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Introduction

“Peteca” is a physiological disorder affecting lem-
ons from winter harvest, mainly in post-harvest 
(Undurraga et al., 2004). The precise cause induc-
ing this problem is still not clear (Undurraga et 
al., 2004; Razeto, 2005; Undurraga et al., 2006). 
It has been associated to management in pre and 
post-harvest, climate conditions, along to calcium 
concentration, exposure, size and maturity of the 
fruit, even though the results are not conclusive 

(Wild, 1991, Razeto, 2005). On the other hand, 
it has been observed that different types of stress 
might increase the level of “peteca” (Undurraga 
et al., 2004). 

During the development of this disorder, cells 
present a strong concentration of calcium oxalate, 
which might occur from the calcium from the cell 
walls and the vacuoles producing a collapse in 
the cell (Khalidy et al., 1969; Storey and Treeby, 
2002). Then, dehydration takes place in the cells 
of the albedo and the subsequent collapse of the 
flavedo (Artes et al., 1981), finally causing small 
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necrosed injuries in the fruit peel (Morales, 1985). 
On the other hand, manifestation of chilling injury 
in citrus fruits is expressed by a depression in the 
fruit epidermis, caused by a desiccation in the zone 
of the albedo (loss of water) and death of flavedo 
cells (Artes et al., 1981; Purvis and Yelenosky, 
1983; Purvis, 1984). Cohen et al. (1994) indicate 
that, in some cases, a common denominator to 
both damages has been considered, as chilling 
injury in lemons and “peteca” are similar. Like-
wise, it has been observed that the manifestation 
of “peteca” (Cronjé, 2005) and the chilling injury 
(Purvis, 1984) do not present a uniform shape over 
the fruit surface, which be due to the diffusive 
resistance in the dehydration is not uniform, either 
(Purvis, 1980). On the other hand, there is some 
information on proline as an important element 
for protecting grapefruit against chilling injury 
(Purvis, 1981), manifesting a higher proline me-
tabolism in fruits that are more tolerant to that 
injury (Purvis, 1983; Ezz et al., 2004). Proline 
is a cyclic alyphatic aminoacid (Mathews, 1998) 
that has been related as an agent of osmotic fit, 
due to its accumulation in the cytoplasm cells, 
which maintains the cell turgor (Sánchez-Díaz and 
Aguirreolea, 2000). Dierks-Ventling and Tonelli, 
(1982) indicate that proline is synthesized mainly 
from two precursors, glutamic acid, the most 
important, and ornithine or arginine (Hanson et 
al., 1977; Kavi-Kishort et al., 2005). Leaves fulfill 
the function of proline production, subsequently 
transporting to citrus fruit through the phloem 
(Purvis and Yelenosky, 1982; Servillo et al., 2011). 
But, the root is also mentioned as another site 
for synthesis in citrus fruits under water stress 
(Gimeno et al., 2009). Tadeo (2000) indicates that 
this amino acid maintains the membrane perme-
ability favoring microviscosity or optimal flow. 
Hamilton and Heckathorn (2001) and, Sharma and 
Dietz (2006, cited by Gruzka et al., 2007) remark 
its antioxidant function, regulating capacity of 
the potential redox and defence against oxygen 
reactives, as well as its role on strengthening 
the membrane integrity (Hanson et al., 1977). 
It has been also indicated as a protective agent 
against desiccation and osmotic element in the 

cell (Purvis, 1981) and as an important way of 
energy to recover from stress (Sells and Koeppe, 
1981; Kavi-Kishort et al., 2005). 

Some geographic zones with low levels of “pe-
teca” incidence are typically cold in fall, like the 
zone of Peumo (Region of O’Higgins). An abrupt 
change from a high temperature (25 °C) to a low 
temperature (5 °C) during a week (Purvis and 
Yelenosky, 1983) has proved to be an important 
factor to generate increased proline levels.

As this element has multiple functions of protec-
tion and stabilization of the cell and associated 
to the tolerance of fruits against chilling injury, 
the relation between this amino acid and the 
manifestation of the “peteca” damage in winter 
lemons was studied.

Materials and methods

The experiments were performed in two com-
mercial lemon tree orchards (Citrus limon L.) 
cv Fino 49, about 7 years old, located in the 
Metropolitan Region, Chile, between March and 
June of 2006. The first orchard belongs to the 
zone of Mallarauco (33°94.984 S - 70°58.921 W, 
269 m above sea level) and the second orchard 
to Curacaví (33°25.778 S - 71°02.292 W, 196 
m above sea level). Both orchards are grafted 
onto Citrus macrophylla rootstock, at 6 x 3 m 
(555 trees ha-1), drip irrigation (4 L h-1 drippers, 
each at 1 meter away) and plantation lines are 
North-South orientated, forming a hedge; there-
fore, there is only fruit between rows (East and 
West side of the trees). Between 2004 and 2006, 
“peteca” incidence in Curacaví was lower than 
2%, whereas in Mallarauco varied between 12 
and 27% (Figure 1). The fruit presenting at least 
one “peteca” spot after 15 days from harvest was 
considered infected. Therefore, the percentage of 
incidence corresponded to the number of fruits 
showing, at least, one visible “peteca” over the 
total of fruits evaluated after 15 days of storage 
in refrigeration chambers of packing house. The 
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monthly evolution of the mean minimum tem-
peratures in Curacaví and Mallarauco in 2006 
is presented in Figure 2.

Four samplings were made between May and 

West). The work included fruits with similar 
shape and color, representative of the orchard, 
which were obtained from the tree periphery, at 
approximately between 1.5 and 1.7 height meters. 
The fruits were withdrawn along a piece of branch 
(approximately 5 to 8 cm long from the insertion 
with the fruit). The distal portion of the branch 
cut was placed in a Falcon tube, with 20 mL of 
distilled water and inside an electric fridge to 
maintain a constant temperature between 12 and 
18 °C to the laboratory. The chemical analyses 
were made in the Biochemical Laboratory of the 
Faculty of Agronomic Sciences of Universidad 
de Chile.

Method of determination of proline concentration

Firstly, a calibration curve was made between 
the free proline concentration and the absorbance 
values, determined by a spectrophotometer, ob-
taining a curve with R2 = 0.974. The procedure 
for extracting proline was made by the method 
described by Bates (1973), where the amount 
of used tissue was modifi ed reducing the fruits 
albedo to 0.2 g, which were not homogenized 
in 10 mL, but 2 mL of sulfosalicylic acid at 3%. 
The proline concentration was determined by the 
correlation between absorbance values and the 
proline concentration.

Design and statistical analyses

The experimental design was made in two or-
chards, where the fruit was the experimental unit. 

The statistical analysis consisted on Student’s 
T tests for the proline contents between the two 
orchards analyzed and by exposing the fruits 
in the tree independently for each orchard. Ad-
ditionally, an analysis of correlation between the 
proline concentration in the fruits and the “peteca” 
incidence was made. 
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Figure 1. “Peteca” incidence, in fruit (%), in lemons cv. 
Fino 49 from Curacaví and Mallarauco in the 2004, 2005 
and 2006 seasons. 

Figure 2. Monthy evolution of mean minimum 
temperaturas of the Curacaví1 and Mallarauco groves. 
Year 2006. Temperatures data of the Curacaví grove 
were obtained from the Meteorological Station of the 
Catholic University of Chile, closet o grove under study. 
Temperature at 8:00 a.m. was considered as the minimum 
temperature. 

June of 2006, corresponding to commercial 
harvest, for the evaluation of the proline content. 
12 fruits per orchard per evaluation were used, 
from 3 trees previously selected by their vigor, 
height, load and health condition, obtaining 4 
fruits per tree, 2 from each exposure (East and 
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Results and discussion

Relation between proline content and incidence 
of “peteca”

Significant differences were obtained in the proline 
contents in each date of measurement, among the 
fruits from each orchard under study (Figure 3). 

The fruit from the Curacaví orchard presented 
levels statistically higher in their tissues (Figure 3), 
varying between 1.5 and 2.1 mg·g-1 fresh weight, 
in comparison to the fruits from the Mallarauco 
orchard, which presented concentrations oscil-
lating between 0.6 and 1.3 mg·g-1 fresh weight. 
Additionally, the proline content showed a clear 
tendency to increase through time, based on the 
different dates of measurement and as long as the 
temperatures were diminishing. This accumula-
tion of proline occurs as a result of the preventive 
action against low temperatures (Purbis, 1981; 
Mosbah et al., 1987; Ezz et al., 2004).

The temperatures in the Curacaví orchard were 
lower in comparison to the Mallarauco orchard as 
observed in Figure 2, presenting an approximate 
difference of 2 °C in the minimum temperatures, 
between March and April. This thermal differ-
ential might be part of the different proline con-
centrations among fruits from the two orchards 

studied. The accumulation of this amino acid 
in the lemons albedo occurs due to the proline 
translocation from the leaves towards the fruits, 
which is stimulated after some exposure to low 
temperatures, especially with values lower than 
10 °C (Purvis and Yelenosky, 1982). Previously, 
the plant increases the proline concentration in 
the leaves, as a mechanism of gradual acclima-
tion, before carrying it towards different organs. 
After an analysis of Figure 2 and with an average 
minimum temperature of 7 °C as reference, it is 
observed that the Curacaví orchard presents this 
temperature during April; on the other hand, the 
Mallarauco orchard shows this temperature only 
during June, which might allow the trees from the 
first orchard to acclimate before and for a longer 
period, favoring a higher proline production this 
period. This behavior might be also associated 
to the evolution in proline concentration in the 
curve of the Mallarauco fruits, where an increased 
proline concentration through the four dates of 
measurement is evident, until reaching a content 
of 1.3 mg∙g-1 of fresh weight. This is similar to 
the concentration observed in the first measure-
ment in Curacaví (1.5 mg∙g-1 of fresh weight) 
made on May 5, with a delay of essentially 45 
days between localities. Based on these results, 
the variable temperature could be studied more 
deeply in future works as a tool allowing the 
prediction of an eventual “peteca” occurrence 
in lemon orchards.

The average proline concentration in the albedo 
from each measurement was correlated with the 
corresponding index of “peteca” incidence, in order 
to analyze the possible effect of the concentration 
as a regulator of that incidence, presenting a good 
degree of association between both parameters 
(Figure 4). It was observed that the degree of 
“peteca” incidence in the fruit decreases, as the 
proline content in the albedo tissues increases, 
indicating that it might be an interaction between 
this amino acid with some cell constituents, which 
might generate a lower response to the damage by 
“peteca”, as proline diminishes the consequences 
and disturbances caused by dehydration in the 
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Figure 3. Proline concentration in the albedo of lemons cv. 
Fino 49 from Curacaví and Mallarauco at four measurement 
dates. Year 2006. Means ± SE, n=12. 1Different letters for a 
same date indicate significant differences using student’s t 
(5%) between localities. 
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cells, as well as it interacts with some enzymes, 
favoring the structure preservation and activ-
ity of the membrane, protecting the cell walls 
structurally and functionally (Stewart and Lee, 
1974; Chadalavada et al., 1994; Hamilton and 
Heckathorn, 2001). Additionally, it has been ob-
served that proline might act increasing the cell 
osmolarity, helping provide the necessary turgor 
for cell stability and growth (Hanson et al,. 1977). 
Carpenter and Crowe (1988, cited by Kurt and 
Hanson, 1997) indicate that this amino acid is 
essential for stabilizing cell structures, presenting 
an osmoprotector and cryoprotector activity in 
fruits tissues, as well as cell protection against 
oxygen reactives and free radicals (Withers and 
King, 1979; Alia and Mohanty, 1997). This is 
important if we consider that damage by “peteca” 
has been associated to the action of oxygen reac-
tives and a lack of oxygen diffusion in the cells 
(Nobel, 1999, cited by Storey and Treeby, 2002).                  

To date, diverse research has been made in order to 
diminish the incidence of this important disorder, 
as, for instance, through the increase in the calcium 
content in the fruit (Undurraga et al., 2006), fruits 
brushing or wax applications (Wild, 1991), with-
out positive effects for diminishing this disorder. 
Therefore, associating the concentration of this 
amino acid to the “peteca” manifestation may be 
important as a tool to counteract the serious dam-
aged caused by this physiological disorder, as well 

as researching the type of agronomic management 
may increase the proline content in fruits, or the 
varieties presenting a higher synthesis capacity. 
Thus, diverse management has been studied in 
other species to increase the proline levels (Purvis 
and Yelenosky, 1982; Correa et al., 2004; Su and 
Wu, 2004; Gruzka et al., 2007). Differences in 
the capacity from the varieties in the synthesis 
of this amino acid (Hanson et al., 1977), their 
implications for genetic improvement (Nolte and 
Hanson, 1997) and the genes involved in their 
transportation (Schwacke et al., 1999; Sharma 
et al., 2011) have been also researched, showing 
some interesting elements, mainly by studying the 
transportation of proline towards the fruits and 
increased expression of this amino acid through 
the water defi cit (gimeno et al., 2009). 

One aspect that should be studied is the new 
research carried out with exogen applications of 
proline made in other species, obtaining good 
results that might contribute to know the behav-
ior of this amino acid and its relation with the 
manifestation of “peteca” better, and promising 
to be an additional alternative to the genetic im-
provement (Gadallah, 1999; Okuma et al., 2004; 
Takeuchi et al., 2008). The increase of the proline 
content in apples has also been achieved, by the 
foliar application of glicyne-betaine, abscisic acid 
(ABA), salicilic acid and oxalic acid (Jie et al., 
2008), which might indicate feasible increases in 
the content of this amino acid in fruits, through 
the possible use of commercial bioregulators 
like ABA.

Another interesting element to cover is the fact 
that proline accumulation occurs not only in cit-
rus fruits, but also from another osmoprotector, 
proline-betaine, which represents approximately 
20% of the total proline in lemon (Nolte and Han-
son, 1997). This osmolite is important because 
there is evidence of an even better osmoprotector 
capacity in the cells, as it is synthesized from 
proline (Nolte and Hanson, 1997) and with a good 
response against exogen applications (Okuma 

Figure 4. “Peteca” incidence for different harvest dates, 
as a function of mean concentration of albedo proline, in 
lemons cv. Fino 49 from Curacaví and Mallarauco. Year 
2006. n = 8.
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et al., 2004), and that, additionally, it maintains 
constant against temperatures triggering a higher 
proline content (Nolte and Hanson, 1997). The 
use of glicyne-betaine in lemons, which has 
been successfully tested in foliar applications 
in tomato and wheat, might be also explored, 
(Makelfa et al., 1996), inducing and increased 
final content of proline (Jie et al., 2008; Demiral 
and Türkal, 2006).

Proline content in fruits modified by exposure 

Some authors (Wild, 1991; Razeto, 2005) indicate 
that factors as the position within the canopy 
and vigor of the tree might be influencing the 
development and manifestation of “peteca”, 
along climate. Therefore, comparing the levels 
of proline among fruits from the East exposure 
of the tree and others with West exposure was 
pertinent (Table 1). However, differences were 
not detected and some evidence on this variable 
was neither observed, determining insubstantial 
data. In view of these results, the exposure of 
the fruit might not be an essential factor in the 
expression or accumulation of proline in the fruit, 
because, temperature is an important factor for 
increasing proline, as Purvis and Yelenosky men-
tioned (1983). Lower temperatures would favor 
an increase of this amino acid in the plant and 

the difference in temperature possibly generated 
between each exposure, might be insignificant 
to induce differences in the proline contents in 
fruits. Additionally, it needs to be considered 
that the production of this amino acid does not 
occur in the fruit, but produced initially in the 
leaves and then transported to the fruit (Tal-
madge et al., 1973) via phloem (Sharma et al., 
2011). Therefore, if the plant is exposed to lower 
temperatures in some of the two exposures, it 
might stimulate the proline synthesis through the 
entire tree, distributing homogeneously and not 
only in one sector. However, as Razeto (2005) 
points out in regard to the fruits of the tree 
interior presenting a behavior against “peteca” 
different to the fruits located in the tree exterior, 
it might perfectly be due to different levels of 
proline; therefore the minimum temperatures 
of the interior of the lemon tree are higher than 
the tree periphery. 

Based on the results obtained, and under the con-
ditions how this experiment was made, it may be 
concluded that the lower incidence of  “peteca” 
in lemon fruits from winter harvest, relates to the 
proline content in the el albedo. On the other hand, 
the different environmental conditions prevail, in 
regard to the occurrence of low temperatures, also 
define differences in the incidence of the disorder 
“peteca” in the albedo of lemon fruits.

Table 1. Proline concentration in the albedo of lemons cv. Fino 49 from Curacaví and Mallarauco, and with two different 
tree exposures, at four measurement dates. Year 2006. n=3.

Groves Exposures
Proline concentration

May-05 May-19 Jun-02 Jun-16

mg g-1 peso fresco

Curacaví East 1.627 ± 0.19 a1 1.395 ± 0.10 a 2.190 ± 0.06 a 2.064 ± 0.10 a

West 1.519 ± 0.18 a 1.564 ± 0.09 a 2.144 ± 0.10 a 2.005 ± 0.18 a

Mallarauco East 0.639 ± 0.16 a 1.121 ±0.12 a 1.058 ± 0.11 a 1.249 ± 0.20 a

 West 0.700 ± 0.17 a 0.900 ± 0.14 a 0.849 ± 0.10 a 1.486 ± 0.18 a

1Means ± S.E. within each column and grove, followed by the same letters for different tree exposures, are not significantly 
different using Studen’s t (5%).
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Resumen

T. Fichet, J. Chamorro y A. Riquelme. 2012. Influencia del contenido de prolina en el 
albedo de limón de invierno sobre el desarrollo de peteca. Cien. Inv. Agr. 39(1):201-209. 
Uno de los problemas más importantes en la producción de limones es el desorden fisiológico 
denominado “peteca”, el que se caracteriza por producir una deshidratación y muerte celular en la 
zona del albedo, con una posterior necrosis en la zona superficial del fruto. Este daño manifiesta 
características muy similares a las que se evidencian en el daño por frío en fruta cítrica, en 
donde también se produce un daño superficial del fruto y se evidencia una deshidratación en 
las células del albedo. Se observó relación existente entre la resistencia que manifiesta la fruta 
cítrica, frente al daño por frío, con el incremento en el contenido de prolina en la corteza del 
fruto. En este estudio se determinó y analizó los contenidos de prolina en limones var. Fino 49 
de dos p, uno en Curacaví (S 33°25.778 - W 71°02.292; 196 m.s.n.m.) caracterizado por un 
historial de baja incidencia de “peteca”, y otro en Mallarauco (S 33°94.984 - W 70°58.921, 269 
m.s.n.m.) caracterizado por una alta incidencia de este desorden. Se determinaron diferencias 
significativas entre los contenidos de prolina de ambos huertos y se evidenció un alto grado 
de asociación entre la concentración de este aminoácido en el albedo y el grado de incidencia 
de “peteca”. La prolina podría estar jugando un papel en la menor incidencia de “peteca” en 
limones de cosecha invernal. 
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