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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.  Potato production is almost exclusively conducted with center-

pivot irrigation on coarse-textured soils, raising the specter of nitrate leaching 

to shallow groundwater. This project seeks to understand the basic dynamics 

of nitrogen uptake and nitrate leaching to standardize the soil fertility 

requirements for southeastern Missouri potato production using center-pivot 

irrigation on coarse-textured terrace positions. Nitrate leaching was assessed 

using soil nitrate concentrations by soil depth and over selected time intervals 

prior to and subsequent to potato planting, fertilization and ultimately harvest. 

At harvest, nitrogen uptake was preferentially partitioned into tubers, followed 

by the potato tops. Center-pivot irrigation and heavy spring rains mobilized 

sufficient nitrate to impact shallow groundwater and decrease farm 

profitability.  

 

 

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. 
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Typically, potato growth has been subdivided into three growth stages: (i) vegetative 

stage, (ii) tuberization, and (iii) tuber growth. The vegetative stage has been 

subdivided into two substages: (i) leaf and petiole development (5-15 days) and (ii) 

pretuber (15-45 days). Similarly, tuberization has been subdivided into two substages: 

(i) 2 cm tubers and (ii) early tuber development. Lastly, tuber growth (bulking) is 

subdivided into two substages: (i) mid-season and (ii) late-season.    

Many studies have focused on potato field methodologies emphasizing (i) optimum 

nitrogen uptake minimizing nitrate leaching under irrigation [1 to 17]. Each study 

supports the premise that nitrogen recovery by commercial potatoes requires 

improvement and that nitrate leaching is a limiting factor. Many of these studies 

further suggest that appropriate irrigation scheduling and nitrogen fertilization rates, 

placement and timing strategies are critical field variables influencing nitrogen 

efficiency [1, 5, 12, 13, 17]. Unfortunately, all of these reference studies were 

conducted in traditional potato producing regions where the combinations of climate 

and soils are distinctively different that southeastern Missouri. Whole plant nitrogen 

recovery by Russet Burbank tubers (69 tons/ha) were estimated as 187-286 kg N/ha 

[14]. Weinart et al (2002) [18] observed that nonleguminous winter cover crops could 

uptake nitrate-N, thus reducing the likelihood of nitrate leaching.  

As an example, Olivier et al. (2006) [19] noted that only 40-50% of the applied N was 

incorporated into the potato crop and that 80-90% of the N was incorporated in the 

two months following emergence. They proposed a soil nitrogen management plan 

involving split nitrogen fertilizer applications and chlorophyll meter monitoring to 

provide recommendations for the amount of post emergence nitrogen fertilizer. Using 

untreated checks and known nitrogen fertilizer applications, the chlorophyll meter 

was calibrated using these plots to provide threshold readings. Olivier recommended 

placement of 70% of the nitrogen fertilizer at planting, followed by chlorophyll meter 

reading at approximately 25 days after emergence to estimate subsequent nitrogen 

fertilization rates. In New Brunswick (Canada), Belanger et al. (2003) [6] observed 

soil NO3-N concentrations after potato harvest in fields initially having fertilization 

rates of 250 kg N/ha, reporting that 33 to 160 kg NO3-N/ha remained in the soil. 

Nitrogen leaching was reported to be greater in the fall to spring time interval than 

during the previous growing season. Crop harvest removal accounted for 

approximately 40-60% of the applied nitrogen. Irrigated and non-irrigated field each 

demonstrated residual nitrate concentrations, with irrigated fields showing less 

residual N (46-99 kg NO3-N/ha) than non-irrigated fields (62-260 kg NO3-N/ha). 

The purpose of this two-year research was to monitor (i) potato nitrogen uptake 

patterns and (ii) NO3
- soil concentrations in southeastern Missouri to assess if nitrogen 

fertilization practices were appropriate for optimal production and appropriate to limit 

environmental degradation.  
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MATERIALS AND METHODS 

Study Area 

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

commercial potato production field resting on a broad elevated coarse-textured 

terrace.  The surrounding landscape consists of sandy to clayey alluvium, with the 

coarse-textured materials primarily associated with elevated terraces and the finer-

textured materials relegated to ancestral backswamp deposits.  On the terrace 

positions the dominant soil series are (i) the excessively drained Malden series 

(Mixed, thermic Typic Udipsamments) and (ii) the moderately well-drained Clana 

Series (Mixed, thermic Aquic Udipsamments). Both soil series consist of deep soils 

having A – Bw – C horizon sequences.  

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. Vegetation was originally a mixed hardwood 

forest; however, the study area has been cleared of most of the forest vegetation for 

agriculture production and the region has a series of constructed drainage canals for 

removal of excess water.  

 

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 [20]. The clay, silt and sand 

fractions were separated by Na-saturation of the exchange complex, washing with 

water-methanol mixtures, dispersion in Na2CO3 (pH 9.2), followed by centrifuge 

fractionation and wet sieving [20]. Nitrate-N concentrations were determined by the 

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

MO).  

 

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. 
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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 

kg N / ha for each application (140 kg N / ha total post emergence N application).  

Statistical analysis involved mean, standard deviation and t-test based confidence 

intervals for mean separation using Excel. 

 

Biomass and Nutrient Accumulation 

Nitrogen tissue testing and plant biomass accumulation estimations were used to 

estimate nitrogen 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). Tissue analysis was performed by Midwest 

Laboratories (Omaha, NE). Plant organ sampling included total biomass and nitrogen 

concentrations associated with tops (above-ground vegetative development), roots 

(roots and below ground stems and stolons) and tubers. Total plant uptake and total 

biomass accumulation were calculated by summation of the plant components. 

Biomass sampling involved randomly selecting four plants. Manual separation of the 

plant parts was followed by drying at 70ºC for two days and weighing. Population 

estimates were performed by counting all plants in a 50 foot row-length, which was 

replicated for a total of four times. Statistics involved mean, standard deviation and t-

test based confidence intervals for mean separation using Excel. 

 

RESULTS AND DISCUSSION 

Routine Soil Characterization 

The Clana pedon exhibited a sand to sandy loam Ap-Bw-C horizon sequence with a 

dark brown (10YR 3/3) Ap horizon grading to a brown (7.5YR 4/4) Bw horizon. The 

C horizon generally has a dark yellowish brown (10YR 4/4) color and a loamy sand 

texture. The soil structure varied from single grained in the Ap horizons to very weak 

fine to medium subangular blocky structures in the Bw horizons. The soil pH varied 

from neutral in the near-surface horizons to acid in the Bw horizon (Table 1). The 

total acidity was low reflecting the coarse-texture and increased slightly in the Bw 

horizon, reflecting the acid pH. The soil organic matter content was low. The cation 

exchange capacity (CEC) is low. Calcium is the dominant exchangeable cation, with 
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Mg an important exchangeable cation having greater concentrations in the near-

surface horizons [Data not shown]. Potassium concentrations were highest in the near 

surface horizons [Data not shown]. Site observations indicated that water tables 

existed from between 91 and 160 cm from emergence to pre-harvest during the potato 

growing seasons of 2009 and 2010. 

 

Table 1. Routine soil profile characterization 

 

SOM is soil organic matter, CEC is cation exchange capacity. The dominant soil 

texture is loamy sand to sand.  

 

Weather Conditions in the 2009 and 2010 Growing Seasons. 

Figure 1 displays the actual monthly rainfall distributions for 2009 and 2010 during 

the potato growing season (January to July). The rainfall pattern in 2009 is well 

within the range of typical rainfall expectations; however, the rainfall patterns in 2010 

document exceptionally high April rainfall episodes. The resulting water saturated 

soil conditions and the elevated soil water tables are soil conditions that likely 

supported nitrate-N leaching.  
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Figure 1. Monthly rainfall patterns for 2009 and 2010. 
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Dry Matter Accumulation and Partitioning Among Roots, Top Growth and Tubers 

The dry matter weight accumulation estimates in 2009 and 2010 are displayed in 

Figures 2 and 3. As expected for 2009, dry weight increased on progression through 

the growing season and showed preferential tuber growth relative to vegetative 

development on approach to harvest. In 2009, the mean tuber size rapidly increased 

during the tuber development stage, reaching a mean diameter of 55 mm ± 3 mm (± 

95% confidence interval). In 2010, the dry matter accumulation was distinctively 

different. The cool and very wet late season reduced tuber development, resulting in a 

lack of tuber bulking. In 2010, the mean tuber size was substantially smaller at 38.4 

mm. 
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Figure 2. Dry matter accumulation in 2009. 
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Figure 3. Dry matter accumulation in 2010 
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The mean and 95% confidence intervals for tuber and top dry weight accumulations at 

selected days after emergence are displayed in Table 2. The confidence intervals are 

rather large relative to the mean, reflecting relatively large standard deviations. Note 

that the relative standard deviations of the dry matter accumulations are appreciably 

greater than the corresponding standard deviations of the plant nutrient contents, 

inferring that confidence intervals for nutrient uptake accumulations are very closely 

related to those of the dry matter accumulation.   

 

Table 2. Dry Matter Accumulation (grams) in 2009 and 2010 

 

          Time is days after planting, confidence is 95% confidence interval   

 

Nutrient Accumulation and Partitioning Among Roots, Top Growth and Tubers 

Plant tissue nitrogen concentrations by plant component (Tops, Root [Root and 

underground stems], and Tubers) are presented in Figures 4 and 5. In 2009, plant 

nitrogen accumulation showed continuous accumulation during the growing season, 

with the majority of the N uptake in the tubers. Total whole plant nitrogen uptake 

reached 135 kg  N / ha. In general, 2010 was a disappointing potato production year 

attributed to excessive March and April rainfall and cool temperatures The climate 

resulted in fewer normal sized tubers, reflecting the small dry matter accumulation 

and nutrient uptake rates. In 2011 total nitrogen uptake was less than 45 kg N / ha.    
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Figure 4. Nitrogen accumulation in plant organs for 2009. 
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Figure 5. Nitrogen accumulation in plant organs for 2010. 

 

Soil Analysis of Nitrate 

Soil nitrate (NO3-N) by soil depth was assessed to determine if the soil nitrate-N 

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

if nitrate leaching was negatively influencing plant uptake and/or impacting 
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groundwater (Table 3). Recalling that nitrogen fertilization occurred in late March and 

again in late April of 2009, nitrate concentrations were greatest in the bed and the 

near-surface horizons. In Missouri, crop consultants typically view 25 mg NO3-N /kg 

as sufficient for early season monocot production. However, no such field indicator is 

available for potato production in Missouri. In 2009 at 44, 52, 62, 76, 84, 92 and 98 

days after planting the above-surface vegetation nitrogen contents were 5.25, 5.07, 

3.99, 2.66, 2.87, 1.97 and 2.05 % N, respectively, suggesting adequate nitrogen 

uptake occurred. The corresponding 2009 tuber nitrogen concentrations were 2.64, 

4.45, 1.28, 0.93, 1.15, and 0.91 % N for 52, 62, 76, 84, 92 and 98 days after planting. 

In 2010 at 66, 79, 86, and 95 days after planting the corresponding above-surface 

vegetation nitrogen contents were 4.45, 4.65, 4.65, and2.52 % N, respectively, further 

suggesting that nitrogen uptake was adequate.     

Elevated nitrate concentrations were also observed in the deeper C horizons in 2009, 

suggesting that some degree of nitrate leaching had occurred. Other possibilities for 

the subsurface accumulation in the C horizons could include ancestral accumulation 

or nitrate-N associated with subsurface flow. To quantify nitrate leaching 

approximately 30 samples per horizon-date are required, thus site heterogeneity limits 

the description of the extent of nitrate leaching to a qualitative estimate. In 2010, 

nitrate concentrations were greater in the bed and surface horizons, with smaller 

nitrate concentrations in the Bw and C horizons. Water saturation in 2011 prevented 

the soil auger withdrawal of C2 horizon material. Thus NO3-N may have leached 

below the sampling depth or denitrification may have occurred.   
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Table 3. Soil nitrate-N concentrations (mg/kg) by soil depth over time (DAP) 

 

Note: nitrogen fertilizations at 21 and 48 days after planting supplies 70 kg N/ha for 

each application.    

 

Total Soil Nitrate and Root Zone Nitrate 

Total soil nitrate concentrations on a per hectare basis were estimated using the soil 

nitrate concentrations of the individual layers, layer thickness and soil bulk densities. 

Soil rooting zone nitrate concentrations were similarly estimated, with the assumption 

that the rooting depth was 30 cm. Field observations suggest that the rooting depth 

ranged between 25 and 45 cm.   

In 2009, whole soil nitrate concentrations are generally in excess of 224 kg N / ha, 

whereas in 2010 whole soil nitrate concentrations were generally smaller than 224 kg 

N/ha. The 2010 heavy April-May rainfall patterns likely contributed to the whole soil 

nitrate removal. In 2009 and 2010 the rooting zone nitrate concentrations ranged from 

28 kg N / ha to slightly in excess of 112 kg N / ha. Differences in the rooting zone 

nitrate concentrations are largely attributed to soil heterogeneity and no time pattern 

distributions in the rooting zone nitrate concentrations were discernable.  
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The amount of nitrate remaining in the soil profile and resting below the effective 

rooting zone is largely unavailable to the potato crop and the specter of nitrate 

leaching to the shallow groundwater is an environmental concern. 
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Figure 6. Whole soil and rooting zone nitrate-N levels for 2009. 
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Figure 7. Whole soil and rooting zone nitrate-N levels for 2010. 
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CLOSING REMARKS 

Soil nitrate-N is evident in the deeper soil regions, suggesting that nitrate leaching in 

irrigated commercial potatoes having center-pivot irrigation is a concern. 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. 

Nitrogen was the dominant plant essential nutrient taken into the plant mass.  
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