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Abstract 
The objective of this research was to evaluate the effectiveness of soil and foliar application of po-
tassium (K) on leaf and seed mineral concentration levels, and seed composition (protein, oil, fatty 
acids, and minerals). Soybean cultivar (Pioneer 95470) of maturity group 5.7 was grown in a re-
peated greenhouse experiment in a randomized complete block design. Treatment consisted of 
two concentrations of foliar K application (T1, rate of 1.75% and T2, rate of 2.5%) and soil appli-
cation (T3, rate of 190 mg/kg and T4, rate of 380 mg/kg). Potassium was applied for each type at 
V3 (vegetative) and R3 (beginning of seed pod initiation) stages. The results showed higher K and 
S concentrations in leaves in T1 and T2. The concentrations of B and Zn decreased in all treat-
ments, whereas Fe concentration increased in T1 and T3. In seeds, most mineral concentrations 
were stable, except for Fe which increased in both T1 and T3. Seed protein percentage increased 
3.0% in T3 compared with the control (no K application). Seed oil percentage showed a general 
decrease in all the treatments, except for 3.2% increase in T4. Palmitic acid percentages showed 
significant increase in all concentrations, the highest percentage increase of 16.9% was observed 
in T4. Stearic acid increased in T2 and T3. Linoleic acid percentages increased in both foliar 
treatments, but linolenic acid percentage increased in high soil treatment T4 alone, with an in-
crease of 12.2% in comparison to the control. Significant decrease (15.8%) in linoleic acid was 
found in foliar application, T2. Oleic acid decreased uniformly in all treatments, where the highest 
decrease (19.2%) was observed in soil application, T4. Our research demonstrated that both foliar 
and soil application of K were found to selectively alter seed composition. Further research is 
needed to be conducted under field conditions before conclusions can be made. 

 

 

*Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not 
imply recommendation or endorsement by the U.S. Department of Agriculture. 
#Corresponding author. 
 

http://www.scirp.org/journal/ajps
http://dx.doi.org/10.4236/ajps.2014.55069
http://dx.doi.org/10.4236/ajps.2014.55069
http://www.scirp.org
mailto:mpande7@gmail.com
http://creativecommons.org/licenses/by/4.0/


M. Pande et al. 
 

 
542 

Keywords 
Potassium; Soybean; Seed Minerals; Seed Composition; Foliar Application 

 
 

1. Introduction 
Soybean is the second largest crop in cash sales. The majority of soybean crops are processed for oil and meal, 
and soybean is the only plant food that contains complete protein that provides all essential amino acids required 
for human health. Soybean seed also contains carbohydrate, fatty acids, and minerals [1]. Polyunsaturated fatty 
acids in diet have been shown to actively lower serum cholesterol levels [2]. Soybean oil is rich in polyunsatu-
rated fatty acids, including the two essential fatty acids, linoleic and linolenic, that are not produced in the body. 
Linoleic and linolenic acids help the absorption of vital nutrients required for human health [1], and soy prod-
ucts have also been shown to be useful in prevention and treatment in bone resorption, inhibiting ovarian, breast 
and colon cancer, and other chronic heart and kidney diseases [3]-[9]. 

Potassium (K) is an essential nutrient involved in regulating water balance [10] and enhancing water uptake. 
Potassium is involved in nearly all processes needed to sustain plant life [11] besides its role in conferring pest 
and disease resistance. Soybean crop takes up and removes large amounts of potassium from soil than any other 
nutrient [11]. Potassium application have shown to increase the number of pods as well as exerted a beneficial 
influence on retaining pods until harvest in soybean [12]. Potassium fertilization can be either applied to soil or 
as foliar spray to plants. Soil application is the standard form of application and has its own advantages unless 
soil pH and other factors affect the movement and uptake from soil to the plants. Foliar application can rapidly 
help plants to recover from stress due to drought, high heat, pests and diseases. The conventional way [13] [14] 
to apply K to the soil is before planting (pre-planting), and larger quantity may improve soil fertility for subse-
quent crops. Previous research has focused on foliar fertilization of soybeans at late reproductive stages and 
produced inconsistent and insignificant results [15] [16]. However, foliar application is still attracting research-
ers’ interest [16]-[18] to evaluate effective rates and timing of application to avoid drought and heat stress at 
critical stages. Studies [13] have shown that both pre-plant and foliar K applications can increase soybean yields 
with low to medium soil K levels. Although foliar and soil application of K fertilizers have been used to main-
tain optimum level of nutrients [18] in crop, there is limited information on the effect of foliar and soil K ferti-
lizer on seed composition (protein, oil, fatty acids, and minerals). The objective of this research was to investi-
gate the effectiveness of foliar and soil applications of K fertilizer on soybean seed protein, oil, fatty acids, and 
minerals. 

2. Materials and Methods 
2.1. Experimental Design, Statistical Analysis, and Treatment 
A greenhouse experiment was conducted twice at Mississippi Valley State University. Soybean cultivar Pioneer 
95Y70 of maturity group 5.7 was grown and 4 replicates were used. The experimental design was a randomized 
block. Statistical analyses were performed using ANOVA in SAS. Level of significance was at P ≤ 0.05. The 
soil used for this experiment was Earthgrow top soil, the soil physical and chemical properties were as follows: 
Soil texture was of sandy clay, pH 6.34. Base saturation of the soil was 95.13, and organic matter (OM%) was 
36.92. Macro- and micro-nutrient concentrations in soil were (mg/kg): N (170), S (170), P (20.2), Ca (3307), K 
(351), Mg (201), Cu (0.48), Fe (65), Mn (84), Zn (6.54), Na (80.8). The greenhouse is located in Itta Bena, Mis-
sissippi with latitude of N 33˚28' and longitude W 90˚20'. The experiment was carried out, starting in May until 
end of September (seed maturity stage). The temperature ranged from 24.4˚C in early May to 35˚C in July and 
August. The treatments consisted of control (C, no K application), two concentrations of foliar K application (T1 
= K2SO4 at the rate of 1.75%; and T2 = K2SO4 at rate of 2.5%), and two concentrations of soil application (T3 = 
K2SO4 at the rate of 190 mg/kg; and T4 = K2SO4 at the rate of 380 mg/kg. Potassium was applied at vegetative 
(V3) and beginning of seed pod initiation (R3) stages.  

2.2. Leaf and Seed Mineral Analysis 
Leaf tissue samples were collected one week after the second application, dried and analyzed for mineral con-
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centration. Similarly seeds were harvested and collected at maturity for seed mineral analysis. Leaf and seed 
mineral analysis was done at the Soil, Plant and Water laboratory at the University of Georgia, Athens, GA. 
Briefly, nutrients were analyzed by digesting 0.5 g of ground seed in HNO3 in a microwave digestion system. 
Nutrients were determined using ICP. The total N was measured in a 0.25-g sample using an elemental analyzer. 

2.3. Seed Protein, Oil, and Fatty Acid Analysis 
Soybean seeds were harvested at maturity and analyzed for protein, oil and fatty acids using infra-red (NIR) in-
strument at USDA-ARS in Stoneville, MS. Briefly, about 25 g of whole seed from each treatment was analyzed 
by near infrared reflectance [19] using a diode array feed analyzer AD 7200 (Perten, Springfield, IL). Calibra-
tions were developed by the University of Minnesota, using Perten’s Thermo Galactic Grams PLS IQ software, 
and the calibration curve was established according to AOAC methods [20] [21]. Protein and oil analyses were 
conducted based on a seed dry matter basis [19] [22], and fatty acids were analyzed on an oil basis. 

3. Results 
3.1. Leaf Mineral Concentrations 
Potassium concentration in leaves was high in all treatments, and the highest percentage of K (2.75%) was ob-
served at the higher rate of foliar application (T2) compared to control (1.90%) (Table 1). Nitrogen concentra-
tion was also high in K foliar applications (T1) and K soil application (T3). Leaf S concentration increased in 
both foliar treatments T1 (0.31%) and T2 (0.33%) compared to control (0.14%). Leaf B and Zn concentrations 
decreased in all four K treatments, and the lowest concentrations of B was in T1 (66.2 mg/kg) and lowest Zn in 
T4 (50.1 mg/kg) compared to B control (82.3 mg/kg) and Zn control (59.1 mg/kg), respectively. Whereas, Fe 
increased in both lower concentrations of foliar (T1) and Soil (T3) treated plants. Concentration of Na signifi-
cantly increased in leaves of both foliar treatments T1 (351.25 mg/kg) and T2 (494.83 mg/kg) compared to con-
trol (36.83 mg/kg). 

3.2. Seed Mineral Concentrations 
Seed K concentration remained stable (Table 2) in foliar applications, but decreased in soil applications com-
pared to control. Seed N concentration (Table 2) showed positive response in T2 (6.4%) and T3 (6.4%) com-
pared to control (6.2%). Unlike in leaf tissue, S concentration in seeds decreased in both foliar and soil applica-
tion at lower rate K. Seed B concentration in leaf tissue decreased in foliar applications but remained constant 
with soil treatments. Zn was more stable in seeds, increasing only in low rate of foliar K treatment (77.6 mg/kg) 
compared to control (71.92 mg/kg). Fe concentration increased in seeds in all treatments compared to control. 
Na concentration was found to be generally higher in control (639.4 mg/kg) compared to leaf tissue concentra-
tion in fertilized plants (36.83 mg/kg). However, in contrast to the trend seen in leaves, Na concentration in seed 
decreased in all treatments compared to control. 
 
Table 1. Mean values of leaf mineral concentration in RR soybean pioneer 95Y70 as affected by foliar and soil application 
of K fertilizer.                                                                                          

Treatment 
Macronutrients (%) Micronutrients (mg/kg) 

K N S B Fe Zn Na 
Control 1.90c 2.27b 0.14c 82.26a 76.89b 59.10a 36.83c 

T1-Foliar  
1.75% 2.50b 2.63a 0.31b 66.17c 85.26a 52.49b 351.25b 

T2-Foliar  
2.5% 2.75a 2.21b 0.33a 74.18b 70.42b 52.00b 494.83a 

Control 1.90b 2.27b 0.14b 82.26a 76.87b 59.10a 36.83a 
T3-Soil 

190 mg/kg 2.07a 2.95a 0.15ab 68.92c 84.53a 56.18b 29.36b 

T4-Soil 
380 mg/Kg 1.90b 2.25b 0.16a 73.68b 76.83b 50.08c 20.28c 

Notes: Means (4 rep) within a column between treatment groups, followed by the same letter are not significantly different at P ≤ 0.05 level. 
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Table 2. Mean values of seed mineral concentration in RR soybean pioneer 95Y70 as affected by foliar and soil application 
of K fertilizer.                                                                                          

Treatment 
Macronutrients (%) Micronutrients (mg/kg) 

K N S B Fe Zn Na 

Control 2.31a 6.22b 0.33a 39.82a 86.75b 71.92b 639a 

T1-Foliar 
1.75% 2.36a 6.24ab 0.32a 38.41a 90.48a 77.66a 484b 

T2-Foliar 
2.5% 2.35a 6.35a 0.32a 35.82b 88.68ab 71.22b 516b 

Control 2.31a 6.22b 0.33a 39.82a 86.75b 71.92a 639a 

T3-Soil 
190 mg/kg 2.25b 6.40a 0.31a 39.62a 89.61b 70.44ab 534b 

T4-Soil 
380 mg/Kg 2.21b 6.20b 0.32a 38.92a 103a 69.58b 483b 

Notes: Means (4 rep) within a column between treatment groups, followed by the same letter are not significantly different at P ≤ 0.05 level. 

3.3. Seed Composition 
Results from the repeated experiments were combined as no significant interactions were found between the two 
experiments for seed composition constituents. Protein percentage significantly increased (3.03%) with T3 soil 
application, but only slightly increased in T1 (1.72%) and T2 (1.24%) compared to control (Table 3). Protein 
percentage (Table 3) however slightly decreased with soil treatment T4 (0.57%). No change was observed in oil 
percentages in T1, with a slight decrease of 0.20% in T2, whereas a significant decrease (5.19%) was found in 
soil application (T3) compared to control. Oil percentage, on the other hand, increased (3.19%) in soil applica-
tion T4. Linoleic percentages in seeds increased in both foliar applications with an increase of 1.98% in T1 and 
3.33% in T2 while it remained relatively stable with soil applications. Linolenic acid decreased with foliar 
treatment while it increased with soil applications. Oleic acid percentages in the seeds decreased in all treat-
ments, and the greatest decrease (19.24%) was found in soil treatment T4 (Table 3). 

4. Discussion 
4.1. Leaf and Seed Mineral Concentration 
Results showed that leaf and seed mineral concentrations were affected by both foliar and soil application of K. 
Lower rates of foliar (T1), and soil (T3) applications showed higher concentrations of K, N, and Fe in leaf tissue, 
with the highest increase of these nutrients found in foliar treatments. Previous studies [11] [23]-[25] reported 
increased accumulation of N, P, K, and micronutrients in soybean tissues when K fertilizer was applied. In the 
present study, some of nutrients in seeds responded differently than in the leaves. For example, in seeds, K re-
mained constant with foliar treatment while it slightly decreased with soil applications compared to control. N 
increased in T2 and T3 alone in seeds, while in leaves N increased in T1 and T3. Fe responded by increasing in 
seeds with all K applications while Fe increased only in T1 and T3 in leaves, demonstrating inconsistent results 
between leaf and seed minerals. The increase in mineral concentrations in leaf tissue did not necessarily result in 
increases in seed concentrations, and this may be due to translocation and uptake mechanism differences for 
minerals or due to mineral requirement differences by seed. Recently [26], it was reported that K concentration 
in leaves and seeds increased with K application rate increase, although the increase of K was not found to be 
consistent by year and location in some cases. Also, it was reported that K application resulted in higher yield 
[11] [23]. The significantly higher Na2+ concentrations in foliar treated soybean leaves compared with control 
and soil applications were previously reported. For example, it was reported that plants had higher salt index 
when treated with foliar K [27], and plants that had leaf burn and decreased yield had high salt index [28]. In the 
present study, we did not observe any visible damage or leaf burn, and seeds actually had lower Na concentra-
tions in treated groups compared to control, suggesting that the rates of K applied in this experiment were not at 
toxic levels. In spite of this, salt injury in plant tissue needs to be investigated further. It was reported that using 
fluid products with low salt index [14] [29] [30] or using small amounts of nutrient sprayed onto soybean foliage 
at early stages when soil conditions limit nutrient uptake could minimize salt accumulation. 
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Table 3. Mean values of seed protein, oil and fatty acid percentages in Pioneer 95Y70 as affected by foliar and soil applica-
tion of K fertilizer.                                                                                       

Treatment Protein Oil Palmitic Stearic Oleic Linoleic Linolenic 

control 41.93bc 18.76a 10.38b 4.25b 22.41a 55.50c 7.66a 

T1-Foliar 
1.75% 

42.65ab 
(+1.72) 18.76a 10.41b 

(+0.36) 4.25b 21.1b 
(−5.58) 

56.60b 
(+1.98) 

7.13a 
(−7.01) 

T2-Foliar 
2.5% 

42.45ab 
(+1.24) 

18.73a 
(−0.20) 

11.15a 
(+7.47) 

4.49a 
(+5.58) 

20.35b 
(−9.20) 

57.35a 
(+3.33) 

6.45b 
(−15.82) 

control 41.93bc 18.76b 10.38c 4.25b 22.41a 55.50a 7.66b 

T3-Soil 
190 mg/kg 

43.20a 
(+3.03) 

17.79c 
(−5.20) 

11.01b 
(+6.14) 

4.36a 
(+2.64) 

21.30a 
(−4.97) 

55.53a 
(+0.05) 

7.90b 
(+3.11) 

T4-Soil 
380 mg/kg 

41.69c 
(−0.58) 

19.36a 
(+3.20) 

12.13a 
(+16.87) 4.25b 18.10b 

(−19.24) 
55.88a 
(+0.68) 

8.60a 
(+12.24) 

Notes: Values within a column between treatments, followed by the same letter are not significantly different at P ≤ 0.05. Values in parenthesis indi-
cate percentage (%) increase (+) or (%) decrease (−) compared to control. 

4.2. Seed Protein, Oil, and Fatty Acids 
A general increasing trend was observed in seed protein percentages compared to control in both foliar applica-
tions, while a significant increase in seed protein was found only in soil application T3. In both foliar applica-
tions (T1 and T2), where protein increase was not significant, oil percentage also did not show any measurable 
change. The highest increase in protein observed in T3 was accompanied with significant decrease in oil. The 
inverse relationship between protein and oil was also evident in T4 where a decrease in protein percentage was 
accompanied with increase in oil, although the change was not significant. The inverse relationship between 
protein and oil was previously reported [31] [32]. Protein and oil in the above studies exhibited negative correla-
tion (r = −0.87), while other studies [26] [33] reported increases in both protein and oil with increasing rate of K 
fertilizer. The conflicting result could be due to environmental conditions under which soybean was grown or 
genotype or different rates of K application.  

The increase in protein was also accompanied by increase in K and N in leaf tissues. Our findings were in 
agreement with earlier studies [26] [34]-[37] where they reported an increase in protein with higher K levels. 
Potassium is directly or indirectly involved in plant protein metabolism [35], with K crucial in most steps of 
protein synthesis [35] [38]. Previous research [39] reported enhanced transport of essential amino acids at higher 
K fertilizer levels, especially to the developing seeds. Overall, K application had positive effect on protein, ex-
cept for high K soil treatment T4, where protein percentage values remained constant in comparison to control, 
which is in agreement with earlier report [33] which showed a lack of linear correlation between increased K 
fertilizer rate and increase in seed constituents. 

Potassium (K) application resulted in an increase in palmitic acid in both foliar and soil treatments. Stearic 
acid was more stable, increasing slightly with T2 and T3 treatments. Foliar treatment increased linoleic acid 
(C18:2), while decreasing linolenic acid (C18:3) as well as oleic acid (C18:1). Soil application, however, af-
fected seed composition differently by the rate of K application. Linoleic acid remained stable in soil application, 
while linolenic acid increased in both soil treatments. The higher rate of soil application T4 resulted in bigger 
shifts in linolenic and oleic acid percentages. The decrease in oleic acid is in agreement with our earlier study 
[25] on foliar application of K and K+glyphosate on soybean seed composition. In contrast, other authors have 
reported an increase in oleic acid by K fertilizers [26]. The inconsistency of results may be due to environmental 
conditions (especially, drought, heat, and soil conditions, greenhouse vs. field experiment), and genotype. Our 
present research showed that K application altered seed compositions, overall both the foliar applications and 
soil application at the lower rate was found to be effective in increasing macronutrients levels in leaf tissue. Soil 
application at lower rate showed significant increase in linolenic acid and in protein percentages compared to 
control. Further research is needed to evaluate efficient K rate application and timing of foliar application to in-
crease desirable seed composition constituents and mineral nutrients without causing high salt accumulations.  

5. Conclusion 
Foliar and soil K fertilizer application seems to increase concentrations of K in leaf tissues, and the lower rates 
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of K fertilizer in both applications resulted in increased N and Fe concentrations. Foliar application increased K, 
S, Na concentrations in leaf tissues. Seed protein increased, and oil and oleic acid decreased by K fertilizer. 
Further research is needed to evaluate the efficiency of K fertilizer application and timing of application for 
higher seed composition qualities under field conditions.  
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