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ABSTRACT

Peach(Prunus persica, L.) Florida Prince and Early Grande peach cvs. Postharvest treatments were conducted during
two successive seasons of 2015 and 2016 to study the effect of dipping the two cvs. fruitsin putrescine solution on fruit
storability . Fruits of the two cvs. used in this study were harvested from trees about 12 years old, budded on Nemaguard
rootstock and planted in a private orchard at 4x4 meter apart in sandy soil located in EI-Nobaria region, El-Behira
governorate.

Peach fruits of the two cultivars were harvested at the commercial maturity stage and immerged in putrescine solutions
at 2, 3 and 4 mM for 5 mint. as well as distilled water(control). Postharvest storage quality of peach fruit cvs. were
evaluated during storage at 0-1C° and 90-95 RH. for 28 days. Fruit quality parameters such as weight loss (%), decay (%),
chilling injury (%), soluble solid content(SSC%), titratable acidity(%), fruit firmness(k/cm2), respiration rate and total
sugars(%) were determined at harvest time and during the storage period every 7 days intervals . The results showed that,
putrescine solution treatments extend postharvest storability of treated fruits of the both cvs. by inducing fruit resistance to
decay and chilling injury compared to those of control . Moreover, putrescine solutions reduced fruit weight loss, chilling
injury, soluble solids content, respiration rate and total sugars and maintained fruit firmness and acidity during storage for
the two peach cvs. in the two study seasons . In this respect, 4 mM putrescine treatment was more effective than the other
concentrations and control with the two cultivars . Thus quality and storability of peach fruits could be enhanced with

putrescine treatments for its ability on delaying the ripening processes and extending postharvest fruit life.
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INTRODUCTION

Florida Prince and Early Grande peach cvs.
have been planted at a scale in Egypt especially in
new reclaimed areas. They are a perishable product
and many postharvest studies were carried out for
enhancing fruit storability and extending the limited
post harvest storage life of peach fruits.

Peaches shows a climacteric behavior and
quickly deteriorate even at cold storage. The modern
fruit industry needs more researches for promoting
commercially fruit quality . Their storage life is
contrary to other climacteric fruits, where it does not
exceed more than 4-5 weeks (Lill et al., 1989; Lurie
and Crisosto, 2005). So extended storage life is
considered as a physiological goal. Peach storage
period may be extended by using different
postharvest methods (Bal 2013). Free forms of
polyamines, reduced rate of respiration, delayed
ethylene production, retarded colour changes,
increased fruit firmness, induced mechanical
resistance and reduced chilling symptoms (Valero et
al., 2002). Putrescine was (a diamine) considered as
the first polyamine in the biosynthetic pathway
followed by spermidine (a triamine) and spermine (a
tetraamine), which formed by additions of
aminopropyl groups derived from decarboxylated S-
adenosyl methionine. The role of putrescine,
spermidine and spermine in plant are perform

important functions in plant growth regulation,
where it can affect DNA and RNA synthesis and
degradation, inhibit activities of protease, regulate
rates of transcription, ribonuclease, peroxidase and
polygalactouronase, stabilize ribosomal structure
and maintain cell membrane (Wang et al., 1993).
Putrescine, as a postharvest application, has
been demonstrated to influence shelf-life and quality
of many climacteric and non-climacteric fruit as
apple(Wang et al., 1993), kiwifruit (Petkou et al.,
2004), mango(Malik and Singh, 2005), pomegranate
(Mirdehghnan et al., 2007; Ramezanian and
Rahemi, 2010), peach(Martinez-Romero et al.,
2000), plums (Vincente et al., 2002; Serrano et al.,
2003; Khan et al., 2007) and apricot(Martinez-
Romero et al., 2002; Khosroshahi and Esna-Ashari,
2007). Putrescine(PUT ) can be catabolized by the
enzyme diamine oxidase(DAQO) to glutamatey —
amino biotyric acid(GABA) . Ornithine and arginine
are substrates for the synthesis of PUT, but they are
intermediates in the synthesis of proline and GABA,
glutamate also being a precursor of proline,
ornithine, arginine and GABA (Shelp et al., 2012) .
However, it would be value in extending the storage
life further. For that, it is necessary to down-regulate
accelerated senescence of peach fruits. Therefore,
the present study was conducted to clearify the
effects of exogenous postharvest applications of
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putrescine at concentrations of 0.0, 2.0, 3.0 and 4.0
mM, on maintaining quality and extending the
postharvest life of Florida Prince and Early Grande
Peachs during cold storage at 0 —1 C~ and 90-95%
RH.
MATERIALS AND METHODS

Postharvest treatments were conducted at
Laboratory of Sakha Hort. Res. Station, Kafr El-
Sheikh Governorate, Egypt, at Northern Delta
region, during two successive seasons of 2015 and
2016. Fruits of both cultivars used in this study were
harvested from trees about 12 years old, budded on
Nemaguard rootstock and planted at 4x4 meter a
part in sandy soil located in El-Nobaria region, El-
Behira governorate at the commercially mature
stage(SSC 11-12%) and sorted to eliminate
damaged and immature fruits, and selected for
uniform size and color. Fruits of each cultivar were
divided into four groups. The first group was
immersed in 20 L of distilled water at 20 C° for 5
min(control); the second, third and fourth groups
were immersed in 20 L of 2.0, 3.0 and 4.0 mM of
putrescine (dihydrochloride C4H12N2-HCl,
Bestellen sie zum nulltarif, Germany) solution at 20
°C for 5 min., respectively(exogenous postharvest
applications). After treatments, fruits were air-dried
at 25 C° for approximately 30 min (Cao et al., 2010)
. Fruits were then packed in carton boxes(50 x 30 x
15 c¢cm) and samples were taken at the picking date
and at 7-days intervals during storage to
determining the following data:
1. Fruit weight loss (%)=

Fruit weight now x100
Fruit weight at initial time of storage

2. Fruit decay rate (%)=

Number of decayed fruits x100
Total number of stored fruits

3. Chilling injury (%) =

Number of injuried fruits x100
Total number of stored fruits

4. Fruit firmness (kg/cm2) : was recorded by using
Lfra Texture analyzer instrument. The results
were expressed as resistance force of the fruit to
the penetrating tester  according to Harold
(1985).

5. Soluble solids content (SSC %): were determined
by a hand refractometer

6. Titratable acidity(as malic acid%): was
determined in filtered juice according to (A. O.
A. C., 1990)

7. Respiration rate (mg kg® h.,): the respiratory
rate, expressed in CO2 mg of 1 kg fruit per 1
hour (mg /kg/h) it was determined by using 1
kg fruits which was placed in dessicator and
connected to a tube contains 25 ml of 1.0 N
KOH; Air CO, free was drown into the
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dessicator throughout the KOH for one hour,

then KOH was titrated with 1.0 N HCI using

thymolplue indicator, CO2 production was
calculated as (mg.CO,/ kg/ h.) (Demirdoven

and Batu, 2004).

8. Total sugars (g /100 g-1): were extracted from 5
grams of mixed flesh of both fruits sample by
using distilled water (Loomis and Stull, 1937).

The obtained data were analyzed as completely
randomized design using M-statc software with two
factors: treatments and cutivars . Differences among
treatment means were compared with Duncan
multiple range test at 5% level according Duncan
(1955).

RESULTS AND DISCUSSION

1. Fruit weight loss (%0):

In general, weight loss was increased by
increasing storage period as shown in Table 1,
moreover, there were significant differences
between all treatments and control at all determine
times in both cultivars.

The highest weight loss was recorded with
control of the two cultivars and seasons at all
storage time. However, the lowest weight loss of
Florida Prince and Early Grande was noticed with
fruits that were dipped in 4 mM of putrescine
solution in the both seasons with a highly significant
differences compared with untreated fruits and the
others till the end of storage time (28 days) . Data
regarded that, Early Grand treated fruits recorded
the highest values of weight loss compared to its
control than those of Florida Prince treated fruits
and its control with a highly significant differences
in the two seasons.

The results of weight loss in this study were
similar to those for plum by (Serrano et al., 2003)
who found that, putrescine showed significantly less
weight loss as compared with untreated fruits.
Moreover application of putrescine(0.5, 1, 2, 3 and 4
mM) resulted in a reduction in weight loss of peach
fruits during storage (Reza et al., 2008); treatments
had the lowest reduction of weight in apricot fruits,
the lowest weight loss was recorded with 4 mM/I
treatment compared the others and control
(Davarynegad et al., 2012).

2. Fruit Decay rate (%0):

The illustrated data in Table 2 indicated that,
putrescine treatment resulted in an improvement in
peach storability at 0-1°C. Fruit decay percentage
markedly increased with the increase of storage
period starting from 21 days for control with the two
fruit cvs. during the two storage seasons till the end
time. Decay symptoms as indicated by 2 mM
putrescine for Florida prince and Early Grande in
the second season, however the same trend was
obvious with 2 and 3 PUT in the first season for
Early Grand fruits.



Alex. J. Agric. Sci.

Vol. 61, No.6, pp. 587-596, 2016

Table 1: Effect of putrescine postharvest applications on weight loss (%) of Florida Prince and Early
Grande Peach cvs. fruits during cold storage at 0 — 1 C° and 90-95 RH. in 2014 and 2015

seasons.
Weight loss (%6)
Treat. 2014 . 2015 .
Storage periods Storage periods
0d 7d 14d 21d 28d Mean 0d 7d 14d 21d 28d Mean

Florida prince

Control 0.00 289a 5.72a 6.27a 872a 590a 000 21la 452a 650a 8.13a 53la

2 mM 0.00 201b 329b 465b 549b 386b 000 18lb 3.18b 4.25b 536b 3.65b

3 mM 000 1.70c 296b 355c 4.46¢c 317c 000 155c 1.86c¢c 3.1lc 4.16c 2.67c

4 mM 0.00 152d 2.02c 347c 433c 284c 000 120d 1.32c 254d 4.02c 227d
Mean 0.00 2.03d 350c 4.49b 575a 000 167d 272c¢c 4.10b 5.32a

Early Grande

Control 0.00 2.88a 372a 6.72a 866a 550a 000 265a 4.12a 7.22a 7.98a 549a

2mM 0.00 1.84b 263b 4.92b 6.8lb 4.05b 0.00 200b 28lb 415b 6.03b 3.75b

3mM 0.00 151c 245b 439c 574c 352c 000 162c 248 4.0lb 456c 3.17c

4 mM 0.00 146c 158c 4.26c 551c 320c 000 144c 173c 386c 4.67c 293c
Mean 0.00 1.92d 260c 5.07b 6.68a 000 193d 279c 48lb 58la

In a column under each cultivar numbers flowed by the same litter are not significant at 5% by DMRT.

Table 2: Effect of putrescine postharvest applications on decay(%b) of Florida Prince and Early Grande
Peach cvs. fruits during cold storage at 0—1 C° and 90-95 RH. in 2014 and 2015 seasons.

Decay (%)
Treat 2014 : 2015 :
Storage periods Storage periods
0d 7d 14d 21d 28d Mean 0d 7d 14d 21d 28d Mean
Florida prince
Control 0.00 0.00 0.00 240a 11.93a 287a 000 000 000 165a 9.73a 228a
2 mM 0.00 0.00 0.00 0.00b 1093b 219b 000 000 000 0.25b 755b 156b
3mM 0.00 0.00 0.00 0.00b 0.16 ¢ 0.03c 0.00 000 000 0.00d 058c 0.12¢c
4 mM 0.00 0.00 0.00 0.00b 0.00d 0.00d 0.00 0.00 0.00 0.00d 000d 0.00d
Mean 0.00c 0.00c 0.00c 0.60b 5.76a 0.00c 0.00cc 0.00c 0.48b 4.47a
Early Grande
Control 000 0.00 000 240a 1057a 259 000 0.00 0.00 1.62a 9.82a 2.29
2mM 000 0.00 000 067b 317 b 0770 000 0.00 000 1.11b 189 b 0.60b
3mM 000 000 000 019c 232 ¢ 050c 000 0.00 0.00 0.00c 0.87c 0.17c
4 mM 0.00 0.00 0.00 0.00d 0.00d od 000 0.00 0.00 0.00c 0.00d 0.00d
Mean 0.00c 0.00c 0.00c 0.82b 4.02a 0.00c 0.00c 0.00c 0.68b 3.15a

In a column under each cultivar numbers flowed by the same litter are not significant at 5% by DMRT

The control fruits showed a highly significant
differences of decay% when compared to the other
putrescine treated fruits, that recorded 11.93 and
9.73% for Florida Prince and 10.57 and 9.82% for
Early Grand at the end of storage in the two seasons,
respectively. In contrast, 3 mM putrescine treatment
recorded the lowest decay percentage, the values
were 0.16 and 0.58% with Florida Prince and 2.32
and 0.87% with Early Grand fruits at the end of
storage in the two seasons, respectively.

Fruits treated with 4 mM putrescine stored well
till the end of storage (for 28 days) without any
decay for both cultivars in the two seasons .These
results agreed with that of (Reza, et. al. 2008) who

reported that, exogenous putrescine showed an
improvement of peach fruits storability at 2°C.
Fruits treated with 0.5, 1, 2, 3 and 4 mM putrescine
stored well for 14, 17, 19, 21 and 22 days,
respectively, compared with the control which
stored for only 11 days.

3. Chilling injury (%0):

Data concerning chilling injury symptoms in
the present study were tabulated in Table 3,they
appeared in control fruits of the two peaches cvs. at
21 days of storage during the two seasons with
appearance of featheriness and browning (Chilling
injury symptoms, measured as browning area of the
skin and internal breakdown). However, Florida
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Prince peach fruits which were treated with all
concentration(2, 3 and 4 mM/l ) of putrescine did
not show any chilling injury symptoms till 21 days
of cold storage during the two seasons, but it was
appeared on Early Grande cv. at 21 days storage
with the control and the 2 and 3 mM putrescine in
the first season and with 2 mM putrescine in the
second seasone three concentrations of puterscine .
A highly significant chilling injury symptoms were
recorded in control fruits however, the fruits that
were treated with 4 mM/I putrescine did not show
any chilling injuries symptoms till 21 days of cold
storage during the two study seasons.

At the end of storage period(28 days) control
fruits showed the highest chilling injury values with
highly significant differences compared with those
treated with 2 and 3 putrescine treatments for the
two peach fruit cvs. during the two seasons, it
recorded 14.53 and 12.45 % with Florida Prince and
16.57 and 13.82% with Early Grande fruits
compared the other two treatments . In this respect
fruits treated with 4 mM/I putrescine did not showed
any chilling injury symptoms till the end of cold
storage for the two cultivar fruits in the two study
seasons.

The above results in a harmony with that of(
Marttinez— tellez et al., 2002) who found that,
polyamines treatment by pressure infiltration
increased the tolerance of squach to chilling injury,
(Lurie and Crisosto, 2005) summarized that, in
peaches and nectarines chilling injuries can increase
fruit flesh browning, and softening, which is known
as featheriness. such disorders were shown in
peaches within lor 2 wk of storage at 2-5 °C as
compared with 3 or more wk at 0 °C by using

Alex. J. Agric. Sci.

putrescine alone or putrescine +ultrasound
treatments. Also(Saba et al., 2012) reported that
putrescine at 1mM/I treatment may help maintain
the quality of two apricot fruit cultivars ‘Bagheri’
and ‘Asgarabadi’ during cold storage by inhibiting
ripening and decreasing chilling injury incidence by
protecting against chilling damage.

4. Fruit firmness (kg cm™:

Peaches can be harvested even if they are still
firm but physiologically mature since they are
climacteric fruit, it means they will continue to ripen
after harvest. The decline in firmness as the storage
period progresses is mainly due to enzymatic
degradation of insoluble protopectins to more
simple soluble pectin(Abd EI-Migid, 1986). In this
study, data in Table 4 cleared that, fruit firmness
was decreased with the progress of storage time for
the two cultivar fruits during the two study seasons.

Putrescine treated fruits with the two cvs.
especially those dipped in 3 and 4 mM showed no
significant effects with Florida Prince in the first
season and Early Grand in the second season,
respectively .

Untreated fruits showed the highest reduction in
firmness as compared with the other treatments till
the end of storage period for the two cultivars in the
two seasons. this trend was found with Florida
Prince compared to Early Grande fruits.

Generally, the best concentration of PUT was at 4
mM/L during storage period till the end storage(28
days) which recorded highest fruit firmness,
significantly the lowest values was noticed in
control treatment during the two seasons with the
both peach cultivars.

Table 3: Effect of putrescine postharvest applications on Chilling injury(%o)of Florida Prince and Early
Grande Peach cvs. fruits during cold storage at 0 —1 C° and 90-95 RH. in 2014 and 2015 seasons.

Chilling injury (%)

Treat. 2014 2015
Storage periods Storage periods
0od 7d 14d 21d 28d Mean 0d 7d 14d 21d 28d Mean

Florida prince
Control 0.00 0.00 0.00 350a 1453a 3.6la 0.00 0.00 0.00 4.68a 12.45a 3.43a
2mM 0.00 0.00 0.00 0.00b 2.87b 057b 0.00 0.00 0.00 0.00b 1.68b 0.34b
3mM 0.00 0.00 0.00 0.00b 1.20c 0.24b 0.00 0.00 0.00 0.00b 0.57c 0.11b
4 mM 0.00 0.00 0.00 0.00b 0.00d 0.00c 0.00 0.00 0.00 0.00b 0.00d 0.00c
Mean 0.00c 0.00c 0.00c 0.88b 4.65a 0.00c 0.00c 0.00c 1.17b 3.68a
Early Grande

Control 0.00 0.00 0.00 3.72a  16.57a 4.06a 0.00 0.00 0.00 243a 13.82a 3.25a
2 mM 0.00 0.00 0.00 1.02b 240c 0.68b 0.00 0.00 0.00 1.35b 1.76b 0.62b
3mM 0.00 0.00 0.00 1.70b 3.25b 0.99b 0.00 0.00 0.00 0.00c 0.76c 0.15b
4mM 0.00 0.00 0.00 0.00c 0.00d 0.00c 0.00 0.00 0.00 0.00c 0.00d 0.00c
Mean 0.00c 0.00c 0.00c 1.61b 5.56a 0.00c 0.00c 0.00c 0.95b 4.09a

In a column under each cultivar numbers flowed by the same litter are not significant at 5% by DMRT.
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Table 4: Effect of putrescine postharvest applications on fruit firmness of Florida Prince and Early
Grande Peach cvs. fruits during cold storage at 0 — 1 C° and 90-95 RH. in 2014 and 2015

seasons.
Firmness (kg/cm?)
Treat. 2014 _ 2015 :
Storage periods Storage periods
0d 7d 14d 21d 28d  Mean 0d 7d 14d 21d 28d Mean

Florida prince
Control 3.35a 2.73b 240b 200b 125b 235b 4.28a 3.33b 305c 254d 200d 3.04c
2mM 326a 295a 278a 262a 236a 2.79a 4.36a 4.25a 408b 358c 3.10c 3.87b
3mM 32la 297a 275a 262a 232a 2.77a 432a 419a 411a 4.00b 3.75b 4.07a
4mM 336a 3.0la 295a 276a 24la 290a 4.33a 42l1a 418a 4.1l1a 4.00a 417a
Mean 330a 292ab 272b  2.50c 2.09d 432a 4.00b 3.86bc 3.56c 3.21d
Early Grande
Control 4.48a 363c 3.05c 263d 21lc 3.18b 4.63a 3.72b 3.05c 263c 223c 3.25c
2mM  433a 401b 368b 341c 315b 3.72a 455a 4.1l1a 386b 3.18b 3.07b 3.75b
3mM 443a 42l1a 40la 3.78b 334b 3.95a 4.68a 422a 406a 3.75a 340a 4.02a
4mM 445a 438a 420a 408a 3.82a 4.19a 4.60a 442a 415a 382a 345a 4.09a

Mean 442a 4.06b 3.74c 348d 3lle 462a 4.12b 3.78c 3.35d 3.04e

In a column under each cultivar numbers flowed by the same litter are not significant at 5% by DMRT

This finding was in harmony with that of
Khosroshahi and Enas-Ashari.(2007 and 2014), who
reported that one of the main effects of polyamines
during fruit and vegetable postharvest life is to
maintain their flesh firmness and delay the ripening
processes. Treatments with exogenous polyamines
(putrescine) had showed an increase of flesh
firmness in several fruits, including ‘Golden
Delicious’ and ‘MclIntosh’ apples. Reduced activity
of fruit softening enzymes by postharvest dip
treatment of polyamines was reported for plum
(Khan et al., 2007). In addition, (Saba et al., 2012)
reported that, putrescine at 1mM maintained the
firmness and color of the of two apricot cultivars
‘Bagheri” and ‘Asgarabadi’ fruits during cold
storage. The best firmness values were observed
with 4mM putrescine treatment during storage of
apricot fruits.

5. Soluble solids content (%0):

From data in Table 5, it could be noticed that,
soluble solids content (SSC) increased in fruits of
the two peach cvs. with the extending of storage
period till 28 days of storage for all treated and
untreated fruits as a result of dehydration and
hydrolysis of polysaccharide into soluble solids.

The present data showed that, control fruits of the
two cvs. showed the highest values of SSC% at the
end of storage time during the two seasons with a
highly  significantly effects that, reached t016.13
and 16.22 % for Florida Prince fruits and 15.52 and
15.75 % for early Grande in both seasons. All
putrescine treatments lowered the increase of SSC%
during storage period for the two cultivar fruits and
the lowest values were recorded with 4 mM
putrescine treatment compared with the control in
the two seasons with the two cvs. which recorded

14.47 and 14.15% for Florida Prince an 14.05 and
13.20% for Early Grand in the two seasons,
respectively. There was no significant differences
between the 3 and 4 mM putrescine treatments in
the second season at the end of storage period of the
two cultivar fruits . According to data of Table 5 we
can say that, there was an inversely reaction
between putrescine concentration and level of
SSC% . This results are in accordance with that of
(Khan et al., 2007) and (Bal, 2013) who reported
that. putrescine-treated fruit stored at low
temperatures exhibited lower soluble solids content.
In  contrast, (Baljit andJawandha, 2014)
summarized that, putrescine 3 mmol L—1 sprayed 10
days before harvesting of peach fruits registered
high SSC% at the end of storage.
6. Titratable acidity (%o):
components, but it significantly related to

organoleptic quality combined with sugar and
aromatic compounds(Wang, 1993). Data of Table 6
showed that, fruit titratable acidity of Florida prince
and Early Grande fruit peach cvs,was significantly
reduced with the prolonging of storage time. These
observations were found to be in harmony with
those of( Zaghloul,2004) . The results showed that,
titratable acidity content recorded the high levels
with purescine treatments during storage till the end
of storage time compared to control fruits in the two
seasons with the two peach cvs.. Petruscine
treatment with 4mM showed the highest values of
TA at the end of storage time with the two fruit cvs.
in both seasons.

At the end of storage after 28 days, the lowest
titratable acidity was recorded in the control fruits of
the two cultivars in the two seasons.
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Table 5: Effect of putrescine postharvest applications on SSC % of Florida Prince and Early Grande
Peach cvs. fruits during cold storage at 0 -1 C° and 90-95 RH. in 2014 and 2015 seasons.

SSC %
Treat 2014 : 2015 :
Storage periods Storage periods
0d 7d 14d 21d 28d 0d 7d 14d 21d 28d Mean
Florida prince
Control 11.13a 12.73a 13.97a 15.53a 16.13a 13.90a 11.93a 12.85a 13.77a 14.85a  16.22a 13.92a
2mM 11.15a 12.53ab 13.70ab 14.97b 15.67b 13.60b 11.87a 12.43b 13.01b 13.63b  14.42b 13.07b
3mM 11.12a 12.21b  13.27b 14.03c 15.33b 13.36b 11.97a 12.20c  12.45c 13.00c 14.12¢ 12.75c
4 mM 11.17a 11.73c 12.60c 13.27d 14.47c 12.65¢ 12.05a 12.19c 12.50c 13.10c 14.15¢ 12.58c
Mean 11.14 12.30 13.39 1445 15.40 11.96 12.42 12.93 13.65 14.73
Early Grande
Control  11.37a  13.80a 14.42a 14.92a 15.52a  13.96a 11.84a 12.45a 13.83a  14.68a 15.79a 13.72a
2mM 11.35a 12.17b  13.20b 13.72b 14.70b 13.03b 11.82a 12.15b 12.92b 13.11b  13.76b 12.75b
3mM  11.40a 12.15b 13.09b 3.50bc 14.35c  12.91b  11.98a 12.00b 12.33¢c  13.00b 13.25c 12.51c
4 mM 1145a 12.02b  13.05b 13.35¢c 14.05d 12.78b 12.11a 12.10b 12.37c 13.05b  13.20c 12.61c
Mean 11.39e  12.54d 13.44c 13.87b 14.66a 11.94d 12.18d 12.86¢ 13.46b  14.00a

In a column under each cultivar numbers flowed by the same litter are not significant at 5% by DMRT.

Table 6: Effect of putrescine postharvest applications on fruit acidity (%) rate of Florida Prince and
Early Grande Peach cvs. fruits during cold storage at 0 — 1 C° and 90-95 RH. in 2014 and 2015

seasons.
Acidity (%)
Treat. 2014 : 2015 :
Storage periods Storage periods
0d 7d 14d 21d 28d Mean o0d 7d 14d 21d 28d Mean

Florida prince
Control 0.72a 0.64b 0.57 ¢ 0.51c 0.45c 058c 0.8la 0.74b 063b 0.47c 0.37c 0.60b
2mM 0.75a 0.69a  0.66b 0.60b 0.53b (0.65ab 0.80a 0.77a 0.72a 0.60b 0.54b 0.70a
3mM 073a 072a 0.71a 0.66a 0.56b 0.68a 0.79a 0.78a 0.7l1la 0.60b 0.53b 0.67a
4mM 0.70a 0.7l1a 0.70a 0.67a 0.67a 0.69a 0.8la 0.77a 0.7la 0.65a 0.58a 0.67a
Mean 0.73a 0.69b  0.66b 0.61c  0.55d 0.80a 0.77ab 0.69b 0.58c 0.51d
Early Grande
Control 0.67a 0.60b 0.51c 044d 032c 051c 0.75a 0.63b 053b 0.40b 0.32b 0.53b
2mM  0.65a 0.61b 0.53b 049c 0.44b 055b 0.73a 0.68a 0.6la 0.55a 0.5la 0.62a
3mM  0.63a 0.58b 0.55b 0.51b 0.45b 0.54b 0.74a 0.67a 0.63a 0.58a 0.53a 0.64a
4mM  0.66a 0.68a 0.62a 0.58a 0.53a 0.6la 0.75a 0.67a 0.60a 0.55a 0.51a 0.62a

Mean 0.65a 0.62a 0.55b 0.51c 0.44d 0.74a 0.66b 0.59c 0.52d 0.47e

In a column under each cultivar numbers flowed by the same litter are not significant at 5% by DMRT.

Early Grande peach fruits recorded the lowest(TA)
at the initial and the end time of storage in both
Seasons.

The above results was agreement with that of
(Reza et.al. 2008) who concluded that, application
of putrescine with 0.5, 1, 2, 3 and 4 mM putrescine
resulted in reducing the decrease of titratable acidity
with a much slower rate during storage compared to
untreated fruits. This trend were also observed with
the application of putrescine in all peach fruits .
Agreement results were found by(Davarynejad et
al., 2012) on apricot fruits during storage.
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7. Total sugars (gm/ 100gm):

Peaches edible quality related to a great extent
on sweetness, which is depending on fruit total
sugar content. The total sugars content values were
increased with prolonged the storage time from the
initial time till the end of storage (28 days) with the
two cvs. during storage(Table7). All putrescine
treatments reduced the increase in total sugars
content compared with untreated fruits in the two
seasons for the two cvs. as showen in Table 7.
During storage, the increase rate of total sugars
content was increased in control treatment as
compared with all putrescine dipping treatments



Alex. J. Agric. Sci.

(2.0, 3.0 and 4.0 mM) from 7 days to 28 days of
storage. The total sugars content levels of control
recorded 14.40 and 12.21 g /100 g-1 for Florida
Prince fruits and 12.42 and 11.43 g /100 g-1 for
Early Grande in the both seasons, respectively. The
lowest value was recorded with 4.0 mM putrescine
for the both cultivars in the two seasons. where it
was 11.07 and 11.18 g /100 g-1 for Florida Prince
fruits and 10.38 and 10.25 g /100 g-1 for Early
Grande in both seasons, respectively at the end of
storage (28 days) with a highly significantly effects .

Increasing of the total sugar levels are possibly
due to enhanced fruit ripening and senescence.
However, reducing sugars in putrescine applications
may be because reduced losses by minimizing total
sugar levels degradation of peaches (Bhagwan et al.,
2000) and (Malik et al., 2003) reported that,
postharvest putrescine treatments preserved sugars
in tomatoes and mangoes when compared with the
control. Also putrescine at 2 or 3 mmol L—1 sprayed
10 days before harvesting of peach fruits registered
lower average of total sugars at the end of storage
( Baljit and Jawandha 2014).

8. Respiration rate (mg CO2/kg/h.):

Data of Table 8 showed that, in general, fruit
respiration rate was increased with the increase of
storage time compared with harvest date. However,
fruit respiration rate was reduced in descending
order from 2 to 4 mM putrescine applications during
all assessment intervals of storage with the two
peach cvs. in the two seasons. The highest
significantly respiration rate after was recorded with
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control compared the other PUT treatments during
the two seasons with the two peach cvs. with a
highly significant differences till the end of storage
period, as it recorded 16.10 and 14.13 mg CO2/kg/h.
with Florida Prince and 15.48 and 14.33 mg
CO2/kg/h with Early Grande compared to 12.33 ;
10.42 and 11.5, 12.33 mg CO2/kg/h. at 4mM PUT
treatment with the two cvs. in the two seasons,
respectively  However, the lowest values were
noticed with 4 mM putrescine application in the
both peach cvs. during the two seasons. The same
trend was noticed after 28 days of storage in the
both seasons and peach cultivar fruits.

The lowest respiration rate in putrescine treated
fruits may be explained according to fruit
respiration is considered as the major factor
contributing to postharvest losses, it increasing the
converts of stored sugars or starch into energy in the
presence of the O2 and advances ripening (Day,
1990). Reduced fruit respiration retards softening
and slowed down ripening (Kader, 1986) and
slowing ripening through increases putrescine
penetration in fruits which may reduce ethylene
production. This result agreed with exogenous
polyamines treatments decreased respiration rate in
apricot (Martinez-Romero et al., 2002) and plum
(Chen and Zhu, 2011). (Koushesla Saba et al.,2012),
who reported positive effect of polyamines on
reducing ethylene biothynthesis, which is the main
trigger of ripening process by inhibiting ACC
synthase and conversion of ACC to ethylene.

Table 7: Effect of putrescine postharvest applications on total sugars of Florida Prince and Early
Grande peach cvs. fruits during cold storage at 0 —1 C° and 90-95 RH. in 2014 and 2015 seasons.

Total sugars (%0)

Treat. 2014 : 2015 :
Storage periods Storage periods
0d 7d 14 d 21d 28d Mean 0d 7d 14d 21d 28d  Mean

Florida prince
Control 7.83a 9.23a 10.46a  11.80a 12.40a 10.34a 8.13a 9.75a 11.16a 11.67a 12.2l1a 10.58a
2mM 7.93a 8.87b 10.13b  11.43b  11.60b  9.99b 7.98a 8.32b  10.45b 10.94b 11.13b 9.76b
3ImM 8.06a 8.50c 10.03b  11.33b  11.53b  9.89b 8.15a 8.35b 9.64c 10.85b 11.15b 9.63b
4mM 7.73a 8.33c 9.33¢c 10.50c  11.07c  9.39%c 8.17a 823b 944c 1043c 11.18b 9.4%

Mean 7.89e 8.73d 9.99¢ 11.27b 11.65a 8.11e 8.66d 10.17c¢ 10.97b 11.42a
Early Grande
Control ~ 7.45a 9.13a 10.13a 10.95a 12.42a 10.02a 8.15a 9.72a 0.39a 1.43a 2.52a 10.44a
2mM 7.30a 890b 9.90 b 10.20b  11.33b  9.53b 7.8% 8.51b .66b  0.46b 1.45b  9.59b
3mM 7382 865c 9.18¢c 10280  11.37b  9.37b 8.17a 8.56b 63b  0.32b 1.15c 9.57b
4mM 7.53a 8.05d 8.55d 9.03 c 10.38c  8.71c 7.97a 8.48¢c J12c )54c 0.25d 9.07c
Mean 7.42e 8.68d 9.44c 10.12b  1.38a 8.05e .82d .70c  0.44b 1.34a

In a column under each cultivar numbers flowed by the same litter are not significant at 5% by DMRT
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Table 8: Effect of putrescine postharvest applications on Respiration rate of Florida Prince and Early
Grande Peach cvs. fruits during cold storage at 0—1 C° and 90-95 RH. in 2014 and 2015 seasons.

Respiration rate (mg/kg)

2014 2015
Treat. Storage periods Storage periods
od 7d 14d 21d 28d Mean od 7d 14d 21d 28d Mean
Florida prince
Control 8.80a 12.10a 13.20a 1547a 16.10a 13.13a 7.55a 1047a 1227a 13.26a 14.13a 1154a
2mM 877a 1040b 1257b 13.46b 1413b 1187b 7.47a 885b 924 b 1124b 1235b 9.83b
3mM 8.76a 987 ¢ 1150c 12.13c¢ 1326c¢ 11.10c 751a 843c 912 c 1042c 11.18c 9.33c
4mM 8.68a 9.10 d 10.20d 11.53d 12.33d 1037d 7.63a 823c 872d 977d 1042d 895d
Mean 8.75e 10.37d 11.87c 13.14b 1396a 754e 9.00d 9.84c 11.17b 12.02a
‘arly Grande
Control 10.45a  12.25a 13.20a  14.57a 1548a 13.19a 8.53a 10.75a 11.73a 1348a 14.33a 11.76a
2mM 10.58a 11.42b 12.05b 12.73b 14.07b 12.17b 8.63a 9.75b 10.49b 11.43b 12580  10.58b
3 mM 10.50a 10.95c 11.42c 12.08c 12.65c 11.52c 8.48a 9.25¢c 10.02c 11.08c  12.25c 10.22¢
4 mM 10.53a 10.95c 11.14c 11.35d 11.50d 11.09d 85la 9.14c 10.00c 11.02¢c  12.33c 10.20c
Mean 10.52e 11.39d 11.95c 12.68b 13.43a 8.54e 9.72d  10.56c 11.75b  12.87a

In a column under each cultivar numbers flowed by the same litter are not significant at 5% by DMRT.

CONCLUSION

The present study showed that putrescine
treatments especially at 4 mM/I was more effective
to control chilling injury and decaying in Florida
prince and Early Grande peach fruit cvs. and could
delay the ripening process by inhibiting respiration
rate. This treatment can be easily used as
postharvest procedure to keep peach quality,

storability and extending postharvest fruit life .
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