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ABSTRACT

Two field and storage experiments were conducted at a Research Station affiliated with the
College of Agricultural Engineering Sciences / University of Baghdad during the 2023 and
2024 season. To investigate the effect of cobalt chloride at three concentrations 0, 5, and 15
mg. L™ (C0, C1, C2) and silica gold at four concentrations 0, 5, 10, and 15 ml.L™ (Si0, Si1, Si2,
Si3) to increase tubers production and quality and raise the storage capacity of industrial
potato hybrid Hermes as factorial experiment within R.C.B.D. with three replicates. The
storage experiment was conducted in the refrigerated warehouse belongs to private sector,
following the same design of field experiment, the results revealed that the C1 treatment
recorded the highest percentage of ascorbic acid and total phenols in tubers for both seasons
while C2 treatment recorded the highest plant productivity and tuber weight in both season
and lowest percentage of microbial contamination. The Si2 treatment resulted in the highest
activity of catalase enzyme and the lowest weight loss percentage.
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INTRODUCTION

The demand for potato (Solanum tubersum L.)
produced for industrial purposes potatoes such
as crisps and finger chips is increasing due to
the spread of this consumer culture globally,
which requires hybrids with high-quality
standards for tubers, especially concerning
their chemical content or quantitative
production specifications (4, 19, 36). Potato
consumption methods have witnessed major
transformations from fresh consumption to
processed consumption (chips and fast food),
as many factories have emerged in Irag, which
has achieved remarkable development in this
sector in recent years with the entry of many
hybrids into the country for processing and
manufacture industries. Balancing the high
fertilizer requirements of this crop, reducing
environmental  pollution,  stress,  and
maintaining product quality and safety are
some challenges facing crop producers and
farmers (2, 5, 10, 28). Recently, potatoes for
manufacturing purposes have become the
focus of scientific research as an attempt to
delve deeper into this aspect and determine the
best nutritional and environmental factors to
increase the productivity of their hybrids used
in agriculture, as changing the levels of
fertilization with macro elements NPK can
significantly increase the morphological and
productive characteristics of this crop during
both the fall and spring production seasons
(21). However, some nutrients, like Cobalt
have not received sufficient research and
investigation in this field, since it has essential
physiological properties in crop growth,
especially those of economic importance, such
as stopping the deterioration of chlorophyll
and activating many enzymes, including
catalase, and effectively contributing to
nitrogen fixation and cell development,
delaying tissue aging and reducing ethylene
production, which reduces damage to plant
cells, which would reflect in boosting plant
productivity due to the vigor of its vegetative
growth and then increasing food manufacture
and its transfer to its accumulation sites, in
addition to extending its consumption and
storage life after harvest (12, 13). The results
obtained by (6) demonstrated the extent of the
contribution of foliar spraying with cobalt
sulfate in improving vegetative growth and
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increasing of potato yield. Foliar feeding with
organic cobalt (1 and 2 ml L™) also improved
the vegetative growth paths and quantitative
production, as well as boosted the nutritional
values of potato tubers produced in the spring
and fall seasons (7). Concerning Silicon, it
works as a nutritional element to improve crop
productivity, especially in a foliar application.
Silicon fertilizers affect the plant's bio-system
as a result of its regulatory function for water
relations and the biosynthesis of various
hormones, its activation of the enzyme system,
and its improvement of carbon assimilation
performance, and nutrient absorption and
distribution, especially K and Na, as well as it
has a role in reducing the effect of biological
and fungal stresses (24, 26, 30, 31, 34).
Moreover; Silicon increased the productivity
and quality in plants (2,16, 22, 29, 32, 33, 35).
In the same context, (27) concluded that the
foliar addition of this element increased potato
tubers number and their marketing weight; and
thus increased the amount of the produced
crop and improved its marketability. As for
foliar spray with potassium silicate (1.25 ml L
1, it improved the productive characteristics of
the strawberry fruits, in addition to preserving
the quality of the stored fruits represented by
the percentage of total soluble solids and
ascorbic acid and reducing the fruit spoilage
percentage (17). Given the advantage of the
industrial potato hybrids in their low vyield
compared to the consumer potato hybrids, this
experiment aimed to increase the production
capacity and nutritional values of tubers
produced in the spring and improve their
storage capacity for use as seeds for planting
in the following fall season by using foliar
nourishment with cobalt and silicon and the
interaction between them.

MATERIALS AND METHODS

The experiment was conducted at the research
station (A) affiliated with the College of
Agricultural Engineering Sciences, University
of Baghdad, using the potato hybrid Hermes as
a factorial field experiment (4x3) with three
replicates for each treatment, following the
randomized complete block design (R.C.B.D.).
The tubers were planted on rows of 0.75 m
wide and with a planting distance of 0.25 m
between one tuber and another on 2/1/2023 for
the spring season and 9/5/2023 for the fall
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season. The foliar spray included cobalt
chloride CoCI2.6H20 as a source of cobalt at
three concentrations (0, 5, and 10 mgL™)
symbolized by CO, C1, and C2, respectively,
constituting the first factor in the experiment.
The second factor involved foliar spray with
the nutrient silica gold as a source of silicon
(Si = 3%, K20 = 13) and at four
concentrations (0, 5, 10, and 15 ml L%
symbolized by Si0, Sil, Si2, and Si3,
respectively, in addition to foliar spray with a
combination of the interaction between the
levels of two factors. The time interval
between one spray and another was 15 days,
according to the growth stages, noting that all
experimental units were chemically fertilized
according to the fertilization recommendation
mentioned in (1). After tubers had been
harvested on 15/5/2023 for the spring season
and on 11/1/2024 for the fall season, the
following data were recorded: leaf area
(dm?.plant™), number of aerial branches (aerial
branch. plant™), plant yield (g. plant™), number
of tubers (tuber plant™), tuber weight (g tuber
1), tuber firmness (kg cm™), ascorbic acid (mg
100 g™ fresh weight), total phenolics (%) (15,
23) and catalase activity (absorption unit. g*
protein)  (18). Furthermore, a storage
experiment was conducted in a private-sector
refrigerated warehouse to evaluate the
effectiveness of treatments used in a field
experiment and their interaction impact on
increasing the storage capacity of tubers
produced in the spring season to be used as
seeds for the fall season. The experiment relied
on the randomized complete block design
(R.C.B.D). A sample of specified weight was
taken from each experimental unit for the three
replicates, kept in plastic mesh bags, and
preserved in the refrigerated store at a
temperature of 4+1°C and a relative humidity
of 90+5 for three months. At the end of the
storage period, the tubers were adapted by
placing them in a shaded place for ten days.
The percentage of weight loss (%), microbial
spoilage (%), and total soluble solids (%). The
data were analyzed using the software Genstat
to compare the differences between the means
based on the least significant difference test at
a probability level of 5% (10).
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RESULTS AND DISCUSSION

Vegetative growth traits: Table 1 illustrates
the significant effect of all nutritional
treatments under spring production conditions.
Treatments C1 and C2 led to their plants
recording the highest number of aerial
branches and the largest leaf area compared to
the control treatment CO, whose plants
recorded the lowest values for these two
parameters (6.033 ,3.86 aerial branches. plant’
1-134.49 and 110.21 dm? plant™) respectively.
The treatments Si2 and Si3 achieved
significant superiority by producing the
highest number of aerial branches and the
largest leaf area, attaining 5.79, 3.926 aerial
branches. plant™, 129.92 and 117.61 dm? plant
! respectively compared to the treatment SiO.
The interaction between the two experimental
factors for the spring season improved these
two traits, as the plants of the interaction
treatments C1XSi3 and C1XSi0 recorded their
highest averages, reaching (7.00 aerial
branches plant® and 148.37 dm?®plant™)
respectively, compared to the control treatment
C0XSi0, which its plants recorded the lowest
(2.67 aerial branches plant™ and 84.50 dm?
plant™) respectively. It is also evident from the
same table that treatment C1 could record the
highest number of aerial branches and leaf
area during the fall production season
compared to the control treatment CO (3.42
,2.46 aerial branches plant'l; 90.47 and 77.10
dm?plant™) for the two treatments respectively.
On the other hand, the treatment Sil produced
the highest number of aerial branches in the
plants, while the treatment Si3 led to
increasing leaf area, in comparasion, with
control treatment Si0 which recorded the
lowest rates for these two traits (3.53 and 2.16
aerial branches plant®; 92.67 and 67.53 dm?
plant™ respectively). Regarding the interaction
between the two experimental factors, the
treatment C1XSil exhibited the highest
number of aerial branches (4.33 branches.
plant®) and the treatment C1XSi3 produced
the largest leaf area (108.9 dm?’plant™)
compared to the control treatment COXSIO,
which recorded the lowest values of these
traits (1.33 aerial branches plant™ and 48.20
dm? plant™) respectively.
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Table 1. Effect of foliar nutrition with cobalt and silicon and their interaction on some
vegetative growth traits (the upper numbers refer to the spring season of 2023, and the lower
numbers refer to the fall season of 2024)

Numl?er of aerial branc_l;es Si Leaf area (dm? plant™) Si
(aerial branches plant™) Means
Means Co
Si co .
Co C1 C2 Si Cco C1 C2
Si0 2.67 ggg 4.78 3.926 si0 84.50 148.37 123.96 117.61
1.33 2.33 2.16 48.20 80.8 73.60 67.53
si1 4.33 5.36 6.67 5.45 si1 132.84 126.73 127.19 128.92
3.07 4.20 3.33 3.53 106.5 90.30 77.3 91.36
Si2 5.02 6.33 5.70 5.68 Si2 131.82 135.80 122.02 129.88
2.76 3.33 3.05 3.05 68.8 81.90 100.5 83.73
Si3 3.40 7.00 6.98 5.79 si3 115.68 128.86 144.60 129.71
2.69 3.33 3.00 3.01 85.00 108.9 84.60 92.67
Co 3.86 5.76 6.03 Co 110.21 134.49 129.44
Means 2.46 3.42 2.93 means 77.10 90.47 83.88
L.S.Dso, Co Si CoxSi L.S.Dsos Co Si CoxSi
0.865 0.998 1.729 2.815 3.250 5.63
0.706 0.815 1.411 5.24 6.05 10.48

Production traits

Table (2) shows the positive path that all
nutritional treatments led to in the vyield
amount, as treatment C2 was able, under the
conditions of the spring season, to produce the
highest plant yield (910 g) and weight of the
produced tubers (115.87 g tuber™). As for the
highest number of tubers, it was reached by
the plants of the treatment C1 (8.303 tubers
plant™) compared to the control treatment CO,
which recorded the lowest (711 g plant™,
99.47 g tuber!, and 7.38 tubers plant™)
respectively. Besides, the treatment Sil
recorded the highest plant yield (995 g plant™)
tubers weight (118.72 g tuber™), while the
plants of the treatment Si3 produced the
highest number of tubers (8.69 tubers plant™)
compared to the control SiO treatment (626 g.
plant™, 91.54 g. tuber™, and 6.75 tubers. plant
1), respectively. In contrast, compared to the
control treatment, the interaction treatments
C1XSil, C2XSi2, and C2XSil were able to
produce the highest rates of the studied
production parameters (1063 and 442 g plant™;
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9.17; and 5.80 tubers plant™; and 124.8 and
75.05 g tuber®) respectively. Under the
conditions of the fall season, as shown in
Table (2), the nutritional treatment C2 was
superior, recording the highest averages for all
production traits, which amounted to 411 and
281 g. plant™; 5.05 and 4.25 tubers. plant™;
and 785 and 65.2 g tuber®, respectively
compared to the control treatment CO. The
treatment Si3 could achieve the highest
averages of quantitative production traits
compared to the control treatment SiO, (394
253 g plant™; 5.10 ,3.82 tubers plant™; 74.9
and 6457 g tuber') respectively. The
interaction between the two experimental
factors resulted in the interaction treatment
C2XSil recording the highest plant
productivity and tuber weight and the plants of
the interaction treatment C1XSi3 produced the
highest number of tubers, and compared to the
control treatment COXSIO0, the recorded results
were (531, 189 g plant™; 91.5 ,60.10 g tuber™;
5.80 and 3.10 tubers plant™) respectively.
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Table 2. Effect of foliar nutrition with cobalt and silicon and their interaction on some
production traits (the upper values refer to the spring season of 2023, and the lower values

refer to the fall season of 2024)

No. of tubers

Tuber weight

. -1 -1
Plant yield (g plant™) Mean (tubers plant™) Megn (g.tuber) Megn
Co . Si Si
Si Co
Co
Si COo C1 C2 Co C1 C2 Co Cl C2
sio 422 707 728 626 580 802 643 675 7505 87.34 1122 9154
189 278 293 253 3.10 4.30 4.07 3.82 60.1 64.3 69.3 64.57
si1 924 1063 988 995 7.35 8.97 8.06 8.06 113.4 117.8 1248 118.7
285 287 531 367 4.35 4.53 4.87 4.87 65.4 62.9 91.5 73.3
sip 912 843 894 883 807 723 917 816 9869 1144 1084 107.1
348 308 391 349 507 467 543 506 681 66.0 712  68.43
sig 065 1004 1018 862 830 899 880 869 1107 1125 1179 1137
305 449 429 394 453 580 496 510  67.0 759 819 74.9
Mean 711 904 910 738 830 7.92 99.47  108.0 115.9
Co 281 330 411 4.25 4.83 5.05 65.2 67.3 78.5
LSD oo 5 COX co si @ CO%S co si CO%S
5% Si i i
196.6 227.1 3933 0.883 1.020 1.766 3553 4103 7.106
62.7 7240 1253 0.546  0.630  1.092 6.92 7.99 1383
Tuber quality traits season, tubers produced from nutritional

Table (3) demonstrates that tubers produced
from the C2 nutritional treatment had the
highest hardness and activity of the
CATALASE enzyme under the conditions of
the spring season in comparison with the
control treatment CO, attaining 11.51and
11.38 kg.cm™; and 25.11 and 19.51 absorption
units gm™ protein, respectively. Whereas the
treatment Si2 produce tubers with the highest
quality for the mentional traits compared to
tubers produced from the control treatment
Si0, recording12.33 and 10.27 kg cm™; and
25.23 and 21.74 absorption unitsg™ protein,
respectively. The interaction between the two
study factors had a positive effect on the
mentioned qualitative parameters, as the tubers
produced from the interaction treatment
C2XSi2 exhibited the highest hardness versus
the lowest hardness for tubers produced from
the interaction treatment COXSi0 recording
12.97 and 9.40 kg cm, respectively, besides,
the interaction treatment C2XSi3 produced
tubers with the highest activity of the
CATALASE enzyme of 9.58 units g™* protein,
compared to the lowest activity of this enzyme
had by the tubers produced from the
interaction treatment COXSIiO recording 14.50
absorption units g protein. For the fall
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treatment C1 had the highest rates of hardness
and enzyme activity trails, compared to the
lowest that were displayed by the tubers
produced from control treatment CO (11.07
and 9.62 kg cm? and 2041 and 16.27
absorption units g™ protein), respectively.
Similarly, the nutritional treatment Si2
produced tubers with the highest hardness and
activity of the catalase enzyme; compared to
tubers produced from the control treatment Si0O
they had 11.89 and 9.243 kg cm; and 21.78
and 17.26 absorption units g protein
respectively. The tubers produced from the
interaction treatment C2XSi2 exhibited the
highest hardness compared to the CO0XSiO
measurement treatment, recording 12.33 and
6.70 kg cm™ respectively; vet, it did not differ
statistically significantly from the interaction
treatment COXSi2 in its effect on this
parameter. The highest activity of the catalase
enzyme was shown in tubers produced from
the interaction treatment C1XSi2, contrary to
the lowest activity of this enzyme displayed by
the tubers produced from the interaction
treatment COXSi0, as there were 23.49 and
11.18 absorption  units. g*  protein,
respectively.
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Table 3. Effect of foliar nutrition with cobalt and silicon and their interaction on some tuber
quality parameters (the upper number refer to the spring season of 2023, and the lower
number refer to the fall season of 2024)

2 Catalase enzyme activity (absorption Mea_msS
Tuber hardness (kg.cm™) Means ST . i
- units g~ protein)
Co Si
. Co
Si
Co C1 C2 Si Co C1 C2
si0 9.40 11.30 10.10 10.27 sio 14.50 23.85 26.86 21.74
6.70 11.13 9.90 9.242 11.18 19.63 20.99 17.26
sil 12.80 11.23 11.24 11.76 si1 20.18 21.85 23.42 21.82
11.23 10.50 10.97 10.90 16.31 17.84 19.08 20.41
sio 12.57 11.47 12.97 12.33 sio 22.24 26.80 26.43 25.23
12.30 11.03 12.33 11.89 19.50 23.49 22.35 21.78
Si3 180.2737 11.90 11.73 11.47 Si3 20.91 24.67 29.58 25.05
' 11.63 10.90 10.25 18.09 20.43 23.40 19.65
Co 11.38 11.48 11.51 Co 19.51 24.29 25.11
means 9.62 11.07 11.02 means 16.27 20.41 19.93
LSD Si CoxSi LSD - e Si Coxsi
5% 5%
0.828 0.956 1.656 1.383 1.597 2.766
0.910 1.051 1.821 1.552 1.792 3.103

Antioxidants traits

The results in Table (4) reveal the superiority
of the nutritional treatment C1 in its effect on
the concentration of ascorbic acid and total
phenols produced in the tubers compared to
these two antioxidants produced from tubers of
the control treatment CO, as they were 16.74
and 14.21 mgl00 g* F.W; and 0.433 and
0.358%, respectively and under the conditions
of the spring season. The treatment Si3 was
superior in, producing tubers with the highest
content of antioxidants compared to the
control treatment SiO, their values were 5.97
and 12.91 mg100 g* F.W; and 0.407 and
0.340%,  respectively.  The interaction
treatment C1XSi2 was superior in, producing
tubers with the highest concentration of
ascorbic acid and total phenols followed by the
interaction treatment C1XSil. In contrast, the
lowest concentration of these two antioxidants
was contained by tubers produced from the
control treatment CO0XSIi0, as they recorded
17.73 and 12.91 mg100g™ fresh weight; and
0.477 and 0.272%, respectively, for the spring
production season. It is evident from the same
table that the nutritional treatment C1
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continued to have a significant superiority. Its
tubers had the highest content of the studied
antioxidants, compared to the lowest content
recorded by tubers produced from the control
treatment CO under fall season conditions,
reaching 14.90 and 13.01 mg100 g™ F.W; and
0.342 and 0.239%, respectively. The treatment
Si2, with no significant difference from
treatment Si3, was able to produce tubers
containing the highest concentration of
ascorbic acid and total phenols compared to
the lowest concentration recorded by the
control treatment Si0, 14.40 and 13.26 mg.100
g™ F.W; and (0.311 and 0.212%), respectively.
The interaction between the two experimental
factors under fall season production conditions
continued to have a positive effect on these
two traits, as the tubers resulting from the
interaction treatment C1XSil were able to
exhibit the highest percentages of ascorbic
acid and total phenols, contrary to the tubers
resulting from the interaction treatment
COXSIiO, as their contents were (16.01 ,11.41
mgl00 g' FW., 0391 and 0.117%)
respectively.
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Table 4. Effect of foliar nutrition with cobalt and silicon and their interaction on antioxidants (the
upper values refer to the spring season of 2023, and the lower values refer to the fall season of 2024)

Ascorbic acid Means Total phenols (%) Means
(mg100 g™ F. W) Si Co Si
Si Co
Co C1 Cc2 Si Co C1 Cc2
Si0 12.91 15.23 17.18 15.11 Si0 0.272 0.407 0.340 0.340
11.41 13.87 14.50 13.26 0.117 0.309 0.209 0.212
Sil 14.19 17.53 16.04 15.92 Sil 0.381 0.477 0.312 0.390
12.85 16.01 14.34 14.40 0.221 0.391 0.208 0.273
Si2 13.91 17.73 15.18 15.61 Si2 0.434 0.410 0.372 0.405
13.16 15.89 13.47 14.17 0.329 0.291 0.274 0.298
Si3 15.82 16.47 15.63 15.97 Si3 0.433 0.438 0.440 0.407
14.64 13.85 13.96 14.15 0.288 0.378 0.268 0.311
Co 14.21 16.74 16.01 Co 0.358 0.433 0.366
Means 13.01 14.90 14.07 means 0.239 0.342 0.240
L.S.Ds Co Si CoxSi L.S.Ds Co Si CoxSi
0.543 0.627 1.086 0.017 0.020 0.035
0.821 0.948 1.641 0.020 0.024 0.041

Storage traits

Table (5) shows the significant role of
nutritional treatments in improving the storage
performance of tubers produced in the spring
season used as seeds. The stored tubers
resulting from treatment C1 displayed the
lowest percentage of weight loss and the
lowest microbial spoilage, compared to the
highest values of these two parameters
recorded by the stored seeds resulting from the
comparison treatment CO; besides, the stored
tubers resulting from the treatment, C2
contained the highest percentage of total
soluble solids (T.S.S.) compared to the control
treatment (1.39, 1.94, 0.73, 1.00, 6.10 and
5.62%) respectively. In the same context, the
stored tubers resulting from the nutritional
treatment Sil exhibited the lowest percentage
of microbial spoilage and the highest
percentage of total soluble solids found; on the
other hand, the tubers resulting from the
nutritional treatment Si2 had the lowest
percentage of weight loss compared to the

comparison treatment Si0, which tubers used
as seeds had the highest percentage of
microbial spoilage, the lowest percentage of
total dissolved solids and the highest
percentage of weight loss (0.75, 6.29, 1.37,
1.31, 554 and 1.82%) respectively. The
interaction between the two study factors took
the same positive path in affecting the storage
studied trails of the storage experiment. The
interaction treatment C1XSi2 recorded showed
the lowest percentage of weight loss in its
tubers, the tubers resulted from the interaction
treatment COXSi3 had the lowest microbial
spoilage percentage, and the highest content of
total soluble solids was recorded in the stored
tubers resulting from the interaction treatment
C1XSi3, reaching (1.08, 0.51, and 6.57%),
respectively; in  contrast, the highest
percentage of weight loss and microbial spoil,
and the lowest content of total soluble solids
was recorded by the stored tubers resulting
from the interaction treatment COXSi0
reaching (2.36, 2.36, and 4.48%) respectively.

Table 5. Effect of foliar nutrition with cobalt and silicon and their interaction on some storage

parameters
Weight loss percentage Microbial o
(%) Mean spoilage (%0) Mse?n T'SCSCE ) MSe?n
Si Co Si Co
Cco C1 Cc2 Co C1 C2 Co C1 Cc2
Si0 2.36 1.42 1.70 1.82 2.36 0.67 0.91 131 448 574 6.41 5.54
Sil 2.01 1.70 1.61 1.75 0.60 0.70 0.94 0.75 6.56 591 6.40 6.29
Si2 1.77 1.08 1.25 1.37 0.54 0.73 1.01 0.76 572 592 6.02 5.89
Si3 1.62 1.36 1.78 1.59 0.51 0.84 1.08 0.81 571 657 5.59 5.96
Mga” 194 139 158 100 073 098 562 603  6.10
0
LS.D Co Si CoXSi Co Si CoXSi Co Si CoXSi
5%
0.20 0.23 0.40 0.26 0.30 0.53 023 0.27 0.47
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The positive field and storage performance of
the studied potato hybrid under the conditions
of foliar nutrition with cobalt chloride is likely
due to the essential physiological functions of
this element within plant tissues, perhaps most
notably the stimulating and activating role of
cobalt for several natural hormones related to
improving the morphological characteristics of
the plant, including cytokinins  and
gibberellins, which showed an increase in the
number of vegetative branches and leaf areas
contributing to photosynthesis and carbon
assimilation (Tablel). Additionally, cobalt
chloride is involved in the compound
Combanmine construction, which is essential
in enzyme systems and plays a significant role
in nitrogen fixation and plant metabolic
pathways, ultimately leading to increased
productivity in individual plants (Table 2), by
enhancing the plant's ability to produce
nutrients and transport them to where they are
needed, resulting in improved quantitative
crop yield traits (12 and 13). These findings
are consistent with those previously reported
by (7). Cobalt also has the delaying senescence
property by inhibiting the activity of ACC-
oxidase and reducing the production of
ethylene, thus reducing damage to plant cells
(14) that can explain the positive path taken by
the nutritional treatments belong to this
element in improving the condition of stored
tubers, especially the percentages of microbial
contamination and weight loss. In the same
context, the positive effects of silica gold
concentrations on the targeted parameters in
this experiment, both in the field and in
storage, can be attributed to the role of silicon.
Silicon regulates water relations and the
biosynthesis of plant growth hormones
improves the process of photosynthesis and
carbon assimilation, and enhances nutrient
absorption, particularly potassium. It also
activates the enzyme system, which was
positively  reflected in increasing the
effectiveness of the catalase enzyme and the
production of ascorbic acid and total phenolic
materials, the synthesis of which is affected by
the nutritional status of the plant, in addition to
reducing the effect of biological stresses such
as bacterial infections (24 and 26). Due to
silicon's role in cell wall composition, it can
effectively prevent water loss through
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transpiration and protect from microbial
infections (11). This could be the cause of the
beneficial effects of this nutrient on tubers that
have been preserved. These findings concur
with the observations made by (17).
REFFRENCES

1. Ali, N.S. 2012. Fertilizer Technology and
Uses. Ministry of Higher Education and
Scientific Research. University of Baghdad.
Iraq.pp:202.

2. Al-HIfie, R.G. and, W.A Hussin. 2023.
response of three beetroot cultivars to organic
fertilization and foliar application. Iraq Journal
of Market Research & Consumer Protection,
15 (2) : 221-234.
Doi:http://dx.doi.org/10.28936/jmracpc.15.2.2
023.(21).

3. Al-Juboori, A.W., A.N. Rustum, and R. R.
Mohammed, 2024. Effect of Spraying with
Benzyl Adenine and Potassium on the Growth,
Yield and Quality of Sweet Potato. In IOP
Conference Series: Earth and Environmental
Science, Vol. 1371, No. 4, p. 042044.
Doi:http://doi.10.1088/1755-1315/4/042044.
4. Aggarwal, P., R. Saini, S. Kaur, A. Dhiman,
and P. Suthar. 2023. Conventional and
emerging innovative processing technologies
for quality processing of potato and potato-
based products: A review. Food Control, 153,
109933.
https://doi.org/10.1016/j.foodcont.2023.10993
3

5. Al-jubouri, K. D. H., I. J. Abdul Rasool, A.
M.H. H. Al-Khafaji, A. J. Abdulsada, F. Y.

Baktash, W. H. Hasoon, and Z. J. Al-
Mousawi.  2025. Unraveling  prolonged
irrigation intervals and some sustainable

treatments on potato starch composition,
growth, and productivity in Iraqg. Iraqi Journal
of Agricultural Sciences, 56(1), 321-329.
https://doi.org/10.36103/s9gq1w418

6. Al-Ghamry, A. M., M. A. A. El-Sherpiny,
E. A. Alkharpotly, D. A. Ghazi, A. A. Helmy,
M. H. Siddiqui, and E. M. Elghareeb, 2024.
The synergistic effects of organic composts
and  microelements  co-application in
enhancing potato productivity in saline soils.
Heliyon, 10(12).
https://doi.org/10.1016/j.heliyon.2024.e32694
7. Al-Zaidi, M. A. H. and M. A. H. Al-Jumaili
2022. Impact safe nutrientents in rasing
production and chemical contentents of potato.



https://doi.org/10.1016/j.foodcont.2023.109933
https://doi.org/10.1016/j.foodcont.2023.109933
https://doi.org/10.36103/s9q1w418
https://doi.org/10.1016/j.heliyon.2024.e32694

Iraqgi Journal of Agricultural Sciences —2025:56(2):817-826

Hussein & et al.

Iragi Journal of Agricultural Sciences ,53 (6):
1397- 1406.
https://doi.org/10.36103/ijas.v53i6.1655

8. A.0.A.C. 1990. The Association of Official

Analytical Chemist, Official Methods of
Analysis .15™ Edition, volume (1), Virginia,
U.S.A.pp.771.

9. Danish, S., M. Hareem, M. Imran, N. Tahir,
F. Gholizadeh, R. Datta, S.A. Alharbi, M.J.
Ansari and T.A. Alahmadi. 2024. Effect of
caffeic acid and cobalt sulfate on potato
(Solanum tuberosum L.) plants in the presence
and absence of  nanoparticles-coated
urea. Scientific Reports, 14(1): 20663.
Doi://doi.org/10.38/541598-024-70998-2.

10. Dheyab S., N., A M.H. H. Al-Khafaji, I. J.
Abdul Rasool, K. D. H. Al-jubouri, F. Y.
Baktash, Z. J. Al-Mousawi, D. A. Hanoon.
2025. Reducing water consumption and
improving soil, root quality of potato via
environmentally sustainable treatments. Iraqi
Journal of Agricultural Sciences, 55 (special):
1-9. https://doi.org/10.36103/przef771

11. He, C., J. Ma and L. Wang. 2015. A
hemicellulose — bound from of silicon with
potential to improve the mechanical properties
and regeneration of the cell wall of rice, New
Phytol, 206: 1051 — 1062.
Doi://doi.org/10.1111/nph.13282.

12. Hu, X., X. Wei, J. Ling and J. Chen. 2021.
Cobalt: an Essential Micronutrient for Plant
Growth? Frontiers in  Plant  Science, 12:
768523. D0i.10.3389/fpl.2021.768523.

13. Jaleel, C.A., K. Jayakumar, C. X. Zhao and
M. Igbal .2009. Low concentration of cobalt
increase growth, biochemical constituents,
mineral status and yield zea. J. Sci., Res., 1:
128 -137.d0i.10.3329/jsr. vl1il.1226.

14. Kazemi , M. 2012 . Effect of cobalt ,
silicon , acetylsalicylic acid and sucrose as
novel agents to improve vase -life of
argyrantamum flowers . Trends in Applied
Sciences Research, 7 (7) : 579-583 .
http://scialert . net /abstract /

doi . tasr.2012.579.583.

15. Majeed, B.H., R.R. Mohammed and , A.N
Rustum. 2019. Effect of black seed oil and
Aloe vera gel on banana fruit maturity and
quality. Plant Archives , 19 (2): 4459-4462.e-
ISSN : 2581-6063 (on line) , ISSN: 0972-
5210.

825

16. Mohammed, R.R. and B.H. Majeed. 2023.
Effect of moringa leaves extract, calcium, and
potassium silicate on the growth, yield, and
quality of strawberry fruits. Iragi Journal of
Agricultural  Sciences, 54(6):  1703-1715.
https://doi.org/10.36103/ijas.v54i6.1869

17. Mohammed, R.R. and B.H. Majeed. 2024.
Response of strawberry growth, yield and
marketable fruit quality to spraying with
moringa leaf extract, calcium and potassium
silicate. Iraqi  Journal ~ of  Agricultural
Sciences, 55(1) :440-452.
doi.org/10.36103/yfof0c65

18. Mueller, S., H.D. Riedel and W,
Stremmel. 1997. Determination of catalase
activity at physiological hydrogen peroxide
concentrations. Analytical

Biochemistry, 245(1), pp.55-60.
doi.org/10.1006/abi0.1996.9939.

19. Naumann, M., M. Koch, H. Thiel, A.
Gransee and E. Pawelzilk 2020. The
importance of nutrient management for potato
production. Part Il: Plant Nutrition and Tuber
Quality. Potato Research, 63: 121-137.Hhttps :
//doi.org//10.1007/s11540-019-09430-3.

20. Puppe, D., J. Busse, M. Stein, D.
Kaczorek, C. Buhtz and J. Schaller. 2024.
Silica Accumulation in Potato (Solanum
tuberosum L.) Plants and Implications for
Potato Yield Performance—Results from Field
Experiments in Northeast Germany.Biology,
13(10) : 828.

https : //doi.org/10.3390/biology 13100828.
21. Saasea , K. Q. and N.K. AL-aamry .2023.
Effect of nitrogen, phosphorous and potassium
levels on the productivity of industrial
potatoes. Iraqi Journal of Agricultural
Sciences, 54 (6) : 1726-1736.
https://doi.org/10.36103/ijas.v54i6.1871

22. Vulavala, V. K., R. Elbaum, U.
Yermiyahu, E. Fogelman, A. Kumar, and I.
Ginzberg, 2016. Silicon fertilization of potato:
expression of putative transporters and tuber
skin quality. Planta, 243, 217-229.
https://doi.org/10.1007/s00425-015-2401-6
23. Verma, K. K., X. P. Song, B. Lin, D. J.
Guo , M. Singh, V. D. Rajput , R. K. Singin,
P. Singh , A. Sharma , M. K. Malviya , G. L.
Chen and Y. R. Li. 2022 . Silicon induced
drought trancein crop plants: Physiological
Adaptation Strategies. Silicon, 14(5): 2443-



https://doi.org/10.36103/ijas.v53i6.1655
https://doi.org/10.36103/przef771
https://doi.org/10.36103/ijas.v54i6.1869
https://doi.org/10.36103/yf9f0c65
https://doi.org/10.1006/abio.1996.9939
https://doi.org/10.1006/abio.1996.9939
https://doi.org/10.36103/ijas.v54i6.1871
https://doi.org/10.1007/s00425-015-2401-6
https://doi.org/10.1007/s00425-015-2401-6

Iraqgi Journal of Agricultural Sciences —2025:56(2):817-826

Hussein & et al.

2487. https://d0i.10.1007/s12633-021-01071-
X.

24. Vernon, L. S. , R. Orthofer , M. Rosa and
L. Raventos .1999. Anlysis of Total Phenols
and Other Oxidation Sustrates and Antioxidant
by Mears of Foli-Ciocalteu Reagent, 299 : 152
—178.

25. Wadas, W. 2022. Possibility of increasing
early potato yield with foliar application of
silicon. Agronomy Science, V.(2): 61 — 75. doi
.0rg / 10.24326 /as20226.

26. Wadas, W. 2023. Nutritional value and
sensory quality of new potatoes in response to
silicon application. Agriculture, 13(3): 542.
https : //

doi.org /10. 3390/agriculture 13030542.
27.Wang, M., R. Wang, L. A. J. Mur, J. Runa,
Q. Shen and S. Guo .2021. Function of silicon
in plant drought stress response. Hort. Res., 8
:254.htps://
doi.org/10.1038/s41438-021-00681-1.

28.  Westermann, D. 2005. Nutrional
requirments of Potatoes. American J. of Potato
Res., 82: 301 — 307.

29. Wadas, W. 2021. Potato (Solanum
tuberosum L.) growth in response to foliar
silicon application. Agronomy, 11(12), 2423.
https://doi.org/10.3390/agronomy11122423
30. Wadas, W., and Kondraciuk, T. 2025. The
Role of Foliar-Applied Silicon in Improving
the Growth and Productivity of Early Potatoes.
Agriculture, 15(5), 556.
https://doi.org/10.3390/agriculture15050556
31. Wang, L., N. Jin, Y. Xie, W. Zhu, Y.
Yang, J. Wang, and J. Lyu, 2024.
Improvements in the appearance and
nutritional quality of tomato fruits resulting

826

from foliar spraying with silicon. Foods, 13(2),
223.

https://doi.org/10.3390/foods13020223

32. Xiao, J., Li, Y., and B. R. Jeong, 2022.
Foliar silicon spray before summer cutting
propagation enhances resistance to powdery
mildew of daughter plants. International
Journal of Molecular Sciences, 23(7), 3803.
https://doi.org/10.3390/ijms23073803

33. Xue, X., T. Geng, H. Liu, W. Yang, W.
Zhong, Z. Zhang, and Z. Chu, 2021. Foliar
application of silicon enhances resistance
against Phytophthora infestans through the
ET/JA-and NPR1-dependent signaling
pathways in potato. Frontiers in Plant Science,
12, 609870.

34. Youssef, E. 2023. Effect potassium silicate
foliar application and water stress by using
different amounts of irrigation water supply on
potato plants (Solanum tuberosum L.).
Egyptian Journal of Chemistry, 66(11), 317-
326.

DOI: 10.21608/ejchem.2022.145158.6326

35. Zaheer, K., and M. H. Akhtar. 2016. Potato
production, usage, and nutrition—a review.
Critical reviews in food science and nutrition,
56(5), 711-721.
https://doi.org/10.1007/BF02849120
36Zhang, L., M. Li, G. Zhang, L. Wu, D. Cali,
and Z. Wu, 2018. Inhibiting sprouting and
decreasing a-solanine amount of stored
potatoes using hydrophobic nanosilica. ACS
Sustainable Chemistry & Engineering, 6(8),
10517-10525.
https://doi.org/10.1021/acssuschemeng.8b0186
0



https://doi.10.1007/s12633-021-01071-x
https://doi.10.1007/s12633-021-01071-x
https://doi.org/10.3390/agronomy11122423
https://doi.org/10.3390/agriculture15050556
https://doi.org/10.3390/agriculture15050556
https://doi.org/10.3390/foods13020223
https://doi.org/10.3390/foods13020223
https://doi.org/10.3390/ijms23073803
https://doi.org/10.1007/BF02849120
https://doi.org/10.1007/BF02849120
https://doi.org/10.1021/acssuschemeng.8b01860
https://doi.org/10.1021/acssuschemeng.8b01860

