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ABSTRACT

Globe artichoke plants were grown perennially at Kaha Experimental Station
duting the Iwo successive seasons of 2000/2001 and 2001/2002, to study the
influence of GA3 at 50, 100, 150, and 200 ppm, Nutarmine (2 mixure of
micioelemenis) and their combination on plant growth, earliness, head yield, and
chemical constituents of head receptacles. The effect of packaging method on
storability of heads was aiso investigated using flower heads produced by plants
sprayed with the combinalion of 150 ppm GAa and Nutarmine.

Data revealed that number of leaves per plant significantly increased only by
Nutarmine treatmenl. Number of offshoots per plant significantly increased by GAg at
150 ppm, and Nulamine, each alone or when combined togelher. GA;, Nutarmine or
their combination did not affecl dry weight of leaves per plant.

GAs at 200 ppm was significantly the best for induction of blooming earliness.
Highest significant incraase in percentage early yield was achieved by GA3 at 1580
ppm combined with MNotarmine. Percentage late yield increased significantly by
Nutarmine treatment only.

In early yield, GA; at 150 ppm combined with Nularmine resufied in lhe highest
significant increase in number of flower heads per plant, average head weight and
total weighl of heads per plant, while the combination of GAs at 200 ppm with
Nutarmine resulled in the highest significant increase in receptacle weight. GA; levels,
Nutarmine or therr combination did not affect flower head diameter or receptacie
diameter.

In late yield, The highest significant increase in number of fiower heads per plant,
average head weight, weight of flower heads per plant, average receptacle weight
were resulted by lhe combination of GA; at 150 ppm with Mutammine. However. none
of GA; leveis, Nutarmine or their combinations affect flower head diameter or
receplacle diameter.

All lested treatments, except GAaz al 200 ppm, significantly increased reducing
sugars of receplacle, while non-reducing sugars and inuline contents were nol
affected by any treatment. The increase in GAz concentration, either alone or when
combined wilh Nutarmine, was accompanied with increament in receptacle phenol
contents. All treatments enhanced the accumulation of GAs, and there was a gradual
increase in GA; contents of the receplacle, associated with tha increase in Ghg
concentration, either when GA; was alone or combined with Nularmine. All
determined micro-elements, i.e., Mn, Fe, Cu, B, and Zn, significantly increased by the
presence of Nularmine alone or when combined with GAs

In the storability study, results indicated Ihat prolonging storage period resulted in a
Temarkable increase in percentage weight! loss, decay, fiber conlents and
discoloration of cut ends, while it caused a reduction in the values of visual quality and



El-Bassiouny, R. E. and M. A. Hassan

lexture of flower heads, regardless packaging treatrnents. Individually wrapping heads
with stretch film and lining treatments were better than control treatments, but using
the stretch film was more significantly effective in irmproving slorage quality features,
i.e.,, weight loss %, decay %, discoloration of cut ends, Fiber %, visual quality and

texture.
INTRODUCTION

Globe artichoke (Cynara scolymus L.) is one of the most important
vegetable crops grown for both local consumption and expart. great attention
is giving recently by the Egyptian govermment to promote globe artichoke
production to satisfy the increased demands for local and foreign markets.
The demands for export to European markets increase during the pericd from
November {o February. Thus, factors affecting the early production and
storability during this period are of major importance for promoting globe
artichoke exportation to European markets since the peak of production
occurs usually during March to May. Among these factors gibberellins, plant
growth regulators, have received the most attention. Gibberellins found to
affect vegetative growth of giobe artichoke (EI-Gridly, 1994; El-Gazar et a/.,
1995; El-Shal, 1998), earliness (El-Abagy, 1993; Mauromicale and Lerna,
1995; Miguei et al, 1997; Garcia ef al., 1999; Mauromicale and Lerna, 2000),
and vyield and quality of produced heads (Elia ef ai., 1994; Abou-Hadid et a/.,
1995; Kocer and Eser, 1999). Another important factor that did not investigate
intensively on globe artichoke, but found to have a remarkable effect on the
growth, yield and quality of many other vegetable crops, is micronutrients (
Panigrahi et al, 1990, on caulifiower; Eid et af., 1991, on garlic; Singh and
Riwari, 1996, on onion; Patil, 2001, on okra; Rai ef af., 2002, on tomato;
Yakout and Greish, 2002, on faba bean). In addition to the previously
mentioned factors, it has been found that wrapping and packaging methods
have a great influence on quality of stored globe artichoke heads (Ferreyra ef
al., 1994, Passam et al., 1999).

The present study aims at investigating the effects of gibbereilic acid (GA3)
and Nutarmine on inducing earliness and improving yieid and quality of globe
artichoke heads, as well as studying the e*fect of packaging methed on keeping
quality of stored heads, for both export and local consumption.

MATERIALS AND METHODS

Two field experiments were carried out at Kaha Experimental Station of
the Horticultural Research Institute, Agncuiturat Research Center, during the
two successive seasons of 2000/2001 and 2001/2002. The experiments were
designed to investigate the effects of foliar spraying with gibberellic acid
(GAs) and MNutarmine; a ready made mixture of micronutrients containing
8.1% Mn, 75% Fe, 3.2% Cu, 4.5% Zn, 145% B, 0.046% Mo and 15% total
sulfur, on inducing earliness and improving yield and quality of globe
artichoke. One year old plants of local cuitivar {Balady) cultivated in 1999,
were growing perennially and used in the two conducted experiments. Each
cropping cycle of the perennial globe artichoke was initiated after the end of
harvesting of preceding season during May, by stopping irrigation, then
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cutting off dried plants 5 to 8 cm below scil surface to stimulate the
development of new shoots. By the end of July, the plants were re-irrigated.
The tested treatments included GA, at 50, 75, 160 and 200 pprr, each alone
or combined with Nutarmine. In addition, Nutarmine was applied to plants as
a separate treatment. Nutarmine was used at 2 kg/500 liter of H,Cffeddan,
regardless of being alone or in combination with different GA; concentrations.
GA3 treatments were applied twice at two weeks intervals, starting six weeks
after first irrigation (when the plants reached approximately 25 cm in
diameter). Nutarmine treatment was applied 45 and 75 days after first
irrigation.

The experiments were set up in randomized complete blocks with three
reEIicates. Each replicate contained ten treatments {picts). Each piot was 25
m* in area, and censisted of 5rows, each 5 meter long and 1 meter width,
with one meter infow spacing. The growing plants were subjected to regular
inter-cultural practices as well as disease and pest contro! programs
recommended by the-Ministry of Agriculture for commercial globe artichcke
production.

Studied Characteristics
1- Plant growth parameters:

A randomty chosen sampte of 5 plants / plot was picked up 120 days after
first irrigation and at the end of growing season to count number of leaves,
number of offshoots per plant and to determine weight of dry leaves /plant at
120 days after first imigation.

2- Yield and flowet head traits:

Mean number of days from first irrigation up #ll 25% plant blooming was
recorded and used as an indicator for earliness. All flower heads of plants in
each plot were harvested and counted during the periods from November-
February and March-May, to study yield distribution and to determine early
and late yields. Yield was calculated as number of heads per piant and as
fresh weight of heads per plant. A random sample of 10 heads was taken
from each plot to determine average weight and diameter of head, as well as
weight and diameter of receptacle (edible part), for both early and late yields.

3- Chemical constituents:

Total soluble solids (T.5.8) were measured by using refractometer,
reducing and non-reducing sugars, inuline, phenols and gibbereliins, in head
receptacles of early yield were determined according to the methods
described by Forsee {1938), Morell {1941}, Winton and Winton (1958},
AQOAC. (1975), and Seeley and Powell (1974), respectively. The
micropuirients; Mn, Fe, Cu, B, and Zn were determined using the atomic
absorplion spectrophotometer. The micronutnents and Gibberellins were
determined in receptacles of early yieid in the second season only.

In the storahility study, random compact and uniform flower heads,
harvested from plants sprayed with the combination of GA, at 150 ppm and
Nutarmine al marketable stage, and transferred directly to vegetable handling
department at the Horticultural Research Institute. Flower stack were cut 15

19351



El-Bassiouny, R. E. and M. A. Hassan

cm below the base and heads were then either individually wrapped with
polyviny! chloride stretch film {Proback Comp., Italy) before being packed in a
standard carton of 35xZ25x8 cm in dimensions, or packed in the standard
cartons that were lined with polypropylene film, or packed unwrapped in the
standard cartons. Treatments were arranged in a randomize complete blocks
design, with three replicates (cartons), each contained ten fiower heads. All
treatments were stored at 0°C and a relative humidity of 95% for 1,2, 3, or 4
weeks, respectively. Samples were subsequently evaluated for percentage
weight loss, percentage decay, discoloration of cutends, percentage fiber
contents, visual quality and texture, which were measured according to the
methods of Ezzat ef al. (1997), EI-Seifi (1997), Rodov ef al. {2000), A.O.A.C.
{1975}, Aharoni et af. (1996}, and Hardenburg {187 1), respectively.

Collected data were statistically analyzed by Analysis of Variance using
SAS program (SAS, 1985) with means separated by Least Significant
Difference (LSD) test according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Vegetative growth:

Data presented in Table (1) show that the effect of tested treatments on
number of leaves at 120 days after first immigation or at the end of the season
was consistent through the two conducted experiments. Results proved that
GAa, either alone or combined with Nutarmine, decreased number of leaves
per plant or did not significantly affect them in both tested stages. Nutarmine
alone increased significantly number of leaves per plant compared with
control. In this regard, Foti et al. {(1981) reported that spraying globe artichoke
with 40 ppm GA, diminished number of leaves.

Number of offshoots per plant, Table (1), increased significantiy and
consistently, regardless sampling time and season, when plants were treated
with 150 ppm GA; either alone orin combination with Nutramine, or when
plants treated with Nutarmine atone. Also, GA, at 200 ppm, alone orin
combination with Nutarmine increased number of offshoots per plants, but
only after 120 days from first irrigation, in both sasons. Similar results were
obtained by Sctirader (1994) who pointed out that GA; reatment of globe
artichoke plants increased number of offshoots, but decreased plant size and
vigor, and he altributed the promotive effect of GA; on globe artichoke
offshoots to its ability to cause more lateral branching of the main stem of
plants. The positive results of Nutramine on vegetative growth of plants might
be due to the essential roles of micronutrients in higher plants, where they
are involved in many important metabolic fuctions such as transport of
carbohydrates, regulation of meristematic activity, photosynthesis, respiration
and energy production and protein metabolism. Such functions would directly
or indirectly contribute to plant growth (Srivastva and Gupta, 1938).

Data of dry weight of leaves per plant, presented in Tabie (1), indicated
that GAs, Nutarmine or their ¢combinations had insignificant effect on dry
weight of leaves per plant compared with coatral during the two seasons.
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Table {1): Vegetative growth characteristics of globe artichoke plants
{Balady cv.) as affected by GA,concentrations, Nutarmine
and their combinations in 2000/2001 (I} and 2001/2002
{Il)seasons.

NO. of leaves / plant | NO. of offshoots / plant | Dry weight of
110 days after 120 days after{ End of |[leaves ! plant
Treatment first irl};I ation End of season first irrigation| season (g}
I r T r T

4259 | 413 | 108.0 | 11151 38 3.6 . .

40.7 40.9 | 1005 [1004 | 3.5 3.2 . ) 12.40
10Q ppm GA3 443 [ 420 [ 1043 [1014] 33 | 31 | 70158 | 12131237
150 ppm GA3 410 | 403 | 1067 [ 1045 | 41 41 80|56 [1220]12.23
00 ppm GAD 422 | 421 [ 1091 [1055] 42 | 43 [58152 (121311211
0 GAJ + Nut. 39.7 425 | 101.4 | 1051 | 3.7 3.7 |64 |83 |1276 1278
100 GA3+Nut. 41.3 41.5 105.0 | 1106 | 3.5 3.5 | 661651226124
150 GA3+NLL, 397 | 394 [ 1018 (1086 | 41 | 43 | 76|68 | 12.23 | 12.40

422 | 389 1 1109 (1064 | 45 | 45 [49[ 52 [1233 1240

44.8 43.1 120.1 [ 1281 ] 3.9 40 | 72| 56 | 123311226

765 | 171 | 3.0 | 2904 02 | 03 [05[ 03| 046

percentage eafly and late yield of globe artichoke plants (Balady cv.).
Similarly, Mansour (1983) pointed out that GA; at 25 to 100 ppm had
insignificant effect an dry weight of leaves per plant “Balady™ giobe artichoke
cultivars.

Blooming earliness and yield distribution:

The effect of GA, levels, Nutarmine and their combinations on blooming

earliness and percentage early and late yields is illustrated in Table (2).
Results proved that spraying globe artichoke plants with GAa at different
tested concentrations resulted in a highly significant improve in blooming
earliness in both seascns, compared with control. The highest concentration
of GAq {200 ppm} resulted in blecoming 22.8 and 23.2 days earlier than control
in the first and second seasons, respectively. The combinations of GA; with
Nutarmine had a similar effect to that of GA; levels alene on blooming
earliness. Nutarmine alone significantly induced blooming earlier than control,
9.8 and 14.4 days in the first and second seasons, respectively, but was
significantly less effective compared with GA; treatments alone or in
combinations with Nutarmine.
The obtained resuits are in agreement with those oblained by Garcia ef a/.
{1994) who pointed out that foliar applications of GA; at 50 ppm as a single
spray, or a single spray of 50 ppm followed by 25 ppm a month later,
advanced harvesting date by an average of 20 days. Similar reports about
the effect of GA; on inducing earliness of globe arichoke were also
introduced by Miguel efal (1997) and Kocer and Eser (1999). The increase
in eariiness induced by GA; application may be altributed to the fact
established by Lang (1965) whe pointed out lhat gibbereflins applied to
cerain  plant species induced them o flower without a low {emperature
treatment.
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Table 2: Effect of GA,, Nutramine and their combinations on blooming
earliness and percentage early and late yield of globe artichoke
plants {Balady cv.) in 2000/2001 {I) and 2001/2002 {ll)seasons.

No. of days to

% early yield* % L ate yield*

Treatment 25% blooming
T i 1] [ |
Centrol 100.20 | 100.96 | 204 19.7 79.6 80.3
50 ppm GA3 8063 | 80.83 | 51.1 48.5 48.8 51.5

100 ppm GA3 81.13 | 78.80 | 52.3 46.9 47.7 53.1
150 ppm GA3 8433 | 7843 | 49.2 49.4 50.8 50.6
200 ppm GA3 77.36 | 77.73 | 388 47.8 61.2 522
50 GA3+Nut. 79.76 | 80.96 | 485 47 1 51.5 52.9
100 GA3+NUt. 81.76 | 80.50 | 52.1 46.0 46.9 54.0
150 GA3+Nut. 80.26 | 78.46 | 524 50.5 47.6 49.8
200 GA3+Nut. 81.43 | 77.30 | 389 455 61.1 54.5
Nularmine. 50.36 86.60 26.9 24.8 73.1 752
LSD (5%) 259 | 277 | 809 | 732 494 | 4862

*Based on total number of produced heads

Percentage early yield presented in Tabie (2) significantly increased by
GA, foliar spray treatments compared with conftrol, when applied alone or
combined with Nutarmine. This was true regardless the used concentration
and in both seasons. Highest percentage early yield resulted from the
application of 150 ppm GA;combined with Nutarmine, in both seasons. On
the other hand, spraying the planls with Nutarmine alone did not significantly
affect percentage early yield in both seasons. The effect of GA, on increasing
percentage early yield may be allributed fo their significant effects on
inducing blooming earliness. Similarly Schrader {1994) used GA; on
perennial artichoke to accelerate maturity, and he found that application of 20
ppm GA, three times at 2 weeks intervals significantly increased percentage
early yield. The insignificant effect of micronutrients on early yield was
reported previously in several vegetable crops by Arora ef al (1990) and
Petrikova (1991), on tomato; and by Panigrahi et 2/ (1990), on cauliflower.

Percentage late yield {Table 2) behaved appositively to percentage early
yield in terms of responding to GA; concentrations, Nutarming and their
combinations. Percentage late yield significantly decreased when plants
sprayed with GA; alone or in combination with Nutarmine, compared with
control. Nutarmine alone aiso increased significantly the percentage late yield
compared to all GA, treatments and their combinations with Nutarmine, but it
was less effective than control. The obtained results of percentlage late yield
were consistent through the two successive seasons. The positive effect of
Nutarmine on percentage late yield may be due to the involvement of
microelements in several important metabolic process which direclly affect
vegetative growth and subsequently yield production in globe artichoke.
Similar effects of micronutrients on vegetables were reported on okra by
Medhi and Kakati (1994} and on tomato by Gupta ef al. (2002).
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Yield and flower head traits

Data related to characteristics of flower head, receptacle and yield/piant
for the early yield are presented in Table (3). Results show that number of
flower heads produced per plant increased significantly by all tested
treatments compared with control, but the highest increase resulted from the
combination of GA; at 150 ppm with Nutarmine |, in both seasons. This
treatment showed 281 4% and 295.2% increment in number of heads of early
yield over the control, in the first and second seasons, respectively.

As for the weight of flower head of early yield, data indicate that ail tested
freatments, except Mutarmine which insignificantly increased flower head
weight in the first season, increased significantly weight of flower heads
compared with control. The highest significant increase resulted from the
combination of GA,; at 150 ppm with Nutarmine, in both seasons. The
increase amounted to 106.9% and 106.1% over the control in the first and
second seasons, respectively.

The weight ot heads per plant for the early yield was significantly
increased by all tested treatments, but the highest was produced by the
combination of GA, at 150 ppm with Nutarmine, in both seasons compared
with control. The significant increase in weight of heads per plant early yield
by this combination could be attributed to the significant increase in both
number of heads per plant and head weight, but because the percentage
increase in head number per plant was much greater than percentage
increase in head weight (about 2.63 and 2.78 folds in the first and second
seasons, respectively), it can be concluded that the significant increase in
early yield per plantwas mainly due fo the increase in number of heads per
plant. The effect of GA, in this respect could be attributed to its ability to
cause cell elongation or expansion through affecting the extensibiiity of the
cell wail (Lockhart, 1965) or by affecting the process of cell division, where it
had been reported that GA; can increase the size of the meristematic region
and also can increase the proportion of cells which
are undergoing division (Loy, 1977).These effects of GA, on cell division ¢an
be accounted for by an effect on cell cycle, where Liu and Loy (1976)
indicated that GA, reduced the duration of the cell cycle in watermelon
seedlings by nearly 30%. Nutarmine also contributed to the increase in flower
head yield per plant through increasing the photosynthetic pigment contents
(Bahr, 1980) and enzyme activity, which in turn enhanced piant metabolism
and increased nutrient uptake through roots after foliar fertilization (Baier and
Baierova, 1999}. These factors reflected positively on weight of heads in early
yield.

As regards of flower head diameter in early yield, data in Table (3) show
that GA, alone at 50 or 100 ppm and the combination of 50 ppm with
Nutarmine, decreased head diameter in the first season only. However.
flower head diameter was not affected by any GA; cencentrations alone or in
combination with Nutarmine in the second season. Nutarmine aione
significantly reduced flower head diameter through out the two seasons. The
oblained results are in agreement with those of Mansour (1983) who found
that GA, application at 256 ppm reduced head diameter.
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As for the effect of Nutarmine, similar resuits were obtained by Panigrahi ef
al. (1990) who pointed out that micronutrients did not affect cauiiflower size.

Data of receptacle weight of early yield, presented in Table (3}, indicate
that GA; at 100 or 200 ppm alone or the combinations of GA; at 150 or 200
ppm with Nutarmine, significantly and consistently increased receptacle
weight in both seasons, compared wilh control. Other lested treatments,
"except GA; alone at 50 ppm, resulted in a significant increase in receptacie
weight, but this was true in the second season only. Nutarmine alone
significantly increased receptacle weight in the second season only. The
obtained results can be explained by the fact reported by Liu and Loy (1976)
and Loy (1977) who indicated that GA; can enhance cell division and cell
enlargement. At the same time, Nutarmine, as a mixture of micronutrients,
increased the amount of metabolites accumulated in these cells by increasing
photosynthetic pigment contents and increasing nutrient uptake through roots
Bair and Baierova (1999). Similar results were obtained by Garcia e!
al.{1999) and by Kocer and Eser (1998), on globe artichoke.

Results in Table (3)also show that receptacle diameter was not affected
by GA,, Nutarmine or their combinations in both seasons. Similar resuits
were obtained by Mansour (1983) who pointed out that there were no
appreciable effect for GA, foliar application on receptacle diameter of globe
artichoke.

Data of fiower head and receptacle characteristics of late yield are
presented in Table (4). Concerning number of produced flower heads per
piant, data show that all tested concentrations of GA; and their combinations
with Nutarmine significantly increased number of flower heads per plant,
compared with control in both seasons. The highest significant effects were
due to the combinations of 200 or 150 ppm GA; with Nutarmine, respectively.
Nutarmine alone was effective in increasing number of flower heads per
plant, but this effectiveness was significant in the first season only.

The average flower head weight of late yield was clearly affected by GA,
foliar applications alone or in combination with Nutarmine. Data illustrated in
Table (4) indicate that in the first season, GA; at 150 or 200 ppm or the
combinations of GA; at 100, 150 or 200 ppm with Nutarmine significantly
increased flower head weight. In the second season, all tested GA, levels
and their combinations with Nutarmine increased significantly the flower head
weight. The highest significant increase, in both seasons, resulted from the
combinations of GAy at 200 or 150 ppm GA; with Nutarmine, respectively.
Nutarmine alone increased flower head weight, but this increase was
significant in the first season only.

Weight of heads per plant of late yield (Table 4) significantly increased by
all GA;levels, either alone or in combination with Nutarmine, in both seasons.
Highest weight of heads of late yield per plant was produced by the
combination of GA3 at 150 or 200 ppm with Nutarmine. Nutarmine alone
significantly increased fresh weight of late yield per plant, but in the first
season only. The obtained results are in harmony with those abtained by Elia
et al. (1994), and Schrader (1994) who concluded that GA, treatments
increased number of heads, average head weight and total yield of globe
artichoke.
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However, the obtained results disagreed with those of Miguel et
al.(1997) who found no effect for GA; on average head weight or total yieid of
globe artichoke. Also, the effect of Nutarmine was similar to the resuits
obtained by Rai ef af (2002) who reported significant increase in tomato fruit
number and weight and lotal yield as a response to foliar spray of
micronutrient mixture.

As for flower head diameter, data in Table (4) show that GA, at 50 and
100 ppm aione or in combination with Nutarmine, significantly reduced head
diameter in both seasons. In addition, GA; at 150 ppm also significantly
decreased head diameter, but only in the second season. Other tested
treatments did not affect head diameter in both seasons, compared with
control. The reduction in globe artichoke head diameler was reported
previously by Mansour {1983} who indicated that GA, treatment resulted in a
decrease in head diameter.

Concerning receptacie weight of late yield, data in Table (4) indicated
that GA; at 100, 150 and 200 ppm, in the secend season only, the
combinations of any tested GA; level with Nutarmine and Nutarmine alone, in
both seasons, increased significantly the receptacle weight, compared with
control. The highest significant increase in receptacle weight was resulted
from the combinations of GA; at 150 or 200 ppm with Nutarmine, and from
spraying the plants with Nutarmine alone, in both seasons. Similar results
were obtained by Garcia ef al (1999) who indicated that GA; at 50 ppm
increased receptacie weight.

With regard to receptacle diameter of late yield, data in Table {(4) proved
that ali tested treatments insignificantly affected receptacle diameter in
comparison with check treatment The obfained resuits were consistent
through the two seasons and were in agreement with those obtained by
Mansour (1983) who indicatede that there were no significant effect for GAa
foliar application on receptacle diameter of globe artichoke.

The effect of GA,; concentrations, Nutarmine and therr combinations on
chemical constituents of head receptacles of early yield is presented in Table
{5) Results indicate that total soluble solids were not affected by GA,,
Nutarmine or their combinations, in the twe seasons compared with the
controi. The obtained results are in harmony with those obtained by Garcia ef
al. (1994) who found that GA; as one spray of 50 ppm followed by one of 25
ppm a month later, did not significantly affect the receptacle total soluble
solids. However, Abou-Hadid et al. {1995) reported that globe artichoke
heads subjected to 60% shading and 100 ppm GA; resulled in the higher
T.S.S., compared with control. As for the effect of Nutarmine, similar resuits
were obtained by Petrikova (1991) who found that spraying tomato plants
with cytozyme (containing chelated micronutrients) did not affect tomato fruit
total soluble
solids.Results of reducing and non-reducing sugars indicate that all tested
treatment, except GA; alone at 200 ppm, significantly increased reducing
sugars of receptacles in the two seasons. However, non-reducing sugars
were not affected by any of the tested treatments in the two seasons.
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Table (5): Effect of GA, concentrations, Nutarmine and their
combinations on chemical constituents of globe artichoke
receptacles (Balady cv.) of early yield in 2000/2001 {I) and
2001/2002 (ll)seasons.

1.5.S. (%) Red. Non-red. | Inuline | Phenols
Treatments | Sugars (%) | sugar (%) {%) (%)
| ] | ] 1 [} 1 [}] [ ]

Control 926 | 931 [ 075 [ 075 | 013 [ 012 [1.37] 1.41 [ 032 | 0.33
50 ppm GA3 903 | 920 | 080 | 080 | 011 | 011 [1.32] 1.32 | 0.35 | 0.33
100 ppm GA3 940 [ 925 | 081 | 0.80 [ 012 | 011 [1.32] 1.36 | .36 | 0.34
150 ppm GA3 916 | 923 | 080 | 078 | 0.12 | 012 [1.38] 1.37 [ 0.37 | 0.36
200 ppm GA3 914 | 921 [ 077 | 076 | 011 | 012 |134] 136 [ 038 | 0.37
50 GA3 + Nut. 598 | 890 | 0.81 | 0.79 | 012 [ 012 |1.40] 1.33 [ 036 | 0.36

[100 GA3 + Nul. 936 | 931 | 0.81 [ 080 | 012 | 312 [1.38] 1.34 | 036 | 0.34
150 GA3 + Nut. 883 | 925 | 080 | 079 | 011 | D11 |136] 1.36 | 036 | 0.35
200 GA3 + Nut. 8.03 | 940 | 083 | 081 | 012 | 012 | 132 139 | 037 | 0.35
Nutarmine 930 | 935 | 081 | 080 | 011 | 012 [139] 1.38 | 0.34 | 0.33
LSD {5%) NS. | NS | 003 | 003 | NS, | NS, [NS | NS. [ 002 | 0.02

Similar {rend was reported by Garcia ef af. (1999) and Kocer and Eser
(1999), who pointed out that high concentrations of GA; (75 ppm or higher)
insignificantly affected reducing sugars, but low concentrations of GA; {50
ppm or lower) increased significantly the reduced sugars of the receptacles.
The obtained trend of Nutarmine on reducing and non-reducing sugars is
similar to the results of Medhi and Kakati (1994), whc reported a remarkable
increase in reducing sugars as a response of spraying okra plants with a
mixture of micronutrients, while the non-reducing sugars insignificantly
responded to micronutrients.

Concerning the effect of GA;, Nutarmine and their combinations on
inuline percentage, data in Table (5) clearly show that ail tested treatments
had insignificant effect on receptacle inuline contents. The obtained results
are in harmony with those of Miguel et af (1997) who sprayed globe artichoke
plants with GA; or GA,, each at 30 ppm, but did not find any significant effect
on inuline percentage.

Data related to percentage phenols in receptacles indicated that
increasing the concentration of GA, was asscciated with increasing in
percentage phenols. This increase was insignificant at 50 ppm GA,, but was
significant at all other higher tested GAs concentrations, compared with
control. Results also showed that all combinations of GA; with Nutarmine
resulted in a significant increase in percentage phenols, compared with
control. However, Nutarmine alone did not significantly affect percentage
phenols. The described results were consistent through the two seasons.

Similarly, Geibel ef al. (1994) reported that treating celery plants with GA,
prior to storage, resulted in a significant increase in psoralens, a natural
phenol. Also, Agwah et al (1%94) scaked onion seeds immediately before
planting in GA; at 50 or 100 ppm, and he found thal phenol contents in seeds
of the new generation were significantly higher in the case of 100 ppm GA,
treatments than in the case of 50 ppm treatment.
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The effect of GA; levels, Nutarmine and their combinations on
gibberellins and micreelement contents of head receptacles of early yield (in
the second season only) is presented in Table (6). Resuits indicate that
receptacle contents of gibberellins increased significantly by all tested
treatments compared with control. Amount of gibberellins accumulated as a
result of spraying the plants with any tested GA; concentration alone was
significantly higher than the amount resulted from combining GA; levels with
Nutarmine, or Nutarmine alone. Nutarmine alone increased the contents of
gibberellins compared with control, but it was less effective than any GA3
fevel alone or when combined with Nutarmine.

As for receptacle micronutrient contents, data in Table (68) show a
significant increase in Mn, Fe, Cu, B and Zn as a result of spraying globe
artichoke plants with Nutarmine alone or in combination with GA; levels,
compared with control or GA; alone at any level. The highest concentration of
each determined microelement were detected in plants treated with
Nutarmine alone. The obtained results are in agreement with those obtained
by Patil (2001) on okra, by Panigrahi ef al. (1990) on caulifiower, and by
Petrikova (1991) on tomalo.

Table ({6): Effect of GA,; concentrations, Nutarmine, and their
combinations on Gibberellins and microelement contents
of globe artichoke receptacles (Balady cv.) of the early

yield during the second season 2001/2002.

Treatments GA Mn Fe Cu B Zn |
nglg. Fwy (mgikg) | (mg/kg} | (mg/kg) | {(ma/kg) | (mg/kg)
Control 25.53 165.00 | 23100 | 9.53 37.50 | 40.53
50 ppm GA3 89.53 164.33 | 232.00 1 840 36.13 | 40.60

100 ppm GA3 93.10 | 167.00 | 223.30 | 10.0 35.83 | 42.20
150 ppm GA3 93.10 | 157.00 | 224.33 | 8.30 37.93 | 38.20
200 ppm GA3 95.23 | 160.33 | 234.0 9.20 36.70 | 42.86
50 GA3+ Nut. 62.70 | 272.00 | 28266 | 11.96 | 41.83 | 50.66
100 GA3+ Nut. 66.20 |270.00 | 293.00 | 12.26 | 42.23 | 51.80
150 GA3 + Nut. 1 71.76 | 265.30 | 27833 | 11.83 | 4256 | 48.53
200 GA3 + Nut. | 7220 | 25766 | 243.66 | 1243 | 42.93 | 49.53

Nutarmine €1.46 | 371.66 | 300.33 | 12.63 | 43.73 | 52.16
LSD (5%) 4.41 4.14 2.95 0.70 1.20 1.28
Storability study

Data in Table (7) reveal that prolonging storage period resulted in a
remarkable increase in percentage weight loss, percentage decay,
discoloration of receptacle cut ends, and percentage fiber contents, while it
caused a clear reduction inthe values of visual quality and texture of giobe
artichoke flower heads. These results were true and consistent, regardiess
the packaging treatments, in both seasons.
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Table (7): Effect of interaction between packaging treatments and
storage periods on tested storage parameters of globe

artichoke flower buds during storage at 0°C.
Packaging Discoloration of cut

Treatment Weight loss % Decay % ands’
1w 2w 3w 4w dw 2w 3w 4w 1w 2w Iw  dw

2000/2001

St Fiim™* 112 227 [274] 375 [1] 1 [125]20] 1.00 [2.00

Lining 777 | 15.0 [185) 198 |1] 1 (150l as ) 125 |250

iControl 16.9 | 18.2 (21.71 233 | 1 1 12251580 ) 1,75 12580

LSD (5%) 203 | 1.73 |2.85| 4.20 ﬂ ns |0.24(0.78| 0.32 |0.31
20001/2002

St film .04 [ 1.75 [2.48] 2.29 TT‘z.oo 27 [ 1.25 [2.00] 275 |3.00]

lining 537 1823 [123) 163 1] 1 1250 a0 125 |250) 350 1375

Control 818 | 11.0 |158| 218 1| 1 |3.00( 45| 1,50 |2.50( 3.70 |4.00

LSD (5%) 146 | 265 [1.71] 1.65 [NS| NS [0.25/0.37| 0.97 |o.

Packaging Fiber % Visual quality’

treatmen iw [ 2w [ 3w [ 4w [1w] 2w 3w daw ] tw [2w [ 3w [Aw]
2000/2001

St Film*™ 9.00 e.so\?.so 50 5.00 [450| 4.00 [3.75

Lining 7.50)5.50]5.50] 25 | 450 |4.00] 3.50 |2.00

Control 8.00la.00|4.75| 1.0 | 400 |4.00| 3.00 |1.00

\ SO (5% 1.24/0.83]1.06 [0.70] ns | ns | 123 |0.85
20001/2002

St film 0.47 [ 0.50 [0.53 | 6.55 [9.00]8.75]7.00]5.00] 500 |500] 3.75 |3.25

Lining 0.56 | 0.60 | 0.66 | 0.72 |8.25(7.0016.503.00] 4.25 [4.75] 3.50 |2.50

Conirol 0.62 (065 (0.73 | .80 (7.00/5.00/2.0011.00] 4.00 {425 250 [1.50

LSD (5%) | 0.08[006[0.11]0.14 [0.58[0.460.25[1.35] NS | NS | 0.94 [061

*W = weaks = St. film= Stretch film
1- Discoloration score: 1= none, 2= slight, 3= moderate, 4= moderalely severe, 5=
severe
2- Visual quality score: 9= excellent, 7= good, 5= fair, 3= poor, 1= unusable
A-Texture score: 1= very soft. 2= soft, 3= moderately firm, 4=firm, 5= very firm and
turgid

Data in Table (7) also show that individualiy wrapping heads with stretch
film, or lining cartons significanily reduced percentage weight loss, compared
with control, but using the stretch film was more effective. Similar results were
obtained by Passam et al. {(1999) whe enclosed globe artichoke heads in
polyethylene and stored them at 2 and 10°C, and found that wrapping
decreased water loss which subsequently reduced weight loss. Data
related to percentage decay (Table 7) demonstrated t{hat the lowest
percentage decay, after the third and fourth weeks of storage at°C was
associated with heads wrapped with stretch film. These resuits may be due to
high permeability of the stretch film, the feature that prevents humidity
accumulation and allows good gas exchange, which subsequently help in
keeping cell turgidity and minimizing fungi and bacterial infection (Kader af
al. 1989).
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Concerning the discoloration of receptacle cut ends, data in Table (7)
show that head wrapping with stretch film significantly minimized
discoloration of receptacle cut ends, compared with lining and control
treatments, at any storage period. These results are consistent with the
known effect of modified atmosphere packaging inreducing the activity of
polyphenoloxidase enzyme, which catalyze the oxidation reaction leading to
discoloration (Wiley, 1994).

As for fiber contents, datain Table (7) indicate that individuaily wrapping
heads with stretch film significantly reduced percentage fiber contents,
compared with lining and control treatments, at any tested storage period.
These finding agreed with those of Omar {2003) on baby corn.

Data in Table (7) also show that individually wrapping heads with stretch
film significantly maintained visual quality better than lining or control
treatments. Lining treatment was also significantly better than control
treatments in keeping the visual quality of heads. The obtained resuits are in
line with those of WKader ef al (1989), who indicated that packaging
vegetables with polymeric fiims retards deterioration and enhances
maintenance of market quality.

Regarding texture, results illustrated in Table (7) demonstrate that
packaging treatments did not affect head texdure in the first two weeks of
storage at °C. However, when storage period was prolonged to 3 or 4 weeks,
results indicated that wrapping heads with stretch film, significantly minimized
the reduction in texture values, compared with control treatments. These
results are in harmony with those of Kader ef al (1989).
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