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Abstract 

Potassium (K) is a vital macro-nutrient needed for proper growth and 
development of plants. Therefore, the objective of this study is to evaluate the 
agronomic performance of potassium fertilizer and potassium-bearing minerals 
added with humic acids and mycorrhiza on wheat plant growth and nutrient uptake 
in sandy loam soil. The field experiment was conducted on low-potassium-content 
sandy soil. The sandy soil was treated with potassium sulfate (KS) or feldspar (FS) 
either alone or in combination with humic acid and/or mycorrhiza fungi. Applying 
KS and FS either alone or in combination with humic and/or inoculation with 
mycorrhiza significantly enhanced plant growth parameters (plant height, spike 
length, and weight of 100 seeds) and yield than those of control soil. Applying 
treatments significantly increased straw yield by 126-401%, grain yield by 155-
806%, and total yield by 138-559% than those of control soil. From the obtained 
results, the treatments of mycorrhizal inoculation and humic acid significantly 
increased plant growth parameters, yield, and harvest index, but the mycorrhizal 
inoculation combined with humic acid had better effects in growth parameters, 
yield, biochemical properties (protein, carbohydrates, and total sugar content) and 
nutrients (NPK) uptake. It could be concluded that both humic acid and/or 
mycorrhiza increased the plant uptake of macronutrients in the experimental soil 
and improved soil productivity. Therefore, our findings suggest that the application 
of feldspar mineral combined with mycorrhiza and humic acid could be considered 
as an alternative and a replacement for K-mineral fertilizers in sandy soils. 
Keywords: Growth of plants, Nutrients uptake, Feldspar, Microbial inoculation  

Introduction 

Potassium (K) is a vital macro-nutrient needed for proper growth and 
development of plants (Hasanuzzaman et al., 2018). Its absence and less 
availability in the soil cannot be compensated by any other nutrient. Potassium 
deficiency significantly affects plant growth and development. Furthermore, K is 
an important ingredient in food production since it is required for a variety of 
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biochemical and physiological processes that are responsible for protein synthesis, 
glucose metabolism, and enzyme activation, as well as plant growth and 
development (Wang et al., 2013; Sardans et al., 2021).   

Overall, K chemical fertilizers should be applied in big quantities to increase 
crop output per unit area and to make up for soil K declines. The high expense of 
potassium fertilizers also drives up manufacturing costs and contributes to 
environmental damage. Natural potassium fertilizer is a low-cost source of 
potassium that can be used as a fertilizer in agriculture (Ciceri et al. 2019). 
Potassium is an essential nutrient for plant growth and development, and feldspar 
can provide this nutrient to the soil (Ciceri et al. 2019; Bell et al., 2021). Several 
experiments have shown that feldspar releases enough potassium to compete with 
potash for certain agricultural uses (Wang et al., 2022). Feldspar-derived 
potassium fertilizer varieties can be engineered to meet varied soil conditions, 
making it a versatile option for farmers. 

On the other hand, bio-fertilizers, which are applied to soil or plants, are an 
effective way to reduce the usage of chemical fertilizers while also increasing food 
safety for human consumption (Youssef and Eissa, 2017; Meena et al., 2016; 
Wang et al., 2022). In this context, rocky biofertilization is a process that involves 
the use of rock materials and biofertilizers to improve soil fertility and crop yield 
(Abou-El-Seoud et al. 2012; Schütz et al, 2018). The application of microbial 
inoculants, also known as biofertilizers, can help reduce the use of conventional 
inorganic fertilizers (Schütz et al, 2018; Wang et al., 2022). Biofertilizers can fix 
nitrogen (N) and help access nutrients such as N, P, and K from organic fertilizers 
and soil (Schütz, et al, 2018). The synergistic effects of soil fertilization with rock 
K substances and co-inoculation with K-dissolving bacteria have been evaluated 
in several studies (Abou-El-Seoud et al., 2012; Wang et al., 2022; Stamford et al., 
2006). K-dissolving bacteria of (Bacillus cereus) could dissolve potassium from 
K-feldspar minerals by generating organic acids such as tartaric, citric, and oxalic 
acid accelerating the mineral's K release (Hu et al., 2021; Buragohain et al., 2018; 
Wange et al., 2022). Generally, rock biofertilizers are a promising technology that 
can improve soil fertility and crop yield.  

For optimal plant growth, a combination of rock K substances and co-
microbial inoculation that solubilizes them may give K more promptly and 
continuously. Though there are several investigations on using rock K and co-
inoculation with K-dissolving bacteria (Singh, V. K., et al. 2022), the combined 
effects of rock substances and mycorrhiza co-inoculation on mineral availability 
in high pH sandy soils, mineral content, and wheat plant growth are not well 
studied. Therefore, in the current study, the main objective of this work is to 
evaluate the efficiency of K chemical fertilizer and potassium-bearing mineral 
(feldspar) combined with organic acids (humic acid) and mycorrhiza fungi (AMF) 
on the growth parameters and yield of wheat plants grown in sandy loam soil as 
well as nutrients and biochemical parameters of the wheat plant have been 
investigated. 
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Materials and Methods 
Sampling, preparation, and characterization of soil samples and materials 

The soil samples were collected from the agricultural farm located in El-
Kajooj, Kom Ombo, Aswan Governorate, Egypt. The samples were air dried and 
sieved with a (2 mm). The particle size distribution was measured by the pipette 
method according to Dewis and Feritas (1970). The physical and chemical soil 
properties were determined according to Dewis and Fertais (1970) and Sparks 
(1996). Soil pH was determined in soil paste. Soil EC was determined in soil paste 
extract. Total Calcium carbonate was determined using Collin's calcimeter method 
according to Dewis and Fertais, (1970). Organic matter content was determined 
using the Anne method (modified Walkely's Black method) according to Mathieu 
and Pieltain, 2003). Soil available N was measured by Kjeldahal method after soil 
sample extraction with 2 M KCl.  Soil available P was measured colorimetrically 
by spectrophotometer after soil samples extraction with 0.5 M NaHCO3. Soil 
available K were measured by flame photometer after soil samples extraction with 
1 M NH4OAc. Some physical and chemical properties of a representative soil 
sample for the experiment were determined and are shown in Table (1). The data 
for soil analyses showed that the soil samples have 52.61% sand, 35.65% silt, and 
16.8% clay, and the level of organic matter accounted for 0.24% and a high CaCO3 
content of 3.02%. The soil pH had a value of 7.96 and ECe had a value of 1.62 dS 
m-1. The available N, P, and K in soil accounted for 35.16, 6.88, and 121 mg kg-1, 
respectively.  
Table 1. Physicochemical properties of the experimental soil 

Soil Properties Value 
Mechanical analysis 
Sand% 52.61 
Silt% 35.65 
Clay% 11.74 
Soil texture Sandy loam  
Chemical properties  
pH   7.96 
ECe dSm-1 1.43 
CaCO3 3.02 
OM % 0.24 
Available Nutrients (mgKg-1) 
Nitrogen (N) 35.16 
Phosphorus (P) 6.88 
Potassium (K) 121.32 

A sample of K-feldspar with a chemical composition of KAlSi3O8, 
containing potassium (K), aluminum (Al), silicon (Si), and oxygen (O), was obtained 
from one of the areas where feldspar ore is found in Wadi El-Alaqi, 180 km south of 
Aswan. The sample was ground into a powder and its chemical analysis, including 
its constituent elements (K, Al, Si, and O), was determined using X-ray 
fluorescence (XRF). The percentage of K2O in the sample was estimated to be 
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7.10%. Furthermore, the percentage composition of other chemical elements in the 
ore is also significant. The ore contains a high percentage of SiO2 (75.85%), which 
is an essential compound for the development of plant cell walls. It also contains 
Al2O3 (10.89%), which is necessary for the formation of clay minerals, and CaO 
(0.80%), which is important for soil health and pH balance. 

For sieve analysis, the feldspar sample was sorted into three size ranges using 
sieve analysis. The results showed that the particles with a size of 0.20 mm made 
up 20.7% of the sample, and the particles with a size of 0.080 mm made up 34.65% 
of the sample. Meanwhile, particles with a size smaller than 0.080 mm (or -0.080 
mm) made up 44.65% of the sample. Based on the given information, however, 
the sample contains particles of 3 different sizes, with the majority (79.30%) 
falling within the range of 0.080 mm and -0.080 mm.  
The field experiment 

The objective of the field experiment is to investigate the effect of potassium 
sulfate (KS), or feldspar (FS) either alone or in combination with humic (HA) 
and/or w potassium content, cultivated in the agricultural farm located in El-Kajooj 
village - Kom Ombo - Aswan Governorate, Egypt at latitude and longitude during 
the wheat growing season of 2022/2023, as a first experiment, so it was laid out in 
27 randomly repeated plots each plot size was 3.0 m long and 1.5 m wide.  

The treatments of potassium sulfate (KS), or feldspar (FS) either alone or in 
combination with humic (HA) and/or inoculation with mycorrhiza (AMF) were 
applied randomly. The wheat seeds (Triticum aestivum) were planted in rows 
spaced 15 cm apart on Nov. 21, 2022. Abuscular mycorrhizal fungus, Glomus 
mosseae was obtained from the Agricultural Research Center in Dokki, Cairo. 
Potassium (K) was applied at 100 kg K/hectare (ha) from two sources, potassium 
sulfate (51% K2O) and feldspar ore powder (7.09% K2O). Nitrogen (N) and 
phosphorous (P) were applied at the recommended dose (Granulated Urea 
Fertilizer 46.5% Nitrogen) and (super phosphate 51% P2O5) respectively. The first 
dose of nitrogen and full doses of phosphorus and potassium were applied at 
sowing. The second dose of N was applied at the stem elongation stage. The third 
dose of N was applied at the booting stage. The inoculum containing 250 spores/g 
soils together with mycelium and mycorrhizal root fragments, was used at a rate 
of 7 kg/ha. Meanwhile, humic acid was applied at a rate of 5 kg/ha.  

At the harvesting stage, plant height, spike length, weight of 100 seeds, and 
straw and grain yield were estimated. Additionally, biochemical parameters of 
protein, carbohydrate, and total sugar were measured in wheat plant samples. The 
collected samples of straw and grain from each treatment were dried at 70 °C, 
grinded, and then digested using the wet digestion procedure (H2SO4‐H2O2) 
according to Parkinson and Allen (1975) for further nutrients (N, P, and K) 
analysis. The Kjeldahl method was used to measure the total nitrogen content of 
straw and grain samples. Additionally, the concentrations of K in digests were 
measured using a flame photometer, and the concentrations of P were measured 
colorimetrically using a spectrophotometer. 



 
Mohammed et al., 2024 

Assiut J. Agric. Sci. 55(1) 2023 (236-254)                                                                                 240 

Statistical analysis 
The collected data was statistically analyzed using the R programming 

language. The analysis of variance (ANOVA) was performed on the data. LSD 
(Least significant difference) test at 0.05 level was used to compare the treatment 
effects. 
Results 
Treatment effect on plant growth parameters and yield 

Data in Table (2) represent the effect of potassium sulfate (KS), or feldspar 
(FS) either alone or in combination with humic and/or inoculation with mycorrhiza 
on yield and components of wheat plants. Applying fertilizer with 100% KS and 
100% FS either alone or in combination with humic and/or inoculation with 
mycorrhiza significantly enhanced plant growth parameters and yield than those 
of control soil.  
Table 2. Treatment effect on plant growth parameters and yield 

Treatments Symbol 
Plant 
height 

Spike 
length 

Weight 
of 100 
seeds 

Yield 
HI 

Straw Grain Total 

cm g Kg/ha % 
Control CK 45.3 e 5.2 d 3.33 f 1192 e 763 f 1955 e 39.1 c 
K2SO4 T1 69.7 bcd 9 c 4.3 d 2715 d 1944 e 4659 d 41.7 c 
K2SO4 + Humic Acid T2 70.8 bcd 10 bc 4.23 d  2869 d 2865 d 5734 d 50 b 
K2SO4 + Mycorrhiza 
Fungi T3 72.8 bc 10.8 ab 4.97 ab 4193 c 4363 c 8556 c 50.3 ab 

K2SO4 + Mycorrhiza 
Fungi + Humic Acid T4 73.3 abc 11.5 a 4.9 ab 5968 a 6909 a 12877 a 53.6 a 

Feldspar T5 64.5 d 9 c 3.73 e 2690 d 2004 de 4694 d 42.7 c 
Feldspar + Humic Acid T6 68.3 cd 9.8 bc 4.6 c 3953 c 3966 c 7919 c 50.1 b 
Feldspar + Mycorrhiza 
Fungi T7 75.5 ab 10.2 bc 4.77 bc  3605 c 3816 c 7421 c 51.5 ab 

Feldspar + Mycorrhiza 
Fungi + Humic Acid T8 80 a 10.7 ab 5.13 a 5133 b 5874 b 11007 b 53.4 ab 

LSD at p < 0.05   12.3 1.6 0.33 1180 1471 2603 3.94 
a, b… : Different letters in the same column between treatments mean that there are significant differences (P<0.05). 

The all-investigated treatments showed a significant increase in plant height, spike 
length, and weight of 100 seeds by 53.9%-76.6%, 73.1%-108%, and 29.1%-54.1% 
compared to the control (CK). However, compared to potassium sulfate fertilizer 
(KS), the treatments of mycorrhizal inoculation and humic acid increased plant 
growth parameters and yield, but the significant increases in plant height were 
pronounced only for T8. Amendment of T3 (KS+ Mycorrhiza Fungi), T4 (KS+ 
HA + Mycorrhiza Fungi), and T8 (FS+HA+ Mycorrhiza Fungi) resulted in a 
significant increase in spike length for plant height by 20%, 27.8%, and 18.9% 
compared to KS. Meanwhile, treatments of T3, T4, T7, and T8 showed a 
significant increase in weight of 100 seeds compared to KS. The percentage of 
these increases accounted for 15.6% (T3), 14% (T4), 10.9% (T7), and 19.3% (T8) 
compared to KS.    

Regarding wheat yield, applying treatments significantly increased straw 
yield by 126-401%, grain yield by 155-806%, and total yield by 138-559% than 
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those of control soil. Nevertheless, as compared to KS, the addition of T3 (KS+ 
Mycorrhiza Fungi), T4 (KS+ HA+ Mycorrhiza Fungi), T6 (FS+HA), T7 (FS+ 
Mycorrhiza Fungi), and T8 (FS+HA+ Mycorrhiza Fungi) significantly increased 
total yield by 83.6%, 176.4%, 70%, 59.3%, and 136.3%, respectively. The plots 
with no potash treatment exhibited the lowest wheat straw and grain production, 
with values of 1192 and 763 kg ha-1, respectively.  
Treatment effects on nutrients and biochemical composition 

Data in Tables (3 and 4) present the effect of potassium sulfate (KS) or 
feldspar (FS) either alone or in combination with humic and/or inoculation with 
mycorrhiza on the nutrients (NPK), protein, carbohydrates, and total sugar content 
of wheat plants. 

The difference in the performance of wheat nutrients under various 
treatments is shown in Table (3). The application of KS or FS alone increased NPK 
content, but not significantly in most cases compared to control. Meanwhile, the 
treatments of mycorrhizal inoculation and humic acid significantly increased NPK 
content in both straw and grain, but the combined treatment of mycorrhizal 
inoculation and humic followed by the mycorrhizal inoculation treatment had 
better effects than humic acids alone, KS or FS in NPK content. The application 
of mycorrhiza combined with humic acid exhibited the highest level of straw N 
(29.4 and 29.6 g/kg), grain N (18.7 and 18.4 g/kg), straw P (3.88 and 3.83 g/kg), 
grain P (3.10 g/kg), straw K (31.1 and 30.9 g/kg), grain K (29.7 and 29 g/kg) in 
soils treated with KS and FS, respectively, followed by the individual application 
of mycorrhiza. Compared to KS, amendment of T4 (KS+ HA+ Mycorrhiza Fungi) 
and T8 (FS+HA+ Mycorrhiza Fungi) resulted in a significant increase in straw N 
by 14.8%, and 14%, respectively. Meanwhile, treatments of T3, T4, and T8 
showed a significant increase in grain N concentration compared to KS. The 
percentage of these increases in grain N accounted for 8% (T3), 12.5% (T4), and 
9.8% (T8) compared to KS. Except for straw P with T5 and grain P with T6, the 
majority of examined treatments demonstrated a significant increase in P 
concentration in grain by 2.5-11.5% and straw P by 2.6-11.2% compared to KS. 
For straw K concentration, treatments of T2, T3, T4, T7 and T8 showed a 
significant increase by 7, 12.2, 14.8, 8.6 and 14% compared to K, respectively.  

Regarding NPK uptake by straw and grain of wheat plants, as shown in Table 
(3), all examined treatments demonstrated significant increases compared to CK. 
The treatments of mycorrhizal inoculation and humic acid significantly increased 
NPK uptake in both straw and grain, but the combined treatment of mycorrhizal 
inoculation and humic followed by the mycorrhizal inoculation or humic acid 
treatments had better effects. 
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Table 3. Treatment effects on straw and grain nutrient (NPK) concentrations and 
uptake 

Treatment Symbol 
Straw Grain 

N P K N P K 
Concentration (g/kg) 
Control CK 24.5 e 3.29 g 25.3 f 14.1 f 2.6 e 24.9 f 
K2SO4 T1 26.4 cde 3.49 f 27.1 de 16 de 2.8 d 26.4 def 
K2SO4 + Humic Acid T2 27.4 abcd 3.65 de 29 bc 16.9 bcd 2.9 cd 27.3 bcde 
K2SO4 + Mycorrhiza Fungi T3 28.7 abc 3.79 bc 30.4 ab 17.8 abc 3 b 28.5 abc 
K2SO4 + Mycorrhiza Fungi + 
Humic Acid T4 29.6 a 3.88 a 31.1 a 18.7 a 3.1 a 29.7 a 

Feldspar T5 25.6 de 3.41 f 26.2 ef 15.2 ef 2.7 e 25.6 ef 
Feldspar + Humic Acid T6 28 abcd 3.58 cd 28.2 abc 17.6 abcd 2.9 c 26.9 cde 
Feldspar + Mycorrhiza Fungi T7 27.1 bcd 3.73 e 29.43 cd 16.4 cde 2.9 cd 28.1 abcd 
Feldspar + Mycorrhiza Fungi + 
Humic Acid T8 29.4 ab 3.83 ab 30.9 a 18.4 ab 3.1 ab 29 ab 

LSD   2.87 0.1 2.08 1.94  0.084 2.36 
Uptake (mg plant) 
Control CK 29.1 e 3.92 g 30.12 e 10.79 e 2.01 e 18.95 e 
K2SO4 T1 71.63 d 9.47 f 73.54 d 31.11 de 5.42 de 51.41 de 
K2SO4 + Humic Acid T2 78.6 d 10.47 def 83.15 cd 48.57 cd 8.28 cd 78.28 cd 
K2SO4 + Mycorrhiza Fungi T3 120.57 bc 15.86 bc 127.14 b 78.57 b 13.14 b 123.78 b 
K2SO4 + Mycorrhiza Fungi + 
Humic Acid T4 176.66 a 23.14 a 185.62 a 129.36 a 21.49 a 205.08 a 

Feldspar T5 73.94 d 9.78 ef 75.37 d 31.23 de 5.55 de 52.64 de 
Feldspar + Humic Acid T6 110.5 c 14.17 cd 110.85 bc 69.34 bc 11.29 bc 106.46 bc 
Feldspar + Mycorrhiza Fungi T7 97.78 cd 13.46 cde 105.94 bc 62.64 bc 10.91 bc 107.38 bc 
Feldspar + Mycorrhiza Fungi + 
Humic Acid T8 150.28 ab 19.68 ab 158.24 a 108.34 a 18 a 170.98 a 

LSD at p < 0.05   36.14 4.62 33.5 29.65 4.41 42.22 
a, b… : Different letters in the same column between treatments mean that there are significant differences (P<0.05). 

Regarding biochemical parameters, applying fertilizer with 100% KS and 100% FS 
either alone or in combination with humic and/or inoculation with mycorrhiza 
significantly increased protein, carbohydrates, and total sugar content compared to 
control soil (Table 4). Among all treatments, T4 (KS+ mycorrhiza +humic acid) 
or T8 (FS+ mycorrhiza +humic acid) showed the highest increases in protein, 
carbohydrates, and total sugar compared to other treatments. The control treatment 
had the lowest protein, carbohydrates, and total sugar content of 8.11%, 63.84%, 
and 2.28%, respectively, whereas the treatments including mycorrhizal inoculation 
and/or humic acid significantly enhanced the levels of these parameters with no 
significant differences between them. Applying treatments including mycorrhizal 
inoculation and/or humic acid significantly increase protein, carbohydrates, and 
total sugar compared to control soil, which accounted for 9.74% (KS+HA), 
10.25% (KS+ Mycorrhiza Fungi), 10.77% (KS+HA+ Mycorrhiza Fungi), 10.10% 
(FS+HA), 9.41% (FS+ Mycorrhiza Fungi), and 10.58% (FS+ HA+ Mycorrhiza 
Fungi). However, compared to applying KS alone, only T4 (KS+HA+ Mycorrhiza 
Fungi) or T8 (FS+ HA+ Mycorrhiza Fungi) showed significant increases in the 
content of protein, carbohydrates, and total sugar. 



 
Enhancing the Agronomic Performance of Potassium Fertilizer and … 

Assiut J. Agric. Sci. 55(1) 2023 (236-254)                                                                                 243 

Table 4. Treatment effects on protein, carbohydrates, and total sugar 

Treatments Symbol Protein Carbohydrates Total sugar 
% 

Control CK 8.11 f 63.84 e 2.28 f 
K2SO4 T1 9.2 de 66.58 cd 2.48 de 
K2SO4 + Humic Acid T2 9.74 bcd 67.01 bcd 2.6 cd 
K2SO4 + Mycorrhiza Fungi T3 10.25 abc 67.6 abc 2.78 ab 
K2SO4 + Mycorrhiza Fungi + 
Humic Acid T4 10.77 a 68.67 a 2.91 a 

Feldspar T5 8.74 ef 65.94 d 2.38 ef 
Feldspar + Humic Acid T6 10.1 abcd 67.52 abc 2.72 bc 
Feldspar + Mycorrhiza Fungi T7 9.41 cde 66.83 cd 2.55 cde 
Feldspar + Mycorrhiza Fungi + 
Humic Acid T8 10.58 ab 68.49 ab 2.84 ab 

LSD at p < 0.05   1.12 1.78 0.21 
a, b… : Different letters in the same column between treatments mean that there are significant differences (P<0.05). 

Treatment effects on potassium use efficiency (PUE) 
The amount of nutrients in the soil that plants require to achieve their maximum 

yield varies depending on their nutrient efficiency. A lower internal nutrient demand 
for optimum growth or a higher absorption efficiency of the plant may be responsible 
for the changes in external nutrient requirements. Therefore, In the current study, 
potassium use efficiency based on external K acquisition (KUEe) and internal K 
utilization (KUEi) has been calculated. Figure 1 shows the impact of K sources 
treated by AMF and HA and their combination on KUEe and KUEi. The results 
for KUE showed that there were significant differences in the KUEe and KUEi 
values based on applied treatment. The wheat plants showed a strong yield increase 
due to K fertilization in combination with HA and/or AMF. Although there were 
no significant differences in the PUE between potassium sulfate alone and feldspar 
treatments when applied alone, applications of humic acid and humic acid + AMF 
under soil treated with potassium sulfate fertilization resulted in statistically higher 
KUEe than those under soil treated with feldspar. The numerical values of the 
KUEe index with K sources studied with treatments of humic and/or mycorrhiza 
were greater (20.6-47.8%) than KS (15.3%) or FS (18.3%) when applied alone 
(without humic and/or mycorrhiza) in the order: AMF+HA > HA or AMF > KS or 
FS. On the contrary, the KUEi index with K sources studied with treatments of 
humic and/or mycorrhiza showed lower ratio of (33.5-36.4) than KS (37.3) or FS 
(38.5) when applied alone (without humic and/or mycorrhiza) in the order: 
AMF+HA < AMF < HA < KS or FS.  Our results suggest that humic acid 
combined with mycorrhiza has maximized the soil K availability to plant roots that 
enhanced the K content of wheat roots and consequently showed the highest KUEe 
value of 47.8% for treatment of KS+. Humic acid + mycorrhiza, followed by 
treatment of FS+. Humic acid + mycorrhiza (40.3%).  
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Figure 1. Impact of K sources treated by AMF and HA and their combination on 
KUEe (A) and KUEi (B). Different letters refer to the least significant differences 
±SD. 
Discussion 

Generally, it was observed that the application of potassium (K) increased 
growth and improved crop yield. Our research trial's findings align with the results 
obtained by (Soumare et al. 2022), possibly due to enhanced levels of potash 
fertilizer application. The presence of sufficient potassium in the growing medium 
promoted the activation of enzymes and photosynthesis, leading to increased 
biomass yield. Conversely, the absence of K supplementation resulted in 
deformities in vegetative growth and reduced biomass yield in wheat crops. These 
results are consistent with the findings of numerous other researchers in this field, 
including (Guo et al. 2019; El-Mageed et al. 2023; El-Nahas et al. 2019). They 
found that K fertilization had increased the yield of wheat growth and 
development. Additional research by (Bahmanyar, et al. 2008) showed how 
potassium fertilizer enhanced wheat crops' growth characteristics and productivity. 
Maurya, Shri, et al. (2015) stated that crops receiving 80 kg K2O ha-1 of K had 
increased vegetative biomass and displayed the highest biomass production.  

In terms of enhancing total yield, treatments may be arranged as follows: T4 
> T8 > T3 > T7 > T6 > T2 > T5 > T1 > CK. From the obtained results, the 
treatments of mycorrhizal inoculation and humic acid significantly increased plant 
growth parameters, yield, and harvest index, but the mycorrhizal inoculation 
combined with humic acid had better effects on growth parameters. The positive 
effects of mycorrhizal inoculation and humic acids on plant growth were also 
confirmed by prior studies (Franczuk et al., 2023; Khafagi et al., 2018; Khan et 
al., 2018; Sadhana, et al. 2014). Understanding the role of humic acids on crop 
performance has been reviewed by Ampong et al. (2022), revealing that HA 
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application has potentially significant effects on crop agronomic performance and 
soil quality parameters. Humic acid is a type of organic substance that is being 
introduced to the soil to improve its properties and increase water and nutrient 
uptake by plant roots, resulting in plant growth improvement. According to Khan 
et al. (2010), combining HA with NPK significantly boosted wheat plant height, 
spike length, and yield in a field trial. In comparison to the control, Khan et al. 
(2018) also found that the application of HA boosted wheat growth and grain yield. 
Dinçsoy and Sönmez (2019) found that potassium fertilizer with increased HA 
application on wheat plant growth criteria had a substantial impact on biological 
yield, grain yield, and harvest index. 

The results of the current study showed also that fungi inoculation enhances 
plant growth such as plant height, spike length, and weight of 100 seeds as well as 
the yield better than those treatments of CK, KS, FS, KS+HA, and FS+HA. 
Beneficial can improve the nutrient status of crops and their yield. AMF (fungi 
mycorrhiza inoculation) treatment has been reported as a considerable potential for 
enhancing crop yield (Sabia et al., 2015; Lu et al., 2015; Hijri, 2016; Wu et al., 
2004). As a long-term approach to enhancing plant development, nutrition, root 
growth, and reactions to external stress factors, the use of mycorrhiza as a bio-
fertilizer has been proposed (Sadhana, et al. 2014). These could result from 
mycorrhiza's positive impact on boosting microflora populations and increasing 
microbial biomass, which would improve soil fertility and increase crop 
production (Bahadur et al. 2016). The potential involvement of AMF in increasing 
plant nutrient and water uptake, improving nutrient usage efficiency, and 
producing better biomass and yield has been widely documented in literature 
(Seutra et al., 2021; Droh et al., 2016; Grümberg and Urcelay, 2015) 

Among all these treatments, T4 (KS+ mycorrhiza +humic acid) followed by 
T8 (FS+ mycorrhiza +humic acid) showed the highest increases in plant growth 
parameters and yield than those of other treatments. The findings suggest that 
humic compounds may act as an environmental stimulant for arbuscular 
mycorrhizal fungus in soil. According to a previous study by Gryndler et al. 
(2005), adding humic acid to the non-soil substratum significantly increased 
mycorrhizal colonization. According to our findings, HA and AMF work together 
to benefit plants. 

Regarding NPK uptake by straw and grain of wheat plants, as shown in Table 
(3), all examined treatments demonstrated significant increases compared to CK. 
The treatments of mycorrhizal inoculation and humic acid significantly increased 
NPK uptake in both straw and grain, but the combined treatment of mycorrhizal 
inoculation and humic followed by the mycorrhizal inoculation or humic acid 
treatments had better effects. This supports the findings of (Olaniyan, 2022), which 
emphasized the effectiveness of potassium fertilizers and microbial inoculation in 
promoting concentrations of NPK. Furthermore, the use of mycorrhiza as a bio-
fertilizer has been proposed as a long-term approach to enhancing plant 
development, nutrition, root growth, and resilience to external stress factors 
(Berruti et al. 2016). The use of mycorrhiza as a bio-fertilizer can be a sustainable 
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solution for enhancing plant development and nutrient uptake in agricultural 
systems indicating that the combination of K fertilizer, mycorrhiza, and humic acid 
is highly effective in improving the nutrient concentration in leaves. This result is 
consistent with previous studies that reported the positive effect of mycorrhizal 
fungi and humic acid on plant nutrient uptake and availability (Sharma et al. 2013; 
García de León et al. 2020). Several investigators have described the importance 
of AMF in soil nutrient uptake, particularly N and P, which can successfully 
enhance host plant development (Smith et al., 2011; Wang et al., 2018). AMF 
enhances plant nutrition by enhancing nutrient availability and translocation 
(Rouphael et al., 2015). Bücking and Kafle (2015) have reviewed the function of 
arbuscular mycorrhizal fungus in plant nitrogen uptake. They stated that arbuscular 
mycorrhizal fungi can actively transfer nitrogen to plants. Regarding the role of 
mycorrhizal fungi in the solubilization of soil potassium. Sharma et al. (2013) 
explained that mycorrhizal fungi can increase potassium uptake by plants. By 
enhancing potassium absorption, the connection of AMF with the plant may 
improve nutritional status and soil exploration capacity (Evelin et al., 2019). 
According to Balliu et al. (2015), AMF has increased nitrogen, potassium, 
calcium, and phosphorus levels, which indicate improved plant growth. AMF 
forms symbiotic relationships with host plant roots to absorb essential nutrients 
from the host plant and thus, provide minerals like N, P, K, Ca, Zn, and S in return. 
Therefore, even under unfavorable circumstances, AMF provides nutritional 
support to the plants inside the root cells. Arbuscules, a type of fungal structure 
produced by AMF, aid in the interchange of inorganic minerals and carbon and 
phosphorus-containing compounds, giving host plants a significant amount of 
vigor (Begum et al., 2019; Prasad et al., 2017). As a result, they can considerably 
increase the phosphorus concentration in both roots and shoots (Al-Hmoud and 
Al-Momany, 2017). Moreover, mycorrhizal hyphae growing through soil 
environments release exudates including low-molecular-weight sugars and organic 
acids (Abou El Seoud et al. 2012). These released exudates might be able to 
solubilize nutrients from soils or rock nutrient powder, such as feldspar through 
plant production and excretion of soil organic acids or chelate silicon ions to bring 
nutrients into solution (Bahadur et al. 2016). Generally, protons or ligand-
mediated processes may directly accelerate the release of K from feldspar when 
organic acids are present. Indirectly, they can improve dissolution by forming 
complexes in solution, which in turn raises the chemical affinity of the entire 
dissolving process (Ullman and Welch, 2000; Seddik, 2011). These could result 
from mycorrhiza's positive impact on boosting microflora populations and 
increasing microbial biomass, which would improve soil fertility and increase crop 
production (Bahadur et al. 2016).  

On the other hand, the current study's significant enhanced effect of HA on 
raising the concentration of nutrients in the tissues of wheat plants raises the 
possibility that HA can raise the availability and uptake of nutrients from the soil 
by plants.  The relationship between soil-plant nutrient availability and plant 
nutrient uptake following HA application has been reported (Ampong et al., 2022). 
According to Dinçsoy and Sönmez (2019), the effects of humic acid and potassium 
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on the nutritional element concentrations of straw and grain P, K, Ca, and Mg of 
wheat were largely favorable. Plant nutrients like P are complexed by HA's 
chelating process, increasing their availability to plants. According to Wang et al. 
(1995), adding HA to fertilizer applications increased the amount of water-soluble 
P in the soil, which might boost plant uptake of P. Sharma et al. (2013) found that 
HA application improves soil microbial phosphatase activity, which in turn 
promotes soil P solubilization. HA also reduces the sorption of soil phosphate ions 
while boosting their desorption, which raises the concentration of P in the soil 
solution (Zhu et al., 2018). Additionally, HA molecules contain nitrogen, which 
after being applied to the soil, is made available to plants (Billingham, 2012). In 
general, humic acid treatments encourage root growth, enhance cell membrane 
permeability, and boost nutrient intake (Dinçsoy and Sönmez, 2019). 

Overall, the treatments that included the combination of K2SO4 or feldspar 
with mycorrhiza fungi and humic acid (T4 and T8) showed the highest increases 
in N, P, and K concentrations in the leaves of wheat plants. This suggests that there 
might be synergistic effects between K fertilizer and mycorrhiza/humic acid on 
plant growth and nutrient uptake, leading to improved nutrient concentrations in 
the plant tissues. Abo–Baker Basha and Hassan (2017) reported also that the sandy 
loam soil's estimated parameters, including the availability of phosphorus and 
potassium in the soil to plants and various growth parameters for plants, are 
improved by the combined application of phosphorus/potassium mineral materials, 
microbial inoculation, humic substances, and the obtained results of yield and 
nutrient uptake gave highly significant increases compared to their applications. 

Overall, it can be concluded that applying fertilizers, especially treatments of 
humic and/or mycorrhiza had a significant positive effect on the protein, 
carbohydrate, and total sugar content of the wheat plants. These findings are 
consistent with work done by other researchers who reported that applying 
potassium fertilizer and mycorrhiza improves nutrient uptake, amino acids, and 
carbohydrates (Lamlom et al., 2023). Additionally, according to El-Bassiouny et 
al. 2014; Delfine, et al. 2005). humic acid helps to stimulate plant growth and 
carbohydrate metabolism by enhancing photosynthesis, which leads to increased 
protein content. According to Van Tol de Castro et al. (2021), the aromatic and 
aliphatic functional groups of HA were responsible for enhancing N absorption 
and soluble sugars, increasing yield. Therefore, these treatments can be used as a 
strategy to improve the nutritional quality of wheat plants. Moreover, results 
showed that there are no significant differences between feldspar treatments and 
KS treatments either alone or in combination with HA and/or mycorrhiza in most 
cases. This suggests that utilization of feldspar (especially in combination with 
humic acid and/or mycorrhiza) might be considered as an alternative source of 
potassium fertilizers and a beneficial cheap source of K-fertilization for agriculture 
in sandy soils. From the obtained results, it could also be concluded that both 
humic acid and/or mycorrhiza increased the availability of macronutrients in the 
experimental soil and improved soil productivity. 
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Regarding the effect of mycorrhizal fungi on enhancing the use efficacity of 
potassium and other nutrients, mycorrhizal fungi play a crucial role. The hyphae 
of the fungi release organic acids and enzymes that facilitate the weathering 
process by breaking down the mineral structure. This results in the release of 
essential elements such as potassium, calcium, and phosphorus, increasing their 
availability to plants, and subsequently their use efficiency, which are vital for 
plant growth. (VanBreemen, et al. 2000). The combined effect of potasium 
fertilizers or feldspar with mycorrhizal fungi/humic acid enhances levels of 
essential nutrients, especially potassium, which is a nutrient for plant growth. It 
can improve soil fertility, enhance plant growth and development, and promote 
overall crop productivity (Bindschedler and Verrecchia 2019). The released 
nutrients become available for uptake by the plant roots, enhancing their nutrient 
absorption capacity. Additionally, the mycorrhizal fungi themselves can also 
directly absorb and transfer these nutrients to the plant roots. (Wild, Gerrits and 
Bonneville 2022) (Bindschedler and Verrecchia 2019).  
Conclusion 

Applying fertilizer with 100% KS and 100% FS either alone or in 
combination with humic and/or inoculation with mycorrhiza significantly 
enhanced plant growth parameters and yield than those of control soil. From the 
obtained results, the treatments of mycorrhizal inoculation and humic acid 
significantly increased plant growth parameters, yield, and harvest index, but the 
mycorrhizal inoculation combined with humic acid had better effects on growth 
parameters. Our findings suggest that the application of feldspar mineral combined 
with mycorrhiza and humic acid could be considered as an alternative and a 
replacement for K-mineral fertilizers in sandy soils. 
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تحســین أداء ســماد البوتاســیوم والمعادن الحاملة للبوتاســیوم في التربة الطمییة الرملیة بإضــافة  
 الأحماض الدبالیة والمیكوریزا

 2، عادل ربیع أحمد عثمان1محمد صلاح الدین محمد عید، 1قاسم احمد سعید محمد

 .، مصرمعھد البحوث والدراسات الافریقیة، جامعة اسوان الطبیعیة،قسم الموارد 1
 .مصر اسیوط، جامعة الزراعة، كلیة والمیاه، الاراضي قسم2

  الملخص
ــیوم (ی ــر الغذائیة  ) من اKعتبر البوتاسـ اللازمة لنمو وتطور النباتات. ولذلك رى  الكبلعناصـ

والمعادن الحاملة للبوتاسـیوم المضـافة    البوتاسـیوم فإن الھدف من ھذه الدراسـة ھو تقییم أداء سـماد  
ــر الغذائیة في تربة  حامض الھیومیك  مع   ــاص العناصــ والمیكوریزا على نمو نبات القمح وامتصــ
)  KSكبریتات البوتاسـیوم (  بسـماد التربة  ملت  . عو)من البوتاسـیوماھا منخفض  محتو(  رملیةمییة  ط

) إما بمفردھا أو بالاشـــتراك مع حمض الھیومیك و/أو فطریات المیكوریزا. إن  FSأو الفلســـبار (
ة معـاملات   ــافـ الاشـــــتراك مع    FSو  KSإضـــ ا بمفرده أو بـ ك  إمـ و / أو التلقیح  حـامض الھیومیـ

بذرة) والإنتاج    100بالمیكوریزا عزز بشـكل كبیر نمو النبات (ارتفاع النبات وطول السـنبلة ووزن  
ــاف. أدى كنترولمقارنة بتلك الموجودة في تربة ال المعاملات إلى زیادة معنویة في محصـــول  ة  إضـ

ــبة   ــبة  401-126القش بنس ــول الحبوب بنس ــبة  806-155%، ومحص ــول الكلي بنس %، والمحص
مع    FSو    KS  . من النتائج المتحصـل علیھا، أدت معاملات كنترول% مقارنة بمعاملة ال138-559

والخصــائص    إلى زیادة معنویة في نمو النبات والمحصــول  حمض الھیومیكو  بالمیكوریزا    التلقیح
).  NPKوامتصــاص العناصــر الغذائیة (  البیوكیمیائیة (البروتین والكربوھیدرات والنســبة المئویة)

یمكن أن نسـتنتج أن كلا من حمض الھیومیك و/أو المیكوریزا زادا من امتصـاص النبات للمغذیات 
ــافة معدن   ــلنا إلیھا إلى أن إضـ ــیر النتائج التي توصـ ــین إنتاجیة التربة. لذلك، تشـ في التربة وتحسـ

في التربـة   Kالفلســـــبـار مع المیكوریزا وحمض الھیومیـك یمكن اعتبـاره بـدیلاً للأســـــمـدة المعـدنیـة  
 الرملیة.
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