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Abstract 

Potato (Solanum tuberosum L) production in Missouri (USA) resides largely 

in Mississippi and Scott Counties. No research has been conducted in Missouri 

to determine the optimum soil fertilization practices for profitable potato 

production.  This project seeks to understand the basic dynamics of potassium, 

phosphorus and sulfur uptake and for these nutrients to better understand their 

soil pathways to standardize their soil fertility requirements. Potassium 

leaching was assessed using soil exchangeable potassium concentrations by 

soil depth and over selected time intervals prior to and subsequent to potato 

planting, fertilization and ultimately harvest. Potassium tissue concentrations 

suggest that potassium plant uptake is excessive and a potassium fertilization 

protocol needs to be formulated. At harvest, potassium uptake was rather 

equally partitioned into tubers and photosynthetic tissues. Center-pivot 

irrigation and heavy spring rains did not appreciably mobilize sufficient 

potassium below the root zone to decrease farm profitability. Phosphorus was 

preferentially partitioned into tubers, whereas sulfur was rather evenly 

partitioned into tubers and the photosynthetic vegetation. Sulfate and 

phosphate leaching were not important soil process given that fertilization of 

these nutrients remained concentrated in the near surface horizons. Poor 

weather conditions in the second year of production reduced dry matter 

accumulation and nutrient uptake was proportionally reduced.   
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Potato (Solanum tuberosum L) is an erect plant having compound pinnate leaves and 

blue, white, yellow, or purple flowers, yielding a starchy tuber on underground lateral 

stems. Typical USA commercial potato production focuses on coarse-textured soils 

having intensive nitrogen and potassium fertilization programs.  Missouri potato 

production is intended for potato chip production.  

Many studies have focused on potato field methodologies emphasizing optimum 

potassium uptake [1, 2]. Many of these studies further suggest that appropriate 

irrigation scheduling and potassium, phosphorus and sulfur fertilization rates, 

placement and timing strategies are critical field variables influencing fertilizer 

efficiency [1, 2]. Unfortunately, all of these reference studies were conducted in 

traditional potato producing regions where the combinations of climate and soils are 

distinctively different than southeastern Missouri. 

Potassium (K+) has been associated with enzyme activation, transpiration, ATP 

formation, carbon dioxide assimilation, starch synthesis, and nitrogen uptake [3, 4]. 

Jenkins and Mahmood (2003) [5] in a greenhouse project observed that (i) nitrogen 

supply supported potato leaf growth only if phosphorus and/or potassium were 

adequately supplied by the soil and (ii) potassium deficiency reduced dry matter 

partitioning to tubers. Jenkins and Ali (1999) [6] observed that leaf area was reduced 

if phosphorus was reduced, but this effect was cultivar dependent. Potassium leaching 

may occur in coarse-textured, low soil organic matter bearing soils having a small 

cation exchange capacity, especially if they are heavily fertilized with potash (0-0-60) 

[7, 8, 9].    

Phosphorus (H2PO4 and HPO4) has been associated with the molecular structures of 

nucleic acids, ATP, amino sugars and phospholipids and the metabolic processes of 

respiration, photosynthesis, protein synthesis and cellulose synthesis [1, 3, 4]. 

Phosphorus enhances early crop growth tuber maturity and tuber set. Sulfur (SO4
2-) 

has been associated with the synthesis of cysteine, methionine, coenzyme A, biotin, 

thiamin, chlorophyll, and chloroplast proteins [1, 3, 4].  

The purpose of this two-year research was to monitor (i) potato potassium, 

phosphorus and sulfur uptake patterns and (ii) potassium, phosphorus and sulfur soil 

concentrations to assess if fertilization practices were appropriate for optimal 

production. A companion manuscript describes the uptake of nitrogen and nitrate 

leaching [10]. 

 

MATERIALS AND METHODS 

Study Area 

The study area is located in Mississippi County, Missouri, and consists of a 

commercial potato field having the Clana soil series [deep and moderately well-
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drained soils having an A – Bw – C horizon sequence (Mixed, thermic Aquic 

Udipsamments)]. The climate is humid continental. Summers are hot and humid with 

a mean July temperature of 26C and winter temperatures are mild with a mean 

January temperature of 2C.  The mean annual precipitation of 1.2 m is seasonally 

distributed, with somewhat greater rainfall in spring.  

Soil Characterization and Experimental protocols 

Soil profiles were described and sampled from auger bore-holes. Air-dried samples 

were lightly crushed and sieved to separate the fine earth fraction (less the 2 mm). 

Additionally, periodic soil sampling of the study area was performed using auger 

coring from randomly selected sites within the production field.   

Soil pH in water, exchangeable cations by ammonium acetate (pH 7) extraction, total 

acidity by titration to pH 8.0, and organic matter content by loss on ignition at 475°C 

(LOI) are routine soil characterization procedures [11]. Exchangeable soil potassium, 

Bray1-P phosphorus, and 2 M KCl Sulfate-S concentrations were determined by the 

soil testing laboratory at University Missouri-Columbia Delta Center (Portageville, 

MO).  

An aqua regia digestion protocol was employed to obtain a near total estimation of 

elemental abundance associated with all but the most recalcitrant soil chemical 

environments. Homogenized samples (0.75g) were equilibrated with 0.01 liter of 

aqua-regia (3 mole nitric acid: 1 mole hydrochloric acid) in a 35ºC incubator for 24 

hours. Samples were shaken, centrifuged and filtered (0.45 µm), with a known aliquot 

volume analyzed using inductively coupled plasma – mass spectrometry (ICP-MS). 

The aqua regia digestion procedure was performed by Activation Laboratories 

(Toronto, Canada). In this procedure, selected samples were duplicated and known 

reference materials were employed to guarantee analytical accuracy. 

 

Potato Planting Design and Fertilization Protocol 

The commercial potato variety ‘Atlantic’ was planted in March 2009 and 2010 on 

0.15 meter raised beds having 0.92 meter center spacing. Population estimates in 2009 

indicated 37,750 plants/ha with approximately 5% variation across the field. 

Population estimates in 2010 indicated 22,570 plants/ha, again with approximately 

5% variation across the field. In early to mid-March of each year 448 kg K-Mag [(0-

0-22) 11%Mg, 22%S] and 224 kg potash (0-0-60) on a hectare basis were applied to 

give 233 kg K2O / ha and 99 kg SO4-S / ha. Additionally, 151 liter / ha of (10-34-4) 

were injected to give 20 kg N / ha, 66 kg P2O5 / ha and 10 kg K2O / acre. In late-

March of each year (approximately 21 days after planting) and again in mid- to late 

April of each year (approximately 48 days after planting) 189 liter / ha of (28-0-0) 

4%S were surface broadcast, followed immediately by re-hilling the beds to give 70 
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kg N / ha for each application (140 kg N / ha total post emergence N application).   

 

Biomass and Nutrient Accumulation 

Potassium, phosphorus and sulfur tissue testing and plant biomass accumulation 

estimations were used to estimate nutrient uptake patterns and were conducted from 

emergence to pre-harvest (44, 52, 62, 76, 84, 92 and 98 days after planting (DAP) in 

2009 and 66, 79, 86, and 95 days after planting in 2010). Biomass sampling and 

statistical analysis protocols were discussed in a companion manuscript [10]. 

 

RESULTS AND DISCUSSION 

Weather Conditions in the 2009 and 2010 Growing Seasons. 

Soil properties and weather conditions were discussed in Svenson and Aide (2017) 

[10]. Briefly the well-drained, coarse-textured soils are comparatively low in soil 

organic matter, the cation exchange capacity is low and the pH ranges from neutral in 

the near surface horizons to acidic in the Bw horizons. In 2009 the rainfall was 

considered typical, whereas in 2010 the rainfall in the middle of the growing season 

was excessive.    

 

Dry Matter Accumulation and Partitioning Among Roots, Top Growth and Tubers 

The photosynthetic tissue dry matter harvest weight estimates in 2009 were 61.8 

g/plant ± 31.6 g/plant, whereas the photosynthetic tissue dry matter harvest weight 

estimates in 2010 were  94 g/plant ± 17.8 g/plant (95% confidence interval). The tuber 

dry matter harvest weight estimates in 2009 were 241.6 g/plant ± 79.9 g/plant, 

whereas the tuber dry matter harvest weight estimates in 2010 were  118.5 g/plant ± 

54.3 g/plant. Thus, the reduction of tuber biomass accumulation in 2010 was 

attributed to heavy rainfall and cool temperatures.   

 

Nutrient Accumulation and Partitioning Among Roots, Top Growth and Tubers 

Plant tissue potassium accumulations by plant component (Tops, Root [Root and 

underground stems], and Tubers) are presented in Figures 1 and 2. In 2009 plant 

potassium accumulation showed continuous accumulation during the growing season, 

with the majority of the K uptake evenly partitioned between the tubers and the 

photosynthetic vegetation. Total whole plant potassium accumulation reached 348 kg  

K / ha. In general, 2010 was a disappointing potato production year attributed to 

excessive March and April rainfall and cool temperatures. The weather resulted in 

fewer normal sized tubers, reflecting the small dry matter accumulation and nutrient 
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uptake rates. In 2010 total potassium accumulation was less than 85 kg K / ha.     
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Figure 1. Potassium accumulation in plant organs for 2009. 
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Figure 2. Potassium accumulation in plant organs for 2010. 
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Plant tissue phosphorus concentrations by plant component (Tops, Root [Root and 

underground stems], and Tubers) are presented in Figures 3 and 4. In 2009 plant 

phosphorus accumulation showed continuous accumulation during the growing 

season, with the majority of the phosphorus uptake preferentially partitioned into the 

tubers. Total whole plant phosphorus uptake reached 28 kg P / ha. In 2010 total 

potassium uptake was less than 8 kg P / ha.     
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Figure 3. Phosphorus accumulation in plant organs for 2009. 
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Figure 4. Phosphorus accumulation in plant organs for 2010. 
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Plant tissue sulfur concentrations by plant component (Tops, Root [Root and 

underground stems], and Tubers) are presented in Figures 5 and 6. In 2009 plant 

sulfur accumulation showed continuous accumulation during the growing season, 

with the majority of the sulfur uptake evenly partitioned between the tubers and the 

photosynthetic vegetation. Total whole plant sulfur uptake reached 26 kg  S / ha. In 

2010 total sulfur uptake was less than 6 kg S / ha.     
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Figure 5. Sulfur accumulation in plant organs for 2009. 
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Figure 6. Sulfur accumulation in plant organs for 2010. 
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Soil Analysis of Potassium 

Potassium by soil depth was assessed to determine if the soil potassium 

concentrations (i) were appropriate for commercial potato production and (ii) to infer 

if potassium leaching was negatively influencing plant uptake (Table 1). Total soil 

potassium by aqua-regia digestion was rather evenly distributed throughout the soil 

profile, which is consistent with the Ap – Bw – C horizon sequence.  

Recalling that potassium fertilization occurred in early March, potassium 

concentrations were greatest in the bed and the near-surface horizons. In both 

production years post fertilizer application soil potassium concentrations were greater 

in the near surface horizons. In both production years pre-harvest soil potassium 

concentrations were also greater in the near surface horizons; however the pre-harvest 

soil potassium  concentrations were smaller, reflecting the potassium uptake by the 

potato crop.  

In 2009 at 44, 52, 62, 76, 84, 92 and 98 days after planting the above-surface 

vegetation potassium contents were 6.08, 7.82, 7.39, 6.93,6.79, 7.01 and 6.58 % K, 

respectively, suggesting adequate to excessive potassium uptake occurred. In 2010 at 

66, 79, 85 and 94 days after planting the above-surface vegetation potassium contents 

were 5.87, 6.25, 6.46 and 5.28 % K, respectively, again suggesting adequate to 

excessive potassium uptake occurred. Whole leaf potassium sufficiency levels range 

from 4 to 6% [http://www.extension.umn.edu/agriculture/nutrient-

management/nutrient-lime-guidelines/potato-fertilization-on-irrigated-soils/   verified 

19 May 2017]. Thus, plant tissue concentrations consistently demonstrate potassium 

luxury consumption.  
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Soil Analysis of Phosphorus and Sulfur 

Phosphorus and sulfur by soil depth was assessed to determine if the soil phosphorus 

and sulfur concentrations (i) were appropriate for commercial potato production and 

(ii) to infer if sulfur leaching was negatively influencing plant uptake (Table 1). Total 

soil phosphorus and sulfur concentrations were greater in the near-surface horizons 

and were rather evenly distributed throughout the Bw and C soil horizons, which is 

consistent with the soil organic matter distribution and ancestral fertilization practices. 

Recalling that phosphorus fertilization occurred in early March, Bray1-P 

concentrations were greatest in the bed and the near-surface horizons. In both 

production years post fertilizer application phosphorus concentrations were greater in 

the near surface horizons. In both production years pre-harvest soil phosphorus 

concentrations were also greater in the near surface horizons; however the pre-harvest 

phosphorus soil concentrations were smaller, reflecting phosphorus uptake by the 

potato crop.  

In 2009 at 44, 52, 62, 76, 84, 92 and 98 days after planting the above-surface 

vegetation phosphorus contents were 0.72, 0.61, 0.45, 0.29, 0.32, 0.27 and 0.25 % P, 

respectively, suggesting adequate to excessive phosphorus uptake occurred. In 2010 at 

66, 79, 85 and 94 days after planting the above-surface vegetation phosphorus 

contents were 0.46, 0.36, 0.40 and 0.31 % P, respectively, again suggesting adequate 

to excessive phosphorus uptake occurred. Thus, plant tissue concentrations 

consistently demonstrate phosphorus surplus consumption.  

In 2009 at 44, 52, 62, 76, 84, 92 and 98 days after planting the above-surface 

vegetation sulfur contents were 0.57, 0.49, 0.41, 0.39, 0.54, 0.54 and 0.76 % S, 

respectively, suggesting adequate to excessive sulfur uptake occurred. In 2010 at 66, 

79, 85 and 94 days after planting the above-surface vegetation sulfur contents were 

0.39, 0.50, 0.39 and 0.40 % S, respectively, again suggesting adequate to excessive 

sulfur uptake occurred. Thus, plant tissue concentrations consistently demonstrate 

sulfur surplus consumption. Typically phosphorus sufficiency levels for potato (whole 

leaf (blades and petiole)) are 0.25 to 0.50%, whereas sulfur sufficiency levels are 0.19 

to 0.35% [http://www.extension.umn.edu/agriculture/nutrient-management/nutrient-

lime-guidelines/potato-fertilization-on-irrigated-soils/   verified 19 May 2017].  
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CLOSING REMARKS 

Dry matter partitioning among roots, tubers and vegetation (top growth) was 

measured for two years in commercial potato fields. As expected, tuber dry matter 

accumulation was substantial during the tuberization growth phase, accounting for the 

majority of the plant growth. Root dry mass was small compared to the vegetation and 

tubers.  

Potassium was the dominant plant essential nutrient taken into the plant mass. The 

plant tissue concentrations suggest that potassium luxury consumption is a prevalent 

issue and new potassium fertilization guidelines need to be formulated. Soil potassium 

leaching is not a sufficiently important process to limit crop production or producer 

profitability. Phosphorus and sulfur fertilization practices are adequate or slightly 

excessive. Thus phosphorus and sulfur recommendations need further evaluation.  
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