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A 

ABSTRACT 

The vegetative and reproductive anatomy of the 
grapevine is discussed with emphasis on recent in- 
terpretations based on scanning electron microscopy. 
The terminology of flowering in Vitis is defined and a 
developmental code, comprising Stages 0 to 11, is pro- 
posed for the events leading to formation of flowers. In 
brief, flowering in the grapevine involves three main 
steps: 1) Format ion  of Anlagen  or uncommi t ted  
primordia (Stages 0 to 1); 2) Differentiation of Anlagen 
to form inflorescence primordia (Stages 2 to 7); and 3) 
Differentiation of flowers (Stages 8 to 11). The litera- 
ture on the factors that  influence flowering in grapes is 
reviewed under three major headings: 1) Biochemical 

changes in apices during inflorescence primordia for-' 
mation; 2) Effects of environmental factors, including 
temperature, light intensity, photoperiod, water stress 
and mineral nutrition and 3) Role of phytohormones. 

Anlagen develop into inflorescences, tendrils or 
shoots depending on the environment and hormonal 
factors. A hypothetical scheme for the hormonal con- 
trol of Anlagen, tendril and inflorescence formation is 
proposed. It is suggested that  flowering in grapes is 
controlled by the gibberellin:cytokinin balance. For- 
mation of the inflorescence axis (the Anlage) is gib- 
berellin controlled, but subsequent differentiation into 
flowers is regulated by cytokinin. 

The origin and development of inflorescences and 
flowers in the grapevine have been studied for more 
than a century (84) but research on the control of flow- 
ering has a sho~t history. In 1971 Pratt  (118) published 
an authoritative review on the reproductive anatomy 
of cultivated grapes, but she did not discuss the early 
stages of inflorescence inception or the factors which 
affect inflorescence formation. Subsequently, Buttrose 
(33) reviewed only the influence of climate on flower- 
ing. The p resen t  review is concerned wi th  the 
mechanisms by which apices are transformed from the 
vegetative to the reproductive mode of development. 

V E G E T A T I V E  A N D  R E P R O D U C T I V E  
A N A T O M Y  OF THE G R A P E V I N E  

The grapevine is a complex plant and opinions dif- 
fer as to the naming of its parts. An abridged descrip- 
tion of grapevine anatomy will be given here, the ob- 
jects of which are to introduce the terminology and to 
set the scene for later discussion of the physiology of 
flowering. 

Origin of the p r o m p t  b u d  and  la tera l  shoot- The 
first bud which arises in the axil of the leaf subtended 
by a current season's shoot is known as the "prompt 
bud" (prompt bourgeon) (Fig. 1A). This bud has the 

characteristic of growing out in the same season as its 
formation, and the lateral shoot so formed is known in 
French as the "entre coeur" (124). Pratt  (119) called 
this outgrowth the "summer lateral." The lateral shoot 
seldom bears inflorescences but there are varietal dif- 
ferences in this regard (124). Huglin (57) showed that 
the growth of the lateral shoot is inhibited by the apex 
of the main or primary shoot. If this correlative inhibi- 
tion is removed, the lateral shoot develops into a vigor- 
ous fertile shoot (13). 

The la ten t  bud.  The first leaf of the lateral shoot is 
reduced to a bract or prophyll (35). The bud which 
develops in the axil of the bract is the " la tent  bud" 
(bourgeon latent, Fig. 1 B). The latent  bud grows 
slowly within the bract. Depending on the cultivar the 
latent bud produces 6 to 10 leaf primordia and up to 
three inflorescence primordia before becoming dor- 
mant during the winter. Although the latent bud is 
established as an appendage of the lateral shoot, its 
association with the primary shoot is very close. The 
xylem vessels of the young latent bud lead directly to 
the primary shoot, but not directly to the xylem of the 
lateral shoot (84,119). Prillieux (120) was the first to 
discover that  the latent bud of the vine does not adjoin 
the main shoot but arises as the axillary bud of the first 
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bract-like leaf of the lateral shoot. This relationship 
was confirmed by Mdller-Thurgau (94) and has been 
discussed by severa l  more recen t  au tho r s  (25, 
35,84,146). 

Secondary  and  t e r t i a ry  la tent  buds:  The apex of 
the primary latent bud produces two or  more bracts 

before producing leaf primordia. The buds in the axils 
of these two bracts are the secondary and tertiary la- 
tent buds. These buds exhibit limited growth and they 
produce mainly leaf primordia. The secondary buds 
may form inflorescence primordia in some cultivars. 
The tertiary buds usually remain vegetative (119). 

Fig. 1. Formation of the latent bud, leaf primordia and stipule primordia in the grapevine. 
A. The prompt bud (PB) is covered by a bract (BR). The latent bud (LB) is formed in the axil of the first bract. In this preparation the first bract has 

been removed to expose the latent bud initial (LB). Note the prominent scar of the bract (BR). 
B. A later stage in formation of the latent bud (the prompt bud has been removed). The latent bud (LB) has formed a bract and the first leaf 

primordium (LP1). 
C. Differentiation of the first leaf primordium (LP). Stipule primordia (St) are formed from the flanks of the leaf primordium. (A) - latent bud apex. 
D. A latent bud in which three leaf primordia have been formed (LP1, LP2 and LP3). Note the incipient stipules (St) on either side of the 

newly-formed leaf primordium (LP). 
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The primary, secondary and ter t iary buds, which 
are enclosed by the bract of the lateral  shoot and by the 
two basal bracts of the prompt bud, constitute the win- 
ter bud or "eye (l'oeil) of the dormant  cane (mature 
grape shoot). The "eye" is a compound or mixed bud 
and it consists of several buds, the one located in the 
axil of the other. 

F l o w e r i n g  in the  g r apev ine :  The formation of in- 
florescences and flowers in the grapevine involves 
three  well-defined s tages  (8,18,19,25,26,36,84,114, 
147). 

Formation of Anlagen (singular- Anlage) : Anlagen 
are club-shaped mer is temat ic  protuberances  which 
arise from the apices of latent  buds. Anlagen are "un- 
committed primordia" which may be directed to form 
inflorescence primordia,  tendri l  pr imordia or shoot 
primordia. Formation of Anlagen is also referred to in 
this review as inflorescence initiation or inflorescence 
axis formation (Fig. 2). 

Formation of inflorescence primordia: Anlagen  
which have been directed to develop as inflorescences 
undergo repeated branching to form a conical structure 
composed of many rounded branch primordia (Fig. 3). 

Formation of flowers: Differentiation of inflores- 
cence primordia to form the individual flowers (Fig. 4). 

The first two stages are completed during the cur- 
rent  season. The final stage, flower formation, occurs 
shortly before and during bud burst  in the next spring. 

Fully mature  latent  buds containing one or more 
inflorescence primordia are called fruitful or fertile 
buds. This condition of la tent  buds is known as fruit- 
fulness or fertility. Unfruitful,  infertile or vegetative 
buds are latent  buds which contain tendril primordia 
in the place of inflorescence primordia. Tendrils, which 
arise in a specific sequence in leaf-opposed positions, 
are produced by the apices of pr imary shoots, lateral  
shoots and primordial shoots of latent  buds. The lateral  
meristems which give rise to tendrils are also called 
Anlagen regardless of the kind of shoot from which 
they originate. Anlagen which arise directly on main 
and lateral  shoots of the current  season do not usually 
form inflorescences and they remain as tendrils, but 
most Anlagen which are initiated in latent  buds give 
rise to inflorescences. It has been demonstrated that  
Anlagen and young tendrils on main and lateral  shoots 
have the potential to form inflorescences (148,149,150), 
but this potential is seldom expressed due to correla- 
tive inhibition by the respective shoot apices. Correla- 
tive inhibition is under the control of hormones (115). 
When Anlagen and their  derivatives, the young ten- 
drils, are freed from correlative inhibition by treat- 
ment  with exogenous growth substances, or by excision 
and cult ivation in vitro with the appropriate  plant  
ho rmones ,  they  give r ise  to in f lo rescences  (148, 
149,150). 

D E V E L O P M E N T A L  S T A G E S  IN THE 
F L O W E R I N G  OF G R A P E V I N E S  

An accu ra t e  descr ip t ion  of the morphologica l  
changes in buds during the formation of inflorescences 

and flowers is an obvious prerequisite to the under- 
s tanding of physiological controls in the flowering pro- 
cess. 

Hitherto, much of the information on the formation 
of inflorescences and flowers in the grapevine has been 
accumulated from studies of median longitudinal sec- 
tions of paraffin-embedded latent  buds (19,35). With a 
complex three dimensional structure such as a latent  
bud the use of sections for the study of dynamic aspects 
of growth and development is laborious and prone to 
error. The interpretat ion of sections cut from blocks 
with differing orientations is often exceedingly dif- 
ficult. For example, only sections which bisect the la- 
tent  bud apex along the plane of leaf and inflorescence 
primordium formation will show some parts of both 
leaf and inflorescence primordia (35,182). The scan- 
ning electron microscope (SEM) is an ideal ins t rument  
for investigations of bud structure because it enables 
observations to be made at high magnification and 
with great depth of focus. 

The complex morphology of the grapevine shoot 
system and the origin of inflorescences have been 
clarified recent ly  by scanning electron microscopy 
(147). As an extension of this work, and as an aid to 
description, a developmental or phenological code for 
flowering in the grapevine has been constructed (146) 
in which the various stages (0 to 11) are related to 
changes in the shape of oi~gans or to the addition of new 
structures  (Figs. 2-4). Similar  developmental  codes 
have been proposed for flowering in Xanthium (127) 
and roses (56), us ing  in fo rmat ion  from l ight  mi- 
croscopy, and for wheat  (106) using SEM. 

In the proposed code for flowering in the grapevine 
the latent  bud apex is considered to be in a vegetative 
condition until  the initiation of the first Anlage. Ac- 
cordingly, apices containing leafpr imordia  only are re- 
ferred to as Stage 0. The cleavage of the apex to form 
the Anlage is designated Stage 1. Later  stages are 
numbered  ser ia l ly  according to the ex ten t  of the 
ramification of the Anlagen (Figs. 2, 3, 4). Reference 
will be made to this code in the following discussion on 
development of primordia in latent  buds. 

F O R M A T I O N  OF P R I M O R D I A  IN THE 
P R I M A R Y  L A T E N T  B U D  

Leaf  pr imordia:  The formation of a leaf primor- 
dium at the flank of the latent  bud apex is the first step 
in the development  of the bud (Fig. 1B, C). Leaf  
primordia arise from the apical meris tem in acropetal 
succession and with distichous phyllotaxy (35,147) 
(Fig. 1D). Associated with each leaf primordium are 
two ovoid stipular scales (Fig. 1C, D). These scales are 
located one on either side of the leaf primordium. Ini- 
tially the scales are as big as leaf primordia but they 
soon stop growing and become sclerified (19,146,182). 
The leaf primordia are pointed structures which be- 
come lobed at their  bases and rapidly assume a leaf- 
like appearance (Fig. 1D). The first two or three leaf 
primordia grow rapidly and envelop the subsequent 
primordia. The later-formed leaf primordia are rela- 
tively slow growing and they remain small (146). Hairs 
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Stage 0. Depending on the cultivar, the apex (A) of a young latent 
bud forms a specific number of leaf primordia (5 in Shiraz) before the 
formation of the first Anlage. 

Stage 1. Bisection of the apex (A) to form the Anlage (AL). The 
Anlage is opposite the youngest leaf primordium. 

Stage 2. The Anlage (AL) has separated from the apex and is 
developing into blunt broad obovate structure. 

Stage 3. Formation of a bract primordium (BR) from the abaxial 
flank of the Anlage. 

Fig. 2. Developmental stages in the flowering of Vitis vinifera L. m formation of Anlagen. 
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Stage 4. Division of the Anlage to form an inner arm (IA) and an 
outer arm (OA). The inner arm becomes the main axis of the inflores- 
cence and the outer arm becomes the proximal branch of the inflores- 
cence. 

Stage 5. Growth of the main axis (inner arm) to give rise to the first 
branch primordium (BP). 

Stage 6. Growth of the main axis of the inflorescence primordium to 
form several branch primordia (BP) and bract primordia (BR). 

Stage 7. Differentiation of the branch primordium at bud burst and 
formation of the flower initials (FI). Note group of five flower initials. 

Fig. 3. Developmental stages in the flowering of Vitis vinifera L. - -  formation of inflorescence primordia. 
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Stage 8. A fully developed inflorescence primordium in a mature 
dormant latent bud. Note the branch primordia (BP) and bracts (BR). 

Stage 9. Development of calyx (C) in a flower initial (after bud 
burst). The calyx forms an incomplete cove over the developing flower. 

Stage 10. The calyptra (CA) lobes are visible through the top of the 
calyx (C). 

Stage 11. A fully formed grape flower just before anthesis. There is 
full development of flower parts, viz., calyx, calypta, stamens and pis- 
tils. 

Fig. 4. Developmental stages in the flowering of Vitis vinifera L. m formation of flowers. 
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develop from the upper epidermal cells of leaf and scale 
primordia and produce a tomentum which encases each 
whorl of leaves (146). The basal leaf primordia, stipu- 
lar scales and tomentum all provide a protective cover 
for the meristematic apex of the latent bud. 

In the cultivar Sultana,  growth of la tent  buds 
ceases after the formation of 12 to 13 leaf primordia 
(19) but some cultivars of central European origin, for 
example, Gutedal (186), Riesling and Auxerrois (57), 
and Freismer (84), produce less than 12 leaf primordia 
before the latent bud becomes dormant. 

Anlagen:  Depending on the cultivar the latent bud 
apex produces three to eight leaf primordia (Fig. 2, 
Stage 0) and then divides into two almost equal parts 
(8,118,146). The par t  opposite the youngest  leaf  
primordium is the Anlage (Fig. 2, Stage 1). The forma- 
tion of Anlagen from the apex is the earliest indication 
of reproductive growth in the grapevine and the forma- 
tion of the Anlage can be regarded as the stage of initi- 
ation of the inflorescence axis (84,147). 

Initially, the two parts of the divided apex (Anlage 
and latent bud apex) have a similar appearance (Fig. 2, 
Stage 1) but they soon acquire different conformations. 
Anlagen develop as broad, blunt, obovate structures 
and they lack stipular scales (Fig. 2, Stage 2). Leaf 
primordia are narrow pointed structures and arise 
from the flank of the apex (Fig. 2, Stages 0, 1). 

Brac ts  and  arms:  The further development of the 
Anlagen starts with the formation of a bract (182). 
Bracts originate as depressions in the distal ends of the 
Anlagen. Later, these depressions appear to move to 
the periphery and to form a collar-like structure (Fig. 
2, Stage 3). The Anlage then divide into two unequal 
parts, called arms. The larger adaxial part (nearer to  
the apex) is the inner arm, and the smaller abaxial 
part adjoining the bract is the outer arm (Fig. 3, Stage 
4) (118,147). 

I n f l o r e s c e n c e  p r i m o r d i a  fo rma t ion :  Inflores- 
cence primord~a are formed by extensive branching of 
the Anlage (Fig. 3, Stage 5). The inner arm divides and 
produces several globular branch primordia (133) 
which give rise to the main body of the inflorescence. 
Branching of the outer arm is less extensive and it 
develops into the lowest branch of the inflorescence 
(84). The branch primordia of the inner and outer arms 
give rise to branch primordia of the second and third 
order, each of which is subtended by a bract (Fig. 3, 
Stages 6 and 7). The degree of branching of the inner 
arm gradually decreases in an acropetal direction and 
this gives the inflorescence primordium a conical shape 
(Fig. 3, Stage 7). The appearance of a fully-developed 
inflorescence primordium is rather  like a bunch of 
grapes in which each berry-like branch primordium is 
a protuberance of undifferentiated meristematic tissue 
(Fig. 3, Stage 7). After the formation of one-to three 
inflorescence primordia (depending on the cultivar), 
the latent bud enters into dormancy (118). 

D I F F E R E N T I A T I O N  OF FLOWERS 

According to most reports the differentiation of 
flowers from inflorescence primordia begins after t h e  

dormant  la tent  buds are act ivated in the spring 
(2,19,128,144,182). However, Alleweldt and Balkema 
(8) and Alleweldt and Ilter (10) have suggested that a 
large proportion of floral meristems may form sepals in 
the late summer preceding the season of flowering, but 
such early differentiation of flowers has not been con- 
firmed in more recent studies with the scanning elec- 
tron microscope (133,146). 

Each branch primordium of inflorescence primor- 
dium divides many times and ultimately it produces 
the flower initials (Fig. 4, Stage 8). There are differ- 
ences among cultivars in regard to the differentiation 
of flowers. In Muscat of Alexandria and Thompson 
Seedless the flower primordia are formed in groups of 
three (88,113), but in Shiraz the flowers occur in 
groups of five (146; Fig. 4, Stage 8). 

Initiation and development of flowers parts was 
said by Barnard and Thomas (19) and by Snyder (144) 
to occur simultaneously in all parts of the inflorescence 
primordium but later workers have disputed that  
development  of flower par t s  is synchronous  (2, 
121,182). It is now clear that  sepals, petals (calyptrae), 
s t amens  and pist i ls  develop one after  the other 
(118,146) (Fig. 4, Stages 9,10,11). 

The appearance of the calyx as a continuous ring of 
tissue on the rim of the presumptive flower primor- 
dium marks the beginning of the formation of flower 
parts [see Pratt, (118) for review]. The calyx ring does 
not coalesce at its tip but forms an incomplete cover 
over the petals (Fig. 4, Stage 9). The petals and sta- 
mens arise as five papillae soon after the formation of 
sepals. The petals do not coalesce at their margins or at 
their tips as suggested by Snyder (144), but special 
cells are formed at the margins which interlock with 
similar cells on the margins of the adjacent petals to 
form a calyptra (Fig. 4, Stage 10) (146,147). At an- 
thesis in a mature flower (Fig. 4, Stage 11) the petals 
become free first at their proximal ends (bases) and 
then separate and curve upwards and outwards to re- 
lease the stamens (118). In cytokinin-treated flowers 
the petals open from the top or remain closed as in 
cleistogamous flowers (149). Petals and stamens are 
persistent in cytokinin-treated flowers, but are de- 
ciduous in normally-pollinated flowers. 
BIOCHEMICAL CHANGES IN APICES DURING 

THE FORMATION OF INFLORESCENCE 
P R I M O R D I A  

Treatment of grape leaves with uracil increases in- 
florescence primordia formation (66) and the yield of 
grapes (15,63,64). This response was associated with 
an increase in nucleic acids and protein synthesis in 
leaves. The relationship of nucleic acid changes in 
leaves to the yield of grapes is difficult to interpret, but 
the nucleic acid status of latent buds in situ seems to be 
related to fruitfulness. The DNA content is high during 
Anlage formation (Stage 1) and during the early stages 
of inflorescence primordium formation (Stages 2 to 6) 
but the RNA content increases before Anlage forma- 
tion (Stage 0) and again during Stages 2 to 6 (122). 

Addition of nitrogen enhances the synthesis of pro- 
tein and nucleic acids and this has been related to an 
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increase  in inf lorescence fo rmat ion  (1,40). When 
radioactive P was applied to five grape cultivars at 
Stage 0, most of the absorbed 32p was found sub- 
sequently in the nucleic acids fraction of latent  buds 
during Stages 1 to 8 (158). The size of nuclei in the 
inflorescence primordia increases considerably during 
flower differentiation at bud burst  (84). The nucleic 
acids content ,  RNA/DNA ra t io  and  ca ta l a se  and 
peroxidase activity are all higher in young shoots (at 
bud burst) bearing inflorescences than  in vegetative 
shoots (160). 

Histochemical changes in the apices of latent  buds 
d u r i n g  the  f o r m a t i o n  of A n l a g e n ,  in f lo rescence  
primordia and tendril primordia were studied in the 
cu l t ivar  Shiraz by S r in ivasan  and Mull ins  (151). 
Peripheral  zone cells of la tent  bud apices showed mito- 
tic activity and enzyme activity but the central zone 
cells are quiescent. Fluorimetric determination of the 
DNA content of nuclei in latent  bud apices revealed an 
increase in the proportion of 2C nuclei during Anlage 
formation and differentiation. This condition was par- 
ticularly evident in vines grown with 30°C day to 25°C 
night temperatures,  a regime which is favorable for 
inflorescence primordia formation. In vines grown at 
18°C day to 13°C night, a temperature  unfavorable for 
inflorescences formation, nuclei with the 4C level oc- 
curred with a high frequency in Anlagen. The pre- 
dominance of nuclei with the 2C-DNA level indicates a 
rapid mitotic turnover,  but  predominance of 4C-nuclei 
is the sign of slow mitotic activity. Carolus (35) also 
found that  a high proportion of cells involved in Anlage 
formation are mitotically active. In fully matured  in- 
florescence or tendril primordia cells contain mostly 
4C nuclei. This indicates, perhaps,  tha t  mitotic activ- 
ity is slowing down in la tent  buds in anticipation of 
organic dormancy (146). 

Histochemical tests on cryostat  sections of la tent  
bud apices and Anlagen showed intense activity of 
acid phosphatase and peroxidase in the per ipheral  
zone cells, i.e., the cells involved in the formation of 
Anlagen and inflorescence primordia. Accumulation 
of starch was found in the d iaphragm cells and in 
older leafpr imordia  of la tent  buds (152) during Stages 
3 t o 6 .  

E N V I R O N M E N T A L  FACTORS IN FLOWERING 

T e m p e r a t u r e :  There are many  reports of a re- 
qu i rement  for high t empera tu re s  for inflorescence 
primordium formation in grapes (6,16,33,57,146). A 
close positive correlation (r = 0.82) was established 
between mean air temperature  and the percentage of 
fruiting shoots (45). In particular,  there is a positive 
relat ionship between tempera ture  from the middle of 
June  to the middle of Ju ly  (northern hemisphere) and 
the number  of inflorescences appearing on the shoot in 
the following season (6). Specifically, high tempera- 
tures during Stages 5 to 7 of latent  bud development 
are closely correlated with subsequent fruitfulness of 
latent  buds (16). 

It is very difficult to demonstrate a specific effect of 

temperature  on flower formation under vineyard con- 
d i t ions .  To c i r c u m v e n t  th i s  d i f f icu l ty  B u t t r o s e  
(28,29,30) used grapevines grown in small containers 
in controlled environments .  After three months  of 
g rowth ,  the  l a t e n t  buds  were  d issec ted  u n d e r  a 
stereomicroscope, and the size and weight of inflores- 
cence primordia were measured. With the relatively 
fruitful cultivar, Muscat of Alexandria,  the number  of 
inflorescence primordia recognizable at three months 
varied from zero at 20°C to a maximum of 1.6 in vines 
grown at temperatures  close to 35°C (28). 

A pulse of only four hours per day (or night) of high 
t e m p e r a t u r e  (30°C) was  suf f ic ien t  to induce  a 
maximum number  of inflorescence primordia (Stage 7). 
The critical period for susceptibility to the high tem- 
pera ture  response is the three weeks before the forma- 
tion of Anlagen by the apices of latent  buds (29,31). 

Substantial  differences have been found in temper- 
ature requirements  for inflorescence primordium for- 
mation among cultivars of different geographic origin 
(23,32,69,70,71,162). Riesling and Shiraz initiate in- 
florescences with tempera tures  as low as 20°C but 
Muscat of Alexandria requires a temperature  of 25°C 
(32,113). Cabernet Sauvignon requires a lower tem- 
pe ra tu re  summat ion  for f lowering than  Bolgar or 
Rkatsiteli  (23). A high temperature  pulse is essential 
for the initiation of the second and third inflorescence 
in many cultivars, including cool climate cultivars. 
Sul tana and Ohanez are less fruitful than  most other 
cultivars and are more responsive to changes in tem- 
pera ture  (32). American cult ivars (interspecific hy- 
brids) such as Delaware  produce inflorescences at 
lower temperatures  (21 ° to 22°C) than  do vinifera cul- 
t ivars (27 ° to 28°C for Muscat of Alexandria). 

L ight  in tens i ty :  Effects of light intensity on the 
fruitfulness of grapevine buds are independent of the 
temperature  regime (31). The effect of light intensity 
on inflorescence formation has been studied in the 
vineyard in relation to the hours of sunshine (16) or to 
shading t reatments  (87). Most studies have indicated 
that  shading reduces fruitfulness (6,12,16,24,44,55,87). 
A mean of 10 h sunshine per day during inflorescence 
formation is needed for an acceptable level of fertility 
in Sul tana vines (16). Shading for four weeks during 
late spring reduced the fruitfulness of latent  buds to a 
greater  extent than shading t rea tments  applied earlier 
or later during the season. In New Zealand, shoots 
covered with Hesian shades (26% full sunlight) during 
December to May (summer and au tumn)  produced 
fewer bunches than unshaded shoots (55). However, 
g rowth  cabine t  s tudies  showed tha t  i l l umina t ion  
equivalent  to one quarter  of full sunlight (39 klx) is 
suf f ic ien t  to ob ta in  m a x i m u m  f r u i t f u l n e s s  in 
container-grown plants of Muscat of Alexandria (33). 
In vines grown in controlled environments,  the number  
and size of inflorescence primordia increases with in- 
crease in light intensity (28). 

Vert ical ly-trained shoots are more fruitful than  
horizontally-trained shoots (29,86). Direct exposure of 
latent  buds to high intensity light improves the fruit- 
fulness of buds but no effects of the quality of light on 
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inflorescence formation have been detected (85). 
It is often observed that  buds situated inside the 

canopy of field-grown vines are less fruitful than those 
at the exterior where buds are more strongly illumi- 
nated (90). The use of trellises and split canopies, as in 
the Geneva Double Curtain system of training, gives 
improved fruitfulness of buds and an overall increase 
in productivity of 50 to 90% (90,129). 

As with the effect of t empera ture ,  responses of 
vines to differing light intensities vary with the cul- 
tivar. Sultana, Ohanez, and Shiraz were fruitful only 
at light intensities higher than  19.5 klx but Muscat of 
Alexandria and Rhine Riesling were fruitful with an 
i l lumination of 19.5 klx (32). 

P h o t o p e r i o d :  Photoperiod does not affect inflores- 
cence induction in grapes (3,4,6,7), but there is evi- 
dence in some cultivars that  the numbers of inflores- 
cence primordia per bud are greater  under long days 
than  with short days (29,33). 

The fruitfulness of vines grown in growth cabinets 
was promoted by increasing the time of exposure to 
high intensity light (3600 ft - C). These results could 
not be explained by the increase in quant i ty  of light for 
use in photosynthesis (33). If the high light intensity 
was supplied for more than 12 hours per day, the for- 
mation of inflorescence primordia appeared to depend 
on the hours of i l lumination ra ther  than on total inci- 
dent energy (33). In contrast, the accumulation of dry 
mat ter  was related to total incident light energy and 
not to the number  of hours of i l lumination (27). There- 
fore, the mechanism leading to inflorescence primor- 
dium formation is not closely related to the mechanism 
of dry weight accumulation (i.e., photosynthesis) de- 
spite its requirements  for high energy light. 

Amer ican  species, including Vitis labrusca, are 
more sensitive to day length than  Vitis vinifera L. 
(70,71,162). Delaware vines (Vitis vinifera x Vitis lab- 
rusca) grown in long days formed nearly three times as 
many inflorescences as those grown in short days irre- 
spective of the temperature  regime. The fertility of 
Muscat  of Alexandria  was affected by t empera tu re  
ra ther  than  by day length (32,162). 

To sum up the influence of temperature  and light 
on fruitfulness, Buttrose (33) considers tha t  tempera- 
ture is a dominant  factor for inflorescence primordia 
formation, but according to Rives (124) light intensity 
is the limiting factor. However, it appears that  a com- 
bination of exposure to high tempera ture  and high 
light intensity is necessary for maximum fruitfulness 
of la tent  buds. 

Wate r  s t ress:  Persistent  water  stress depresses the 
fruitfulness of latent  buds (181), a fact which explains 
why rainfed vines usually bear  fewer fruitful buds 
than  irrigated vines (58). Soil moisture is ode of the 
chief factors influencing inflorescence development in 
grapes (9), and studies with vines grown in controlled 
environment  have shown that  the number  and size of 
inflorescence primordia are reduced by water  stress 
(34). However, there are also reports tha t  water  stress 
increases the f rui t fulness  of buds (142). May (85) 

suggests tha t  the reduced foliage density of water- 
stressed vines improves the i l lumination within the 
canopy and results in improved fertility of basal buds, 
a factor which leads to increased fruitfulness of the 
vine as a whole. 

Vine growth is sensitive to water  stress (170) and 
there is a reduction in both bud fruitfulness and dry 
weight of shoots (34). This suggests that  water  stress 
may affect fruitfulness indirectly through a decline in 
photosynthesis (82). Moreover, water  stress causes a 
decrease in cytokinin in xylem sap (79) and an increase 
in the abscisic acid levels in leaves and stems (47,82). 
The importance of cytokinin in grape flowering is well 
established and will be discussed later in this review. 

The paucity of information on the relationship be- 
tween water  stress and fruitfulness of latent  buds is 
due primarily to the difficulty of separat ing the specific 
effects of water  stress from those of temperature  and 
light intensity. 

Mine ra l  nu t r i t ion :  Most studies on the mineral  
nutri t ion of grapes have been concerned with berry 
development and wine quality, and there are few re- 
ports on the effects of mineral  nutri t ion on flower for- 
mation. 

An adequate supply of nitrogen is necessary for in- 
florescence primordium formation and for the differ- 
entiation of flowers (7). Size of inflorescence primordia 
is generally little affected by N nutri t ion (159), but an 
increase in the number of inflorescence primordia fol- 
lowing N application is found when the initial N status 
of the vine is low (17). However, under special circum- 
stances, application of nitrogen can result  in a reduc- 
tion in fruitfulness. A survey of the petiole nutr ient  
status in 30 tropical vineyards showed a significant 
negative correlation (r = -0 .946)  between petiole-N 
and fruitfulness (100). There is also evidence that  the 
N reserves of the cane are preferentially utilized for 
the growth of the shoot ra ther  than  added nitrogen, 
even when excess N fertilizer is supplied (111). This 
could explain why soil applied nitrogen seldom has an 
effect on inf lorescence  p r i m o r d i u m  fo rma t ion  in 
grapes. 

Optimum phosphorus (P) nutri t ion promoted bud 
frui tfulness by increasing the vine vigor (68), and 
phosphate deficiency is detr imental  to inflorescence 
formation (60). Low N, high P and water  stress are the 
factors associated with high fertility in Sultana vines 
(17). Under tropical conditions, petiole P content is 
positively correlated with the yield of grapes (100). 
Studies with radioactive P indicated a preferential ac- 
cumulation of P in actively growing shoot tips and in 
young  buds which  s u b s e q u e n t l y  became  f ru i t fu l  
(53,72,123). P is present in xylem sap in mineral  form 
at the beginning of the so-called "bleeding period" but 
it is mostly in an organic form during flower differ- 
entiation and bud burst  (67). 

There have been several suggestions for a role for 
p o t a s s i u m  (K) in inf lorescence  fo rma t ion  in the  
grapevine (145,156). Soil application of K in K-de- 
ficient v ineyards  in Michigan and in the Niaga ra  
Peninsula caused a marked increase in the fruitfulness 
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of la tent  buds of Concord (75). Similar  effects of 
K-nutrition were found in Sultana vines in California 
(41). Potassium application increased the fruitfulness 
and yield by 45% in the first year and 156% in the 
second year. This large increase in yield may have 
been related to the larger size of inflorescence primor- 
dia which are produced by latent buds of K-fertilized 
vines (159). Potassium is implicated in enzyme activa- 
tion and carbohydrate mobilization in grapes (21). The 
positive response of vines to potassium may be related 
to the fact that grapevines utilize the soil-applied K for 
growth and bud development rather than the K stored 
in the cane (111). 

The growing of vine seedlings in mineral nutrient 
solutions induces precocious flowering (59,125,171) 
and hydroponic culture forms part of a breeding strat- 
egy for the grapevine proposed by Bouquet (22). Op- 
t imum levels of N, P and K are associated with 
maximum cytokinin production by grape roots (65). 

P H Y T O H O R M O N E S  A N D  F L O W E R I N G  

External factors are thought to exert their influ- 
ence on flowering by modifying the internal chemical 
makeup of the plant, particularly the balance of en- 
dogenous hormones (161). Proof of this supposition re- 
quires establishment of the necessary relationship be- 
tween levels of endogenous hormones and the flower- 
ing response. Information on endogenous hormones in 
relation to flowering is especially difficult to obtain in 
the grapevine. The organs of interest, the Anlagen, are 
very small and inaccessible, and the extraction and 
estimation of auxins, gibberellins and cytokinins from 
latent buds presents many technical problems. There- 
fore, most conclusions on the role of phytohormones in 
flowering in grapes have been based on inferences from 
the effects of exogenous hormones and growth reg- 
ulators. 

Gibberell ins:  Gibberellins are the only chemicals 
known, so far, that are capable of inducing flower for- 
mat ion  in numerous  p lan t s  under  s t r ic t ly  non- 
inductive conditions (185). However, gibberellins are 
inhibitory to flower formation in the grapevine (5), and 
other fruit trees (62). Endogenous gibberellins have 
been detected in xylem sap of grapevines (101,109,134) 
and tentatively identified as GAI, GA3, GAs and GA9 
(51,134). Lilov and Christov (77) found no close rela- 
tionship between endogenous gibberellin levels and 
grape flower formation. Nevertheless, grapevines are 
very sensitive to exogenous gibberellins (143,173,176). 
Application of GA3 or GA4 + 7 at concentrations as low 
as 3 t~mol/L induced bursting of latent buds in the cur- 
rent season and inhibited the formation of inflores- 
cence from Anlagen (150). However, gibberellins seem 
to favor initiation of Anlagen (150). In GA3-treated 
plants Anlagen were formed precociously at normal 
node positions and at nodes more proximally situated 
than is normal (146). These GA-induced Anlagen did 
not develop into inflorescences but gave rise to tendrils 
(150). 

Grape tendrils usually contain a higher gibberellin 
content than other organs (92). The elongation of ten- 
drils results from the activity of a subapical meristem 

(167), and applications of gibberellin, a stimulator of 
subapical meris tem activity, great ly promote the 
growth of tendrils (146,173). Exogenous gibberellin 
also brings about the transformation of inflorescences 
into tendrils or tendril-like structures (92,98). 

Growth  r e t a rdan t s :  Complete or partial cessation 
of vegetative growth favors flower initiation in many 
orchard species (62). Accordingly, chlormequat,  a 
growth retardant, was used by several workers to re- 
duce the vegetative growth and to induce flowering in 
grapes (42,49,81,117,164,172,174). Besides promoting 
inflorescence primordium formation in latent buds, 
chlormequat induced ~'secondary inflorescences" by 
transforming the tendrils of the primary shoot and lat- 
eral shoots into inflorescences (42,78,150,163). Pinch- 
ing and chlormequat treatment had additive effects in 
promoting the flowering of lateral shoots of Muscat of 
Alexandria (169). 

The promotive effect of chlormequat on flowering in 
grapes was attributed by some workers to early shoot 
maturation (73,83,113). Chlormequat not only retards 
vegetative growth and induces flowering but also in- 
creases fruit-set and chlorophyll content of leaves (43). 
The wide spectrum of effects caused by chlormequat led 
Coombe (43) to suggest that this chemical could induce 
~Tar-reaching alterations in cell metabolism" in the 
grapevine. 

Anlagen formation and tendril elongation are inhi- 
bited by chlormequat (150), an inhibitor of gibberellin 
biosynthesis (74). Chlormequat induced the formation 
of inflorescences in place of tendrils (150), a response 
which may be related to effects of this growth retar- 
dant on cytokinin synthesis (135). It is probable that 
chlormequat exerts a dual role in the control of flower- 
ing in grapes, viz., inhibition of gibberellin biosyn- 
thesis and the elevation of cytokinin levels. Validation 
of this hypothesis awaits the availability of precise in- 
formation on changes in the endogenous levels of 
cytokinins and gibberellins in response to chlormequat 
treatment. 

Applications of chlormequat stimulate biosynthesis 
of cytokinins not only in grapes (135,136,139) but also 
in Vicia faba (48) and in apical buds of Chenopodium 
rubrum during floral induction (165). Chlormequat in- 
duced swelling of roots (136) and doubled the volume of 
bleeding sap (xylem sap) of grapevines (107). Besides 
an increase in total cytokinin content of xylem sap 
(176) and leaves (11), an unusual cytokinin was also 
found in xylem sap of chlormequat-treated vines (107). 

Chlormequat did not induce precocious flowering in 
grape seedlings, but mixtures of the cytokinin, PBA, 
and chlormequat induced precocious flowering and 
fruiting in Muscat Hamburg seedlings (153). Another 
growth retardant, Amo-1618 [Ammonium (5-hydroxy: 
carvacryl) trimethyl chloride piperidine carboxylate] 
also induced precocious flowering in Muscat Hamburg 
seedlings when applied with PBA (153). 

Daminozide and the growth inhibitors, maleic hy- 
drazide, ethephon and morphactin, do not promote 
flowering in the grapevine in vivo (172,174) or in vitro 
(146). 
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Cytokinins: The role of cytokinin in the control of 
flowering in plants is not well understood and only a 
few species have been made to flower by treatment 
wi th  exogenous cy tokin in  (185). Zeat in ,  zea t in  
riboside, and zeatin ribotide are found in the xylem sap 
of grapevines before bud burst and during the period of 
active shoot growth (80,110,137,138,140). Root apices 
are a major source of cytokinins in plants (139), but the 
re la t ionship between cytokinin and flowering in 
grapes has only recently been the subject of investiga- 
tion. 

From studies of bud anatomy by scanning electron 
microscopy, it is now clear tha t  Anlagen  which 
undergo extensive branching give rise to inflorescences 
and that  Anlagen which produce only two or three 
branches grow into tendrils (149). It follows that the 
control of inflorescence formation in grapes hinges 
upon the control of branching of Anlagen or their de- 
rivatives, the tendrils. Isolated tendrils were induced 
to branch profusely and they grew into inflorescences 
when cul tured in vitro with benzyladenine (BA), 
6- (ben zy 1 ami no )- 9-( 2- t et r ahy dro pyr any 1 )- 9 H- purl ne 
(PBA) or zeatin riboside (148). In intact vines, and in 
partially defoliated vines, repeated applications of 
PBA to shoot apices, caused inflorescences to be formed 
in place of tendrils and this effect of cytokinin was 
found in 12 cultivars of Vitis vinifera, in six other Vitis 
species, and in Muscadinia  rotundifolia (149,154). 
Moreover, these cytokinin-induced inflorescences pro- 
duced ripe fruits which contained viable seeds. Ten- 
drils of cytokinin-treated plants were transformed into 
inflorescences regardless of the sex of the vine - -  male, 
female or hermaphrodite (154). Male vines were more 
susceptible to cytokinin-directed conversion of tendrils 
into inflorescences than female m or hermaphrodite 
vines. Mixtures of cytokinin (BA) and chlormequat in- 
duced inflorescence formation in vines grown under 
non-inductive temperatures (18°C to 21°C) (150). 

The ability" of cytokinin to transform tendrils into 
inflorescences is not restricted to cultivars but is found 
also in seedlings. Repeated treatment of shoot apices 
and young tendrils of grape seedlings with cytokinins 
(PBA or BA), induced the first-formed tendrils to ini- 
tiate flowers within four weeks of germination. Seed- 
lings of Cabernet Sauvignon and Muscat Hamburg 
were induced to flower and to develop bunches of 
grapes with viable seeds with cytokinin (PBA) within 
eight months of germination (153). 

The differentiation of grape flowers from inflores- 
cence primordia is also a cytokinin-requiring process 
(97,98,116) and there is evidence that  cytokinins pro- 
duced in roots are involved in flower development. In- 
florescence primordia in latent buds of hardwood cut- 
tings fail to develop and atrophy if bud burst precedes 
the emergence of adventitious roots but normal in- 
florescences are retained when cuttings are made to 
form roots in advance of bud burst (95). In rootless 
cuttings exogenous cytokinins are needed for normal 
development of inflorescences. Grape leaves are strong 
sinks for root-produced cytokinin (54). In cuttings, re- 
moval at bud burst of the young leaves formed basal to 

the inflorescence seems to enhance the sink-capacity of 
inflorescence for cytokinin and inflorescences develop 
in normal manner (97). 

Exogenous cytokinins (PBA, BA, zeatin and dihy- 
drozeatin) induced pistil development in male vines of 
several  Vit is  species and interspecif ic  hybrids  
(46,50,52,93,102,103,104,105). Cytokinins are thought 
to promote pistil development in male vines by coun- 
teracting the effects of a postulated inhibitor (104). 

Cytokinins are implicated in the control of many 
aspects of grape reproduction including inflorescence 
formation (148,149,150,153); differentiation of flowers 
(97,98); pistil development (102); fruitset (178); fruit 
development (175) and somatic embryogenesis in un- 
fertilized ovules in vitro (99,152). These findings, to- 
gether with the knowledge of high cytokinin activity in 
xylem sap during bud burst and flowering and high 
cytokinin activity in fruits (38,110), strongly suggest 
that endogenous cytokinin is a primary regulator of 
reproductive growth in the grapevine. 

The mechanism by which cytokinins control flower 
formation is unknown. Cytokinin is regarded as a 
mitotic component of the floral stimulus in Sinapis 
alba (20) and was also shown to be involved in photo- 
periodic induction in Pharbitis nil by promoting the 
translocation of the floral stimulus (112). Cytokinins 
increase the permeability of cell membranes (130,168), 
and exogenous cytokinins are strong mobilizers of 
photosynthates in grapes (131,132,177). Sachs and 
Hackett (126) have provided evidence that  flower for- 
mation in Bougainvillea is related to the gibberellin: 
cytokinin balance and that  these hormones control 
flowering by affecting the distribution of metabolites. 
It needs to be stressed, however, that  the relationship 
of the various biochemical functions of cytokinins to 
cytokinin-directed flower formation is not yet clear. 
Other classes of plant hormones are also known to 
promote mitosis, membrane permeability and the dis- 
tribution of metabolites, but the compounds concerned 
have not been closely linked with the control of flower- 
ing. 

D E V E L O P M E N T A L  PATHWAYS OF THE 
G R A P E V I N E  ANLAGE 

As will be clear from the foregoing sections of this 
review, the Anlagen and tendril primordia (branched 
Anlagen) possess a remarkable morphogenetic plastic- 
ity. Tendril primordia and tendrils give rise to inflores- 
cences when treated with cytokinin (148,149,150,153) 
and inflorescences are converted into tendri ls  or 
tendril-like organs by gibberellin (92,98). In addition, 
inflorescences have been induced to form from tendrils 
with cytokinin treatment both in vitro (96) and in vivo. 

Although Anlagen normally give rise either to in -~ 
florescences or to tendrils, they may also be made to 
grow into shoots. Exposure to low temperatures (< 
21°C) tends to induce shoot formation (147). Treatment 
of apices with high concentrations (> 1 mM) of exogen- 
ous cytokinins and/or chlormequat caused several An- 
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lagen to form shoots, both in cultivars and in seedlings 
(150,155). Excised tendrils grew into inflorescences 
when cultured in vitro with PBA or BA (5-10 t~mol/L), 
but if these tendril-derived inflorescences were treated 
subsequently with a high concentration of PBA (> 20 
t~mol/L) they, too, grew into shoots (146). 

The available information on the developmental 
pathways of Anlagen have been combined and pre- 
sented in diagrammatic form (Fig. 5). For purposes of 
description, Anlagen which have produced a bract and 
two branches (inner arm and outer arm) are referred to 
as tendril primordia (Fig. 3, Stage 4). 
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! I 

i 
TENDRIL 
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[ 

i n  v i v o  • in  v i t r o  
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• • • ON,V in  v i vo  

Fig. 5. Developmental pathways of the Anlage. 

T H E  P H Y S I O L O G I C A L  B A S I S  OF F L O W E R  
F O R M A T I O N  IN T H E  G R A P E V I N E  

Flowering in plants is believed by many workers to 
be induced by a single substance, '~florigen" (180,185), 
but others have suggested that the floral stimulus con- 
sists of two complementary components (37,39). Ac- 
cording to Thimann (166), flowering is merely a devel- 
opmental process under the control of the interplay of 
hormones, and Zeevaart (184) has proposed that the 
requirement for a specific balance of hormones for 
flower formation is more readily applicable to woody 
perennials than to herbaceous annual plants. 

In summarizing 40 years of research on the ~'hor- 
monal concept of flowering" Chailakhyan (39) con- 
cluded that the main function of gibberellins is to con- 
trol the formation and growth of floral stems or in- 

florescence axes. The responses of grapevines  to 
exogenous gibberellins and chlormequat are consistent 
with this view. Gibberellins are involved in the initia- 
tion of Anlagen (formation of inflorescence axes) and 
are necessary for the growth of inflorescence axes, i.e., 
the extension growth of the two-branched Anlagen 
(Stage 4). 

According to Carr (37) two different inductive 
stimuli could be involved in the flowering of plants. 
One is the ~'primary induction" which is %ontagiously 
propagated" and the other is a ~secondary induction" 
which occurs locally. Initiation of Anlagen and tendril 
formation could be regarded as the ~primary induc- 
tion", a condition which is permanent in grape cul- 
tivars which are perpetuated by vegetative propaga- 
tion. The "secondary stimulus", which is required an- 
nually for the direction of Anlagen into the pathway of 
inflorescence development, is probably cytokinin. 

In nature, grapevines produce numerous Anlagen 
but most grow into tendrils and only a few Anlagen 
give rise to inflorescences. This suggests that gibberel- 
lin is readily available for initiation of Anlagen and for 
elongation of tendrils and that inflorescence formation 
is normally limited by the cytokinin supply (149,154). 
The finding that  repeated applications of cytokinin are 
required for transformation of tendrils into inflores- 
cences suggests that  a continuous influx of endogenous 
cytokinins into Anlagen is needed for flower formation 
in the grapevine. A hypothetical scheme for the hor- 
monal control of Anlage, tendril and inflorescence for- 
mation in the grapevine is presented in Fig. 6. The 
postulated inhibitors in this scheme are endogenous 
compounds which mimic the effects of the synthetic 
growth retardant, chlormequat, i.e., inhibition of gib- 
berell in biosynthesis  and promotion of cytokinin 
biosynthesis. 

vegetative a p e x [  

An lagen  

Tendri ls 

G I B B E R E L L I N S  

CYTOKININ 

[ Inflore'scences i 

o o o o o  INCREASE INHIBIT PROMOTE 

Fig. 6. A hypothetical scheme for the hormonal control of Anlage, 
tendril and inflorescence formation in the grapevine (Vitis vinifera L.). 
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C O N C L U S I O N  

T h e  e x t e r n a l  f a c t o r s  w h i c h  p r o m o t e  f l o w e r i n g  i n  
g r a p e s ,  s u c h  a s  s h o r t  t e r m  e x p o s u r e  to  h i g h  t e m p e r a -  
t u r e ,  h i g h  l i g h t  i n t e n s i t y  a n d  o p t i m u m  l e v e l s  of  so i l  
m o i s t u r e  a n d  m a c r o n u t r i e n t s ,  a r e  a l s o  f a c t o r s  w h i c h  
p r o m o t e  c y t o k i n i n  b i o s y n t h e s i s  i n  p l a n t s  ( 1 4 , 6 5 , 9 1 ,  
141 ,179 ,183 ) .  C o n v e r s e l y ,  f a c t o r s  w h i c h  d e p r e s s  f l o w e r  
f o r m a t i o n ,  s u c h  as  l o w  l i g h t  i n t e n s i t y ,  l o w  t e m p e r a t u r e  
a n d  w a t e r  s t r e s s ,  h a v e  a n  i n h i b i t o r y  e f fec t  o n  e n d o g e n -  
ous  c y t o k i n i n  p r o d u c t i o n  (61 ,79) .  M o r e o v e r ,  e x o g e n o u s  
c y t o k i n i n s  p r o m o t e  f l o w e r  f o r m a t i o n  i n  g r a p e v i n e s  
g r o w n  a t  n o n - i n d u c t i v e  l o w  t e m p e r a t u r e s ,  a n d  p l a n t s  
g r o w n  i n  t h e  d a r k  (146) .  I t  is c l e a r  t h a t  c y t o k i n i n  is of  
c e n t r a l  i m p o r t a n c e  i n  t h e  c o n t r o l  o f  f l o w e r i n g  i n  t h e  
g r a p e v i n e .  
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