
ABSTRACT 

FILIPPI, DIONATA. Correlation Between Soil Test Phosphorus and Potassium and Corn and 

Soybean Yields in Long-Term Trials in North Carolina. (Under the direction of Dr. Luke 

Gatiboni). 

 

Soil test correlation determines the critical soil test value (CSTV) of phosphorus (P) or 

potassium (K), defined as the soil test level below which a yield response to fertilizer is expected. 

The CSTV varies with the crop species, yield level, soil type, environmental factors, and the 

mathematical model used for its estimation. This research, conducted in three long-term trials 

located in the Piedmont, Coastal Plain, and Tidewater regions of North Carolina, addressed 

important gaps in soil fertility management by evaluating (i) the effect of mathematical model 

choice on CSTV estimation using historical data, (ii) the current P and K CSTVs and critical P and 

K tissue concentration for corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] and (iii) the 

causes for the limited yield response to K fertilization in the Coastal Plain. 

In the first study, P CSTVs for corn grown in 2010, 2012, and 2014 were determined using 

four models: modified arcsine-log calibration curve, linear plateau, quadratic plateau at 95% and 

100% of maximum yield. The CSTVs did not differ among the tested models, and the quadratic 

plateau at 95% of maximum yield was selected as the preferred approach because it provides a 

practical definition of the critical soil test range (CSTR). Results suggested a low yield response 

when soil test P exceeded 26ï37 mg kgī1 at the Coastal Plain site and 45ï49 mg kgī1 at the 

Tidewater site. 

The second study investigated the P and K CSTVs of corn and soybean grown in the same 

locations from 2022 to 2025. Phosphorus and K CSTVs varied by location but not by crop. 

Average P CSTVs were 50, 29, and 14 mg kgī1 at the Tidewater, Coastal Plain, and Piedmont 

sites, respectively. The Tidewater CSTV closely matched the current North Carolina 



recommendation (54 mg kgī1), whereas the other sites were approximately two- and fourfold 

lower. For K, a yield response occurred only at the Piedmont site, where the CSTV for both crops 

averaged 88 mg kgī1, consistent with the current state recommendation (88 mg kgī1). Critical P 

tissue concentrations at the R1 were 2.7 and 3.1 g kgï1 for corn and soybean, respectively, within 

published sufficiency ranges for the Southern U.S., while critical K tissue concentrations (12.5 and 

11.0 g kgï1) were below the current reference range (15ï30 g kgï1). 

In the third study, the weak relationship between soil test K and crop yield was explored 

by evaluating soil K forms (exchangeable, nonexchangeable, and semi-total) across depths up to 

90 cm at the Coastal Plain site. Prolonged K removal by crop harvest over 41 years, combined 

with low to moderate fertilizer inputs, progressively depleted subsoil K. In contrast, excessive K 

inputs led to K accumulation down to 90 cm. Furthermore, structural K contained in K-feldspars 

appeared to buffer crop demand, which explains the lack of yield response to applied K over time. 

Overall, these results emphasize the importance of continuous and region-specific soil test 

correlation studies to define reliable CSTVs. Furthermore, considering subsoil K reserves when 

designing fertilization programs would increase the efficiency and sustainability of agriculture in 

North Carolina.  
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CHAPTER 1: General Introduction 

 

Soil test correlation is a crucial component for accurate fertilizer recommendations. It 

establishes the relationship between the concentration of a nutrient extracted by a soil test and crop 

yield (Corey, 1987; Dahnke & Olson, 1990). This approach provides two important pieces of 

information for nutrient management: (i) whether soil test values are correlated to yield response 

to increasing soil nutrient concentrations, and (ii) the critical soil test value (CSTV), defined as the 

soil test level below which a yield response to fertilizer is expected (Slaton et al., 2024). In contrast, 

above the CSTV, no further yield benefit is expected from additional nutrient applications such as 

phosphorus (P) or potassium (K) (Mallarino & Blackmer, 1992; Drescher et al., 2021; Culman et 

al., 2023). Because CSTV serves as a reference for defining the soil test ranges at the deficiency 

and sufficiency levels, any changes in its estimation directly affect fertilizer recommendations. 

Several mathematical models have been used to estimate the CSTV, including linear 

plateau (LP), quadratic plateau (QP), CateïNelson, Mitscherlich, and modified arcsine-log 

calibration curve (ALCC). However, authors use different criteria to select the most appropriate 

models to estimate CSTV, and a few studies have compared the results obtained by each model 

(Jordan-Meille et al., 2024; Slaton et al., 2024; Filippi et al., 2025). Given the inherent variability 

in CSTV estimation, adopting a critical range instead of a single CSTV may improve the reliability 

of fertilizer recommendations based on soil test correlation (Cox, 1992).  

Beyond the models chosen to estimate the CSTV, crop response to fertilization may vary. 

Soybean [Glycine max (L.) Merr.] and corn (Zea mays L.) are the largest acreage row crops grown 

in North Carolina (USDA-NASS, 2024) and the current fertilizer recommendations in the state 

apply the same P or K CSTVs to both crops: 54 mg kgï1 for P and 88 mg kgï1 for K at 0ï20 cm 
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depth (Hardy et al., 2014). Furthermore, differences in clay mineralogy across regions may 

influence crop response to P and K fertilization (Gatiboni et al., 2021; Sparks et al., 1980). For 

instance, in Coastal Plain soils, P CSTV is about 30 mg kgï1, while in Piedmont soils, it is 12 mg 

kgï1 (Gatiboni et al., 2021). The opposite has been observed for K CSTV, with lower values (27ï

49 mg kgī1) or absence of crop response to K fertilization in some Coastal Plain soils and greater 

values (93ï163 mg kgī1) in Piedmont soils (Cox and Barnes, 2002; Crozier et al., 2004; Morales 

et al., 2023). Thus, setting a single state-wide high P or K CSTV may contribute to fertilization 

above the research-based CSTVs in some regions. 

The inconsistency in yield response to K fertilization in the Atlantic Lower Coastal Plain 

region has been attributed to differences in mineralogy across soils and soil depth explored by crop 

roots (Sparks, 1980; Woodruff & Parks, 1980); however, no studies to date have evaluated these 

mechanisms in North Carolina. In contrast, K application that exceeds crop demand could promote 

K accumulation and redistribution to deeper soil layers due to the limited capacity of coarse-

textured topsoil to retain the nutrient (Parvej et al., 2018; Williams et al., 2018).  

Justification 

In Chapter 2 of this dissertation, model choice on the calculation of CSTV will be explored 

to advancing nutrient management research. Incorporating additional analysis, such as the 

frequency or probability of crop response to fertilization, can help define the breadth of the CSTV 

and improve the reliability of fertilizer interpretations. In Chapter 3, soil, plant tissue, and yield 

data collected in the last four years will be used to explore how site and crop characteristics 

influence P and K CSTVs across North Carolina. Complementary to the CSTV, the use of leaf 

critical tissue concentration may provide an additional means to assess whether current CSTVs are 

appropriate for the yield levels observed in the state. Finally, in Chapter 4 of this dissertation, the 
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importance of quantifying K distribution across soil layers for understanding the often-weak crop 

response to K fertilization and the effects of overfertilization in the Coastal Plain soils will be 

explored.  

In summary, this Ph.D. dissertation addresses important gaps in soil fertility management 

in North Carolina by evaluating (i) the effect of mathematical model choice on CSTV estimation, 

(ii) the current P and K CSTVs and critical P and K tissue concentration at the R1 growth stage 

for corn and soybean, and (iii) the causes for the limited yield response to K fertilization in a 

Coastal Plain soil. 
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CHAPTER 2: Effect of model choice on critical soil test value of phosphorus for corn in 

long-term trials in North Carolina  
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Supplemental Figure S1. Regions of North Carolina: Mountains, Piedmont, and Coastal Plain, 

including the sub-region of Tidewater in the Coastal Plain region, and the location of the three 

long-term soil fertility trials.
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Supplemental Table S1. Soil test results at the Piedmont (0ï10 cm depth), Coastal Plain (0ï20 cm depth), and Tidewater (0ï15 cm 

depth) long-term trials for the 2010, 2012, and 2014 cropping years (mean ± standard deviation). 

Sitea 
Year pH Acidity  CEC Ca Mg K S Mn Cu Zn HM  W/V 

  ---------------- cmolc kgï1 --------------- -------------------------- mg kgï1 ----------------------------- g kgï1 g cmï3 

Piedmont 

2010 6.4±0.3 0.9±0.2 7.0±0.9 3.8±0.7 1.8±0.3 138±46.2 25±7.9 237.1±54.5 2.8±0.6 2.9±1.0 1.3±0.4 1.06±0.04 

2012 6.4±0.4 0.6±0.3 7.5±1.1 4.2±0.8 2.2±0.5 157±53.8 28±12.7 263.1±72.6 3.4±0.8 3.8±1.0 2.3±1.1 1.02±0.04 

2014 6.1±0.3 1.2±0.2 7.1±1.0 3.7±0.7 1.9±0.4 154±56.1 32±9.4 220.2±58.4 2.8±0.6 2.3±0.6 1.5±0.4 1.09±0.03 

Average 6.3±0.3 0.9±0.3 7.2±1.0 3.9±0.8 1.9±0.4 150±51.5 28±9.6 240.1±59.0 3.0±0.7 3.0±0.7 1.7±0.8 1.06±0.04 

Coastal Plain 

2010 6.2±0.2 1.0±0.1 5.6±0.5 3.5±0.4 0.8±0.1 120±14.0 10±0.7 5.7±0.5 0.9±0.2 1.7±0.4 8.3±1.0 1.22±0.04 

2012 6.1±0.3 0.9±0.2 6.4±0.7 4.1±0.6 1.0±0.1 142±21.0 10±1.0 8.6±0.7 1.4±0.6 2.7±0.8 8.2±1.0 1.16±0.03 

2014 6.1±0.2 0.9±0.1 6.5±0.7 4.0±0.5 1.0±0.1 202±34.7 11±1.3 7.5±0.8 1.1±0.3 2.0±0.2 7.5±1.4 1.27±0.03 

Average 6.1±0.2 0.9±0.2 6.2±0.8 3.8±0.6 0.9±0.1 155±23.1 10±1.0 7.3±0.7 1.1±0.3 2.0±0.5 8.0±1.2 1.22±0.03 

Tidewater 

2010 5.5±0.1 1.6±0.2 8.7±0.7 5.3±0.6 1.5±0.1 129±21.4 12±1.7 5.2±0.7 1.0±0.4 1.1±0.2 26.9±3.1 1.11±0.03 

2012 5.6±0.2 1.4±0.1 8.6±0.8 5.4±0.6 1.5±0.2 124±23.5 10±0.9 7.1±1.2 1.2±0.4 1.6±0.2 27.3±2.3 1.07±0.03 

2014 6.0±0.1 1.5±0.1 9.0±0.8 5.5±0.6 1.7±0.2 120±20.6 10±1.0 6.6±0.9 1.0±0.4 1.3±0.2 25.3±2.9 1.12±0.03 

Average 5.7±0.3 1.5±0.2 8.8±0.8 5.4±0.6 1.5±0.2 124±15.5 11±1.2 6.3±1.0 1.1±0.6 1.3±0.2 26.5±2.9 1.10±0.03 

aAverage of 30 plots at the Tidewater site, 16 at the Coastal Plain site, and 16 at the Piedmont site. 

Note: pH determined in 0.01 M CaCl2 and adjusted to water pH (1:1 ratio); acidity determined by Mehlich buffer pH method (Mehlich, 

1976); Ca, Mg, K, S, Mn, Cu, and Zn extracted by Mehlich-3 (Mehlich, 1984a); humic matter determined as described in Mehlich 

(1984b); CEC estimated by the sum of concentrations of Ca, Mg, K, and acidity. 

Abbreviations: CEC, cation exchange capacity; HM, humic matter; W/V, weight/volume.
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Supplemental Table S2. Crop information, nutrient rates, and experimental characteristics for Piedmont, Coastal Plain, and Tidewater 

long-term trials for 2010, 2012, and 2014 cropping years. 

Attribute  

Site 

Piedmont Coastal Plain Tidewater 

2010 2012 2014 2010 2012 2014 2010 2012 2014 

Corn variety 

Pioneer 

31G71 

LL/RR 

Pioneer 

31G71 

LL/RR 

Pioneer  

1690 HR 

Pioneer 

31G71 

LL/RR 

Pioneer 

31G71 

LL/RR 

Pioneer 

31G71 

LL/RR 

Dekalb  

6806 

Pioneer 

31G71 

LL/RR 

Pioneer 

31G71 

LL/RR 

Row spacing (m) 0.53 0.38 0.38 0.53 0.51 0.51 0.56 0.56 0.56 

Plant population (seeds ha-1) 75,000 75,375 75,000 84,375 84,375 84,375 93,750 93,750 93,750 

Planting date 13-Apr 16-Apr 8-Apr 8-Apr 3-Apr -a 14-Apr 25-Apr - 

Harvest date 27-Aug 12-Sep 19-Sep 31-Aug 11-Sep 17-Sep 24-Aug 10-Sep 26-Aug 

Nitrogen rate (kg N haï1) 181.0 181.0 181.0 201.8 201.8 201.8 - 208.6 - 

K rate in P treatments (kg K haï1) 74.7 74.7 93.4 186.8 186.8 186.8 28.0 28.0 28.0 

Soil management No-till  Conventional tillage Minimum tillage 

Experimental design RCBDb RCBD RCBD 

Replications 4 4 6 

Plot dimensions (m) 13.7 x 5.8 13.1 x 7.3 53 x 6.4 

aInformation not available for the current year. 

bRCBD, Randomized complete block design.



 

23 

 

Three site-years presented a response to corn ear leaf tissue P concentration (Piedmont in 2012; 

Tidewater 2010 and 2012), while five site-years did not exhibit statistical difference, and there 

was no apparent pattern associated with yield. Overall, for all sites, the ear leaf tissue P 

concentration was below the critical sufficiency range for corn (2.5ï5.0 g kgī1) recommended for 

the Southern states of the U.S. (Campbell, 2000). 

 

  

Supplemental Figure S2. Effect of soil test P on ear leaf tissue P of corn in 2010, 2012, and 2014 

cropping years at the Piedmont (a), Coastal Plain (b), and Tidewater (c) long-term trials in North 

Carolina. Data points represent the mean treatment, and the bars represent the standard error. The 

critical sufficiency range for corn recommended for the Southern states of the U.S. is 2.5ï5.0 g 

kgī1 (Campbell, 2000). 

  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 10 20 30 40 50 60

E
a

r 
le

a
f 

ti
s
s
u

e
 P

 (
g
 k

g
ï
1
) 

Soil Test P (mg kgï1)

2010

2012

2014

y = 1.59

y = 1.67

if x Ò 8.16, y = -0.121+ 0.0.457x -0.028x2

p = 0.0818, R2 = 0.32

(a)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 20 40 60 80 100 120 140 160

E
a

r 
le

a
f 

ti
s
s
u

e
 P

 (
g
 k

g
ï
1
) 

Soil Test P (mg kgï1)

2010

2012

2014

y = 1.76

y = 2.04

y = 2.12

(b)

y = 0.0448x ï0.1248

p <0.0001, R² = 0.65

y = 0.0231x + 0.4240

p <0.0001, R² = 0.71
0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 20 40 60 80 100
E

a
r 

le
a

f 
ti
s
s
u

e
 P

 (
g
 k

g
ï
1
) 

Soil Test P (mg kgï1)

2010

2012

(c)



 

24 

 

 References 

Campbell, C. (2000). Reference sufficiency ranges for plant analysis in the southern region of the 

United States (Southern Cooperative Series Bulletin 394). North Carolina Department of 

Agriculture and Consumer Services Agronomic Division. 

 

Mehlich, A. (1976). New buffer pH method for rapid estimation of exchangeable acidity and lime 

requirement of soils. Communications in Soil Science and Plant Analysis, 7, 636ï652. 

https://doi.org/10.1080/00103627609366673 

 

Mehlich, A. (1984a). Mehlich 3 soil test extractant: A modification of Mehlich 2 extractant. 

Communications in Soil Science and Plant Analysis, 15, 1409ï1416. 

https://doi.org/10.1080/00103628409367568 

 

Mehlich, A. (1984b). Photometric determination of humic matter in soils. A proposed method. 

Communications in Soil Science and Plant Analysis, 15, 1417ï22. 

https://doi.org/10.1080/00103628409367569 

  

https://doi.org/10.1080/00103627609366673
https://doi.org/10.1080/00103628409367568


 

25 

 

Additional work not included in the above manuscript 

In addition to the phosphorus data presented previously, potassium (K) data were also 

collected from the same three long-term trials during 2010, 2012, and 2014 cropping years to 

determine the critical soil test value (CSTV) of K for corn in the Piedmont, Coastal Plain, and 

Tidewater regions of North Carolina. However, no significant corn yield response was observed 

across the soil test K gradients at any of the years evaluated. For this reason, the dataset was 

summarized and made available as a data publication at the Ag Data Commons. 
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CHAPTER 3: Correlation of soil test phosphorus and potassium for corn and soybean on 

long-term trials in North Carolina  

 

Abstract 

The critical soil test value (CSTV) of phosphorus (P) and potassium (K) required to achieve 

maximum crop yield varies with soil type, crop species, and environmental conditions. This study 

determined P and K CSTVs by correlating Mehlich-3 P and K with the relative yield of corn (Zea 

mays L.) and soybean [Glycine max (L.) Merr.] and the corresponding critical P and K tissue 

concentrations (CPTC and CKTC) at the R1 growth stage. From 2022 to 2025, corn and soybean 

were grown in long-term trials at Piedmont, Coastal Plain, and Tidewater regions of North 

Carolina. Phosphorus and K CSTVs varied by location but not by crop. The average P CSTV for 

both crops was 50 mg kgī1 at the Tidewater site, close to the current North Carolina 

recommendation (54 mg kgī1). In contrast, the Coastal Plain and Piedmont sites had lower P 

CSTVs of 29 and 14 mg kgī1, approximately two- and fourfold below the state recommendation. 

Crop response to K was less consistent; at the Piedmont site, the average K CSTV for both crops 

was 88 mg kgī1, aligning with the current recommendation (88 mg kgï1). The leaf CPTCs were 

2.7 and 3.1 g kgï1 for corn and soybean, respectively, within sufficiency ranges for the Southern 

United States, while CKTCs (12.5 and 11.0 g kgï1) were lower than the reference range (15ï30 g 

kgï1). These results underscore the need for continuous, region-specific correlations between soil 

and plant tests to optimize P and K fertilization recommendations. 

 

Introduction  

Soil test correlation and calibration are crucial components for accurate fertilizer 

recommendations. Soil test correlation establishes the relationship between the concentration of a 
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nutrient extracted by a soil test and a measure of plant growth, such as crop yield, which is usually 

expressed as relative yield (RY) (Corey, 1987; Dahnke & Olson, 1990). This approach provides 

two key pieces of information for nutrient management: (i) whether soil test values are correlated 

to yield response to increasing soil nutrient concentrations, and (ii) the CSTV, defined as the soil 

test level below which a yield response to fertilizer is expected (Slaton et al., 2024). The CSTVs 

are typically associated with the soil test value required to achieve 90ï100% of crop yield 

potential; however, they might vary depending on the recommended system. A positive response 

to fertilization is expected when crops are grown in soils with nutrient availability below CSTV. 

In contrast, beyond that point, no further yield benefit is expected from additional nutrients, such 

as P or K fertilization (Mallarino & Blackmer, 1992; Drescher et al., 2021; Culman et al., 2023). 

In other words, the soil test correlation does not provide how much fertilizer should be applied; 

rather, it indicates through the CSTV when fertilization should stop. In cases where soil test levels 

are below CSTV, fertilizer rates defined by soil test calibration is applied to increase the nutrient 

levels to or above the CSTV, depending on the recommendation philosophy. 

North Carolina presented one of the highest P fertilizer recommendations among Southern 

U.S. states using the Mehlich-3 extraction method and was also among the leading states in the 

highest K fertilizer recommendations (Zhang et al., 2021). Agricultural soils in the state often show 

high Mehlich-3 soil test P (STP), with average STP values in most counties exceeding the 

recommended P CSTV of 54 mg kgï1 at a depth of 0ï20 cm (Hardy et al., 2014; Miller et al., 

2024). A recent survey of North Carolina farmers revealed that, generally, farmers add a ñP bufferò 

to the P fertilizer rates that already include a buffer, aiming to avoid any possible risk of yield loss 

due to a lack of fertility (Kile et al., 2025). In addition, Lima et al. (2025) analyzed soil samples 

from 57 counties across the Tidewater, Coastal Plain, and Piedmont + Mountains physiographic 
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regions in North Carolina reported that the Coastal Plain soils presented the highest Mehlich-3 

STP and exhibited the greatest degree of P saturation (29%), followed by Piedmont + Mountains 

(24%), indicating a substantial risk of P contamination. In contrast, there is no evidence in the 

literature that K fertilization has led to excessively high soil test K (STK) levels or associated 

agronomic or environmental issues. However, different clay mineralogy across the regions may 

influence the crop response to K fertilizer (Sparks et al., 1980). Together, these findings highlight 

that a single state-wide for CSTV P or K may have contributed to fertilization above the research-

based CSTVs, even with ongoing efforts to revise recommendations to mitigate overapplying and 

P accumulation in North Carolina soils (Gatiboni et al., 2021). 

Soybean is the largest acreage row crop grown in North Carolina, averaging 679,100 

planted hectares from 2014 to 2023, followed by corn, with 370,700 planted hectares during the 

same period (USDA-NASS, 2024). Phosphorus and K are among the most important nutrients for 

these crops due to their relative abundance in plant tissue and removal (Carciochi et al., 2015; 

Salvagiotti et al., 2021). Current fertilizer recommendations in North Carolina apply the same P 

or K CSTVs to both crops: 54 mg kgï1 for P and 88 mg kgï1 for K at 0ï20 cm depth (Hardy et al., 

2014). While corn and soybean may share similar CSTVs, values should be crop-specific as 

nutrient requirements vary for each (Dodd & Mallarino, 2005). For K, the available data reported 

for North Carolina are more limited than for P. Studies reported corn K CSTV ranging from 27 to 

49 mg kgī1 in the Coastal Plain region and from 93 to 163 mg kgī1 in the Piedmont region, with 

values sometimes estimated across corn and soybean combined (Cox & Barnes, 2002; Morales et 

al., 2023). Other studies have reported K CSTVs for soybean using Mehlich-1 extractant for 

soybean ranging from 40 to 73 mg kgī1 at 0ï15 cm depth in Coastal Plain and Piedmont soils of 

Virginia, North Carolina, and Maryland (Parvej et al., 2018; Williams et al., 2018). 
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 Studies in the Tidewater region reported P CSTVs ranging from 23 to 53 mg kgï1 

(Mehlich-3) calculated with the linear plateau (LP) or the quadratic plateau at 95% of the 

maximum model prediction (QP-95) models (Cox, 1992, 1996; Morales et al., 2023). More 

recently, Morales et al. (2023) reported P CSTVs of 12 in the Piedmont region, which has soils 

with higher P-buffer capacity, and 67 mg kgï1 in the Coastal Plain region, which has soils with 

lower P diffusion and buffering capacity. In contrast, more extensive data are available for corn. 

The P CSTVs vary from 7 to 15 mg kgī1 (Mehlich-1 P converted to Mehlich-3; Cox & Lins, 1984; 

Kamprath, 1967; Morales et al., 2023). In Coastal Plain soils, P CSTVs were higher, ranging from 

15 to 66 mg kgī1 (Gatiboni et al., 2021; Morales et al., 2023; Filippi et al., 2025). 

The CSTVs are not static but vary considerably depending on weather and field conditions, 

such as soil type (Gatiboni et al., 2021), sampling depth (Tiecher et al., 2023), crop species (Cox 

& Barnes, 2002; Dodd & Mallarino, 2005; Culman et al, 2023), or the mathematical model or 

sufficiency interpretation level chosen to state the CSTV (Mallarino & Blackmer, 1992; Jordan-

Meille et al., 2024; Slaton et al., 2024). To complement soil test correlation and CSTVs, plant 

tissue concentration at a specific growth stage may be correlated with yield to identify critical leaf 

tissue concentration thresholds (Munson & Nelson, 1990). Recent studies have reported promising 

estimates of leaf critical P tissue concentration (CPTC) and leaf critical K tissue concentration 

(CKTC) for corn and soybean (Stammer & Mallarino, 2018; Roa et al., 2025). However, further 

research is needed to clarify how CSTVs and tissue-based critical concentrations can be integrated 

to refine fertilizer recommendations. Given that site- and crop-specific factors influence P and K 

CSTVs across North Carolina, leaf critical tissue concentration may provide an additional 

approach to evaluate whether CSTVs are adequate for the yield levels observed in the state. 

Therefore, the objectives of this study were to (i) determine the P and K CSTVs by correlating 
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STP or STK with crop RYs; and (ii) determine the critical P and K tissue concentration at the R1 

growth stage by correlating leaf P or K tissue concentration with crop RYs for corn and soybean 

across three long-term trials in North Carolina. 

 

Material s and Methods 

Long-Term soil fertility trials description  

Studies were conducted during 2022, 2023, 2024, and 2025 cropping years in three long-

term trials located in the North Carolina Piedmont, Coastal Plain, and Tidewater physiographic 

regions. The Piedmont site is located at the Piedmont Research Station (Rowan County, Salisbury, 

NC; 35.698832, -80.619754). The trial started in 1985 on a 0.22-hectare area of Hiwassee sandy 

clay loam soil (fine, kaolinitic, thermic, Rhodic Kanhapludults). The clay content in depth of 0ï

10 cm is 310 g kgï1, and it contains quartz, kaolinite, gibbsite, and hematite minerals. The site is 

managed under no-till conditions. The Coastal Plain site is located at the Peanut Belt Research 

Station (Bertie County, Lewiston-Woodville, NC; 36.126891, -77.180694). The trial started in 

1982 in an area of 0.53 hectares situated on Goldsboro sandy loam soil (fine loamy, siliceous, 

subactive, thermic Aquic Paleudults). The clay content in depth of 0ï20 cm is 90 g kgï1, and it 

contains quartz, kaolinite, and feldspar minerals. The site is managed under conventional tillage 

with raised beds. The Tidewater site is located at the Tidewater Research Station (Washington 

County, Plymouth, NC; 35.861238, -76.658075). The trial started in 1955 on 2.2 hectares of 

Portsmouth sandy loam soil (fine-loamy over sandy or sandy-skeletal, mixed, semiactive, thermic 

Typic Umbraquults). The clay content in depth of 0ï20 cm is 90 g kgï1, and it contains quartz, 

kaolinite, mica, and feldspar minerals. The site is managed under minimum tillage. Additional 
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details about the trials, including trial diagrams, mineralogy, and soil particle-size analysis, are 

provided in Appendices AïE.  

From April to October of 2022ï2025 (excluding September and October of 2025, for which 

data were not available), the typical growing season for corn and soybean, the average total 

precipitation at the Piedmont Research Station was 666 mm, while the total estimated 

evapotranspiration (Penman-Monteith) was 730 mm (Figure 3.1). During the same period, at the 

Peanut Belt Research Station, the average total precipitation and estimated evaporation were 633 

and 789 mm, respectively; while at the Tidewater Research Station, the corresponding values were 

719 and 838 mm. 
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Figure 3.1. Yearly total precipitation, total estimated evapotranspiration (Penman-Monteith), and 

air temperature from 2022 to 2025 at the Piedmont, Peanut Belt, and Tidewater Research Stations, 

NC, USA. 


