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Introduction
The potato (Solanum tuberosum L.) known for its global 
significance as the third most consumed food crop, has 
found a special place in the fields of Egypt, becoming one 
of its most important solanaceous vegetable crops (Kagu-
ongo et al. 2013). Packed with essential nutrients—car-
bohydrates, proteins, vitamins, and minerals—potatoes 
are not just a staple but a lifeline for millions, both locally 
and across the world (Singh and Kaur 2016). Egypt’s 
Ministry of Agriculture and Land Reclamation reported 
a remarkable expansion in potato cultivation from 149 
thousand hectares in 2010 to 183 thousand hectares in 
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Abstract
Excessive usage of chemical fertilizers has detrimental effects on the environment and the safety of food. 
Conversely, utilizing organic fertilizers such as sage offers several advantages, including cost-effectiveness, soil 
enhancement, and promotion of root development. A two-year field experiment was conducted to investigate 
the impact of different potassium fertilizer sources and biofertilizers (specifically Bacillus cereus (MBc)) on potato 
plants. The experiment employed a split-plot design with three replicates, where the main plot factor was MBc 
(with and without), and the subplot factor was the sources of potassium fertilizer (control without K fertilizer, 100% 
Feldspar (FD), 100% Filter cake (FC), 75% FD + 25% FC, 25% FD + 75% FC, and 50% FD + 50% FC). The purpose was 
to examine the growth response of potato plants to these treatments. The results indicated that all treatments 
increased plant height, stem count, and tuber dry matter compared to the control. Furthermore, all treatments 
exhibited a higher uptake of macronutrients (N, P, and K) compared to the control. Notably, the plants treated with 
100FC combined with MBc showed a significant 104.74% increase in total tuber weight compared to the control 
treatment. Additionally, the addition of 100FC with MBc significantly enhanced the availability of N, P, and K by 
73.13%, 110.33%, and 51.88% respectively, compared to the control treatment. Apart from the biofertilizers, the 
individual application of FC and its combination with FD also demonstrated positive effects on soil fertility, potato 
growth, and yield.
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2015, yielding a bountiful 5 million tons (Ali et al. 2021a). 
However, with a burgeoning global population, the pres-
sure to increase potato production is mounting. The key 
to meeting this challenge lies in strategic fertilization 
practices, as underscored by recent research (Vilvert et 
al. 2022).

Amid this backdrop, a green revolution is taking root. 
Interest is surging in the use of natural, organic, and 
bio-fertilizers to boost soil fertility and amplify crop 
productivity (Kumar et al. 2022). In Egypt, innovative 
farmers are turning to alternatives that promise not only 
to reduce the excessive use of chemical fertilizers but also 
to mitigate the environmental toll exacted by modern 
agriculture. These alternatives include natural resources 
like feldspar, organic wonders like filter cake, and the 
intriguing realm of bio-fertilizers (Ali et al. 2021a; Tan-
tawy et al. 2022).

Traditionally, farmers have saturated their fields with 
chemical fertilizers, particularly potassium, to maximize 
yields. This practice, while effective in the short term, has 
led to nutrient scarcity, soaring costs, and environmental 
degradation (Dwivedi et al. 2017). Feldspar, with its resis-
tance to weathering, offers a beacon of hope. Paired with 
organic ameliorants and bio-fertilizers, it emerges as an 
economical and eco-friendly approach to soil enrichment 
(Shabrawy and Ragab 2019). As feldspar weathers on the 
Earth’s surface, it transforms, releasing vital nutrients for 
plants and fostering the formation of secondary clay min-
erals (Parker 1995). These weathered feldspars are trea-
sure troves of nutrient metals, accessible to plants as they 
weather in the soil (Mishra and Samant 2021). In a virtu-
ous cycle, clay minerals derived from weathered feldspars 
fortify agriculture by enhancing soil water retention and 
nutrient availability (Kumari and Mohan 2021).

On another front, filter cake (FC), a byproduct of sugar 
production, emerges as a potent organic ally. Its unas-
suming appearance belies its richness—sugar, fiber, coag-
ulated colloids, inorganic salts, and tiny particles of dirt 
(Sasy and Abu-Ellail 2021). But the treasure trove doesn’t 
end there. FC boasts plant growth regulators, auxins, 
enzymes, vitamins, and hormones, all of which breathe 
life into agricultural soils, enhancing texture, structure, 
organic content, water-holding capacity, and aeration (El-
Tayeh et al. 2019). In essence, filter cake is the embodi-
ment of an organic waste product becoming a life-giving 
force for soil and crops (Goncalves et al. 2018).

And then there are bio-fertilizers, the unsung heroes 
of sustainable agriculture. Bacillus, a genus of beneficial 
bacteria, steps into the limelight, forming associations 
with plant roots and rhizospheres, and weaving bio-
films that nurture plant growth (Beauregard et al. 2013; 
El-Sawah et al. 2021; Gao et al. 2020). The application of 
Bacillus-based fertilizers goes beyond the superficial; it 
unlocks nutrients in the rhizosphere (Yousef et al. 2020; 

Youssef et al. 2021), keeps pathogenic microbes at bay, 
and activates the plant’s innate defenses against pests 
(García-Fraile et al. 2015; Kang et al. 2015).

Research consistently underscores the effectiveness of 
organic and natural sources in yielding high crop yields, 
improving economic outcomes, and fortifying soil fertil-
ity over the long term (Kihara et al. 2022). The clarion call 
is clear: embracing environmentally friendly alternatives 
is not just a choice; it’s imperative. It’s a path that not only 
reduces environmental pollution but also paves the way 
for the flourishing of plants, bridging the chasm between 
human sustenance and ecological stewardship. As the 
story unfolds, it is a testament to the power of science 
to transform the very roots of our sustenance, offering a 
brighter and more sustainable future for agriculture.

The hypothesis of the current study was the application 
of organic fertilizers, biofertilizers, and their combination 
holds the potential to enhance various aspects of potato 
cultivation, specifically targeting plant growth, nutrient 
uptake, tuber yield, and overall quality. This improve-
ment in potato plants is achieved by harnessing potas-
sium fertilizer sources. Our research seeks to address 
this hypothesis through a set of well-defined objectives, 
which can be summarized as follows: The first objec-
tive of this study is to comprehensively examine altera-
tions in soil properties and nutrient availability stemming 
from the individual or combined application of filter cake 
(FC) and feldspar (FD). By assessing their impact on soil 
dynamics, we aim to gain insights into how these amend-
ments influence potato growth and ultimately yield. The 
second objective is to explore the feasibility of substi-
tuting chemical fertilizers with natural or organic alter-
natives, in conjunction with biofertilization practices. 
This objective involves a dual approach-evaluating the 
potential for partial replacement as well as complete sub-
stitution of chemical fertilizers. By doing so, we aim to 
establish environmentally sustainable and resource-effi-
cient potato cultivation practices.

Materials and methods
Experimental site and weather conditions
According to the Köppen-Geiger climate map, the cli-
mate in the experimental region, particularly El-Usayrat 
city, Sohag governorate in Egypt (located at 26°22′N 
31°50′E), is classified as extremely hot and dry during 
the summer months, while winters are characterized by 
cold temperatures (Beck et al. 2018). Figure  1 displays 
the maximum and minimum temperatures, as well as the 
relative humidity recorded during the growing seasons of 
2021/2022 and 2022/2023. The atmospheric data utilized 
in this study were gathered from Weather-Online (2023).

Figure 1. Weather conditions [Maximum temperature, 
Minimum temperature, and Relative humidity] during 
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the growing seasons [2021/2022 (A) and 2022/2023 (B)] 
of Potato cultivation.

Experimental design and treatments
The field experiments were conducted during the win-
ter seasons of 2021/2022 and 2022/2023. The experi-
mental plots had dimensions of 3 m in width and 3.5 m 
in length. Certified potato tubers of the Rosetta variety 
were obtained from the National Research Center, Giza, 
Egypt, and were stored at room temperature (25  °C) for 
15 days until a uniform seedling stage was achieved (cul-
tured tubers). The tubers were then manually planted at a 
depth of 10–15 cm with a spacing of 30 cm between hills.

Potassium solubilizing bacteria [Bacillus cereus (ATCC® 
14,579™)] were obtained from the National Research 
Center, Giza, Egypt, in the form of a liquid broth culture 
containing 5 × 109 CFU/mL, which was purchased from 
(https://www.atcc.org/products/14579). These bacteria 
were added to the potato plants immediately after emer-
gence before irrigation and repeated one week later to 
ensure their effectiveness. The soil was sterilized before 
planting using 238  kg ha− 1 of agricultural sulfur pro-
duced by Abu Qir Fertilizer and Chemical Industries.

The experimental design was a split-plot design 
with three replicates. The main plot was allocated by 
the soil application of bio-fertilizer (with and with-
out), while subplot occupied by application sources 

of potassium at different rates treatments as follows: 
Without adding any K fertilizer (control, CK), 100% 
Feldspar (100FD), 100% Filter cake (100FC), 75% Feld-
spar + 25% Filter cake (75FD + 25FC). 25% Feldspar + 75% 
Filter cake (25FD + 75FC), 50% Feldspar + 50%Filter cake 
(50FD + 50FC). According to the Egyptian Ministry of 
Agriculture and Land Reclamation, a hectare of potato 
plants requires 171.5  kg of potassium units. For each 
plot, a total of 171.5 K units from either filter cake (FC) 
or feldspar (FD) were individually added to the soil before 
planting, either separately or in various combinations as 
shown in Table (1). Some chemical analysis of the potas-
sium sources (Feldspar (FD) and Filter Cake (FC)) is pre-
sented in Table (2).

Soil and plant analysis
Various physicochemical soil properties of the field 
experiment were analyzed following the methods 
described by Carter and Gregorich (2007) and are 
listed in Table 3. In each season, surface soil samples (0 
− 30 cm) were randomly collected. The samples were air-
dried, crushed, and sieved through 2 mm mesh sieve. Soil 
texture was determined by the pipette as described by 
Page et al. (1982).

The pH of the soil was determined by estimating the 
1:2.5 soil-to-water suspension using a Beckman pH 
meter and electrical conductivity (EC) at a ratio of 1:2.5 

Fig. 1  Weather conditions [Maximum temperature, Minimum temperature, and Relative humidity] during the growing seasons [2021/2022 (A) and 
2022/2023 (B)] of Potato cultivation
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was measured using a salt bridge (Jackson 1973). The 
total calcium carbonate content (CaCO3) was deter-
mined using a Collins calcimeter following the method 
described by (Loeppert and Suarez 1996).

After the soil samples were brought to the laboratory, 
they were subjected to a series of preparation steps. The 
samples were first oven-dried at 40  °C, then crushed to 
pass through a 2 mm sieve, and finally ground to a par-
ticle size of less than 60  μm, following the procedures 
described by Madejón et al. (2006). To determine the 
available nitrogen (N), the soil samples were extracted 
with 1% K2SO4 at a ratio of 1:10. Five milliliters of the 
extract were distilled with the addition of 0.1 g of a mix-
ture of magnesium oxide (MgO) and Devarda’s alloy 
using a micro Kjeldahl’s distilling unit (Jackson 1973). The 
distillate was collected in an Erlenmeyer flask contain-
ing 15 mL of boric acid (H3BO3) mixed with an indicator 
solution. Approximately 50 mL of distillate was collected 
in each flask. The available nitrogen content (NH4

+ and 
NO3

−) in the distillate was determined by titration with 
standardized 0.01 N sulfuric acid, following the method 
described by Jackson (1973). For the determination of 
available phosphorus (P), the soil samples were extracted 
with 0.5  M (NaHCO3) at pH 8.5 at a ratio of 1:10. The 
extracted P was measured using a spectrophotometer 
(JENWAY 6305 UV/Visible spectrophotometer, U.K.) 
with the stannous chloride phosphomolybdic-sulfuric 
acid system, as described by Jackson (1973). Available 
potassium (K) was extracted using 1 M ammonium ace-
tate at pH 7 at a ratio of 1:10. The extracted K was mea-
sured by flame photometry using a BWB model BWB-XP, 
5-channel, JENWAY, model: PFP7, U.K., according to the 

method outlined by Jackson (1973). To measure nutrient 
concentrations in potato tuber, a mixture of 7:3 ratio of 
sulfuric to perchloric acids was used to digest the dried 
ground plant material. Total N, P and K were determined 
as described by Jackson (1973).

Data collection
During the harvest stage, plant samples were collected on 
28th January 2022, and 2nd February 2023. The growth 
parameters, including plant height and the number of 
branches, were recorded. The tuber samples were cleaned 
and washed with both tap water and distilled water, fol-
lowed by air drying. Subsequently, they were dried in an 
oven at a temperature of 70 °C until reaching a constant 
weight. Afterward, the dried tuber samples were ground 
and stored for chemical analysis. Potato tuber samples 
were obtained at the end of each season, specifically 
selecting tubers from a full line with a length of 3.5  m, 
taken from the middle plots. These tubers were collected 
to estimate the fresh potato yield. In the laboratory, tuber 
samples were taken randomly and sorted based on their 
size, which included categories such as large (> 6.5  cm), 
medium (5.0 to 6.5 cm), and small (2.5 to 5.0 cm).

After harvesting, each tuber grade was weighed, and 
the number of tubers in each grade was counted. The 

Table 1  Treatment labels of the potassium alternative sources 
additions to the studied soil
Factors Treatments Labels
Main plot (Bacillus 

cereus)
With MBc+

Without MBc-

Subplot Potassium 
alternative 
sources

Without adding any K fertilizer 
(control)

Control

100% Feldspar (FD) 100FD

100% Filter cake (FC) 100FC

75% Feldspar (FD) + 25% Filter 
cake (FC)

75FD + 25FC

25% Feldspar (FD) + 75% Filter 
cake (FC)

25FD + 75FC

50% Feldspar (FD) + 50%Filter 
cake (FC)

50FD + 50FC

Table 2  Some chemical properties of the potassium sources
Potassium sources Chemical properties Macro nutrients (g kg− 1)

Total Available

pH (Susp. 1:2.5 soil-water) ECe (1:1 dSm− 1) Organic matter (g kg− 1) N P K N P K
Filter Cake (FC) 7.55 9.76 645.60 19.10 15.90 20.30 3.36 2.80 3.62

Feldspar (FD) 9.04 8.02 50.00 1.44

Table 3  Some physical and chemical characteristics of soil 
experimental
Parameters Values

2021/2022 2022/2023

Particle size 
distribution

Sand (g kg.−1) 535 542

Silt (g kg.−1) 223 254

Clay (g kg.−1) 242 204

Texture grade Sandy clay loam Sandy clay 
loam

Chemical 
properties

pH (Susp. 1:2.5 
soil-water)

8.04 8

ECe (1:1 dSm− 1) 1.40 1.48

Organic matter (g kg− 1) 13.80 15.11

CaCO3 (g kg− 1) 14 15

Macro 
nutrients

Total (mg 
kg− 1)

N 300 310

P 297 300

K 394 400

Available (mg 
kg− 1)

N 53.00 61.00

P 8.50 8.93

K 92.60 101.00
The values presented in the table represent the average of four replicates for 
each measurement
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tubers were then cleaned, washed with tap and distilled 
water, and air dried. Subsequently, they were dried in an 
oven at 70 °C until a constant weight was achieved. The 
dry yield was recorded, and the tubers were ground and 
stored for further chemical analysis.

Statistical analysis
The data obtained from these experiments were sub-
jected to statistical analysis using the software Statis-
tix 8.1. Two-way ANOVA (Analysis of Variance) was 
performed on the growth parameters and yield traits to 
examine the significance of the effects of different factors. 
Duncan’s multiple range tests were employed to further 
explore and compare the means that showed significant 
differences. These tests allow for a detailed examination 
of the variations between treatment means with a 95% 
confidence level (Gomez and Gomez 1984).

Results
Morphological traits
The results of the study indicate that the choice of potas-
sium sources and the application of biofertilizer had a 
significant impact on the morphology of potato plants 
(Table  4). During the first and second growing seasons, 
the combination of 25% filter cake and 75% fertilizer 
(25FD + 75FC) resulted in the tallest plants (75.00 and 
75.54  cm), with no significant differences compared to 
other treatments except the control (64.78 and 65.32 cm), 
respectively. The application of biofertilizer led to the 
highest plant height (75.69 and 76.23 cm) during the first 

and second growing seasons, respectively. Considering 
different potassium sources and biofertilizer cumula-
tively, the plants treated with 75% filter cake and 25% fer-
tilizer along with the biofertilizer exhibited the maximum 
plant height (80.22 and 80.76  cm) during the first and 
second growing seasons, respectively.

In terms of the number of stems, plants treated with 
100% fertilizer (100FD) had the highest number (3.89) 
during the first growing season. The biofertilizer signifi-
cantly influenced this trait, resulting in the highest aver-
age number of stems (3.52 and 3.75) in the plants treated 
with the biofertilizer during the first and second growing 
seasons, respectively. The interaction between potassium 
sources and biofertilizer did not have a notable impact on 
the number of stems in both growing seasons.

Plants treated with 100% filter cake (100% FC) had the 
highest dry matter of tuber (14.14 and 16.88 tons ha− 1) 
in both growing seasons, respectively. The biofertilizer 
had a significant impact on the dry matter of tuber only 
in the first growing season, but not in the second growing 
season. The highest dry matter of tuber was observed in 
the plants treated with biofertilizer (12.57 and 13.56tons 
ha− 1) during the first and second seasons, respectively. 
The interactive effect of potassium sources and biofertil-
izer resulted in substantial variations in the dry matter of 
tuber, with the highest dry matter recorded in the plants 
treated with 75% filter cake and 25% fertilizer along with 
the biofertilizer (19.51 and 20.50 tons ha− 1) during the 
first and second growing seasons, respectively.

Table 4  The integrated effect of feldspar (FD), Filter cake (FC) treatments and their combinations with biofertilizer on growth variables 
of potato plants after two successive seasons (2021/2022–2022/2023)
Treatments Plant height (cm) No of stem Dry matter of tuber (ton ha− 1)

MBc(-) MBc(+) Mean (OFs) MBc(-) MBc(+) Mean 
(OFs)

MBc(-) MBc(+) Mean 
(OFs)

2021/2022 Control 54.78c 74.78ab 64.78b 2.33a 3.33a 2.83a 4.60d 6.17 cd 5.38c

100FD 61.78bc 76.00ab 68.89ab 3.78a 3.89a 3.84a 11.14bcd 8.82bcd 9.98b

100FC 68.11abc 76.11ab 72.11ab 3.00a 3.33a 3.17a 15.33ab 12.95ab 14.14a

75FD + 25FC 60.33bc 80.22a 70.28ab 2.67a 3.33a 3.00a 8.66bcd 19.51a 14.09a

25FD + 75FC 74.78ab 75.22ab 75.00a 2.78a 3.45a 3.11a 11.99bc 15.11ab 13.55ab

50FD + 50FC 66.78abc 71.78ab 69.28ab 3.00a 3.78a 3.39a 10.47bcd 12.87ab 11.67ab

Mean (MBc) 64.43b 75.69a 2.93b 3.52a 10.36b 12.57a

LSD (P ≤ 0.05) A = 3.89 B = 10.12 AB = 16.71  A = 0.53 B = 1.38 AB = 2.27  A = 1.56 B = 4.06 AB = 6.69

2022/2023 Control 55.32c 75.32ab 65.32b 2.56a 3.56a 3.06a 5.58c 7.16bc 6.37c

100FD 62.32bc 76.54ab 69.43ab 4.01a 4.12a 4.07a 12.13abc 9.80bc 10.97bc

100FC 68.65abc 76.65ab 72.65ab 3.23a 3.56a 3.40a 19.82a 13.94abc 16.88a

75FD + 25FC 60.87bc 80.76a 70.82ab 2.90a 3.56a 3.23a 9.65bc 20.50a 15.08ab

25FD + 75FC 75.32ab 75.76ab 75.54a 3.01a 3.68a 3.34a 12.98abc 16.10ab 14.54ab

50FD + 50FC 67.32abc 72.32ab 69.82ab 3.23a 4.01a 3.62a 11.46abc 13.86abc 12.66ab

Mean (MBc) 64.97b 76.23a 3.16b 3.75a 11.94a 13.56a

LSD (P ≤ 0.05) A = 3.89 B = 10.12 AB = 16.71  A = 0.53 B = 1.38 AB = 2.27  A = 2.12 B = 5.52 AB = 9.12
The values shown in table are means three replicates. Means followed by the same letters are non-significantly different (p ≤ 0.05). Where MBc(-) = Without biofertilizer 
(Bacillus cereus); MBc(+) = With biofertilizer (Bacillus cereus); Control = Non-fertilizer; 100FD = 100% Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% Feldspar + 25% 
Filer Cake; 25FD + 75FC = 25% Feldspar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% Filer Cake
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Macro nutrients Uptake
The results indicate that the choice of potassium sources 
and bio-fertilizer had a significant impact on the uptake 
of macro nutrients by potato tubers, as shown in Table 5. 
During the first and second growing seasons, potato 
plants treated with 100% FC exhibited the highest nitro-
gen uptake (427.43 and 428.29  kg ha− 1), comparable to 
the treatment 25% FD + 75% FC (326.67 and 327.53  kg 
ha− 1). The bio-fertilizer treatment MBc + also led to high 
nitrogen uptake (291.53 and 291.39 kg ha− 1), without sig-
nificant differences compared to MBc. Cumulatively, the 
highest nitrogen uptake occurred in plants treated with 
100% FC without the bio-fertilizer (518.86 and 519.72 kg 
ha− 1) during the first and second growing seasons, 
respectively.

Phosphorus uptake was highest in plants treated with 
100% FC during both growing seasons (107.38 and 
108.30 kg ha− 1). The bio-fertilizer significantly increased 
phosphorus uptake, with the highest values observed in 
bio-fertilizer-treated plants (81.86 and 82.79  kg ha− 1). 
The combination of potassium sources and bio-fertilizer 
had substantial effects on phosphorus uptake, with the 
highest uptake occurring when using 75% filter cake and 
25% feldspar along with the bio-fertilizer (130.11 and 
131.04 kg ha− 1) during the first and second growing sea-
sons, respectively.

Potassium uptake was highest in plants treated with 
75% feldspar and 25% filter cake in both growing seasons 
(1037.60 and 1038.30 kg ha− 1). The bio-fertilizer also sig-
nificantly impacted potassium uptake, with the highest 

uptake observed in plants treated with MBc+ (860.38 
and 861.05 kg ha− 1). The interactive effect of potassium 
sources and bio-fertilizer resulted in substantial varia-
tions in potassium uptake, with the highest uptake occur-
ring when using 75% FC and 25% FD along with the 
bio-fertilizer (1563.80 and 1564.50  kg ha− 1) during the 
first and second growing seasons, respectively.

Yield traits
The results indicate that the choice of potassium sources 
and bio-fertilizer had a significant impact on the yield 
traits of potato plants, as shown in Table  6. During the 
first and second growing seasons, plants treated with 
100FC exhibited the highest weight of large tubers (26.04 
and 26.46 tons ha− 1), respectively. Regarding the bio-
fertilizer, it resulted in the highest weight of large tubers 
(21.76 and 22.19 tons ha− 1) during the first and second 
growing seasons, respectively. Cumulatively, when con-
sidering different potassium sources and bio-fertilizer, 
plants treated with 100FC along with the bio-fertilizer 
exhibited the maximum weight of large tubers (28.00 and 
28.43 tons ha− 1) during the first and second growing sea-
sons, respectively.

For the weight of medium tubers, plants treated with 
100FD showed the highest weight (11.52 and 11.75 tons 
ha− 1) with potassium sources during the first and sec-
ond growing seasons, respectively. The bio-fertilizer sig-
nificantly influenced this trait, resulting in the highest 
weight of medium tubers (9.42 and 9.65 tons ha− 1) in 
plants treated with the bio-fertilizer during the first and 

Table 5  The integrated effect of feldspar (FD), Filter cake (FC) treatments and their combinations with biofertilizer on the uptake (kg 
ha− 1) of nitrogen (N), phosphorous (P), and potassium (K) of potato tubers after two successive seasons (2021/2022–2022/2023)
Treatments Uptake (N) kg ha− 1 Uptake (P) kg ha− 1 Uptake (K) kg ha− 1

MBc(-) MBc(+) Mean (OFs) MBc(-) MBc(+) Mean 
(OFs)

MBc(-) MBc(+) Mean 
(OFs)

2021/2022 Control 80.20e 105.06de 92.63c 14.43e 27.31de 20.87c 201.8e 299.4de 250.6c

100FD 273.10b-e 210.14b-e 241.62b 45.63cde 52.65cde 49.14bc 625.7b-e 527.4cde 576.6bc

100FC 518.86a 336.00abc 427.43a 125.51ab 89.24a-d 107.38a 1192.1ab 859.5bcd 1025.8a

75FD + 25FC 159.68cde 415.71ab 287.70b 55.68b-e 130.11a 92.89a 511.4cde 1563.8a 1037.6a

25FD + 75FC 286.62b-e 366.71abc 326.67ab 76.69a-e 100.51abc 88.60ab 720.7b-e 1064.7abc 892.7ab

50FD + 50FC 248.29b-e 309.59a-d 278.94b 69.32a-e 91.33a-d 80.33ab 658.6b-e 847.4bcd 753.0ab

Mean (MBc) 261.13a 290.53a 64.54b 81.86a 651.70b 860.38a

LSD (P ≤ 0.05) A = 53.24 B = 138.43 AB = 228.52  A = 16.75 B = 43.57 AB = 71.92  A = 143.42 B = 372.94 AB = 615.64

2022/2023 Control 81.06e 105.92de 93.49c 15.36e 28.24de 21.80c 202.4e 300.1de 251.3c

100FD 273.96b-e 211.00b-e 242.48b 46.56cde 53.58cde 50.07bc 626.4b-e 528.1cde 577.2bc

100FC 519.72a 336.86abc 428.29a 126.43ab 90.17a-d 108.30a 1192.7ab 860.2bcd 1026.5a

75FD + 25FC 160.54cde 416.57ab 288.56b 56.60b-e 131.04a 93.82a 512.0cde 1564.5a 1038.3a

25FD + 75FC 287.48b-e 367.57abc 327.53ab 77.61a-e 101.44abc 89.53ab 721.4b-e 1065.4abc 893.4ab

50FD + 50FC 249.15b-e 310.45a-d 279.80b 70.25a-e 92.26a-d 81.25ab 659.3b-e 848.1bcd 753.7ab

Mean (MBc) 261.99a 291.39a 65.47b 82.79a 652.37b 861.05a

LSD (P ≤ 0.05) A = 53.24 B = 138.43 AB = 228.52  A = 16.75 B = 43.57 AB = 71.92  A = 143.42 B = 372.94 AB = 615.64
The values shown in table are means three replicates. Means followed by the same letters are non-significantly different (p ≤ 0.05). Where MBc(-) = Without biofertilizer 
(Bacillus cereus); MBc(+) = With biofertilizer (Bacillus cereus); Control = Non-fertilizer; 100FD = 100% Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% Feldspar + 25% 
Filer Cake; 25FD + 75FC = 25% Feldspar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% Filer Cake
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second growing seasons, respectively, without significant 
differences compared to MBc-. The interaction between 
potassium sources and bio-fertilizer led to substantial 
variations in the weight of medium tubers, with the high-
est weight observed in plants treated with 100FC without 
bio-fertilizer (11.69 and 11.92 tons ha− 1) during the first 
and second growing seasons, respectively.

Based on the results in Table  6, the highest weight of 
small tubers (6.20 and 6.61 tons ha− 1) was recorded 
in plants treated with 50% feldspar and 50% filter cake 
in both growing seasons, respectively, with no signifi-
cant differences among the other treatments. The bio-
fertilizer also significantly impacted the weight of small 
tubers in both growing seasons, with the highest weight 
(6.19 and 6.60 tons ha− 1) observed in plants treated with 
MBc + in both growing seasons, respectively. The interac-
tive effect of potassium sources and bio-fertilizer resulted 
in substantial variations in small tuber weight, with the 
highest weight observed in plants treated with 50FC 
with 50FD along with the bio-fertilizer (6.83 and 7.24 
tons ha− 1) during the first and second growing seasons, 
respectively, with no significant differences among the 
other treatments.

The results presented in Fig. 2 indicate that the choice 
of potassium sources and bio-fertilizer had a significant 
impact on the yield traits of potato plants. Consider-
ing the cumulative effect of different potassium sources 
and bio-fertilizer, the plants treated with 100FC with the 
bio-fertilizer exhibited the maximum total tuber weight 
(44.68 and 46.54 ton ha− 1) during the first and second 

growing seasons (Fig. 2A and B), respectively. However, 
there were no significant differences observed between 
the treatments of 100FC alone and 25FD + 75FC with 
MBc in both seasons. On the other hand, the plants 
under the control treatment without the bio-fertilizer 
(MBc) recorded the minimum total tuber weight (16.77 
and 17.84 ton ha− 1) during the first and second growing 
seasons, respectively.

Figure  2. The integrated effect of feldspar (FD), Filter 
cake (FC) treatments and their combinations with bio-
fertilizer on total tuber weight (ton ha− 1) of potato in 
season 2021/2022 (A), total tuber weight (ton ha− 1) of 
potato in season 2022/2023 (B). Where MBc(-) = Without 
biofertilizer (Bacillus cereus); MBc(+) = With biofertilizer 
(Bacillus cereus); Control = Non-fertilizer; 100FD = 100% 
Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% 
Feldspar + 25% Filer Cake; 25FD + 75FC = 25% Feld-
spar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% 
Filer Cake. The values shown in table are means three 
replicates. Means followed by the same letters are non-
significantly different (p ≤ 0.05).

Post-harvest fertility status of soil
The results presented in Figs.  3 and 4 demonstrate that 
the application of different potassium sources and bio-
fertilizer had a significant impact on the chemical prop-
erties of the soil. Regarding soil pH, the use of 100FC 
resulted in a reduction in soil pH compared to the control 
treatment in both growing seasons. The bio-fertilizer did 

Table 6  The integrated effect of feldspar (FD), Filter cake (FC) treatments and their combinations with biofertilizer on the graded 
weight (ton ha− 1) of potato tubers after two successive seasons (2021/2022–2022/2023)
Treatments Large Tuber weight (ton ha− 1) Medium Tuber weight (ton ha− 1) Small Tuber weight (ton ha− 1)

MBc(-) MBc(+) Mean (OFs) MBc(-) MBc(+) Mean 
(OFs)

MBc(-) MBc(+) Mean 
(OFs)

2021/2022 Control 7.99f 10.25f 9.12e 4.95e 6.11de 5.53d 3.82a 5.38a 4.60a

100FD 16.93e 19.72d 18.32d 8.72bc 10.42abc 9.57bc 3.85a 6.42a 5.13a

100FC 24.07bc 28.00a 26.04a 11.69a 11.35a 11.52a 6.09a 6.13a 6.11a

75FD + 25FC 18.82de 22.76c 20.79c 11.26a 9.27abc 10.27ab 5.16a 6.18a 5.67a

25FD + 75FC 19.40de 26.25ab 22.83b 9.31abc 11.18ab 10.25ab 5.17a 6.22a 5.69a

50FD + 50FC 19.01de 23.59c 21.30bc 8.20 cd 8.20 cd 8.20c 5.56a 6.83a 6.20a

Mean (MBc) 17.70b 21.76a 9.02a 9.42a 4.94b 6.19a

LSD (P ≤ 0.05) A = 0.61 B = 1.58 AB = 2.601  A = 0.59 B = 1.53 AB = 2.52  A = 0.76 B = 1.98 AB = 3.26

2022/2023 Control 8.42f 10.68f 9.55e 5.18e 6.34de 5.76d 4.23a 5.79a 5.01a

100FD 17.357e 20.15d 18.75d 8.95bc 10.65abc 9.80bc 4.26a 6.83a 5.54a

100FC 24.50bc 28.43a 26.46a 11.92a 11.58a 11.75a 6.50a 6.54a 6.52a

75FD + 25FC 19.25de 23.19c 21.22c 11.49a 9.50abc 10.50ab 5.57a 6.59a 6.08a

25FD + 75FC 19.83de 26.68ab 23.26b 9.54abc 11.41ab 10.48ab 5.58a 6.63a 6.10a

50FD + 50FC 19.44de 24.02c 21.73bc 8.43 cd 8.43 cd 8.43c 5.97a 7.24a 6.61a

Mean (MBc) 18.13b 22.19a 9.25a 9.65a 5.35b 6.60a

LSD (P ≤ 0.05) A = 0.61 B = 1.58 AB = 2.61  A = 0.59 B = 1.53 AB = 2.52  A = 0.76 B = 1.98 AB = 3.26
The values shown in table are means three replicates. Means followed by the same letters are non-significantly different (p ≤ 0.05). Where MBc(-) = Without biofertilizer 
(Bacillus cereus); MBc(+) = With biofertilizer (Bacillus cereus); Control = Non-fertilizer; 100FD = 100% Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% Feldspar + 25% 
Filer Cake; 25FD + 75FC = 25% Feldspar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% Filer Cake
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not play a significant role in reducing pH during either 
growing season (Fig. 3A, and 4 A).

The electrical conductivity (EC) of the soil was influ-
enced by the different treatments. The maximum EC 
was recorded when 100FC was applied along with the 
bio-fertilizer (MBc) in the first season (Fig. 3B), while the 
second season, the highest EC was observed when 100FC 
was applied alone (Fig. 4B).

Figure  3. The integrated effect of feldspar (FD), Filter 
cake (FC) treatments and their combinations with biofer-
tilizer on soil reaction pH (A), Electrical conductivity (B), 
organic matter (OM) (C), available nitrogen (D), available 
phosphorus (E), and available potassium (F) (mg kg− 1) 
after successive season 2021/2022. Where MBc(-) = With-
out biofertilizer (Bacillus cereus); MBc(+) = With 
biofertilizer (Bacillus cereus); Control = Non-fer-
tilizer; 100FD = 100% Feldspar; 100FC = 100% Filer 
Cake; 75FD + 25FC = 75% Feldspar + 25% Filer Cake; 
25FD + 75FC = 25% Feldspar + 75% Filer Cake; 
50FD + 50FC = 50% Feldspar + 50% Filer Cake. The values 
shown in figure are means three replicates. Means fol-
lowed by the same letters are non-significantly different 
(p ≤ 0.05).

The application of 100FC, with or without the bio-fer-
tilizer, increased organic matter (OM) content. The high-
est OM content (24.88 and 26.64 g kg− 1) was recorded in 
the plants treated with 100FC along with MBc during the 
1st and 2nd growing seasons, respectively (Figs. 3C and 
4C).

In terms of nutrient availability, the application of 
potassium sources and bio-fertilizer, either individually 
or in combination, increased the levels of available nitro-
gen (N), phosphorus (P), and potassium (K) in the soil 
(Figs. 3D-F and 4D-F). Considering the interaction effect, 

the highest available N (95.43 and 113.86 mg kg− 1) was 
recorded when 100FC was applied along with the bio-fer-
tilizer during the 1st and 2nd growing seasons (Fig. 3D, 
and 4D), respectively. For available P, the maximum 
values (19.42 and 21.36  mg kg− 1) were observed when 
100FC was applied along with MBc during the 1st and 
2nd growing seasons (Fig. 3E, and 4E), respectively. Simi-
larly, the highest available K (364.00 and 536.67 mg kg− 1) 
was recorded when 100FC was applied along with MBc 
during the 1st and 2nd growing seasons (Fig. 3F, and 4 F), 
respectively.

Figure  4: The integrated effect of feldspar (FD), Fil-
ter cake (FC) treatments and their combinations with 
biofertilizer on soil reaction pH (A), Electrical con-
ductivity EC (B), organic matter (OM) (C), avail-
able nitrogen (D), available phosphorus (E), and 
available potassium (F) (mg kg− 1) after successive 
season 2022/2023. Where MBc(-) = Without biofer-
tilizer (Bacillus cereus); MBc(+) = With biofertilizer 
(Bacillus cereus); Control = Non-fertilizer; 100FD = 100% 
Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% 
Feldspar + 25% Filer Cake; 25FD + 75FC = 25% Feld-
spar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% 
Filer Cake. The values shown in figure are means three 
replicates. Means followed by the same letters are non-
significantly different (p ≤ 0.05).

Correlation between soil properties and plant 
characteristics
The results of the Principal Component Analysis (PCA) 
in Fig. 5 reveal important insights: The first two princi-
pal components (PCs) collectively explained a substan-
tial portion (76.10%) of the variation in soil and potato 
traits. PC1 displayed a significant positive correlation 

Fig. 2  The integrated effect of feldspar (FD), Filter cake (FC) treatments and their combinations with biofertilizer on total tuber weight (ton ha− 1) of 
potato in season 2021/2022 (A), total tuber weight (ton ha− 1) of potato in season 2022/2023 (B). Where MBc(-) = Without biofertilizer (Bacillus cereus); 
MBc(+) = With biofertilizer (Bacillus cereus); Control = Non-fertilizer; 100FD = 100% Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% Feldspar + 25% 
Filer Cake; 25FD + 75FC = 25% Feldspar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% Filer Cake. The values shown in figure are means three repli-
cates. Means followed by the same letters are non-significantly different (p ≤ 0.05)
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with various soil and plant characteristics. It was posi-
tively associated with soil electrical conductivity, organic 
matter content, available nitrogen, available phosphorus, 
nitrogen uptake, phosphorus uptake, potassium uptake, 
medium tuber weight, and total tuber weight. This sug-
gests that these variables tend to vary together and con-
tribute to a common underlying factor. PC2 exhibited 
positive correlations with available potassium, plant 
height, number of stems, weight of large tubers, and 
weight of small tubers. It also showed a significant nega-
tive correlation with pH value. This implies that these 

variables are interrelated and contribute to a separate 
factor that is distinct from PC1. Different treatments, 
such as 100% Filter Cake, 25% Feldspar + 75% Filter Cake, 
100% Filter Cake with Bacillus cereus, 75% Feldspar + 25% 
Filter Cake with Bacillus cereus, 25% Feldspar + 75% Fil-
ter Cake with Bacillus cereus, and 50% Feldspar + 50% 
Filter Cake with Bacillus cereus, had a positive impact on 
nutrient availability and plant growth indicators. These 
treatments contributed to the observed correlations and 
positively influenced the measured soil and plant char-
acteristics. In summary, the PCA results highlight the 

Fig. 3  The integrated effect of feldspar (FD), Filter cake (FC) treatments and their combinations with biofertilizer on soil reaction pH (A), Electrical con-
ductivity (B), organic matter (OM) (C), available nitrogen (D), available phosphorus (E), and available potassium (F) (mg kg− 1) after successive season 
2021/2022. Where MBc(-) = Without biofertilizer (Bacillus cereus); MBc(+) = With biofertilizer (Bacillus cereus); Control = Non-fertilizer; 100FD = 100% Feldspar; 
100FC = 100% Filer Cake; 75FD + 25FC = 75% Feldspar + 25% Filer Cake; 25FD + 75FC = 25% Feldspar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% 
Filer Cake. The values shown in figure are means three replicates. Means followed by the same letters are non-significantly different (p ≤ 0.05)
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interrelationships among various soil and potato traits, 
with PC1 and PC2 capturing different aspects of these 
associations. Additionally, the mentioned treatments 
positively affected nutrient availability and plant growth 
indicators, influencing the observed correlations.

Figure 5. Principal component analysis (PCA) between 
soil properties and potato traits. Where MBc(-) = Without 
biofertilizer (Bacillus cereus); MBc(+) = With biofertilizer 
(Bacillus cereus); Control = Non-fertilizer; 100FD = 100% 
Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% 
Feldspar + 25% Filer Cake; 25FD + 75FC = 25% Feld-
spar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% 

Filer Cake; pH = pH value; Ec.= Soil electrical conduc-
tivity; OM = organic matter; Available-N = Available 
Nitrogen; Available-P = Available Phosphor; Avail-
able-K = Available Potassium; Uptake-N = Nitrogen 
uptake;Uptake-P = Phosphor uptake; Uptake-K = Potas-
sium uptake; PH = Plant height; NS = No of stem; 
DM = Dry matter of tuber; WLT = Large Tuber weight; 
WMT = Medium Tuber weight; WST = Small Tuber 
weight; TWT = on total tuber weight.

Fig. 4  The integrated effect of feldspar (FD), Filter cake (FC) treatments and their combinations with biofertilizer on soil reaction pH (A), Electrical con-
ductivity EC (B), organic matter (OM) (C), available nitrogen (D), available phosphorus (E), and available potassium (F) (mg kg− 1) after successive sea-
son 2022/2023. Where MBc(-) = Without biofertilizer (Bacillus cereus); MBc(+) = With biofertilizer (Bacillus cereus); Control = Non-fertilizer; 100FD = 100% 
Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% Feldspar + 25% Filer Cake; 25FD + 75FC = 25% Feldspar + 75% Filer Cake; 50FD + 50FC = 50% Feld-
spar + 50% Filer Cake. The values shown in figure are means three replicates. Means followed by the same letters are non-significantly different (p ≤ 0.05)
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Discussion
The soil properties, including soil pH, electrical con-
ductivity, organic matter content, and plant growth 
indicators, are influenced by the separate application 
of potassium sources and microorganisms specifically 
Bacillus cereus, as well as their combined application.

The findings demonstrated that the addition of 
bio-fertilizer (MBc) had a slight decrease on soil pH, 
whereas when organic sources of potassium fertilization 
were applied without MBc, a more decrease in pH was 
observed. This slight decrees in soil pH could be attrib-
uted to the increased soil buffering capacity, which makes 
it resistant to pH changes caused by MBc addition (Ali 
et al. 2021a). Soil pH increased by feldspar application 
due to its high pH level, high alkaline mineral concentra-
tions, functional groups associated with active soil reac-
tion (OH and COOH) and exchangeable basic cations 
in feldspar amendment (Al-Sayed et al. 2022; Shabrawy 
and Ragab 2019). The results also indicated an increase 
in electrical conductivity (EC) with the application of 
both filter cake (FC) and MBc, either individually or in 

combination. This outcome aligns with the findings of 
El-Tayeh et al. (2019), who observed a gradual increase 
in EC with the addition of filter mud cake at different 
rates. The organic matter content of the soil, which sig-
nificantly influences soil fertility, biological activity, and 
physical and chemical properties, exhibited a more pro-
nounced increase with FC application, likely due to its 
high organic matter content compared to other sources 
(El-Tayeh et al. 2019). In a study conducted by El-Tayeh 
et al. (2019) it was found that the organic matter content 
increased by 6.51%, 19.44%, and 32.53% with the addition 
of 10%, 30%, and 50% FC, respectively, compared to the 
control group.

Furthermore, the addition of filter cake (FC), alone 
or combination with bio-fertilizer (MBc), as an organic 
material can influence soil nutrient availability and 
plant uptake. A study by Ali et al. (2021a) supports these 
findings and highlights the potential of FC and MBc in 
positively altering fertilization practices and facilitating 
nutrient cycling in the soil. As anticipated, the presence 
of active potassium solubilizing bacteria plays a crucial 

Fig. 5  Principal component analysis (PCA) between soil properties and potato traits. Where MBc(-) = Without biofertilizer (Bacillus cereus); MBc(+) = With 
biofertilizer (Bacillus cereus); Control = Non-fertilizer; 100FD = 100% Feldspar; 100FC = 100% Filer Cake; 75FD + 25FC = 75% Feldspar + 25% Filer Cake; 
25FD + 75FC = 25% Feldspar + 75% Filer Cake; 50FD + 50FC = 50% Feldspar + 50% Filer Cake; pH = pH value; Ec.= Soil electrical conductivity; OM = or-
ganic matter; Available-N = Available Nitrogen; Available-P = Available Phosphor; Available-K = Available Potassium; Uptake-N = Nitrogen uptake;Uptake-
P = Phosphor uptake; Uptake-K = Potassium uptake; PH = Plant height; NS = No of stem; DM = Dry matter of tuber; WLT = Large Tuber weight; WMT = Medium 
Tuber weight; WST = Small Tuber weight; TWT = on total tuber weight
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role in decomposing both native and added organic mat-
ter in the soil. This decomposition process leads to the 
release of more nutrients, making them readily available 
for plant uptake. A study by Bagyalakshmi et al. (2017) 
supports this notion and highlights the role of potassium 
solubilizing bacteria in improving nutrient availabil-
ity for plants. Also, the inoculation of bacteria with FC 
can potentially enhance root growth (Al Methyeb et al. 
2023), leading to increased respiration and organic acid 
production (Rosa et al. 2022). This, in turn, promotes 
overall plant growth. These findings are supported by 
a study conducted by Ali et al. (2021a), which reported 
significant increases nitrogen (N), phosphorus (P), and 
potassium (K) by 94.31%, 36.86%, and 71.54%, respec-
tively, when using the filter cake treatment compared to 
the untreated control.

The substantial enhancement observed in the soil prop-
erties, nutrient availability, and nutrient uptake had a sig-
nificant positive impact on the growth and yield of potato 
plants upon the application of FC and FD fertilizers, both 
individually and combination with bio-fertilizer. The 
increase in plant height and stem numbers can be attrib-
uted to the improved uptake of potassium (K) and its 
role in stimulating cell division, thereby promoting early 
growth and photosynthesis (Hasanuzzaman et al. 2018; 
Sardans and Peñuelas 2021). Additionally, the improve-
ment in soil properties may have facilitated the release of 
more available nutrients, further supporting plant growth 
and development (Ali et al. 2021b; Bindraban et al. 2015). 
Basha (2011) conducted a study investigating the impact 
of filter mud cake at different rates, ranging from 5.95 to 
23.8 tons per hectare, without the use of bio-fertilizers. 
The results of the study indicated that the application of 
filter mud cake at these rates had a significant positive 
effect on the vegetative growth of plants. In a study con-
ducted by Sakr et al. (2014), found that the inoculation 
of bacteria in combination with rock phosphate and feld-
spar resulted in significantly higher levels of phosphorus 
(P) and potassium (K) in various traits of roselle (Hibiscus 
sabdariffa L.) plants. The findings from Anjanadevi et al. 
(2016); Ali et al. (2021a) support the positive effects of 
bio-fertilizer with potassium solubilizing bacteria (MBc) 
on potato growth. Therefore, the results are consistent 
with the notion that the use of potassium solubiliz-
ing bacteria can have a beneficial impact on promoting 
the growth of potato crops. In their study, Abdel-Salam 
and Shams (2012) investigated the impact of inoculat-
ing potato plants with potassium solubilizing bacte-
ria (PSB) enhance vegetative growth compared to the 
untreated plants in clay soil. The dry matter content of 
potato tubers plays a crucial role in their processing qual-
ity, particularly in terms of texture for products such as 
chips and French fries (Leonel et al. 2017; Sawicka et 
al. 2021). A higher dry matter content is preferred as it 

contributes to a desired crisp texture, while tubers with 
lower dry matter content tend to result in lower chip 
yield and a soggy texture, mainly due to excessive oil 
absorption during and/or after frying (Kita et al. 2007). 
Therefore, maintaining an optimal dry matter content in 
potato tubers is important for achieving the desired tex-
ture and overall quality of processed potato products. 
The application of FC100, with or without MBc, resulted 
in the highest increase in total potato yield compared to 
other treatments. These findings provide confirmation 
and support for our hypotheses regarding the effective-
ness of FC, either alone or in combination with FD, along 
with biofertilizer as a promising and viable alternative to 
chemical fertilizers. This highlights the potential of uti-
lizing such management practices for sustainable agricul-
tural production. Potassium plays a crucial role in various 
aspects of potato growth and development (Torabian et 
al. 2021). It is involved in root growth, metabolic pro-
cesses, and the activation of enzymes, as highlighted by 
Cui and Tcherkez (2021). Additionally, potassium has a 
significant impact on potato tuber size and overall yield, 
as reported by Ali et al. (2021a). Its role in photosynthesis 
and the transportation of carbohydrates to tubers is vital, 
and it facilitates the conversion of carbohydrates into 
starch, protein, and vitamins, as emphasized by Hasanuz-
zaman et al. (2018) and Johnson et al. (2022). Therefore, 
proper potassium fertilization is essential for tuber bulk-
ing and the composition of tubers, as mentioned by Ewais 
et al. (2020) and Torabian et al. (2021). The availability 
and appropriate application of potassium contribute sig-
nificantly to achieving optimal tuber growth and quality.

The addition of 100FC along with MBc resulted in 
the highest relative increase in the weight of large and 
medium-sized potato tubers intended for export. On 
the other hand, the treatment of 50FD + 50FC along with 
MBc showed an increase in the weight of small-sized 
tubers compared to other treatments. The enlargement 
of tuber size can be attributed to the role of potassium 
in facilitating cell division and the process of photosyn-
thesis (Torabian et al. 2021). Potassium is also involved 
in translocation through the phloem and the production 
of starch within storage organs (Sardans and Peñuelas 
2021). Additionally, the integrated nutrient management 
approach involving the application of organic fertilizers 
may have contributed to the overall increase in differ-
ent tuber grades. The increase total tuber yield and the 
graded weight of tubers can be attributed to multiple fac-
tors. Firstly, the combined effect of FC and bio-fertilizer 
inoculation may have led to an increase in the num-
ber of tubers produced which led to increase nutrient 
uptake and enhance plant growth through the produc-
tion of plant hormones (Johnson et al. 2022). Secondly, 
the presence of FC, along with its nutrient content, likely 
contributed to the overall improvement in tuber yield 
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(Gonfa et al. 2018). These findings align with the results 
obtained by Ali et al. (2021a), highlighting the impor-
tance of potassium fertilizer regimes in achieving high 
tuber yields and improving tuber quality in a sustainable 
and cost-effective manner. The combined application of 
FC and biofertilizers appears to be a promising approach 
for optimizing potato production and achieving desirable 
tuber characteristics.

The results of the study demonstrate that the alterna-
tive of potassium sources and the application of biofertil-
izer significantly impact the yield traits of potato plants. 
The treatment with 100% filter cake (100FC) resulted 
in the highest weight of large tubers during both grow-
ing seasons. The cumulative effect of potassium sources 
and biofertilizer showed that the combination of 100FC 
with biofertilizer resulted in the maximum total tuber 
weight. The plants under the control group without bio-
fertilizer had the minimum total tuber weight. Similarly, 
the highest dry matter of potato tubers was recorded in 
plants treated with 75% feldspar and 25% filter cake along 
with biofertilizer. On the other hand, the control group 
without biofertilizer had the lowest dry matter of potato 
tubers. These findings highlight the significant influence 
of potassium sources and biofertilizer on yield traits, 
emphasizing the importance of their proper selection 
and application for optimizing potato production.

Acknowledgements
Thanks to all field technicians at College of Agriculture, Al-Azhar University 
branch Assiut, Egypt.

Author contributions
All authors contributed significantly and equally to conceptualization, writing, 
editing and review of the current manuscript. All authors agreed to the 
submission of the current manuscript.

Funding
This research received no external funding.
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data Availability
All data available within the article.

Declarations

Compliance with ethical standards
This article does not contain any studies with human participants or animals 
performed by any of the authors.

Conflict of interest
The authors declare that they have no conflict of interest.

Consent for publication
Not applicable.

Received: 15 August 2023 / Accepted: 6 October 2023

References
Abdel-Salam MA, Shams AS (2012) Feldspar-K fertilization of potato (Sola-

num tuberosum L.) augmented by biofertilizer. J Agricultural Environ Sci 
12(6):694–699

Al Methyeb M, Ruppel S, Eichler-Löbermann B, Vassilev N (2023) The combined 
applications of Microbial inoculants and Organic. Fertilizer Improve Plant 
Growth under Unfavorable Soil Conditions

Al-Sayed HM, Ali AM, Mohamed MA, Ibrahim MF (2022) Combined effect of prickly 
pear waste biochar and Azolla on soil fertility, growth, and yield of Roselle 
(Hibiscus sabdariffa L.) plants. J Soil Sci Plant Nutr 22(3):3541–3552

Ali AM, Hegab SA, Abd El Gawad AM, Awad M (2021a) Integrated effect of filter 
mud cake combined with chemical and biofertilizers to enhance potato 
growth and its yield. J Soil Sci Plant Nutrition:1–10

Ali MM, Anwar R, Shafique MW, Yousef AF, Chen F (2021b) Exogenous application 
of mg, zn and B influences phyto-nutritional composition of leaves and fruits 
of loquat (Eriobotrya japonica Lindl). Agronomy 11(2):224

Anjanadevi IP, John NS, John KS, Jeeva ML, Misra RS (2016) Rock inhabiting potas-
sium solubilizing bacteria from Kerala, India: characterization and possibility 
in chemical K fertilizer substitution. J Basic Microbiol 56(1):67–77

Bagyalakshmi B, Ponmurugan P, Balamurugan A (2017) Potassium solubilization, 
plant growth promoting substances by potassium solubilizing bacteria 
(KSB) from southern Indian tea plantation soil. Biocatal Agric Biotechnol 
12:116–124

Basha AAA-B (2011) Improving filter mud cake with rock phosphate and biofertiliz-
ers for exporting organic onion production in newly cultivated land at South 
Valley area. Aust J Basic Appl Sci 5(8):1354–1361

Beauregard PB, Chai Y, Vlamakis H, Losick R, Kolter R (2013) Bacillus subtilis biofilm 
induction by plant polysaccharides. Proc Natl Acad Sci 110(17):E1621–E1630. 
https://doi.org/10.1073/pnas.1218984110

Beck HE, Zimmermann NE, McVicar TR, Vergopolan N, Berg A, Wood EF (2018) Pres-
ent and future Köppen-Geiger climate classification maps at 1-km resolution. 
Sci data 5(1):1–12. https://doi.org/10.1038/sdata.2018.214

Bindraban PS, Dimkpa C, Nagarajan L, Roy A, Rabbinge R (2015) Revisiting fertilisers 
and fertilisation strategies for improved nutrient uptake by plants. Biol Fertil 
Soils 51(8):897–911

Carter MR, Gregorich EG (2007) Soil sampling and methods of analysis. CRC press
Cui J, Tcherkez G (2021) Potassium dependency of enzymes in plant primary 

metabolism. Plant Physiol Biochem 166:522–530. https://doi.org/10.1016/j.
plaphy.2021.06.017

Dwivedi BS, Singh VK, Shekhawat K, Meena MC, Dey A (2017) Enhancing use 
efficiency of phosphorus and potassium under different cropping systems of 
India. Indian J Fertil 13(8):20–41

El-Sawah AM, El-Keblawy A, Ali DFI, Ibrahim HM, El-Sheikh MA, Sharma A, Alhaj 
Hamoud Y, Shaghaleh H, Brestic M, Skalicky M (2021) Arbuscular mycorrhizal 
fungi and plant growth-promoting rhizobacteria enhance soil key enzymes, 
plant growth, seed yield, and qualitative attributes of guar. Agriculture 
11(3):194

El-Tayeh N, Salama F, Loutfy N, Abou Alhamd M (2019) Effect of sandy soil amend-
ment with filter mud cake on growth and some ecophysiological parameters 
of Daucus carota and Beta vulgaris plants. Catrina: The International Journal 
of Environmental Sciences 18(1):97–103

Ewais MA, Abd El-Rahman LA, Sayed DA (2020) Effect of foliar application of boron 
and potassium sources on yield and quality of potato (Solanum tuberosum 
L). Middle East Journal of Applied Sciences 10(1):120–137

Gao C, El-Sawah AM, Ali DFI, Alhaj Hamoud Y, Shaghaleh H, Sheteiwy MS (2020) 
The integration of bio and organic fertilizers improve plant growth, grain 
yield, quality and metabolism of hybrid maize (Zea mays L). Agronomy 
10(3):319

García-Fraile P, Menéndez E, Rivas R (2015) Role of bacterial biofertilizers in 
agriculture and forestry. Aims Bioeng 2(3):183–205. https://doi.org/10.3934/
bioeng.2015.3.183

Gomez KA, Gomez AA (1984) Statistical procedures for agricultural research. John 
wiley & sons

Goncalves JC, Vasques NC, Silva C, Paccola E, Schmidt Filho E, Yamaguchi NU, 
Andreazzi MA, Gasparotto F (2018) Influence of the application of filter cake 
on soil chemical characteristics. Chem Eng Trans 65:775–780. https://doi.
org/10.3303/CET1865130

Gonfa A, Bedadi B, Argaw A (2018) Effect of bagasse ash and filter cake amend-
ments on wheat (Triticum turgidum L. var. Durum) yield and yield compo-
nents in nitisol. Int J Recycling Org Waste Agric 7:231–240

https://doi.org/10.1073/pnas.1218984110
https://doi.org/10.1038/sdata.2018.214
https://doi.org/10.1016/j.plaphy.2021.06.017
https://doi.org/10.1016/j.plaphy.2021.06.017
https://doi.org/10.3934/bioeng.2015.3.183
https://doi.org/10.3934/bioeng.2015.3.183
https://doi.org/10.3303/CET1865130
https://doi.org/10.3303/CET1865130


Page 14 of 14Yousef et al. AMB Express          (2023) 13:124 

Hasanuzzaman M, Bhuyan MHMB, Nahar K, Hossain MS, Mahmud JA, Hossen MS, 
Masud AAC, Moumita, Fujita M (2018) Potassium: a vital regulator of plant 
responses and tolerance to abiotic stresses. Agronomy 8(3):31

Jackson ML (1973) Soil chemical analysis-advanced course: A manual of methods 
useful for instruction and research in soil chemistry, physical chemistry of 
soils, soil fertility, and soil genesis. author

Johnson R, Vishwakarma K, Hossen MS, Kumar V, Shackira AM, Puthur JT, Abdi G, 
Sarraf M, Hasanuzzaman M (2022) Potassium in plants: growth regulation, sig-
naling, and environmental stress tolerance. Plant Physiol Biochem 172:56–69. 
https://doi.org/10.1016/j.plaphy.2022.01.001

Kaguongo W, Nyangweso A, Mutunga J, Nderitu J, Lunga’ho C, Nganga N, Kip-
koech D, Kabira J, Gathumbi M, Njane P (2013) A policymakers’ guide to crop 
diversification. FAO

Kang S-M, Radhakrishnan R, Lee I-J (2015) Bacillus amyloliquefaciens subsp. planta-
rum GR53, a potent biocontrol agent resists Rhizoctonia Disease on Chinese 
cabbage through hormonal and antioxidants regulation. World J Microbiol 
Biotechnol 31:1517–1527. https://doi.org/10.1007/s11274-015-1896-0

Kihara J, Manda J, Kimaro A, Swai E, Mutungi C, Kinyua M, Okori P, Fischer G, Kizito 
F, Bekunda M (2022) Contributions of integrated soil fertility management 
(ISFM) to various sustainable intensification impact domains in Tanzania. 
Agric Syst 203:103496. https://doi.org/10.1016/j.agsy.2022.103496

Kita A, Lisińska G, Gołubowska G (2007) The effects of oils and frying temperatures 
on the texture and fat content of potato crisps. Food Chem 102(1):1–5

Kumar S, Diksha, Sindhu SS, Kumar R (2022) Biofertilizers: an ecofriendly technol-
ogy for nutrient recycling and environmental sustainability. Curr Res Microb 
Sci 3:100094. https://doi.org/10.1016/j.crmicr.2021.100094

Kumari N, Mohan C (2021) Basics of clay minerals and their characteristic proper-
ties. Clay Clay Miner 24:1–29. https://doi.org/10.5772/intechopen.97672

Leonel M, Do Carmo EL, Fernandes AM, Soratto RP, Ebúrneo JAM, Garcia ÉL, Dos 
Santos TPR (2017) Chemical composition of potato tubers: the effect of 
cultivars and growth conditions. J Food Sci Technol 54:2372–2378

Loeppert RH, Suarez DL (1996) Carbonate and gypsum. Methods of soil 
Analysis: Part 3 Chemical Methods 5:437–474. https://doi.org/10.2136/
sssabookser5.3.c15

Madejón P, Marañón T, Murillo JM (2006) Biomonitoring of trace elements in 
the leaves and fruits of wild olive and holm oak trees. Sci Total Environ 
355(1–3):187–203. https://doi.org/10.1016/j.scitotenv.2005.02.028

Mishra M, Samant B (2021) Feldspars: Life-Sustaining minerals on the Earth. SAN-
JAY J. DHOBLE APB, RENU NAYAR, AND BANDANA SAMANT (ed) MINERALS 
AND THEIR PROPERTIES NOVEL APPROACH FOR APPLICATIONS. Nova Science 
Publishers, Inc. †, New York, p 251

Parker G (1995) Encyclopedia of materials: science and technology. Elsevier
Rosa PAL, Galindo FS, Oliveira CES, Jalal A, Mortinho ES, Fernandes GC, Marega 

EMR, Buzetti S, Teixeira Filho MCM (2022) Inoculation with plant growth-pro-
moting bacteria to reduce phosphate fertilization requirement and enhance 
technological quality and yield of sugarcane. Microorganisms 10(1):192

Sakr WRA, Elbagoury HM, Sidky MA, Ali SA (2014) Production of organic roselle by 
natural minerals and biofertilizers. American-Eurasian J Agricultural Environ 
Sci 14(10):985–995

Sardans J, Peñuelas J (2021) Potassium control of plant functions: ecological and 
agricultural implications. Plants 10(2):419

Sasy AH, Abu-Ellail FFB (2021) Phenotypic correlations and Integration of Nitrogen, 
Potassium and Press Mud fertilizers in relation to sugarcane yield and quality. 
Alexandria Sci Exch J 42(JANUARY-MARCH 37–48. https://doi.org/10.21608/
ASEJAIQJSAE.2021.145912

Sawicka B, Pszczółkowski P, Kiełtyka-Dadasiewicz A, Barbaś P, Ćwintal M, Krochmal-
Marczak B (2021) The effect of effective microorganisms on the quality of 
potato chips and French fries. Appl Sci 11(4):1415

Shabrawy EL, Ragab M (2019) Improving of feldspar efficiency as potassium fertil-
ization for potato (Salenum tuberosumi) by using silicate dissolving bacteria 
and compost. Annals of Agricultural Science Moshtohor 57(1):185–196

Singh J, Kaur L (2016) Advances in potato chemistry and technology. Academic 
press

Tantawy MA, Faragallah MAA, Awad MY, Am AE-M (2022) Phosphorus release from 
apatite mineral using some organic amendments and their effect on some 
clay loam soil properties. Archives of Agriculture Sciences Journal 38–52. 
https://doi.org/10.21608/aasj.2022.127621.1109

Torabian S, Farhangi-Abriz S, Qin R, Noulas C, Sathuvalli V, Charlton B, Loka DA 
(2021) Potassium: a vital macronutrient in potato production—A review. 
Agronomy 11(3):543

Vilvert E, Stridh L, Andersson B, Olson Ã, Aldén L, Berlin A (2022) Evidence based 
Disease control methods in potato production: a systematic map protocol. 
Environ Evid 11(1):1–8

Weather-Online (2023) Asyut Weather. PUblisher. https://www.weatheronline.
co.uk/weather/maps/city

Yousef AF, Youssef MA, Ali MM, Ibrahim MM, Xu Y, Mauro RP (2020) Improved 
growth and yield response of Jew’s mallow (Corchorus olitorius L.) plants 
through biofertilization under semi-arid climate conditions in Egypt. 
Agronomy 10(11):1801

Youssef MA, Yousef AF, Ali MM, Ahmed AI, Lamlom SF, Strobel WR, Kalaji HM (2021) 
Exogenously applied nitrogenous fertilizers and effective microorganisms 
improve plant growth of stevia (Stevia rebaudiana Bertoni) and soil fertility. 
AMB Express 11:1–10

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.plaphy.2022.01.001
https://doi.org/10.1007/s11274-015-1896-0
https://doi.org/10.1016/j.agsy.2022.103496
https://doi.org/10.1016/j.crmicr.2021.100094
https://doi.org/10.5772/intechopen.97672
https://doi.org/10.2136/sssabookser5.3.c15
https://doi.org/10.2136/sssabookser5.3.c15
https://doi.org/10.1016/j.scitotenv.2005.02.028
https://doi.org/10.21608/ASEJAIQJSAE.2021.145912
https://doi.org/10.21608/ASEJAIQJSAE.2021.145912
https://doi.org/10.21608/aasj.2022.127621.1109
https://www.weatheronline.co.uk/weather/maps/city
https://www.weatheronline.co.uk/weather/maps/city

	﻿Improved plant yield of potato through exogenously applied potassium fertilizer sources and biofertilizer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Experimental site and weather conditions
	﻿Experimental design and treatments
	﻿Soil and plant analysis
	﻿Data collection
	﻿Statistical ﻿analysis﻿

	﻿Results
	﻿Morphological ﻿traits﻿
	﻿Macro nutrients Uptake
	﻿Yield traits
	﻿Post-harvest fertility status of soil
	﻿Correlation between soil properties and plant characteristics

	﻿Discussion
	﻿References


