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Abstract: Intensifying land use for garden egg cultivation to meet the nutritional needs of the increasing 
population resulted in crop yield decline over time when nutrients removed through crop harvest and erosion are 
not replenished. In resolving deficiencies such as K in the soil, there is a shortage of information on their effect 
on associated soil microbial changes. Therefore, this study investigates the impact of muriate of potash (MOP) on 
garden egg growth and changes in microbial population. Using 10 kg soil in a repeated screenhouse experiment, 
MOP at 0, 15, 30, and 45 kg K2O ha-1 were evaluated in a completely randomised design with four replicates. Data 
collected on growth and yield parameters were subjected to analysis of variance using SAS software version 9.0. 
The significantly different means were separated using LSD at p<0,05 probability level. Plant height, number of 
leaves, and leaf area were similar among treatments during the first and second plantings, but the values were 
optimum at 25 and 30 kg K2O ha-1 of MOP, respectively. The dry shoot weight differed significantly among the 
treatments and ranged from 70,13 to 81,63 and 84,61 to 253,85 g plant-1 with the optimum values at 14.53 and 
16.60 kg K2O ha-1 of MOP during the first and second plantings, respectively. However, the fruit yields were 
significantly different among the treatments with the optimum yields observed at 30.81 and 23.05 kg K2O ha-1 of 
MOP in the first and second plantings, while 15 and 45 kg K2O ha-1 treatments had similar yields during both 
plantings. The negative regression curves equations indicated that a higher K application of 45 kg K2O ha-1, garden 
eggs' dry shoot weight and fruit yield decreased. During the two plantings, the garden egg plants encouraged 
bacterial and fungal colonies more than those observed before planting. Bacterial and fungal colonies were optimal 
at 25.29 and 26.75, and 33.85 and 23.25 kg K2O ha-1 with significantly high R2 values during the first and second 
plantings, respectively. Due to environmetal cost, applying MOP at 25 kg K2O ha-1 was considered most 
appropriate for optimum garden egg yield. 

Key-words: soil microbial communities, potassium fertiliser, Solanum aethiopicum gr. Gilo (L), soil improvement. 

Desempenho do ovo de jardim escarlet africano e população microbiana do 

solo afetada pela aplicação de muriato de potassio 

Resumo: A intensificação do uso da terra para o cultivo de ovos de jardim para atender às necessidades 
nutricionais da população crescente resultou no declínio do rendimento das culturas ao longo do tempo, quando 
os nutrientes removidos através da colheita e erosão não são reabastecidos. Na resolução de deficiências como o 
K no solo, há uma escassez de informação sobre o seu efeito nas alterações microbianas associadas ao solo. 
Portanto, este estudo investiga o impacto do muriato de potássio (MOP) no crescimento de ovos de jardim e 
alterações na população microbiana. Utilizando 10 kg de solo em um experimento repetido, MOP em 0, 15, 30 e 
45 kg K2O ha-1 foram avaliados em delineamento inteiramente casualizado com quatro repetições. Os dados 
coletados sobre os parâmetros de crescimento e rendimento foram submetidos à análise de variância utilizando o 
software SAS versão 9.0. As médias significativamente diferentes foram separadas usando LSD no nível de 
probabilidade p<0,05. A altura da planta, o número de folhas e a área foliar foram semelhantes entre os 
tratamentos durante o primeiro e segundo plantio, mas os valores foram ótimos em 25 e 30 kg K2O ha-1 de MOP, 
respectivamente. O peso da parte aérea seca diferiu significativamente entre os tratamentos e variou de 70,13 a 
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81,63 e 84,61 a 253,85 g planta-1 com os valores de optmum em 14,53 e 16,60 kg K2O ha-1 de MOP durante o 
primeiro e segundo plantios, respectivamente. No entanto, as produtividades de frutos foram significativamente 
diferentes entre os tratamentos, com as produtividades ótimas observadas em 30,81 e 23,05 kg K2O ha-1 de MOP 
no primeiro e segundo plantios, enquanto os tratamentos de 15 e 45 kg K2O ha-1 apresentaram produtividades 
semelhantes durante ambos os plantios. As equações das curvas de regressão negativas indicaram que uma maior 
aplicação de K de 45 kg K2O ha-1, peso da parte aérea seca dos ovos de jardim e rendimento de frutos diminuiu. 
Durante as duas plantações, as ovoplantas de jardim incentivaram mais as colônias bacterianas e fúngicas do que 
as observadas antes do plantio.colônias bacterianas e fúngicas mais do que as observadas antes do plantio. As 
colônias bacterianas e fúngicas foram ótimas em 25,29 e 26,75 e 33,85 e 23,25 kg K2O ha-1 com valores de R2 
significativamente altos durante o primeiro e segundo plantios, respectivamente. Devido ao custo ambiental, a 
aplicação de MOP a 25 kg K2O ha-1 foi considerada a mais adequada para uma ótima produção de ovos de jardim. 

Palavras chave: comunidades microbianas do solo, aplicação de potássio, Solanum aethiopicum gr. Gilo (L), 

melhoria do solo. 

 

1. INTRODUCTION 

Garden eggs, also known as Solanum aethiopicum gr. Gilo (L) are a popular vegetable crop cultivated extensively 

in various regions worldwide, particularly in sub-Saharan Africa (MAUNDU et al., 2009; PLAZAS et al., 2014). 

These crops play a crucial role in food security and livelihood for many smallholder farmers. The increase in 

population and the attempt to satisfy the populace’s needs have put more pressure on the available land resources 

for crop cultivation (AKPAN & EBONG, 2021). The intensification of cultivation on the limited available land 

consistently removes nutrients from the soil as yield (KOPITTKE et al., 2019). The removal of nutrients without 

adequate replenishment strategies limits yield. The average world yield of garden eggs in 2021 and 2022 rose from 

29957,4 to 31335,9 kg ha-1, while in Africa, the yield decreased from 20431,7 to 20037,9 kg ha-1, respectively (FAO, 

2024). Aside from poor genetic materials, the reduction in garden egg yield in Africa is mainly due to poor soil 

nutrient management (STEWART et al., 2019). Soil fertility maintenance practices significantly influenced the 

productivity of garden eggs (ADJEI et al., 2023). Consequently, crop yield declines gradually over time when 

adequate measures are not employed to replenish the depleted nutrients. The soil microbial communities are also 

affected, leading to poor soil health that further impacts crop yield (USERO et al., 2021). 

Soil fertility depletion has been identified as a major constraint to agricultural productivity in sub-Saharan 

Africa (KOPITTKE et al., 2019). Crop yield reduction due to low fertility status is more prominent when 

macronutrients (N, P and K) are involved (ADEKIYA et al., 2023). Most soil amendments for enhanced crop 

performance in tropical and subtropical areas have focused on N, P and organic matter, with minimal attention on 

K (ADEKIYA et al., 2023; MATISIC et al., 2024). This was probably due to it not being included in the plant’s 

metabolic pathways like N and P or the high K content in the soil parent material (SARDANS & PEÑUELAS, 

2021). However, K is the second most abundant element in the leaf biomass, substantiating the relevance of the 

nutrient element in the plant's physiological processes. The intensive cultivation of fruit and vegetables, such as 

garden eggs with high K demand, has resulted in the continuous mining of the nutrients from the soil (SARDANS 

& PEÑUELAS, 2021). Therefore, the decline in crop yield is also caused by a deficiency in K nutrition, aside from 

the low N and P or poor soil organic matter content commonly reported. The current inconsistent or erratic rainfall 

pattern during the session due to climate change also increases the plant's need for K to cope with the intermittent 

drought conditions that threaten crop yield (CHOUDHARY et al., 2024). The adequate composition of K in the 

plant tissue helps the plant withstand drought conditions by regulating the stomatal opening and maintaining the 

plant’s integrity (HASANUZZAMAN et al., 2018). Soil K depletion is also affected by rainfall. The availability of 

K in the soil is generally affected by rainfall due to its mobility and poor soil-chelating properties (BELL et al., 

2017). Intensive rainfall causes the dissolved K to leach beyond the reach of the crop root leading to poor K 

nutrition. However, the attempt to redress K deficiency in the soil could impact crop performance when not 

judiciously managed (CHOUDHARY et al., 2024). Rather than improving crop growth, it may retard crop 

development because of soil nutrient imbalance. 

The influence of an adequate K supply in crop nutrition is associated with an enhancement in nutrient 

assimilation (YIN et al., 2023), protein synthesis, photosynthesis and hydraulic homeostasis. However, under 

inadequate conditions, poor K nutrition limits the growth of strong stems, and tolerance to high light intensity 

reduces the plant’s resistance to some diseases (HASANUZZAMAN et al., 2018). Also, the plant’s ability to 

moderate moisture loss from growing plants is affected by climate drought resistance. The unavailability of K in 

garden eggs results in poor fruit flavour, colour and storage quality (ADJEI et al., 2023). Therefore, to fully achieve 
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the nutrient requirement and the quest for a healthy diet of consumers through vegetables, the fruit must be of 

good quality. There are many sources of fertiliser to meet the K's need for crops, such as organic and commercial 

sources. However, of the commercial sources, the most commonly used source is the concentrated granular form 

of K referred to as KCl or muriate of potash (MOP), which supplies 60-63% K2O (MIKKELSEN & ROBERTS, 

2021). This source is readily available, cost-effective, and has a granule size that allows for accurate spreading. 

Adding MOP to improve the soil nutrient supply for enhanced crop performance also affects the soil 

ecosystem, thus influencing soil health. One of the parameters neglected in the multiplier effects of k addition to 

the soil is how K in the form of MOP affects soil microbial communities (HARO & BENITO, 2019). Depending 

on the inherent level, soil pH, organic matter content and source, K application impacts microbial communities. 

Using MOP as a K source could reduce nitrogen mineralisation and minimise microbial activities or interact with 

the soil nitrate and produce chlorine gas that reduces the population of soil microbes (PEREIRA et al., 2019). A 

high presence of K in the soil was reported to also affect the soil’s physical condition by reducing the soil structure 

and limiting the pores spaces causing a reduction in the available air for respiration by the microbes (AZIZI et al., 

2016; LIU et al., 2024). Also, the injudicious use of MOP may lead to P: K imbalance or Ca deficiency that affects 

soil microbial activities or causes environmental pollution. Consequently, there is a need to verify the impact of 

MOP applied for crop growth enhancement on soil microbes. Therefore, this study aimed to investigate the effects 

of MOP on garden egg growth and changes in microbial population.  

2. MATERIAL AND METHODS  

Experimental location 

The study was a screenhouse experiment conducted in 2022 and 2023 at the Department of Crop and 

Horticultural Sciences, University of Ibadan, Nigeria. The study location coordinates were 7°27´N, 3°53´E, and 234 

m above sea level. 

Soil Analysis 

Topsoil (from the 0–15 cm layer of the surface) used in the study was collected from the Agronomy 

experimental field at the University of Ibadan, Ibadan, Nigeria. A portion of the soil sample from the field (200 g) 

was obtained for routine laboratory analysis. The soil samples were air-dried and sieved (2.0 mm) to determine the 

physical and chemical properties, following standard procedures (CARTER & GREGORICH, 2007). The KCl 

fertiliser (MOP) was also analysed to determine the amount of available K in the fertiliser according to IFA (2009). 

The values of the soil properties are presented in Table 1. 

 

Table 1. Physical and chemical properties of the soil at the experimental site 

Parameters Value Critical value (Enwezor et al., 1989) Remarks 

Soil textural class (%)    

Sand 79 50 - 70  

Silt 13 20 - 40  

Clay 8 10 - 30  

Chemical properties    

pH (water) 1: 2 6,7 6.5 - 8.5  

Organic C (%) 1,98 2 - 5 Moderate 

Total N (%) 3,26 1 - 3 Adequate 

Avail. P (mg kg-1) 14 10 - 40 Moderate 

K (cmol kg-1) 0,46 2 - 4 Low 

Ca (cmol kg-1) 1,5 6 - 12 Low 

Mg (cmol kg-1) 0,79 3 - 6 Low 

Na (cmol kg-1) 0,33 0.5 - 1.5  

Cu (mg kg-1) 0,85 2 - 10  

Fe (mg kg-1) 10,9 10 - 40  

Zn (mg kg-1) 1,11 5 - 20  

Mn (mg kg-1) 97,00 5 - 30  
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Treatments and Experimental Design 

The treatments involved MOP at 0, 15, 30, and 45 kg K2O ha-1. The source of potassium fertiliser was KCl, 

containing 60% K2O. The pot experiment was laid out in a completely randomised design with five replicates. 

Soil Microbial Population Determination 

The determination of soil microbial populations for bacteria and fungi was conducted before and after the 

study using the serial dilution method (BEN-DAVID & DAVIDSON, 2014). 

Nursery planting 

Seeds of the Bello variety of garden egg were sown in nursery trays filled with coco peat on February 11, 2022, 

and March 17, 2023, at the screenhouse of the Department of Agronomy, University of Ibadan, Ibadan, Nigeria. 

One seed was sown per hole in the nursery trays and later transplanted into planting bags four weeks after planting. 

Microfertiliser solution was applied to the seedlings about two weeks after planting. This was done to provide 

nutrients to the seedlings. 

Pot preparation and planting procedures 

Each polythene bag with 30 x 40 cm length and breath was filled with 10 kg of soil obtained from the field, 

and the treatments were applied one week after transplanting. The planting bags were labelled according to the 

applied treatments. The bags are spaced 60 cm between rows and 40 cm within rows (DEGRI, 2014). Daily watering 

was carried out during the first and second growing periods. Transplanting was carried out six weeks after sowing. 

Adequate watering was done before transplanting to facilitate the removal of the seedling. The seedlings were 

transplanted at a seedling per pot. 

Data collection 

Plant height was measured from the base of the plant to the tip with the aid of a ruler and the number of 

leaves was counted visually. The garden egg leaf area was calculated using Rivera et al. (2007) formula: 

 

LA = 0.641(L × W)          (1) 

 

Where LA = leaf area, L = the length of the leaf from tip to base, and W = the breadth of the leaf. The leaf 

lengths and width were measured using a ruler. The yield parameters included the number of fruits per plant and 

the fruit weight per plant. Plant samples were collected 45 days after transplanting and oven-dried at 85°C to a 

constant weight to determine dry weight. 

The data were subjected to variance analysis using GenStat 10.3DE version. A Post Hoc test was performed 

to separate the significantly different means using the Least Significant Difference (LSD) at a 5% probability level. 

3. RESULTS AND DISCUSSION 

The influence of MOP application on the height of garden egg 

The variation in the responses of garden eggs to MOP application was not significant for plant height during 

the first planting (Table 2). However, the plants treated with 30 kg K2O ha-1 had the tallest plants at 2 and 4 WAT, 

while plants treated with 15 kg K2O ha-1 had the tallest plants at 6 and 8 WAT. Applying 45 kg K2O ha-1 resulted 

in the shortest plants at 2 WAT and the control had the lowest plant height values at 4 WAT. The plants under the 

control were shortest at 6 WAT. The response of garden egg to MOP application was not significant at 2, 4, and 6 

WAT in the second planting. The tallest plants at 2 and 6 WAT were observed under 45 kg K2O ha-1 application 

level and the 15 kg K2O ha-1 treated plants were tallest at 4 WAT. At 8 WAP, the polynomial regression curve 

indicated that the optimum plant heights (25 and 65 cm) were observed at 24.93 and 32.70 kg K2O ha-1 of MOP 

during the first and second plantings, respectively (Figure 1). While the increase in MOP application did not 

significantly influence garden egg height during the first planting, MOP-treated plants had significantly (p<0.05) 

taller plants than the control in the second planting. The increase in the heights of garden eggs resulting from MOP 

application compared to the control could be attributed to the improvement in the nutrition of the crop by K 

application. Furthermore, an increase in the level of K2O application enhanced garden egg performance. The 

positive response of garden eggs to K application was also reported by Adjei et al. (2023). They found that the K-

applied helped increase garden egg height. This result also corroborates the findings of Khaskeli et al. (2023) that 

increasing K application helped improve tomato height. The increase in K applied to the plant helped maintain 

suitable leaf inclination through turgor control, thus facilitating light interception (SARDANS & PEÑUELAS, 

2021). Consequently, the photoassimilates in the fertilised plants are increased, providing the required energy for 

increased plant height. Potassium in rational quantity in the plant promotes cell wall elongation by stimulating 

ATPase, increasing height (XU et al., 2022). However, the polynomial curve predicted negative values, implying an 
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upside-down shaped curve with the optimum point. Thus, the treatment with MOP applied at approximately 25 

and 33 kg K2O ha-1 had the tallest plants at 8 WAT during the first and second planting. The additional increase in 

K application above the optimum resulted in decrease in heights. 

 

Table 2. Influence of muriate of potash on garden egg plant height (cm)  

MOP First planting (WAT)  Second planting (WAT) 

(kg K2O ha-1) 2 4 6  2 4 6 

0 7,83a 8,17a 12,58a  14,67a 27,00a 48,17a 
15 6,33a 8,75a 18,75a  13,15a 34,83a 54,83a 
30 9,17a 9,50a 14,83a  15,07a 30,67a 54,50a 
45 7,75a 8,17a 15,33a  15,92a 30,33a 55,83a 

LSD ns ns ns  ns ns ns 

WAT = weeks after transplanting; MOP = muriate of potash; ns = not significant at p<0.05. 

 

 
Figure 1. Relationship between height and rate of muriate of potash (MOP) at 8 weeks after planting during the 

first and second plantings 

 

Garden egg leaf area as affected by MOP application 

The responses of garden eggs to MOP application were similar for leaf area throughout the observation 

periods during the first planting (Table 3). However, plants treated with 30 kg K2O ha-1 had the highest leaf area 

value at 2 WAT and plants treated with 15 kg K2O ha-1 had the highest values at 4, 6 and 8 WAT. The plants under 

the control treatment had the lowest leaf area values at 2, 4 and 6 WAT. The 30 kg K2O ha-1 treated plants had 

significantly higher leaf area than the control at 2 WAT during the second planting. At 4 and 6 WAT, garden egg 

leaf areas were similar for all treatments, however, the control and 15 kg K2O ha-1 treatments had the lowest and 

highest leaf area values, respectively. The relationship between the rate of MOP application and leaf area at 8 weeks 

after planting during the first and second plantings indicated the highest leaf areas were at 29.79 and 25.02 kg K2O 

ha-1 of MOP with the R2 values of 0.74 and 0.75, respectively (Figure 2). The variation in leaf area at the early stage 

of growth could be attributed to noticeable difference in recovery from transplanting shock. This assumption is 

supported by Zhang et al. (2020) in that plants modify their growth to cope with stress. This finding substantiated 

Attia et al. (2022) on Ocimum basilicum. They reported that rational availability of K increases leaf expansion, 

suggesting an increase in photosynthesis rate and simultaneously promoting accumulation of assimilate for 

development. Additionally, K accelerates the synthesis of chlorophyll, improves the structure of chloroplasts, and 

regulates the concentration of substances in the cells of plants (LI et al., 2021). This ensures proper growth of the 

plant. Similarly, low K content in the cell vacuole decreases cell turgor, causing reduced cell wall extension, thus 

affecting leaf area (HU et al., 2020). However, the decline in the leaf area after 20 kg K2O of MOP indicated that 

the increased level could have resulted in the increased transpiration rate, thus enhancing the metabolism of 

assimilates. This was substantiated when a higher K application resulted in a further decrease in the observed leaf 

area. 
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Table 3. Effect of muriate of potash (MOP) on garden egg leaf area. 

MOP First planting (WAT)  Second planting (WAT) 

(kg K2O ha-1) 2 4 6  2 4 6 

0 48,60a 170,47a 1012,27a  95,75b 355,00a 2069,74a 

15 103,00a 537,95a 2381,43a  106,93ab 459,90a 2944,11a 

30 116,49a 205,92a 1313,63a  132,33a 373,50a 2231,18a 

45 75,21a 191,68a 1175,04a  103,40ab 366,67a 2112,46a 

LSD ns ns ns  31,58 ns ns 

WAT = weeks after transplanting; MOP = muriate of potash; ns = not significant at p<0.05. 

 

 
Figure 2. Relationship between leaf area and rate of muriate of potash (MOP) at 8 weeks after planting during the 

first and second plantings. 

 

Effect of muriate of potash on garden egg number of leaves 

The responses of garden eggs to MOP application were not significantly different for the number of leaves at 

2 WAT but ranged from 3.08 to 4.08 (Table 4). However, the number of leaves observed at 15 kg K2O ha-1 was 

significantly higher than other treatments at 4 WAT. At 6 WAT, 15 kg K2O ha-1 had 23.66, 15.73 and 43.97% higher 

number of leaves than 30, 45 and 0 kg K2O ha-1, respectively. During the second planting, the number of leaves 

observed was not significantly different among the treatments. However, the control had the highest number of 

leaves at 2 and 4 WAT, while plants treated with 15 kg K2O ha-1 of MOP had the highest values at 6 WAT. At 8 

WAP, the polynomial regression curves indicated that MOP application at 26.13 and 28.53 kg K2O ha-1 was the 

optimum dose for the maximum number of leaves (Figure 3). The application of different levels of MOP did not 

significantly enhance leaf initiation during the two plantings, with the highest effect observed at 26.13 and 28.53 kg 

K2O ha-1 with the R2 values of 0.77 and 0.66 for the first and second plantings, respectively. The result of this study 

supports Lin & Yeh's (2008) report that the K application had no appreciable influence on the production of new 

leaves in Guzmania lingulata (L.) Mez. However, the moderate supply of K promotes root system development, 

encouraging more nutrient uptake and facilitating cell proliferation in the plant tissue. Consequently, the availability 

of photo-assimilation through the K-applied provides the required energy for vegetative organs to grow 

(CHOUDHARY et al., 2024). Depending on the location of the cell multiplication, there would be an increase in 

elongation that translates to a vertical rise or initiation of new leaves along the plant stem. The observed decline in 

the number of leaves after the optimum dose of MOP application could indicate that these levels were excessive 

for the plants, thus causing a reduction in this parameter. Excess K application has been reported to lead to a 

decrease in vegetative growth. The cause of the reduction in growth was attributed to the role played by K under 

excessive conditions by restricting the rooting system, antagonising the functioning of Ca, Mg and P uptake, limiting 

N metabolism, and reduced photosynthesis and photosynthate translocation which caused the overall reduction in 

vegetative growth (TRÄNKNER et al., 2018; LIU et al., 2020). Furthermore, excessive soil K leads to poor soil 
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physical condition and increased Cl gas release that limits microbial activities, which could have aided in the 

mineralisation of nutrients for plant uptake (PEREIRA et al., 2019; LIU et al., 2024). 

 

Table 4. Number of garden egg leaves as affected by muriate of potash application (MOP)  

MOP First planting (WAT)  Second planting (WAT) 

(kg K2O ha-1) 2 4 6  2 4 6 

0 3,08a 5,33b 11,25a  6,17a 10,00a 17,00a 

15 4,08a 8,17a 20,08a  5,67a 9,00a 23,67a 

30 3,75a 5,50b 15,33a  5,83a 9,83a 19,50a 

45 3,67a 5,50b 16,92a  5,33a 8,67a 21,33a 

LSD ns 2,64 ns  ns ns ns 

WAT = weeks after transplanting; MOP = muriate of potash; ns = not significant at p<0.05. 

 
Figure 3. Relationship between leaf area and rate of muriate of potash (MOP) at 8 weeks after planting during the 

first and second plantings 

 

Influence of muriate of potash application on the fruits and dry shoot weights of garden egg 

During the first and second plantings, the MOP application variations significantly influence garden fruit 

weights (Figure 4). Despite that the residuals were randomly scattered, the polynomial curves at a degree of 2 for 

the first and second planting revealed a low quadratic regression fitness of R2 (0.22 and 0.17, respectively) for the 

two planting periods. The fruit weight mean values were higher than plants treated with 15 and 45 kg K2O ha-1 of 

MOP but were similar to the control for the two plantings. However, the curves indicated the level of MOP 

application for optimum fruit yieds were 30.81 and 23.05 kg K2O ha-1 of MOP during the first and second plantings, 

respectively, The higher fruit yield at these levels could be attributed to better K nutrition, which increases the 

photoassimilate accumulation of plants than in other treatments (LI et al., 2021). Sufficiency in K nutrition increases 

the absorption and utilisation of water and nutrients, encourages photoassimilates and ultimately increases crop 

yield (TRÄNKNER et al., 2018). The fruit yield resulted from the transportation and redistribution of assimilates 

produced and stored in vegetative organs (LIU et al., 2020). The fruit yield observed for MOP applications between 

25 and 30 kg K2O ha-1 with the highest growth parameters during the two plantings suggested a consistency in the 

dry matter partitioning of plants. Consequently, the 30.81 and 23.05 kg K2O ha-1 treated plants had a more efficient 

partitioning than plants treated with lower or higher doses. Fan et al. (2023) substantiated in their study that dry 

matter accumulation and partitioning in plants are regulated by soil fertility, thus affecting yield. Conversely, 

improvement in yield at 30.81 kg K2O over 23.05 kg K2O suggests that there could be a variation in K utilisation 

efficiency during the partitioning of accumulation. At a higher K application above the optimum, garden eggs' fruit 

yield decreased, indicating poorer vegetative growth due to unhealthy growing conditions. Contrary to earlier reports 

suggesting that tropical soils are adequate in potassium (K) due to the availability of non-exchangeable forms of K 

for plant uptake (FIRMANO et al., 2020), this study confirmed that careful application of K is essential for achieving 

optimum yields of garden eggs. 
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Figure 4. Relationship between fruit weight and rate of muriate of potash (MOP) at 8 weeks after planting during 

the first and second plantings 

 

The response of garden egg dry shoot biomass was significantly affected by MOP application during the first 

and second plantings (Figure 5). The polynomial regression curves for dry shoot biomass had a very high significant 

(P<0.001) fitness (R2 values of 0.86 and 0.87) for the first and second plantings, respectively. The curves indicated 

that the optimum garden egg dry shoot weight was at 14.53 and 16.60 K2O ha-1 of MOP during the first and second 

plantings, respectively. The negative coefficient in quadratic equation suggests the increase in the level of MOP 

application above the optimum results in a further reduction in dry shoot biomass during the first and second 

planting, The observed crop dry shoot weight indicates the plant's ability, through K acquisition, to accumulate 

photoassimilates in the shoot system (HU et al., 2016). Providing an enabling environment for crops through K 

application increases the ability of the plant to accumulate carbohydrates for growth (LI et al., 2021). The availability 

assimilates serves as the source of energy for dry matter production. This study indicated that for dry shoot weight, 

the highest response of garden egg to K fertiliser application was between 14.53 and 16.60 kg K2O ha-1, while the 

higher level decreased dry biomass accumulation. Consequently, successive increase in K fertiliser causes limited 

vegetative growth in garden eggs. This result could be attributed to the observed growth parameters, in which plants 

treated with optimum K nutrition had the highest leaf area and the number of leaves, which are the indicators 

considered as the plant's photosynthetic apparatus for photosynthate accumulation that promotes yield 

(TRÄNKNER et al., 2018). 
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Influence of muriate of potash application on the bacterial and fungal colonies 

Garden egg planting significantly increased bacterial colonies in the soil compared to the initial colonies during 

the first and second plantings (Figure 6). The data points were well fitted through the polynomial regression curve 

with the R2 values of 0.85 and 0.94 (p<0.001) during the first and second plantings, respectively. Muriate of potash 

application also increased bacterial colonies in the soil compared to the control, with a decline after the optimum 

doses at 25.29 and 26.75 kg K2O ha-1 during the first and second plantings, respectively.  

 
Figure 6. Relationship between rate of muriate of potash (MOP) and bacterial colonies at 8 weeks after planting in 

the first and second plantings 

 

Fungal colony-forming units in the soil were significantly increased with MOP application during the first and 

second plantings (Figure 7). The data points during the first plantings indicated that the fungal colonies before 

planting were similar to the observed colonies at 0 kg K2O ha-1 after the first planting. The fungal colonies before 

planting was considerably higher in the control after planting during the second planting. The polynomial regression 

curves for the first and second plantings revealed the optimum fungal colonies were at 33.85 and 23.25 kg K2O ha-

1 of MOP, respectively. The R2 values (0.86 and 0.91) for both plantings were very high. 

 
Figure 7. Relationship between rate of muriate of potash (MOP) and bacterial colonies at 8 weeks after planting in 

the first and second plantings 
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(DIJKSTRA et al., 2021; LOPEZ et al., 2023). Similarly, the plants could provide bioactive molecules into the 

rhizosphere (MOLEFE et al., 2023). The available organic carbon from the decayed roots and the substrates from 

the root must have served as the energy source for microbial proliferation. Furthermore, increasing MOP 

application during the two plantings favoured bacterial and fungal colonies. The role of K in crops is that of 

encouraging the root system of the crop to acquire more nutrients (HARO & BENITO, 2019), during which 

organic carbon and organic substances are simultaneously deposited into the rhizosphere (DIJKSTRA et al., 2021; 

MOLEFE et al., 2023). The deposited carbon provides materials for the increase in microbial activities. The 

substantial increase in microbial colonies at the optimum doses could have occurred during the final vegetative 

stage, thus aiding the availability of nutrients through the assimilate partitioning period (since the colonies were not 

measured over time). However, the result of the two plantings in this study suggests that excessive increases of 

MOP in garden eggs could lead to a decline in both bacterial and fungal colonies. Although the effect of MOP 

application on bacteria and fungi was not separated, Pereira et al. (2019) also reported that a high level of MOP 

application caused a reduction in soil microbial activities. The reduced microbial colonies under higher MOP 

conditions could cause a decrease in nitrogen mineralisation and increased chlorine gas production, reducing the 

presence of soil microbes (PEREIRA et al., 2019). The low microbial presence in the soil at a higher MOP 

application in this study could have been an indicator of deficiency in soil health due to high K application, 

consequently leading to poor garden egg performance. 

4. CONCLUSION 

This study established the need for applying potassium fertiliser for improved growth and yield of garden egg. 

Potassium application through MOP between 25 and 30 kg K2O ha-1 favoured garden egg height, leaf area and the 

number of leaves over the observation periods compared to the other levels considered. Similarly, using 30.81 and 

23.05 kg K2O ha-1 of MOP optimises garden egg fruit yields and microbial colonies at harvest, except for dry shoot 

biomass. Conclusively, in other to minimise the possible escalation of the environmental cost of high K application, 

25 kg K2O ha-1 of MOP was considered rational for fostering sustainable garden egg production. 

REFERENCES 

ADEKIYA, A.O.; ALORI, E.T.; OGUNBODE, T.O.; SANGOYOMI, T.; ORIADE, O.A. Enhancing organic carbon content 

in tropical soils: strategies for sustainable agriculture and climate change mitigation. The Open Agriculture Journal, v.17, 

e18743315282476, 2023. http://dx.doi.org/10.2174/0118743315282476231124074206  

ADJEI, E.; SANTO, K.G.; POKU, I.A.; ALEXANDER, D.; ANTWI, A.O. Garden egg (Solanum melongena L.) performance 

under different sources of animal manure as a sustainable alternative fertilizer for farmers. Agricultural Sciences, v.14, 

p.1053-1067, 2023. https://doi.org/10.4236/as.2023.148070  

AKPAN, S.B.; EBONG, V.O. Agricultural land use and population growth in Nigeria. The need for synergy for a sustainable 

agricultural production. Journal of Agribusiness and Rural Development, v.3, n.61, p.269–278, 2021. 

http://dx.doi.org/10.17306/J.JARD.2021.01424  

ATTIA, H.; REBAH, F.; OUHIBI, C.; SALEH, M.A.; ALTHOBAITI, A.T.; ALAMER, K.H.; NASRI, M.B.; LACHAÂL, M. 

Effect of potassium deficiency on physiological responses and anatomical structure of basil, Ocimum basilicum L. Biology, 

v.11, n.11, p.1557, 2022. https://doi.org/10.3390/biology11111557  

AZIZI, S.; THOMAS, T.; RAO, S. Effect of different levels of chemical fertilizers on soil physico-chemical properties of 

Inceptisols. International Journal of Multidisciplinary Research and Development, v.3, n.8, p.29-32, 2016. 

https://www.allsubjectjournal.com/assets/archives/2016/vol3issue8/3-7-106-614.pdf   

BELL, M.J.; MALLARINO, A.P.; MOODY, P.W.; THOMPSON, M.L.; MURRELL, A.S. Soil characteristics and cultural 

practices that influence potassium recovery efficiency and placement decisions. Proceeding of Frontiers of Potassium 

Workshop, Rome, 25-27 January 2017, 2017. https://www.apni.net/wp-content/uploads/2020/05/Bell02.pdf  

BEN-DAVID, A.; DAVIDSON, C.E. Estimation method for serial dilution experiments. Journal of Microbiological 

Methods, v.107, p.214-221, 2014. https://doi.org/10.1016/j.mimet.2014.08.023   

CARTER, M. R.; GREGORICH, E. G. Soil sampling and methods of analysis. 2nd Edition. CRC press. Boca Raton, p.1264. 

2007. https://doi.org/10.1201/9781420005271   

CHOUDHARY, M.; GARG, K.; REDDY, M.B.; MEENA, B.L.; MONDAL, B.; TUTI, M.D.; KUMAR, S.; AWASTHI, M.K.; 

GIRI, B.S.; KUMAR, S.; RAJAWAT, M.V.S. Unlocking growth potential: Synergistic potassium fertilization for enhanced 

yield, nutrient uptake, and energy fractions in Chinese cabbage. Heliyon, v.10, n.7, e28765, 2024. 

https://doi.org/10.1016/j.heliyon.2024.e28765  

http://dx.doi.org/10.2174/0118743315282476231124074206
https://doi.org/10.4236/as.2023.148070
http://dx.doi.org/10.17306/J.JARD.2021.01424
https://doi.org/10.3390/biology11111557
https://www.allsubjectjournal.com/assets/archives/2016/vol3issue8/3-7-106-614.pdf
https://www.apni.net/wp-content/uploads/2020/05/Bell02.pdf
https://doi.org/10.1016/j.mimet.2014.08.023
https://doi.org/10.1201/9781420005271
https://doi.org/10.1016/j.heliyon.2024.e28765


Rev. Ciênc. Agroamb. v.23, n.1, 2025  23 de 24 

 

DEGRI, M.M. The effect of spacing of eggplant (Solanum melongena L.) (Solanaceae) on shoot and fruit borer (Leucinodes orbonalis 

Guen.) Lepidoptera:Pyralidae) infestation in the dry savanna zone of Nigeria. Agriculture and Biology Journal of North 

America, v.5, n.1, p.10-14, 2014. https://www.scihub.org/ABJNA/PDF/2014/1/ABJNA-5-1-10-14.pdf    

DIJKSTRA, F.A.; ZHU, B.; CHENG, W. Root effects on soil organic carbon: a double-edged sword. New Phytologist, v.230, 

p.60-65, 2021. https://doi.org/10.1111/nph.17082  

ENWEZOR, W.O.; OHIRI, A.C.; OPUWARIBO, E.E.; UDO, E.J. Review of fertilizer use on crops in Southeastern 

Nigeria. Fertilizer Procurement and Distribution, Lagos, Nigeria, p.420, 1989.  

FAN, P.; MING, B.; EVERS, J.B.; LI, Y.; LI, S.; XIE, R.; ANTEN, N.P. Nitrogen availability determines the vertical patterns 

of accumulation, partitioning, and reallocation of dry matter and nitrogen in maize. Field Crops Research, v.297, 

p.108927, 2023. https://doi.org/10.1016/j.fcr.2023.108927   

FAO. Food and Agriculture Organization of the United Nations: Statistical Division (FAOSTAT). 2024. Available online: 

http://www.fao.org/faostat/en/#data/QC   

FIRMANO, R.F.; MELO, V.F.; MONTES, C.R.; OLIVEIRA, A.; CASTRO, C.; ALLEONI, L.R.F. Potassium reserves in the 

clay fraction of a tropical soil fertilized for three decades. Clays and Clay Minerals, v.68, n.3, p.237-249. 

https://doi.org/10.1007/s42860-020-00078-6 

HARO, R.; BENITO, B. The role of soil fungi in K+ plant nutrition. International Journal of Molecular Sciences, v.20, 

n.13, p.3169, 2019. https://doi.org/10.3390/ijms20133169  

HASANUZZAMAN, M.; BHUYAN, M.H.; NAHAR, K.; HOSSAIN, M.S.; MAHMUD, J.A.; HOSSEN, M. S.; MASUD, A.A.; 

FUJITA, M. Potassium: A vital regulator of plant responses and tolerance to abiotic stresses. Agronomy, v.8, n.3, p.31, 

2018. https://doi.org/10.3390/agronomy8030031   

HU, W.; LU, Z.; MENG, F.; LI, X.; CONG, R.; SHARKEY, T.D.; LU, J. The reduction in leaf area precedes that in 

photosynthesis under potassium deficiency: the importance of leaf anatomy. New Phytologist, v.227, p.1749–1763, 2020. 

https://doi.org/10.1111/nph.16644  

HU, W.; JIANG, N.; YANG, J.S.; MENG, Y.L.; WANG, Y.H.; CHEN, B.L.; ZHAO, W.Q.; OOSTERHUIS DERRICK, M.; 

ZHOU, Z.G. Potassium (K) supply affects K accumulation and photosynthetic physiology in two cotton (Gossypium 

hirsutum L.) cultivars with different K sensitivities. Field Crops Research, v.196, p.51-63, 2016. 

https://doi.org/10.1016/j.fcr.2016.06.005  

IFA International Fertilizer Industry Association (IFA). Recommended best practice for the analysis of potassium content 

in potassium chloride (KCl) fertilizers; Paris, France. (2009). https://www.fertilizer.org/wp-

content/uploads/2023/01/2009_IFA_recommended_BP_kcl_fertilizers.pdf  

KHASKELI, Z.; JAMALI, A.R.; JAMALI, S.; KUMAR, A.; WAGAN, M.A.; CHANDIO, S.R. Effect of different potassium 

levels on growth and yield of tomato (Lycopersicon esculentum Mill.). Plant Physiology and Soil Chemistry, v.3, n.1, p.26-

30, 2023. DOI: http://doi.org/10.26480/ppsc.01.2023.26.30  

KOPITTKE, P.M.; MENZIES, N.W.; WANG, P.; MCKENNA, B.A.; LOMBI, E. Soil and the intensification of agriculture 

for global food security. Environment International, v.132, 105078, 2019. 

https://doi.org/10.1016/j.envint.2019.105078  

LI, X.; HE, N.; XU, L.; LI, S.; LI, M. Spatial variation in leaf potassium concentrations and its role in plant adaptation strategies. 

Ecological Indicators, v.130, 108063, 2021. https://doi.org/10.1016/j.ecolind.2021.108063  

LIN, C.; YEH, D. Potassium nutrition affects leaf growth, anatomy, and macroelements of Guzmania. HortScience, v.43, n.1, 

p.146–148, 2008. https://doi.org/10.21273/HORTSCI.43.1.146  

LIU, J.; WANG, D.; YAN, X.; JIA, L.; CHEN, N.; LIU, J.; ZHAO, P.; ZHOU, L.; CAO, Q. Effect of nitrogen, phosphorus 

and potassium fertilization management on soil properties and leaf traits and yield of Sapindus mukorossi. Frontiers in Plant 

Science, v.15, 1300683, 2024. https://doi.org/10.3389/fpls.2024.1300683  

LIU, Q.; XU, H.; MU, X.; ZHAO, G.; GAO, P.; SUN, W. Effects of different fertilization regimes on crop yield and soil water 

use efficiency of millet and soybean. Sustainability, v.12, 4125, 2020. https://doi.org/10.3390/su12104125  

LOPEZ, G.; AHMADI, S.H.; AMELUNG, W.; ATHMANN, M.; EWERT, F.; GAISER, T.; GOCKE, M.I.; KAUTZ, T.; 

POSTMA, J.; RACHMILEVITCH, S.; SCHAAF. G.; SCHNEPF, A.; STOSCHUS, A.; WATT, M.; YU, P.; SEIDEL, S.J. 

Nutrient deficiency effects on root architecture and root-to-shoot ratio in arable crops. Frontiers in Plant Science, v.13, 

1067498, 2023. https://doi.org/10.3389/fpls.2022.1067498 

MATISIC, M.; DUGAN, I.; BOGUNOVIC, I. Challenges in sustainable agriculture—The role of organic amendments. 

Agriculture, v.14, n.4, 643, 2024. https://doi.org/10.3390/agriculture14040643  

MAUNDU, P.; ACHIGAN-DAKO, E.; MORIMOTO, Y. Biodiversity of African vegetables. In: SHACKLETON, C.M.; 

PASQUINI, M.W.; DRESCHER A.W. (eds). African indigenous vegetables in urban agriculture. CTA Technical 

Publications (London: Earthscan). p.65-104, 2009. https://hdl.handle.net/10568/76872  

https://www.scihub.org/ABJNA/PDF/2014/1/ABJNA-5-1-10-14.pdf
https://doi.org/10.1111/nph.17082
https://doi.org/10.1016/j.fcr.2023.108927
http://www.fao.org/faostat/en/#data/QC
https://doi.org/10.1007/s42860-020-00078-6
https://doi.org/10.3390/ijms20133169
https://doi.org/10.3390/agronomy8030031
https://doi.org/10.1111/nph.16644
https://doi.org/10.1016/j.fcr.2016.06.005
https://www.fertilizer.org/wp-content/uploads/2023/01/2009_IFA_recommended_BP_kcl_fertilizers.pdf
https://www.fertilizer.org/wp-content/uploads/2023/01/2009_IFA_recommended_BP_kcl_fertilizers.pdf
http://doi.org/10.26480/ppsc.01.2023.26.30
https://doi.org/10.1016/j.envint.2019.105078
https://doi.org/10.1016/j.ecolind.2021.108063
https://doi.org/10.21273/HORTSCI.43.1.146
https://doi.org/10.3389/fpls.2024.1300683
https://doi.org/10.3390/su12104125
https://doi.org/10.3389/fpls.2022.1067498
https://doi.org/10.3390/agriculture14040643
https://hdl.handle.net/10568/76872


Rev. Ciênc. Agroamb. v.23, n.1, 2025  24 de 24 

 

MIKKELSEN, R.L.; ROBERTS, T.L. Inputs: Potassium sources for agricultural systems. In: MURRELL, T.S.; MIKKELSEN, 

R.L.; SULEWSKI, G.; NORTON, R.; THOMPSON, M.L. (eds.). Improving potassium recommendations for 

agricultural crops. Springer, Cham. p.47-73. (2021). https://doi.org/10.1007/978-3-030-59197-7_2   

MOLEFE, R.R.; AMOO, A.E.; BABALOLA, O.O. Communication between plant roots and the soil microbiome; involvement 

in plant growth and development. Symbiosis, v.90, p.231-239, 2023. https://doi.org/10.1007/s13199-023-00941-9  

PEREIRA, D.G.C.; SANTANA, I.A.; MEGDA, M.M.; MEGDA, M.X.V. Potassium chloride: impacts on soil microbial activity 

and nitrogen mineralization. Ciência Rural, v.49, n.05, e20180556, 2019. http://dx.doi.org/10.1590/0103-

8478cr20180556  

PLAZAS, M.; ANDÚJAR, I.; VILANOVA, S.; GRAMAZIO, P.; HERRAIZ, F.J.; PROHENS, J. Conventional and phenomics 

characterization provides insight into the diversity and relationships of hypervariable scarlet (Solanum aethiopicum L.) and 

gboma (S. macrocarpon L.) eggplant complexes. Frontiers in Plant Science, v.5, 96687, 2014. 

https://doi.org/10.3389/fpls.2014.00318  

RIVERA, C.M.; ROUPHAEL, Y.; CARDARELLI, M.; COLLA, G.A. simple and accurate equation for estimating individual 

leaf area of eggplant from linear measurements. European Journal of Horticultural Science, v.72 p.228–230, 2007. 

Available online: http://www.jstor.org/stable/24126284   

SARDANS, J.; PEÑUELAS, J. Potassium control of plant functions: Ecological and agricultural implications. Plants, v.10, 419, 

2021. https://doi.org/10.3390/plants10020419  

STEWART, Z.P.; PIERZYNSKI, G.M.; MIDDENDORF, B.J.; VARA PRASAD, P.V. Approaches to improve soil fertility in 

sub-Saharan Africa. Journal of Experimental Botany, v.71, n.2, 632, 2019. https://doi.org/10.1093/jxb/erz446  

TRÄNKNER, M.; TAVAKOL, E.; JÁKLI, B. Functioning of potassium and magnesium in photosynthesis, photosynthate 

translocation and photoprotection. Physiologia Plantarum, v.163, p.414-431, 2018. https://doi.org/10.1111/ppl.12747  

USERO, F.M.; ARMAS, C.; MORILLO, J.A.; GALLARDO, M.; THOMPSON, R.B.; PUGNAIRE, F.I. Effects of soil 

microbial communities associated to different soil fertilization practices on tomato growth in intensive greenhouse 

agriculture. Applied Soil Ecology, v.162, 103896, 2021. https://doi.org/10.1016/j.apsoil.2021.103896  

XU, X.; WANG, F.; XING, Y.; LIU, J.; LV, M.; MENG, H.; DU, X.; ZHU. Z.; GE, S.; JIANG, Y. Appropriate and constant 

potassium supply promotes the growth of M9T337 apple rootstocks by regulating endogenous hormones and carbon and 

nitrogen metabolism. Frontiers in Plant Science, v.13, 827478, 2022. https://doi.org/10.3389/fpls.2022.827478  

YIN, M.; LI, Y.; HU, Q.; YU, X.; HUANG, M.; ZHAO, J.; DONG, S.; YUAN, X.; WEN, Y. Potassium increases nitrogen and 

potassium utilization efficiency and yield in Foxtail Millet. Agronomy, v.13, n.9, 2200, 2023. 

https://doi.org/10.3390/agronomy13092200  

ZHANG, H.; ZHAO, Y.; ZHU, J. Thriving under stress: how plants balance growth and the stress response. Developmental 

Cell, v.55 n.5, p.529-543, 2020. https://doi.org/10.1016/j.devcel.2020.10.012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Revista de Ciências Agroambientais (ISSN 1677-6062) 
https://periodicos.unemat.br/index.php/rcaa 

Universidade do Estado de Mato Grosso “Carlos Alberto Reyes Maldonado” 

https://doi.org/10.1007/978-3-030-59197-7_2
https://doi.org/10.1007/s13199-023-00941-9
http://dx.doi.org/10.1590/0103-8478cr20180556
http://dx.doi.org/10.1590/0103-8478cr20180556
https://doi.org/10.3389/fpls.2014.00318
http://www.jstor.org/stable/24126284
https://doi.org/10.3390/plants10020419
https://doi.org/10.1093/jxb/erz446
https://doi.org/10.1111/ppl.12747
https://doi.org/10.1016/j.apsoil.2021.103896
https://doi.org/10.3389/fpls.2022.827478
https://doi.org/10.3390/agronomy13092200

