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Abstract: Two field experiments were conducted to study the effect of GA3 spraying, potassium spraying
and potassium application to the soil on vegetative growth, yield, yield quality and chemical constituents'
of globe artichoke. The obtained results show that GA3 spraying increased plant height and offshoots
number per plant, while potassium application to the soil increased both leaf length and offshoots number
per plant. Obtained data indicate also, that GA3 spraying or potassium application to the soil increased
early yield, while potassium spraying on globe artichoke plants increased both late and total yield.
GA3 spraying or potassium application to the soil increased both head weight and receptacle weight of
the early yield. Also, potassium application to the soil increased head diameter, while spraying globe
artichoke plants with GA3 increased head length in the late yield in both seasons but the differences were
significant in the second only. Spraying GA3 increased the percentage of nitrogen, phosphorus, potassium
and protein of leaves. Spraying potassium increased the percentage of nitrogen, potassium and protein in
the leaves, while potassium application to the soil increased the percentage of phosphorus in the leaves.
Spraying GA3 or potassium or applying potassium increased the endogenous phytohormones
(IAA and GA3) and reduced the endogenous inhibitor activity of Abscic Acid (ABA). GA3 or potassium
spraying or applying potassium to the soil increased the percentage of nitrogen, potassium and protein,
but it decreased the percentage of phosphorus in the heads. Finally, the crude fibers of the head were
increased by spraying GA3 and decreased by either spraying potassium on leaves or applying to the soil.
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INTRODUCTION

Globe artichoke (Cynara Scolymus L.) is one of
the most important vegetable crops in Egypt grown for
both local consumption and exportation. Great attention
is given recently by Egyptian government to promote
globe artichoke productivity to satisfy the increased
demands for both local and foreign markets. The
demands on the Egyptian fresh globe artichoke to the
European markets increase during the period from
December to February, but the peak of production
occurs usually during the period from March to May.
Thus, the early production with good quality during the
period from December to February is considered the
most major important for promoting globe artichoke
exportation. Some factors affect the earliness and
quality of globe artichoke heads. Among these factors,
gibberellins, plant growth regulators have received the
most attention. It was found to affect vegetative
growth, earliness, yield and quality of production™?.
Another important factor that found to have a marked
effect on the growth, yield and quality of globe
artichoke and many other vegetable crops, is potassium,
El-Shal et al,' and Mansour et al,”' on globe

artichoke, El- Shimi et al,” on strawberry, Fawzy
et al,”’ on sweet pepper and Fawzy et al,"” on
Eggplant.

The present study aims to investigate the effect of
GA3 and potassium treatments on inducing earliness
and increasing yield in addition to improving the
quality of globe artichoke.

MATERIALS AND METHODS

Two field experiments were carried out at Kaha
vegetables Research Farm, Horticulture Research
Institute, Agriculture Research Centre during the two
successive seasons of 2003-2004 and 2004-2005.
Planting dates were in the first week of June in the
first and second seasons, respectively.

The Experiments Were Designed to Investigate:

e Effects of GA3 foliar spraying at 50 ppm
concentration twice 60 and 75 days after planting.
e Effects of potassium fertilization K (s) at 100 kg
k,O0/ Fed as foliar into two equal doses and
sprayed in the same dates of GA3 foliar spraying.
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Effects of soil fertilization with potassium K (a) at
the rate of 100 kg k,O/Fed divided into two equal
doses 60 and 75 days after planting.

e Control.
The experiments were set up in randomized
complete  blocks with three replicates. Each

replicate contained four treatments (plots). The plot
area was 25 m’ (5 rows with 1m width and 5 m long
for each row).

Offshoots of the local cultivar were planted on
one meter space on the row. The traditional
agricultural practices were carried according to
the recommendations of the ministry of Agriculture.
Chemical and physical analysis of the experimental
soil  was determined according  to Jakson
method"'" (Tablel).

Recorded Data:

Vegetative Growth: Five plants were taken randomly
from each plot at the beginning of flowering stage to
measure plant height (cm), leaves number per plant,
leaf length (cm) and offshoots number per plant.

Yield ( No. Of heads/plant ):

Early Yield: Early yield was calculated through the
period from the beginning of the harvest season till the
end of February.

Late Yield: It was estimated during the period from
the end of February till the end of harvest season.

Total Yield: It include both early and late yield during
the harvest season.

Yield Quality: Samples of 10 heads were taken
randomly from each plot from both early and late yield
to estimate head weight (g.), head diameter (cm), head
length (cm) and receptacle weight (g.).

Chemical Constituents:

Chemical Constituents of Leaves: Samples of
leaves were taken at the beginning of flowering
stage and oven dried at 70 C’, then fine ground
and wet digested. Total nitrogen was determined
according to Koch and Mc Meckin"?, protein
content was determined as nitrogen content and
converted to its equivalent protein content by
multiplying with 6.25 as described by Pregl"?,
phosphorus was determined according to Troug
and Meyer!"*!, and potassium was estimated according
to Brown and Lille Land"*. Samples of fresh leaves
were taken at the beginning of flowering stage and
extracted according to the method adopted by Badr et
al.,'"" and were detected by Gas Liquid
Chromatography (GLC), to estimate the endogenous
Indole Acetic Acid (IAA), Gibberellins (GA3) and
Abscise acid (ABA).
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Chemical Constituents of Heads: Samples of
heads taken at the beginning of harvesting
season and dried, the nitrogen, total protein, phosphorus
and potassium were determined as mentioned before,
while the crude fiber was determined according to

Anonymus,"”! and estimated according to A..0.A.C.""*.

were

Statistical Analysis: The collected data

statistically analyzed by analysis of variance according

to Gomez and Gomez"’.

were

RESULTS AND DISCUSSIONS

Vegetative Growth: It is clear from table (2) that
spraying globe artichoke plants with GA3 increased
significantly plant height and offshoots number per
plant. Similar results were obtained by El —Greadly™
and El-Bassiony et al.,”' who pointed out that treating
to globe artichoke plants by GA3 increased plant
height and number of offshoots per plant. It could be
concluded that the stimulation effect of GA3 on plant
height may be due to its effects on internodes
elongation, while the positive effect of GA3 on the
number of offshoots per plant may be attributed to the
promotive effect of GA3 on globe artichoke plants to
produce more lateral branches on its main stem.

Regarding the effect of potassium fertilization on
vegetative growth of globe artichoke plants, it was
found from data in table (2) that applying potassium
fertilizer to the soil increased leaf number per plant,
leaf length and number of offshoots per plant. These
promotive effects of potassium may be attributed to the
function of potassium in regulating the maintenance of
electro-chemical equilibria in the cells and the
regulation of enzyme activities®’.

Yield ( No. Of Heads per Plant):

Early Yield: It is clear from data in table (3) that GA3
spraying or applying potassium to the soil increased
significantly the early yield. The positive effect of
GA3 on early yield may be attributed to its effect
on inducing blooming earliness. These results
agree with that obtained by El-Greadly", Schrader®",
Garcia et al.,””', and Abdel-Wahab™. Concerning the
positive effect of potassium fertilizer it may be
attributed to its effects on the energy status of the plant
and translocation and storage of assimilates Imas
and Bansal™,

Late Yield: It is clear from data in table (3), that
using potassium fertilizer as foliar spray increased late
yield. Comparing with the other tested treatments in
both seasons of study.
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Table 1: Physical and chemical properties of the experimental soil.

(A) : physical properties %

Clay silt Fine sand Coarse sand Texture grade
27.98 16.35 33.34 22.33 Sandy clay loam
B- Chemical properties
E.C. (ds/m) 5.6
PH (1:2.5) 7.32
Soluble ions
Cations me.L"
Na 11
K 2.61
Ca” 36.65
Aninos me.L”
cr 10.75
3
HCO 3.00
so* 66.44
Available cations %
N 0.137
P 0.077
K 0.205

Table 2: Effect of GA3 and potassium treatments on vegetative growth of globe artichoke during 2003 -2004 and 2004 -2005 seasons.

Charac. Plant height (cm) Leaves number Leaf length (cm) Offshoots number

Treat. Season I Season II Season I Season II Season 1 Season II Season I Season II
1-GA3(50ppm) 57.50 41.83 43.50 28.33 54.00 61.83 4.83 3.50

2-K (s) 41.43 39.30 42.87 25.00 53.33 73.93 4.00 2.72
3-K(a) 29.80 37.50 45.60 33.67 61.83 78.50 4.00 3.75
4-Cont. 24.67 31.50 40.00 31.50 59.67 78.50 2.83 2.28
L.S.D. at 5% 10.76 NS NS NS NS 6.71 NS 0.95

Table 3: Effect of GA3 and potassium treatments on early, late and total yield of globe artichoke during 2003 - 2004 and 2004-2005 seasons.

Charac. Early yield Late yield Total yield

Treat. Season | Season II Season I Season II Season I Season II
1-GA3(50ppm) 3.17 3.50 6.17 9.83 9.33 13.33
2-K(s) 1.00 2.72 10.00 11.95 11.00 14.67
3-K(a) 3.50 3.75 5.50 10.58 9.00 14.33
4-Cont. 2.00 2.28 5.67 11.67 7.67 10.83
L.S.D. at 5% 141 0.95 1.66 NS 1.37 1.32

Total Yield: Data
that  using

in table (3) indicated clearly
potassium fertilizer as foliar spray
increased significantly total yield comparing with
the tested treatments in both seasons of
study. The positive effect of potassium spraying on

other

total yield may be attributed to its effect on
translocation of sugars and formation of
carbohydrates®*!.
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Yield Quality: Data in table (4) indicate the yield
quality, i.e. head weight, head diameter, head length
and receptacle weight of both early and late yield. It is
clear from the data that spraying globe artichoke plants
with GA3 or Applying potassium fertilizer to the soil
increased both head weight and receptacle weight of
the early yield, while there were no significant
differences between the tested treatments on head
diameter and head length in the early yield.
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Table 4: Effect of GA3 and potassium treatments on head quality of globe artichoke plants during 2003 -2004 and 2004 -2005 seasons.

Early yield Late yield
Chr. Head Head diameter Head Length  Receptacle Head weight Head diameter Head Length Receptacle
weight (g) (cm) (cm) weight (g) (g) (cm) (cm) weight (g)
Tre. Se.l Se.ll Se.l Se.ll Se.l Se.ll Se.l Se.ll Se.l Se.ll Se.l Se.ll Se.l Se.ll Se.l Se.ll
1-(GA3) 177.77 231.5 7.45 8.25 9.00 10.00 83.17 105.73 152.02 148.71 7.45 7.02 9.18 8.53 5339  64.49
2-(K)s 175.00 201.3 7.40 7.66 9.30 9.80 57.50 6590 153.34 156.94 7.68 6.70 8.01 8.49 55.53  64.59
3-(K)a 183.17 208.33 7.62 8.00 8.54 9.53 72.83  78.65 164.96 158.05 8.22 7.97 7.96 7.96 63.57  58.69
4-Cont. 174.17 198.67 7.21  7.68 8.77 10.13  72.83  62.90 146.00 147.83 6.84 7.60 7.82 7.38 50.00 63.97
LS.D. NS 23.61 NS NS NS NS NS 21.28 NS NS NS 0.91 NS 0.73 NS NS
at 5%
Table 5: Effect of GA3 and potassium treatments on chemical constituents of leaves of globe artichoke during 2003 -2004 and 2004 -2005
seasons.
Charac. N % P % K % Proteins %
Treat. Season I Season II Season I Season II Season I Season II Season 1 Season II
1-GA3(50) 1.16 1.18 0.302 0.307 1. 64 1.68 7.180 7.187
2-(K)s 1.22 1.25 0.322 0.325 1.72 1.81 7.560 7.574
3-(k)a 1.07 1.09 0.410 0.396 1.66 1.72 6.620 6.617
4-Cont. 1.05 1.08 0.283 0.277 1.55 1.58 6.510 6.569
L.S.D. at 5% 0.04 0.03 0.005 0.007 0.03 0.09 0.048 0.035

Table 6: Effect of GA3 and potassium treatments on chemical
2004 -2005 seasons.

constituents of receptical of heads of globe artichoke during 2003 -2004 and

Charac. N % P % K % Proteins % Fibers %

Treat. Season | Season II Season I Season II Season I Season II Season I Season II Season I Season II
1-GA3 1.270 1.267 0.420 0.427 1.940 1.93 7.937 7.875 11.27 11.30
2-(K)s 1.580 1.573 0.445 0.472 2.140 2.12 9.875 9.812 9.64 9.75
3-(K)a 1.420 1.463 0.421 0.407 2.130 2.11 8.875 8.804 10.34 10.33
4-Cont. 1.060 1.056 0.563 0.567 1.900 1.89 6.625 6.562 11.07 11.05
L.S.D 0.057 0.016 0.007 0.007 0.045 0.034 0.011 0.021 0.59 0.59

at 5%

Concerning the effect of the tested treatments on
head quality of the late yield its clear from the data in
table(4) that applying potassium to the soil significantly
increased head diameter the second season
only,while spraying plants with GA3 increased
significantly head length in the second season.

The effect of GA3 may be attributed to its ability
to cause cell elongation or expansion through affecting
the extensibility of the cell wall Lockhart,”, or by
affecting the process of cell division. Also, Loy"”"
reported that GA3 can increase the size of meristematic
region and also can increase the proportion of cells
which are undergoing division. The obtained data agree
with that reported by Elia et al.,”*”" and Schrader”'! who
concluded that GA3 increased average head weight of
globe artichoke. Also the obtained data agree with
those obtained by Garcia et al,”*! who reported that

in
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GA3 increased receptacle weight. Also, it was clear
from obtained data that applying potassium to the soil
increased significantly head diameter in late yield. Thus
the effect of potassium may be attributed to the role of
potassium on the energy status of the plant and

maintenance of tissue —water relation'®*.

Chemical Constituents:

Chemical Constituents of Leaves: Data in table (5)
indicate the percentage of nitrogen, phosphorus,
potassium and protein in the leaves of globe artichoke
plants, while Fig. (1) Indicate the endogenous
phytohormones (ng/g. fresh weight). It is clear from
data in table (5) that GA3 increased significantly the
percentage of nitrogen, potassium and protein of leaves
than control treatments. Bhattarcharjee et al.,® found
variable effects of GA3 on leaf nitrogen content of
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dahlia plants, on the other hand Abdel-Wahab™ found
that total nitrogen was not be affected by GA3 in
globe artichoke plants. Castro et al.,””, observed that
GA3 treatments increased phosphorous accumulation in
leaves and stems of tomato plants. Also, El-Greadly™,
reported that GA3 treatments increased potassium
percentage in leaves of globe artichoke plants. The
obtained results of GA3 treatments, agree with those
obtained by Farrage 1 who noticed a
considerable increasing of protein synthesis, which
apparently increases the rate of cell wall synthesis.
Also, they indicated that GA3 may play a role in the
stimulation of the RNA controlled protein synthesis.
Concerning the effect of potassium treatments on
nitrogen, phosphorus, potassium and protein in leaves
of globe artichoke plants, it is clear from table (5) that
spraying potassium on globe artichoke plant increased
nitrogen, potassium and protein percentage in the
leaves while applying potassium fertilizer to the soil
increased the percentage of phosphorus in the leaves of
globe artichoke plants. The effect of potassium

treatment may be attributed to its role in the regulation
1201

et al,l

of enzyme activities

Concerning the effect of GA3 and potassium
treatments on the endogenous phytohormones, it is
clear from Fig. (1) That all treatments used increased
the levels of the endogenous promoter compounds
(IAA and GA3), and reduced the inhibitor activity of
ABA as compared with the untreated plants. The
results indicate that GA3 increased the levels of
endogenous IAA and GA3. This positive effect of GA3

may be attributed to enhancement of auxin
biosynthesis,Sastry and Main,”" and Jindal and
Hembery®, or to retardation of auxin destruction

through decreasing IAA- oxidase activity®™. Similar
results were reported by El-Greadly"” who found an
increase in the endogenous gibberellins, auxins and
decreases in ABA levels in treated artichoke plants
with GA3 at 50 ppm.

Chemical Constituents of Heads: Data presented
in table (6) showed that nitrogen, potassium and
protein percentage increased in the heads of

the early yield by using treatment

were
of potassium

spraying followed by the other tested treatments.
While opposite ~ was  true  with phosphorus
percentage. The positive effect of the potassium
treatments on nitrogen, potassium and protein

percentage may be attributed to their effect on these
elements absorption and translocation”*. It is clear
from data in the same table that GA, increased the
percentage of crude fibers, while the opposite was true
with potassium treatments.

699

10.

11.

REFERENCES

Abd EL-hamid A.M. and A.Z. Osman, 1994.
Response of globe artichoke to GA3 treatments.
Minia J. Agric. Res.and Dev., 16(3).
EL-Greadly, N.H.M., 1994. Effect of
chemical substances on earliness, productivity and
endogenous substances of globe artichoke., Ph.D.
Thesis, Fac. Of Agric., Cairo Univ.
Mauromicale, G. and A. lerna, 2000.
Characteristics of heads of seed grown globe
artichoke (Cynara Scolymus L.) as affected by
harvest period, sowing date and gibberellic acid.
Agronomy, 20: 197-204.

Abd EL-Wahab, Horya A., 2003. Effect of growth
regulator (Gibberellic acid) on some biochemical
of globe artichoke and its relation to population
density of some associated pests. J. Agrric. Sci.
Mansoura Univ., 28(7): 5731-5736.
EL-Bassiouny, R.E. and M.A. Hassan, 2003.
Effect of gibberellic acid and of
micronutrients (nutarmine) on earliness, head yield
and pre and postharvest quality of globe artichoke

some

amixture

(Cynara Scolymus L.) J. Agric.Sci. Mansoura
Univ., 28(3): 1949-1967.
EL-Shall, M.A., F.I. EL-Adgham, S.M.

EL-Araby and M.A.S. Barakat, 1993. Studies on
the effects of potassium fertilization and gibberellic
acid on vegetative growth and head yield of globe
artichoke (Cynara Scolymus L.) under northern
coastal region conditions. Minia First Conference
for Horticultural Crops, 19-21.

Mansour, S.A.A., A.T.M. Kassem and A.M. Abd
EL-hameid, 2002. Effect of potasien and some bio
— fertilizers on earliness and head quality of globe
artichoke “Cynara Scolymus L.)" 2" “"". Hort. Sci.,
10-12, kafr El Sheikh, Tanta Univ., Egypt.
EL-Shimi, Amal A., Zahra A. EL-Sharkawy and
Rawia E.I. EL-Bassiouny, 2003. Effect of different
rates of phosphorus and potassium fertilization
on fruit production and quality of strawberry
CV. Chandler. J. Agric. Sci. Mansoura Univ.,
28(3): 1937-1948.

Fawzy Z.F., A.G. Behairy and S.A. Shehata, 2005.
Effect of potassium fertilizer on growth and yield
of sweet pepper plants (Capsicum annum L.).
Egypt. J. Agric. Res., 2(2): 599-610.

Fawzy, Z.F., M.A. EL-Nemr and S.A. Saleh,
2007. of levels and methods of
potassium fertilizer application on growth and yield
of eggplant. J. of applied Sci. Res., 3(1): 42-49.
Jakson, M.L., 1973. Soil Chemical Analysis. Com.,
Ltd., London.

Influence



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Res. J. Agric. & Biol. Sci., 3(6): 695-700, 2007

Koch, F.G. and T.L. Mc Meckin, 1924. A new
direct nesslirization microkeldahl method and a
modification of the Nessler — Folin reagent for
ammonia. J. Amer. Chem. Soc, 46: 2066.

Pregl, F., 1945. Quantitative organic microanalysis.
4™ ED. Chundchri I, London.

Troug, E. and A.H. meyer, 1939. Improvement in
denies calorimetric method for phosphorus and
arsenic. Indian English chemistry analysis Edition,
I: 136-139.

Brown, J. and O. Lilliland, 1946. Rapid
determination of potassium and sodium in plant
material and soil extracts by flam photometry.
Pros. Amer. Soc. Hort. Sci. 48: 341-346.

Badr, S.A., G.C. Martin and Hartmann, 1971. A
modified method for extraction and identification
of abscisic acid and gibberrelline—like substances
from the olive (Olea europaea ).Physiol. Plant.,
24: 191-198.

Anonymous, 1992. Bestimmung der Rohfaser,
An hang 1, Number 3. Amtsblatt der Europaischen
Gemeinschaften. Nr. L 3UU / 36 -37 Vom,
26: 11.

A.0.A.C., 1970. Association of official agricultural
chemicals. 11™ ed. A.0.A.C. Washington D.C.U.
S.A.

Gomez, K.A. and A.A. Gomez, 1984. Statistical
Procedure for Agricultural Research. 2 " ed. John
Wiley and Sons, Inc., New York, pp: 680.

Hsiao, C. And A.Lachli, 1986. Role of potassium
in plant — water relation. In advance in plant
nutrition. (2): 281-312, Praeger, New York.
Schrader, W.L., 1994. Growth regulator gives
earlier harvestin artichokes. California agriculture,
48(3): 29-32.

Garcia, S.M., I.T. Firpo, F.S.L. Anido and E.L.
Cointry, 1999. Application of Gibberellic acid in
globe artichoke. Presquisa Sgropecuaria Brasileria,
34(5): 789-793.

Imas, P. and S.K. Bansal, 1999. Potassium and
integrated nutrient management In potato. The
global conference on potato, December, 6-11,
New Delhy, India.

700

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Marschner, H., 1995. Mineral nutrition of higher
plants. Academic London, 4™ printing,
pp: 880.

Lockhart, J.A., 1965. An analysis of irreversible
plant cell elongation. J. Teoy. Biol., 8: 264-275.
Loy, J.B., 1977. Hormonal regulation of cell
divisition in the primary elongation meristems of
shoots. In mechanisms and control of cell division,
Eds. T.L. Rost and E.M. Gifford.

press,

Elia, AN. Calabrese and V.V. Bianco, 1994.
Sowing time, gibberellic acid treatment and
cultivars of seed propagated artichoke. Acta

Horticulture, 371: 347-354.

Bhattarcharjee, S.K., Mukhopadlhyay and Bose,
T.K., 1978. Interaction of auxin and gibbereellin
with growth retardant on growth and flowering of
dahlia variables. Indian Agriculturist, 20: 193-199.
Castro, P.R.C., K. Minami and N.A. Vello, 1977.
The effect of growth regulators on the growth and
cropping of the strawberry cultivar (Monte Alger)
Anias, 33: 67 -77. (C.f. Hort. Abst., 49:
4115, 1979 ).

Farrage, A.A. and M.M. Kandil, 1981. Effect of
foliar with GA3 and micronutrients on growth,
pigments, and yield of broadbean plants.
Res.Bull.NO.343, 1981, Faculty of Agriculture,
Zagazig University.

Sastry, K.S.K. and R.M. Muir, 1965. Effect of
gibberellic acid on utilization of auxin precursors
by apical segments of avena coleoptile. Plant
physiol., 40: 294-298.

Jindal, K.K. and T. Hembery, 1976. Influence of
gibberellic acid on growth and endogenous auxin
level in epicotyl and hypocotyl tissues of normal
and dwarf bean plants. Physiol. Plant., 38: 78 -82.
Kogl, F. and J. Elema, 1960. Virungsbezichungen
Zwicshen. Indole -3— essigsourse und gibberellin
saure (After Weaver, 1972).

EL—Sherbieny, S.E., 1990. Response of trigonell
foenumgraecum R. To foliar application with
manganese and iron. African J. Agri. Sci,,
17(1): 106-118.



