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Abstraet. The character of endogenous growth substances was investigated in developmg buds,
young fruits and mature walnut leaves. The relatively high content of auxins and gibberellin-like
substances was found by means of bioassays in the youngest primordia of vegetative buds. The
level of auxins drops in the further course of primordia transformation into the staminate catkins.
The development of leaf-buds is characterized by the accumulation of inhibitory activity as re-
vealed by the Avena bioassay, whereas the data obtained from the lettuce bioassay indicate
a pronounced, stimulation. The onset of terminal bud development is also accompanied by inhi-
bitions and it is only with pistillate flower differentiation that the temporary rise in auxin level is
observed. An inhibitory activity was found in these extracts using lettuce bioassay. There is
a relatively high auxin level in young fruits, mature leaves and resting buds during the mid-
summer period whereas the accumulation of clearcut inhibitions is signalled by the results of
lettuce bioassay.

The regulatory role of growth substances in differentiation may be better understood during
the second year as many leaf-abnormrties appear only with the outgrowing of the bud. Abnormal
catkins differ in the number of florets and stamens and some even bear pistillate flowers. Fruit
development is liable to deviations in the early stages of differentiation. Abnormal fruits enable
us to elucidate many structural peculiarities.

The young meristems of walnut buds may develop in three different ways asstamen primordia,
as vegetative buds or as terminal buds with pistillate flowers. According to ArsmMoN and Garun
(1962) the pattern of primordia development is regulated hormonally with a strong modifying
influence exerted by the adjacent leaf. HEsLor—HARRISON (1964) stresses the importance of
substances of auxin character in the sex differentiation and in the general development of in-
florescence. The investigation of endogenous growth substance levels in young meristems during
primordia differentiation helps us to understand the different patterns of their development and
provides the means for selecting the proper kinds of synthetic regulators to influence developmen-
tal processes (SLADKY 1969).

In our previous work (LaNerovA and SLADKY 1971) we came to the conclusion that different
kinds of walnut buds differ in auxin, gibberellin and inhibitor content and that their course of
the development may be altered by the exogenous application of growth substances. The
character of endogenous regulators during the development of staminate-, leaf- and terminal.
buds has been followed in detail in the present paper. We have also tried to form a true picture of
the accumulation of growth regulators in young fruits, mature leaves and, buds during the summer
season. Modified bud development has enabled us to understand more clearly the role played by
regulators in guiding the general course of the processes of differentiation.

* Address: Kotlatskd 2, Brno, Czechoslovakia.
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Material and Methods

The experimental material was obtained from a forty-year old walnut growing in the Botanieal
Garden of the Brno University. The development of the different kinds of buds was followed during
the period 1968—1970. Samples were taken representing the onset, middle phase and final stages
of bud differentiation. The estimation of growth substances was carried out in the same way as in
our previous work (LaNnerovA and SLapxy 1971). The methanolic extract from 15 buds was
separated chromatographically using Whatman no. 1 paper. The auxin activity was tested by
means of oat coleoptile segment bioassay, whereas the lettuce hypocotyl bioassay was used for the
assessment of gibberellin activity. The data from the bioassays are expressed in histograms, each
representing the mean value of five buds in a triplicate arrangement. The bioassay variability was
estimated as high as + 129,.

The character of endogenous regulators in young fruits, mature leaves, catkin buds, terminal
and leaf buds was investigated at the onset of the dormanecy period. The activity of some standard
substances in concentrations 1 and 0.1 p.p.m. (IAA-Lachema CSSR, GAj-Phylaxia, Hungary,
ABA-Hoffmann La Roche, Switzerland) is indicated on the ordinate to enable us to obtain the
quantitative comparison of the presented data.

The morphological analyses were performed to evaluate the abnormities of leaves, fruits and
inflorescences. In some cases material was photographed.

Results

The Relation Between Endogenous Growth Substanees and Bud Development

The results of auxin and gibberellin bioassays are summarized in Plate 1. The two upper rows
of histograms represent the level of auxins and gibberellins in the staminate catkins primordia in
the course of differentiation (from 2May to 30May). Auxin activity and gibberellin-like activity
oceurs in the youngest vegetative primordia. The level of auxins declines in the further course of
differentiation and inhibitory substances appear. The final steps of staminate catkin differentiation
(30May) are characterized by a notable rise of inhibitions. Gibberellin-like activity is present in the
youngest bud primordia and increases further in the following period. It is only at the end of
catkin-bud development that the inhibitions start asserting themselves.

The two middle rows of histograms represent the results of auxin and gibberellin bioassays
during the leaf-bud development in the period from 16 May to 17 June. These investigations
indicate that the formation and differentiation of the vegetative buds is accompanied from the
very beginning by a low level of auxin activity as well as by the accumulation of inhibitions. The
occurrence of gibberellin-like substances is more pronounced during the early phases of develop-
ment, the final steps being characterized by inhibitions.

The two lower rows of the histograms represent data on auxin and gibberellin content as related
to the development of terminal buds in the period from 9 July to 8 August. The terminal buds
originate at the end of the vegetation period when the inhibitory activity prevails. The dif-
ferentiation of the pistillate flowers is accompanied by an increase in auxins (25 July) whereas the
inhibitions appear during the final stages. Gibberellin-like substances were found in the young
terminal bud, as well as in the final phases of bud differentiation. This very differentiation of the
pistillate primordia is, as a rule, accompanied by clear-cut inhibition.

The results of the two bioassays reveal the dynamics of the character of endogenous growth
substances in the course of development of staminate-, leaf- and terminal- buds. The occurrence of
inhibitions was to a certain extent also ascertained. The accumulation of inhibitory activities stops
the growth and differentiation processes and brings about bud dormancy.

We attempted to establish the onset of inhibitions in young fruits, matured leaves, catkin
buds and terminal and leaf buds in the year 1970 (Plate 2). The analyses of the extracts (15 June)
revealed the early phase characterized by stimulations according to auxin bioassay and by marked
inhibitions, according to gibberellin bioassay. It is worth noting that the characters of the histo-
grams for different objects seem to be very much alike in both bioassays. As the leaves consist
mostly of active meristems we may assume that the character of growth substances in leaves
also affects their level in other organ-primordia. The inhibitions are, as a rule, located at a lower
Rf value whereas the stimulations can be found at a higher Rf value.

The Study of Alternative Developmental Potentalities of Buds

Considering the character of growth substances in different stages of bud development a
proper kind of regulator may be used to change the pattern of primordia differentiation.

Abbreviations used: ABA-abscissic acid, MH-maleic hydrazide
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a. The Reversion of Staminate Flower Primordia into Vegetative Buds

The data given in our previous paper clearly show that spraying with 0,29% IAA or 0.19%, MH
in the period prior to 1 May may reduce the number of staminate buds and increase the number of
vegetative buds. The vegetative buds in the next year gives rise to stems with abnormal leaves.
These stems bear leaves with different degrees of lamina development, including even simple
leaves (Fig. 1). Similar abnormities resulted from defoliation or appear after damage to the young
stems. The primordia which are not yet differentiated start to outgrow immediately following the
treatment. Abnormities of a different quality appear, depending on the developmental stage and
the treatment used. Similar phenomena occur under natural conditions with a tree damaged by
spring frost.

b. The Transformation of Vegetative Buds Primordia Into Staminate Catkins

The spraying of the youngest leaves and branches with 0,39, triiodobenzoic acid on 1 May
caused the drop in the number of buds, however, the number of staminate catkins on the stem was
increased. The number of stamens and florets within these catkins varied widely in the following
year. The application of MH resulted, in some cases, in the abortion of staminate flowers on the
spindle of the catkin, as well as in the reduction of the number of stamens in the floret and of the
number of florets in the catkin (Fig. 2).

Plate 1. Character of endogenous regulators as revealed by the bioassays in walnut buds during
development. The two upper rows represent the auxin and gibberellin levels in staminate catkins.
The middle rows represent the regulators in the leaf buds and the lower two rows in the terminal
ones, The values for TAA and ABA in an auxin coleoptile
bioassay (1 and 0.1 p.p.m.) and for GAz and ABA (below)
20 in a lettuce bioassay are indicated in the middle row
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¢. The Transformation of The Staminate Catkin Into Androgyneous Inflorescence

The spraying of the leaves with higher (0.3%,) IAA concentrations damaged the young leaves,
as well as the whole stems. The outgrowing of the young staminate catkins and of leaf buds was
observed during the following period. The outgrowing catkins in some cases bore pistillate flowers
at the basal part and staminate flowers at the apical part. These examples indicate that the young
floral primordia are hermaphrodite in nature. The rise in the auxin level favoured the development
of pistillate flowers (Fig. 3).

d. The Abnormal Structure of the Pistillate Fruits

We did not as a rule succeed in affecting the differentiation of pistillate flowers by treatment
with growth substances. The developmental pattern is evidently stabilized by the high content of
endogenous inhibitors during the formation of terminal buds, as well as by the high level of auxins
during the differentiation of pistillate flowers. The development of young fruits seems to be more
susceptible to damage caused by exogenous treatment. Depending on the developmental stage and
MH concentrations, the fruits occurred with changed endocarp, cotyledons and diaphragma.
There appeared tripartite endocarp, in some cases, and the number of eotyledonary lobes varied.
Seeds with circular cotyledons were observed (Fig. 4).

Discussion

The relation between the growth and differentiation processes and the level
of endogenous regulators is evident from the results obtained. These relations
are apparently more complicated (STEwARD 1968) and even the dynamic
studies of the character of the growth substances fail to give a clear picture
of the regulatory mechanism involved. The data on the differentiation of
staminate catkins and pistillate flowers clearly possess general validity and
are in conformity with those on sex determination in Cucumis sativus
(Arsmoxn and GALUN 1962), Canabis sativa (HEsLoP-HARRISON 1959), as well
as on maize inflorescence development (SLADKY 1969).

The histograms illustrate the results of the analyses of whole buds and it is
difficult to evaluate the role played by different components of the bud
in the pool of growth regulators. ABBoTT (1970) considers the bud scales
in apple as hormonally inactive organs and relate their origin with the
decline in cytokinin level and the accumulation of inhibitory activities within
the plants.

There is still no clear idea of the nature of the inhibitors as revealed by the
two bioassays. The values obtained using standard samples of ABA (1.0
and 0.1 p.p.m.) indicate that both bioassays are sensitive enough to detect
the presence of this inhibitor. The assumption ascribing a regulatory role
in dormancy to the endogenous inhibitors is based on the work of THomas
et al. (1965). These authors bring evidence that dormin isolated from maple
and birch is identical with ABA and exerts an antigibberellin activity. These
data might help to explain the inhibitions ascertained by the lettuce bioassay
(Fig. 2). The occurrence of abnormities in buds with a developmental pattern
modified in the preceding year indicats that the application of regulators
did not ensure the undisturbed course of development. The different types
of abnormities apparently reflect the different modes of regulator effect. The
developmental stage of the floral primordia, as well as the concentration of the
regulator used are evidently involved in these phenomena. Even this trend
was signalled by the observations made on Campanula and Veronica flowers
(SLADKY 1966).

The leaf abnormities indicate the fusion of leaflets with the terminal blade,
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giving rise to a simple leaf. In the sense of DosTAL’s (1960) recapitulation
theory such an oval leaf points to a relationship with the more primitive
family of Fagaceae. The fact that the abnormities in most cases tend to reflect
ancestral forms gives support to the phylogenetical classification of the family
Juglandaceae prior to Fagaceae (TAXKHTADZEYAN 1961). This relationship
is also indicated by abnormal fruits with circular cotyledons and tripartite
endocarp.

The abnormal pistillate catkins show that the flower primordia are herma-
phrodite in nature, like for example the flowers of cucumber, maize and hop.
Many peculiarities of the morphological structure of walnut fruit may be
explained by the inhibitions accompanyig the differentiation of pistillate
flowers and fruits. The same explanation holds good regarding the fact that
pistillate flowers are the remnant of racemic inflorescence primordia (LEROY
1955). The arrangement of pistillate flowers in long clusters still appears
in the form Juglans californica WATSON.

The data obtained represent a basis for understanding the differences
in the course of walnut bud differentiation and stress the role played in these
processes by growth regulators. The potential abilities of young meristems
are thus revealed.
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V préci byl sledovan charakter endogennich reguldtort ve vyvijejicich se pupenech,
mladych plodech a dospdlych listech ofeséku. Pomoci biotestt bylo zjisténo, Ze v nej-
mladgich zékladech vegetativnich pupeni je pomérnd vysoky obsah auxinovych a giberelovyech
latek. V dalsim vyvoji zéklada v prasnikovou jehnédu poklesid mnozstvi latek auxinové povahy.
Vyvoj listovych pupent je provézen podle ovsového biotestu hromadénim inhibic a podle salato-
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vého testu vyraznymi stimulacemi. Poédteéni vyvoj termindlntho pupenu je rovnéZz provézen
inhibicemi a teprve nésledna diferenciace pestikovych kvitka je charakterizovana kratkodobym
zvysenim hladiny auxinii. V extraktech z tohoto obdobi byly saldtovym testem zachyceny inhibice.
V poloving léta je v mladych plodech, dospélych listech a odpoéivajicich pupenech dosti vysoky
obsah auxinovych latek, ale podle saldtového biotestu se hromadi jiZ vyrazné inhibice.
Regulaéni vyznam rastovych latek v diferenciaénich procesech je moz#no lépe posoudit a v dru-
hém roce, kdy pupeny proristaji a objevuje se fada listovych abnormit. Abnormni jehnddy maji
razny poéet kvitkl a tyéinek nebo dokonce nesou i pestikové kvitky. Vyvoj plodi je mo#no po-
zménit v rané fazi diferenciace. Abnormni plody osvétluji fadu strukturalnich zvlastnosti.
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Fig. 4. The application of MH in the course of fruit development results in abnormal seeds.





