101 2,699 5,932 9,319 12,369 13,870
148 1,318 3,063 5,694 8,075 10,523 12,303
21a Rejec|t Plant
21B 1,556 3,095 6,260 9,513 12,235 14,379
26A 651 1,368 3,185 5,341 7,579 8,632
268 1,218 2,443 5,023 7,402 10,018 11,181
Treatment NK.
Plant No.

July. Aug. Sept. Oct. Nov. Dec
3A 14,073 15,582 17,302 19,969 23,378 Bunch
3B 15,943 17,323 19,192 Bunch

144 15,216 16,6056 18,282 Bunch ..

148 13,254 14,5621 16,052 17,370 Bunch

21a Rejec|t Plant

21B 15,677 17,341 18,794 . 21,751 Bunch ..
26A 9,632 10,547 11,992 14,399 18,446 24,118
268 12,298 13,907 15,043 17,620 21,564 Bunch
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APPENDIX 2—continued.
ArEA OoF LEAF IN SQUARE INCHES PRODUCED BY END OF KAcH MoONTE—conttnued.
Treatment PXK.
Plant No,

Jan. TFeb. Mar. Apr. May. June.
4a 716 1,733 4,453 7,609 10,743 12,211
4B 1,090 3,055 6,441 9,750 13,126 15,095

16a 662 1,324 3,163 4,967 7,070 8,418
168 886 1,620 3,343 5,049 7,051 8,282
22A 1,293 2,917 5,609 8,373 10,753 12,008
228 1,438 2,795 5,932 8,294 10,886 12,292
25A 832 2,007 4,817 7,909 10,330 11,385
258 1,274 2,704 6,707 10,046 12,783 14,636
Treatment PX.
Plant No.

July. Aug. Sept. Oct. Nov. Dec.
4a 13,626 14,988 16,075 19,206 23,145 Bunch
4B 16,858 18,263 20,488 23,123 Bunch .

i16a 9,354 10,260 11,875 14,065 17,687 22,449
168 9,184 10,134 11,687 13,959 17,640 22,510
224 13,059 14,085 15,610 17,982 Bunch .
228 13,494 14,661 16,487 18,944 21,040 Bunch
254 12,128 12,238 14,565 17,166 21,236 26,488
258 15,956 17,563 19,511 21,317 Bunch

Treatment NPK.
Plant No.

Jan. Feb. Mar. Apr. May. June.
5A . 976 1,943 3,746 5,874 7,776 8,756
5B 1,121 1,960 3,039 4,301 5,811 6,657

10a 860 1,788 3,900 5,958 8,376 10,010
10B 1,464 3,076 6,616 9,550 12,661 14,323
17a 938 1,998 4,525 6,791 9,156 10,496
178 1,244 2,858 6,074 9,387 12,445 14,479
29A 609 1,608 3,520 5,901 7,875 8,937
298 1,646 3,266 6,631 9,588 13,057 15,125

Treatment NPK,

Plant No. -

July. Aug. Sept. Oct. Nov. Dec.
5A 9,743 10,710 12,196 14,401 18,162 22,408
5B . 7,301 7,948 9,345 10,886 14,243 18,757

10a 11,056 12,009 13,645 16,324 20,497 24,009
108 . 15,630 17,081 18,750 Bunch v ..
17a 11,335 12,160 13,627 15,903 19,782 23,597
178 15,830 17,121 18,892 21,640 Bunch .
29A . 9,930 10,738 12,191 14,681 ‘18,624 22,686
298 16,381 17,750 19,550 22,676 Bunch
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APPENDIX 3.
ANALYSIS OF VARIANCE OF PERCENTAGE INCREASE IN LEAF AREA, JANUARY-FEBRUARY.
Source of Variation. D.F. Sum of Squares, Mean Square,
Blocks .. 7 7,096-36 1,013-77
N 1 2-64 2-64
P 1 467-64 467-64
K 1 6,703-52 6,703-52
NxP .. 1 40-64 40-64
NxK .. 1 735:77 735:77
PxK .. 1 1,164-52 1,164-52
Error .. e .. .. . 18 24,101-41 1,338:97
Between Whole Plots e .. .. 31 40,312-48 .
‘Within Whole Plots .. .. .. . 27 13,717-60 508-06
Total .. .. . .. 58 54,029-98

F for K = 5-01, which is significant.
s.e. per plot = 25-87 = 12-41 per cent. G.M.
¢ Sampling »* error per plot = 15-94 = 7-64 per cent. G.M.

APPENDIX 4,
AwALYSIS OF VARIANCE OF ToTAn LEAF AREA PropuceEp TO OcroBER 31, 1939.
Source of Variation, D.F. Sum of Squares. Mean Square.
Blocks .. - 7 36,353:21 ‘ 5,193-32
N .. .. .. 1 996-81 996-81
P .. .. . 1 970-20 970-20
K 1 11,235-01 11,235-01
NxP .. 1 1,277-65 1,277-65
NxK .. 1 250-88 250-88
PxK .. 1 2,499-25 2,499-25
Error 18 41,639-73 2,313-32
Total 31 95,221-73

F for K = 4+86, which is significant.
s.e. per plot = 48-10 = 14-77 per cent. G.M.
s.e. of mean of 16 plots = 12-02 = 3-69 per cent. G.M.
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APPENDIX 5,
ANALYSIS OF VARIANCE OF Ts oF Prawts.

Source of Variation. D.F Sum of Squares. Mean Square.
Blocks .. 7 108,981 15,568
N 1 73,5636 73,5636
P 1 69,192 69,192
K .. . .. .. .. 1 8,978 8,978
NxP .. v .. .. .. 1 7,200 7,200
NxK . 1 61 61
PxK 1 15,753 15,753
Error 18 413,062 22,948

Total .. .. .. .. 31 696,763

There are no significant values of I for treatments.
s.e. per plot = 151'56 = 7-79 per cent. G.M.
No significant differences.

APPENDIX 6.
ANALYSIS OF VARIANCE OoF PERIODS TOo BUDDPING, IN DAYS. .

Source of Variation. D.F. Sum of Squares. Mean Square,
Blocks .. 7 72,8751 10,410-7
N 1 708-9 708-9
P 1 1,233-7 1,233:7
K 1 19,9869 | 19,986-9
NxP .. 1 9,481-9 9,481-9
NxK .. 1 381-1 285:1
PxXK . 1 862-9 862:9
Error 18 44,3384 } 2,463-2
Between Whole Plots . .. .. 31 149,873-0 ..
‘Within Whole Plots .. .. .. o 28 67,616-5 2,414-9

Total .. .. .. .. 59 217,489-5

F for K = 8:11, which is significant.
s.e. per plot = 35-09 = 7-2 per cent. G.M.
¢ Sampling *’ error per plot = 34:75 = 7-1 per cent. G.M.

The s.e. of each entry in the body of the table is 12.4 and of each marginal
mean 8-77. The corresponding differences mecessary for significance at the 5
per cent. level are 37 and 26. The response to K was significant, the effect
of the application of K being to reduce the period to budding.

In this analysis the ‘‘sampling’’ error is only slightly less than the experi-
mental error and this fact complicates the interpretation of the results. The
“‘sampling’’ error is derived from the differences between duplicate plants in
the same plot, and is due largely to the heterogeneity between plants. The fact
that this variation is as large as the experimental error means that, in testing
for differences by using the latter estimate of error, differences at least as
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large could be accounted for by intra-plot variability. In the circumstances
the significance of the effect of K is somewhat doubtful. An examination of
the components of the ‘‘sampling’’ error showed that it was fairly uniform
from block to block; the variation between treatments was more marked, but
still not significant.

APPENDIX 7,

ANATLYSIS OF VARIANCE OF PERIODS TO FroweriNgG IN DAvs.

Source of Variation. D.F Sum of Squares. Mean Square,
Blocks .. o NN 7 32,387-7344 4,626~8192
N ce .. . 1 1,000:1406 1,000-1406
P 1 682:5156 682:5156
K 1 4,987-8906 4,987-8906
NxP .. 1 3,263-2656 3,263-2656
NxK .. 1 262656 26:2656
PxK 1 385:1406 385-1406
Error 18 22,574-9064 1,254:1615
Between Whole Plots .. . .. 31 65,307-8594
‘Within Whole Plots .. e .. 31

Total - .. .. v .. 62 k30,453'5000 982-3710

There are no significant values of F for treatment effects.

None of the main effects is significant, but the decrease in the presence
of K is approaching the necessary figure for significance. Though there are
no significant interactions the individual differences in some cases exceed the
critical differences. The most outstanding of these occurs with respeet to NP—
in the absence of P the period to bunching is shorter when N is applied and
similarly the application of K produced a decrease when N was present and
also when P was absent. :

APPENDIX 8.
ANALYSIS OF VARIANCE OF RATE oF GROWTH PRIOR TO BUDDING.

Source of Variation. D.F. Sum of Squares. Mean Square,
Blocks .. 7 7,678:97 1,097:00
N 1 124-28 12428
P 1 270-28 270-28
K 1 1,725-78 1,725-78
NxP .. 1 472-78 47278
NxK .. 1 75-03 75-03
PxK .. 1 344-53 34453
Error 18 5,766-81

Total 31 16,458-22

F for K = 5-39, which is significant.
s.e. per plot = 17:9 = 7-1 per cent. G.M.

The response to K was positive and significant and there were no other
significant differences.
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APPENDIX 9,
ANALYSIS OF VARIANCE OF RATE OF GROWTH—STAG;ES 1 axp 2 COMBINED.

Source of Variation. D.F. Sum 6f Squares. Mean Square,
Blocks 7 512188 7:3170
N 1 26-2813 26-2813
P 1 577813 57:7813
K 1 47-5313 47-5313
NxP .. 1 2-5313 2:5313
NxK .. 1 1-5313 156313
Px X 1 16-5313 16-5313
Error 18 254-0625 . 14-1146

Total .. .. .. .. 31 4574688

There are no significant F values for treatments.
s.e. per plot = 3-7567 = 6-18 per cent. G.M.

APPENDIX 10,
ANALYSIS OF VARIANCE OF ToTAL LEAF AREAS PRODUCED.

Source of Variation. D.F. Sum of Squares. Mean Square.
Blocks .. 7 8,112-3886 1,158-9127
N 1 950:9514 950-9514
P 1 1,733:6814 1,733:6814
K 1 147-9264 147-9264
NxP .. 1 1,416:5814 1,416-5814
NxK .. 1 69-5139 69:5139
PxK 1 143-1014 143-1014
Error 18 10,254-3878 569-6882
Between Whole Plots 31 22,828-5323 -
Within Whole Plots 32 16,631:56950 516-0498

Total .. .. e .. 63 39,342:1273

There are no significant F values.
s.e. per whole plot = 16-88 = 7:20 per cent. G.M.
¢ Sampling ”’ error per whole plot = 16:06 = 6-85 per cent. G.M.

None of the main effects is significant. There is an indication that, in
the presence of N, P produced an increase in area but such an increase cannot
be accepted as a real effect,

B




