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Abstract. The paper deals with the study of morphological differentiation of flower buds in
10 varieties of apple-trees in relation to the growth of summer shoots and the earliness of varieties.
The data obtained indicate that in the warmer regions of Slovakia the critical seagon of trans-
formation of lower brds from vegetative to generative forms takes place, on the average, between
July 20 and 29, anq, at the same time, the variety Yellow Transparent deviates from the average
four week-earlier. According to the author we can speak neither of a positive relation between
the onset of morphological differentiation and the active growth of summer shoots nor of the
relation between the earliness of the variety in maturing and the onset of differentiation. The
morphological differentiation may be classified into five phases: 1st phase — the formation of
the growing point primordium, 214 phase — the formation of the cup on sepal primordis, 3rd phase
— the formation of petal primordium, 4th phase — the formation of carpel and stamen primordisa,
§ih phase — completion of the differentiation through substantial enlargement of flower organs
before the onset of winter.

The fertility of apple-trees is among other factors influenced by flower
bud setting. This develocpment begins in the year preceding the harvest
(Ro 1929; KosEeL 1954). Studying the morphological differentiation of flower
buds, we were interested in the critical period of the change of the buds
from the vegetative to their generative phases, further, in the particular
phases of morphological differentiation and the relation of the first phase
to the dynamics of the summer shoots growth. Ro (1929), KoBEL (1954),
NEsTEROV (1959) report about a positive relation between the earliness of
a variety and the morphological differentiation of flower buds. Hokavka
(1957) supports the theory of this positive relation. The above author puts
the differentiation of the flower buds into relation with the cessation of the
active growth of the tree crown of a given variety. Studying the morpho-
logical differentiation many authors segregate this phenomenom into various
numbers of phases, stages, or periods. Ro (1929) and NEsTEROV (1959) dis-
tinguish seven phases in apple-trees: 1 — swell up of the growing point,
2 — appearance of the first flower primordia, 3 — appearance of the second
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flower primordia, 4 — clear differentiation of petal and carpel primordia,
5 — appearance of stamens in the form of primordia, 6 — clear differentia-
tion of stamens, 7 — appearance of carpels in the form of shoots in the

centre of the flower bud. Koromiec (1956) distinguishes two development
stages of the flower buds, the first stage from the swelling of the growing
point to the formation of petal primordia, stamens and carpels, and the
second stage from the formation of primordia to the completion of flower
organs.

SErRGEEV, SERGEEVA and MELNIKOvV (1961) distinguish 6 phases: 1 —
swelling up of the first flower primordium and the formation of the in-
florescence axis, 2 — the formation of sepal primordia and leaves around
the inflorescence, 3 — the formation of stamen primordia, 4 — the form-
ation of carpel primordia, 5 — the final phase of differentiation, which
generally takes place before the onset of the winter season, 6 — flowering.
RyapwNova (1958) distinguishes three phases of the flower bud development
in trees 1. — 8 to 10 days after the formation of the leaf area or 10—20 days
after the early spring growth of branches, 2. — begins at the moment of
accelerated partition of the growing point and the appearance of primordium
in the centre of the bud, 3. — takes place during the autumn season which
means at the end of the development of carpels and stamens, the formation
of stigmas and hairing of the carpel. Horavia (1961) distinguishes four
phases 1 — vegetative phase, 2 — morphological differentiation of the
flower primordia, 3 — the formation of the flower organs, 4 — flowering.

From the viewpoint of different agrotechnical treatments (manuring,
pruning, shaping) 1t is important to know the period of the critical season
of the bud transformation from the vegetative to its generative form, or
the period of swelling up, the enlargement of the growing point. HoRavka
(1957) reported July 19 as the date of the first differentiation of flower
buds in Central Bohemia (Yellow Transparent, Lord Lambourne, and
Marbrée do Watervliett), but according to the above author the differentia-~
tion in the majority of varieties begins from the 1lst to the 15th of July.

GYURO (1958) reports the period of differentiation from July 10th to 20th.
His results are from orchards in the vicinity of Kecskemét and Budapest.
According to the above author, the differentiation begins 4—5 weeks after
the cessation of the summer shoot growth. Ro (1929) reported the differ-
entiation of apple-trees at Mleev in the south of the USSR during the third
July decade and the first decade of August, with the exception of the Yellow
Transparent variety, in which differentiation was recorded as early as
June 12th, thus exceedingly early.

The aim of this paper is to point out the date of the onset of flower bud
differentiation in apple-trees, particularly the course of its phases and to
show the relation of the growth of summer shoots under conditions in
southern Slovakia.

Material and Methods

Between 1962 and 1966, the course of morphological differentiation at
the locality of Borovce (near Piestany) was studied on a 12—15 year old
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apple-tree cultivation grafted on the root stock seedling Malus sylvestris,
in this varietal composition: Red Delicious, Ontario, Mother, Transparent
de Croncels, Yellow Bellflower, Reinette du Baumann, Reinnette du Canada,
King of the Pippins, Oberlinder Himbeerapfel and Yellow Transparent.

The orchard is situated on degraded chernozem soils at an altitude of
175 m above sea level, with an average precipitation of 625 mm and an
average temperature of 9.2° C. Increments of the summer shoots were re-
corded during the May—September periods in 14 days’ intervals between
1962 and 1964. The sampling of buds was done in weekly intervals during
July and August, in the other months only at monthly intervals, taking
15—20 buds from one variety per sampling. The buds were fixed in a FAA
solution derived in alcoholic and butanol series, they were paraffin coated
and after coloration with Bismarck brown processed into lasting pre-
parations.

Results and Diseussion

Recording the summer shoot growth increments during a period of three
growing seasons it was found that the growth of the summer shoots lasts,
on the average, up to August 5th but the varietes Oberldnder Hlmbeerapfel
and Yellow Transparent terminate their growth a month earlier (July 5)
and, on the contrary, the variety Reinette du Canada a month later (Sep-
tember 5). Table 1 shows that except for the variety Oberlinder Him-
beerapfel, the differentiation of the flower buds in all studied varieties begins
1 to 8 days earlier than the complete cessation of the summer shoot growth.
In this sense, the results of the present paper do not correspond with those
of HoRavka (1957), where the differentiation of the flower buds begins after
the cessation of the active growth of tree crown, nor with the results of
GYURO (1958) where the differentiation begins 4 to 5 weeks after the term-
ination of the growth of summer shoots. The termination of growth of the
summer shoots varies greatly, e.g. the short, fruit-bearing shoots cease their
active growth 3—5 week after bursting, on the other hand, the growth of
skeleton or leading branches lasts several months, until early July and even
until early September. Flower buds establish generally on the short fruit
bearing shoots, which terminate their growth, as already mentioned, very
early. But the active growth of the tree crown as a whole continues. The
variety Jonathan establishes flower buds not only on the two years old
branches but also on summer shoots. These flower buds are generally es-
tablished on the last third of the whole length of the summer shoot, thus
after their differentiation the summer shoot continues in its active growth.
Thus, we can speak about a subdue, retardation or interruption of the
growth during the critical period of differentiation.

The relation between the earliness and the differentiation was not con-
firmed completely, as was reported by Ro (1929), KoBzL (1954) and NESTE-
Rov (1958). The earliness may be judged according to the period of flowering,
fruit ripening and the onset of fertility, the most important feature for
the trait of earliness being the period of fruit ripening. According to this,
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Table 1

Flowering, formation of flower buds and the termination of growth in apple-trees between 1962
and 1964

Date of the 1st Earliness
Flowerin. phase of differ- Date of according
Variety d € | ‘entiation and | the active to the
ate . . .
swelling of the | growth stop ripening
growing point of the fruits
Red Delicious 1962 217. 4. 7. 8. 5. 9.
1963 2. 5. 29. 7. 5. 8. 1
1964 8. 5. 20. 7.—29. 7. 5.8
Ontario 26. 4. 29. 7. 5. 9.
4. 5. 29. 7. 5. 8. 1
8. 5. 22. 7. 5.8
Mother 28. 4. 29. 7. 5. 9.
6. 5. 29. 7. 5. 8. 3
5. 5. 20. 7. 5.8
Transparent de Croncels 27. 4. 22.17 5. 8.
3. 5. 22. 7 5. 8. 4
2. 5. 20. 7 20. 7.
Yellow Bellflower 27. 4. 29.7 20. 8
4. 5. 7.8 5.8 1
6. 5. 29.7 5.7
Baumann’s Reinette 26. 4. 15. 7 20. 8
3. 5. 27. 17 5.8 1
1. 5. 27.17 20. 8
Reinette du Canada 27. 4. 5.7 5. 9.
3. 5. 5.7 5. 9. 1
6. 5. 13. 7 5. 9.
King of the Pippins 27. 4 22. 17 20. 8.
55 22,7 20. 8. 2
7.5 27.7 20. 8.
Oberlénder Himbeerapfel 26. 4. 5.7 5. 8.
2. 5. 5.7 5.17. 1
4, 5. 13. 7 5.17.
Yellow Transparent 25. 4. 16. 6.—20. 6. 5.8
3. 5. 15. 6.—20. 6. 5.1
3. 5. 5. 17. 5.7

Earliness: 1 — very late, 2 — late, 3 — fairly late, 4 — early, 5 — very early.
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all summer varieties should be early and, on the other hand, all winter
varieties late. Yellow Transparent is our earliest ripening variety; its onset
of differentiation is also earliest; the onset of fertility is also very early, the
beginning of flowering is also 2 to 3 days earlier, compared with other va-
rieties, so that in this instance we can speak about a positive relation of
the given characters. A different picture exists with other varieties. For
instance, the varieties Reinette du Canada and the Oberlinder Himbeer-
apfel differentiate their flower buds by 2 to 3 weeks earlier, compared to
other varieties, and this does not in the least correspond with the ripening
period of their fruits. Both are winter varieties with a late ripening of fruits.
Flowering of apple-trees is in our climatic conditions only a minor char-
acterizing trait, as the differences among the varieties are insignificant
(1—3 days), which contrasts sharply with the differences in differentiation
and fruit ripening. The results of this paper agree with those of HoRavka
(1957), denying a positive relation between the differentiation and the
earliness.

In the study of the particular phases of differentiation I consider it useful
to have a classification beginning with the critical period, i.e. enlargement
of the growing point and its shaping. Thus, the development of the flower
bud differs eclearly from the morphological differentiation of the vegetative
bud. The classification of the development phases of the flower bud in
apple-trees in our climatic conditions is as follows:

1st phase — the formation of the growing point primordium;

2nd phase — the formation of the cup or sepal primordia;

3rd phase — the formation of primordia;

4th phase — the formation of carpel und stamen primordia;

5th phase — ocompletion of the differentiation through substantial en-
largement of flower organs before the onset of winter.

In this classification the vegetative and flowering phases are eliminated,
which I think, is advantageous from the viewpoint of time reduction of
morphological differentiation and thus also from the viewpoint of detailed
study of particular phases. The results of this study do not correspond
with those of SERGEEV, SERGEEVA, MELNIROV (1961), in which, in my
opinion, and independent phase — the formation of petal primordia-is
missing. Further, the papers of these and other authors (Ro 1929;
Koromirc, 1956; NesTEROV, 1958) divide the formation of stamens and
carpels into two phases, while in our study we always found contemporane-
ous formation of primordia of both organs (4th phase), in agreement with
the study of Hokavka (1961) who recorded the appearance of stamen and
carpel primordia contemporaneously in one period, though his classification
of particular phases was different.

The date of the critical period of bud change from its vegetative into its
generative form takes place in the majority of cases between July 20th
to 29th. The Variety Yellow Transparent deviates from the mean by 4 weeks,
varieties Oberlander Himbeerapfel a Rainette du Canada by 2 weeks. Com-
pared with the results of HorRavka (1957), the differentiation under our
conditions takes place, on the average, 1 to 3 weeks earlier (Yellow Trans-
parent 4 weeks earlier) and compared with the results of the Hungarian
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author GYuré (1958) the differentiation under our conditions takes place,
on the average, 2 to 3 weeks later. This knowledge should reflect itself in
the dates of nitrogen fertilization during vegetation and in the date of
branch bending by shaping of apple-trees.
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Préca se zaoberd Stidiom morfologickej diferencidcie kvetnych pukov u 10 sort jabloni vo
vztahu k rastu letorastov a ku skorosti sort. Vysledkom préce je poznatok, Ze v teplejdich oblas-
tiach Slovenska prebieha kritické obdobie premeny vegetativnej na generativnu formu kvetného
puku priemerne 20.—29. VII. a pritom sorta Priesvitné letné sa odchyluje od priemeru o 4 tyZdne
skoér. Podla autora nemoZno hovorit o priamom vztahu medzi za¢iatkom morfologickej diferen-
ciacie a aktivnym rastom letorastov, ani o vztahu medzi skorostou sorty v dozrieveni plodov a za-
&iatkom diferencidcie. Morfologicku diferencidciu mozno rozdelit na 5 faz: 1. féza — vznik roz-
Bireného hrboléeka vegetainého vreholu, 2. fiza — vznik ¢iadky, alebo vznik zédkladov kalidnych
listkov, 3. fiza — vytvorenie zékladov korunnych liskov, 4. fiza — vytvorenie zdkladov tyciniek
a pestikov, 5. fiza — dokongenie diferencovania podstatnym zviéSenim kvetnych orgdnov pred
néstupom zimy.
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Fig. 1. Baumann’s Reinette, first lower primordium (15t phase). On July 22, 1963.
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Fig. 2. Baumann’s Reinette, sepal primordium (274 phase). On July 29, 1963.
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Fig. 3. Baumann’s Reinette, petal primordium (3¢ phase) On August 7, 1963
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Fig. 4. Baumann’s Reinette, stamen primordium and carpel primordium (4th phase). On August
15, 1963.
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F/g. 5. Baumann’s Reinette. (5th phase.) On November 15, 1963.
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Fig. 6. Baumann’s Reinsette. On January 15, 1964.
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B. Beuro, UncruryT pacrenmeBoficTBa, Ilmemrsaan: Mopdoiaormieckaa nuddepennuanus
nBeTouHbiX movex aGaonm. — Biol. Plant. 9 : 263—269, 1967.

WUsyuanach mopdonorndgecras auddepennuanua npeToUHBIX nouex AOIOHN U ee CBA3B
€O CKOPOCTBIO pocra NOGEroB M ¢ PAaHHECTEJOCTBIO coproB. B Gonee temmmx ofsacTax
CloBAKMM KPUTHYECKHI IepPYOf NPeBpaNieHMA OYeK B FeHePaTHBHYI0 GopMy — B cpelHeM
ot 20 g0 29 wrons. Copr «IIpuecBurHe JeTHE» OTKIOHACTCS OT 9TOTO cPoKa, nuddepennmanys
y Hero NPOXOJNUT Ha 4 Heflesid padee. IIo MHEHHIO aBTOpA, HET CBASH MemxAy HadajioM Mopdo-
Jorngeckoil muddepeHnmau ¥ aKTHBHOCTBIO PocTa N0GeroB, a Tarske Mexay muddepen-
nuanuell ¥ CKOPOCHENOCThIO copTa. ABTOP pasjimdaer B mporecce MopPosormaeckod Aud-
depenmuanuu ciefyomue 5 gas: 1 — paclImpeRne KOHyca HAPOCTAHMAA; & — BOSHUKHOBEHHE
HANIEYKA WIM 3a9aTKOB YalllelINCTUKOB, 3 — oOpasoBaHme 3a4aTHOB JIENECTKOB BEHYHKA;
4 — obpasoBanue 3a9aTKOB TEIYWHOK U NECTUKOB; D — OKOHYaHWMe AnddepeHnmamud, co-
TIPOBORIANONIeecH 3HAYNTETbHEIM YBeJIMUeHNeM OPraHoOB I[BETKA Iepel] HAaCTYIIEHHEM 31MEL.



