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Sciences, University of Baghdad. The study aimed to evaluate the
impact of foliar application of eco-friendly fertilisers on the field
performance and the quantitative and chemical yield characteristics of
potato plants (Arizona hybrid). The experiment included two factors:
the first involved foliar spraying with four treatments—water only, 5
mL L shrimp shell extract, 5 mL L™ dried fish extract, and 5 mL L™
sardine extract—coded as Fo, Fi, F», and F3, respectively. The second
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DOL: factor included spraying with three concentrations of organic silicon: 0,
10.33899/mja.2025.1671 1, and 2 mL L™, coded as Sio, Sii, and Siy, respectively, along with their
44.1791 interactions. The research was implemented as a factorial experiment

following a Randomized Complete Block Design (R.C.B.D.) with three

replications. The results indicated that treatment (F) resulted in the

] highest values for the number of aerial branches, marketable plant yield,

Correspondence Email: number of tubers, tuber weight, and total soluble solids
y_ﬁlha'A@Coagn'mbaghdad'ed (T.S.S.).Treatment Si; resulted in tubers with the highest yield, dry
’ matter content, and specific gravity. The interaction treatment F;Si,
produced the highest number of tubers, while F»Si, yielded the firmest

tubers.

College of Agriculture and Forestry, University of Mosul.
This is an open-access article under the CC BY 4.0 license (https://magrj.uomosul.edu.ig/ ).

INTRODUCTION
Food security, both local and global, is facing a new challenge as a food crisis that

puts at risk the ability to feed millions of people. This crisis is driven by daily
population growth, rising prices of staple foods, and increased dependence on
agricultural products, which account for 70% of consumption. These challenges
extend beyond the existing crises, including climate change, water shortages (Khalaf,
2024), desertification, soil degradation, and increased carbon emissions from certain
agricultural practices. Excessive use of chemical inputs has led to vulnerability to
environmental pollution, reduced productivity, and increased consumption of farm
products (FAO, 2022; V, 2022; Wu, 2022; 2022; Zhang et al., 2024). On the other
hand, potatoes (Solanum tuberosum L. ), as a strategic crop that is almost always
present on Iraqi dining tables throughout the year, can serve as the foundation for a
sustainable agricultural system and a future pillar of food security(Alzubaidi, 2024) ,
especially for developing countries(Abdullah et al.,2025 and Sulaiman et a/.,2024).
This is due to its short growth cycle, low carbon emissions, minimal water
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requirements, and high productivity, yielding four times as much as wheat, rice, and
corn per hectare. Additionally, potatoes provide excellent nutritional value, serving
as an affordable and rich source of carbohydrates, proteins, minerals, and vitamins
(Liu et al., 2021).

The application of affordable organic alternatives in fertilisation systems can
enhance agricultural productivity and facilitate a shift towards a sustainable green
economy.By using environmentally safe organic and bio-nutrients with foliar
fertilisation systems, they improve both the productivity and the qualitative content
of potato tubers (Al-jubouri et al., 2025 and Jaafar and Abdulrasool, 2025). Hence,
sustainable nutrient management has been shown to cause a considerable
improvement in vegetative growth markers and potato yield parameters (Al-Zaidi and
Al-Jumaili, 2022). On the other hand, potato crop production was strongly associated
with the availability of NPK (nitrogen, phosphorus, and potassium) used to improve
growth conditions, which increases nutrient absorption and physiological activity in
the potato crop. Thus, a steady and efficient increase in quantitative and qualitative
indicators of production (Banjare, 2007; Baniune and Zekaitis, 2008; Sasseea and
Al-Amry, 2024).

Aligned with sustainability on food and natural resources, recycling fish, fungi,
and their residues can be an economically and environmentally relevant agricultural
practice, moving towards cleaner production, especially since the continuous increase
in the price of chemical fertilisers. This is especially significant, as their production
is based on the conversion and recovery of natural waste products into high-nutrient
products containing nitrogen (N) and phosphorus (P) (Ahuja et al., 2020 and Jaies et
al., 2024). Fish waste is also commonly used in organic farming systems, as the
special fertiliser can help increase the marketable yield of the respective crop.
Moreover, the use of dried fish can meet the nutritional needs of plants and thus
increase future productivity. Similarly, shrimp shells can be used as a cheap and safe
substitute for fertilisers, a great offender in traditional farming systems, and
potentially an accelerator of the climate crisis through the rise of carbon footprints.
The high nitrogen, organic carbon, protein, and amino acid content of shrimp shells
has been reported (Revathi, 2013; Yan and Xi, 2015 ;Illera-Vives et al, 2017; Ahuja
et al., 2020; Jaies et al., 2024). Moreover, Chitin (Chitosan) is a physiological
stimulus for plants(Ibrahim ef al.,2024), which has a safe and environmentally clean
advantage, can be attributed to low emissions of CO: and N:O into the atmosphere
after Chitin (Chitosan) application on agricultural fields (Mansyur et al. 2020; Anwar
et al. 2024 and Munda et al., 2024). Additionally, these residues can be readily,
effectively absorbed, and utilized by plants — even byeconomically important ones —
with physiological effects that are superior to those of mineral fertilisers. A study
found that the addition of fish waste increased potato tuber productivity as well as
qualitative and marketable tuber plants in organic farming systems (Banjare et al.,
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2014; Marpanng et al., 2023). One treatment type had a positive effect on potato
plants: treating potato plants with a 1% fish extract concentration increased
quantitative production measures while also reducing their susceptibility to scab
disease (Abbasi ef al., 2010). On the other hand, compost derived from shrimp shells
promoted the growth parameters of pepper plants (Abirami ef al., 2016). Indratmi et
al. (2024) reported increases in leaf production, bulb dry weight, and the percentage
of dry matter in shallot bulbs when shrimp shells were added as organic waste.

With the introduction of silicon, one of the sustainable potato production
practices to achieve more marketable produce is provided, as it amplifies the yield
potential by enhancing the plant's responses to biotic and abiotic stressors. Silicon
acts as a carbon assimilation stimulant, an enzymatic regulator, and a scavenger of
free radicals because of its reductive role in oxidative stress (Wadas, 2022). Besides
its regulatory function, silicon also increases water and nutrients uptake, their
mineralisation, and incorporation by cells, therefore becoming one of the most
relevant elements to introduce in environmentally clean fertilization regimes,
especially for root and tuber species (Sotani et al., 2018; Artyszak etal., 2019; Wang,
2021; Khan et al., 2023). According to Crusciol et al. (2009), silicon fertilization
resulted in a 34% increase in the weight of potato tubers. The marketable yield of
silicon-treated potato varieties can be increased from 15 to 50% (Khan et al., 2017).
Moreover, the use of organosilicate increased growth and yield characteristics and
potato tuber production (Hussein ef al., 2025).

Therefore, this research aimed to assess the field performance of Arizona hybrid
potato plants and to enhance tuber production and their chemical and physical
characteristics by using environmentally sustainable fertilisers.

MATERIALS & METHODS

The study was conducted in the spring season of 2022-2023 in Research Station A,
College of Agriculture, Engineering Sciences, Baghdad University, Al-Jadriyah. The
experiment included the cultivation of a potato hybrid, Arizona, produced by the
Dutch company Agrico. To study the effect of treatments on the characteristics such
as plant height (cm), number of aerial branches (branches plant™), total number of
leaves (leaves plant™'), marketable yield plant (g plant™'), marketable tuber weight (g
tuber™'), number of marketable tubers (tubers plant™), dry matter (%), total soluble
solids (T.S.S. %), firmness (kg cm™), specific gravity (A.O.A.C. 1990). The
experiment was laid out as a factorial experiment arranged in a Randomised Complete
Block Design (RCBD).

The first factor involved four levels of eco-friendly fish-based fertilizers: water
only (Fo); shrimp shell extract (manually prepared) containing Ca = 7.64%, Mg =
0.59%, O.M. =17.45%, N =3.26%, P =2.27%, and K = 8.13% at a concentration of
5 mL L™ (F1); dried fish extract (manually prepared) containing N = 7.7%, P = 9%,
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K = 8.70%, and Ca = 5.6% at a concentration of 5 mL L™ (F2); and commercial
sardine fertilizer containing N = 9%, P20s = 6%, K.O = 3%, and O.M. = 60% at a
concentration of 5 mL L™ (F3).

The second factor consisted of foliar spraying with three concentrations of
commercial organic silicon 0, 1, and 2 mL L™, containing Si =2%, K = 1%, and O.M.
= 70%, coded as Sio, Si1, and Siz, respectively. The treatments were applied in three
spraying intervals, with two weeks between applications, starting at full emergence.
Data were collected and statistically analyzed using GenStat software, and means
were compared using the Least Significant Difference (LSD) test at a 5% probability
level (Elsahooki and Wahib, 1990).

RESULTS AND DISCUSSION

Vegetative Growth Characteristics

Table (1) demonstrates the statistically significant effects of the studied
treatments on the vegetative growth traits of potato plants. Foliar spraying with dried
fish extract (F2) led to the highest plant height and the greatest number of leaves. In
contrast, shrimp shell extract treatment (F1) resulted in the highest number of aerial
branches, relative to the control treatment sprayed with water only (Fo). The
respective values were 86.9 cm plant height, 68.50 leaves plant™, and 6.333 aerial
branches plant™ for F» and Fi, compared to 71.7 cm, 55.31 leaves plant™, and 3.4
aerial branches plant™ in the F treatment.

Regarding the effect of organic silicon, the Si3 treatment significantly increased

both plant height and number of aerial branches compared to the control (Sio),
reaching 94.52 cm and 5.725 branches plant™ versus 60.4 cm and 3.475 branches
plant™, respectively. The Si1 treatment produced the highest number of leaves (69.21
leaves plant™'), while the lowest number was recorded under the Si0 treatment (52.11
leaves plant™).
As for the interaction between the two factors, the F2S13 treatment achieved the tallest
plants (101.2 cm), while the shortest plants were recorded in the FoSio treatment (40.8
cm). The greatest number of aerial branches (5.725 branches plant™) was recorded in
the F3Si3 interaction treatment, compared to the lowest (3.475 branches plant™) in
the FoSio treatment. Additionally, the highest number of total leaves was observed in
the F3Sil treatment (78.75 leaves plant™'), while the lowest (35.59 leaves plant™) was
recorded under the FOSi0 control.
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Table 1. Effect of foliar spraying with fish-based fertilizers and organic silicon
on vegetative growth characteristics of the Arizona potato hybrid

Plant height (cm) Si
k. Si0 Sil Si2 Mean £
FO 40.8+1.04 81.7+1.17 92.6+1.31 71.7+1.07
F1 78.5+1.12 83.5+1.21 89.6+1.27 83.93+1.21
F2 62.6£1.08 94.2+1.23 101.2+1.18 86.10+1.19
F3 59.7+41.10 91.2+1.11 94.7+1.08 81.86+1.11
Mean Si 60.4+1.08 87.65+1.17 94.52+1.21
Si F F * Si
LS.D.5% 9.28 10.72 18.57
r . branches‘plant‘1 Si ‘ Mean F.
Si0 Sil Si2
FO 1.5+0.62 4.2+0.53 4.5+0.42 3.4+0.48
F1 6.2+0.73 6.5+0.64 6.3+0.63 6.3+0.67
F2 2.5+0.81 4.3+0.55 5.5+1.02 4.1+0.93
F3 5.1+0.59 6.1+0.73 6.6+0.53 5.9+0.63
Mean Si 3.475+1.02 5.275+0.62 5.725+0.66
Si F F * Si
L.S.D.5% 1.22 1.41 2.45
F . leaves p.lant’1 Si . Mean F.
Si0 Sil Si2
FO 35.59+1.76 55.07£2.10 75.32+0.67 55.33+1.40
F1 69.71+2.03 69.66+1.69 56.59+0.78 65.32+1.21
F2 57.38+2.11 73.35+1.02 74.76+1.01 68.50+1.31
F3 45.76+1.46 78.75+0.95 63.96+1.03 62.82+1.13
Mean Si 52.11+£1.96 69.21+1.21 67.66+0.92
Si F F * Si
L.5.D.5% 9.427 10.88 18.85

Yield Characteristics

From Table (2), the results indicated a significant effect of fish-based fertilisers on
yield characteristics. Treatment F; resulted in plants producing the highest marketable
yield, number of tubers, and tuber weight compared to the control treatment Fo, with
values of (1329 g plant™, 8.2 tubers plant™, 178.2 g tuber! for F; ) and (1092 g
plant™, 6.6 tubers plant™', 150.2 g tuber! for Fy ), respectively. Meanwhile, treatment
Si1 produced the highest marketable yield per plant, reaching (1289 g plant™),
compared to the lowest yield recorded by the control treatment Sio, which was (1060
g plant™). The highest number of tubers was achieved by treatment Si3, with (8.45
tubers plant™), compared to the lowest number recorded by the control treatment Sio,
which was (6.6 tubers plant™'). However, foliar spraying with organic silicon did not
have a statistically significant effect on average marketable tuber weight.
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As for the interaction between the two factors, the combination F1XS; resulted in
the highest marketable yield per plant compared to the lowest yield recorded by the
control treatment FoxSo, with values of (1393 g plant™ and 724 g plant™),
respectively. The interaction FixS; produced the highest number of marketable tubers
compared to the lowest number recorded by the interaction FoxSo, with values of (9.8
and 5.6 tubers plant™’), respectively. However, the interaction between the two
experimental factors was not statistically significant for average tuber weight, as
indicated in Table 2.

Physical Characteristics of Tubers

The results indicate the effects of fish-based fertilisers on tuber physical traits (Table
3). Tubers produced from treatments F» and F3 exhibited the highest firmness and
specific gravity. At the same time, the lowest values for these traits were recorded in
tubers from the control treatment Fo, with values of 10.4 kg cm™2, 1.074 (F2> & F3) and
8.333 kg ecm™2, 1.055 (Fo), respectively.

Regarding foliar spraying with organic silicon, treatments Si; and Si> achieved
the highest mean tuber firmness and specific gravity. At the same time, the lowest
values were observed under the control treatment Sip at 8.625 kg cm™ and 1.054,
respectively, compared to 10.00 kg cm ™2 and 1.071 for Si; and Si».

As for the interaction between factors, the combination F2 % Si, produced tubers
with the highest firmness (10.8 kg cm™2), whereas the lowest firmness was recorded
under Fo x Sip (7.5 kg cm™2). The highest specific gravity (1.085) was observed in the
F3 x Si» treatment, while the lowest value (1.029) was recorded under Fo x Sio, as
shown in Table (3).

Table 2. Effect of foliar spraying with fish-based fertilizers and organic silicon
on yield characteristics of the Arizona potato hybrid

Marketable yield Si
. Si0 Siyl . Si2 Mean F.
FO 724+20.84 1322+30.11 1230+21.11 1092422 .31
F1 1253+23.18 1393+27.12 1334+12.18 1327+19.25
F2 1118+19.11 1160+16.32 1158+9.12 1145+14.12
F3 1245+16.25 1282+11.12 1337+16.24 1288+14.12
Mean Si 1060+20.23 1289+19.22 1264+18.34
Si F F * Si
L.8.D.5% 165.2 190.7 330.3
Number of tubers plant™! Si
F. Si0 Sil Si2 Mean F.
FO 5.6+£0.91 7.2+0.9 7.1+1.1 6.6+0.92
F1 6.5+0.72 8.3+0.61 9.84+0.61 8.240.65
F2 7.5+0.52 7.24+0.58 8.2+0.96 7.6+£0.74
F3 7.0£1.2 8.0+0.49 8.7+0.63 7.9+0.82
Mean Si 6.6£0.81 7.7+£0.62 8.45+0.84
. Si F F*Si
L.8.D.5% 091 1.06 1.83
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Tuber weight (g tuber) Si

k. Si0 Sil Si2 Mean F.
FO 137.9+22.32 141.8+21.12 170.9+18.96 150.2+21.09
Fl 172.7+19.74 179.426.19 182.6£25.12 178.2422.67
F2 149.5+22 33 162.1£12.92 176.427.12 162.7+20.19
F3 170.9+18.34 173.9+31.25 180.3+19.56 175.0423.19
Mean Si 157.9+24.12 173.9424.53 180.3+19.20
. Si F F *Si
L.S.D5% N.S 25.95 N.S

Table 3. Effect of foliar spraying with fish-based fertilizers and organic silicon on the
physical characteristics of tubers of the Arizona potato hybrid.

Tuber firmness (kg cm?) Si
k. Si0 Sil : Si2 Mean F.
FO 7.5+£0.76 8.7+£0.31 8.8+0.09 8.3+0.18
F1 8.5+0.43 9.8+0.05 10.5+0.63 9.6+0.42
F2 10.3+1.1 10.2+0.06 10.8+0.62 10.4+0.24
F3 8.2+0.03 9.4+0.26 9.9+0.32 9.2+0.26
Mean Si 8.625+0.61 9.52+0.23 10.00+0.78
Si F F * Si
LS.D.5% 0.57 0.65 1.13
specific gravity Si
k- Si0 Sil Si2 Mean F-
FO 1.029+0.03 1.071+0.01 1.066+0.2 1.055+0.02
F1 1.052+0.01 1.078+0.03 1.071+0.03 1.067+0.03
F2 1.062+0.01 1.071£0.02 1.047+0.04 1.060+0.2
F3 1.071+0.02 1.063+0.01 1.085+0.04 1.740+0.03
Mean Si 1.054+0.02 1.071£0.02 1.067+0.02
Si F F * Si
L.S.D.5% 0.003 0.004 0.008

Chemical Characteristics of Tubers

The results indicate that tubers produced from plants treated with F3 recorded
the highest dry matter percentage (18.70%) compared to the lowest value (15.00%)
observed in tubers from the control treatment Fo (Table 4). Similarly, treatment Si;
resulted in tubers with the highest dry matter content (17.83%) relative to the lowest
percentage (14.62%) recorded in the Sio control treatment. The interaction between
F3 and Siz produced tubers with the highest dry matter percentage (21.32%), whereas
the lowest value for this trait (9.54%) was recorded in tubers from the Fo X Sip
treatment.

The results show that treatment F1 yielded the highest total soluble solids (T.S.S.)
percentage in the tubers, compared with the lowest value recorded in tubers from the
control treatment FO, at 7.00% and 5.2%, respectively. Similarly, tubers from
treatment Si2 achieved the highest T.S.S. value (6.6%), while the lowest was recorded
under the control treatment Si0 (5.45%). The interaction between F1 % Si2 resulted
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in the highest T.S.S. percentage (7.4%), whereas the lowest value (4.3%) was

observed in tubers from the FO x Si0 interaction treatment.

Table 4. Effect of foliar spraying with fish-based fertilizers and organic silicon

on the chemical characteristics of tubers of the Arizona potato hybrid.

P Marketable yield (g) Si Mean F.
Si0 Sil Si2
FO 9.54+0.07 18.25+0.09 17.21£0.02 15.00+0.06
F1 14.35+0.05 18.07+0.08 18.2440.01 16.89+0.04
F2 16.53+0.04 18.31+0.04 13.34+0.03 16.06+0.04
F3 18.06+0.08 16.71+£0.6 21.32+0.01 18.70+0.05
Mean Si 14.62+0.06 17.83+0.04 17.534+0.02
Si F F *Si
L.5.D.5% 0.995 1.149 1.990
Number of tubers plant™! Si
F. - . - Mean F.
Si0 Sil Si2
FO 4.3+£0.01 5.620.02 5.7£0.01 5.2+0.02
Fl 6.5+0.01 7.1+£0.03 7.4+0.004 7.0+0.02
F2 5.9+0.01 6.6+0.01 6.8+0.01 6.3+0.01
F3 5.1£0.02 6.1+0.02 6.5+0.02 5.9+0.02
Mean Si 0.82+0.01 0.95+0.02 1.64+0.02
Si F F *Si
L.5.D.5% 0.82 0.95 1.64

The positive effects of fish-based fertilisers on all the studied traits can be attributed
to their ability to supply plants with essential nutrients from a natural organic source,
which are crucial for growth and metabolic processes during the vegetative stage
(Table 1). This beneficial impact enhances carbon assimilation by promoting the
translocation of carbohydrates and proteins from sites of synthesis to storage organs
such as tubers. This is achieved by activating numerous enzymes and increasing the
synthesis of carbon compounds within cells (Al-Amry et al., 2017; Mansyur et al.,
2020; Marpanng et al., 2023; Anwar et al., 2024).

Moreover, the regulatory role of catalytic action through enzymatic activity
enhancement would also support the improvement at photosynthetic indices,
allowing to reach the superior scores in organs and leaves for field and laboratory
traits with silicon-based nutritional treatments. This was primarily attributed to the
elevated Na/K ratio, which is essential for the development of various physiological
processes, contributing to cellular osmotic equilibrium, preserving membrane
integrity, and decreasing transpiration. Consequently, these effects improved tubers
firmness, as well as chemical and physical properties (Khan et al., 2007; Wang et
al.,2021; Wadas, 2022).
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CONCLUSION

This study indicates that both eco-friendly fish-based fertilisers and organic silicon
enhance vegetative growth, yield components and quality traits of Solanum

tuberosum L. (Arizona hybrid). Among the treatments, the foliar application of

shrimp shell extract and dried fish extract significantly increased plant height, branch
number, leaf production, marketable yield, and tuber quality. Dry matter content, total

soluble solids, tuber firmness, and specific gravity were significantly affected,

particularly at moderate to high concentrations of organic silicon.

Moreover, the synergistic effects from the co-appearing of them had also
further improved such utilities, ensuring that the combined application of
organic marine-based fertilisers and silicon could be an eco-efficient
approach in sustainable fertilisation systems to promote potato productivity
and quality, decrease reliance on chemical inputs and improve resource-use
efficiency and environmental safety

The findings of this study indicate that shrimp shell and dried fish extracts, as
fish-based eco-friendly formulated fertilisers, can be advocatedin combination
with organic silicon-based foliar applications as effective strategies for
sustainable fertilisation practices in potato. The application of these treatments
increased vegetative growth and marketable yield and improved the physical
and chemical descriptors of tubers. So, they can be a good substitute for
traditional fertilisers because they are effective at providing crucial nutrients,
boosting enzymatic activity, & minimizing environmental stress.
Consequently, the integration of these organic inputs into potato production
systems has the potential to contribute to the development of environmentally
sustainable agricultural models without compromising the yield and quality of
the production crop.
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