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ABSTRACT

Two field experiments were conducted at Baramoon Research Station, Mansoura, Dakahlia Governorate,
Egypt, during the two seasons of 2017-2018 and 2018-2019, to investigate the effect of irrigation intervals and
foliar application with nano potassium and boron fertilizers under mineral potassium fertilization on plant
vegetative growth parameters and mineral content in leaves of globe artichoke, French Hyrious variety. The
experiment included 36 treatments, representing the combinations of three irrigation intervals (10, 20 and 30 days)
as vertical-plot, three rates of potassium fertilization (50, 75 and 100%) as horizontal plot and four foliar application
rates of Nano-fertilizers (without, 3000 ppm K, 50 ppm B and 3000 ppm K + 50 ppm B) as split plot. The design
of the experiment was a strip-split plot with three replicates. The results revealed that the fertilization of globe
artichoke plants with potassium at 100% (200 kg/fed. potassium sulfate.) or 75% (150 kg/fed. potassium sulfate)
with foliar application by a mixture of 3000 ppm nano-K+ 50 ppm nano-B treatment and irrigation every 20 days
to obtain the best vegetative growth parameters and the highest nutrient contents.

Keywords: Globe artichoke, irrigation intervals, K-fertilization, nano-fertilizers, nano-K, nano-B and foliar

application.

INTRODUCTION

Globe artichoke (Cynara scolymus L.) is belong to
Asteraceae (Compositae) family. The edible part of the plant
is the enlarged receptacle and the tender thickened bracts
bases of the head (capitula), which is the immature
inflorescence. It is used worldwide as a fresh canned delicacy
or frozen vegetable.

In Egypt, the total cultivated area of artichoke reached
16546 ha and the total production exceeded 2968899 ton ha*
(FAO, 2019). Recently, the government is paying more
attention to promote artichoke production especially in the
newly reclaimed areas to satisfy the increasing demand for
both local consumption and exportation.

Water shortage is one of the challenges facing Egypt,
the total agriculture land in Egypt is almost entirely dependent
on irrigation. This should motivate us to find ways for saving
water and use marginal waters, without significant reduction
in yield to satisfy the increased rates of population growth
requirements. Irrigation scheduling is a critical management
input to maximize soil moisture content for proper growth of
plant, development, optimum yield, water use efficiency and
economic benefits (Himanshu et al., 2013). The important use
of irrigation can be characterized as the rooting area and
avoiding the leaching of nutrients into soil layers (Kruger et
al., 1999). Therefore, predicting the water content in the root
zone can be use to helping the farmer decide when, and how
much to irrigate. By increasing irrigation intervals, reducing
the amount of water used in each irrigation time or by limiting
water consumption to drought-sensitive growth stages, this
practice aims to maximize water productivity and to stabilize
yields (Fallahi et al., 2015). This strategy of deficit irrigation
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is a successful way of increasing water productivity in
different crops without causing a severe decline in growth and
yield of the plant.

Potassium (K) is an important nutrient for plant
meristematic growth and physiological functions, including
regulation of water and gas exchange in plants, protein
synthesis, translocation in plants and growth substances,
energy transfer, phloem transport, cation - anion balance and
enabling their ability to resist pests and diseases (Wang et al.,
2013). K is the key for quantity and quality of the product due
to its role in stimulating root growth and improving the size
of fruits. The formations of carbohydrates and sugars
translocation in plant depend on potassium (Imas and Bansal,
19990). The application mode of K (dose, proportion and
time) is very important for the adequate nutrients uptake and
optimum plant growth resulting maximum yield with good
quality. Whereas, potassium enhances the earliness and
improves product quality and head characters (Saleh et al.,
2016).

Recently, Nano-materials (NMs) can equip one or
more nutrients to improve growth and production of plants
with better performance and lower amounts of traditional
fertilizers and slow nutrient release (Jyothi and Hebsur, 2017).
Some studies have demonstrated the importance of active
nano-fertilizers in terms of increased nutrient efficiency,
higher yield, better quality, and safer environment (Singh et
al., 2017).

Boron (B) is essential micronutrients, it is important
for metabolism and growth of higher plants through its effect
on cell elongation and cell division, protein metabolism,
tissue  differentiation and membrane  permeability
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(Marschner, 2013). The affected curds have deformities in
shape, size, bitter in taste and less productive which adversely
affects the market value. It was seen that boron increased
growth and yield of the crops as it helps in cell wall
development, cell division, cell extension and pollen tube
growth (Tandon, 1991).

The main objective of this study is to define the
optimum schedule irrigation and water requirements and
evaluate the effects of foliar application with some nano-
fertilizers (Nano K and Nano B) on vegetative growth
parameters, nutrition values of globe artichoke under mineral
potassium fertilization.

MATERIALS AND METHODS

In order to obtain the objective of this investigation;
two field experiment were undertaken at Baramoon Research
Station, Mansoura, Dakahlia Governorate, Egypt, during the
winter season of 2017-2018 and 2018-2019, to investigate the
effect of irrigation intervals and foliar application with
potassium and boron nano-fertilizers under mineral
potassium fertilization on vegetative growth parameters and
leaf mineral content of globe artichoke French Hyrious
variety.

The textural class of soil for experimentation is Clay
and, before the start of the experiment, had the following
characteristics: EC 1.58 dSm™ , pH 7.78, organic matter%
1.75, available N 74.7; available P 5.2 and available K 370
mg-kg™.

The experiment includes 36 treatments, representing
the combinations of three irrigation intervals (10, 20 and 30
days) as vertical-plot, three rates of potassium fertilization
(50, 75 and 100%) as horizontal plot and four foliar
application of nano- fertilization, treatments (without, 3000
ppm K, 50 ppm B and 3000 ppm K + 50 ppm B) as split plot.
The design of the experiment was a strip-split plot with three
replicates.

All the experimental units received ammonium
sulphate (20.6 % N) at rate of 600 kg/fed. and calcium
phosphate super (15.5 % P,Os) at rate of 400 kg/fed. For
ammonium sulfate was added in 3 batches, super phosphate
calcium was added in two batches while potassium sulfate (48
% K,0) was added in 3 batches depending on the treatments
as follows:

-With preparation of soil, the first batch of nitrogen and
phosphorus was added with 200 kg of agricultural sulfur.
-After 30 days of planting (complete the germination of the
most seeds), the second batch of nitrogen and phosphorus
was added and the first batch of potassium was added

depending on the treatments.

-After 60 days of planting, the third batch of nitrogen and the
second batch of potassium were added.

-After 120 days of planting (in first of mid-December), the
last batch of potassium was added according to the
treatments (100, 75, 50 % from recommended dose).

As for foliar application: nano-K Fertilizer and hano-Boron

powder were obtained from (Nano Fab Technology

Company, Cairo, Egypt) and added at rates of K, 3000 ppm

nano-K, 50 ppm nano-B, and 3000 nano-K+ 50 nano-B were

sprayed at 60 days old three times with 15 days interval.

As for Irrigation: The irrigation treatments began after 30

days from planting. All treatments were received equal

amounts of water at the first irrigation. Irrigation was applied

at 10, 20 and 30 days intervals but withholding of irrigation
was done as defined for the treatments

The French Hyrious cultivar was vegetatively
propagated by cutting old grown pieces (stumps). The old
pieces were dipped with Rizolex fungicide at 2 g/l for 30
minutes before planting, then planted in mid of August in the
first and the second seasons, respectively, with distance of 1.0
m between plants on the ridge and 1.0 meter between the
ridges. Each experimental basic unit (sub-plot) included 4
ridges, each one of them of 0.8 m width and 4 m length,
resulting an area of 12.8 m?

Data recorded:

After 135 days from planting, samples of globe
artichoke were taken randomly from each experimental plot
to measure the following parameters:
1-Vegetative growth parameters:

Number of leaves/plant,

Number of branches/plant,

Dry weight of /leaves,

Leaf area /plant: It was calculated according to Koller
(1972).

2-Mineral content in leaves:

The sample of artichoke leaves were taken and dried
then thoroughly ground and stored for determination of
chemical constituents in the leaves. N was determined as
described by Jones et al. (1991), P and K % were determined
according to Peters et al. (2003).

Statistical analysis:

All obtained data were statistically analyzed
according to the technique of analysis of variance (ANOVA)
for the strip-split plot design as published by Gomez and
Gomez (1984) by using “MSTAT-C” computer software
package. Duncan's multiple range test (Duncan, 1955) at 5%
level was used to compare the means.

RESULTS AND DISCUSSION

1. Vegetative growth parameters:
Effect of irrigation intervals:

Data presented in Table (1) showed the individual
effect of irrigation intervals (10, 20 and 30 days) on plant
growth parameters as (humber of leaves/plant, number of
branches/plant, dry weight and leaf area) during two seasons.
There were a significant differences in all vegetative growth
parameters in both seasons except no. of leaves. In this
respect, irrigation interval of 20 days recorded the highest
values for all measured growth parameters, followed by
irrigation every 10 days during both seasons. Such increment
in plant morphological parameters due to the reduction of
irrigation interval may be due to the main role of irrigation
water in increasing the availability and diffusion as well as
the uptake of macro and micro- nutrients by plant which
affect greatly on plant growth. Such response might be
attributed to lake of water absorbed, inhibition of
meristemic  activity and reduction in photosynthetic
efficiency under the prolonged irrigation interval. Similar
results were recorded by El-Sharkawy and El-Zohiri (2007);
Zeipina et al. (2015) and Anwar et al. (2017).

Effect of potassium fertilization:

Data in Table (1) showed the effect of potassium
fertilization rate on above mentioned vegetative growth
parameters. The differences were significant in both seasons.
In this regard, an increase was found in all vegetative growth
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parameters with increasing rates of potassium from 50 % up
to 100% of recommended dose. Treatment of 100% K from
recommended dose recorded the highest significant values of
all vegetative growth parameters in both seasons. K plays an
important role in many metabolic processes such as
photosynthesis, use of water and synthesis of amino acids and
protein as well as translocation of sugars and assimilates
within the plant and the accumulation of high molecular
carbohydrates which necessary for head formation and
development which leads to increase of plant growth

(Yildirim et al. 2009). The enhancing effect of potassium on
plant growth might be attributed to its association with the
efficiency of leaf as an assimilator to CO; (Rai et al. 2002),
activating phyto-hormones, regulation of cellular pH,
enhancing N uptake, and acting as an activator to enzymatic
systems (Marschner, 2013). These results are in harmony
with the findings of El-Sharkawy and El-Zohiri (2007),
Kasim et al. (2007) and Anwar et al. (2017) on globe
artichoke

Table 1. Individual effect of irrigation intervals, potassium fertilization and foliar application of nano-fertilizers on
vegetative growth parameters during 2017-2018 and 2018-2019 seasons.

i 2

Treatments Nclstof Ieaves/glr%nt No. 1051‘ brancheség(liant D?slt weight /plazrxcj g Lefslz area /plant2 55“

Irrigation intervals
10 days 18.08° 20.00° 6.75° 7.56° 143.56° 152.50° 461.98° 482.31°
20 days 18.672 20.39% 7.08° 8.318 144,792 154.092 465.08% 485.05%
30 days 17.722 19.672 6.36° 7420 142.18° 150.70° 460.29° 479.99°
Potassium fertilization
100% K 19.252 21472 7.06% 8.08% 148.00% 159.63% 47123 492 552
75% K 18422 20.082 6.832 7.78% 143,740 152.620 463.75° 483.47°
50% K 16.81° 18.50° 6.31° 7420 138.80° 145.04° 452.38° 471.34°
Foliar application of Nano-fertilizers

Without 11.744 13.78¢ 4374 5.444 121.344 116.10¢ 414,854 431.26¢
3000 K nano 21.63° 22.33° 7.33° 837 152.61° 167.19° 482.04° 502.39°
50 B nano 15.00¢ 16.74¢ 6.33¢ 7.37° 131.30° 132.41°¢ 435.41° 454 44°
3000 K+ 50 B nano 24.26% 27.222 8.89% 9.85% 168.79% 194.012 517512 541.722

Means followed by the same letter in the same column do not differ significantly by Duncan’s multiple range test at 5% level.

Effect of nano fertilizers:

Data in Table (1) stated that the significant effect of
foliar application of treatments with different concentration
by K and B in nano-fertilization forms on all parameters of
vegetative growth parameters. The highest mean values of
mentioned parameters were achieved in 3000 ppm K + 50
ppm B treatment followed by 3000 ppm K then 50 ppm B
comparing with the control treatment (without) in both
seasons. Al-Juthery and Saadoun (2018) indicated that hano-
micronutrient applied on artichoke plants achieved
significantly higher vegetative growth. These results are in
agreement with those obtained by Nassef and Nabeel (2012),
Al-Fahdawi and Allawi (2019) and Shafshak et al. (2020).
Interaction effect between irrigation intervals and K-
fertilization:

Data illustrated in Table (2) showed the effect of
irrigation intervals (10, 20 and 30 days) and K-fertilization
rates (50, 75 and 100% from recommended dose). All
treatments significantly affected previous traits. It could be
observed that globe artichoke supplied with 100 % potassium

fertilization gave the highest values under all intervals days
under (10 and 20 days) followed by 75 % but with 20 days
irrigation interval gave the highest significant values of
number of leaves/plant, number of branches/plant, dry weight
and leaf area in both seasons. The reduction in vegetative
growth caused by increasing the irrigation intervals is mainly
due to limiting the plant ability to absorb nutrients needed for
optimal growth and development of plant. Also, it is well
recognized that water is not only required for different
biochemical activities of all cells, but also awakes generated
turgor pressure a driving force of cell (Xiong and Zhu, 2002).
Therefore, water deficit disturbs normal cellular activities and
restricts plant growth. Whereas using potassium application
on artichoke encourage this mainly due to its vital role in
regulating of many physiological processes (potassium
regulates the opening and closing of stomata, and therefore
regulates CO- uptake). The obtained results are in accordance
with those of Leskovar and Xu (2013) and Anwar et al.
(2017).

Table 2. Interaction effect of irrigation intervals and potassium fertilization on vegetative growth parameters during

2017-2018 and 2018-2019 seasons.

i 2
Treatments Nlos.l of leaves /plzz:}gt No.l(;f branches épmljant Drfslt weight /plaér:]:ci g Lei\slz area /plant2 Sdm
Irrigation intervals X Potassium fertilization
100% K 19.25% 21.50% 7.08%¢ 8.00%¢ 148.08° 159.81° 469.54° 492.48°
10 days 75% K 18.172¢ 20.00%¢ 6.83%¢ 7.33% 143.72¢ 152.45° 463.93¢ 483.25°
50% K 16.83“ 18.50¢ 6.33% 7.33% 138.89" 145.23" 452479 471.20"
100% K 19.58° 2175 7428 8.58° 149.502 161.30% 474442 495.15°
20 days 75% K 19.25% 20.58%¢ 7.17% 8.42% 144.78¢ 154.49¢ 465.86° 485.67¢
50% K 17.17> 18.83¢ 6.67> 7.92b 140.089 146.489 454,96 474.359
100% K 18.92%¢ 2117 6.67% 7679 146.41° 157.78° 469.71° 490.03°
30 days 75% K 17.83%¢ 19,67 6.50%e 7,585 142.72f 150,91 461.46° 481.48f
50% K 16.42¢ 18.17¢ 5.92¢ 7.00° 13742 14341 449.71h 468.47

Means followed by the same letter in the same column do not differ significantly by Duncan's multiple range test at 5% level.
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Interaction effect between irrigation intervals and foliar
nano-fertilizers:

As for the effect of interaction between irrigation
intervals and foliar application by nano-fertilizers on
vegetative growth parameters were revealed in Table (3).
All treatments significantly affected vegetative growth
parameters. Data showed that foliar with 3000 ppm K+ 50
ppm B under 10 or 20 days intervals recorded the highest
values from number of leaves, number of branches/plant,

dry weight and leaf area in both seasons. Nano-fertilizers
have been used to improve plant growth due their ability to
move across seed teguments where they can increase water
and oxygen uptake, as well as develop resistance against
different stresses that affect early plant growth (Ismail et al.,
2017). Therefore, foliar-applied nanoparticles only have the
phloem system option for uptake and translocation from
leaves to roots to compensate the loss of water by long
irrigation intervals.

Table 3. Interaction effect of irrigation intervals and nano-fertilizers on vegetative growth parameters during 2017-

2018 and 2018-2019 seasons.

i 2
Treatments NoistOf leaves /pzlznadnt No. (1); branches 2/r;])dlant Dg/ weight /pla;n'fj g Leiasf area /plant thnT
Irrigation intervals X Foliar application of Nano-fertilizers

" Without 11.67¢ 13.78¢ 433" 5.33f 121.52¢ 116.10k 414.80i 431.25¢
§‘ 3000 K nano 21.44b 22.22° 7.33% 8.11° 152.74¢ 167.43¢ 482.50° 502.30°
S 50 B nano 15.00° 16.78° 6.331 7.00¢ 131.18" 132.43" 433.17" 454.17"
3000 K+50B 24222 27222 9.00® 9.78 168.81° 194.02° 517.44° 541.53°
" Without 12.33% 14.22¢ 467" 6.00° 12252 117.71 417.410 433.981
§‘ 3000 K nano 2233 22.78° 7.67 9.00° 153.87¢ 168,681 484.22¢ 504.98¢
S 50 B nano 15.44¢ 17.00° 6.67°19 8.00° 132.649 134.36¢ 438.869 457.23¢
3000 K+50 B 24,56 27.56° 9.33¢ 10.222 170.112 195,612 519.84° 544.028
I Without 11.22¢ 13.33¢ 411 5.00f 119.98' 114.49' 412.33¢ 428.54!
_§* 3000 K nano 21.11° 22,00 7.00%f 8.00° 151.22f 165.46f 479.401 499.89
= 50 B nano 1456 16.44¢ 6.009 7.114 130.09 130.46' 434,20 451,91
3000 K+50 B 24.00° 26.89° 8.33% 9.56% 167.43° 192.40° 515.25% 539.62¢

Means followed by the same letter in the same column do not differ significantly by Duncan’s multiple range test at 5% level.

Interaction effect between K-fertilization and foliar nano-
fertilizers:

Data illustrated in Table (4) showed the effect of
potassium fertilization at different rates and foliar application
with nano K and B fertilizers on vegetative growth parameters
during 2017-2018 and 2018-2019. A stimulation significant
effect in all plant growth parameters as result of application of
K-fertilization and nano foliar application, since it recorded
the highest significant values for aforementioned traits when
using 100% or 75 % from recommended dose with foliar

application of 3000 ppm K + 50 ppm B, while the lowest
values were realized with only 50% K. This trend was true
during both seasons. This increase is due to the role of K
fertilizer in promoting vegetative growth, increasing the
process of representation and nutrient transport. As for nano-
fertilizers, it is due to reasons related to the nature of nano-
materials, such as their small size and large surface area that
help them to penetrate the plant tissue and increase their
absorption rates to a very large extent. The obtained results
are in accordance with those of Shafshak et al. (2020)

Table 4. Interaction effect of K-fertilization and nano-fertilizers on vegetative growth parameters during 2017-2018

and 2018-2019 seasons.
i 2
Treatments Ncl).Slof leaves /pz)!zlnt No. 2:1 brancheszlnalant Dlrg/ weight /plagzdg Liif area /plant ;::;
Potassium fertilization X Foliar application of Nano-fertilizers

v Without 12.67°0 15.00¢f 433" 5.449 12456 12154 421.78 438.84
) 3000Knano  22.67™ 24,22 767 8.78 158.17¢ 176.16% 494.16 515.15¢
S 50 B nano 16.33¢ 17.67¢ 6.67°0 7.78 134.79¢0 138.12¢ 440.15¢ 462.109
- 3000K+50B 2533 29.00* 9.56 10.33 17448 202.70% 528.82* 554.11°
« Without 12.00% 14.001 478" 5.78¢ 121.52¢ 115.70k 415.39¢ 431.38¢
© 3000 K nano 21.89%° 22.00° 7.33% 8.22% 151.57¢ 165.30° 479.92¢ 499,92
) 50 B nano 15.00% 16.67% 6.33 7.22' 131.34" 132.12" 437.19" 45433"
3000K+50B  24.78% 2767 8.89% 9.89% 17051 197.34% 522.49* 548.23%
« Without 10.569 12.339 4,00 5.119 117.94' 111.06' 407.38' 42355
< 3000 K nano 20.33¢ 20.78° 7.00%f 8.11% 148.107 160.11° 472,041 492.10f
=) 50 B nano 13.67¢f 15.89¢%f 6.00° 7.11f 127.78' 127.00' 428.89 446.88'
3000K+50B  22.67™ 25.00° 8.22% 9.33* 161.37¢ 181.99° 501.21° 522.83°

Means followed by the same letter in the same column do not differ significantly by Duncan’s multiple range test at 5% level.

Triple interaction effect among irrigation intervals, K-
fertilization and foliar nano-fertilizers:

Concerning to the triple interaction effect among all
treatments, data in Table (5) indicated that all fertilization
whether K or foliar with nano significantly increased all
vegetative growth parameters under all irrigation intervals.
The suitable treatments which recorded the highest mean
values for all mentioned parameters were 100% or 75 % K
combined with 3000 ppm K+ 50 ppm B under 20 days
irrigation intervals during both seasons, which reach

approximately around the same treatments under 10 days
intervals with no significant effect. While the lowest
significant values recorded with plants fertilized with 50% K
under irrigation after 30 days. Similar results in other crops,
were reported by El-Sharkawy and El-Zohiri (2007) on
Jerusalem artichoke.
2. Chemical constituents and quality:
Effect of irrigation intervals:

Results of Table (6) demonstrated that individual
effect of irrigation intervals significantly increased the mean
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values of all nutritional elements (N, P and K in leaves). Such
effects were noticed that increasing irrigation interval
increased all mentioned parameters until irrigation every 20
days. The highest mean values were recorded with irrigation
every 20 days followed by irrigation every 10 days then
decreased with irrigation at 30 days during both seasons.
These increments could be attributed to increasing water
quantity applied by shortage on the irrigation period, giving a

good opportunity to increase nutrients movement in the soil
solution, which raised the availability to plant roots
absorption and the translocation through plant tissues and
consequently reflect on plant growth, development and
chemical constituents. These results are in harmony with
those obtained by El-Sharkawy and El-Zohiri (2007) and
Saleh et al. (2012)

Table 5. Triple interaction effect among irrigation intervals, K-fertilization and foliar nano-fertilizers on vegetative
growth parameters during 2017-2018 and 2018-2019 seasons.

i 2
Treatments Nci.st of leaves /grl]dant No. fs]: branches éﬁ(!ant D?; weight /plazgg g Leelus‘t area /plan; gjm
Without 12,67 15.00™s 4.33™ 5.33™p 124.80 121.67 421.66" 438579
100 % K 3000Knano  22.67%¢ 24.33H 7.67¢" 8.67"*? 158.50! 176.679 494.57" 515.48"
50 B nano 16.33% 17.67%° 6.67M« 7.679) 134574 138.47° 433477 461.40°
3000 K+50B 2533%® 29.00% 9.67% 10.33® 171,50 199.13° 524,63 549,50
Without 11.67kn 14.000°¢ 4.67m0 5.67mP 121.438¢ 115.53W 41535" 4315578
10 7506 K 3000 Knano  21.33% 21,67 7.331 7.6791 151,534 165.271 480.63 499,60
days 50 B nano 15.00" 16.67™4 6.331k .33 131.33¢ 131.574 437.38° 454.44'
3000K+50B 2467+ 27.67% 9.007¢ 9.672d 170.57% 197.43° 522.34% 547.424
Without 10.67™ 12.33¢ 4.00m 5.000° 118.33F 111.10% 407.407 423.62°
5096 K 3000Knano 2033 2067 7.00%3 8.00" 148.20™ 160.37' 472.30' 491.81™
50 B nano 13.67 16.00™ 6.00K! 7.00" 127.63W 127.27% 428.67° 446.66"
3000 K+50B 22.67*¢ 25009 8.33+f 9.33v¢ 161.40% 182.20° 501.50f 522.70
Without 13.00" 15.33"¢ 4.67m° 6.00% 125.53% 123.30" 424.26% 441.63"*
100 % K 3000 Knano  23.00* 2433+ 8.00%¢ 9.33v¢ 159.37" 177.209 49653%"  517.34M
50 B nano 16.67% 18.00" 7.00%) 8.33¢N 136.50° 140.50" 445.56" 465.49°
3000K+50B 25.67° 29.332 10.00% 10.672 176.60% 204.20° 531.40° 556.122
Without 13.00" 1433 5.00!mn 6.33kn 122,638 117.23Y 417.61W 433.604
20 7506 K 3000Knano  2333*° 23.00 7.67¢" 9.00°" 152.70% 167.231 481,62 502.90
days 50 B nano 1567  17.00m 6.67m 8.00% 132.27° 134.37° 439.57%  456.69%
3000K+50B 25.00%¢  28.00% 9.33%¢ 10.33* 174.47° 202.43% 528.46% 554.46%
Without 11.00'mn 13.00s 433 5.67™P 119.40° 112.60% 410.37Y 426.70°P
50 % K 3000 K nano 20.67"jEf 21.00™ 7.33_f"‘ 8.67"*? 149.53™ 161.60' 47453 494.70'm
50 B nano 14.00+" 16.00™ 6.33ik 7.679) 129.17w 128.20' 43145 449,52
3000 K+50B 23.00*¢ 25.33°f 8.670¢ 9.672d 162.23f 183.50° 503.49f 526.46°
Without 12.33M 14.67™ 4,00 5.00% 123.33A 119.67¢ 419.43V 436.31%
100% K 3000Knano  22.33** 24.00% 7.33% 8.33¢" 156.631 174.60" 491.38 512,621
50 B nano 16.00M 17.33% 6.33ik 7.33m 133.30% 135.40° 441.44° 459.42M
3000 K+50B  25.00%¢ 28.67%° 9.007¢ 10.00%% 172.37° 201.47° 526.60 551.75%
Without 11.33'm 13.67P¢ 4.67m° 5.33mp 12050°P  114.33" 413.21% 428.998C
30 7506 K 3000Knano  21.00%  21.33%k 7.00%1 8.00% 150.47'™ 163.40¢ 477.51% 497.264
days 50 B nano 14.33"m 16.33™4 6.00K 7.33M 130.43v 130.43¢ 434614 451.87%
3000K+50B 24.67*¢ 27.33%¢ 8.33 9.67% 169.47¢ 195.47¢ 520.50° 547.79¢
Without 10.00" 11.67¢ 3.67° 4.67° 116.10% 109.47~ 404.36" 420.32F
50 % K 3000 K nano 20.00?h 20.67Hm 6.67Mk 7.67_9'j 146.57° 158.37™ 469.30™ 489.78"
50 B nano 13.33" 15.67™ 5.67Km 6.67m 126.53% 125.53¢ 426.55% 444 44
3000 K+50B  22.33%¢  24.67% 7.67% 9.00° 160.479" 180.27 498.649 519.32¢

Means followed by the same letter in the same column do not differ significantly by Duncan’s multiple range test at 5% level.

Effect of potassium fertilization:

Data tabulated in Table (6) indicated that the average
values of N, P and K% in leaves of globe artichoke were
significantly increased as a result of fertilizing plants with
different rates of K-fertilization (50, 75 and 100% K from
recommended dose). The highest mean values for N, P and
K% in leaves were found to be associated with the addition of
100% K, while such effect was realized for the treatment of
75% K during both seasons. Similar results were reported by
El-Sharkawy and El-Zohiri (2007), Kasim et al. (2007),
Anwar et al. (2017) and Shafshak et al. (2020).

Effect of nano-fertilizers:

Data illustrated in Table (6) clear that using foliar
application of nano K, B and mix together were significantly
affected N, P and K% in leaves of artichoke. The highest
mean values of mentioned parameters were recorded with
3000 ppm K + 50 ppm B followed by 3000 ppm K then 50

ppm B while, the lowest values were recorded with control
treatment. The same trend was true during both seasons. The
obtained results are in accordance with those of Samy et al.
(2015) and Shafshak et al. (2020).

Interaction effect between irrigation intervals and K-
fertilization:

It is clear from the data presented in Table (7) that
combination between irrigation intervals and K fertilization
significantly affected N, P and K% in leaves of artichoke.
With increasing K fertilization rates under any level of
irrigation, found an increase in all mentioned parameters. The
highest mean values were obtained with the treatment of
100% K from recommended dose, which appeared to be
approximately near to that of 75% treatment under all
irrigation intervals especially irrigation every 20 days during
the two seasons. In this concern, it was found that root growth
rate, length and surface had been associated with K
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acquisition efficiency of root system, consequently improved
nutrient absorption. Similar results were reported by Anwar et
al. (2017)

recorded with the treatment of 100% or 75% K with foliar
application of 3000 ppm K + 50 ppm B. An increase in
nutrients might be due to the role of K in nutrients uptake
and nutritional balance, which increased the biosynthesis of

Table 6. Individual effect of irrigation intervals, ° ; ooy
potassium fertilization and foliar application photosynthesis (Salami anq Saadat, 2013). Slmllar results
of nano-fertilizers on N, P and K % in leaves  Were reported by Abdel-Aziz et al. (2018) on artichoke.
during 2017-2018 and 2018-2019 seasons. Table 8. Interaction effect of irrigation intervals and

Treatments N % P % K % nanp-fertilizers on N, P and K% in leaves

1t ond st nd it o during 2017-2018 and 2018-2019 seasons.
Irrigation intervals Treatments N % P % K %

10 days 275° 287" 0.324° 0.339° 218> 2.65° 1t 2nd 1 2nd 1t pnd

20 days 2790 291* 0326* 0.343* 2.21* 269 Irrigation intervals X Foliar application of Nano-fertilizers

30 days 272° 284° 0320° 0.335° 214° 261° " Without 201« 2,06 0.260% 0.269% 1.46% 1.82

Potassium fertilization _§‘ 3000Knano 3.06° 3.20° 0.350¢ 0.367¢ 2.46° 2.98°

100% K 290* 3.03* 0.336* 0.353* 2322 2822 9  50Bnano 232" 242" 0.2889 0.300" 1.78" 2.21"

5% K 2.76° 2.89° 0.324° 0.340° 2.18" 2.67° 3000 K+50B 3.63° 3.80° 0.396® 0.419" 3.00° 3.60°

50% K 2.60° 2.70° 0.310° 0.325° 2.02¢ 247° " Without 204 211 02620 0274 149 187

Foliar application of Nano-fertilizers & 3000Knano 3.109 324¢ 0.353° 03719 2507 3.01¢

Without 2019 2079 0259 02709 1.46¢ 1.82¢ -§ 50 B nano 2369 2459 0.292F 0.303" 1.829 2.259

3000 K nano 3.06° 3.20° 0.350° 0.367° 246> 2.98° 3000K+50B 367 385* 0.398° 0.423* 3.03* 3.64%

50 B nano 232° 242° 0289 0.300° 1.79°¢ 221° " Without 197" 202" 02541 0.266' 1.42' 1.77'

3000 K+50 B 3.63% 3.81° 0.396* 0.419° 3.00*@ 3.60° _§‘ 3000 Knano 3.03F 3167 0.348° 0.364" 2.42f 2.94f

Means followed by the same letter in the same column do not differ Q 50Bnano 229" 239' 0286" 0296 176 217

significantly by Duncan's multiple range test at 5%b level. 3000K+50B 359¢ 3.76° 0393 04165 2.96° 3.56¢

Interaction effect between irrigation intervals and foliar
nano-fertilizers:

Data in Table (8) clear that interaction effect between
irrigation intervals and foliar nano-fertilizers on chemical
constituents of leaves. The data reflected that all treatments
under investigation significantly affected the mentioned
parameters.

The highest values of N, P and K%, of artichoke
leaves were realized for the treatments of 3000 ppm nhano K
+50 ppm nano B combined with the treatment of irrigation at
20 days intervals followed by the same foliar under irrigation
every 10 days intervals during both seasons.

Table 7. Interaction effect of irrigation intervals and
potassium fertilization on N, P and K% in leaves
during 2017-2018 and 2018-2019 seasons.

N % P % K %

1st 2nd 1st 2nd 1st 2nd
Irrigation intervals X Potassium fertilization
100% K 2.90° 3.03° 0336 0.353° 2320
75% K 276 288 0.324° 0.339° 2.18°
50% K 260" 270" 0311" 0.325" 2.03"
100% K 2.94* 307% 0.339° 0.356* 2.36°
75% K 2809 293¢ 03279 03449 2219
50% K 2649 2749 0.313% 0.329¢ 2.05¢
100% K 2.86° 3.00° 0.333° 0.349° 2.28°
75% K 2737 2857 0321F 03377 2157 263
50% K 256 266 0306 03200 199 242
Means followed by the same letter in the same column do not differ
significantly by Duncan's multiple range test at 5% level.

Interaction effect between K-fertilization and foliar nano-

fertilizers:

Data in Table (9) reflects that all treatments under
investigation significantly affect the mentioned parameters.
Treating the plants of artichoke with the different rates of K
fertilization and various concentration of nano K and B
increased all traits. The highest values for all the
aforementioned traits compared to the untreated plants were

Treatments

2.82
2.67°
247"
2.86°
2.71¢
2.52¢
2.78°

30days | 20 days | 10 days

Means followed by the same letter in the same column do not differ
significantly by Duncan's multiple range test at 5%b level.

Table 9. Interaction effect of K-fertilization and nano-
fertilizerson N, P and K% in leaves during 2017-
2018 and 2018-2019 seasons.
N % P % K %
st 2nd 1st 2nd 1st 2nd
Potassium fertilization X Foliar application of Nano-fertilizers

Treatments

« Without 211V 218 0266 0279 1561 196!
3000 Knano 3.26¢ 3.38¢ 0.366¢ 0.386° 2.649 3.20¢
S 50Bnano 2439 2559 0.3019 0.310° 1919 2328
' 3000K+50B  381% 402 0411° 0436° 3.18 3.80°
v Without 201k 207k 0.260 0.270% 1.45< 1.82
© 3000 Knano  3.02¢ 3.17¢ 0.347¢ 0.363° 242¢ 2.94°
E’,Q 50 B nano 232" 241" 0.288" 0.300" 1.78" 2.23"

3000K+50B 3.70® 3.89% 0.402% 0.425% 3.07* 3.68%

Without 190" 1.94' 0249' 0261' 135 167
é 3000 K nano 2.90T 3.05f O.339T 0.352f 2.33f 2.80f
L°OD 50 B nano 223" 231" 0276' 0289 167" 2.09'

3000K+50B 3.37¢ 3.50° 0.375° 0.396° 2.74¢ 3.32°

Means followed by the same letter in the same column do not differ
significantly by Duncan's multiple range test at 5% level.

Triple interaction effect among irrigation intervals, K-
fertilization and foliar nano-fertilizers:

Nutritional elements concentrations in leaves of
artichoke as affected by the interaction among all treatments
under study are tabulated in Table (10). The most suitable
treatment which realized the highest values N, P and K% in
leaves were connected with 100 or 75 % K from
recommended dose with 3000 K+ 50 ppm B as foliar
application under irrigation every 20 days during 2017-2018
and 2018-2019. In addition, these mean values tended to be
significantly and near of the same treatments with irrigation
every 10 days. These results are in harmony with those
obtained by El-Sharkawy and El-Zohiri (2007), Zain et al.
(2015) and Qureshi et al. (2018).
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Table 10. Interaction effect of irrigation intervals, K-fertilization and nano-fertilizers on N, P and K % in leaves during

2017-2018 and 2018-2019 seasons.

N% P% K%
Treatments E o E o E ond
Without 211 247 0267 0279 156 197
100% K 3000 K nano 3.26 337h 0.366% 0.385" 265 3210
b 50 B nano 2430 2.55m 0.301™ 0.311" 1.90° 233"
3000 K+50 B 3.74¢ 3.04¢ 0.404% 0.429° 3.10% 373
Without 2,017 207" 0.261" 0.267 145% 1.82%
3000 K nano 3.01K 317 0.3460 0.363 242 2,94
10 days %K 50 B nano 2300 2419 0.288% 0.300° 1779 2200
3000 K+50 B 3.71¢ 3.88¢ 0.401¢ 0.425¢ 3.07% 3.68¢
Without 1.007 1.4 0.252% 02627 1.36° 167
509 K 3000 K nano 2.90m 3.05K 0.339¢ 0.353' 2.33m 280!
50 B nano 293¢ 2.310 0.276% 0.200° 168 2075
3000 K+ 50 B 3379 3511 0.375° 0.305f 2750 3.3¢0
Without 2150 2240 0.26%° 0.282° 1615 2.00°
100% K 3000 K nano 330" 3.439 0.369% 0.389¢ 268" 323
50 B nano 2470 257m 0.304™ 0.313" 1.950 2.36"
3000 K+50 B 3,868 4.06° 0.414° 0.439 3218 383
Without 2,04% 210" 0.2620 0275 148 1.86"
3000 K nano 3,06 321 0.349 0.366' 247K 298]
20 days 9% K 50 B nano 2356 2440 0.203° 0.304° 1,80 2260
3000 K+50 B 381 4,00 0.411% 0.436% 317 379
Without 1.0 2.00° 0.255" 0.265" 1.367 175
509 K 3000 K nano 293! 3,08 0.342k 0.357¢ 2.35m 283
50 B nano 2.26° 2.349 0.279° 0.203 171 2150
3000 K+ 50 B 342" 3541 0.377¢ 0.399¢ 277" 335¢
Without 207 2,145 0.263¢ 0275 1500 1.90°
100% K 3000 K nano 322 3.34h 0.362" 0.382" 260 317
50 B nano 2309 250 0.209" 0.306° 1879 2.270
3000 K+50 B 3.76° 3.99b 0.408% 0.432 3,140 376t
Without 1.99% 2,030 0.257% 0.267" 142 1797
3000 K nano 2.98K 313 0.344i 0.361) 2.37m 280K
30 days %K 50 B nano 230" 2.38P 0.285° 0.207° 1.780 2201
3000 K+ 50 B 366° 3.84° 0.400¢ 0.422¢ 3.04° 3,648
Control 185 1.80 02419 0.256" 130 1612
50% K 3000 K nano 2.87m 302! 0.336 0.348" 230" 276
50 B nano 2.20t 227" 0.274" 0.286" 163 2,045
3000 K+ 50 B 3330 3.469 0.372¢f 0.39" 27100 3.08'

Means followed by the same letter in the same column do not differ significantly by Duncan’s multiple range test at 5%6 level.

CONCLUSION

Finally, it could be concluded that, potassium
fertilization at 100% (200 kg potassium sulfate/fed.) followed
by 75% (150 kg of potassium sulfate/fed.) with foliar
application by a mixture of 3000 ppm nano-K+ 50 ppm nano-
B and irrigation every 20 days is recommended for globe
artichoke plants grown under field conditions to obtain the
best vegetative growth and the best contents of leaves under
the conditions similar to this study.
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