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Abstract
In arid and semi-arid countries such as Jordan, shortage in water
sources might affect agricultural development and reduces the effectiveness
of economic benefits of most crops planted in such areas. Tomato is an
important agricultural crop and faces severe drought stress due to climate
changes, therefore, measurement of proline accumulation in plant tissues is
used as an indicator for drought stress tolerance. This research was conducted
at Jarash University Campus in northern Jordan. A field experiment was
carried out to investigate the impact of different storage temperature (+4ºC, 20ºC and -80ºC) and different storage durations (0, 3, 6 and 11 weeks) on
proline content in five different Jordanian tomato landraces. Results indicated
that the average free proline content for samples tested directly after leaves
collection was 7.1 µmol/g. Proline content in leaves stored at +4 ºC for 3, 6,
and 11 weeks was 4.8, 1.8, and 1.1µmol/g, respectively, while for -20ºC was
11.8, 7.9, and 9.5 µmol/g for samples stored for 3, 6, 11 weeks respectively.
In contrast the highest values for these parameters were obtained from samples
stored at -80ºC, the average measured values of free proline content were 9.5,
7.8, and 12.9 µmol/g at 3, 6, and 11 weeks of storage, respectively. Based on
the results obtained by this research, it is recommended to measure proline
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content directly after leaves collection. However, for large number of samples,
keeping the samples at -20ºC not longer than six weeks could be a solution.
Finally, we highly recommend the development of in-field method for
measurement of free proline content.
Keywords: Proline, Solanum lycopersicum, Temperature, Duration of storage
Introduction
Tomatoes (Solanum lycopersicum L.) are important, popular and
nutritious vegetable crop all over the world. Tomato is the top source of
vitamin A and C in human diet, and contains high content of antioxidant
compounds which offer a number of benefits to human health (Bilton et al.,
2001). It is also plays a vital role in providing a substantial amount of dietary
fiber, lycopene, β-carotene, phenolic compounds, iron, magnesium, niacin,
potassium, phosphorus, riboflavin and thiamine, which prevents oxidative
changes in the human body (Garcia-Closas et al., 2004; Cuartero et al., 2006;
Deshmukh et al., 2012).
Water scarcity is a major problem worldwide and it is one of the main
future challenges in a world of growing population and industrialisation
(Smith, 2006). Due to the climatic changes in the last decades, Middle East
region including Jordan suffers from several water related problems, which
are expected to become more serious in the near future (Smith, 2006). In
addition, semiarid, and arid lands suffer from many abiotic challenges to plant
growth, including extreme temperatures, poor nutrient and water availability
(Yang et al., 2009). For most tomato cultivars, salinity produces a reduction
in seed germination, and inhibition of growth which causes a drop in fruit
productivity (Cuartero et al., 2006). Therefore, the development of stresstolerant cultivars using conventional and molecular approaches must be taken
in consideration (Barrow et al., 2008; Eisenstein, 2013).
Proline accumulation in plant tissues is used as indicator for drought
stress in plant samples (Heerden and Villiers, 1996), Proline is a compatible
osmolytes that accumulates in plant subjected to unfavorable environmental
condition, primarily drought (Hu et al., 1992; Balibrea et al., 1997) and salinity
(Bourgeais-Chaillou and Guerrier, 1992; Delauney and Verma, 1993).
Accumulation of proline may be a part of general adaptation to adverse
environmental conditions. Delauney and Verma (1993) reported a positive
correlation between proline accumulation and adaptation to salinity. On the
other hand, other studies reported a negative correlation between proline
accumulation and tomato salt tolerance (Alarcon et al., 1994).
Proline was reported to have a role in osmoprotectant during osmotic
stress (Yoshiba et al., 1997), osmoregulation under drought and salinity
stresses might cause stabilization of protein, prevention of heat denaturation
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of enzymes and conservation of nitrogen and energy for a post-stress period
(Aloni and Rosenshtein, 1984). Proline content reported to be the highest in
leaves (Guerrier, 1998) and in tomato hybird Calli root (Guerrier, 1995). The
aim of this work was to study the influence of storage temperature and duration
on free proline content of tomato plants.
Materials and methods
Plant materials
Fresh young leaves were collected in June 2014 from five different
Jordanian tomato landraces (Jo.951, Jo.952, Jo.956, Jo.995, and Jo.972). For
each Jordanian tomato landraces, leaves samples were divided into four major
groups. The first group contains fresh leaves and free proline content was
directly measured (0 month of storage), whereas the other three groups were
stored for 3, 6, and 11 weeks, respectively. Each group was further subdivided
and stored at three various temperatures; +4ºC, -20ºC, and -80ºC. Hereafter,
free proline content was measured after each storage period.
Proline determination
Free proline was extracted and measured colorimetrically following
the procedure described by Bates et al. (1973). Exactly 0.5 g of fresh leaf
material was homogenized in 10 ml of 3% (w/v) aqueous 5-sulfosalicylic acid
and the extract was filtered through Whatman #2 filter paper. Two ml of the
filtrate, 2 ml of acidic ninhydrin and 2 ml of acetic acid were mixed in a test
tube. The solution was heated using a boiling water bath (100ºC) for 1 h to
allow color development. Thereafter, reaction was stopped by placing the
tubes in an ice bath.
To extract the chromophore, 4 ml of toluene were added to the tube
and mixed vigorously for 15-20 sec. The extract was quantitatively transferred
to a clean test tube. Absorbance of the extract was measured using
spectrophotometer (Milton Roy 1001 plus) at 520 nm. Toluene was used as
blank. Stock solution of 100 g proline/ml, in 3% (w/v) 5-sulfosalicylic acid,
was used and a linear standard curve was constructed over a range of 2 to 20
g proline/ml.
Results and discussion
The average of free proline content for samples directly tested after
leaves collection was 7.1 µmol/g (Figure1). Differences in proline contents in
tomato leaves among different cultivars were found (Nahar and Gretzmacher,
2002; Jureková et al., 2011), our results are in line with these data. These slight
differences in proline concentration among Jordanian landraces could be
explained by the fact that the samples are from the same species and have the
same genetic makeup. However, these differences indicate that Jordanian
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landraces differ in their adaptation to stress conditions through osmotic
adjustment. Proline acts as an osmolite beside enzymes and other
macromolecules, and therefore, protects the plant against low water potential
and causes osmotic regulation in plant organs (Jureková et al., 2011).
The average values of free proline content were measured after 3, 6,
and 11 weeks for samples stored at +4ºC and were 4.8, 1.8 and 1.1 µmol/g,
respectively (Figure 1a). The decline of free proline content during storage at
+4ºC as shown in figure 1a suggests the possibility that the enzymes involved
in proline degradation pathway like proline oxidase are still active.
Proline content in µmol/g tissue
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Proline content in µmol/g tissue

(c) Storage at -80 ºC
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Figure 1: Free proline content of five Jordanian tomato landraces stored for 0, 3, 6, and 11
weeks at +4ºC, -20ºC and -80ºC.

The concentration of free proline content for the five tomato landraces
stored at -20ºC measured after 3 and 6 weeks were inline with the data of
proline for leaf samples measured directly after leaves collection (Figure 1b).
The average values of proline concentration at -20 ºC were 7.8, 7.9, and 9.5
µmol/g after 3, 6, and 11 weeks of storage, respectively. The slight increase in
proline content mainly after 11 weeks as shown in figure 1b suggest the
possibility that the storage condition was allowing the release of proline from
subcellular location or from organelles or by the chemical breakdown of
complex biomolecules which release proline over time (Teklic’ et al., 2010).
For the samples stored at -80ºC, the average values of free proline
content were 9.5, 7.8, and 12.9 µmol/g for the measurements after 3, 6, and 11
weeks of storage, respectively. These values were higher than the control data
as shown in Figure 1c. The clear increase in proline content between the
control samples and the samples stored at -80 ºC for 11 weeks could be
explained by the damage effect of macromolecules and biological membranes
caused by the deep freeze which will leads to increase the proline
concentration. For both -20 ºC and -80 ºC, our results indicated that we could
store tomato leaf samples up to six weeks as longer duration of storage lead to
highly increase in proline content (Figure 1b and 1c). The best procedure to
avoid down or over estimation of free proline content in plant leaf samples is
to prepare and measure the samples directly after leaves collection as reported
by Teklic et al. (2010). But for large number of samples, keeping the samples
at -20ºC not longer than six weeks could be a solution as mentioned in the
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results of this work. Finally, the development of in-field method for the
measurements of free proline content is needed.
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