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Abstract: Field experiments were conducted during the two successive seasons of 2007 and 2008 in a

private farm at Kom El-Berka, Kafr El-Dawar, Behaira governorate, Egypt to study the effect of different

concentrations of putrescine (50, 100 and 200 mg/l), gibberellic acid (50, 100 and 200 mg/l) and salicylic

acid (100, 200 and 400 mg/l) on vegetative growth, photosynthetic pigments, early yield, productivity and

some biochemical constituents of artichoke plant (Cynara scolymus L.) cv. Herious. The results obtained

showed that except for the highest concentration of salicylic acid (400 mg/l) all concentrations of the

applied bioregulators tend to increase vegetative growth parameters i.e. plant height, number of leaves, fresh

weight of 4  leaf as well as dry matter accumulation. The highest effect was obtained by putrescine (50th

mg/l), gibberellic acid (100 mg/l) or salicylic acid (100 mg/l). Flowering aspects of artichoke plant were

positively stimulated by foliar spray of the above mentioned bioregulators accompanied by parallel increase

in photosynthetic pigments and acceleration in early yield and plant productivity. The stimulatory effect

was contrary proportional with bioregulators concentration in most cases. The lower concentration of

salicylic acid (100 mg/l) was more effective in accelerating earlier yield while the heaviest late yield was

recorded by putrescine at 50 mg/l. With exception of SA treated plants, bio-regulators treated plants

contained more mineral content ( N, P, K, Mg and Fe), total free amino acids, ascorbic acid content as well

as endogenous phytohormone promoters (IAA, gibberellic acid and cytokinin) and less endogenous

phytohormone inhibitor (ABA).
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INTRODUCTION 

Globe artichoke [Cynara scolymus L.] is a

herbaceous perennial plant native to the Mediterranean

Basin. Nowadays, artichoke heads production is widely

distributed all over the world (121,000 ha), even though

it is mainly concentrated in Mediterranean regions,

which produce 800 thousands tons per year (about 65%

of the global production). Egypt is ranked the fifth

world producer of artichoke with a total production of

74 kt . Not only is globe artichoke a tasty food in the[1]

Mediterranean diet but also known since ancient times

in folk medicine for its choleretic and diuretic effects.

In recent years, an increasing demand for functional

foods with added value has led to a renewed interest in

this crop. Lombardo et.al.,   mentioned many studies [2]

investigating the health promoting effects of globe

artichoke extracts. They also found in their study that

specific phenolic compounds are concentrated in

particular parts of the artichoke head and those are

affected by many factors such as genotype, time of

harvest as well as climatic conditions. These parameters

may also be affected by spraying of GA3  as it is a[3 ]

common standard procedure in Egyptian cultivation of

artichoke. GA3 is used to shorten time to harvest for

globe artichoke field plants  to meet the exporting[4-11]

window to the European market as well as improving

the yield and quality of the produce . Despite this[12]

improvement, Abdel-Wahab  reported an increase in[13]

populations of some pests as a result of GA3

application. Therefore other alternatives to improve

production and quality of artichoke have to be found.

Some of those suggested alternatives are Salicylic acid

(SA) or Putrescine (Put). Salicylic acid (SA) has been

shown to regulate a large variety of physiological

processes in plants. Recently, several studies have

supported a major role of SA in modulating the plant

response to abiotic and biotic stresses, such as

ultraviolet light, drought, salt, chilling and heat[14-21]

which eventually may reflect on plant growth and

production. In this regard, Ibrahim et al.,  found that[22]

spraying 100ppm SA on lettuce plants increased

productivity and quality and decreased nitrate content in

the leaves. Similarly, exogenous application of

polyamines (including Put) has been successfully used

to enhance tolerance of plants to salinity , cold ,[23-25] [26-27]
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drought  and waterlogging . Polyamines (PA) are[28] [29]

now regarded as a new class of growth substances ,[30]

and are well known for their anti-senescence and anti-

stress effects due to their acid neutralizing and

antioxidant properties, as well as for their membrane

and cell wall stabilizing abilities . Exogenous PA[31 -3 2]

application is a convenient and effective approach for

enhancing the stress tolerance of crops and eventually

improving crop productivity. Yet, effect of Put or

salicylic application on production and quality of

artichoke was not found in the literature.

Therefore, the aim of this study is to investigate the

effect of Salicylic Acid or Putrescine foliar applications

in comparison with gibberellic acid on the growth,

production and quality of artichoke.

MATERIALS AND METHODS

This work was carried out in a private farm at

Kom ElBerka, Kafr El-Dawar, Behaira governorate,

Egypt to study the effect of foliar application of

different concentrations of gibberellic acid (GA3),

Salicylic acid (SA) or Putrescine (Put) on the growth

and production, chemical constituents and mineral

contents of globe artichoke (Cynara scolymus L.) cv.

Herious in the two successive seasons of 2007/2008 and

2008/2009.  

A fertilization program, commonly used in the area

for globe artichoke crops, was adopted [150 kg N, 80

kg phosphorus pentoxide (P2O5) and 100 kg of

potassium oxide (K2O) per ha]. Drip irrigation was

used and other standard agricultural practices (tillage,

pest and weed control..ect.) were carried out as needed. 

Treatments: Ten treatments of foliar spraying were

applied and included: three concentrations of GA3 (50,

100, 200ppm), three concentrations of Salicylic acid

(100, 200, 400 ppm), three concentrations of Putrescine

(50, 100, 200ppm) and control (tap water).

Artichoke plants were sprayed twice starting two

months after transplanting of offshoots with three weeks

interval. 

Plant Sampling: At 120 days after planting, four plants

from each treatment were randomly selected and

destructive measurements were carried out to record the

following data: Plant height, number of leaves/plant;

fresh and dry weights of the 4  leaf from the top.th

Flower head yield and quality were recorded by

harvesting tender, mature, purplish green color flower

heads with 10cm stake length every 10-15 days in

winter and 4-6 days in spring starting in mid of

December till end of April in both seasons. Harvest of

flower heads throughout the season was recorded as

total yield while the first five pickings (during

December- February) were considered as early yield. 

Total yield (kg) and number of flower heads were

recorded. In each picking, flower head quality was

measured in terms of flower length, diameter, individual

weight (g), diameter and thickness of edible part

(receptacle).

Chemical Analysis:

In Leaves: samples of mature leaves were collected at

twenty days after the second spraying to perform

chemical analysis on them. Total chlorophyll content

was determined using Chlorophyll meter Minolta

SPADE-501. Total nitrogen was determined according

to the method of Cole and Parkes , whereas[33]

Phosphorus, potassium and magnesium were determined

according to the method of Jackson . Total free amino[34]

acids were measured according to the ninhydrine

colormetric method described by Rosein  and modified[35]

by Selim et.al. .[36]

Leaf extractions according to the recommended

method of Bader et al.,  were used to determine[37]

endogenous phytohormones such as auxins (Indol-3-

acetic acid, IAA), gibberellic acid (GA3), abscisic acid

(ABA) using Gas liquid chromatography (GLC)

whereas cytokinins (zeatien) was determined using high

performance liquid chromatography (HPLC). 

In Flower Heads: Random samples of edible parts of

early and total yield were selected to determine mineral

contents of N, P, K, and Mg according to the methods

described above meanwhile Fe content was determined

using atomic absorption spectrophotometer.  

Inulin was determined according to the methods of

Winton and Winton . Crud fibers contents (as[38]

percentage) carotiens and total phenols were estimated

according to A.O.A.C. . Ascorbic acid content was[39]

determined according to Morell  .[40]

Experimental Design and Statistical Analysis: A

randomized complete block design was used with three

replicates. Each treatment contained 25 plants. Analysis

Of Variance (ANOVA) was carried out and Least of

Significant Difference (LSD) was calculated at P 0.05

according to Snedecor and Cochran . [41]

Results: Data in Table (1) show that vegetative growth

was significantly affected by the spraying treatments

compared to control. While only SA at 200 and 400

ppm treatment significantly produced shorter plants all

other treatments significantly produced higher plants

compared to control with superior effect recorded with

Put 50ppm treatment. Meanwhile number of leaves was

significantly affected by the low concentrations of all

applied substances. The highest concentrations in all

treatments did not significantly affect this parameter
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compared to control. Fresh weight of the 4th leaf was

significantly correlated with the applied concentrations

of the applied substance except for SA treatments which

did not show the same trend but still higher than

control. Regarding dry weight of the 4th leaf, positive

effects of all sprayed treatments were recorded except

for GA3 at 50 ppm which was not significantly

different than control.

Total chlorophyll and carotenes contents (Table 2)

were positively and significantly influenced by all

applied treatments except the Putrescine at 200 ppm

which was not significantly different than control. SA

at concentration of 400 ppm failed also to significantly

affect carotenes contents compared to control. The

superior effect on chlorophyll and carotenes contents

was recorded under the treatments of SA and GA3 at

concentrations of 100 ppm and 50 ppm respectively. 

As expected, nitrogen contents in the leaves

increased significantly under all treatments particularly

Putrescine applications (Table 2). Only SA at 100 ppm

concentration was not significantly different than control

treatments regarding this aspect. Putrescine treatments

also increased phosphorus contents in the leaves

meanwhile P contents were significantly lower under

GA treatments and unaffected under SA treatments

compared to control. In the contrary, potassium content

was the highest under GA3 treatments followed by

Putrescine then SA treatments respectively. Magnesium

contents responded significantly only to the Putrescine

treatments of 100 and 200 ppm (Table 2). Similar to the

observed trend of N contents, Putrescine treatments

increased total amino acids contents in the leaves

followed by low concentrations of SA. All applied

concentrations of GA3 and 400 ppm of SA did not

show any significant effect on that parameter.

Phytohormones as shown in Table (3) were

significantly affected by the applied treatments. Growth

promoters such as IAA and cytokinenes were

significantly and positively affected by all Putrescine

treatments followed by SA particularly 200 ppm of the

latter. GA3 treatments also significantly influenced the

contents of such growth promoters however with the

lowest positive recorded effects. Logically, GA3

significantly increased contents of gibberlines in the

leaves followed by Putrescine treatments. On the other

hand, SA treatments did not show any significant effect

on gibberline contents in the leaves. Growth inhibitor

such as ABA was negatively and significantly affected

by the treatments of Putrescine and GA3 while SA

treatments significantly increased its contents compared

to control.

Early flower yield (number and weight) responded

positively and significantly to all foliar applications

except for SA 200ppm which was not significantly

different than control (Table 4). The highest flower

numbers in early yield were under the highest

concentration of Putrescine, all concentrations of GA3

and the lowest concentration of SA treatments.

Meanwhile, total number of flowers showed positive

significant response to all applied treatments except for

SA 200 ppm and there was a tendency for lower

number of fruits as the concentration of each substance

increased (table 4). Total weight of flower yield showed

also a positive response to all applied treatments with

superiority to Putrescine 50 ppm. Similar to the trend of

flower number, total fruit yield decreased as the

concentration of each substance increased (Table 4). On

the other hand, the percentage of early yield was the

highest under the treatment of Putrescine 200 ppm.

Within each substance treatments, early yield was the

highest with the highest concentration of each substance

with exception of SA which showed an opposite trend

with this respect (table 4).

Physical and chemical parameters of flower yield

showed also positive response to all applied substances

(Table 5). Putrescine 50 ppm showed the highest effect

on average weight of individual flower. There was a

negative relationship between the concentration of each

substance and the average weight of individual flower.

Putrescine 200 ppm showed the lowest positive effect

of all applied substances. Similar trends for flower

dimensions (length and diameter) were also observed as

a result of foliar applications of the studied substances

(Table 5). Diameter and thickness of receptacle

responded also positively to the applied substances with

superiority effect under SA treatments. Fresh weight

and dry matter content of the receptacle showed similar

trends and the highest effects were observed under

treatments of SA followed by GA3. 

Mineral and nutritional constituents of flower yield

are shown in Table (6). Only SA treatments showed

significant lower or no effects on N, P, K and Mg

contents. Application of GA3 and Putrescine at 100 and

200 ppm showed the highest contents of these nutrients

in the flower. On the other hand, Fe content was not

significantly affected by the lowest concentrations of

Put and GA3 while all other treatments including SA

increased its contents significantly compared to control.

Inuline content was not significantly affected with

the treatments of SA while all other treatments of

Putrescine and GA3 (except 50 ppm GA3) significantly

increased its content. Although percentage of crude

fiber in the flower heads tended to decrease in response

to bioregulators application, there was no significant

difference recorded in this respect. Ascorbic acid

content significantly increased to the applied regulators

except for the 50 and 200 ppm GA3 treatments which

were not significantly different than control. Put treated

plants showed the highest concentration of ascorbic

acid. On the other hand, Put treated plants showed no
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significant increment in total phenols in contrary to

other bioregulator treatments which  showed  significant 

increment   in   total   phenols   in the   flower  

heads.

Table 1: Effect of foliar spray at different concentrations of GA3, salicylic acid (SA) and Putrescine on some vegetative growth parameters

of artichoke plants. (data are average of two seasons).

Treatments Plant height (cm) No. of leaves/plant 4  leaf from the topth

------------------------------------------------------

Fresh weight (g) Dry matter (%)

Control 77.3 35.0 133.7 11.04

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Prutrescine 50 ppm 121.3 49.7 136.7 11.77

------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 95.0 37.0 138.7 11.6

------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 83.3 32.6 140.3 11.40

GA3 50 ppm 108.3 44.7 141.0 11.17

------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 92.7 41.0 144.0 12.10

------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 103.3 33.3 146.3 12.1

SA 100 ppm 94.0 51.3 141.3 11.83

------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 72.3 44.3 141.3 11.73

------------------------------------------------------------------------------------------------------------------------------------------------------

400 ppm 51.0 32.3 137.3 11.53

L.S.D. 5% 4.68 5.34 2.29 0.30

Table 2: Effect of foliar spray at different concetrations of GA3, salicylic acid (SA) and Putrescine on some plant pigments and chemical

contents in the leaves of artichoke plants. (Data are average of two seasons).

Treatments Total Chlorophy II Carotenes N(%)  P(%) K (%) M g(%) Total free amino acids

(mg/100g DW)

Control 0.75 0.47 2.46 0.75 2.02 0.47 62.21

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pu 50 ppm 0.91 0.52 2.94 0.79 2.14 0.50 66.18

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 0.84 0.52 3.37 0.84 2.22 0.52 69.13

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 0.79 0.49 3.43 0.87 2.34 0.54 73.19

GA3 50 ppm 0.96 0.56 2.67 0.62 2.35 0.49 63.48

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 0.91 0.52 2.85 0.71 3.01 0.48 64.14

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 0.87 0.51 2.82 0.65 3.13 0.47 65.01

SA 100 ppm 0.97 0.55 2.46 0.74 2.14 0.48 66.24

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 0.91 0.52 2.58 0.76 2.21 0.50 69.18

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

400 ppm 0.81 0.47 2.92 0.75 2.22 0.49 65.10

L.S.D. 5% 0.04 0.04 0.04 0.02 0.04 0.04 3.53

Table 3: Effect of foliar spray at different concentrations of GA3, salicylic acid (SA) and putrescine on some phytohormone contents in the

leaves of artichoke plants. (Data are average of two seasons).

Treatments IAA GA3 ABA Cytokinins as zeatien

Control 28.40 31.20 14.87 20.06

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Putrescine 50 ppm 50.11 42.13 12.14 34.1

------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 69.01 47.52 10.25 45.77

------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 73.87 50.12 9.07 48.12
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Table 3: Continue.

GA3 50 ppm 38.13 60.01 11.40 25.20

------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 40.33 77.22 10.01 27.66

------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 41.25 85.19 9.13 30.01

SA 100 ppm 43.22 39.13 11.12 31.35

------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 56.18 40.12 12.03 39.56

------------------------------------------------------------------------------------------------------------------------------------------------------

400 ppm 45.67 35.17 10.33 36.27

Table 4: Effect of foliar spray at different concentration of GA3, salicylic acid (SA) and putrescine on early and total flower yield of artichoke

plants. (Data are average of two seasons).

Treatments Early yield Total yield Early to total

yield (%)

------------------------------------------------------------ --------------------------------------------------------

Number of flowers/plant Early yield/plant (kg) Number of flowers/plant Total yiel/plant (kg)

Control 1.3 0.330 12.5 3.150 10.20

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Putrescine 50ppm 3.0 1.147 18.0 6.896 16.21

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 4.0 1.293 16.0 5.159 24.66

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 4.6 1.293 15.4 4.276 29.73

GA3 50 ppm 3.8 1.295 17.8 6.020 21.03

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 3.5 1.129 16.0 5.153 21.40

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 3.8 1.066 15.6 4.763 24.34

SA 100 ppm 4.2 1.534 17.2 6.326 23.80

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 3.3 1.136 15.9 5.476 20.38

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

400 ppm 1.4 0.403 13.2 3.781 10.43

L.S.D. 5% 1.08 0.35 1.25 0.42

Table 5: Effect of foliar spray at different concentrations of GA3, slicylic aced (SA) and Putrescine on some artichoke flower head quality

parameters. (Data are average of two seasons).

Treatments Flower head Receptacle

----------------------------------------------------------------- ---------------------------------------------------------------------

Fresh weight (g) Length (cm) Diameter (cm) Diameter Thickness Fresh weight Dry

(cm) (cm) (g) matter (%)

Control 252.0 8.0 5.8 3.6 1.7 48.5 7.2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Putres 50 ppm 383.0 10.7 7.8 5.8 2.69 65.2 9.3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 323.0 10.5 7.1 5.0 2.4 57.0 8.3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 277.7 8.9 6.6 4.3 2.1 50.0 7.7

GA3 50 ppm 337.7 10.6 7.4 5.9 2.7 80.0 13.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 ppm 322.0 9.9 7.1 5.6 2.4 75.1 12.7

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 306.0 9.1 6.6 5.3 2.3 68.3 11.5

SA 100 ppm 368.3 11.2 8.7 6.8 3.5 89.2 13.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

200 ppm 344.3 10.0 8.4 5.1 2.8 80.3 11.8

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

400 ppm 287.3 9.7 7.3 4.7 2.4 75.1 11.1

L.S.D. 5% 7.43 0.54 0.42 0.38 0.20 3.64 0.54
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Table 6: Effect of foliar spray at different concentrations of GA3, slicylic aced (SA) and Putrescine on some chemical contents of artichoke

flower head (data are average of two seasons).
Treatments N(%) P (%) K (%) Mg (%) Fe (%) Inulin (%) Crudfibers (%) Ascorbic acid (mg/100g)  Total phenols
Control 3.40 0.65 3.62 0.35 1.11 0.48 5.7 17.04 0.35

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Putrescine 50 ppm 3.45 0.75 3.67 0.37 1.09 0.49 5.4 18.21 0.35

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
100 ppm 4.47 0.77 3.68 0.39 1.17 0.51 5.3 18.86 0.36
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
200 ppm 4.48 0.73 3.68 0.41 1.20 0.51 5.3 18.90 0.37

GA3 50 ppm 4.24 0.69 3.77 0.45 1.08 0.52 5.4 17.32 0.38
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
100 ppm 4.37 0.72 3.85 0.47 1.13 0.54 5.5 17.74 0.39
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
200 ppm 4.75 0.74 3.87 0.47 1.14 0.55 5.4 17.23 0.37

SA 100 ppm 3.31 0.66 3.35 0.35 1.24 0.49 5.3 17.65 039
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
200 ppm 3.44 0.67 3.37 0.37 1.37 0.49 5.2 18.02 0.42
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
400 ppm 3.23 0.64 3.38 0.38 1.29 0.50 5.2 17.77 0.45
L.S.D. 5% 0.10 0.03 0.03 0.02 0.04 0.20 NS 0.55 0.02

Discussion: Improving the productivity of artichoke and

helping the growers to gain the capability to produce

export quality products will benefit the local market and

the food processing industry as well as the fresh

produce export system. While common agricultural

practices focus on increasing the production, it would

have been even more effective if it had included an

increasing in export-window and quality component.  In

this study, more alternatives for GA3 application were

investigated in order to avoid some production problems

associated with GA3 foliar application to artichoke. 

Low concentration of Put and SA gave higher

plants and number of leaves. Khan et al.,  reported[42]

acceleration in leaf area and dry matter production of

corn and soybean with the application of SA. Moreover,

wheat seedlings, raised from the grains soaked in 10 -5

M of SA possessed more number of leaves and higher

fresh and dry mass compared with water soaked,

control . Indeed dry matter production (as dry weight[43]

of plants) increased in response to SA application in

this study. Fariduddin et al.  observed maximum[44]

increase in dry matter accumulation at a concentration

of 10 M, supplemented to the leaves of the standing5 -

plants of Brassica juncea but the concentrations, above

that proved inhibitory. The stimulation of shoot growth

induced by Putrescine application was reported to

probably be due to its effects on the synthesis of

macromolecues for polyamines which are known to

increase nucleic acids synthesis and stimulate various

processes associated with the synthesis of protein as

well as promotion of cell division . Also leaf length[45]

was reported to increase in response to Putrescine

application . This may contribute to dry matter[46]

production through increasing the photosynthetic

surface.   

The positive effects recorded on plant pigments

(chlorophyll and carotenes) were reported previously in

response to SA and Put applications. The application of

SA (20 mg ml) to the foliage of the plants of Brassica

napus improved the chlorophyll contents . Similarly,[47]

soaking the grains of wheat in 10 M of SA resulted in

plants with higher pigment contents which declined as

the concentration of SA was increased above that level

. Moreover, 30 day old plants of Brassica juncea[43]

sprayed with 10 M of SA possessed chlorophyll 20%

higher than those sprayed by water only, however the

maximum concentration (10 M) decreased the

chlorophyll contents and the values were below that of

water sprayed control, at 60 day stage .[44]

On the other hand, Put effect can be explained on

the basis that polyamines are well known for their anti-

senescence and anti-stress effects due to their acid

neutralizing and antioxidant properties, as well as for

their membrane and cell wall stabilizing abilities[31-32]

and this can include plant pigments.

The increment in the contents of N and P under

Put application compared to the other treatments may

be due to the high content of those two elements as

essential constituents of the polyamine chains.

Meanwhile increasing K under GA application may be

due to the effect of GA on the ability of the cells to

absorb more assimilates and the latter is translocated in

the presence of K.

As Put is a polyamine chain, the effect on

citokinines was positive. Also GA application was

expected to increase its contents in the leaves. In

General, the application of Put, SA and GA3 enhanced

the overall plant growth through the effect on its

phytohormonal balance in favor of growth promoters.

The effect of each substance enhanced one promoter

than the others but with a final promoting effect. 

With such positive effect of foliar application of

the applied substances, improving in flower yield can

be expected. 

The overall enhancement of plant growth and

flowering must have been reflected on flower quality

such as flower dimensions (length and diameter),

diameter and thickness of receptacle as well as fresh

weight and dry matter content of the receptacle. 

Conclusion: It could be concluded that other

alternatives  for  GA3 application on artichoke such as 
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Salicylic acid (SA) and Putrescine (Put) can be equally

or more effective with less associated problems as

usually observed in GA3 application.
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