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Growth model of the pineapple guava fruit  
as a function of thermal time and altitude

Modelo de crecimiento del fruto de feijoa en función  
del tiempo térmico y la altitud

Alfonso Parra-Coronado1, G. Fischer2, and J.H. Camacho-Tamayo3

ABSTRACT 

The growth of the pineapple guava fruit is primarily stimulated by temperature but is also influenced by other climactic factors, such 
as altitude. The goal of this study was to develop a growth model for the pineapple guava fruit as a function of thermal time (GDD, 
growing-degree day) and altitude (H) of the production area. Twenty trees per farm were marked in two sites in the Cundinamarca 
region (Colombia) during the 2012 and 2014 seasons. Measurements were performed every seven days after day 96 and 99 post-
anthesis until harvest in the sites of Tenjo (2580 m.a.s.l.) and San Francisco de Sales (1800 m.a.s.l.), respectively. A growth model was 
produced for weight as a function of fruit length and diameter as well as for the weight of the fruit as a function of GDD and H, with 
this last measure adjusted to a sigmoidal logistic growth model. The parameters for the regression analysis showed that the models 
satisfactorily predicted fruit growth for both of the sites, with a high determination coefficient. The cross-validation showed good 
statistical fit between the predicted and observed models; the intercept was not significantly different than zero, and the slope was 
statistically equal to one.

Keywords: Acca sellowiana, fruit weight, growing-degree days.

RESUMEN

El crecimiento del fruto de la feijoa es principalmente estimulado por la temperatura, pero también es afectado por otros factores 
climáticos como la altitud. El objetivo de este estudio es proponer un modelo de crecimiento del fruto de la feijoa en función del 
tiempo térmico (GDC, grados día de crecimiento) y de la altitud (H) de la zona de producción, para lo cual se marcaron veinte 
árboles por finca en dos localidades del departamento de Cundinamarca (Colombia), durante los años 2012 a 2014. Las mediciones 
se realizaron cada 7 días a partir del día 96 y 99 después de antesis hasta la cosecha, para las localidades de Tenjo (2580 m.s.n.m.) y 
San Francisco de Sales (1800 m.s.n.m.) respectivamente. Se obtuvo un modelo de crecimiento para el peso en función de la longitud 
y el diámetro del fruto, así como para el peso del fruto en función de GDC y H, ajustándose esta última a un modelo de crecimiento 
sigmoidal logístico. Los parámetros del análisis de regresión mostraron que los modelos predijeron satisfactoriamente el crecimiento 
del fruto para las dos localidades, con alto coeficiente de determinación. La validación cruzada mostró buen ajuste estadístico entre 
valores pronosticados y observados; la intercepción no fue significativamente diferente de cero y la pendiente fue estadísticamente 
igual a uno.

Palabras clave: Acca sellowiana, peso del fruto, grados-día de crecimiento.
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Introduction

The feijoa fruit (Acca sellowiana (O. Berg) Burret), known 
in English-speaking countries as the pineapple guava, 
belongs to the order Myrtales, family Myrtaceae, subfamily 
Myrtoideae (Perea, Fischer & Miranda, 2010). The species 
is originally from South America, in areas spanning across 
Brazil, Uruguay, western Paraguay, and northeastern 
Argentina (Schuman & Lüdders, 1992). Pineapple guava is a 
perennial and long-living species. Trees yield regularly once 
a year under seasonal subtropical conditions. However, 
in tropical areas, the species can produce continuously 
throughout the year (Quintero, 2012).
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The pineapple guava is considered to be a promising crop 
for the Colombian Andean region, thanks to its excellent 
adaptation to areas between 1800 and 2700 m.a.s.l. There 
are several commercial varieties of pineapple guava fruit 
in Colombia (Clone 41 ‘Quimba’, clone 8-4, Mammouth, 
Apollo, Gemini, Triumph, Rionegro, Tibasosa, among 
others). These are also considered to be important for 
pollination and for obtaining high-quality fruits (Parra & 
Fischer, 2013). For Colombia, Quintero (2012) estimated 
total pineapple guava production area to be 650 ha, with 
Boyacá, Cundinamarca, Santander, and Norte de Santander 
being the primary producing regions.

The fruit is defined as the primary sink in the context of 
photoassimilate competition (Link, 2000) and can be 
determined by a variety of factors such as phloem transport, 
compartmentalization, and metabolism (Ho, 1996). Final 
pineapple guava fruit weight and size differ greatly among 
cultivars as well as among fruits of the same cultivar (Vela, 
Salinero, Piñón & Sainz, 2009) and vary according to the 
position of the fruit in the canopy (Martínez-Vega, Fischer, 
Herrera, Chaves & Quintero, 2008). Size and weight are 
closely related to the physiological and phenological 
characteristics of the plant, growing conditions and prevailing 
environmental conditions during the fruit growth phase.

Growth refers to the irreversible increase in dry material 
or volume, changes in shape, size, mass, or number of 
structures, and is a function of the genotype and the 
environment (Krug, 1997), resulting in a quantitative 
increase in the size and weight of the plant or of an organ 
(Ardila, Fischer & Balaguera-López, 2011). Growth is a 
complex process including many processes such as cell 
division, elongation and enlargement, anabolism related to 
photosynthesis, synthesis of other compounds (e.g. amino 
acids, fatty acids, vitamins etc.) and these occur concurrent 
to catabolic processes such as respiration (Romani, 1984; 
Gómez, Ávila & Escalona, 1999). The study of growth is 
useful to determine the way in which the fruits increase in 
size and weight related to its age, until reaching the size 
and the weight at the time of the harvest (Coombe, 1976; 
Avanza, Bramardi, & Mazza, 2008), and the physiological 
maturity or optimal harvest state (Cañizares, Laverde & 
Puesme, 2003), analyzing the formation and structural 
development of fruit over time (Mazorra, Quintana, 
Miranda, Fischer & Chaparro, 2006), and proposing a 
proper crop management (Rojas-Lara, Pérez-Grajales, 
Colinas-León, Sahagún-Castellanos & Avitia-García, 2008). 

Growth can be quantified using models defined with 
mathematical expressions or functions that include a set 
of indexes (Hunt, 1990). A mathematical model helps 
synthesize and increase knowledge of a particular system 
(López, Ramírez & Rojano, 2005), evaluate possible 
management strategies, and make potential estimates of 
output, costs, and benefits of the use of specific commercial 
transactions and of the use of cultivation practices such as 
fertilization and irrigation (Cañizares et al., 2003). Rates are 
determined by expressing the fruit-growth dynamics through 

measurements of dry or fresh material over determined time 
intervals (Ardila et al., 2011). The main intervals include the 
absolute growth rate (AGR), which indicates the change in 
size per unit of time, and the relative growth rate (RGR), 
which expresses the rate of variation in size per unit of 
initial weight (Hunt, 1990). 

Among the nonlinear models used to characterize 
development and/or growth as a function of time, the 
logistic, the exponential, and the monomolecular models 
(Rojas-Lara et al., 2008; Ardila et al., 2011; Franco, 2013) 
as well as the Michaelis-Menten models (Rojas-Lara et al., 
2008) stand out. The logistic model results from combining 
the exponential and the monomolecular model separated by 
a turning point, and is characterized by its sigmoidal shape 
(Rojas-Lara et al., 2008; Franco, 2013). The exponential 
model is valid for continual increases or decreases for which 
conditions are always favorable (Rojas-Lara et al., 2008). 
The monomolecular model indicates that the rate of change 
in dry weight of a plant is determined by the quantity of 
growth that remains to take place, which is why the growth 
rate shows a constant rate of decrease. The monomolecular 
model has been used to estimate the growth of different plant 
structures and pathogens (Franco, 2013).

Salisbury & Ross (2000) demonstrate that some fruits show 
a double-sigmoid growth behavior, such as raspberries, 
grapes, blackberries, olives, and stone fruit (e.g., peaches, 
cherries, and plums). Others show simple-sigmoid growth 
curves, as in the case of the passifloras (Gómez et al., 
1999), apples, tomatoes, pears, oranges, pineapples, 
melons (Salisbury & Ross, 2000), avocados (Salisbury & 
Ross, 2000), and pineapple guava (Rodríguez, Arjona & 
Campos, 2006).

Often, calendar time has been used to predict growth and 
development stages in crops (Mendoza López, Luis Aguilar 
& Castillo Orta, 2004); however, a series of models have 
been proposed to improve the use of calendar time in 
predicting growth and development to describe the effect 
of temperature on phonological development (Warrington 
& Kanemasu, 1983). One of the most widely used methods 
is average daily temperature accumulation above a base 
temperature (Tb) (Monteith, 1984), known as thermal time, 
growing - or development - degree days (GDD), heat units 
(López, Chaves, Flórez & Salazar, 2010), or physiological 
time, and is defined as the quantity of degree days 
necessary to complete a particular development process 
or phonological phase (Trudgill, Honek & Van Straalen, 
2005). Thermal time is used to calculate the appearance 
of nodes, leaves, and inflorescences, and to estimate the 
growth and development of fruits (Almanza, Quijano-Rico, 
Fischer, Chávez & Balaguera-López, 2010), as well as to 
estimate potential production (Salazar, Jones, Chaves & 
Cooman, 2008), among other factors.

There are various ways of calculating GDD, but the most 
common in agricultural and phonological studies is to 
calculate this parameter as the sum of the difference 
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between average temperature and base temperature (Tb), 
with the average temperature calculated as the average 
of the minimum and maximum daily temperatures 
(Matzarakis, Ivanova, Balafoutis & Makrogiannis, 2007). 
The aforementioned calculation method to obtain GDD is 
well suited to describe growth and development because 
it is independent of environment or year (Ritchie & Ne 
Smith, 1991). One basic requirement for this focus is 
determining the critical temperature or base temperature 
(Tb), below which phonological development ceases or 
the plant discontinues its metabolic processes (Steinmaus, 
Prather & Holt, 2000). In the case of pineapple guava, 
the estimated base temperature for fruit growth is 1,76 ºC 
(Parra-Coronado, Fischer & Chaves-Cordoba, 2015).

The aim of the present study was to evaluate the growth 
of the Quimba cv. pineapple guava in thermal time and to 
develop a physiological growth model for crops located at 
different altitudes.

Materials and methods 

Location and characterization of study areas

The study was carried out on two farms. One, “La Pradera” 
farm, is located in the Tenjo municipality (4º 51’ 23” N 
and 74º 6’ 33” W) at 2580 m.a.s.l., with average annual 
temperature of 12,5 ºC and relative humidity ranging from 
74 % to 86 %; rainfall is bimodal, with annual average 
precipitation of 765 mm, concentrated between the March-
May and September-November periods. The other one, 
“Mesopotamia” farm, is located in the San Francisco de 
Sales municipality (4º 57’ 57” N and 74º 16’ 27” W) at 
1800 m.a.s.l., average annual temperature of 20,6 ºC, and 
relative humidity ranging from 63 to 97 %; the rainfall 
is also bimodal, with annual average precipitation of 
1493 mm, concentrated between February-May and 
September-November.

Pineapple guava trees over 16 years old (Clone 41 ‘Quimba’) 
were grown with similar crop-management practices. Soil 
characteristics for both farms were sandy loam and similar 
ratios Ca / Mg, Mg / K, Ca / K and (Ca + Mg)/ K.

Experimental design

Because the pineapple guava is a perennial crop, 10 trees 
per individual plot and two places per farm were considered 
in this study, with a total of 40 trees included in the study 
(Fernández, Trapero & Domínguez, 2010). Thus, two blocks 
of information per harvest and farm were available, which 
allowed for additional information for validating the fruit 
growth model.

Trees were located in the middle of the growing lot, with 
the goal of maintaining uniformity in climactic conditions 
and eliminating border effects. Each whole tree plot 
(sample unit) was numbered, and the present flower buds 

in the middle third of the canopy were marked to follow 
fruit growth and development. Sampling was performed in 
10 trees per plot, randomly selecting fruits from each tree 
once weekly after day 96 and 99 post-anthesis until harvest 
in the Tenjo and San Francisco de Sales sites, respectively. 
This procedure was performed over two consecutive years 
(halfway through 2012, 2013, and at the beginning of 
2014) for two harvest periods. Due to the primary climatic 
conditions during the studied period, the evaluated plants 
only produced one harvest per year. The meteorological 
data were obtained from automatic meteorological stations 
iMETOS ECO D2 (Pessl Instruments, Weiz, Austria) that 
collect temperature, precipitation, relative humidity, and 
total radiation measurements each hour. 

Thermal time (TT) in growing-degree days (GDD) was 
determined beginning with anthesis, using the Tb estimated 
by Parra-Coronado et al. (2015) for pineapple guava fruit 
growth of 1,76 ºC. Thermal time was estimated as the daily 
sum of the difference between average temperature and 
base temperature for each stage (Equation (1)):

TT = GDD i
i=1

n

∑ = T i −Tb( )
i=1

n

∑  ó  TT = T i −nTb
i=1

n

∑   (1)

where TT is thermal time (GDD) accumulated over n days 
of fruit growth, Ti is the daily average temperature (ºC) for 
the i-th day, and Tb is the base temperature (ºC). GDDi for 
TT accumulation are calculated based on the following 
considerations:

 T i =
T
max
−T

min( )
2

 (2)

 Si T i >T b, GDD i = T i −T b  (3) 

  Si T i <T b, GDD i = 0  (4)

where Tmax is the maximum temperature (ºC) for the i-th day, 
and Tmin is the minimum temperature (ºC) for the i-th day. 

Growth variables measured in the study were (a) the 
variation in individual fresh weight of the fruit in grams, 
using the gravimetric method, and (b) the individual 
equatorial diameter and length of the fruit (mm) measured 
using a Vernier caliper. To evaluate fruit growth in each 
site as only a function of GDD, nonlinear polynomial, 
exponential, and sigmoidal models were first tested for fruit 
weight variation. The best-fitting equations were chosen 
based on those with the greatest determination coefficient 
(R2) and lowest standard error. Based on the best-fit 
equations for both of the sites, a specific growth model was 
chosen as a function of thermal time (GDD) and altitude 
(H) in the production zone, choosing the one with greatest 
R2 and lowest standard error. Likewise, an individual 
growth model was created for weight as a function of fruit 
length and diameter. The Solver for Excel® tool was used to 
estimate the parameters of these individual growth models. 
Solver is an iterative nonlinear procedure making the first 
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estimate with initial values assigned to equation parameters 
and then increasing or decreasing the parameter values until 
a minimum value for the sum of the squared deviations is 
reached (Parra-Coronado et al., 2015). 

The combined data average from two different periods for 
the cultivar and for each site studied (one parcel per crop) 
were used to develop the models. The sum of temperatures 
with corresponding Tb was averaged for each site. The entries 
for the growth model as a function of GDD and H included 
the anthesis date, the Tb value for fruit growth, the daily 
meteorological data including maximum and minimum 
temperatures (ºC), and the altitude of the production area 
in each site.

Each of the equations obtained for evaluating the models 
were used on the remaining data. Cross-validation was 
performed between observed and simulated values, 
making it possible to visualize the quality of the model. 
The determination coefficient (R2), the matching index 
d (Equation (5)), and the root mean-square error RMSE 
(Equation (6)) were calculated to determine general model 
performance (Parra-Coronado et al., 2015). A descriptive 
statistical analysis was also performed using SPSS v.17 
(SPSS Inc., Chicago, IL, USA), 

 d =1−
P i −O i( )

i=1

n

∑
2

P i
'−O i

'( )
i=1

n

∑
2

⎡

⎣

⎢
⎢
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⎢
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⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥

,   0≤ d≤1 (5)

where (n) is the number of observations, (Pi) is the 
predetermined value for the i-th date, and (Oi) is the observed 
value for the i-th date, P i

’ = P i −O , and O i

’ =O i −O ; 
the general average for observed values is P i

’ = P i −O . 

 
RMSE=

P i −O i( )
i=1

n

∑
2

n
 (6)

where (n) is the number of observations, (Pi) is the 
predetermined value of the i-th date, and (Oi) is the 
observed value for the i-th date.

Results and discussion

The results obtained in this study show that pineapple 
guava fruit weight and size at harvest time are greater 
for fruits produced at higher altitude (2580 m.a.s.l.: fresh 
weight from 38,2 ± 4,2 to 98,9 ± 12,6 g, diameter from 
35,2 ± 1,4 to 49,1 ± 2,5 mm; and 1800 m.a.s.l.: fresh weight 
from 30,5 ± 4,7 to 45,7 ± 6,8 g, diameter from 32,5 ± 2,6 
to 40,0 ± 1,9 mm), requiring a greater number of calendar 
days and lower thermal time (GDD) to reach harvest from 
anthesis. Regina et al. (2010) found similar results for 
Chardonnay and Pinot Noir grapes cultivated in Minas 

Gerais State (Brazil), and indicated that the grapes cultivated 
at 1150 m.a.s.l. were larger and heavier than those grown 
at 873 m.a.s.l.

Individual pineapple guava fruit-weight equa-
tion as a function of length and diameter.

A well-fitting unique growth equation for pineapple guava 
fruit weight as a result of fruit diameter and length (Equation 
(7)) was obtained, with an R2 determination coefficient of 
0,9984 and standard error of 0,695.

 W = 0,00016526L 3,040648−0,278826D 0,002881  (7)

where  W: fruit weight (g)
  L: fruit length (mm)
  D: fruit diameter (mm)

Figure 2a shows the cross-validated model evaluation 
using a comparison of predicted and observed weights 
during fruit growth. The cross-validation and regression 
analysis parameters showed that the model satisfactorily 
predicted pineapple guava fruit weight as a function of the 
fruit length and diameter. A good statistical agreement was 
found: the intercept was not significantly different from 
zero, and the slope was statistically equal to 1; these values 
are the expected estimates for a very strong goodness of fit 
between the predicted values (Y) and observed values (X). 
Moreover, the regression also showed a high determination 
coefficient (R2); the rate of matching (d) and the average 
root mean-square error (RMSE) also show a good fit in the 
model as a function of these dimensions for any of the 
production zones.

The model represented using Equation (7) can be applied 
to determine the weight of the fruit in any pineapple guava-
production area in altitudes between 1800 and 2589 m.a.s.l. 
It is also possible to predict potential production from 
a determined site through the use of non-destructive 
measurements, such as the approximate determination 
of the number of fruits and the length and diameter of 
the fruit. Until now, there have been no equations that 
allow the determination of pineapple guava fruit size as a 
function of its dimensions for any production zone, and 
thus, the results of this study will help increase knowledge 
of the crop and improve its management to have greater 
production yields.

Mathematical models of thermal  
time for fruit weight
Table 1 shows the equivalency between days after anthesis 
(DAA) and thermal time or growing-degree days (GDD) 
for the pineapple guava fruit for the study areas; the fruit 
growth required 1972 GDD (180 DAA) to be harvested in 
the Tenjo site, while in San Francisco de Salas, the plants 
needed 2677 GDD (155 DAA). This result indicates that at 
higher altitudes, more calendar days are needed to arrive at 
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growth was the cubic polynomial one compared to 
quadratic and logistic models. These authors observed 
that the growth curve of the fruit showed three stages after 
anthesis: the first stage from 70 days post-anthesis was the 
slow-growing phase; the second stage lasted from day 70 
until day 126, and the third stage lasted from day 126 
until day 154. The authors also demonstrated that during 
the third development stage, the fruit volume increased 
significantly in both of the clones, which corroborated 
findings from Esemann-Quadros et al. (2008).

Table 2. Mathematical models in thermal time (GDD) for weight (W) 
in grams during pineapple guava fruit growth in two sites.

Model Equation R2 SD

Tenjo

QP W = 49,1659−0,1078 GDD( )+5,4468×10 -5 GDD( ) 2 0,793 9,491

SE-2P W = 0,0010×e (0,0056×GDD) 0,965 3,742

SE-3P W = 4,4461+2,9418×10 −5×e (0,0074×GDD) 0,986 2,453

SMP-1P W = 0,0048×e (0,0048×GDD) 0,957 3,941

SMP-2P W = e (0,0056×GDD−1229,3904)) 0,965 3,742

E-SM W = 4,4461+
2,1754×10 −7( )× e 0,0074×GDD( )

 −1( )
0,0074

0,986 2,453

S-L W =
30102,544

1+ e
−0,00541 × GDD−3122,875( )( ) 0,975 3,316

San francisco de sales

QP W =169,5028−0,182 GDD( )+ 4,9609×10 -5 GDD( ) 2  0,983 2,131

SE-2P W = 0,0204×e (0,0028×GDD) 0,975 2,291

SE-3P W =−1,7863+0,0434×e (0,0026×GDD) 0,976 2,494

SME-1P W = 0,0035×e (0,0035×GDD) 0,949 2,974

SME-2P W = e (0,0028×(GDD−1380,3558)) 0,975 2,291

E-SM W =−1,743+
0,0001× e

0,0026×GDD( )
 −1( )

0,0026
0,976 2,494

S-L W =
23926,001

1+ e (−0,00282×(GDD−4955,015))( ) 0,975 2,218

QP: Quadratic polynomial; SE-2P: Simple exponential - two parame-
ters; SE-3P: Simple exponential - three parameters; SME-1P: Simple 
modified exponential; one parameter; SME-2P: Simple modified ex-
ponential - two parameters; E-SM: Exponential-Stirling Model; S-L: 
Sigmoidal-Logistic.

Several authors have used different models to describe the 
growth of certain fruit, including the following: Hernández 
& Martínez (1994) developed a quadratic model for the 
tamarillo fruit; González et al. (2001) used a polynomial 
model for star-fruit; Cañizares et al. (2003) found a 
double sigmoidal growth model for guava fruit growth; 
Avanza et al. (2008) found the best model to describe the 
growth of ‘Valencia late’ sweet orange fruit to be a five-
parameter logistic model; Almanza et al. (2010) found a 
logistic model fit for grape; Ardila et al. (2011) generated 

harvest, but fewer GDD are needed because they depend 
directly on temperatures measured in each site. 

The fruit weight as a function of GDD fit different types of 
growth curves (Table 2) for the fruit produced in two sites 
at the two extremes of production altitude (1800 m.a.s.l. 
for San Francisco de Salas and 2580 m.a.s.l. for Tenjo). 
Growth, represented by fruit weight, showed a good 
fit for polynomial (quadratic), exponential (simple with 
three parameters and Stirling Model), and sigmoid logistic 
nonlinear models. This finding agrees with those reported 
by Fischer (2003), Rodríguez et al. (2006), and Fischer, 
Ramírez & Almanza-Merchán (2012). The fruit growth 
curve had three post-anthesis stages: the first stage of slow 
growth lasted approximately 80 days after anthesis in both 
of the sites; stage two included faster growth from day 80 
until day 127 (2209 GDD) for San Francisco de Sales, and 
from day 80 until day 145 (1587 GDD) for Tenjo; stage 
three, in which the fruit weight increased significantly in 
both of the sites, lasted from day 127 until harvest and from 
day 145 until harvest for San Francisco de Sales and Tenjo, 
respectively. These results coincide with those found by 
Rodríguez et al. (2006) for ‘Quimba’ pineapple guava and 
by Esemann-Quadros et al. (2008), who conducted feijoa 
fruit studies in anatomy and morphology.  

Table 1. Equivalency between days after anthesis (DAA) and 
growing-degree days (GDD) of the pineapple guava fruit for study sites.

Tenjo site San francisco de sales site

Altitude: 2580 m.a.s.l. Altitude: 1800 m.a.s.l.

DAA GDD DAA GDD

96 1028 99 1731

110 1173 113 1969

117 1265 127 2209

124 1353 134 2328

131 1434 141 2447

138 1512 148 2563

145 1587 155 2677

152 1661 − −

159 1739 − −

166 1816 − −

173 1896 − −

180 1972 − −

Fischer (2003) showed that pineapple guava normally has 
a simple sigmoid growth curve (in size or weight) but can 
also express a double sigmoid depending on the cultivar 
and the agroecological conditions. Fruit development 
from anthesis until physiological maturity lasts from 
120 to 150 days and is slow during the first 40 days. 
Rodríguez et al. (2006) observed that clone 41 (Quimba) 
and clone 8-4 fruit cultivated in the La Vega municipality 
(Cundinamarca), under similar climate conditions to San 
Francisco de Sales, showed a simple sigmoid growth 
curve, although the model that best described the fruit 



IngenIería e InvestIgacIón vol. 36 n.° 3, december - 2016 (06-14) 11

PARRA-CORONADO, FISCHER, AND CAMACHO-TAMAYO

a sigmoidal logistic model for three tomato hybrids; and 
Silva, Silva, Matias, Ribeiro & Bruckner (2013) found a 
double sigmoid growth pattern for three peach genotypes. 
All of these models showed high R2 values, indicating 
their high predictive ability.

Specific mathematical model for fruit  
weight as a function of thermal time  
and altitude.

The best fit equations shown in Table 2 were modified by 
multiplying them with the factor (C*HD) to obtain a single 
equation for weight variation (W) for the pineapple guava 
in terms of thermal time and production area altitude; 
the H factor is the altitude (m.a.s.l.) of the production 
area, and C and D are parameters obtained by fitting the 
equation using the Solver® Excel toolkit. Table 3 shows 
equations obtained for pineapple guava fruit weight 
in terms of thermal time (GDD) and altitude (H); these 
equations were the only ones showing convergence 
when fit. Of the three equations found, the one showing 
the best fit was that belonging to the logistic sigmoid 
model, which showed a higher determination coefficient 
(R2 = 0,941) and lower standard error (3,830). Thus, this 
model is the best for predicting pineapple guava fruit 
weight as a function of GDD and H in production zones 
between 1800 and 2580 m.a.s.l. Figure 1 shows the 
observed and predicted weight variation in pineapple 
guava fruit using the logistic sigmoid model for the Tenjo 
and San Francisco de Sales sites.

The predicted fruit weight value at harvest time 
was underestimated by 14 % in the Tenjo site and 
overestimated by 12,5 % for the San Francisco de Sales 
site. This behavior is explained by the influence of the 
variation in other climactic factors on fruit growth in 
each of the evaluated harvests, such as solar radiation, 
rainfall, and moisture-retention characteristics of the soil 
(Fischer et al., 2012). 

Table 3. Mathematical models for individual equations describing 
pineapple guava fruit weight in terms of thermal time (GDD) and alti-
tude (H) of the production zone.

Model Equation R2 SD

SE-3P W = (8,9×10 −7×H 3
)×(5,0×10 −5×e ((0,0019×GDD))

) 0,695 6,151

SME-2P W = (0,0192×H 9,3729
)×e (0,00434×(GDD−17100,0)) 0,934 4,488

S-L W =
(41,9447×H 8,6406

)

1+ e (−0,0043×(GDD−17799,2114))( ) 0,941 3,830

SE-3P: Simple exponential; SME-2P: Simple modified exponential - 
two parameters; S-L: Sigmoidal-Logistic

Figure 1. Variation in fresh weight of pineapple guava fruit obser-
ved (average of harvest) and predicted using a sigmoid logistic mo-
del for sites (a) Tenjo (2580 m.a.s.l.) and (b) San Francisco de Sales 
(1800 m.a.s.l.). GDD = growing degree days.

Figure 2b shows an evaluation of the model via cross-
validation using a comparison of the predicted and observed 
weights during fruit growth (the remaining furrows not used 
for developing the model were used). The cross-validation 
and regression analysis parameters showed that the model 
satisfactorily predicted the weight of the pineapple guava 
fruit as a function of thermal time and production-area 
altitude. A good statistical agreement was found: the 
intercept was not significantly different from zero, and the 
slope was statistically equal to 1, which are the expected 
estimations for a very good fit between predicted values (Y) 
and observed values (X). Moreover, the regression showed 
a high determination coefficient (R2); the matching index 
(d) and root mean-square error (RMSE) also reflected a 
good fit of the model for fruit weight as a function of GDD 
and H for different production zones.

The sigmoidal logistic model equation shown in Table 3 can 
be used to determine fruit weight in any of the pineapple 
guava-production zones between the altitudes of 1800 
and 2580 m.a.s.l. It is also possible to estimate potential 
production obtained in a given site by making approximate 
estimates of fruit numbers and keeping track of maximum 
and minimum temperatures in the site. Until now, there 
have been no equations allowing the determination of 

(a)

  (b)
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pineapple guava fruit weight in terms of thermal time and 
altitude of the production area, and thus, the results of this 
study are highly useful.

for fruit weight as a function of thermal time and altitude 
satisfactorily predicted pineapple guava fruit growth for 
both of the sites with a high determination coefficient. A 
good statistical fit between predicted and observed values 
was found. Until now, there has been no model of this 
type that helped to determine pineapple guava weight 
as a function of related variables. This novelty makes the 
models found in this study of great value because they 
can be used to determine fruit weight in any pineapple 
guava-production zone, in similar latitudinal sites, between 
the altitudes of 1800 and 2580 m.a.s.l., as well as to 
estimate potential production in a particular site through 
non-destructive measures, such as the determination of 
fruit dimensions, production zone altitude, and GDD, as 
well as the approximate number of fruits under cultivation. 
We recommend to undertake further evaluations of these 
models for a wide range of pineapple guava varieties and 
environments.
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