
77TECHNOLOGY | CRI OCTOBER | NOVEMBER 201576HORTGRO SCIENCE OKTOBER | NOVEMBER 2015

OPSOMMING:
• Afgesien van blomme, is vrugset en uitein-
delike vruggrootte die belangrikste faktore 
wat finale opbrengs bepaal en word beskou 
as kritieke faktore van winsgewendheid van 
sitrus produksie. 
• Sitrusbome ervaar drie kenmerkende 
vrugval-periodes, naamlik blom- en na-
blomval, fisiologiese vrugval en somer 
vrugval.
• Sagtevrugtebome werp hul blare voor die 
winter en is heeltemal afhanklik van koolhi-
draat-reserwes wat gestoor word in houtagtig 
boom organe soos die bas en wortels, vir die 
instandhouding van blom en vroeë vegeta-
tiewe groei van nuwe lote en blare in die ko-
mende lente.
• In immergroen bome soos sitrus, verlig 
die ononderbroke teenwoordigheid van 
fotosinteties-aktiewe blare die totale boom 
afhanklikheid van koolhidraat-reserwes vir 
die opvolg blom, en ouer blare ondersteun 
aanvanklik die verskaffing van koolhidrate 
aan ontwikkeling van nuwe blomme, blare, 
en vegetatiewe lote.
• Die lentegroei, blom, en vrugset eis groot 
hoeveelhede energie en is baie afhanklik van 
die boom koolhidraat-reserwes in die bas en 
wortels van die vorige seisoen. 
• Indien die vlakke van koolhidraat-reserwes 
nie hoog genoeg is nie, sal die hoë aanvraag 
van energie in die lente, blom, loot- en vrug-
groei beperk, en blom- en vrugval veroor-
saak.
• Interne giberelien-vlakke (GA) speel ŉ kri-
tieke rol tydens die eerste fase van fisiologiese 
vrugval net na blom.
• Blaartoediening van GA tydens blom ver-
minder die intensiteit van vrugval en verhoog 

die aanvanklike groeikoers van vruggies di-
rek na volblom, veral in saadlose kultivars, 
wat sukkel met set.
• Vruggrootte is negatief gekorreleer met 
blom-aantal en vruglading.
• ŉ Vermindering in die aantal blomme sal 
die inter-vrug kompetisie vir koolhidrate, 
nutriente en water verminder en vruggrootte 
verbeter.
• Blaarbespuitings van sintetiese ouksiene 
soos 2,4-DP en 3,5,5-TPA word algemeen 
toegedien om beide vruggies af te speen 
en vruggrootte direk te verbeter, veral in 
produksie-areas of kultivars waarin vrugg-
rootte ŉ probleem is.
• Sitrus vrug-ontwikkeling is verdeel in drie 
kenmerkende fases en vruggroei volg ‘n ken-
merkende sigmoïedale kurwe, met die meer-
derheid groei in fase II (Januarie tot April).
• Afgesien van belangrike produksie praktyke 
soos bemesting, besproeiing en onderstam 
keuse, is die belangrikste bepalende faktor 
van uiteindelike vruggrootte die klimaats-
toestande gedurende Januarie tot April, met 
spesifieke verwysing na temperature.
• Sitrus vereis warm, sonnige dae met ongeveer 
8.5-9.5 sonlig ure en ŉ gemiddelde maksimum 
temperatuur van tussen 28-35°C. 

Introduction
Flowers are a critical determinate of eventual 
yield of perennial fruit trees. In the first two 
articles in this series of three covering the re-
productive phenology of citrus, the focus was 
on elaborating the importance of flowers and 
the factors determining the prevalence thereof. 
Apart from flower numbers, fruit set and even-
tual fruit size are most certainly the major fac-
tors influencing final fruit yield and should be 

considered as critical factors influencing prof-
itability of citrus production. This final article 
in a series of three, will elaborate on the mor-
phogenesis of a flower to a fruit, and the factors 
determining the fate of the process. 

Inleiding
Blomme is 'n kritieke bepalende faktor van 
uiteindelike opbrengs in meerjarige vrugte-
bome. In die eerste twee artikels in hierdie 
reeks van drie, wat die reproduktiewe fe-
nologie van sitrus dek, was die fokus op die 
belangrikheid van blomme en die faktore wat 
die voorkoms daarvan beinvloed. Afgesien 
van blomme, is vrugset en uiteindelike vrug-
grootte beslis die belangrikste faktore wat fi-
nale opbrengs bepaal en moet beskou word 
as kritieke faktore wat winsgewendheid van 
sitrus produksie bepaal. Hierdie laaste artikel 
in die reeks van drie, handel oor die morfo-
genese van 'n blom na 'n vrug, en die faktore 
wat die lot van die proses bepaal.

Bud-break and flowering
In most citrus cultivars, flowering and fruit 
development is an annual event under sub-
tropical conditions with flowering in the 
spring (Table 1: Flowering times in the ma-
jor SA citrus-producing regions), whereas in 
tropical areas, flowering is a continuous event, 
mostly determined by the availability of suf-
ficient rainfall or water supply (Schneider, 
1968). After a sufficient flower inductive pe-
riod, a flower develops from a receptive ter-
minal bud (tip of a shoot) and/or an axillary 
bud (a bud located between the leaf and the 
shoot), when environmental conditions fa-
vour initiation of bud-break, such as with the 
onset of increased temperatures (Davenport, 
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1990; Krajewski and Rabe, 1995). Differentia-
tion of a bud (Fig. 1) occurs with the onset of 
growth-promoting conditions during spring 
and results in bud transformation into either 
a vegetative or reproductive state. 

A flowering shoot generally has a length 
of approximately eight nodes (Schneider, 
1968) and an age of 5-12 months (Guardiola, 
1981). The typical flowering shoot has trian-
gular (in cross-section) internodes compared 
to older non-flowering shoots that are round, 
thicker and shorter than flowering shoots 
(Schneider, 1968). Flowering shoots to-
wards the inner canopy are more shaded and 
mostly hanging down, producing small fruit 
which are prone to various quality disorders 
(Cronje et al., 2011). Strong flowering shoots 

exhibit an upright growth habit arising from 
strong limbs, and are situated towards the 
outer parts of the tree canopy (Krajewski and 
Pittaway, 2000). Terminal flowering buds 
sprout first (Guardiola et al., 1982). Flowers 
are more abundant towards the apical region 
of a shoot (Valiente and Albrigo, 2004), with 
a predominantly leafy (mixed) inflorescence 
sprouting from the apical buds and generally 
leafless inflorescence (single reproductive) 
sprouting from the buds towards the base 
(Abbott, 1935) (Fig. 2).

Non-differentiating buds remain dor-
mant as a result of sprouting inhibition in-
curred by presence of fruit (Verreynne and 
Lovatt, 2009), insufficient growth-promoting 
conditions (Moss, 1969) or age of the bud/

shoot (Schneider, 1968). Flowering buds dif-
ferentiate first - approximately 3 to 4 weeks 
earlier than those on vegetative shoots, with 
the terminal flower (generally leafy) develop-
ing before the flowers in the lateral positions 
(generally leafless) (Abbott, 1935). Flowers 
differentiating from the terminal position of 
a shoot are more advanced (Lord and Eck-
ard, 1985), and with the exception of lemon, 
lime, grapefruit and satsuma mandarin, fruit 
set is higher and eventual fruit size larger 
compared to fruit in lateral positions (Kra-
jewski and Rabe, 1995). 

Except for an increased photo-assimilate 
supply to ovaries obtained from the addition-
al leaves on leafy inflorescence, flowers on 
leafy inflorescences are also a stronger sink 
than those on leafless inflorescences, due to 
better developed xylem and a higher num-
ber of vascular bundles (Erner and Shomer, 
1996). Delayed bud-break and sprouting 
usually produces leafy inflorescence (Lenz, 
1966), due to increased temperatures at the 
time of bud-break. Warm temperatures prior 
to and during flower differentiation are asso-
ciated with the sprouting of predominantly 
leafy inflorescence and low temperatures 
with the development of leafless inflores-
cence (Moss, 1969). 

Physiological fruit drop and fruit set
Citrus trees experience three distinctive 
fruit drop periods throughout a season, viz., 
bloom- and post-bloom drop, physiological 
fruit drop, and summer fruit drop.  Physi-
ological fruit drop is also referred to as the 
final fruit set period, as the majority of the 
fruit persisting after this drop period, remain 
until eventually mature. Apart from flower 
numbers, fruit set is one of the major factors 
influencing final fruit yield and should be con-
sidered as a critical factor influencing produc-
tivity (Ruiz et al., 2001; Sanz et al., 1987). 

The role of carbohydrates
Deciduous fruit trees shed their leaves prior 
to winter, and are totally dependent on car-
bohydrate reserves stored in woody tree or-
gans such as bark and roots, for maintenance 
of bud-break and early vegetative growth of 
new shoots and leaves in the forthcoming 
spring (Loescher et al., 1990). However, in 
perennial evergreen trees like citrus, uninter-
rupted presence of photosynthetically active 
leaves alleviates the total tree dependence on 
carbohydrate reserves for the next-season 
flowering, and older leaves initially support 
in supplying carbohydrates to newly devel-
oping flowers, leaves, and vegetative shoots. 
Pertaining to the latter, García-Luis et al. 
(1988) observed a continuous and steady 
drop in storage carbohydrates in older leaves 
(from previous spring flush) of ‘Washing-
ton’ Navel sweet orange from flowering, un-
til the end of physiological fruit drop. 

However, spring flush, flowering, and 
fruit set demand large amounts of energy 
that cannot solely be obtained from the cur-
rent rate of photosynthesis in prevailing old 
citrus leaves, and the sustaining of spring 
growth and flowering of the current season 
is very much dependent on utilization of tree 
carbohydrate reserves that accumulated from 
the previous season in the bark and roots 
(Fig. 3) (Bustan and Goldschmidt, 1998). If 
levels of storage carbohydrates are therefore 
not high enough before the onset of very 
high energy demand in the spring, flowering, 
shoot- and fruit growth will be limited, and 
result in extreme flower and fruitlet abscis-
sion (drop) (Sanz et al., 1987). Carbohydrate 
limitation is therefore the primary cause of 
fruitlet abscission during the physiological 
fruit drop period (November), especially af-
ter a severe “on”-year during which a large 
number of fruit restricted potential build-up 
of carbohydrate reserves for maintenance of 

an adequate follow-up crop (Goldschmidt, 
1999; Ruan, 1993). 

Girdling of branches during full bloom 
period in cultivars such as ‘Orri’ mandarin, 
temporarily spikes carbohydrate availability 
in the aboveground tree canopy, and instead 
of being transported to roots and other active 
sinks, carbohydrates are utilized for flower-
ing and fruit set (Fig. 3). 

New leaves developing during spring, 
initially don’t contribute to energy supply to 
flowers in the form of readily available pho-
tosynthates, and are carbohydrate consumers 
until the end of November (Ruiz et al., 2001). 
Inflorescence leaves of ‘Washington’ navel 
oranges accumulate carbohydrates until the 
beginning of November (physiological) fruit 
drop, and as soon as these leaves are fully 
expanded, they become exporters of pho-
tosynthates, and their carbohydrate levels 

drop drastically thereafter (Sanz et al., 1987). 
At this point, new leaves convert from sinks 
to sources, and supply assimilates to nearby 
fruitlets. Flowers on leafy inflorescences are 
therefore more likely to prevail and gener-
ally exhibit an increased fruit set percentage, 
compared to leafless inflorescence.

The role of hormones
Gibberellins (GA): Mobilization of carbohy-
drates for utilization by young fruitlets dur-
ing 3-4 weeks after full bloom is essential for 
fruit set, and fruit growth and development. 
However, their mobilization at the beginning 
of this period is regulated by endogenous 
hormones, specifically gibberellins (GA) 
(Erner, 1989). GA is an important natural 
endogenous hormone that plays an essential 
role in many plant physiological processes 
such as stem elongation, pollen develop-
ment, seed germination, floral development 
and fruit set (Davies and Sponsel, 2010). 
Since GA is central to activation of cell di-
vision and cell enlargement processes, level 
of GA production within the fruit itself, is 
a critical determinate of fruit retention, and 
plays an important role during the first phase 
of abscission just after flowering (Talon et al., 
1997), with little or no effect of the hormone 
during physiological fruit drop, 4 to 6 weeks 
after full bloom (Guardiola, 2000). Con-
comitantly, foliar application of exogenous 
GA during flowering reduces the extent of 
abscission and increases the initial growth 
rate of ovaries shortly after full bloom (Pow-
ell and Krezdorn, 1977). In citrus, gibberel-
lic acid (GA3) is the most effective form of 
GA, and provides the optimal physiological 
response when applied exogenously. Today 
this hormone is almost exclusively used in 
the citrus industry, especially in areas that 
struggle with extreme  weather conditions 
during flowering, as well as on cultivars that 

Table 1: The historical average time period of full bloom for the different citrus producing 
regions of South Africa. 

Production area
September October

1 5 10 15 20 25 30 1 5 10 15

Limpopo Letsitele

Limpopo Musina

Limpopo Tshipise

Northern Cape Kakamas

KwaZulu-Natal Nkwalini

Eastern Cape Patensie

Eastern Cape Kirkwood

Eastern Cape Addo

Western Cape Citrusdal

Western Cape Stellenbosch

Figure 1: At the onset of spring (end of July - middle August), buds on vegetative shoots start to swell, 
indicative of the onset of bud-break. Flowering buds differentiate first - approximately 3 to 4 weeks 
earlier than vegetative buds, with the terminal flower (A) developing before flowers in the lateral 
positions (B). Flowers differentiating from the terminal position of a shoot (A) are more advanced 
and fruit set is higher and eventual fruit size larger, compared to buds in lateral positions (B).

Figure 2: In ‘Nadorcott’ mandarin, a typical 
flowering shoot has a length of approximately 
20-25 cm. Terminal buds (A) generally pro-
duce mostly leafy inflorescence, with leafless 
inflorescence sprouting from lateral buds lo-
cated towards the base of the shoot (B and C).  
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I of fruit development (end of October – De-
cember) spans from full bloom until the end 
of December, and is characterized by cell di-
vision and the formation of the majority of 
the total cellular structures of the fruit (Bain, 
1958) (Fig. 4). During this period, the major-
ity of the fruit diameter comprises the rind, 
specifically the albedo, with very little contri-
bution by the flavedo. 

During phase I, the different sections of 
the fruit pulp initiate as small ovule-carry-
ing locules within the ovary, which are each 
connected to a stylar canal that extends to-
wards, and terminates just below the surface 
of the stigma (Schneider, 1968). In phase II 
(January – March), the different sections of 
the fruit pulp volume increase substantially 
and make up most of the fruit diameter until 
harvest, whereas contribution of the albedo 
decreases from December onwards. The fla-
vedo contributes least to fruit diameter, and 
remains constant throughout. The biggest 
increase in fruit diameter occurs in summer, 
and very little to no increase in stage III, as 
temperatures decrease from autumn until 
fruit harvest (April – August), in stage III 
(Bain, 1958). 

Aspects influencing fruit 
growth and size
Cell growth and expansion of the 
pulp predominates during stage II of 
fruit development, the development-
phase in which most of the increase 
in fruit diameter and total fruit 
weight occurs (Bain, 1958). Apart 
from important cultural practices 
such as fertilization, irrigation and 
rootstock choice, the most impor-
tant determinate of eventual fruit 
size is climatic conditions from 
January to April, with specific ref-
erence to temperature (Reuther, 
1973). Citrus is an evergreen, subtropical crop 
and low temperatures are the main factor re-
stricting fruit size potential (Goldschmidt, 
1997). Citrus requires warm, sunny days with 
approximately 8.5–9.5 hours of sunlight and 
average maximum temperatures of between 
28–35°C. In addition, average night tempera-
tures below 19°C restrict respiration and in-
ternal sugar breakdown and are ideal for en-
suring good internal fruit quality. Very little 
to no fruit growth occurs below temperatures 
of 13°C (Goldschmidt, 1997). In accordance, 

an effective heat-unit (EHU) model exists for 
prediction of harvest dates of various citrus 
cultivars (Table 2). EHUs are calculated by 
subtracting 13°C from the average monthly 
temperature of a certain area, and multiply-
ing the value with the number of days of the 
specific month. For each cultivar type a cer-
tain EHU requirement exists that can be used 
to estimate potential for suitability in a cer-
tain area (Table 3). Heat-unit data correlate 
reasonably well with dates of fruit matura-
tion (Reuther, 1973), and although the mod-
el is mainly used to estimate fruit maturity 
and cultivar suitability in a certain area, the 
model factors in the effect of temperature on 
potential fruit size in a specific season.

Differences in date of maturation between 
'early' and 'late' cultivars are believed to reflect 
differences in heat-unit requirements (Gold-
schmidt, 1997). Late cultivars such as ‘Valen-
cia’ sweet orange require a larger sum of heat 
units, whereas early cultivars such as ‘Satsuma’ 
and ‘Clementine’ mandarins require far less 
(Table 2). Concomitantly, different cultivars 
exhibit different fruit growth rates in various 
areas (Table 4), and consideration thereof is of 
critical importance when considering plant-
ing of a specific cultivar in a new area.

produce seedless fruit, and that are known to 
be weakly parthenocarpic (set poorly in the 
absence of pollination), such as ‘Clementine’ 
mandarin. Commercial foliar applications of 
GA3 [ProGibb®, Philagro SA (Pty) Ltd] are 
timed at 100% petal fall to ensure optimal 
contact between the hormone spray solution 
and the surface of young fruitlets. 

Auxins (IAA): Fruit size is inversely related 
to flower number and eventual fruit load 
(Barry and Bower, 1997; Lenz and Cary, 
1969). In contrast to fruit set treatments such 
as girdling and foliar sprays of GA3, produc-
ers make use of various thinning practices to 
control flower intensity and eventual crop 
load. Except for hand thinning, foliar appli-
cations of synthetic auxins, are particularly 
successful in this regard, and are used to re-
duce fruit load in an “on”-year, and increase 
final fruit size (Guardiola and García-Luis, 
1997). A reduction in the number of flow-

ers will reduce the eventual percentage fruit 
set, reduce the inter-fruit competition (Rabe 
and Van Rensburg, 1996) and increase fruit 
size (Guardiola and García-Luis, 2000). Fruit 
from trees bearing small yields experience 
increased growth rate (Cooper et al., 1963). 
At high fruit loads increased inter-fruit com-
petition for nutrients and water, especially 
during the early stages of fruit development, 
lead to a decrease in potential fruit size (Bar-
ry and Bower, 1997, Lenz and Cary, 1969).

Synthetic auxins are generally applied as 
fruit size enhancers in production areas or 
cultivars where fruit size is expected to be 
unsatisfactory. Different auxin types have 
different methods of action and are applied 
at different timings and concentrations, ac-
cording to the desired effect (thinning, or 
a direct enhancement of fruit growth rate). 
When applied during the flowering and fruit 
set period, synthetic auxins induce ethylene 
synthesis and stimulate abscission of small 

fruitlets that reduce the inter-fruit compe-
tition and increase the sink strength and 
growth rate of remaining fruitlets (Guar-
diola and García-Luis, 1997; Guardiola and 
Lazaro, 1987; Ortola et al., 1997; Stewart et 
al., 1951). During this stage, fruitlets are spe-
cifically sensitive to high concentrations of 
endogenous auxins and abscission is brought 
about by induced ethylene synthesis (Guar-
diola, 2000). 

Application of synthetic auxins at a later 
stage (end of physiological fruit drop) and 
the onset of cell enlargement stage (Decem-
ber), leads to an increased sink strength of 
remaining fruit and an increase in fruit size, 
without a significant thinning effect (Guar-
diola and García-Luis, 1997). The direct ef-
fect of auxins on sink strength of develop-
ing fruit, especially when applied at the end 
of physiological fruit drop, are enhanced in 
years of low fruit load when growth is gener-
ally not limited by assimilate supply (Guar-
diola and García-Luis, 1997). 

Ensuring positive results from auxin ap-
plications is difficult, due to the sensitive 
interaction of concentration and timing of 
the application with fruit load, as well as the 
difference in method of actions of the vari-
ous auxin types (Guardiola and García-Luis, 
1997). Excessive concentration of auxin foliar 
sprays could lead to development of enlarged 
oil glands in fruit rinds, increased rind thick-
ness and curling and wilting of young vegeta-
tive growth (epinasty) (Stewart et al., 1951). 
Current commercial use of synthetic auxins to 
manage fruit load and fruit size, include 2,4-
DP (Corasil P®, Villa Crop Protection) and 
3,5-6-TPA (Maxim®, Arysta LifeScience)

Fruit growth and size
Citrus fruit development is divided into 
three distinctive development phases and 
fruit growth follows a sigmoidal curve. Phase 

Figure 3: Girdling of branches during full bloom period temporarily spikes carbohydrate 
availability in the aboveground tree canopy. Instead of being transported to roots and other 
active sinks, sucrose (transport carbohydrate) accumulates in the phloem and gets stored as 
starch (storage carbohydrate) in the xylem parenchyma ray cells above the girdling mark (black 
starch granules in A, B, and C). The carbohydrates are eventually utilized towards the upper 
canopy, and lead to an increase in fruit set. 

Figure 4: Citrus fruit development is divided into three distinctive stages and follows a sigmoi-
dal growth curve. Stage I of fruit development (November – December) stretches from full bloom 
until end of December, and is characterized by cell division and the formation of the majority of 
the total cellular structures of the fruit. During stage II (January – March), the different sections 
of the pulp volume increase substantially and make up most of the fruit diameter until harvest. 
Very little to no increase in fruit diameter occurs in stage III, as temperatures decrease from 
autumn until fruit harvest (April – August). 

Table 2: Whole year effective heat unit 
(EHU) requirements for different cultivars. 

Lemons 1100-1500

Satsumas/Clementines 1600-2200

Navels 1600-2950

Valencia 1200-3500

Grapefruit 2900-4550

Table 3: Average cumulative whole year effective heat 
units (EHU), and EHU for phase II (January to April), of 
different citrus producing regions. 

 Whole year Jan – april (Phase ii)

Stellenbosch 950-1250 600-800

Swellendam 1650-2200 1000-1200

Citrusdal 2200-2350 1200-1300

Nelspruit 2500 1150

Malelane 3300 1400
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Hierdie toekenning word jaarliks oorhan-
dig aan die beste derdejaar student in 

die sitruskursus wat deur die Departement 
Hortologie aangebied word. In dié sitruskur-
sus word aandag gegee aan aspekte soos kul-
tivarseleksie, invloed van klimaat op produk-
sie, asook die vestiging en bestuur van ŉ 
sitrusboord. Verder word die onderliggende 
fisiologie wat vrugkwaliteit kan beïnvloed, 
asook boommanipulasie en die gebruik van 
plantgroeireguleerders om vrugte van opti-
mum interne en eksterne kwaliteit te produ-
seer, ook in diepte bestudeer.

Die “Citrus Technical Association” 
(CTA), ŉ vrywillige vereniging van tegniese 
kundiges wat sedert 1984 bestaan en direk 
betrokke is by sitrusnavorsing, produksie en 

uitvoere, borg die onlangs ingestelde toeken-
ning. Met die toekenning van hierdie meriete 
prys poog die sitrusbedryf om erkenning aan 
uitmuntendheid te gee, asook om verdere 
studies in sitrus aan te moedig.  

Ballie Wahl is nie net in Suid-Afrika 
nie, maar wêreldwyd een van die bekendste 
name in die sitrusbedryf. Sy tegniese kennis 
en vermoë om al die komplekse aspekte met 
betrekking tot produksie van sitrusvrugte te 
integreer, word nasionaal en internasionaal 
hoog aangeslaan. Ballie is ŉ alumnus van die 
Universiteit Stellenbosch. Nadat hy sy BSc 
(Agric) graad verwerf het in 1966, het hy by 
die sitrusbedryf betrokke geraak as deel van 
die Sitrusbeurs se tegniese span. Sedertdien 
het hy die SA sitrusbedryf in verskeie posisies 

gedien voordat hy in 2006 amptelik afgetree 
het. Die goue draad regdeur Ballie se loop-
baan is die onbaatsugtige manier waarop hy 
sy kennis deel, asook die moeite wat hy nog 
steeds bereid is om te doen om nuwe toetred-
ers tot die sitrus tegniese gemeenskap van die 
Suider-Afrikaanse sitrusbedryf met raad en 
daad by te staan.

Conclusion
Apart from flower numbers, fruit set and 
eventual fruit size are most certainly the ma-
jor factors influencing final fruit yield and 
should be considered as critical factors in-
fluencing profitability of citrus production. 
Fruit size is one of the most important pa-
rameters determining profitability of citrus 
production. Markets have specific demands 
for fruit size and offer premiums for opti-
mum sized fruit. Unsatisfactory fruit size re-
duces profitability, with production costs in 
some instances higher than returns offered 
by consumers. Fruit size is a factor of preva-
lence and intensity of flowering in spring, 
and the measure to which the producer can 
manipulate the morphogenesis of the flower 
to the fruit to his advantage. The aim of this 
series of three articles was to introduce the 
reader to the basic physiology of citrus flow-
ering and to encapsulate the basic crop ma-
nipulation techniques currently available.  
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