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TUDYING the potential positive effects of periodic table elements on the performance of

strategic plants, such as potatoes, is currently essential due to the nutrient gap. Therefore, a field
experiment was conducted during the 2024/2025 growing season, aiming at maximizing the
productivity of potatoes via organic fertilization treatments and foliar spraying of some trace elements
under the experimental design of split-split plot. The compost treatments (applied or not) represented
the main factor, while the type of trace elements [bismuth (Bi), titanium (Ti), molybdenum (Mo) and
selenium (Se)] were arranged in subplots. Three levels of each trace element were studied (0.0, 5.0,
10.0 mg L™ 1) as the sub-sub main factor. Growth criteria (e.g., fresh and dry weights), photosynthetic
pigments (e.g., chlorophyll a &b), chemical composition in leaves and tubers (i.e., NPK), biochemical
traits of tuber (e.g., VC and TDS), available nutrients in soil (i.e., NPK) and organic matter content of
soil were determined. The highest values of all growth, performance yield and quality traits were
achieved with treatment of compost, while the lowest values were recorded under control treatment
(without compost). In terms of effectiveness, the superior element was selenium (Se) followed by
molybdenum (Mo) then titanium (Ti) and lately bismuth (Bi). On the other hand, the positive effect of
each studied elements increased as their rates increased from 0.0 to 5.0 then 10.0mgL™. Concerning
the interaction effect, it can be noticed that the combined superior treatment was compost x selenium
at rate of 10.0mgL™. On the other hand, the compost enhanced the soil content of NPK and OM
compared to the control treatment (without compost). Regarding spraying the studied trace elements,
their influence on soil properties (NPK and OM) was unclear. Based on these results, it can be
concluded that the trace elements used in this study, especially bismuth and titanium, have vital roles
for potato growth, and research should be intensified on their importance to other plants, and work
should begin on including them in fertilization programs alongside organic fertilization.

Keywords: Bismuth, Titanium, Molybdenum, Selenium.
Introduction

Studying the potential positive effects of periodic table elements on the performance of strategic plants is
currently essential due to the nutrient gap. Expanding the use of some unconventional elements of the periodic
table such as bismuth (Bi), titanium (Ti), molybdenum (Mo) and selenium (Se) in fertilization programs is
considered one of the unconventional solutions to reduce this gap and achieve food security, due to their
potential role in enhancing vital processes within plants and improving the quality and nutritional value of
agricultural products (EI-Ghamry et al. 2024).

Bismuth has a role in increasing the efficiency of the chlorophyll molecule (Zacchini, 2024). Ti is known for its
role in enhancing photosynthetic efficiency and its ability to promote non-biological nitrogen fixation, but its
effectiveness was lower than selenium and molybdenum (EI-Ghamry et al. 2024). Mo leads to strengthened
cell walls in higher plants, thus preventing both sucking and piercing insects from penetrating them, hence
protecting the higher plant from these insect attacks. Mo is also involved in the formation of ascorbic acid, as
mentioned by Meng et al. (2021). Additionally, it is essential for enzymes responsible for reducing nitrate to
nitrite, as mentioned by Abbasifar et al. (2020). Se has a vital role as an antioxidant, as it scavenges free
radicals (ROS) under environmental stress, as reported by ElI-Ramady et al. (2016). It can also stimulate the
activity of enzymes responsible for metabolism (Ghazi et al. 2024).
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On the other hand, the traditional use of organic fertilizers remains vital in improving the soil's physical,
chemical and biological properties. This positively impacts soil fertility and, consequently, agricultural
production. Compost is known for its ability to retain moisture and nutrients and increase soil aeration
(Elshaboury et al. 2024). Moreover, it has high organic matter content, which leads to an increase in microbial
activity (Shaban et al. 2025). Furthermore, it may have played an effective role in maintaining soil pH and
increasing the availability of soil nutrients, thus creating a suitable environment for growth and nutrient
absorption (Abdel-Motaleb et al. 2025). Additionally, compost may have caused a slow supply of micro- and
macro-elements throughout the plant growth period. Hence, the importance of combining traditional approaches
such as compost with modern solutions such as foliar spraying with new elements from the periodic table to
achieve agricultural production sufficient to meet the population's needs while maintaining high quality.

Potato plant (Solanum tuberosum L.) one of Egypt's most important strategic crops, boasting high nutritional
value and a significant export crop. Therefore, improving their productivity and quality is a top priority for
agricultural policymakers. Accordingly, developing potato fertilization programs in Egypt represents a
significant and effective step toward achieving food security and increasing economic returns (Hamed, 2020).
Therefore, the major objective of the current research work is maximizing the productivity of potato plants via
organic fertilization treatments as a traditional approach and foliar spraying of some trace elements as a modern
approach.

2. Materials and Methods

A field experiment was conducted during the 2024/2025 growing season in the experimental farm of agricultural
faculty, Mansoura University, Egypt, aiming at maximizing the productivity of potatoes via organic fertilization
treatments and foliar spraying of some trace elements under the experimental design of split-split plot with three
replicates. The compost treatments (applied or not) represented the main factor, while the type of trace elements
[bismuth (Bi), titanium (Ti), molybdenum (Mo) and selenium (Se)] were arranged in subplots. Three levels of
each trace element were studied (0.0, 5.0, 10.0 mg L~ %) as the sub-sub main factor. Figl illustrate the flowchart
of the experiment. The properties of the initial soil are shown in Table 1, as the soil sample was taken at a depth
of 30cm.

Bi (0.0, 5.0, 10 mg/LD

S1: Without composD

Ti (0.0, 5.0, 10 mg/LD

Trace
element Mo (0.0, 5.0, 10 mg/D
treatments

Compost
treatments

S2: With compost) Se (0.0, 5.0, 10 mg/LD

Growth criteria such as fresh
and dry weights
(Measurements)—{ ield and quality such as No. o
tuber, VC, TDS
Soil properties at harvest such
as N, P, KMO

Fig. 1. The flowchart of the experiment.
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Table 1. Characteristics of the initial soil.
Cla Silt Sand N P K Bi Ti Mo Se
y Texture O.M, % EC’.l pH WHC,%
Class is dSm
% Clay mg kg™
50 30 20 18.20 7.3 201 *ND *ND 0.10 0.08 1.17 2.78 8.00 42

e Bi, Tiwere not detected in the studied soil.

e Particle size distribution was done via using pipette method, while the texture class was identified using soil
texture triangle (Gee and Baudet 1986)

e The availability of these elements were determined via Kjeldahl method, spectrophotometric method and flame
photometer for NPK, respectively. To estimate molybdenum, the soil was extracted with oxalic acid and
ammonium oxalate, then an orange complex was formed using stannous chloride (SnCl, ) and ammonium
thiocyanate, and finally, the colour intensity was measured using a spectrophotometer (Dewis and Freitas, 1970;
Hesse, 1971). Bi, Ti and Se were determined by ICP-MS.

e  Organic matter was determined by Walkly and Balck method. Soil EC (1:2.5, soil extract) was determined by
EC-meter. Soil pH(1:2.5, soil suspension) was estimated using pH-meter. Water holding capacity (WHC) was
measured via mixing and burette Dewis and Freitas, (1970)

Compost was prepared in the experimental site using the plant residues. It was prepared as described by Inckel
et al. (2005), where wheat and rice straw waste were collected, chopped well, and a pyramid-shaped pile was
made at the experimental site. An active mixture consisting of ammonium sulfate, superphosphate, and
potassium sulfate was added to the pile with stirring, and it was left to mature for about 5 months Table 2
illustrate the characteristics of the compost studied.

Bismuth (I11) nitrate as the Bi source, titanium dioxide as the Ti source, ammonium molybdate as the source of
Mo and sodium selenite as the Se source were obtained from Sigma Company. Table 3 shows the characteristics
of these salts. Standard solutions were prepared for Bi, Ti, Mo and Se, with a specific concentration via
dissolving precise amounts of the respective salts in water to obtain the standard solutions for Bi, Ti, Mo, and Se
were then used to obtain the studied concentrations under the current research work.

Table 2. Characteristics of the compost studied.

Characters Value

EC, dSm™(Extract 1:10) 3.60
Moisture,% 20.0

pH 6.20

N,% 1.76

P,% 1.50

K,% 1.30

O,M,% 31.50

C/N ratio 13.20

CEC, cmol kg™ 255.0

The compost was analyzed using the standard methods as described by Tandon,(2005)

Table 3. Characteristics of the element salts studied.

Trace element Bismuth (Bi) Titanium (Ti) Molybdenum (Mo) Selenium (Se)
Salt B'Smgrt:té“l) Titanium Dioxide | Ammonium Molybdate | Sodium selenite
Chemical Bl(NOg )3 -5H, TlOZ (NH4)6M07 0,.4H, O Na,SeO,
Formula O (53.0 % Bi) (59.94%Ti) (54.35%Mo) (45.56 %Se)
Purity 99% 99.9% 99% 99%
Density 2.83gcm? 3.90gcm® 25gcm3 3.1lgcm3
Solvent used HNO; HNO; Distilled water Distilled water
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Potato tubers (Cv Sponta ) were obtained from the Ministry of Agriculture and Soil Reclamation (MASR). The
tubers were divided into pieces, with approximately 40.0 g on average then were planted on 15 October.

The compost was added according to the studied treatments at rate of 20 m* fed” at 15 days before planting.
Mineral NPK fertilization was done at rate of 70,150 and 50 unit of N, P,0s, K,0, respectively per feddan. The
recommended mineral fertilizers were added, taking into account the organic additives as well as the soil content
of these elements. Before planting, calcium superphosphate was added to the soil. Urea was added in two doses
at 30 and 50 days after planting. Potassium sulphate was added at the beginning of tuber formation. The spraying
process with the studied trace elements was carried out 3 times with a time interval of 10 days, so that the first
spraying date was 45 days after planting. Irrigation was carried out every 8 days. The MASR's guidelines were
followed in the potato production process. The harvest process was done after 110 days from planting.
Measurements were carried out during two stages as shown in Table 4. The obtained data were statistically
analyzed by CoStat software (Version 6.303, CoHort, USA, 1998-2004) and Duncan’s Multiple Range Test as
described by Gomez and Gomez (1984) at a significance level of 0.05.

Table 4. Measurements during the two different stages.

Parameters Methods References
a. Growth parameters, photosynthetic pigments and leaves chemical content at 75 days from planting
1 Plant height (cm)
2 No. of leaves plant™
- = Manually e
3. Fresh and dry weights (gplant™)
4. Leaf area,( cm? plant™)
5 Chlorophyll a & b (mg g™ FW
Py = (Mg g ) Spectrophotometrically, using acetone [1]
6 Carotene (mg g™)
7 Digestion of leaves Using a mixture of HCIO,4 + H,SO,4 [2]
Via Kjeldahl method, spectrophotometric
8. Potato leaf chemical NPK (%DW) method and flame photometer for NPK, [3]

respectively
b. Yield and quality traits at harvest

1. Average tuber weight (g)
2. No. of tuber plant™ Y T2 ——
3. Yield (ton fed™)
4, Digestion of tubers Using a mixture of HCIO,4 + H,SO, [2]
Via Kjeldahl method, spectrophotometric
5. Potato tuber chemical NPK (%DW) method and flame photometer for NPK, [3]
respectively
Calculated by difference: 100 - (%
6. Total Carbohydrates ( %) moisture + p}r/otein + fat + ash +(fiber)
7. Total Sugars, % Phenol-sulfuric acid method
o Titration with 2,6- 4
8. Vitamin C (VC, mg 100g™) dichlorophenolindophenol []
9. Total Dissolved Solids (TDS, %) ;ﬁ\éll?fﬁgr? vrcgit gﬁ (itlh(eE ;’e"l?g{g;e filtered
c. Soil analyses at harvest
Via Kjeldahl method, spectrophotometric
1. Availability of NPK method and flame photometer for NPK, [5]
respectively
2. Organic matter By Walkly and Balck method [6]

List of refs: [1] Wellburn (1994),[2] Peterburgski (1968),[3] Walinga et al. (2013),[4] AOAC (2000),[5] Hesse,(1971),[6]
Dewis and Freitas, (1970)
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3. Results

3.1. Growth criteria

Table 5 shows the impact of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti),
molybdenum (Mo) and selenium (Se) on potato growth criteria, including plant height (cm), No. of leaves plant’
! fresh and dry weights (gplant™), leaf area,( cm? plant™) at period of 75 days from planting during season of
2023/2024. Regarding the individual effect of organic fertilization, it can be noticed that the highest values of all
aforementioned traits were achieved with treatment of compost, while the lowest values were recorded under
control treatment (without compost). In terms of effectiveness, the superior element was selenium (Se)
followed by molybdenum (Mo) then titanium (Ti) and lately bismuth (Bi). On the other hand, the positive effect
of each studied elements increased as their rates increased from 0.0 to 5.0 then 10.0mgL™. Concerning the
interaction effect, it can be noticed that the combined superior treatment was compost x selenium at rate of
10.0mgL™.

Table 5. Effect of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti),

molybdenum (Mo) and selenium (Se) on potato growth criteria at period of 75 days from
planting during season of 2023/2024.

N v e R
Main factor: Organic fertilization

S::Without compost 54.96b 16.69b 285.75b 32.39b 1645.08b

S,: With compost 62.39a 21.89a 327.36a 35.72a 2380.92a

F test kel kel el el falalel
Sub main factor: Trace elements

Bismuth (Bi) 56.48c 17.50d 292.61d 32.94d 1750.44d

Titanium (Ti) 57.95bc 18.78c 300.29c 33.76¢ 1950.33c

Molybdenum (Mo) 59.44ab 19.83b 310.06b 34.45b 2149.17b

Selenium (Se) 60.85a 21.06a 323.26a 35.08a 2202.06a

F test kel el kel el falalel

Sub sub main factor : levels of elements

F1:At rate of 0.0mgL™ 56.15a 16.75¢c 300.39c 31.82b 1960.67c

F,:At rate of 5.0mgL™ 58.79a 19.33b 305.87b 33.98b 2016.29b

F,:At rate of 10.0mgL™ 59.10a 19.79a 310.42a 34.37a 2059.04a

F test *NS faiaia faleie falaa Fhx

Interaction
F test *kk *k*k *k*k *k*k *k*k

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
*NS= non- significant

3.2. Photosynthetic pigments in leaves

Table 6 displays the influence of compost addition and foliar application of bismuth (Bi), titanium (Ti),
molybdenum (Mo) and selenium (Se) on potato photosynthetic pigments (Chlorophyll a& b and carotene, mg g
1) at period of 75 days from planting during season of 2023/2024.  With respect to the individual effect of
organic fertilization, the compost treatment significantly increased all measured photosynthetic pigments,
achieving the highest values, whereas the lowest values were realized with the corresponding plants grown
without the compost. In terms of the efficacy of the trace elements foliar applications, selenium (Se) was the
most effective, followed by molybdenum (Mo), titanium (Ti), and bismuth (Bi), respectively. Moreover, the
beneficial effect of each studied element increased progressively with the application level, from 0.0 to 5.0 then
to 10.0 mg L™ &t Regarding the interaction effect, the most significant improvement in all measured
photosynthetic pigments was observed when plants treated with the compost and selenium at the highest rate of
10.0 mg L™ * as a combined treatment.
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Table 6. Effect of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti), molybdenum
(Mo) and selenium (Se) on potato photosynthetic pigments at period of 75 days from planting during season

of 2023/2024.
Treatments Chlorophyll a, mg g* Chloroprg/ll b, Carote_r;e,
mgg mgg
Main factor: Organic fertilization

S1:Without compost 0.858b 0.637b 0.313b

S,: With compost 0.943a 0.725a 0.368a

F test *k*k *k*k *k%

Sub main factor: Trace elements

Bismuth (Bi) 0.877d 0.653d 0.323d

Titanium (Ti) 0.895¢c 0.674c 0.336¢

Molybdenum (Mo) 0.908b 0.691b 0.346b

Selenium (Se) 0.922a 0.705a 0.357a

F test **k%k **k*k **k%

Sub sub main factor : levels of elements

Fi:At rate of 0.0mgL™ 0.895b 0.676¢ 0.337¢c

F,:At rate of 5.0mgL™ 0.900b 0.681b 0.340b

F,:At rate of 10.0mgL™ 0.906a 0.686a 0.344a

F test ** *k*k **k%

Interaction
F test **k%k *k*k **k%

Means within a row followed by a different letter (s) are statistically different at a 0.05 level

3.3. Nutritional status of the leaves

Table 7 displays the impact of compost soil addition in combination with spraying of bismuth (Bi), titanium (Ti),
molybdenum (Mo) and selenium (Se) on the leaves chemical composition of potato after 75 days from planting
during the growing season of 2023/2024. The data pronouncedly show that compost treatment significantly
enhanced the nutritional status (nitrogen, phosphorus, and potassium) of the leaves compared to the control
treatment (without compost). With regard to the foliar application of trace elements, Se illustrated a clear
superiority compared with the other studied trace elements in enhancing the chemical composition of the potato
leaves. The Mo element came in the second order, followed by Ti and Bi, respectively. Additionally, the
influence of the foliar trace elements was positively correlated with the applied rates, as the increasing
concentration of each studied element from the lowest rate to the highest rate consistently improved the NPK
content in the leaves. The interaction effects among compost treatments, studied trace elements and their applied
rate were significant. The most effective combination was observed when plants treated with compost alongside
selenium at the highest rate (10mg L™), leading to the most pronounced increases in NPK content values in the
leaves.

Table 7. Effect of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti), molybdenum

(Mo) and selenium (Se) on chemical constituents in leaves of potato at period of 75 days from planting
during season of 2023/2024.

Treatments Nitrogen, % Phosphorus, % Potassium, %
Main factor: Organic fertilization

S1:Without compost 2.81b 0.353b 2.63b

S,: With compost 3.59a 0.426a 3.24a

F test *kk *k* *kx

Sub main factor: Trace elements

Bismuth (Bi) 3.02d 0.369d 2.78d
Titanium (Ti) 3.13c 0.381c 2.86¢
Molybdenum (Mo) 3.25b 0.395b 2.98b
Selenium (Se) 3.39 0.413a 3.12a
F test *k*k *k*k *k*k
Sub sub main factor : levels of elements
F1:At rate of 0.0mgL™ 3.16b 0.385¢c 2.90b
F,:At rate of 5.0mgL™ 3.19ab 0.389b 2.94ab
Fs:At rate of 10.0mgL™ 3.24a 0.395a 2.97a
F test ** *k*k *k*k
Interaction
F test *kk *k*k *k*k

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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3.4. Tuber yield

Table 8 shows the effect of compost and trace elements (Bi, Ti, Mo and Se) on the tuber yield components after
110 days from planting during the 2023/2024 season. Additionally, Fig 2 shows the interaction effects on the
tuber yield (ton fed™). The data illustrate that compost treatment possessed a positive impact on tuber yield traits
such as average tuber weight (g) and yield (ton fed™) compared to the plants grown without compost, while the
effect on No. of tuber plant™ was non-significant.

Table 8. Effect of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti),

molybdenum (Mo) and selenium (Se) on yield of potato at period of 110 days from planting
during season of 2023/2024.

Treatments Average tuber weight, g No. of tuber plant®  Yield, ton fed™

Main factor: Organic fertilization

S1:Without compost 296.90b 2.01a 13.98b

S,: With compost 350.07a 2.06a 16.11a

F test *kkx * *kk
Sub main factor: Trace elements

Bismuth (Bi) 304.66d 2.05a 14.28d

Titanium (Ti) 317.57c 2.02ab 14.81c

Molybdenum (Mo) 329.99b 2.02ab 15.35h

Selenium (Se) 341.71a 2.04a 15.74a

F test *kk * *kx

Sub sub main factor : levels of elements

F.:At rate of 0.0mgL™ 319.61c 2.04a 14.89c

F,:At rate of 5.0mgL™ 323.63b 2.03a 15.04b

F,:At rate of 10.0mgL™ 327.22a 2.03a 15.20a

F test 1.40 *NS 0.09

Interaction
F test o * i

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
*NS= non- significant
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Fig. 2. The interaction effects on the tuber yield (ton fed™).
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Among the foliar-applied elements, Se was the most effective in improving yield attributes, followed by Mo, Ti
and Bi, respectively. The data also indicate a consistent trend in which increasing the rate of the studied trace
elements led to a gradual increases in tuber yield traits i.e., average tuber weight (g) and yield (ton fed™), while
the effect on No. of tuber plant™ was non-significant. Notably, the interaction effects among compost and Se at
rate of 10 mg L™ proved to be the most productive combination, achieving the highest values of yield
parameters.

3.5. Nutritional status of the tubers

Table 9 displays the impact of compost soil addition in combination with spraying of bismuth (Bi), titanium (Ti),
molybdenum (Mo) and selenium (Se) on the tuber chemical composition of potato after 110 days from planting
during the growing season of 2023/2024. The data pronouncedly show that compost treatment significantly
enhanced the nutritional status (nitrogen, phosphorus, and potassium) of the tuber compared to the control
treatment (without compost). With regard to the foliar application of trace elements, Se illustrated a clear
superiority compared with the other studied trace elements in enhancing the chemical composition of the potato
leaves tubers. The Mo element came in the second order, followed by Ti and Bi, respectively. Additionally, the
influence of the foliar trace elements was positively correlated with the applied rates, as the increasing
concentration of each studied element from the lowest rate to the highest rate consistently improved the NPK
content in the tubers. The interaction effects among compost treatments, studied trace elements and their applied
rate were significant. The most effective combination was observed when plants treated with compost alongside
selenium at the highest rate (10mg L™), leading to the most pronounced increases in NPK content values in the
tubers.

Table 9. Effect of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti),

molybdenum (Mo) and selenium (Se) on chemical constituents in tuber of potato at period of
110 days from planting during season of 2023/2024.

Treatments Nitrogen, % Phosphorus, % Potassium, %

Main factor: Organic fertilization

S;:Without compost 2.18b 0.305b 2.24b
S,»: With compost 2.61a 0.358a 2.65a
F test *k*k *k*k **kk

Sub main factor: Trace elements

Bismuth (Bi) 2.25d 0.315d 2.30d
Titanium (Ti) 2.35¢C 0.327c 2.39c
Molybdenum (Mo) 2.44h 0.337b 2.50b
Selenium (Se) 2.54a 0.347a 2.5%
F test el faleled falead

Sub sub main factor : levels of elements

F;:At rate of O.OmgL'1 2.36b 0.328c 2.41b

F,:At rate of 5.0mgL'1 2.39ab 0.332b 2.45a

F,:At rate of 10.0mgL™ 2.44a 0.335a 2.48a

F test **%k%x **%* *%*
Interaction

F test *k*k *k*k **

Means within a row followed by a different letter (s) are statistically different at a 0.05 level
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3.6. Tuber quality (biochemical traits)

Table 10 shows the effect of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti),
molybdenum (Mo) and selenium (Se) on tuber quality at period of 110 days from planting during season of
2023/2024.

Table 10. Effect of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti),

molybdenum (Mo) and selenium (Se) on tuber quality at period of 110 days from planting
during season of 2023/2024.

Treatments T. Carbohydrates, %  Total sugars, % Dry r(')r/loatter, \rl]lq';arlnolgg(i *-I;/BS’
Main factor: Organic fertilization
S1:Without compost 25.59b 4.94b 20.21b 21.53b 6.39b
S,: With compost 27.70a 5.45a 22.06a 23.21a 7.70a
F test kel kel kel flalal flalel

Sub main factor: Trace elements

Bismuth (Bi) 25.96d 5.00d 20.52d 21.79d 6.75¢c
Titanium (Ti) 26.42c 5.13c 20.94c 22.16¢ 6.98b
Molybdenum (Mo) 26.86b 5.27b 21.33b 22.54b 7.11b
Selenium (Se) 27.33a 5.38a 21.76a 23.00a 7.34a
F test kel kel ok Fxx Fxx

Sub sub main factor : levels of elements

F.:At rate of 0.0mgL™ 26.45b 5.15¢ 21.01b 22.19¢ 6.95b

F,:At rate of 5.0mgL™ 26.67a 5.20b 21.14ab 22.41b 7.06a

F,:At rate of 10.0mgL™ 26.81a 5.23a 21.27a 22.52a 7.12a

F test *x Fhk >k ok o
Interaction

F test Fhk Fhk ok ok ok

Means within a row followed by a different letter (s) are statistically different at a 0.05 level

*TDS=Total dissolved solid

The biochemical characteristics of potato tubers [T. carbohydrates (%), total sugars (%), dry matter (%), vitamin
C (mg 100g™) and TDS (%)] showed notable enhancement in response to both compost and trace element
treatments. Compost addition significantly increased all measured quality parameters compared to non-
composted treatments. Among the studied trace elements, selenium consistently led to the highest values across
all quality traits followed by molybdenum then titanium, and lately bismuth. Additionally, increasing the applied
rate of trace element from 0.0 to the highest investigated concentration (5.0 then 10 mgL™) resulted in
progressive improvements in tuber biochemical traits, indicating a dose-dependent impact. The interaction
between compost treatments and foliar treatments further emphasized the synergistic role, as the combined
treatment of compost and selenium at the highest concentration (10 mg L™) resulted in the highest values of all
aforementioned tuber quality traits.

3.7. Postharvest soil analysis

Table 11 illustrates the impact of compost combined with foliar application of bismuth (Bi), titanium (Ti),
molybdenum (Mo) and selenium (Se) on soil properties [(available nitrogen, phosphorus and potassium (NPK,
mgkg™) and organic matter content (OM,%)] as mean values after 110 days from planting (harvest stage)
during the 2023/2024 season.
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Table 11. Effect of compost treatment combined with foliar application of bismuth (Bi), titanium (Ti),
molybdenum (Mo) and selenium (Se) on soil properties (as mean values) at period of 110 days
from planting during season of 2023/2024.

Treatments N, mgkg® P,mgkg® K, mgkg?  Organic matter,%
Initial soil 20.20b 7.3b 210b 1.17b
0.0mgL™ 20.30b 7.6b 211b 1.18b
Bi 5.0mgL™ 20.50b 7.4b 212b 1.14b
10.0mgL™* 20.60b 7.2b 212b 1.17b
0.0mgL™ 20.25b 7.5b 211b 1.16b
Ti 5.0mgL™ 20.55b 7.70b 214b 1.14b
S, :Without 10.0mgL™ 20.59b 7.3b 210b 1.18b
compost 0.0mgL™ 20.23b 7.4b 211b 1.18b
Mo 5.0mgL™ 20.46b 7.6b 213b 1.17b
10.0mgL™ 20.52b 7.5b 212b 1.17b
0.0mgL™ 20.33b 7.3b 210b 1.18b
Se 5.0mgL* 20.59b 7.5b 213b 1.16b
10.0mgL™ 20.60b 7.4b 211b 1.15b
0.0mgL™ 28.46a 8.5a 221a 1.30a
Bi 5.0mgL™ 28.73a 8.5a 222a 1.33a
10.0mgL™ 28.80a 8.4a 223a 1.32a
0.0mgL™ 28.21a 8.6a 223a 1.30a
Ti 5.0mgL™ 28.43a 8.7a 222a 1.35a
S,: With 10.0mgL‘1 28.88a 8.3a 225a 1.35a
compost 0.0mgL™* 28.68a 8.5a 221a 1.34a
Mo 5.0mgL™* 28.70a 8.7a 222a 1.33a
10.0mgL™ 28.78a 8.6a 224a 1.35a
0.0mgL™* 28.57a 8.4a 223a 1.32a
Se 5.0mgL™* 28.88a 8.6a 221a 1.31a
10.0mgL™ 28.90a 8.5a 224a 1.34a
F test * * * *

The data illustrate that the highest positive influence on the investigated soil properties was achieved due to the
addition of compost to the soil. In other words, compost enhanced the soil content of NPK and OM compared to
the control treatment (without compost). Regarding spraying the studied trace elements, the data of Table 11
indicate that their influence on soil properties (NPK and OM) was unclear. However, the presence of compost
helped in improving the usage of these elements, despite the contribution of foliar application alone to affecting
soil properties remaining limited.

4. Discussion

The results obtained in terms of growth criteria, chemical traits of leaves and tubers, and soil properties are
primarily due to the effective role of the compost used, which may have contributed to improving soil structure.
Compost is known for its ability to retain moisture and nutrients and increase soil aeration (Elshaboury et al.
2024). Moreover, it has high organic matter content, which leads to an increase in microbial activity (Shaban et
al. 2025). Furthermore, it may have played an effective role in maintaining soil pH and increasing the
availability of soil nutrients, thus creating a suitable environment for growth and nutrient absorption (Abdel-
Motaleb et al. 2025). Additionally, compost may have caused a slow supply of micro- and macro-elements
throughout the potato growth period. This positively impacted vegetative growth criteria, photosynthetic
pigments, and leaf nutrient content in the first phase of the study (75 days after planting) as well as the yield and
quality of tubers and soil content of available nitrogen, phosphorus, potassium, and organic matter at harvest.
The obtained results are in harmony with those of Wilson et al. (2019).
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Regarding foliar spraying with trace elements, selenium (Se) ranked first as the most positively impacting
element. This is attributed to its essential role as an antioxidant, as it scavenges free radicals (ROS) under
environmental stress (EI-Ramady et al. 2016). It has the ability to stimulate the activity of enzymes responsible
for metabolism (Ghazi et al. 2024). It has a vital role in photosynthesis and carbohydrate biosynthesis, in
addition to its ability to improve plant resistance to stress (Huang et al. 2020), explaining its positive impact on
vegetative growth parameters, photosynthetic pigments, and leaf nutrient content in the first study phase (75 days
after planting), as well as on the yield and quality of tubers at harvest. The findings are in accordance with those
of Li etal. (2023).

Molybdenum (Mo) came in second place compared to the other studied trace elements, playing a key role in
improving the efficiency of plant metabolism (Heshmat et al. 2021). It also strengthens cell walls, thus
preventing piercing and sucking insects from penetrating them, thus protecting the plant from these insect
attacks. It is also involved in the formation of ascorbic acid (Meng et al. 2021). It is also important for enzymes
responsible for reducing nitrate to nitrite (Abbasifar et al. 2020), which explains its positive impact on
vegetative growth parameters, photosynthetic pigments, and leaf nutrient content in the first study phase (75 days
after planting). It also affected the yield and quality of tubers at harvest, ranking first in effectiveness compared
to the other studied elements. The findings are in agreements with those of Mushinskiy et al. (2025). Titanium,
on the other hand, showed a moderate effect, ranking third in effectiveness, which was lower than selenium and
molybdenum. Titanium is known for its role in enhancing photosynthetic efficiency and its ability to promote
non-biological nitrogen fixation, but its effectiveness was lower than selenium and molybdenum (EI-Ghamry et
al. 2024). Bismuth (Bi) came in last place in terms of effect, as its effectiveness was less compared to selenium,
molybdenum and titanium, but there is a recent study that assumes that bismuth has a role in increasing the
efficiency of the chlorophyll molecule (Zacchini, 2024).

5. Conclusion

The results of this investigation confirmed that the use of compost played a pivotal role in improving soil health,
which positively influenced potato performance and productivity. Additionally, the study highlighted the
importance of using non-traditional elements like selenium, molybdenum, titanium, and bismuth in improving
tuber quality, especially at a rate of 10 mg L ™. Based on these results, it can be concluded that the trace elements
used in this study, especially bismuth and titanium, have vital roles for potato growth, and research should be
intensified on their importance to other plants, and work should begin on including them in fertilization
programs alongside organic fertilization.

Conflicts of interest: Authors have declared that no competing interests exist. The authors contributed
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