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Objectives: To determine the effects of postharvest methyl jasmonate treatment on
blueberry fruit quality

Justification and Description:

Blueberries are considered “super fruits” because of their numerous health benefits and
high antioxidant content (Neto, 2007). As acreage in blueberry production has increased,
bottlenecks related to fruit quality and postharvest storage have become more critical.
Blueberries generally have a shelf-life of about 1 to 6 weeks after harvest depending on
the cultivar, harvest method and storage regime (Sun et al., 2014; Abugoch et al., 2015).
The primary factors that lead to decline in fruit quality after harvest are water loss, fruit
softening, and susceptibly to pathogens.

In ripe fruit, about 80-96% of fresh weight is associated with water content. Fruits continue
to lose water after harvest, leading to symptoms such as wilting and shriveling.
Subsequent changes often include decrease in weight, skin and flesh browning, altered
texture, as well as decrease in flavor. Postharvest water loss can lead to softening and
decline in blueberry fruit quality (Paniagua et al., 2013). Many fruits, including blueberries,
have cuticular and wax layers covering the outer epidermal cells. The cuticular layer is
composed of cutin and waxes and is thought to limit water loss through the fruit surface.
In addition, water loss in blueberries can occur via the stem end, the scar end, and
through microscopic cracks and openings on the fruit surface. A previous study indicated
that water loss through the scar end was important during low-temperature storage, but
at room temperature, the majority of the water was lost via the cuticle (Moggia et al.,
2017). In Chile, the permissible blueberry weight (water) loss is around 5-7% at 0 °C for
about 3 weeks (Paniagua et al., 2013; Moggia et al., 2017). However due to the disruption
of the optimal temperatures during the supply chain there may be many instances of
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greater water loss. Despite water loss and shriveling being an important concern for fruit
quality in blueberries, this process has not been well studied.

Cold storage is recommended for blueberries and many other fruits to minimize water
loss, delay fruit softening and growth of postharvest pathogens. However, storage of fruit
at low temperature can result in chilling injury. The symptoms of chilling injury vary among
different fruits and are dependent on the temperature and duration of storage. For
example, in fruits such as peaches and nectarines storage at 2-5 °C results in flesh and
internal browning within 1 to 2 weeks of storage. Other symptoms also include dry and
mealy fruit texture (Lurie and Crisosto et al., 2005). In banana, chilling symptoms can
occur within 2 days of storage at 8 °C with darkening of the peel. Slightly severe
symptoms include uneven ripening, fruit brittleness, and darkening of the internal
placental and pulp tissues (Hewage et al., 1996). There is very little information on chilling
injury in blueberries. In the cultivar Duke, chilling injury for fruit stored at 0 °C for 30 days
was characterized as pitting at the pedicel end (Zhang et al., 2020). However chilling
symptoms and threshold temperatures have not been characterized in other blueberry
cultivars.

Jasmonates and their derivate methyl jasmonate (MeJA) are plant hormones that can
influence various processes involved in plant growth and development including
flowering, fruit ripening and abscission. In addition, MeJA also regulates responses during
abiotic and biotic stress including chilling injury. Application of MeJA in peaches harvested
at commercial maturity decreased internal browning during storage, and fruit exhibited
higher membrane stability by changes in their fatty acid composition (Chen et al., 2019).
MeJA applications reduced chilling injury and postharvest water loss in bananas
(Elbagoury et al., 2020). Similarly, application of MeJA alleviated chilling injury in orange
(Rehman et al., 2018), pineapple (Boonyaritthongchai and Supapvanich, 2017) and
several other fruits. In strawberries however, preharvest application of MeJA promoted
ripening and softening (Han et al., 2019). A recent study has indicated that hand-
harvested rabbiteye blueberry (cv. Beauty) fruit treated with MeJA showed lower decline
in fruit firmness and displayed reduced expression of cell wall-degrading enzymes (Wang
et al., 2019; Wang et al., 2021). Another study found that MeJA applications increased
individual anthocyanins in northern highbush blueberry (cv. Elliott) during cold storage
(Huang et al., 2014). These results suggest a positive effect of MeJA application on
blueberry fruit quality. However, these studies did not measure the effect of MeJA on
postharvest water loss and chilling injury symptoms during postharvest storage. Also, the
effect of MeJA on southern highbush blueberry fruit have not yet been tested. Hence,
here investigated the effect of MeJA treatment on three southern highbush blueberry
cultivars and its effect on postharvest fruit quality attributes including water loss and
chilling injury.

Significance:

Fruit quality in blueberries is important for consumer satisfaction. Studying water loss and
chilling injury will be beneficial in understanding the importance of these factors in
determining blueberry fruit quality during storage. Further, MeJA has been demonstrated
to alleviate chilling injury symptoms in many fruits, and the compound is known to induce



host resistance against pathogens and herbivores in many plants, including Vaccinium
species (Benevenuto et al. 2019). Thus, evaluation of the effects of MeJA on southern
highbush blueberry will be useful. If MeJA treatments are effective to minimize water loss,
chilling injury, and postharvest fruit infection, then future studies will be focused on
developing this as a management tool to maintain blueberry postharvest fruit quality.

Experimental plan:

Plant Material: Fruit were harvested from three southern highbush cultivars: ‘Rebel,’
‘Star,” and ‘Legacy.’ The three cultivars were harvested on May 5" (‘Rebel’), 13t (‘Star’),
and 17" (‘Legacy’) of 2022. ‘Rebel’ and ‘Star’ were harvested from a commercial farm in
Bacon County, GA, and ‘Legacy’ was harvested from a commercial farm in Coffee
County, GA. Fully ripe fruit were hand harvested either by our research team (‘Rebel’ and
‘Star’) or by workers employed by the commercial farm (‘Legacy’). Fruit were collected
from multiple rows of plants and each row was used as a replicate. Fruit were collected
in clamshells and transported to the University of Georgia, Athens campus and placed in
a walk-in cooler set at 4 °C. The walk-in cooler at our facility is set to maintain relative
humidity at >90%. The following day, fruit were sorted to remove any damaged fruit and
only defect-free fruit were used for treatments.

Treatments: Three concentrations of MeJA (Sigma-Aldrich) (50 uM, 100 uM, and 250 yM)
were applied to the fruit, along with an untreated control. The concentrations of MeJA
were based on previous studies from other fruit crops where positive effects on fruit quality
were noted (Wang et al., 2019; Wang et al., 2021). Fruit were placed in an airtight one-
gallon jar in approximately a single layer by placing the jar sideways. Each replicate was
treated separately with similar number of fruits based on fruit weight. Applications were
performed by pipetting appropriate amounts of MeJA to achieve each treatment level onto
filter paper held by a plastic cup inside the jar. The jars were then sealed. The untreated
control was treated similarly. Untreated fruit were sealed inside the same type of jar, but
no MeJA was applied to the filter paper. Air was circulated in the jars of ‘Star’ and ‘Legacy’
fruit during treatment, however technical issues prevented us from doing so during the
treatment of ‘Rebel.” The fruit were stored at 20 °C for 12 hours in the dark in an
environmental chamber during the treatment. After the treatments were performed, fruit
were allowed to vent at room temperature for 2 hours. Subsequently, fruit were re-sorted
into clamshells and stored at 4 °C at 90% RH.

To measure chilling injury symptoms, 50 fruit were placed in a clamshell for each
replicate. These measurements were destructive, hence a separate clamshell of 50 fruit
was used at every time point. At the three-time points the fruit were visually inspected
for any bruising or damage. Pitting of the fruit tissue at the stem end was recorded. If
pitting is observed in other areas of the fruit, that was recorded as well. Subsequently,
fruit were cut into two halves and internal tissues were examined for symptoms of
chilling injury such as browning or water-soaked areas. Fruit were scanned using a
scanner set at 600 dpi to visually record symptoms of chilling injury. This data has yet to
be analyzed and is not included in the results section of the paper.



To measure water loss during postharvest storage, 50 fruit were placed in a clamshell
for each replicate. Prior to placing the fruit in a clamshell, the weight of the clamshell
was recorded. The clamshells containing the fruit were subsequently weighed at four
time-points during postharvest storage (Post-harvest (PH) 7/9, PH 14/16, PH 18/19, and
PH18+2, PH19+2). The initial weight of the clamshell was subtracted to obtain 50 fruit
weight. Ten empty clamshells were weighed initially and placed in the cooler to account
for any differences in clamshell weight loss during storage. Percent weight loss was
calculated from these measurements. In summer of 2021, we were able to successfully
measure water loss during storage by using this method.

Fruit firmness measurements (puncture and compression) were performed using a Fruit
Texture Analyzer (Model GS-15, Guss Manufacturing Ltd., Strand, South Africa).

Electrolyte leakage was measured by cutting 8 disks (approximately 7mm round by 2mm
thick) obtained from the pericarp of the fruit (excluding skin and seeds). These disks were
then rinsed by swirling 6 times in a solution of 0.2M mannitol, drained, and placed in flasks
containing 30 ml of 0.2M mannitol. Initial electroconductivity (EC) readings (Eo) were
taken using a Hanna Instruments Edge EC Meter on 7 ml aliquots of the mannitol solution.
Subsequently two more EC readings were taken: after being placed in a shaker at 100
rpm for 1.5 hours (E1), and after autoclaving (Efinal). After every measurement, the 7 ml of
mannitol aliquots were returned to the sample. Electrolyte leakage was calculated using
the formula: EL = (E1- Eo)/ (Efina- Eo) *100. A larger EL reading indicates increased
membrane leakage. This protocol was adapted to blueberries from a protocol in Saltveit,
M. E. (2002).

Carbon dioxide was measured using a Quantek Instruments Oxygen/Carbon Dioxide
Analyzer Model 902P. Fruit were incubated in airtight jars for one hour prior to
measurement. 60 mL of air was drawn using a needle and syringe from each jar via a
septum and injected into the analyzer for each reading. Percent CO2 was converted to uL
CO2 produced per gram of fruit per hour using jar size, fruit weight, and incubation time.

For measuring total soluble solids (TSS) and titratable acidity (TA), 20 g of fruit were
juiced using a blender and centrifuged using a bench top micro-centrifuge. The
supernatant was used to determine TSS using a digital handheld refractometer (Atago
USA, Belleveue, WA) and TA using an automatic mini titrator (Hanna Instruments,
Woonsocket, RI).

Pathogens were identified visually and/or based on isolation from the fruit as described
previously (Mehra et al. 2013). Pathogens were assessed by Dr. Harald Scherm in the
Department of Plant Pathology at the University of Georgia.

Statistical analysis was performed using one-way ANOVA (analysis of variance) for each
time point after treatment within a cultivar using R version 4.1.1 (The R Foundation for
Statistical Computing). Means separation was performed using Tukey’s Honest
Significant Difference (HSD) test (a = 0.05).



Results:

Weight loss and fruit quality assessment

Weight loss increased over time as the experiment progressed and sharply increased
when the fruit was removed from storage and placed in room temperature for two days
(Fig. 1). This was expected. There were no significant differences between the treatments
at any timepoint for any of the three cultivars (Fig. 1).
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Figure 1: Treatment effects on weight loss during postharvest storage

Puncture and compression are shown in the graphs below in Fig. 2. The dotted grey
lines represent reading taken on untreated fruit at day zero. Legacy compression is
missing due to technical issues that occurred while taking measurements. Any
significant differences between the treatment at each timepoint for each cultivar are
displayed in the Table 1. Overall no consistent effects were observed among cultivars.
Only for compression, ‘Star’ fruit displayed lower compression values after MeJA
treatments, especially at 250 pM (Fig. 2 and Table 1).
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Figure 2: Treatment effects on puncture and compression during postharvest storage

Table 1: Statistical analysis one-way ANOVA (analysis of variance) for each time point after
treatment within a cultivar for puncture and compression. Means separation was
erformed using Tukey’s Honest Significant Difference (HSD) test (a = 0.05).
Puncture and Compression | Treatments | Rebel | Star | Legacy
Significance Table
Puncture D6 NT a ns ns
u50 ab
u100 b
u250 ab
D18/19 NT ns ns ab
u50 a
u100 b
u250 ab
D18+2/19+2 NT ns ns ns
u50
u100
u250
Compression D6 NT ns ns N/a
u50
ul00
u250
D18/19 NT ns
us50
u100
u250
D18+2/19+2 NT ns
us50
u100
u250
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Electrolyte leakage showed unexpected results. It was expected that the measurements
would decrease as the membranes became more damaged over time. Our results are
shown in the graphs below (Figure 3). The dotted grey lines represent reading taken on
untreated fruit at day zero. The only significant difference occurred on ‘Rebel’ day 17
(Table 2). The 100 uM readings were significantly higher than those of the untreated fruit
indicating possible increased membrane damage compared to the untreated fruit.
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Figure 3: Treatment effects on electrolyte leakage during postharvest storage
Table 2: Statistical analysis one-way ANOVA (analysis of variance) for each time point after

treatment within a cultivar for electrolyte leakage. Means separation was performed using
Tukey’s Honest Significant Difference (HSD) test (a = 0.05).

EL Treatments | Rebel | Star | Legacy
Significance
Table
D17/18 NT b ns ns
u50 ab
ul00 a
u250 ab

Carbon dioxide

CO:z2 results for each cultivar are shown in the graphs below (Fig. 4). The dotted grey
lines represent readings taken on untreated fruit at day zero. There were no significant
differences between the treatments in CO2 produced by the fruit at either timepoint in
any of the cultivars. The treatments do not appear to have effected respiration (Fig. 4).
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Figure 4: Treatment effects on carbon dioxide evolution during postharvest storage

Total soluble solids and titratable acidity

The results for TSS and TA are shown in the graphs below in Fig. 5. The dotted grey lines
represent readings taken on untreated fruit at day zero. No significant differences in TSS
were found between any of the treatments at any time point. TA was only significantly
different on day 19+2 in Star (Table 3). TA was higher in the 50 uM treatment compared
to the 100 uM treatment at this time (Fig. 5 and Table 3).
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Figure 5: Treatment effects on TSS and TA during postharvest storage
Table 3: Statistical analysis one-way ANOVA (analysis of variance) for each time point after

treatment within a cultivar for TSS and TA. Means separation was performed using Tukey’s
Honest Significant Difference (HSD) test (a = 0.05).

TSS and TA Treatments | Rebel | Star | Legacy
Significance Table
TA D18+2/19+2 NT ns ab ns
u50 a
ul00 b
u250 ab

Pathogen assessment

Alteraria, Colletotrichum, and Botrytis were detected on all cultivars, with Alteraria being
the most abundant across all cultivars. The treatments did not affect the total incidence
of pathogens. No significant differences were found between the treatments (Fig. 6).
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Figure 6: Treatment effects on disease incidence during postharvest storage

Discussion:

In previous studies, Methyl Jasmonate applications have been shown to have positive
effects of fruit firmness, weight loss, TSS, TA, and surface color in Vaccinium
corymbosum cv. Elliott and Vaccinium ashei cv. Beauty (Huang et al., 2014; Wang et al.,
2019; Wang et al., 2021). We did not see the same effects in the southern highbush
cultivars used in this study. Instead, the data suggested minimal treatment effects and
inconsistent effects among cultivars. In this study, methyl jasmonate did not appear offer
any advantages to maintain fruit quality during postharvest storage. MeJA effect on
phenotypic analysis remains be evaluated.
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