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ABSTRACT: Two experiments were consummated in a saran’s
greenhouse at the Ornamental Nursery and the Ornamental Laboratory
of Fac. Agric., Zagazig Univ., Egypt to study the effect of two factors
(NPK fertilization at different rates of 0, 1.5, 3.0 and 4.5 g/l (pre-
harvest) and some pulsing solutions i.e. distilled water (D.W.) for 16 h,
sucrose (S) at 20% for 16 h, S (20%) for 16 h + silver thiosulfate (STS)
at 1:4 mM for 18 min and S (20%) + 8-hydroxyquinoline sulfate (8-
HQS) at 200 ppm for 16 h) to enhance sunflower (Helianthus annuus
L.) cv. Sun Rich Orange growth and keeping quality of cut flowers
after harvesting during 2019 and 2020 summer seasons. Also, the
interactions between these two factors were assessed. Using any NPK
fertilizer rate significantly enhanced plant height, total fresh and dry
weights of plant and flower diameter as well as total chlorophyll
content in the leaves, total carbohydrates percentage in leaves and
anthocyanin content in flower petals of sunflower compared to control.
Moreover, the rate of 3 g/l of NPK gave the highest values of water
uptake and water balance in comparison with the other rates. The
longevity of the cut flower was gradually increased with increasing
NPK fertilizer rate up to 3 g/l then it decreased. Using S + STS or S +
8-HQS as a pulsing solution recorded the highest values in water
uptake and water balance at 2, 4 and 6 days of shelf life periods of cut
flower as well as increased longevity and fresh weight change (%) of
cut sunflower compared to the other ones under study. In general, the
interaction between S + STS or S + 8-HQS and 3 g/l of NPK gave the
highest values of water balance and longevity compared to the other
interaction treatments. It could be concluded that S + STS as well as S
+ 8-HQS, showed a uniform influence in keeping quality of sunflower
cut flowers under 3 g/l of NPK fertilizer with increasing longevity and
total sugars content in the flowers.
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growth,

INTRODUCTION

Sunflower plants can become oddly
large comparative to their container size,
especially when grown in a greenhouse and
can be complicated to hold adequately-
watered in the post-harvest climate (Whipker
and Dasoju, 1998). Cut flowers not only
prettify our circumference but also express
our emotions. Utilizing of cut flowers for

several social events viz. birthday parties,
weddings, visiting the patients and
decorating buildings have been utilized in
Egypt. Sunflower (Helianthus annuus L.)
has potential as a potted flowering plant due
to ease of propagation, short crop time,
attractive flowers but postharvest life is short
(Pallez et al., 2002). Sunflower is a serious
cut flower and can be used both for bedding
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or bordering through gardens and cut flower
purposes. Sunflower plant is a species
belonging to the Asteraceae family and is
described by a great ornamentally, as the
production of cut flowers (head flowers)
varying in the various cultivars by color of
the flower, from cream to yellow as far as
heavy brown and various flower size
(Devecchi, 2005).

Post-harvest life of various cut flowers
is affected by pre-harvest factors like
fertilization, irrigation and some growth
regulators, which can be determined as water
uptake, water loss and water balance as well
as sugars level of flowers; harvest factors
including time and stage of harvest and post-
harvest factors viz. pre-cooling, pulsing
solutions, preservatives, packaging and
storage (De et al., 2015). Using NPK
fertilization rates as well as using nutrient
management at the appropriate rate
significantly increased the yield of flowers
(Gurav et al., 2004; Singh and Jauhari,
2005). In addition, Elbohy (2017) pointed
out that the maximum values of sunflower
growth traits and flower characters were
achieved by treating plants with nitrogen +
potassium fertilization rates at 5 g/pot. Also,
Neima et al. (2020) indicated that
fertilization rate of 1 or 1.5 g/l significantly
improved the flower yield and enhanced
quality of rose flower.

Moreover, pulsing solutions seemed to
prolong cut flower vase life. In this
connection, some chemical preservatives, i.e.
sucrose, silver thiosulphate, 8-hydroxy
quinoline sulfate as pulsing solutions were
utilized in prolonging flowers vase life.
Moreover, sucrose decreases ethylene
production and improves bud opening and
inhibits senescence of flowers through
enhancing sugars content (Ichimura and
Hisamatsu, 1999). However, silver
thiosulphate was extremely operative as an
inhibitor to ethylene realization and action
and a bactericide (Nowak and Rudnicki,
1990). However, the treatment of silver
thiosulphate + S + 8-HQS recorded a
significant increase in gerbera cut flowers
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vase life and water balance compared to
control (Helaly, 2019). Furthermore, pulsing
solution treatments of (sucrose + silver
thiosulphate) increased the longevity and
decreased fresh weight loss of Lilium
pumilum cut flowers compared to non-
treated as a control (Krause et al., 2021).

The main objective of the current study
was to investigate the effect of pre-harvest
treatments (NPK fertilizer rate) on growth
and flowering as well as post-harvest
treatments (pulsing solutions) for keeping
quality of sunflower cv. Sun Rich Orange cut
flowers.

MATERIALS AND METHODS

This study was carried out at a black net
house (saran’s greenhouse) of Ornamental
Nursery, Faculty of Agriculture, Zagazig
University, Egypt, during two consecutive
seasons of 2019 and 2020.

Plant materials and cultivation:

Sunflower seeds of cv. Sun Rich Orange
were obtained from the Ornamental Nursery,
Fac. Agric., Zagazig Univ., Egypt and were
sown in 30-cm-pots filled with 12 kg of
mixture medium of clay + sand (1:1, v:v) on
April 10" and 16" during the 1% and 2"
seasons, respectively. The physical and
chemical analyses of the utilized medium
mixture (average of the two seasons) are
shown in Table (1) according to Chapman
and Pratt (1978).

The present study had two main factors
as follows:

1. NPK fertilizer rate as a pre-harvest
treatments:

Four NPK fertilizer rates (0.0, 1.5, 3.0
and 4.5 g/l) as powder commercially known
as Agro Kristalon Plus, which consists of the
following minerals: N (19%), P20s (19%),
K20 (19%), Magnesium (1%) and Sulphur
(3.7%) was obtained from Agro Egypt
International Company (AEIC). The
different NPK rates were applied to pots as
soil application every two weeks (starting
after 25 days from the sowing date) during
the two growing seasons (2019 and 2020).
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Table 1. Physical and chemical analyses of experimental growing mixture media
(average of two seasons).

Physical analysis

Clay (%) Silt (%) Sand (%) Soil texture
21.37 7.83 70.80 Sandy
Chemical analysis
E.C. Soluble cations (mmol/l) Soluble anions (mmol/I) Available (ppm)

Time H . N -
PR @) " Mmg™ Na° zn” Moo o HCOs sof N P K

Before sowing 7.82 059 181 097 032 109 129 303 113 083 117 54 58

2. Pulsing solution as a post-harvest solution. The combination treatments
treatments: between NPK fertilizer rate and pulsing

The sunflower flowers were harvested solutions consisted of 16 treatments.

when the ray florets were completely opened  Experimental design:
and placed in the refrigerator at 4 °C for 3 h
as a pre-cooling treatment. Immediately the
end of flower stems was recut to 80 cm with
keeping 3-4 leaves and removing the upper
leaves. The cut sunflowers were kept at a
temperature of 22-25 °C and 64-72% relative
humidity, light was about 520 lux for Data recorded:
imposing the pulsing treatments. Distilled
water (D.W.), sucrose (S) at 20%, S + silver
thiosulfate (STS) and S + 8-hydroxy-

quinoline sulfate (8-HQS) as post-harvest After 70 days from the sowing date, the
treatments were used. following parameters were recorded: plant

height (cm), total fresh weights/plant (g), dry
weights /plant (g) and flower diameter (cm).

The sixteen treatments were arranged in
a factorial design with three replicates, where
NPK fertilizer rate treatments were utilized
as factor A, while pulsing solutions were
randomly used as factor B.

Pre- harvest characters:
1. Growth parameters:

Two flowers were placed in a glass jar of
1000 ml capacity and covered with . )
impermeable plastic and a plastic tie. All 2. Chemical constituents:

flowers were divided into equal and similar After 50 days from sowing, total
four groups which were treated with various  chlorophyll content (SPAD unit) was
chemical solutions as follows: determined in sunflower fresh leaves by

1. The first group was pulsed in distilled Using SPAD-502 meter (Markwell er al,
water (D.W) for 16 hours (control 1995). Also, total carbohydrates percentage

treatment). in the dried leaves was determined according
2. The second group was pulsed in sucrose at  t0 the method described by Dub_OIS et al.
20% [S (20%)] for 16 hours. (1956). Moreover, at the harvesting stage,

3. The third group was placed in sucrose at sunflower pe.:tals were dried at 65 OC till a
20% [S (20%)] for 16 hours + silver constant weight and anthocyanin plgmgnt
thiosulfate (STS) (1:4 mM) for 18 content (mg/100 g) was assessed according
minutes. to Francis (2000).

4. The fourth group was pulsed in sucrose at  Post-harvest characters:

20% + 8-hydroxyquinoline sulfate (8- 1. Water relations:

HQS) at 200 for 16 hours.
QS) a ppm for ours = Water uptake (g/flower) was determined

The combination treatments between after 2, 4 and 6 days from the treatment.

NPK fertilizer and pulsing solution:
P 5 = Water loss (g/flower) was calculated as the

Each treatment of NPK fertilizer rate difference between the beginning fresh
was combined with each treatment of pulsing weight of cut flower plus the beginning
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weight of the solution and fresh weight of
cut flowers besides the weight of solution
after 2, 4 and 6 days from the treatments.

Water balance (g/flower) was calculated as
the difference between water uptake and
water loss after 2, 4 and 6 days from the
treatment.

2. The longevity of sunflower cut flowers
(days):
was determined when the number of

wilted flowers reached 75% of the total
number of flowers.

3. Flower weight change (%):

Was determined by the following
equation:
Flower weight at 2, 4 or
Flower weight 6 dagiggcslh(egl)f life
0, =
change (%) Flower weight at 0 day <100
of shelf life period (g)
4. Sugars contents (mg/g dry weight):
Reducing and non-reducing sugars

contents then total sugars (reducing + non-
reducing sugars) were calculated according
to Smith et al. (1956).

Statistical analysis:

The complete randomized block design
(CRBD) in factorial design was utilized in
this experiment with three replicates. The
obtained data were statistically analyzed and
the means were compared utilizing the least
significant difference (L.S.D) at 5% level as
reported by Gomez and Gomez (1984). The
means were compared utilizing the computer
program of Statistix version 9 (Analytical
software, 2008).

RESULTS AND DISCUSSION

Effect of NPK fertilizer treatments (pre-
harvest treatment):

Data presented in Table (2) show that
using NPK fertilizer rates significantly
increased sunflower height, total fresh and
dry weights per plant as well as flower
diameter compared to control in both
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seasons. Increasing NPK fertilizer rates
gradually increased sunflower growth
parameters. Generally, the highest values in
this regard were obtained when sunflower
plants fertilized with the highest rate under
study in the two seasons. The increases in
total plant dry weight were 38.82 and
42.81% compared to control in the 1% and
2™ seasons, respectively. The increase in
sunflower growth due to the application of
complete fertilizer (NPK) might be attributed
to its importance to consist the amino acids
to form the protein which participates in cell
enlargement and cell division as explained
by Devlin (1975). It is well known that NPK
fertilizers could enhance plant growth due to
the role of nitrogen in nucleic acids and
protein synthesis and phosphorous as an
essential component of energy compounds
(ATP and ADP) and phosphor-protein as
well as the role of potassium as an activator
of many enzymes (Helgi and Rolfe, 2005).
Furthermore, fertilization allows the plant
roots to absorb an adequate quantity of the
applied nutrients to meet their necessary
nutritional requirements, actual for the
appropriate plant growth and flowering
throughout the growing stage (Elbohy, 2017
and Manimaran et al., 2017).

In addition, total chlorophyll content in
sunflower leaves which were determined as
SPAD units was significantly raised by using
NPK fertilizer rates when compared with the
control (Table, 2). In the same line, all rates
of NPK increased each of total carbohydrates
percentage in leaves and anthocyanin content
in flower petals compared to control in both
seasons.  Nitrogen,  phosphorus  and
potassium as main nutrients improved
sunflower chemical analyses because the
major roles of these elements might
contribute in the improving of plant growth
that reflected on chemical analyses.
Moreover, NPK fertilizer plays an important
role in a different physiological process of
the plant which was described by Lambers et
al. (2000). In the same trend, Treder (2005)
reported that NPK fertilized lilies plants
contained higher chlorophyll than that of
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Table 2. Effect of pre-harvest (NPK rates) on vegetative growth parameters as well as
some chemical constituents of sunflower (Helianthus annuus L.) plant during

2019 and 2020 seasons.

Plant growth parameters

fertili%llt,iljn rate  Plant height (cm) TOtj:eli)gli‘lltlt(gf;eSh To:iléi]g):latn(tg()iry Flowe;‘ctllliz)lmeter
g 2019 2020 2019 2020 2019 2020 2019 2020
Control 90.33 94.00 57.70 60.57 12.70 14.37 10.60 11.57
1.5 95.33 96.67 67.43 72.43 15.67 16.90 12.50 13.17
3.0 102.00 105.00 74.50 80.97 16.73 18.03 12.63 13.43
4.5 108.00 110.00 78.70 86.50 17.63 21.37 13.50 13.73
LSD at 5% 1.85 1.53 3.08 2.10 1.01 1.21 0.28 0.27
Chemical constituents
NPK Total chlorophyll content Total carbohydrates Anthocyanin content in
fertilization rate (SPAD) percentage in leaves flower petals (mg/100 g)
eh 2019 2020 2019 2020 2019 2020
Control 36.33 37.17 32.30 34.40 2.350 2.440
1.5 36.90 38.70 33.47 34.57 2.353 2.597
3.0 38.70 39.20 35.07 35.13 2.433 2.590
4.5 39.83 40.23 35.27 35.60 2.563 2.763
LSD at 5% 0.69 0.29 0.70 0.56 0.097 0.074

non-fertilized plants. Also, Bi et al. (2008)
pointed out that florist’s hydrangeas plants
treated with 210 and 280 mg/l N during the
first season had more leaf chlorophyll
content than the forcing in the second one.
These results are in harmony with the
previous researches which stated that the
growth promotion was gained through
adding NPK fertilizers. This was reflected in
enhancing plant growth and improving
flower size due to the rise of chemical
constituents of plants (Parveen et al., 2015
and Neima et al., 2020).

Effect of NPK fertilizer, pulsing solutions
and their combination treatments (post-
harvest treatment):

Water relations:

As shown in Table (3) the comparison
between NPK treatments indicated that there
was a significantly higher water uptake of
flowers (63.95, 40.98 and 33.40 g/flower in
the first season and 66.97, 42.45 and 31.53 in
the second one at 2, 4 and 6 days of shelf life
periods during both seasons, respectively) in
the treatment with NPK at 3 g/l fertilization
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(once/two weeks). It was also recorded that
the start plants (control) showed the
minimum value of water uptake in this
regard (24.43 and 23.82 g/flower at 6 days of
shelf life periods during both seasons,
respectively) compared to the other ones
under study. In most cases, the highest water
loss (g/flower) values were obtained for
sunflower plants grown without fertilization
(control) at 2, 4 and 6 days of shelf life
periods in both seasons. However, the lowest
values in this concern at any days of shelf
life periods were achieved with a 3 g/l NPK
fertilizer rate compared to the other rates in
both seasons (Table, 4). Water balance was
enhanced under any NPK fertilizer rates
(except at 2 days of shelf life period at the
first season only with 4.5 g/l NPK rate)
compared to control. The highest values of
water balance (29.30 and -6.51 g/flower as
well as 34.71 and -0.52 at 2 and 4 days of
shelf life periods during both seasons,
respectively) were recorded when sunflower
was fertilized with a 3 g/l rate in comparison
with the other rates under study (Table, 5).
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Table 3. Effect of pre-harvest (NPK rate) and postharvest pulsing solution treatments on
water uptake (g/flower) of sunflower (Helianthus annuus L.) cut flowers during
2019 and 2020 seasons.

NPK fertilization Puls.ing 2019 Shelf life period (days) 2020

rate (g/l) solutions 5 4 6 5 4 6
Control 58.74 37.15 24.43 60.89 34.71 23.82
1.5 54.32 40.43 28.40 61.30 35.10 30.13
3.0 63.95 40.98 33.40 66.97 42.45 31.53
4.5 58.98 37.32 32.05 58.59 4475 30.04
LSD at 5% 0.05 0.07 0.08 0.03 0.07 0.09
D.W. 47.58 29.60 23.05 51.15 32.18 24.10
S 58.79 37.53 26.43 61.43 36.22 27.65
S +STS 62.74 43.32 33.39 66.16 41.95 30.05
S + 8-HQS 66.89 45.43 35.41 69.01 46.68 33.71
LSD at 5% 0.05 0.06 0.06 0.05 0.03 0.05
D.W. 42.27 24.26 20.63 43.85 30.90 20.58
S 60.33 38.50 21.55 63.92 30.35 22.58

Control

S +STS 64.35 40.10 25.69 65.95 38.92 24.08
S + 8-HQS 68.02 45.75 29.87 69.83 38.68 28.02
D.W. 45.65 30.25 22.08 50.42 31.03 23.32
S 54.80 40.82 25.03 61.58 34.98 30.92
' S+ STS 56.42 45.17 30.55 68.32 35.05 32.77
S +8-HQS 60.43 45.48 35.95 64.88 39.35 33.50
D.W. 51.05 32.60 24.45 55.00 33.27 26.50
S 65.04 35.13 29.82 68.20 39.03 28.77
30 S+ STS 68.67 48.00 38.50 70.17 43.83 32.50
S + 8-HQS 71.05 48.17 40.83 74.50 53.67 38.33
D.W. 51.35 31.29 25.03 55.33 33.50 26.00
S 55.00 35.67 29.33 52.00 40.50 28.33
2 S+ STS 61.50 40.00 38.83 60.18 50.00 30.83
S + 8-HQS 68.07 42.33 35.00 66.83 55.00 35.00
LSD at 5% 0.09 0.13 0.13 0.09 0.08 0.13

* D.W.: distilled water as control, S: sucrose 20%, STS: silver thiosulfate and 8-HQS: 8-hydroxyquroline
sulfate.
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Table 4. Effect of pre-harvest (NPK rate) and postharvest pulsing solution treatments on
water loss (g/flower) of sunflower (Helianthus annuus 1.) cut flowers during
2019 and 2020 seasons.

NPK fertilization Puls.ing 2019 Shelf life period (days) 2020

rate (g/l) solutions ) 4 6 5 4 6
Control 37.03 56.93 49.33 39.23 51.40 44.88
1.5 36.07 51.76 46.54 36.02 47.90 46.17
3.0 34.65 47.49 43.77 32.26 42.97 39.90
4.5 37.53 50.07 50.66 33.55 48.36 37.31
LSD at 5% 0.06 0.10 0.03 0.16 0.08 0.27
D.W. 41.89 56.33 53.18 40.97 52.66 47.56
S 41.23 53.93 49.37 38.30 49.43 44.38
S +STS 28.14 46.06 42.09 28.44 41.05 35.69
S + 8-HQS 34.03 49.92 45.66 33.35 47.49 40.63
LSD at 5% 0.08 0.08 0.02 0.12 0.09 0.22
D.W. 41.74 60.33 60.80 45.52 59.27 50.09
S 42.00 60.03 49.15 42.48 55.55 50.03

Control

S +STS 29.00 52.13 40.05 31.85 40.22 38.42
S + 8-HQS 35.40 55.22 47.33 37.07 50.55 41.00
D.W. 42.92 57.00 51.03 40.73 55.45 48.98
S 40.93 55.60 50.57 38.70 45.62 47.95
' S +STS 27.48 45.77 40.42 28.91 40.70 40.67
S +8-HQS 32.97 48.65 44.13 35.73 49.82 47.08
D.W. 40.92 53.95 48.73 38.13 45.22 45.45
S 40.67 50.10 47.25 35.00 4591 40.28
30 S +STS 25.60 40.67 38.57 25.67 38.48 35.00
S + 8-HQS 31.42 45.22 40.53 30.25 42.25 38.88
D.W. 41.97 54.02 52.17 39.50 50.70 45.73
S 41.33 50.00 50.50 37.03 50.63 39.27
2 S +STS 30.50 45.67 49.33 27.33 44.78 28.68
S + 8-HQS 36.33 50.60 50.64 30.33 47.33 35.57
LSD at 5% 0.16 0.17 0.05 0.26 0.18 0.46

* D.W.: distilled water as control, S: sucrose 20%, STS: silver thiosulfate and 8-HQS: 8-hydroxyquroline
sulfate.
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Table 5. Effect of pre-harvest (NPK rate) and postharvest pulsing solution treatments on
water balance (g/flower) of sunflower (Helianthus annuus L.) cut flowers during
2019 and 2020 seasons.

NPK fertilization Puls.ing 2019 Shelf life period (days) 2020
rate (g/l) solutions 5 4 6 ) 4 6
Control 21.71 -19.78 -24.90 21.66 -16.69 -21.07
1.5 18.25 -11.33 -18.13 25.28 -12.80 -16.04
3.0 29.30 -6.51 -10.37 34.71 -0.52 -8.38
4.5 21.45 -12.75 -18.61 25.04 -3.61 -7.27
LSD at 5% 0.06 0.15 0.07 0.18 0.10 0.32
D.W. 5.69 -26.73 -30.14 10.18 -20.49 -23.46
S 18.33 -16.40 -22.93 23.12 -13.21 -16.73
S +STS 35.35 -2.74 -8.70 37.71 0.91 -5.65
S + 8-HQS 32.62 -4.49 -10.24 35.67 -0.81 -6.92
LSD at 5% 0.08 0.09 0.06 0.11 0.10 0.22
D.W. 0.53 -36.07 -40.17 -1.67 -28.37 -29.51
S 18.33 -21.53 -27.60 21.44 -25.20 -27.45
Control
S+ STS 35.35 -12.03 -14.36 34.10 - 1.30 -14.34
S + 8-HQS 32.62 -9.47 -17.46 32.76 -11.87 -12.98
D.W. 2.73 -26.75 -28.95 9.69 -24.42 -25.66
S 13.87 -14.78 -25.54 22.88 -10.64 -17.03
' S+ STS 28.94 -0.60 -9.87 39.41 -5.65 -7.90
S +8-HQS 27.46 -3.17 -8.18 29.15 -10.47 -13.58
D.W. 10.13 -21.35 -24.28 16.87 -11.95 -18.95
S 24.37 -14.97 -17.43 33.20 - 6.88 -11.51
39 S+ STS 43.07 7.33 -0.07 44.50 5.35 -2.50
S + 8-HQS 39.63 2.95 0.30 44.25 11.42 -0.55
D.W. 9.38 -22.73 -27.14 15.83 -17.20 -19.73
S 13.67 -14.33 -21.17 14.97 -10.13 -10.94
2 S+ STS 31.00 -5.67 -10.50 32.85 522 2.15
S + 8-HQS 31.74 -8.27 -15.64 36.50 7.67 -0.57
LSD at 5% 0.14 0.22 0.13 0.26 0.20 0.50

* D.W.: distilled water as control, S: sucrose 20%, STS: silver thiosulfate and 8-HQS: 8-hydroxyquroline
sulfate.

60



Scientific J. Flowers & Ornamental Plants, 9(1):53-67 (2022)

In general, using pulsing solutions
significantly increased water uptake of
sunflower cut flower compared to control
(distilled water). The best results in this
connection were obtained with S + 8-HQS at
2, 4 and 6 days of shelf life periods in 1 and
2" seasons compared to the other ones under
study (Table, 3). Using 8-HQS was an
effective factor as a participating agent for
enhancing water uptake through inhibiting
microorganisms blockage of cut flower
vessels, also utilization of sucrose as an
improving agent of water balance and
osmotic in addition to its role as needed
respiratory material for metabolic processes
took place which reflected on increasing of
flower longevity.

Furthermore, a comparison between the
pulsing solution treatments indicated that
there was a significantly higher water loss of
flowers (41.89, 56.18 and 53.18 as well as
40.97, 52.66 and 47.56 g/flower at 2, 4 and 6
days of shelf life periods during both
seasons, respectively) in the treatment of
distilled water (Table, 4). Also, the lower
values of water loss of cut flowers were
noticed in the treatments of S + STS as well
as S + 8-HQS as pulsing solutions, during
both seasons, respectively. The highest
values in water balance (35.35, -2.74 and
-8.70 as well as 37.71, 091 and -5.65 g/
flower, in the two seasons, respectively)
were recorded when the cut flower sunflower
pulsed with S + STS at 2, 4 and 6 days of
shelf life periods compared to the other ones
(Table, 5).

In general, there was a significantly
higher water uptake of sunflower cut flowers
(71.05, 48.17 and 40.83 g/flower as well as
74.50, 53.67 and 38.33 at 2, 4 and 6 days of
shelf life periods during both seasons,
respectively) in the treatment of 3 g/l NPK
fertilizer rate interacted with sucrose only as
well as S + 8-HQS compared to the other
interactions under study. It was also recorded
that fertilizing sunflower plants with 3 g/l
NPK combined with S + STS showed the
highest value in this regard compared to the
other ones (Table, 3). At the same time, the
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highest values of water loss of cut flowers
(41.74, 60.33 and 60.80 g/flower as well as
45.52, 59.27 and 50.09 at 2, 4 and 6 days of
shelf life periods during both seasons,
respectively) were noticed in the treatment of
distilled water pulsing solution without NPK
fertilization (Table, 4). The combination
between S + STS as well as S + 8-HQS and
3 g/l of NPK gave the highest values of
water balance (g/flower) compared to the
other combination treatments (Table, 5). In
this respect, Verma et al. (2007) on
Dendranthema grandiflora found that the
maximum amount of solution consumed was
noticed with the combined treatment of 0 g
N and 20 g K/m? in 2% sucrose in
interaction with 200 ppm 8-HQC, whereas,
the lowest values were noticed with the
interaction treatment of 60 g N and 0 g K/m?
treatment in distilled water (control).

Longevity and flower weight change (%):

Data in Table (6) show that the means of
longevity and flower weight change
percentages were significantly increased
with all NPK fertilizer rates to reach the
maximum values with the high rates (3.0 and
4.5 g/l) compared to control during the two
consecutive seasons. Also supplying plants
with the rates of 3.0 g/l NPK significantly
increased flower longevity (9.38 and 9.54
days) compared to control. In addition, the
highest flower weight change % values
(10.99 and 11.97, 10.24 and 12.09 as well as
4.66 and 1.48 % at 2, 4 and 6 days of shelf
life  periods during both  seasons,
respectively) were obtained with the same
NPK rate (3.0 g/l) compared to the other
ones under study. Chemical fertilization
treatments have also proved to enhance the
longevity of zinnia cut flowers, probably by
increasing the sap movement in the xylem by
enhancing plant growth (Abbasi et al.,
2004).

Data presented in Table (6) show that
longevity of Helianthus annuus L. cut
flowers recorded significant increases (10.83
and 11.13 days) as a result of exposing the
cut flowers to the pulsing solution containing
S + STS compared to the control treatment.
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Table 6. Effect of pre-harvest (NPK rate) and postharvest pulsing solution treatments on
flower weight change percentage and longevity (days) of sunflower (Helianthus
annuus L.) cut flowers during 2019 and 2020 seasons.

Flower weight change (%)

NPK  pulsing Shelf life period (days) Longevity
fertilization . (days)
solutions 2 4 6
rate (g/l)
2019 2020 2019 2020 2019 2020 2019 2020
Control 4.87 6.97 9.86 8.00 0.92 -2.37 7.88 8.29
1.5 8.37 10.09 9.98 10.32 2.52 0.79 8.46 8.83
3.0 10.99 11.97 10.24 12.09 4.66 1.48 9.38 9.54
4.5 11.10 11.78 10.61 12.11 4.19 1.40 9.08 9.38
LSD at 5% 1.09 0.99 N.S. 0.89 0.60 0.59 0.70 0.54
D.W. 5.73 7.50 8.28 8.10 1.17 -0.72 6.50 6.79
S 7.90 9.59 9.48 9.91 3.00 0.10 7.95 8.17
S +STS 10.53 11.74 10.92 12.24 4.65 1.05 10.83 11.13

S+8HQS 11.18 11.98 12.00 12.27 3.48 0.87 9.50 9.96

LSD at 5% 0.87 0.81 0.77 0.71 0.44 0.41 0.51 0.41
D.W. 3.69 6.45 6.65 7.29 -1.43 -4.11 6.00 6.33

S 4.50 6.46 9.02 7.30 0.60 -2.78 7.00 7.50

Control

S +STS 4.69 6.66 10.97 8.26 2.03 -1.49 10.00 10.33

S+8HQS 6.59 8.30 12.77 9.14 2.49 -1.09 8.50 9.00

D.W. 4.21 6.45 8.17 8.41 0.90 -0.28 6.33 6.50

S 7.97 9.40 10.91 9.97 1.82 0.56 8.00 8.33
s S +STS 10.58 12.16 10.07 11.78 4.08 1.62 10.50 11.00
S+8-HQS 10.77 12.36 10.77 11.11 3.28 1.42 9.00 9.50

D.W. 7.33 9.16 9.09 7.04 2.28 -0.68 7.00 7.33

S 8.60 10.34 8.18 11.30 4.87 1.37 8.50 8.5
30 S +STS 14.21 14.03 10.84 15.10 6.63 2.08 11.50 11.67
S+8-HQS 13.80 14.34 12.86 14.92 4.84 1.78 10.50 10.67

D.W. 7.67 7.95 9.21 9.64 2.94 0.85 6.76 7.00

S 10.54 12.14 9.83 11.09 4.71 1.26 8.33 8.33
. S+ STS 12.62 14.11 11.79 13.82 5.84 1.97 11.33 11.50
S+8-HQS 13.56 12.94 11.60 13.89 3.28 1.53 10.00 10.67

LSD at 5% 1.85 1.72 1.55 1.52 0.97 0.92 1.13 0.89

* D.W.: distilled water as control, S: sucrose 20%, STS: silver thiosulfate and 8-HQS: 8-hydroxyquroline
sulfate.
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However, placing cut flower bases in S +
STS as well as S + 8-HQS significantly
increased the flower weight percentage
(10.92 and 12.24 as well as 12.00 and
12.27%, respectively) at 4 days of shelf life
periods as compared to control and other
treatments under study. STS pulsing solution
increased fresh weight change % might be
due to that STS inhibited the action of
ethylene. Mayak ef al. (1982) found that STS
inhibited the ACC to ethylene conversion
activity. Pulsing solutions with 8-HQS were
used to prolong the vase life of cut flowers.
8-HQS contains bacteriocide materials that
improve water uptake and sugars as an
osmoticum and respiratory substrate. Dias-
Tagliacozzo et al. (2005) reported that the
decrease of flower fresh weight happens due
to transpiration processes and the lowering
of water conductivity through the cut flowers
senescence. Also, Hayat et al. (2012) on rose
using a combination of STS with sucrose
regarding longevity found similar results.

The interaction between S + STS or S +
8-HQS and 3 g/l of NPK gave the highest
values of longevity (11.50 and 11.67 as well
as 10.50 and 10.67 days, in 1% and 2"
seasons respectively) compared to the other
interaction treatments (Table, 6). On the
other hand, the highest values of weight
change of cut flowers (6.63 and 2.08% at 6
days of shelf life periods during both
seasons, respectively) were noticed in the
treatment of S + STS pulsing solution with 3
g/l NPK fertilizer rate in both seasons
(Table, 6). The existence of sucrose (S) in
the pulsing solution causes this difference in
flower weight loss (Nascimento et al., 2019)
possibly to the role of sugar which decreases
the osmotic potential and maintains cell
turgor.

Sugars content (mg/g dry weight):

Table (7) pointed out that NPK fertilizer
rates as pre-harvest treatments recorded
significant increases in non-reducing and
reducing as well as total sugars contents in
sunflower flower petals (mg/g d.w.)
compared to control (unfertilized plant).
Utilizing NPK fertilizer rate at 3.0 g/l
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recorded the highest values of total sugars
content (52.31 and 5148 mg/g dw.)
compared to the other rates in both seasons.
Furthermore, Castro et al. (2011) stated that
potassium fertilizer deficiency resulted in
decreasing  values of  carbohydrates
accumulation in the leaves of Heliconia
psittacorum. The data illustrated in Table (7)
indicated that the treatment of S + STS as
well as S + 8-HQS as pulsing solutions
recorded significant increases in non-
reducing and reducing as well as total sugars
contents of sunflower cut flower compared
to distilled water (control). On the other
hand, the lowest values in this regard were
obtained with control compared to any
pulsing solutions type in the two seasons.
The results also revealed a positive effect of
STS on increasing the flower sugar contents.
Silver (Ag) has been noticed to decrease the
bacterial infection and plugging in the xylem
vessels of cut flowers. It enhances the water
movement in the vessels and inhibits the
production of ethylene, hence enhancing the
quality of cut flowers (Abbasi et al., 2004).

The interaction between S + STS or S +
8-HQS and 3.0 g/l gave the highest values of
total sugars contents of sunflower flower
petals (56.10 and 53.80 as well as 55.63 and
56.93 mg/g d.w., in the 1% and 2" seasons,
respectively) compared to the other
interaction treatments (Table, 7). All
interaction  treatments between = NPK
fertilizer rates and pulsing solutions
significantly increased the contents of non-
reducing, reducing sugars as well as total
sugars compared to control (without NPK
fertilization combined with distilled water)
in both seasons. In the same trend, Helaly
(2019) reported that the highest values of
total sugars percentage of gerbera flowers
were obtained with pulsing solutions of S +
STS. Also, Krause et al. (2021) on Lilium
pumilum found similar results.

CONCLUSION

The above-mentioned results, showed
that it is favorable to fertilize Helianthus
annuus, L. cv. Sun Rich Orange plants with
3.00r4.5 g/l of NPK fertilizer rates every
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Table 7. Effect of pre-harvest (NPK rate) and postharvest pulsing solution treatments on
reducing and non-reducing sugars as well as total sugars contents (mg/g d.w.)
of sunflower (Helianthus annuus L.) cut flowers during 2019 and 2020 seasons.

2019 2020

NPIi;:Zt(i:/ZS tion :(:ﬁll:ii:fs Reducing relc\lll(l)zli-ng Total  Reducing rel:ll::gi-ng Total
sugars sugars  SUEATS sugars sugars sugars

Control 4.24 40.27 44.52 4.63 40.73 45.36
1.5 6.03 42.48 48.50 6.64 41.73 48.38
3.0 7.26 45.05 52.31 6.83 44.65 51.48
4.5 6.98 42.93 49.92 6.98 44.10 51.08
LSD at 5% 0.70 0.60 0.48 0.21 0.57 0.52
D.W. 4.68 39.62 44.29 4.75 40.15 44.90

S 6.12 42.47 48.58 6.21 41.41 47.62

S+ STS 6.58 44.76 51.34 6.66 44.63 51.29

S + 8-HQS 7.13 43.89 51.03 7.47 45.02 52.48

LSD at 5% 0.42 0.51 0.74 0.18 0.40 0.45
D.W. 3.40 38.37 41.77 3.23 38.50 41.73

S 4.53 40.67 45.20 5.13 39.10 44.23

Control

S+ STS 4.40 40.80 45.20 5.33 41.70 47.03

S + 8-HQS 4.63 41.27 45.90 4.83 43.60 48.43

D.W. 4.80 40.30 45.10 5.43 39.43 44.87

S 5.87 42.47 48.33 6.60 40.97 47.57

s S + STS 6.03 44.43 50.47 6.27 44.03 50.30

S + 8-HQS 7.40 42.70 50.10 8.27 42.50 50.77

D.W. 5.30 40.50 45.80 4.70 41.70 46.40

S 7.07 44.63 51.70 6.60 42.20 48.80

0 S + STS 8.30 47.80 56.10 7.67 46.13 53.80

S +8-HQS 8.37 47.26 55.63 8.37 48.67 56.93

D.W. 5.20 39.30 44.50 5.63 40.97 46.60

S 7.00 42.10 49.10 6.50 43.37 49.87

2 S+ STS 7.60 46.00 53.60 7.37 46.67 54.03

S + 8-HQS 8.13 44.33 52.47 8.40 45.40 53.80

LSD at 5% 1.01 1.06 1.37 0.37 0.91 0.93

* D.W.: distilled water as control, S: sucrose 20%, STS: silver thiosulfate and 8-HQS: 8-hydroxyquroline
sulfate.
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two weeks to enhance the growth
parameters, total chlorophyll content as well
as anthocyanin content and using sucrose
(20%) for 16 h + silver thiosulfate (1:4 mM)
for 18 min as a pulsing solution to keep
quality of cut sunflower with increasing
flowers longevity.
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