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ABSTRACT. A characterization of the vegetative 
development of `Valencia Late´ and `Washington Navel` 
orange cultivars was done and the relationship between 
vegetative development, fruiting, production and efficiency 
of the fruiting and production was determined. A plot 
from each cultivar was selected and during every year’s 
flushing period, the number of leaves per canopy surface, 
tree dimensions and average foliar surface were evaluated; 
accumulated rainfall was recorded. Variables like vegetative 
development, foliar area per tree, foliar area per canopy 
volume and the foliar area index were estimated. From each 
variable data, a simple classification analysis of variance was 
performed every year. Variables as fruiting, production and 
efficiency of the fruiting and production were calculated and 
their relationship with those of vegetative development was 
determined through an Analysis of Canonic Correlations. 
The results showed that the vegetative development 
corresponds to the behavior of accumulated annual rainfall, 
as they increase, the vegetative development is higher. The 
foliar area was directly related to fruiting and production 
of both cultivars. Increased foliar area per tree and foliar 
area reduction per canopy volume mainly contributed to an 
increased fruiting (number of fruits per tree) and production 
(kg of fruits per tree).
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RESUMEN. Se caracterizó el desarrollo vegetativo de los 
cultivares de naranjo `Valencia Late´ y `Washington Navel`, 
se determinó la relación del desarrollo vegetativo con la 
fructificación, la producción y la eficiencia de la fructificación 
y la producción. Se seleccionó una parcela por cada cultivar 
y durante cada oleada de brotación, se evaluó el número 
de hojas por superficie de la copa, las dimensiones de los 
árboles y la superficie foliar promedio, y se registraron las 
precipitaciones acumuladas. Se estimaron las variables de 
desarrollo vegetativo área foliar por árbol, área foliar por 
volumen de copa y el Índice de Área Foliar. Con los datos de 
cada variable en cada uno de los años se realizó un análisis de 
varianza de clasificación simple. Se calcularon variables de 
fructificación, producción y la eficiencia de la fructificación  
y la producción, se determinó la relación de éstas con las 
variables de desarrollo vegetativo a través de un Análisis de 
Correlaciones Canónicas. Los resultados muestran que el 
desarrollo vegetativo se corresponde con el comportamiento 
de las precipitaciones acumuladas anuales, cuando éstas 
aumentan, el desarrollo vegetativo es superior. El área foliar 
se relaciona directamente con la fructificación y la producción 
en ambos cultivares. El aumento del área foliar por árbol y la 
disminución del área foliar por volumen de copa, contribuyeron 
fundamentalmente al incremento de la fructificación (número 
de frutos por árbol) y la producción (kg de frutos por árbol). 
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INTRODUCTION
Citrus fruits have a high importance from an 

economic and nutritional standpoint.
In the world 8,7 million hectares are dedicated to 

its cultivation and production amount to 122,3 million 
tones, of which 56,4 % are orangesA.
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In Cuba, citrus occupy 29,3 thousand hectares, 
with a production of 203,7 thousand tons, mainly 
oranges (46,1 %)B.

Although the cultivated area and production have 
grown in recent years for different causes, mainly pest 
and disease impact, researches are continuing to 
develop the scientific and technical basis under new 
circumstances of the sector. 

In this context, the study of vegetative development, 
behavior and yield components factors involved in 
them is important for the differentiated handling of 
cultivars by the application of appropriate planting, 
nutrition, phytosanitary defense, watering and pruning 
technologies in different edaphoclimatic conditions.

It is known that edaphoclimatic conditions 
influence the development of citrus trees. For example, 
the issuance of vegetative flows, plantations without 
irrigation is regulated by the occurrence of wet and 
dry periods (1, 2, 3). These flows vegetative growth 
or sprouting, are responsible for branch growth and 
increased leaf area of trees (4).

Therefore, the behavior of vegetative budding 
play a key role in maintaining an adequate balance 
between vegetative and reproductive structures, very 
important aspect for producing fruits and growth (5). 
Leaves produce and export photoassimilates to the 
rest of the tree and are known as sources, while non-
photosynthetic organs (fruits and roots) are known 
as sinkholes (6). The leaf-fruit ratio is dependent on 
many factors such as species, variety, phytotechnical 
practices and soil and climate conditions (7, 8).

To compare the potential productivity of the top in 
citrus plantation systems, they were used vegetative 
development variables as the leaf area per tree and 
the leaf area index (LAI). The latter is defined as ratio 
of a leaf area and the soil surface area occupied by a 
treeC,

, 
D also it is used to model plant processes (9) and 

as an indicator of photosynthetic activity, by its relation 
to the sunlight interception (7). LAI also combined with 
climatic variables, has been used to calculate daily 
volumes of water needed to irrigate the crop in some 
agroecosystems (10).

However, l i t t le information exists about 
interrelationship studies between groups of vegetative 
and reproductive development variables in citrus 
Vegetative growth behavior and its relationship with 
fruiting processes, production and efficiency in oranges 
grown in Contramaestre citrus agroecosystem in the 
eastern region of Cuba, it is not known.

The study aim is to characterize the vegetative 
development of Valencia Late’ and ̀ Washington Navel` 
orange cultivars ` and determine the relationship of 
vegetative development to fruiting and production 
besides , production and fruiting efficiency.

MATERIALS AND METHODS

The experience was developed in the period 2000-
2002, sweet orange trees were used [Citrus sinensis 
(L.) Osbeck], ‘Valencia Late’ (VL) and ‘Washington 
Navel’ cultivars (W.N.), 30-33 years age, grafted on 
sour orange (Citrus aurantium L.) and planted at a 
distance of 4 x 8 m.

The experimental plots are located at 20 ° 18’56 ‘’ 
North Latitude; 76 ° 16’22 ‘’ West Longitude (VL), and 
20 ° 19’56 ‘’ North Latitude; 76 ° 17’32 ‘’ West Longitude 
(WN), in production areas without irrigation, belonging 
to the Citrus Company “América Libre” municipality 
Contramaestre, Santiago de Cuba province.

The soil is classified as calcic fluffy brown soil (11). 
The agronomic management of plantations was made 
according to the technological scheme of the company 
during this period and accumulated precipitation (Pr; 
mm) were recorded in pluviometers located 300 m of 
the experimental plots.

CharaCterization of vegetative development 
The vegetative development was characterized 

in the four central trees of a selected plot in each 
cultivar and constituted by 16 trees (four per row). 
During each of the three budding waves per year, 
leaf number were evaluated per the surface top, 
dimensions of trees and vegetative development 
variables (12) were estimated.

Leaf number per top surface was recorded [Ln; 
leaves (m² top)-1] through a frame of 0,25 m placed 
to 1,5 m of the tree height by cardinal points of the 
top and the five leaves leaf surface was determined 
(cm2 leaf)-1 for each top cardinal point, using a digital 
planimeter Delta T-Device (UK).

Moreover, tree height dimensions (TH; m), height 
from the ground to the base of the top (m S) and top 
diameter in two directions, North-South (NS) and East-
West (EW) were evaluated, which was determined as 
maximum horizontal diameter (DpN-S and DpE-W) and 



58

Le
af

 a
re

a 
pe

r t
re

e 
 (m

2 .t
op

-1
)

† Annual accumulated values of the three waves of sprout 
*Signification for p≤0,05 according to variance analysis, n=4

Behavior of vegetative development variables† (A, B, C) and accumulated rainfall (D) in ‘Valencia Late’ 
(V. L.) and ‘Washington Navel’ (W. N.) oranges

80

60

40

20

  0

ESx= 1,44* ESx= 1,08* ESx= 1,62*

V.L. W.N. V.L. W.N. V.L. W.N.
2000 2001 2002

Years

A. Leaf area per tree (At)

Le
af

 a
re

a 
pe

r t
op

 v
ol

um
e 1,0

0,8

0,6

0,4

ESx= 1,44* ESx= 1,08* ESx= 1,62*

V.L. W.N. V.L. W.N. V.L. W.N.
2000 2001 2002

Años

B. Leaf area per top volume (Av)

Le
af

 a
re

a 
in

de
x 

 (i
nd

ex
)

4,0

3,0

2,0

1,0

0,0
V.L. W.N. V.L. W.N. V.L. W.N.

2000 2001 2002

Years

C. Leaf area index (IAF)

ESx = 1,10* ESx= 0,15* ESx= 0,13*

0,0

0,2

V.L. W.N. V.L. W.N. V.L. W.N.
2000 2001 2002

Years

ESx= 0,026* ESx= 0,022* ESx= 0,075*

A
nn

ua
l a

cc
um

ul
at

ed
 ra

in
fa

ll 
(m

m
) 

1200

W.N.V.L. V.L. W.N. V.L. W.N.

ESx= 0,026* ESx= 0,022* ESx= 0,075*
1000
  800
  600
  400
  200
      0

2000 2001 2002

Years

D. Annual accumulated rainfall (Pr)

Cultivos Tropicales, 2015, vol. 36, no. 2, pp. 56-61                                                                                                                              April-June

horizontal diameter to 1,5 m of tree height (DmN-S and 
DmE-W) using a ruler in mm and a length of 7 m. Then, 
the average leaf area (Sp cm2.leaf-1), canopy height 
(H, m) H = AT-S, the maximum horizontal radius of the 
top (Rp; m) Rp = [(DpN-S+ DpE-W )/2]/2, the horizontal 
radius of the crown to 1,5 m of the tree height (Rm; m) 
Rm = [(DmN-S+ DME-W)/2]/2 and the volume of the top 
(Vc; m3) Vc = 2,0944 Rp2 H were estimated.

 In each budding wave, vegetative growth variables 
were estimated: leaf area per tree (At, m2.top-1) At = (Vc 
Sp Nh)/Rm, leaf area per canopy volume [Av, m2. (m3 

top) -1 Av = (Sp Nh)/Rm leaf area per tree;.] and leaf 
area index LAI =(0.667 Sp Nh H)/Rm. The outcome 
in vegetative development variables is the annual 
cumulative sum of the three sprouting waves.

The data for each variable in each of the years 
were analyzed by a variance analysis of simple 
classification (p≤0,05).

relationship of vegetative development 
with fruiting, produCtion and fruiting 
and produCtion effiCienCy 

Fruiting variables, production and fruiting and 
production efficiency (12) were calculated. Fruiting 
variables and its efficiency were number of fruit per tree 
Ft = 2,1[(Rp2 H)/Rm], number of fruits per cubic meter 
of top tree Fv = F/Rm; where F is the amount of fruits 
(m2 top)-1 at the end of the fruit setting period and was 

recorded through a frame of 0,25 m placed to 1,5 m 
of tree height by top cardinal points and leaf square 
meters per fruit Rhf = 0,0001 [(Sp Nh)/F].

Production and its efficiency variables were: 
kilograms of fruit per tree Mt= 0,021Mf F [(Rp2H)/Rm]; 
where Mf is the average mass of five ripe fruits per 
tree, harvested in the months of October (‘Washington 
Navel’) and December (‘Valencia Late’), kilograms of 
fruit per cubic meter of top tree Mv = (Mf F)/(1000 Rm) 
and leaf square meters per kilogram of fruit Rhm=0,1 
[(Sp Nh)/Mf F)].

To determine the relationship between vegetative 
development variables to fruiting, production and 
efficiency, the multivariate method of Canonical 
Correlation Analysis, after standardization of data, (13) 
was used. Statistical analyzes were performed using 
the STATGRAPHICS® Plus software, version 5.1.

RESULTS AND DISCUSSION

CharaCterization of vegetative development 

I t  is  noted,  general ly  in each cul t ivar, 
correspondence among the magnitudes of vegetative 
development variables, leaf area per tree (Figure A), 
leaf area per canopy volume (Figure B) and leaf area 
index (Figure C) with annual accumulated rainfall 
(Figure D).
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Table I. Canonical Correlation Analysis between vegetative development variables† (x1, x2, x3) and fruition 
and its efficiency†† (y1, y2, y3), in two orange cultivar [Citrus sinensis (L.) Osbeck]

U1
Coefi-
cient V1

Coefi-
cient

Canonical correla-
tion §

A) ‘Valencia Late’ cultivar
x1. Leaf area per tree top (At)  -1,69 y1. Number of fruits per tree (Ft)  -1,23

0,99**x2. Leaf area index (LAI)  -1,91 y2. Number of fruits per m3 of top tree 
(Fv)   1,87

x3. Leaf area per tree top volume 
(Av)   3,82 y3. m

2 of leaf per fruit (Rhf)  -0,18
B) ‘Washington Navel’ cultivar
x1. Leaf area per tree top (At)  -1,23 y1. Number of fruit per tree (Ft) -2,09 0,96**
x2. Leaf area index (LAI)   0,25 y2. Number of fruits per m3 of top tree 

(Fv)  2,15
x3. Leaf area per tree top volume 
(Av)   0,63 y3. m

2 of leaf per fruit (Rhf) -0,30

§ Signification for p≤0,01; n=12 
† Sum of accumulated values of sprouting in 2000 and the sprouting of February-March, 2001 and sum of accumulated values of 
sprouting of 2001 and sprouting of February-March 2002. 
†† Estimated values when setting fruit period ended of April-May, 2001 and 2002
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These variables showed higher values to the 
extent that cumulative rainfall was more abundant.

Moreover, the estimated values of LAI average 
over the three years of study were 1,7 (‘Valencia 
Late’) and 2,0 (‘Washington Navel’). These values are 
lower than those reported in Florida, United States 
(14), which ranged from 3,9 to 5,1 and in Ceiba del 
Agua, CubaE with values between 2,5 to 3,6; all Citrus 
sinensis (L) Osbeck, plantations with similar planting 
distances but with irrigation.

In effect, informed and estimated IAF values are 
very different; however, given the average leaf area 
for both cultivars in the Contramaestre agroecosystem 
presented some similar values to reports from the 
above, in Ceiba del Agua and Florida plantations by 
author. This fact points to the apparent differences 
between of LAI shown among agroecosystems are 
mainly due to leaf number per top surface (NL) (data 
not shown).

Low values of NL quantified in this agroecosystem 
could be associated to two factors, on one hand,dry 
land conditions in which the crop is developed and on 
the other, to the cultural care, especially nutrition made 
with nitrogen (N), where doses tree 0,25-030 kg N yr-1 
were lower than the estimated needs, and also with 
respect to those used in agro comparison.

Both factors are closely related to vegetative 
growth and probably contributed to the shown variation. 
In this regard, it has been reported that water stress 
periods cause effects on vegetative growth of citrus as 
senescence and abscission of leaves (15), so optimize 
nutrition with N in citrus trees needed to regulate the 
vegetative growth (16).

The LAI is an indicator of photosynthetic activity 
(7). It also constitutes the physiological variable that 
influences the differentiation of America’s citrus regions 
which corresponding the lowest values to plantations 
without irrigation and warmer climates (17).

relationship between vegetative development 
with fruiting, produCtion and effiCienCy 
of fruiting and produCtion

The Canonical Correlation Analysis showed the 
group influence of vegetative development variables 
on variable groups of fruiting, fruiting production 
efficiency and production in both cultivars (Table IA 
and B; Table IIA and B). According to this analysis, the 
pair of canonical variables (U1-V1) accounted for most 
association between physiological variables groups 
with a high canonical correlation coefficient.

Among plant development variables that influence 
on fruiting and efficiency in ‘Valencia Late’ (Table IA), 
are the leaf area per tree (At) and leaf area index 
(LAI). When both increase volume and leaf canopy 
(Av) decreases, area cause an increase in the number 
of fruits per tree (Ft) and a decrease in fruit number 
per m3 of canopy (Fv). While in ‘Washington Navel’ 
(Table IB) a similar influence was observed, although 
this cultivar the LAI did not influence decisively.

Moreover, considering the influence of vegetative 
development variables on production and efficiency, 
both ‘Valencia Late’ (Table II A) and ‘Washington 
Navel’ (Table II B) it was found that with increasing 
At and Av decreases, induce an increase in kg of 
fruit per tree (Mt) and a kg decrease of fruit per m3 
of canopy (Mv).
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of the interrelationships between groups of dependent 
and independent variables, as has been shown in other 
studies (22).

CONCLUSIONS
 ♦ The vegetative growth of orange ‘Valencia Late’ 

and ‘Washington Navel’ in the Contramestre citrus 
agroecosystem, corresponds to the behavior of the 
annual accumulated rainfall, when they rise, the 
vegetative development is superior.

 ♦ Leaf area is related to the fruition and production 
in both cultivars. The increase in leaf area per tree 
and reduced leaf area per canopy volume, mainly 
contributed to the increase of fruiting (number of 
fruit per tree) and production (kg of fruit per tree).
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