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STORAGE CONDITIONS ON SHELF LIFE OF SUNFLOWER
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ABSTRACT: Two separated experiments were conducted at the
Postharvest Lab of Ornamental Plants and Landscape Gardening Res.
Dept., Hort. Res. Inst., Giza, Egypt during 2012 and 2013 seasons to
study the response of the fresh inflorescences/heads of sunflower
(Helianthus annuus L. cv. Sunrich Orange) either to some preservative
solutions under the ambient conditions, viz. distilled water (control),
sucrose at 10, 20 and 30 g/l levels, glucose at 3, 8 and 15 g/l levels,
chelated calcium at 20, 30 and 50 g/l levels and glucerol at 20 and 50
g/l levels in the first experiment or to the main 3 important factors of
transportation, storage system (wet or dry), cool storage temperature (0
or 5 °C) and storage period (5 or 7 days) in the second one. The
previous 3 factors were combined factorially to obtain the different
interactions among them. The flowering stalks after wet or dry storage
were held in graduated cylinders filled with about 350 ml of deionized
water under the room temperature till the end of shelf life.
The obtained results of the first experiment indicated that all
preservative solutions improved the means of water uptake, the percent
of change in flower head fresh weight, flower head diameter, vase life
and total soluble sugars content in petals with various significant levels
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system recorded better results than wet storage one, especially in water
uptake and flower head diameter traits. Storing the flowering stems at
0 °C raised water uptake and vase life means to be more than those of
storage at 5 °C in the two seasons, while storage at 5 °C caused only a
higher increment in flower head diameter. In general, storage for 7
days scored higher means of water uptake, the percent of change in
flower head fresh weight, flower head diameter and vase life than
storage for 5 days in both seasons. Regarding the total soluble sugars
content in the petals, it was not affected markedly by storage system,
temperature and period with few exceptions in the two seasons. On the
other hand, effect of interaction treatments on the previous stated
parameters was fluctuated, where dry storage at 0 °C for 7 days
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recorded the highest means of water uptake and vase life, while dry
storage at 5 °C for 7 days gave only the widest diameter of flower
head. The wet storage at either 0 or 5 °C for 7 days scored the highest
content of total soluble sugars, while the wet storage at 0 °C for 5 days
registered the highest percent of change in flower head fresh weight.
Hence, it can be advice to store the cut heads of sunflower cv. Sunrich
Orange, dry at 0 °C for 5 or 7 days at long-space transportation without
noticeable reduction in their vase life and quality.
Key words: Helianthus annuus, sucrose, glucose, chelated calcium,
glucerol, storage system, storage period.

INTRODUCTION
The sunflower (Helianthus annuus L.) is
the herbaceous annual plant belongs to Fam.
Compositae, mostly native to N. America,
but it extensively cultivated in Russia, India
and Egypt. It is used for various purposes,
including decoration as ornamental, but
recently it is used more as cut flower.
Sunflower vase life is very variable,
depending on the variety; it reportedly
ranged from 4 to 13 days (Gast, 1995). So,
heads of some cultivars may need to be
treated with a suitable postharvest treatment
to improve their vase life.
In this regard, Jones et al. (1993)
found that a non-ionic detergent used as a
pulse treatment for 1 h increased water
uptake and the length of vase life in cut
sunflower stored for 3 days at 8 °C prior to
vase life. Celikel and Reid (2002) noticed
that a lower storage temperature (0-1 °C)
increased the length of vase life and reduced
stem bending of sunflower heads. Moreover,
Mensuali-Sodi and Ferrante (2005) reported
that vase life of sunflowers was significantly
increased by treatment with 150 mg/l citric
acid, while 2 mM amino-oxyacetic acid
(AOA), an ethylene inhibitor, reduced
ethylene production, but did not increase
vase life.
Today, several chemical materials are
used in preservative solutions to increase cut
flowers longevity. In this concern, Amiri et
al. (2009) mentioned that vase life of gerbera
cv. "Pags" flowers was significantly
extended from 12 days (control) to 24.5 days
by using a combination of aluminum

sulphate (300 ppm) and sucrose (30 ppm),
while 30 ppm sucrose + 250 ppm AgNO3 +
250 ppm citric acid combination improved
water uptake which led to prolonging vase
life, delaying scape bending, wilting and the
curvature of the stem at the end of vase life.
Similar observations were also obtained by
Mor et al. (1984) on Agapanthus orientaslis
cvs. Mooreanus (blue) and Albidus (white),
Abdel-Moniem et al. (2009) on gerbera cv.
"Deliana", Mohammadi et al. (2011) on
roses, Abdel-Moniem et al. (2012) on rose
cvs. Anna, Gold Strike and Spot, and
Khenizy et al. (2014) on Gypsophila
paniculata "Perfecta".
It is well known that cold storage is
essential to delay flower senescence and
quality deterioration in postharvest chain and
when it is needed to regulate the supply of
flowers to the market. Thus, many efforts
were done in this respect such as that of
Cevallos (2001) who revealed that the vase
life of carnation "Imperial White", daffodils
"King
Alfred",
iris
"Telstar",
Chrysanthemum
maximum,
narcissus
"Paperwhite", rose "Ambiance" and Tulipa
gesneriana was decreased with increasing
storage temperature from 0 °C to 20 °C, but
after wet storage at 12 .5 °C or greater, it was
significantly longer than that after dry
storage at those temperatures. Further,
Hettiarachchi and Balas (2004) stated that
wet storage (4 °C for 7 days) of fully opened
Gloriosa
superba
flowers
markedly
improved flowers keeping quality compared
to dry stored flowers. Flowers kept at 4 °C
(wet storage for 7 days maintained a higher
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chlorophyll yield during vase period, but
there was a significant decrement of
chlorophyll yield with increasing storage
temperature and vase period. On Narcissus
tazetta cv. "Kashmir", Gul and Tahir (2012)
affirmed that the scapes previously wet
stored in distilled water for 72 h at 5 °C
before transfer to holding solution exhibited
a marked improvement in blooming, solution
uptake, maintenance of membrane integrity,
fresh or dry mass of flowers, sugars fractions
and soluble proteins with a corresponding
decrease in amino acids.
The synergistic effect of both storage
and holding treatments was also documented
by many workers, such as that of Shahri et
al. (2011) whom declared that pulsing the
spikes of Consolida ajacis cv. Violet Blue
with 0.5 mM STS prior to 72 h wet storage
at 5 °C and transferring them to holding
solution containing sucrose + 100 mg/l 8HQS can be used as a storage/chemical
treatment to improve the postharvest
performance of this cut flower. Like results
were also explored by Gendy and Hamad
(2011) on bird of Paradise, Bayleyegn et al.,
(2012) on rose cv. "red Calypso" and AbdAllah et al., (2013) on Lilium longiflorum cv.
"Orange tycoon".
However, the current work aims to
investigate the effects of preservative
solutions, as well as the wet and dry storage
at two low temperatures for two shelf
periods (alone or in combined treatments) on
quality and vase life of sunflower cv.
"Sunrich Orange" cut heads.

MATERIALS AND METHODS
The present trial was undertaken at the
postharvest lab of Ornamental Plants and
Landscape Gardening Res. Dept., Hort. Res.
Inst., Giza, Egypt in 2012 and 2013 seasons
to find out the response of sunflower cut
heads to some postharvest treatments.
Therefore, the fresh inflorescences
(Helianthus annuus L. cv. Sunrich Orange)
were brought from local commercial farm
(Floramax, El-Mansouria, Giza) after
picking up them in the early morning when

the ray florets were completely expended
and all the disc ones were visible and quickly
transported to the lab. In the Lab, the cut
heads were firstly precooled to remove the
field heat, selected for uniformity and the
stem bases were recut under water to a
length of 60 cm. The prepared heads were
divided to 3 groups, and then subjected to
the following treatments in two independent
experiments:
In the first experiment, the bases of
flowering stems of the first group were hold
in clear glass jars (3 heads/jar) under ambient
temperature (20 ± 1 °C), normal day light
and natural ventilation. The jars were filled
with about 350 ml of one of the following
preservative solutions:
1- Distilled water as control.
2- Sucrose solution at concentrations of 10,
20 and 30 g/l.
3- Glucose solution at concentrations of 3, 8
and 15 g/l.
4- Chelated-Ca solution at concentrations of
20, 30 and 50 g/l.
5- Glycerol solution at concentrations of 20
and 50 g/l.
A film of plastic was added on the
surface of solutions mentioned above to
prevent evaporation during the vase life
period. The lay out of this experiment in the
two seasons was a complete randomized
design with 3 replicates as each one
contained 3 flowering stems (Mead et al.,
1993).
In the second experiment, the other two
groups were subjected to either wet or dry
storage as follows:
Wet storage treatments:
At the flowering stems were stored
inside a fridge, vertically after wrapping then
in kraft paper soaked in distilled water in
plastic pots at 0 or 5 °C for 5 or 7 days.
Dry storage treatments:
As the flowering stems were stored just
as the previous group, but without soaking in
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any solution at the same two cool
temperatures for the same two periods.
The previous treatments (wet and dry)
were combined factorially to obtain the
different interactions between the different
factors employed in this experiment. The
flowering stems after wet or dry cool storage
were kept in graduated cylinders (3
flowering stems/cylinder) filled with about
350 ml deionized water under the same room
conditions mentioned before in the first
experiment till the end of the shelf life. A
factorial in complete randomized design with
3 replicates each of 3 flowering stems was
used for the experiment in both seasons
(Mead et al., 1993).
During the shelf period of the two
experiments, water uptake (g/flower head)
was measured once every 3 days and
recorded in the tables as general mean for the
whole shelf period, while at the end of this
period, the change in flower heads fresh
weight as percentage was calculated
mathematically. After 2 days in the
preservative solutions, the flower head
diameter (cm) was measured. The flower
heads were also examined daily and their
vase life (day) was recorded as the number
of days to wilting, curling or dropping of the

ray florets. In fresh ray florets samples, total
soluble sugars content (%) was evaluated
using the method of Dubois et al. (1956) in
the second season only.
Data were then tabulated and statistically
analyzed according to program of SAS
Institute (2009), followed by Duncan`s New
Multiple Range Test (Steel and Torrie, 1980)
to verify the significancy among the means
of different treatments.

RESULTS AND DISCUSSION
The first experiment: Effect of preservative
solutions on some postharvest parameters
of H. annuus L. cv. Sunrich Orange flower
heads:
Data in Table (1) show that all
preservative solutions used in this
experiment greatly improved the means of
water uptake (g/flower head), the percent of
change in flower head fresh weight, flower
head diameter (cm), vase life (day) and total
soluble sugars content (%) with various
significant levels when compared to the
means of control in most cases of both
seasons.

Table (1). Effect of preservative solutions on some postharvest parameters of Helianthus
annuus L. cv. Sunrich Orange flower heads during 2012 and 2013 seasons.
Total
soluble
sugar
2012
2013
2012
2013
2012
2013
2012
2013
2013
382.50h 361.7i
2.29c
1.97c
13.00h 12.00g 10.00e
9.00e
0.79
D.W.
472.80f 466.2g
0.74e
0.62e
16.00d 15.00d 11.00d 10.00d
1.39
Suc. at 10 g/l
392.70g 378.3h
1.71d
1.15d
17.00b 17.00b 12.00c 11.00c
1.86
Suc. at 20 g/l
541.50a 532.2b
-9.23j
-7.68i
18.00a 18.00a 12.00c 11.00c
1.25
Suc. at 30 g/l
532.8b
522.5c
-7.51h
-5.83g 16.50c 16.00c 11.00d 10.00d
1.28
Glu. at 3 g/l
494.7d
481.2e
-6.30g
-5.05f 17.00b 16.00c 10.00e 10.00d
1.83
Glu. at 8 g/l
513.3c
510.5d
-5.70f
-4.87f 15.00e 14.00e 11.00d 10.00d
1.26
Glu. at 15 g/l
534.6b
530.6b
-8.07i
-6.61h 14.00f 14.00e 14.00a 13.00a
1.06
Che. Ca at 20 g/l
480.6e
473.2f
1.01e
0.64e
14.00f 13.00f 13.00b 12.00b
1.07
Che. Ca at 30 g/l
543.7a
540.9a -10.31k -8.28j 17.00b 17.00b 14.00a 13.00a
1.38
Che. Ca at 50 g/l
240.4j
255.9k
7.70a
6.33a
13.00h 12.00g 10.00e
9.00e
1.06
Gly. at 20 g/l
353.1i
354.0j
5.35b
4.89b
13.50g 12.00g 11.00d 10.00d
1.04
Gly. at 50 g/l
D.W. = Distilled water, Suc. = Sucrose, Glu. = Glucose, Che. Ca .= Chelated calcium and Gly. = Glycerol.
Means followed by the same letter in a column do not differ significantly according to Duncan's New
Multiple Range t- test at P = 0.05.
Preservative
solutions

Water uptake
(g/flower head)

The change in
flower head %
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However, the best results were gained by
soaking in 50 g/l chelated-Ca solution, which
gave the highest records over the other
solutions in most traits mentioned above in
the two seasons. This may be attributed to
the role of Ca in strengthening cell
membranes and regulating Na, Mg/Ca, K
ratio (Mengel and Kirlby, 1979). In this
concern, Fenn and Taylor (1991) found that
Ca stimulates NH4 band K absorption from
nutritive solution by ornamental foliage
plants. Besides, Khenizy et al. (2009)
noticed that pulsing the spikes of Maluccella
laavis in solutions containing 30 mM/l of
chelated-Ca increased water uptake, flower
weight and its vase life, while weight loss
during storage period and degradation of
chlorophylls and carotenoids were decreased.

(2012) declared that helding the cut flowers
of rose cvs. Anna, Gold Strike and Spot in
20 g/l sucrose + STS (1:4) solution gave the
best water relations, longer vase life and
better colour of petals during the whole shelf
period that reached 20 days against only 12
days for the other preservative solutions.

At the second rank, came the soaking
treatment in same solution at 30 g/l level that
improved water uptake, the percent of
change in flower head fresh weight and
flower head diameter means to values
closely near to those of 50 g/l chelated-Ca
solution in both seasons. This may indicate
the role of sucrose in reducing ethylene
effects or acting as a source of energy
(VanDoorn and Han, 2011). This result was
documented by Gendy and Hamad (2011)
whom observed that all pulsing solutions
containing 20% sucrose significantly
increased vase life and florets opening %,
improved water balance for cut spikes and
maintained of flower quality, i.e.,
anthocyanin content in petals of Bird-ofParadise cut flowers.

It is obvious from data averaged in
Tables (2, 3 and 4) that dry storage system
recorded better results than wet storage one,
especially in characters of water uptake
(g/flower head) and flower head diameter
(cm) as this system gave higher means than
the other one in both seasons, while the
means of vase life (day) in the dry system
gave higher records in the first season only.
However, wet storage system scored a slight
higher content of total soluble sugars than
the dry one. This may be due to that dry
storage controlled bacterial growth at the
bases of flowering stems and prevented the
xylem vessels from blockage, but the
opposite is the right in case of wet storage
that is needed only when the cut flowers are
held at wormer storage temperature, above
10 °C (Cevallos, 2001).

The previous gains are in accordance
with these detected by Jones et al. (1993) on
sunflower, Amiri et al. (2009) on gerbera cv.
"Pags", Mohammodi et al. (2011) on rose
cvs. Grand Prix and Avallanche and Khenizy
et al., (2014) on gypsophila cv. "perfecta". In
this connection, Mor et al. (1984) reported
that basal treatment of partially opened
flowers of Agapanthus orientalis cvs.
Haffmanns and Albidus with solutions
containing 10-20% sucrose and bactericide
improved bud opening, vase life and reduced
floret abscission. Abdel-Moniem et al.

Hence, in order to elongate the vase life
plus keeping quality of sunflower cv.
"Sunrich Orange" heads, it can be advise to
holding them either 50 g/l chelated-Ca
solution or in 30 g/l sucrose one.
The second experiment: Effect of storage
system, temperature, period and their
interactions
on
some
postharvest
parameters of H. annuus L. cv. Sunrich
Orange flower heads:

It was also noticed that storage
temperature at 0 °C raised the means of
water uptake (g/flower head) and vase life
(day) more than storage at 5 °C in the two
seasons, while storage at 5 °C caused only a
higher increment in flower head diameter
(cm) than 0 °C storage temperature in both
seasons. The percent of change in flower
head fresh weight was unsteady, as it was
better in the first season by storage at 0 °C
temperatures, but in the second one, that was
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Table 2. Effect of storage system, temperature, period and their interactions on water
uptake and the change in fresh weight of Helianthus annuus L. cv. Sunrich
Orange flower heads during 2012 and 2013 seasons.
Water uptake
The change in flower
(g/flower head)
head f.w. (%)
Storage period
Storage period
Mean
Mean A x B
AxB
5 days
7 days
5 days
7 days
First season: 2012
184.6bc
151.9e
168.3B
2.41f
5.77e
4.09C
0 °C
Wet
130.6f
179.5c
155.1C
10.09a
9.25b
9.68A
5 °C
157.6D
165.7A
6.26B
7.41A
Mean A x C
191.0b
284.2a
237.6A
8.05c
7.11d
7.58B
0 °C
Dry
165.9d
162.7d
164.3B
7.21d
7.51cd
7.36B
5 °C
178.4B
223.4A
7.63A
7.31A
Mean A x C
168.0B
194.6A
6.94B
7.41A
Mean ( C )
Mean (A)
Mean (A)
202.9A
159.7B
5.84B
8.52A
Mean (B)
187.8B
218..0A
161.7B
5.23C
6.44B
6.88B
Mean B x C
148.2D
171.1C
200.9A
8.66A
8.38A
7.47A
Second season: 2013
183.5bc
149.7e
166.6B
2.07f
5.40e
3.73D
0 °C
Wet
128.8f
177.8c
153.3C
9.72a
8.64b
9.18A
5 °C
156.2D
163.7C
5.90C
7.02A
Mean A x C
185.2b
244.6a
214.9A
7.15c
6.37d
6.76B
0 °C
Dry
151.3e
161.1d
156.2C
5.39e
6.36d
5.87C
5 °C
168.3B
202.9A
6.27B
6.36B
Mean A x C
162.2B
183.3A
6.08B
6.69A
Mean ( C )
Mean (A)
Mean (A)
190.8A
154.8B
8.25B
7.53A
Mean (B)
184.4B
194.2A
160.0B
4.61C
5.88B
6.46A
Mean B x C
140.1D
169.5C
185.5A
7.55A
7.50A
6.32A
Means followed by the same letter in a column do not differ significantly according to Duncan's New
Multiple Range t-test at P = 0.05.
Storage
system

Storage
temperature

achieved by storage at 5 °C temperature. The
percent of total soluble sugars in the petals,
however was unaffected by either of the used
storage temperature, as both 0 and 5 °C
temperatures gave content closely near
together. Hence, storage at 0 °C according to
these results may be to some extent better
than storage at 5 °C.
This may be attributed to that storage at
0 °C reduces the flower respiration and
internal breakdown of tissues by enzymes to
the minimal level (Cevallos and Reid, 2000).
In this regard, Reid (2001) pointed out that
Narcissus flowers stored at 0 °C showed no
effect of storage, whereas those stored at
higher temperatures (up to 10 °C) showed

progressively increased negatively geotropic
bending. Further, Celikel and Reid (2002)
indicated that maintaining temperatures close
to the freezing point during commercial
handling and transport of gerbera and
sunflower is very important for maximum
vase life. Analogous observations were also
revealed by Cevallos (2001) on carnation,
daffodils, iris, chrysauthemum, narcissus,
rose and tulip, as well as Reid (2001) who
stated that the proper handling temperature
for flowers other than tropical is close to
freezing point, 0 °C (32 °F).
In relation to the effect of storage period,
data in Tables (2, 3 and 4) exhibit that
storage for 7 days scored better results
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Table 3. Effect of storage system, temperature, period and their interactions on
diameter and vase life of Helianthus annuus L. cv. Sunrich Orange Flower
heads during 2012 and 2013 seasons.
Flower head diameter (cm)
Vase life (day)
Storage period
Mean
Storage period
Mean
5 days
7 days
AxB
5 days
7 days
AxB
First season: 2012
9.17e
8.50g
8.83D
6.00a
5.00b
5.50B
0 °C
Wet
8.20h
12.30b
10.25B
4.00c
4.00c
4.00C
5 °C
8.68D
10.0B
5.00B
4.50C
Mean A x C
9.00f
10.10c
9.55C
6.00a
6.00a
6.00A
0 °C
Dry
9.43d
14.00a
11.72A
3.00d
5.00b
4.00C
5 °C
9.22C
12.05A
4.50C
5.50A
Mean A x C
8.95B
11.23A
4.75B
5.00A
Mean ( C )
Mean (A)
Mean (A)
9.19B
10.98A
5.75A
4.00B
Mean (B)
9.08C
9.30B
9.54B
6.00A
5.50B
4.75B
Mean B x C
8.82D
13.15A
10.63A
3.50D
4.50C
5.00A
Second season: 2013
8.00g
9.00d
8.50D
5.00a
4.00b
4.50A
0 °C
Wet
8.10f
11.00b
9.55B
3.00c
4.00b
3.50C
5 °C
8.05D
10.00B
4.00B
4.00B
Mean A x C
8.50e
10.00c
9.25C
3.00c
5.00a
4.00B
0 °C
Dry
9.00d
13.00a
11.00A
3.00c
5.00a
4.00B
5 °C
8.75C
11.50A
3.00C
5.00A
Mean A x C
8.40B
10.75A
3.50B
4.50A
Mean ( C )
Mean (A)
Mean (A)
8.88B
10.28A
4.25A
3.75B
Mean (B)
8.25D
9.50B
9.03B
4.00B
4.50A
4.00A
Mean B x C
8.55C
12.00A
10.13A
3.00C
4.50A
4.00A
Means followed by the same letter in a column do not differ significantly according to Duncan's New
Multiple Range t-test at P = 0.05.
Storage
system

Storage
temperature

Table 4. Effect of storage system, temperature, period and their interactions on total
soluble sugar content in Helianthus annuus L. cv. Sunrich Orange ray florets
during 2013 season.
Storage
system

Storage
temperature
0 °C
Wet
5 °C
Mean A x C
0 °C
Dry
5 °C
Mean A x C
Mean ( C )
Mean (B)
Mean B x C

Storage period
5 days
0.89
0.89
0.89
0.84
0.85
0.85
0.87
0.87
0.87
0.87

7 days
0.93
0.90
0.92
0.80
0.86
0.83
0.87
0.88
0.87
0.88
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0.90
0.82
0.86

Mean (A)
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0.84
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than storage for 5 days giving higher values
for characters of water uptake (g/flower
head), flower head diameter (cm) and vase
life (day) in the two seasons. As for the total
soluble sugars content (%) in the petals
registered by the two storage periods, it was
equal. Improving postharvest parameters by
the longer cool storage period may be
ascribed to its influence on reducing the
respiration rate of flowers, moisture loss and
physical damage for longer period. This fact
was demonstrated by Hettiarachchi and
Balas (2004) whom discovered that flowers
of Gloriosa superba kept at 4 °C (wet
storage) for 7 days maintained a higher
chlorophyll yield than those for 3 days.
On the other hand, the effect of
interactions between the 3 studied factors
employed in such work on the various
postharvest measurements was fluctuated
(Tables 2, 3 and 4), as the dry storage at 0 °C
for 7 days gave the highest means of water
uptake (g/flower head) as vase life (day) over
the other interactions in the first and second
seasons, whereas the dry storage at 5 °C for
7 days recorded only the widest flower head
diameter (cm) in both seasons. However, the
wet storage at either 0 or 5 °C for 7 days
scored the highest content of total soluble
sugars (%), whilst the wet storage at 0 °C for
5 days achieved the highest percent of
change in flower head fresh weight relative
to the other interactions in both seasons.
These findings could be interpreted and
discussed as done before in case of
discussion of each factor individually.
Hence, from the aforementioned results,
it can be recommend storing the heads of
sunflower cv. "Sunrich Orange", dry at 0 °C
for 5 or 7 days for long-term transportation
without remarkable reduction in their vase
life and quality.
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ﺗﻘﻴﻴﻢ ﺗﺄﺛﻴﺮ ﻣﺤﺎﻟﻴﻞ ﺍﻟﺨﻔﻆ ﻭﻅﺮﻭﻑ ﺍﻟﺘﺨﺰﻳﻦ ﻋﻠﻰ ﻋﻤﺮ ﻧﻮﺭﺍﺕ ﺩﻭﺍﺭ ﺍﻟﺸﻤﺲ
ﻋﻼ ﻋﻮﺍﺩ ﺃﻣﻴﻦ
ﻗﺴﻢ ﺑﺤﻮﺙ ﺍﻟﺰﻳﻨﺔ ﻭﺗﻨﺴﻴﻖ ﺍﻟﺤﺪﺍﺋﻖ ،ﻣﻌﻬﺪ ﺑﺤﻮﺙ ﺍﻟﺒﺴﺎﺗﻴﻦ ،ﻣﺮﻛﺰ ﺍﻟﺒﺤﻮﺙ ﺍﻟﺰﺭﺍﻋﻴﺔ ،ﻣﺼﺮ.
ﺃﺟﺮﻳﺖ ﺗﺠﺮﺑﺘﻴﻦ ﻣﻨﻔﺼﻠﺘﻴﻦ ﺑﻤﻌﻤﻞ ﻣﻌﺎﻣﻼﺕ ﻣﺎ ﺑﻌﺪ ﺍﻟﻘﻄﻒ ،ﻗﺴﻢ ﺑﺤﻮﺙ ﺍﻟﺰﻳﻨﺔ ،ﻣﻌﻬﺪ ﺑﺤ�ﻮﺙ ﺍﻟﺒﺴ�ﺎﺗﻴﻦ ،ﺍﻟﺠﻴ�ﺰﺓ ،ﻣﺼ�ﺮ
ﺧ��ﻼﻝ ﻣﻮﺳ��ﻤﻲ  ۲۰۱۳ ،۲۰۱۲ﻟﺪﺭﺍﺳ��ﺔ ﺍﺳ��ﺘﺠﺎﺑﺔ ﺍﻟﻨ��ﻮﺭﺍﺕ )ﺃﻭ ﺍﻟ��ﺮﺅﻭﺱ( ﺍﻟﺰﻫﺮﻳ��ﺔ ﻟﻨﺒ��ﺎﺕ ﺩﻭﺍﺭ ﺍﻟﺸ��ﻤﺲ ) Helianthus
 (annuus L. cv Sunrich Orangeﺇﻣ��ﺎ ﻟ��ﺒﻌﺾ ﻣﺤﺎﻟﻴ�ﻞ ﺍﻟﺤﻔ��ﻆ ،،ﻭﻫ��ﻰ :ﺍﻟﻤ��ﺎء ﺍﻟﻤﻘﻄ�ﺮ )ﻛﻤﻘﺎﺭﻧ��ﺔ( ،ﻣﺤﻠ��ﻮﻝ ﺍﻟﺴ��ﻜﺮﻭﺯ
ﺑﺘﺮﻛﻴ��ﺰﺍﺕ  ۳۰ ،۲۰ ،۱۰ﺟﻢ/ﻟﺘ��ﺮ ،ﻣﺤﻠ��ﻮﻝ ﺍﻟﺠﻠﻮﻛ��ﻮﺯ ﺑﺘﺮﻛﻴ��ﺰﺍﺕ  ۱٥ ،۸ ،۳ﺟﻢ/ﻟﺘ��ﺮ ،ﻣﺤﻠ��ﻮﻝ ﺍﻟﻜﺎﻟﺴ��ﻴﻮﻡ ﺍﻟﻤﺨﻠﺒ��ﻰ ﺑﺘﺮﻛﻴ��ﺰﺍﺕ
 ٥۰ ،۳۰ ،۲۰ﺟﻢ/ﻟﺘﺮ ﻭﺍﻟﺠﻠﻴﺴﺮﻭﻝ ﺑﺘﺮﻛﻴﺰﺍﺕ  ٥۰ ،۲۰ﺟﻢ/ﻟﺘﺮ ﻭﺫﻟﻚ ﻓﻰ ﺍﻟﺘﺠﺮﺑﺔ ﺍﻷﻭﻟﻰ  ...ﺃﻭ ﺩﺭﺍﺳﺔ ﺍﺳﺘﺠﺎﺑﺘﻬﺎ ﻷﻫ�ﻢ ﺛﻼﺛ�ﺔ
ﻋﻮﺍﻣﻞ ﺃﺳﺎﺳﻴﺔ ﻋﻨﺪ ﺍﻟﺸﺤﻦ ﻟﻤﺴﺎﻓﺎﺕ ﺑﻌﻴﺪﺓ ،ﻭﻫﻰ :ﻁﺮﻳﻘﺔ ﺍﻟﺘﺨﺰﻳﻦ )ﺭﻁﺐ ﺃﻭ ﺟﺎﻑ( ،ﺩﺭﺟﺔ ﺣﺮﺍﺭﺓ ﺍﻟﺘﺨﺰﻳﻦ ﺍﻟﺒ�ﺎﺭﺩ )ﺻ�ﻔﺮ ﺃﻭ
° ٥ﻡ( ﻭﻓﺘﺮﺓ ﺍﻟﺘﺨﺰﻳﻦ ) ٥ﺃﻭ  ۷ﺃﻳﺎﻡ( ﻭﺫﻟﻚ ﻓﻰ ﺍﻟﺘﺠﺮﺑﺔ ﺍﻟﺜﺎﻧﻴﺔ .ﻛﻤﺎ ﺗﻢ ﺩﺭﺍﺳﺔ ﺗ�ﺄﺛﻴﺮ ﺍﻟﺘﻔ�ﺎﻋﻼﺕ ﺍﻟﻤﺸ�ﺘﺮﻛﺔ ﺑ�ﻴﻦ ﺍﻟﻌﻮﺍﻣ�ﻞ ﺍﻟﺜﻼﺛ�ﺔ
ﺳﺎﻟﻔﺔ ﺍﻟﺬﻛﺮ ﻋﻠﻰ ﺍﻟﺼﻔﺎﺕ .ﻭﻟﻘﺪ ﺣﻔﻈﺖ ﺍﻟﺴﻴﻘﺎﻥ ﺍﻟﺰﻫﺮﻳﺔ ﺑﻌﺪ ﺍﻟﺘﺨﺰﻳﻦ ﺍﻟﺮﻁ�ﺐ ﻭﺍﻟﺠ�ﺎﻑ ﻓ�ﻰ ﻣﺨ�ﺎﺑﻴﺮ ﻣﺪﺭﺟ�ﺔ ﻣﻤﻠ�ﻮءﺓ ﺑﺤ�ﻮﺍﻟﻲ
 ۳٥۰ﻣﻞ ﻣﻦ ﺍﻟﻤﺎء ﺍﻟﻤﻘﻄﺮ ﺗﺤﺖ ﻅﺮﻭﻑ ﺣﺮﺍﺭﺓ ﺍﻟﻐﺮﻓﺔ ﺍﻟﻌﺎﺩﻳﺔ ﺣﺘﻰ ﻧﻬﺎﻳﺔ ﻓﺘﺮﺓ ﺍﻟﺤﻴﺎﺓ.
ً
ﺃﻭﺿﺤﺖ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ ﻓﻰ ﺍﻟﺘﺠﺮﺑﺔ ﺍﻷﻭﻟ�ﻰ ﺃﻥ ﺟﻤﻴ�ﻊ ﻣﺤﺎﻟﻴ�ﻞ ﺍﻟﺤﻔ�ﻆ ﻣﻮﺿ�ﻊ ﺍﻟﺪﺭﺍﺳ�ﺔ ﻗ�ﺪ ﺃﺣ�ﺪﺛﺖ ﺗﺤﺴ�ﻨﺎ ﻓ�ﻲ
ﺟﻤﻴﻊ ﺍﻟﺼﻔﺎﺕ ﺍﻟﻤﻘﺎﺳﺔ )ﻭﻫﻰ ﻛﻤﻴﺔ ﺍﻟﻤﺎء ﺍﻟﻤﻤﺘﺺ ،ﺍﻟﻨﺴﺒﺔ ﺍﻟﻤﺌﻮﻳﺔ ﻟﻠﺘﻐﻴﺮ ﻓﻰ ﺍﻟﻮﺯﻥ ﺍﻟﻄﺎﺯﺝ ﻟﻠ�ﺮﺅﻭﺱ ﺍﻟﺰﻫﺮﻳ�ﺔ ،ﻗﻄ�ﺮ ﺍﻟ�ﺮﺃﺱ
ﺍﻟﺰﻫﺮﻳ��ﺔ ،ﻋﻤ��ﺮ ﺍﻟ��ﺮﺃﺱ ﺍﻟﺰﻫﺮﻳ��ﺔ ﻓ��ﻰ ﺍﻟﻔ��ﺎﺯﺓ ﻭﻣﺤﺘ��ﻮﻯ ﺍﻟﺒ��ﺘﻼﺕ ﻣ��ﻦ ﺍﻟﺴ��ﻜﺮﻳﺎﺕ ﺍﻟﻜﻠﻴ��ﺔ ﺍﻟﺬﺍﺋﺒ��ﺔ( ﻭﺑﻔ��ﺮﻭﻕ ﻣﻌﻨﻮﻳ��ﺔ ﻣﺘﺒﺎﻳﻨ��ﺔ ﻋﻨ��ﺪ
ﻣﻘﺎﺭﻧﺘﻬﺎ ﺑﻤﺘﻮﺳﻄﺎﺕ ﺍﻟﻜﻨﺘﺮﻭﻝ ﻓﻰ ﻛﻼ ﺍﻟﻤﻮﺳﻤﻴﻦ .ﺇﻻ ﺃﻥ ﺍﻟﺴﻴﺎﺩﺓ ﻭﺍﻟﺘﻔﻮﻕ ﻛﺎﻧﺖ ﻟﻤﻌﺎﻣﻠﺔ ﺍﻟﺤﻔ�ﻆ ﻓ�ﻰ ﻣﺤﻠ�ﻮﻝ ﺍﻟﻜﺎﻟﺴ�ﻴﻮﻡ ﺍﻟﻤﺨﻠﺒ�ﻲ
ﺑﺘﺮﻛﻴﺰ  ٥۰ﺟﻢ/ﻟﺘﺮ ﻭﺍﻟﺘﻲ ﺃﻋﻄﺖ ﺃﻋﻠﻰ ﺍﻟﻘﻴﻢ ﻋﻠﻰ ﺍﻷﻁﻼﻕ ﻓ�ﻰ ﻣﻌﻈ�ﻢ ﺍﻟﺼ�ﻔﺎﺕ ﺍﻟﻤ�ﺬﻛﻮﺭﺓ ﺁﻧﻔ�ﺎ ً ﻣﻘﺎﺭﻧ�ﺔ ﺑﺎﻟﻤﺤﺎﻟﻴ�ﻞ ﺍﻷﺧ�ﺮﻯ ﻓ�ﻰ
ﻛ��ﻼ ﺍﻟﻤﻮﺳ��ﻤﻴﻦ .ﺃﻣ��ﺎ ﺍﻟﻤﺮﺗﺒ��ﺔ ﺍﻟﺜﺎﻧﻴ��ﺔ ،ﻓﻘ��ﺪ ﺃﺣﺘﻠﺘﻬ��ﺎ ﻣﻌﺎﻣﻠ��ﺔ ﺍﻟﺤﻔ��ﻆ ﻓ��ﻰ ﻣﺤﻠ��ﻮﻝ ﺍﻟﺴ��ﻜﺮﻭﺯ ﺑﺘﺮﻛﻴ��ﺰ  ۳۰ﺟﻢ/ﻟﺘ��ﺮ ﻭﺍﻟﺘ��ﻰ ﺣﺴ��ﻨﺖ
ﻣﺘﻮﺳﻄﺎﺕ ﺑﻌﺾ ﺍﻟﺼﻔﺎﺕ ﺍﻟﻤﻘﺎﺳﺔ ﺇﻟﻰ ﻗﻴﻢ ﻗﺮﻳﺒﺔ ﺟﺪﺍً ﻣﻦ ﺍﻟﻘﻴﻢ ﺍﻟﺘﻰ ﺣﻘﻘﺘﻬﺎ ﺍﻟﻤﻌﺎﻣﻠﺔ ﺍﻟﻤﺘﻔﻮﻗﺔ .ﻭﻋﻠﻴ�ﻪ ،ﻋﻨ�ﺪﻣﺎ ﻳ�ﺮﺍﺩ ﺇﻁﺎﻟ�ﺔ ﻋﻤ�ﺮ
ﺍﻟﻨﻮﺭﺍﺕ ﺍﻟﺰﻫﺮﻳﺔ ﻟﺪﻭﺍﺭ ﺍﻟﺸﻤﺲ )ﺻﻨﻒ  (Sunrich Orangeﻭﺍﻟﺤﻔﺎﻅ ﻋﻠﻰ ﺟﻮﺩﺗﻬﺎ ﺧﻼﻝ ﻭﺟﻮﺩﻫﺎ ﻓ�ﻰ ﺍﻟﻔ�ﺎﺯﺓ ،ﻓﺈﻧ�ﻪ ﻳﻮﺻ�ﻰ
ﺑﻐﻤﺴﻬﺎ ﺇﻣﺎ ﻓﻰ ﻣﺤﻠﻮﻝ ﻛﺎﻟﺴﻴﻮﻡ ﻣﺨﻠﺒﻰ ) ٥۰ﺟﻢ/ﻟﺘﺮ( ﺃﻭ ﻣﺤﻠﻮﻝ ﺳﻜﺮﻭﺯ ) ۳۰ﺟﻢ/ﻟﺘﺮ(.
ﻓﻰ ﺍﻟﺘﺠﺮﺑﺔ ﺍﻟﺜﺎﻧﻴﺔ ،ﺃﻭﺿﺤﺖ ﺍﻟﻨﺘﺎﺋﺞ ﺃﻥ ﺍﻟﺘﺨﺰﻳﻦ ﺍﻟﺠﺎﻑ ﺣﻘﻖ ﻧﺘﺎﺋﺞ ﺃﻓﻀﻞ ﻣﻦ ﺍﻟﺘﺨﺰﻳﻦ ﺍﻟﺮﻁﺐ ﺧﺎﺻﺔ ﻓﻰ ﺻﻔﺘﻲ ﻛﻤﻴ�ﺔ
ﺍﻟﻤ��ﺎء ﺍﻟﻤﻤ��ﺘﺺ ﻭﻗﻄ��ﺮ ﺍﻟﻨ��ﻮﺭﺓ ﺍﻟﺰﻫﺮﻳ��ﺔ .ﻛﻤ��ﺎ ﺃﻥ ﻣﻌﺎﻣﻠ��ﺔ ﺍﻟﺘﺨ��ﺰﻳﻦ ﻋﻠ��ﻰ ﺩﺭﺟ��ﺔ ﺍﻟﺼ��ﻔﺮ ﺍﻟﻤﺌ��ﻮﻱ ﺃﺣ��ﺪﺛﺖ ﺯﻳ��ﺎﺩﺓ ﻭﺍﺿ��ﺤﺔ ﻓ��ﻰ
ﻣﺘﻮﺳﻄﺎﺕ ﻛﻤﻴﺔ ﺍﻟﻤﺎء ﺍﻟﻤﻤﺘﺺ ﻭﻋﻤﺮ ﺍﻟﻔﺎﺯﺓ ﻟﺘﻜﻮﻥ ﺃﻛﺒﺮ ﻣﻦ ﺗﻠﻚ ﺍﻟﺘﻰ ﺣﻘﻘﺘﻬﺎ ﻣﻌﺎﻣﻠﺔ ﺍﻟﺘﺨﺰﻳﻦ ﻋﻠ�ﻰ ﺩﺭﺟ�ﺔ ° ٥ﻡ ﺑﻴﻨﻤ�ﺎ ﺍﺣ�ﺪﺙ
ﺍﻟﺘﺨﺰﻳﻦ ﻋﻠﻰ ﺩﺭﺟﻪ º ٥ﻡ ﺗﺤﺴﻨﺎ ً ﺃﻓﻀﻞ ﻓﻰ ﻗﻄﺮ ﺍﻟﻨﻮﺭﺓ ﺍﻟﺰﻫﺮﻳﺔ ﻓﻘﻂ .ﻭﺑﺼﻔﺔ ﻋﺎﻣﺔ ،ﺳﺠﻞ ﺍﻟﺘﺨﺰﻳﻦ ﻟﻤﺪﺓ ) ۷ﺍﻳ�ﺎﻡ( ﻣﺘﻮﺳ�ﻄﺎﺕ
ﺃﻋﻠ��ﻰ ﻓﻴﻤ��ﺎ ﻳﺘﻌﻠ��ﻖ ﺑﻜﻤﻴ��ﺔ ﺍﻟﻤ��ﺎء ﺍﻟﻤﻤ��ﺘﺺ ،ﺍﻟﻨﺴ��ﺒﺔ ﺍﻟﻤﺌﻮﻳ��ﺔ ﻟﻠﺘﻐﻴ��ﺮ ﻓ��ﻰ ﺍﻟ��ﻮﺯﻥ ﺍﻟﺮﻁ��ﺐ ﻟﻠﻨ��ﻮﺭﺓ ﺍﻟﺰﻫﺮﻳ��ﺔ ،ﻗﻄ��ﺮ ﺍﻟﻨ��ﻮﺭﺓ ﺍﻟﺰﻫﺮﻳ��ﺔ
ﻭﻋﻤﺮﻫﺎ ﻓﻰ ﺍﻟﻔﺎﺯﺓ ﻋﻨﺪ ﺍﻟﺘﺨﺰﻳﻦ ﻟﻤﺪﺓ ) ٥ﺃﻳﺎﻡ( ﻓﻰ ﻛﻼ ﺍﻟﻤﻮﺳﻤﻴﻦ .ﺃﻣﺎ ﺑﺎﻟﻨﺴ�ﺒﺔ ﻟﻤﺤﺘ�ﻮﻯ ﺍﻟﺒ�ﺘﻼﺕ ﻣ�ﻦ ﺍﻟﺴ�ﻜﺮﻳﺎﺕ ﺍﻟﻜﻠﻴ�ﺔ ﺍﻟﺬﺍﺋﺒ�ﺔ،
ﻓﺈﻧﻪ ﻟﻢ ﻳﺘ�ﺄﺛﺮ ﺑﺸ�ﻜﻞ ﻣﻠﺤ�ﻮﻅ ﺑﻄﺮﻳﻘ�ﺔ ﺃﻭ ﺣ�ﺮﺍﺭﺓ ﺃﻭ ﻓﺘ�ﺮﺓ ﺍﻟﺘﺨ�ﺰﻳﻦ ﻣ�ﻊ ﺑﻌ�ﺾ ﺍﻻﺳ�ﺘﺜﻨﺎءﺍﺕ ﺍﻟﺒﺴ�ﻴﻄﺔ ﻓ�ﻰ ﻛ�ﻼ ﺍﻟﻤﻮﺳ�ﻤﻴﻦ .ﻋﻠ�ﻰ
ﺍﻟﺠﺎﻧﺐ ﺍﻷﺧﺮ ،ﻓﺈﻥ ﺗﺄﺛﻴﺮ ﺍﻟﻤﻌﺎﻣﻼﺕ ﺍﻟﻤﺸﺘﺮﻛﺔ ﻋﻠﻰ ﺍﻟﺼﻔﺎﺕ ﺍﻟﻤﺬﻛﻮﺭﺓ ﺳﺎﺑﻘﺎً ﻛﺎﻥ ﻣﺘﻘﻠﺒﺎً ،ﺣﻴﺚ ﺳﺠﻠﺖ ﻣﻌﺎﻣﻠﺔ ﺍﻟﺘﺨﺰﻳﻦ ﺍﻟﺠ�ﺎﻑ
ﻋﻠﻰ ﺩﺭﺟﺔ ﺍﻟﺼﻔﺮ ﺍﻟﻤﺌﻮﻯ ﻟﻤﺪﺓ  ۷ﺍﻳﺎﻡ ﺍﻋﻠﻰ ﻣﺘﻮﺳﻄﺎﺕ ﻓﻰ ﻛﻤﻴﺔ ﺍﻟﻤ�ﺎء ﺍﻟﻤﻤ�ﺘﺺ ﻭﻋﻤ�ﺮ ﺍﻟﻔ�ﺎﺯﺓ ﺑﻴﻨﻤ�ﺎ ﺳ�ﺠﻠﺖ ﻣﻌﺎﻣﻠ�ﺔ ﺍﻟﺘﺨ�ﺰﻳﻦ
ﺍﻟﺠﺎﻑ )° ٥ﻡ( ﻟﻤﺪﺓ ) ۷ﺃﻳﺎﻡ( ﺃﻛﺒﺮ ﻗﻄﺮ ﻟﻠﻨﻮﺭﺓ ﺍﻟﺰﻫﺮﻳﺔ ﻓﻘﻂ .ﺃﻣﺎ ﺍﻟﺘﺨﺰﻳﻦ ﺍﻟﺮﻁﺐ ﻋﻠ�ﻰ ﺩﺭﺟ�ﺔ ﺍﻟﺼ�ﻔﺮ ﺍﻟﻤﺌ�ﻮﻱ ﺃﻭ ° ٥ﻡ ﻟﻤ�ﺪﺓ
)۷ﺃﻳﺎﻡ( ﻓﻘﺪ ﺃﺣﺮﺯ ﺃﻋﻠﻰ ﻣﺤﺘﻮﻯ ﻟﻠﺴﻜﺮﻳﺎﺕ ﺍﻟﻜﻠﻴﺔ ﺍﻟﺬﺍﺋﺒﺔ ﻓﻰ ﺍﻟﺒﺘﻼﺕ ،ﺑﻴﻨﻤﺎ ﺳﺠﻞ ﺍﻟﺘﺨﺰﻳﻦ ﺍﻟﺮﻁﺐ ﻋﻠﻰ ﺩﺭﺟﺔ )ﺻﻔﺮ °ﻡ( ﻟﻤﺪﺓ
) ٥ﺃﻳﺎﻡ( ﺃﻋﻠﻰ ﻧﺴﺒﺔ ﻣﺌﻮﻳﺔ ﻟﻠﺘﻐﻴﺮ ﻓﻰ ﺍﻟﻮﺯﻥ ﺍﻟﺮﻁﺐ ﻟﻠﻨﻮﺭﺓ ﺍﻟﺰﻫﺮﻳﺔ.
ﻭﻋﻠﻴ��ﻪ ،ﻳﻤﻜ��ﻦ ﻁﺒﻘً��ﺎ ﻟﻬ��ﺬﻩ ﺍﻟﻨﺘ��ﺎﺋﺞ ﺍﻟﻨﺼ��ﺢ ﺑﺘﺨ��ﺰﻳﻦ ﻧ��ﻮﺭﺍﺕ ﺩﻭﺍﺭ ﺍﻟﺸ��ﻤﺲ )ﺻ��ﻨﻒ  (Sunrich Orangeﺣﺪﻳﺜ��ﺔ ﺍﻟﻘﻄ��ﻒ
ﺗﺨﺰﻳﻨﺎ ً ﺟﺎﻓﺎ ً ﻋﻠﻰ ﺩﺭﺟﺔ ﺍﻟﺼﻔﺮ ﺍﻟﻤﺌﻮﻱ ﻟﻤﺪﺓ ) ٥ﺃﻭ  ۷ﺃﻳﺎﻡ( ﻋﻨﺪ ﺍﻟﺸﺤﻦ ﻟﻤﺴﺎﻓﺎﺕ ﺑﻌﻴﺪﺓ ﺩﻭﻥ ﺃﻥ ﻳﺤﺪﺙ ﺇﻧﺨﻔﺎ ﺿﺎً ﻣﻠﺤﻮﻅ ﻓ�ﻰ
ﺟﻮﺩﺗﻬﺎ ﺃﻭ ﻋﻤﺮﻫﺎ ﻓﻰ ﺍﻟﻔﺎﺯﺓ ﺑﻌﺪ ﺫﻟﻚ.
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