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Effect of Ammonium Sulphate and Agricultural Sulphur on the Artichoke Plant
Growth, Heads Yield and its Some Physical and Chemical Properties
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Abstract: Two field experiments were carried out during the two successive seasons of 2004/2005 and
2005/2006 in the newly reclaimed soil to investigate the response of artichoke plant for different
fertilization rates of ammonium sulphate 20.6% N (80, 100 and 120 N-units/fed.) and agricultural sulphur
(0, 150 and 300 kgs./fed.), and the important obtained results are as following: (1) Addition of ammonium
sulphate as a nitrogen source at rate within 100 — 120 N-units/fed., gained the best plant growth
parameters. However, addition sulphur at rate of 150 up to 300 kgs./fed. resulted the vigor growth of
artichoke plant. (2) With increasing ammonium sulphate and/or sulphur fertilizers, total and early heads
yield increased, but no statistical differences were detected within the two treatments of addition 150 with
300 kg. S/fed. as well as within addition 100 with 120 N-units/fed. (3) The fertilization by ammonium
sulphate caused an enhancement on the some physical properties of head yield as well as the nutritional
values of the edible parts of artichoke. The sulphur fertilizer up to 300 kgs./fed. resulted an increase in
artichoke head length, diameter, fresh weight, also gained a little rise in the elemental values of artichoke
heads. (4) The interaction between different rates of nitrogen and sulphur fertilizers had no significant
effect on plant growth measurements, total and/or early heads yield as well as its physical and chemical
properties.

Key words: Artichoke, Ammonium sulphate, sulphur, growth, heads yield

INTRODUCTION lowering the plant uptake of undesired or toxic
elements in the polluted soils”. Also, sulphur is the
fourth most important nutrient is required in relatively
large amount for plant growth™!. Addition sulphur with
ammonium sulphate for vegetables caused better
results, because the role of sulphur for lowering the pH
value in soil extract and their turn on increasing the

solubility and availability of many minerals"'*,

Globe artichoke (Cynara scolymus L.) is a large
immature flower rich in nutritional and medicinal
substances. It is considered one of the most important
vegetable crops in the bordering the
Mediterranean basin including Egypt. The world
production of globe artichoke increased from 1.141 to

countries

1.290 million tons from 1995 to 2000"). In Egypt, the
cultivated area of artichoke increased from 3482 fed. in
1983, which produced 26079 tons with an average of
7.49 tons/fed. to 4686 fed. in 1995 which produced
43231 tons with an average of 9.2 tons/fed.

Globe artichoke has important nutritional values
related to its high content of proteins, fibers and
minerals. Artichoke is a species of great
pharmacological interest because of its coleretic and
hepato-regenerative action induced by the aqueous
extracts of leaves®™?.

Among the major nutrients, nitrogen is required in
the largest amount by plants. It plays an essential role
for plant productivity. Artichoke productivity is
strongly affected by the amount of nitrogen™™®. Sulphur
deficiency is becoming a serious problem for Egyptian
soil. Sulphur fertilization is a feasible technique for

The present investigation was conducted to study
the effect of agriculture sulphur and ammonium
sulphate on artichoke productivity and product quality.

MATERIALS AND METHODS

Field experiments were conducted out in newly
reclaimed soil at El-Nobaria, (Behira Governorate),
Northern of Egypt during the two successive seasons of
2004/2005 and 2005/2006.

Two-factorial experiment was carried out in a split
plot design with three replicates. Whereas, three
agricultural sulphur treatments, i.e., 0, 150 and 300
kg/fed. (Factor A) were assigned to the main-plots,
while three N levels, i.e., 80, 100 and 120 kg N/fed. as
ammonium sulphate contains 20.6% N (Factor B) were
randomized and occupied the sub-plots. The soil texture
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is sandy with 95.3% sand, 0.4% silt and 4.3% clay.
The pH was 7.9 and EC was 2.0 dS/m. The plot area
was 22.5 m’ containing 15 artichoke plants. Before
planting, all sulphur treatments were soil-incorporated,
but the different rates of ammonium sulphate were
divided into three equal amounts and added 30, 60 and
90 days plant old. Drip irrigation system was used and
other agricultural practices such as phosphorus and
potassium fertilization, weed control and pest
management followed according to the
recommendation of the Ministry of Agriculture, Egypt.

The French cultivar, cv. Herious, (vegetatively
propagated), was grown on September 1 and 3™ for
first and second seasons, respectively, with 100 cm
apart between each two plants on the ridge and 150 cm
between the ridges. The first harvest of heads started
in January and continued until the end of May in both
growing seasons.

Vegetative plant samples were taken at 150 days
after planting and the following measurements were
recorded: Plant length (cm), number of leaves/plant,
and the following data were recorded on the fourth
leaf: leaf area (cm?), leaf fresh weight (g), leaf dry
weight (g), dry matter (%) and leaf chlorophyll content
(SPAD). Early yield was determined as weight and
number of heads/plant from starting of harvest until the
end of February, but total yield of heads was recorded
as weight and number of heads per plant from the
beginning of harvest until the end of growing season.
The weight, length and diameter of each head as well
as the weight of edible part (receptacle) were evaluated
in February (main heads). In the tissues of the edible
parts the following chemical analyses were determined:
1- Total nitrogen, phosphorus and potassium were
determined according to the methods of Pregl"*), Troug
and Mayer"'*! and Brown and Lilleland"*!] respectively.
2- The rate of crude protein and crude fiber were
determined according to A.O.A.CM"%.

3- Ca and Fe were measured according to Chapman
and Pratt!'”

were

Statistical analysis:
All data values were subjected to the analysis of
variance according to Gomez and Gomez,"*!.

RESULTS AND DISCUSSIONS

A. Plant growth as affected by:

1. Sulphur fertilization: The presented data in Table
(1) shows clearly that, addition agricultural sulphur
gained an enhancement in plant growth parameter of
artichoke plant if compared with those plants which no
received sulphur. Moreover, more addition of sulphur,
i.e. 300 kgs./fed., resulted the highest plant length,
number, fresh and dry weight of 4™ leaf as well as its
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area and its total pigments. These findings are in good
similar in two experimental seasons, with some slow
exceptions. However, in most cases, the statistical
analysis of the resulted data reveals no significant
difference within the two rates, i.e. 150 and/or 300
kgs./fed. of sulphur treatments. It means, that from the
economic view the addition of 150 kgs./sulphur per
fed. may be gained a good plant growth of artichoke
plant. Also, in the two seasons of experiments, addition
of sulphur at any rate resulted a significant
improvement of the plant growth characters compared
to the no sulphur treatments. These were true in both
experiments for all plant growth parameter, except the
area of 4™ leaf and the percentage of dry matter, which
recorded no significant responses.

It could be concluded that, under the condition of
this investigation, sulphur is important for improving
plant growth of artichoke plant. These results are in
good accordance with those which reported by other
investigators such as Abd El-Moez et al,"" on
onion, Shafeek et al,? on Japanese radish and
Saleh et al., on artichoke.

2. Ammonium sulphate: Fertilizing artichoke plant
with ammonium sulphate (20.6% N) as a source of
nitrogen at rates of 80 up to 120 kgs. N/fed. had a
significant effect on the plant growth characters as
shown in Table (1). This findings were true in 1*' and
2" experiments for all plant growth parameters except,
the values of dry matter percentage in both experiments
and the dry weight of 4" leaf in 1 season only.
Generally the statistical analysis of the obtained data
reveals that, the differences between treating artichoke
plants with ammonium sulphate at rate of 100 and/or
120 kgs.N/fed, failed to reach the 5% level of
significant in most criteria's of plant growth. It means
that, addition of 100 kg.N/fed. might be gained the best
benefits at least from the economic view.

It could be concluded that, the ammonium sulphate
fertilization of artichoke plant enhanced plant growth
characters if that added at rates of 100-120 kg.N/fed.
Nitrogen is present in the chlorophyll molecule and it
is a main component of protein synthesis. Moreover,
the advancing effect of nitrogen might be attribute to
its role in enhancing plant capacity in protein synthesis,
leading to an increase in building up carbohydrates,
and this in turn resulted in increases the plant
growth characters.

It is noteworthy to mentioned that, nitrogen is
essential for plant growth as its a constituent of all
proteins of all protoplasm. As the level of nitrogen
supply increases compared with other nutrients, the
extra protein produced allows the plants leaves to grow
larger and hence to have a larger surface available for
photosynthesis proportional to the amount of nitrogen
supplied.
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Table 1: Effect of different levels of agricultural sulfur and chemical nitrogen as ammonium sulfate on vegetative growth of artichoke plants
in 1* season 2004/2005 and 2" season 2005/2006:
Treatments (A) 0 kg Sulfur 150 kg Sulfur 300 kg Sulfur Mean LSD at 5%
Characters 80 100 120 Mean 80 100 120 Mean 80 100 120 Mean 80 100 120 A B AxB
(B) kgN kgN  kgN kgN  kgN  kgN kgN  kgN  kgN kgN  kgN kgN
Ist season 2004/2005
Plant 66.7 69.7 703 689 693 740 743 725 713 753 737 734 69.1 73.0 728 1.5 2.3 ns lengh,
cm
Leaves 56.7 58.0 61.7 588 593 627 643 621 597 62.0 61.7 61.1 586 609 626 2.5 1.6 nstumber
Leaf 98.3 106.7 107.7 104.2 104.7 114.3 110.0 109.7 108.3 1153 112.7 /2.1 103.8 112.1 110.1 5.4 2.2 ns fresh
W., g
Leaf dry 13.7 156 159 151 150 17.8 17.0 16.6 158 17.1 162 164 148 168 164 0.9 ns ns weight,
g
Dry 139 146 148 144 143 156 155 151 146 148 144 146 143 150 149 ns ns s maer,
%
Leaf 493.0 497.3 514.3 501.5 499.0 503.7 519.7 507.5 5133 517.3 5253 518.6 501.8 506.1 519.8 ns 13.3  ns
area, cm’
Chloro- 49.6 494 521 504 519 54.0 545 535 522 544 532 533 512 526 533 2.1 1.4 ns
phyll, Spad
2" season 2005/2006.
Plant 673 68.7 713 69.1 69.0 733 747 723 71.0 73.7 743 73.0 69.1 719 734 1.0 0.7 12%ngh,
cm
Leaves 53.7 557 563 552 55.0 593 587 57.7 567 58.0 59.7 581 551 577 582 2.2 1.9 nsmumba
Leaf 97.3 102.0 104.3 703.7 103.7 107.0 106.3 105.7 106.3 110.0 111.7 109.3 102.4 106.3 107.4 1.5 1.4 ns
fresh W., g
Leaf 14.0 147 152 146 150 154 152 152 153 157 l6.1 157 148 153 155 0.2 0.2 0.4 dry
weight, g
Dry 144 144 146 145 145 144 143 144 144 143 144 144 144 144 144 ns ns nsmaer,
%
Leaf 494.0 497.3 506.7 499.3 4953 509.3 506.0 503.5 501.7 507.3 513.3 507.4 497.0 504.6 508.7 ns 6.8 ns area,
cm?*
Chloro- 48.8 50.0 51.7 50.2 525 51.6 537 526 517 529 531 526 510 515 528 1.1 0.5 0.9
phyll, Spad

Many investigators studied the response of many
vegetable plants to nitrogen fertilization and had results
supported that which obtained in this in script (EI-
Fatth, et al."”; Rosati, et al.”; Saleh et al.’;
Rodrigo, et al.,”'" and Saleh et al.,””.

3. The interaction of sulphur X ammonium
sulphate: The supplying of sulphur at rates of 0, 150
and 300 kgs./fed. with ammonium sulphate at rate of
80, 100 and 120 N-unit,/fed. as interaction treatments
for artichoke plant had a little effect on the parameters
of plant growth as shown in Table (1). Whereas, the
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statistical analysis of the obtained data shows that, no
significant variation recorded for all measurements of
plant growth. These in both
experiments with some exception of the plant length,
dry weight of 4" leaf, and chlorophyll content in 2™
experiment which responded significantly at 5% level.

Generally, it could be that, the
interaction treatment of sulphur and ammonium
sulphate addition at different rates caused a little effect
on the plant growth character of artichoke plant. It

results were true

summarized

means that, each factor of the interaction treatments act
independently.
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Table 2: Effect of different levels of agricultural sulfur and chemical nitrogen as ammonium sulfate on artichoke head characters in 1% season
2004/2005 and 2" season 2005/2006:
Treatments (A) 0 kg Sulfur 150 kg Sulfur 300 kg Sulfur Mean LSD at 5%
Characters 80 100 120 Mean 80 100 120 Mean 80 100 120 Mean 80 100 120 A B AxB
(B) kgN  kgN  kgN kgN  kgN  kgN kgN  kgN  kgN kgN  kgN kgN
I season 2004/2005
Head 198.3 204.6 203.4 202.1 204.7 207.7 205.6 206.0 200.5 205.6 207.8 204.6 201.2 206.0 205.6 ns 4.1 ns fresh
weight, g
Head 83.0 85.0 857 84.6 853 87.7 873 868 86.0 873 88.0 87.1 84.8 86.7 87.0 1.4 1.6 ns length,
mm
Head 78.3 80.0 80.0 794 79.0 81.3 81.0 &80.4 81.3 823 82.0 81.9 79.5 812 8l.0 1.8 1.3 n K
diameter, mm
Edible 38.6 40.5 403 39.8 40.1 412 405 40.6 39.5 405 41.0 40.3 394 40.7 40.6 ns 1.0 ns part
FWwW.,g
Edible part 5.7 6.3 6.3 6.1 6.2 6.4 6.4 6.3 6.2 6.4 6.5 6.4 6.0 6.4 6.4 ns 0.2 ns DW,
g
Dry 148 156 156 153 155 155 158 156 157 158 159 158 153 156 158 ns 0.3 nsmater,
%
2" season 2005/2006
Head 183.9 187.4 186.7 186.0 189.2 197.8 1952 194.1 187.1 196.6 198.7 194.1 186.7 1939 193.5 6.2 5.2 ns fresh
weight, g
Head 833 84.7 857 84.6 833 887 88.0 867 86.0 887 87.0 87.2 842 874 869 1.3 1.2 21kngh,
mm
Head 76.0 78.0 803 781 793 82.0 803 &80.5 79.7 813 81.0 80.7 783 804 80.5 1.6 1.2 ns
diameter, mm
Edible 38.7 39.6 395 393 40.0 41.7 413 41.0 39.6 414 418 40.9 394 409 409 1.3 1.0 ns part
FWwW.,g
Edible 5.8 6.4 6.3 6.2 6.4 6.5 6.6 6.5 6.4 6.7 6.6 6.6 6.2 6.5 6.5 0.3 0.2 ns part
DW., g
Dry 15.0 162 159 157 160 156 160 159 162 162 158 16.0 157 16.0 159 ns ns nsmaer,

%

B. Head yield as affected by:

1. Sulphur fertilization: Table (2) shows that, the total
and early heads yield of artichoke plant (weights and/or
numbers) as affected by the rates of sulphur addition in
two experiments of 2004/2005 and 2005/2006.
Whereas, the obtained results indicate that, supplying
sulphur gained an increase in the total and early heads
yield comparing to that plants no sulphur supplied.
Moreover, with increasing agricultural sulphur up to
300 kgs./fed. obtained more total and early heads yield,
but the statistical analysis of the collected data reveals
that, no great difference within applying 150 and 300
kgs./fed. to be significantly at 5% level. Generally, the
increments in total heads weight and early weights
which obtained when 300 kgs. sulphur added per fed.
over that treatment which no supplied sulphur
amounted by 16.2 and 19.3% in 1 experiment and by
17.1 and 12.4% in 2" experiment.
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It could be abstracted that the sulphur addition
within range of 150 up to 300 kgs./fed. caused an
encourage in yield of artichoke plant. These were
similar in both seasons. The response of total, early
yields as number and average head weight followed the
same pattern of change like that mentioned above for
two experiments.

The higher total and early artichoke heads yield
obtained from using the different rates of sulphur may
be due to the increase in one or more of the estimated
attributes either in plant length or leaf weight and/or
leaf areca. However, the picture reflected some
significant increases in leaves number, area, fresh and
dry weight and total chlorophyll. So, these increments
in our opinion led to the favourable jump in the
production of artichoke plant in this experiment.
Moreover, the use sulphur in the examined level may
increase the other nutrition elements from soil extracts,
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Table 3: Effect of different levels of agricultural sulfur and chemical nitrogen as ammonium sulfate on artichoke yield and ist

components in 1" season 2004/2005 and 2" season 2005/2006:

Treatments (A) 0 kg Sulfur 150 kg Sulfur 300 kg Sulfur Mean LSD at 5%
Characters 80 100 120 Mean 80 100 120 Mean 80 100 120 Mean 80 100 120 A B AxB
(B) kgN kgN kgN kgN kgN kgN kgN kgN kgN kgN kgN kgN

I season 2004/2005
Early 536.7  691.7 6283 6189 6417 5650 721.7 642.8 786.7  191.7  636.7 7384  655.0 682.8 662.2 ns ns ns
yield, g/plant
Total 2515.0 26583 28783 2683.9 29150 3151.7 32833 3116.7 30183 31967 3140.0 31183 2816.1 3002.2 3100.5 2555 1956 ns
yield, g/plant
Earlyl 2.33 3.00 2.67 2.67 2.67 2.33 3.00 2.67 3.33 3.33 2.67 3.11 2.78 2.89 2.78 ns ns ns
yield No./plant
Total 12.00 12.67  13.67 12.78 13.67 14.67 1533  14.56 14.33 15.00 14.67 14.67  13.33 14.11 14.56 0.70 0.90 ns
yield No./plant
Mean 209.6 2098 210.6 210.0 2132 2148 2142 2141 2106 213.1 214.0 2126 211.2 212.6 212.9 ns ns ns
head weight, g

2" season 2005/2006
Early 531.7  627.7 7207  626.7 6223 807.0  648.7  692.7 730.0 7350  648.0 7043  628.0 723.2 672.5 ns ns ns
yield, g/plant
Total 2150.0 2451.0 2604.0 2401.7 2597.3 2952.0 29403 2829.9 2550.0 2911.7 2974.7 2812.1 24324 2771.6  2839.7 153.7 141.7 ns
yield, g/plant
Earlyl 2.33 2.67 3.00 2.67 2.67 3.33 2.67 2.89 3.00 3.00 2.67 2.89 2.67 3.00 2.78 ns ns ns
yield No./plant
Total 11.00 1233 13.00 12.11 13.00 14.00 1433 1378 12.67  14.00 14.33 13.67 1222 13.44 13.89 0.90 0.70 ns
yield No./plant
Mean 195.5 198.8  200.3 198.2 199.8 2109 2052 2053 201.3  208.0  207.6 205.6  198.8 205.9 204.4 4.4 5.1  ns

head weight, g

where the addition S caused lowering the alkalinity of
soil media and this reflected on the solubility and
availability of the minerals in root zone.

The role of sulphur to increase the total and early
yield of vegetables are studied by many workers and
their obtained reported are in good accordance with
that written here (Fatma Rizk,”*'; Lancaster, et al.,”");
Shafeek et al.,'” and Saleh, et al.,”.

2. Ammonium sulphate: Total heads yield as g./plant
and/or No./plant of artichoke plant recorded its highest
values with that plants which received highest rate of
ammonium sulphate i.e. 120 kgs.N./fed. Whereas, that
plants which supplied ammonium sulphate at rate of
100 N-units/fed. gained the heaviest early heads yield,
also had the highest number of heads/plant. Concerning
to the average head weight of artichoke, the presented
data in table (2) clearly showed that, it responded
completely like that mentioned above for early heads
yield. These findings were true in the two experimental
seasons.

It could be concluded that, the total and early
artichoke heads yield increased with addition more
ammonium sulphate, and the statistical analysis of the
obtained data indicate that, the differences within the
higher two rates of ammonium sulphate which applied
were not great enough to reach 5% level of significant.

The yield response to adequate N fertilizer could
be attributed to response of all tested growth features
of artichoke plant previously discussed, whereas, yield

can be affected by all physiological processes including
growth and nutrient supply. By other means the
favourable effect of nitrogen fertilizer in increasing
yield/plant could be due to its stimulate effect on the
vegetative growth which increased the photosynthetic
rate and number of leaves.

The registrated data here are in good accordance
with those which obtained by other workers such as
El-Fattah et al.,'""); Schalz and Elerbrock,"”*); Khayyo et

al. ) Pomares et al.”; Rosati et al.,”"; Foti et
al.,”; Lerna et al.,”*!.
3. The interaction of sulphur X ammonium

sulphate: The total and early heads yield of artichoke
as both weight or number/plant and the average head
weight all of them as influenced by the interaction
treatment of agricultural sulphur and ammonium
sulphate at 3 levels for each are shown in Table (2) for
the two experimental seasons. It evident from the
obtained data that, no significant effect of the
interaction treatments on all elements of artichoke yield
in two experiments. This means that each factor of the
interaction treatments may be act individually or
independently.

C. Quality of heads yield as affected by:

1. Sulphur fertilization: Table (3) shows the response
of some physical and chemical properties of artichoke
yield as affected by addition sulphur at rates of 0, 150
and 300 kgs./fed. in the two experimental seasons.
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Table 4: Effect of different levels of agricultural sulfur and chemical nitrogen as ammonium sulfate on leaf contents of nutrient minerals
in 1" season 2004/2005 and 2" season 2005/2006:

Treatments (A) 0 kg Sulfur 150 kg Sulfur 300 kg Sulfur Mean LSD at 5%
Characters (B) 80 keN 100 keN 120 keN Mean 80 keN 100 keN 120 keN Mean 80 keN 100 kgN 120 keN Mean 80 keN 100 keN 120 keN A B AxB
1" season 2004/2005
N, % 341 3.49 3.57 3.49 3.36 3.64 3.75 3.58 3.52 3.76 3.81 3.70 343 3.63 3.71 0.06 0.07 ns
P, % 0.42 0.47 0.42 0.43 0.48 0.47 0.40 0.45 0.38 0.33 0.45 0.38 0.43 0.42 0.42 ns ns ns
K % 3.52 3.48 3.65 3.55 3.76 3.66 3.92 3.78 3.70 3.68 3.87 3.75 3.66 3.61 3.81 ns 0.17 ns
Ca, % 1.09 0.96 1.03 1.03 0.97 1.04 0.96 0.99 1.01 1.02 1.02 1.02 1.02 1.01 1.00 ns ns 0.08
Fe, ppm 285 289 336 303 264 257 280 267 279 263 230 257 276 269 282 21.3 ns 19.5
2" season 2005/2006
N, % 3.21 343 3.52 3.39 3.46 3.63 3.64 3.58 3.56 3.71 3.58 3.62 3.41 3.59 3.58 0.05 0.04 0.08
P, % 0.40 0.42 0.44 0.42 0.45 0.42 0.38 0.42 0.38 0.44 0.41 0.41 0.41 0.43 0.41 ns ns ns
K % 3.82 3.99 391 3.91 3.80 3.68 3.99 3.82 3.83 3.90 3.71 3.81 3.82 3.86 3.87 ns ns ns
Ca, % 1.07 0.97 1.13 1.06 1.03 1.10 0.99 1.04 1.03 1.08 0.99 1.03 1.04 1.05 1.04 ns ns 0.07
Fe, ppm 321 312 295 309 254 276 289 273 301 273 263 279 292 287 282 17.3 ns ns

Table 5: Effect of different levels of agricultural sulfur and chemical nitrogen as ammonium sulfate on chemical composition of head edible

in I season 2004/2005 and 2" season 2005/2006:

Treatments 0 kg Sulfur 150 kg Sulfur 300 kg Sulfur Mean LSD at 5%

(A)

Characters 80 100 120  Mean 80 100 120  Mean 80 100 120  Mean 80 100 120 A B AXB
(B) kgN  kgN  kgN kgN  kgN kgN kgN  kgN kgN kgN  kgN kgN

I’ season 2004/2005

N, % 3.12 3.18 3.23 378 3.09 331 328 323 319 328 329 325 3.13 326 327 s 0.06 ns

P, % 035 0.42 043 040 0.40 044 042 042 046 042 041 043 041 042 042 ns ns ns

K, % 3.19 3.08 297 308 3.03 283 3.07 298 325 317 342 328 3.16 3.03 3.15 0.08 ns ns

Ca, % 0.58 0.55 059 057 055 052 049 052 060 0.53 051 055 058 053 0.53 0.02 ns ns

Fe, ppm 87 108 116 104 90 91 104 95 91 84 90 88 89 94 103 9.2 8.3 14.3

Crude 19.50 19.90 20.19 79.86 19.31 20.69 20.52 20.17 19.94 20.52 20.58 20.35 19.58 20.37 20.43 ns 0.35 ns
protein,%

Total 14.04 13.95 13.81 [13.93 13.97 14.01 13.58 13.85 13.95 13.63 13.45 13.68 13.99 13.86 13.61 0.17 0.10 0.17
fibers,%

2" season 2005/2006

N, % 2.77 289 298 288 295 330 322 316 3.07 328 325 320 293 3.16 3.15 0.10 0.05 0.09

P, % 042 041 038 040 045 044 045 045 047 047 046 047 045 044 043 ns ns ns

K, % 3.12 292 286 297 3.14 286 296 299 292 289 279 287 3.06 289 287 s 0.12  ns

Ca, % 0.59 0.52 060 057 0.60 056 0.53 056 059 046 050 052 059 051 054 ns 0.03  0.04
Fe, ppm 114 103 92 103 93 82 88 87 85 80 84 83 97 88 88 14.6  ns ns
Crude 17.29 18.04 18.60 17.98 18.42 20.63 20.10 7/9.72 19.21 20.52 20.33 20.02 18.31 19.73 19.68 0.60 0.33 0.58

protien, %

Total 14.12 13.94 13.91 13.99 13.99 14.04 13.64 13.89 14.19 14.01 13.79 14.00 14.10 14.00 13.78 0.26 0.15 ns
fiber, %

It is reveals that, sulphur fertilizer caused an weight, percentage of dry weight, dimension of head
improvement in physical properties, i.e. head fresh (length and diameter) as well as fresh and dry weight
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of edible part. Whereas, the best value of the above
mentioned parameters gained with supplying the highest
sulphur rate, i.e. 300 kgs./fed., with no significant
difference was detected with that level of 150 kgs./fed.
These were similar with most heads yield parameters
in the two experiments.

Concerning to the effect of sulphur addition and its
influence on the some mineral content the presented
data of Table (4) indicate that, addition sulphur resulted
in higher mineral content, and crude protein in the
edible head of artichoke yield. Moreover, with
increasing the rate of sulphur supplying, the values of
N, P, K, Ca and Fe increased. But the statistical
analysis of the obtained data that, the
differences within different sulphur rates recorded no
significance at 5% level. These were true for P, K and

reveals

Fe in the two experiments and Ca only in 1%
experiment.
In spite the no statistical response of many

elements by the levels of sulphur addition, but,
generally the presented data in Table (4) showed that,
the addition of sulphur caused an increase in the
nutritional elements in the tissues of edible parts of
artichoke head. It is known that, present sulphur in the
texture of soil had a reduction effect on the pH value
of soil extract, thus improving the solubility and
availability of many minerals in rooting zone, hence
increasing their absorbing for plant feeding.

It could be summarized that, sulphur fertilization
caused an enhancement in nutritional values of edible
parts of artichoke yield. Many other workers obtained
results which supported that written here (Abd ElI-Moez
et al.'""; Shafeek et al.,'* and Saleh, et al. .

2. Ammonium sulphate: The nitrogen fertilization in
the form of ammonium sulphate at levels ranging
within 80 up to 120 N-units/fed. caused an encourage
in the physical properties of artichoke heads yield as
shown in Table (3).

The statistical analysis of that data indicated that,
the differences recorded significant values at 5% level
in both experiments, except that of the dry matter
percentage in 2" season. However, in most physical
quality parameters of artichoke heads yield, the
variation within addition of nitrogen at levels of 100
and/or 120 units/fed., was not great enough to reach
the level of significant. It means, that from the
economic view, it can recommended that, the suitable
and proper rate of N fertilizing is within 100 up to 120
units/fed.

It could be concluded that, nitrogen fertilization
caused an improvement in the physical quality of
artichoke heads yield. This might be explained on the
basis that N is an essential element for plant growth,
that possibly increased the efficiency of photosynthesis
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which resulted in more accumulation of food that
caused an increase in flower bud formation during the
most favourable conditions, thus producing heads of
high quality. The obtained results are in good
agreement with the other reported by Pomares
al.,”"; on artichoke plant; Fatma et al.,””; Salamah,”;
El-Fatth et al.,""*"; Foti, et al.,””" and Saleh et al.,®.

Regarding the effect of nitrogen fertilization on
some nutritional values, i.e. N, P, K, Ca, Fe, crude
protein and total fibers during the two experimental
seasons are shown in Table (4). In spite of the no
significant effect of nitrogen addition at rates of 80,
100 and/or 120 units/fed. on the various nutritional
values, but it is clear from the obtained data that,
nitrogen fertilization for artichoke plant caused an
increase in some nutritional values of heads yield.

Generally, the obtained data fluctuated within the
two experiments, whereas, in 1* season its evident that
increasing ammonium sulphate encouraged the
nutritional values. On the contrary in 2" season, since
addition of the lower rate of N resulted in the highest
of most nutritional values. In the two experiments the
values of the total fibers recorded its lowest content
with that plants which received the lowest nitrogen
fertilizer rate. In addition, in both two experiments,
nitrogen, Fe and crude protein in edible part of
artichoke head were associated with the level of
nitrogen fertilization.

It could be concluded that, the effect of N-level
was more pronounced on the concentration of many
elements similar results were reported by Salamah,”;
El-Fattah, et al.'"”; El-Abagy,®'; Fatma Rizk,”;
Shafeek et al.,''* and Saleh et al.,®.

et

3. The interaction of sulphur X ammonium
sulphate: The interaction between agricultural sulphur
and ammonium sulphate fertilization for artichoke plant
and their effects on the some physical and/or
chemical properties of heads yield are presented in
Tables (3 and 4) for the two seasons, i.e. 2004/2005
and 2005/2006.

The fresh weight and/or dry weight percentage of
artichoke head as a whole or as its edible part as well
as head dimension, all these criteria's responsed no
significantly at 5% level by the interaction treatments.
These were true in both seasons with except, head
length in 2™ season.

Concerning to the response of many elemental
values, i.e. N, P, K, Ca and Fe, crude protein and total
fibers to the interaction treatments, the recorded data
fluctuated within the two experimental seasons. But its
evident that, most the nutritional constituents had no
great enough variation to be significantly at 5% level.

It could be concluded that the many physical
and/or chemical properties of artichoke heads yield
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were influenced no significantly by the interaction
treatments. This might be explained on the basis that
each factor of the interaction treatments act individually
or independently.

10.
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