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Abstract
Precipitation patterns in the U.S. Midwest have become more erratic, increasing the

occurrence of flooding and soil waterlogging. Current nitrogen (N) management rec-

ommendations for corn (Zea mays L.) do not fully consider the effects of excess water

or the use of split N applications when determining optimal N rates. This research

aimed to examine the interaction between waterlogging and N applications on corn

N uptake and grain yield, and to determine whether N sufficiency values for plant

and soil nutrient status under normal conditions remain applicable after waterlogging.

Waterlogging was induced during early vegetative stages (V4–V6) prior to sidedress-

ing. The treatments included no waterlogging, 3 days of waterlogging, and repeated

waterlogging (3+3 days) as the whole plot factor. The combination of a preplant (0

or 100 lb N ac−1) and sidedress (0, 60, 120, or 180 lb N ac−1) N application was the

subplot factor and was randomized within each whole plot. Waterlogging reduced

corn grain yield by up to 25% compared with the non-waterlogged control; however,

yield responses to N application were similar regardless of waterlogging duration.

Application of 100 lb N preplant + 120 or 180 lb N ac−1 sidedress produced the

greatest yield. Ear leaf N concentration at flowering (R1) exceeding 2.75% corre-

sponded to the greatest grain yield at harvest. These results indicate that corn was

responsive to N applications after being waterlogged. The ear leaf N sufficiency value

of 2.75%–3.0% used in non-waterlogged conditions also corresponded to the greatest

yielding treatments in the waterlogged corn. This suggests a similar sufficiency value

(2.75%) is applicable after waterlogging to gauge corn’s uptake of post-waterlogging

N applications. Further multilocation research should be conducted to expand our

understanding of corn resilience and corn N response under waterlogging conditions.

Abbreviations: FC, field capacity; PWP, permanent wilting point; WD, waterlogging duration.
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Plain Language Summary
Precipitation patterns in the U.S. Midwest have become more erratic, raising

concerns about soil waterlogging and questions regarding the management of N

applications in corn. This research aimed to evaluate how corn N uptake and grain

yield were affected by the interaction of days waterlogged during early vegetative

stages (0-, 3-, or two sequential 3-day periods) and N applications preplanting (0 or

100 lb N ac−1) and at sidedress (0, 60, 120, or 180 lb N ac−1). Waterlogging reduced

corn grain yield by up to 25% compared with the non-waterlogged control; however,

yield responses to N application were similar regardless of waterlogging duration.

Application of 100 lb N preplant+ 120 or 180 lb N ac−1 sidedress produced the great-

est yield; when preplant N was not applied; the greatest yield was achieved with 180

lb N ac−1 sidedress. The published ear leaf N sufficiency value of 2.75%–3.0% used

for non-waterlogged corn is still applicable after waterlogging to gauge the corn’s

uptake of post-waterlogging N applications.

1 INTRODUCTION

Erratic precipitation levels in the U.S. Midwest have been

on the rise, with precipitation distribution patterns raising

concerns about too much or too little precipitation and expec-

tations of increased occurrences of water excess conditions

during the growing season (Walsh et al., 2014; Walthall

et al., 2013). Waterlogging induced by flooding conditions

has reduced corn (Zea mays L.) grain yield by up to 34%

relative to long-term yield trend averages (Li et al., 2019).

In the midwestern region in 2011, flooding in fields, leading

to waterlogged conditions, caused $1.6 billion in damage to

corn and soybean [Glycine max (L.) Merr.] farmers (Bailey-

Serres et al., 2012). Waterlogged soils or excess soil water

also pose environmental impacts as they increase the risk

of nitrate (NO3
−) leaching into water bodies, causing water

quality issues and nitrogen oxide, Nox, emissions into the

atmosphere which increase greenhouse gas emissions from

agricultural soils (Bailey-Serres et al., 2012; Bowles et al.,

2018; Motavalli et al., 2008).

As extreme weather patterns continue to occur and nega-

tively affect crops (Lindsey et al., 2024), it becomes increas-

ingly necessary to understand crop nitrogen (N) requirements

following waterlogging conditions to optimize yield and min-

imize environmental losses. Recent studies have focused on

optimizing yield and N management following excess water

conditions. A study in Ohio using multiple waterlogging dura-

tions (WDs; 0, 2, 4, and 6 days) observed a yield reduction of

14 bu ac−1 for every additional day of waterlogging. The same

study showed that application of N preplant at 120 lb N ac−1,

combined with a sidedress rate of 60 lb N ac−1, increased corn

grain yields by 27%–70% compared with 120 lb N ac−1 pre-

plant alone after waterlogging occurred (Dill et al., 2020). In

another study, in Missouri, Kaur et al. (2017) applied water-

logging treatments (1, 3, and 7 days) in 2014 and 2015. The

authors observed that each additional day of waterlogging

reduced yield by 6.7–11.5 bu ac−1, though the sidedress effect

on yield was positive only in 2015.

Studies have not yet examined the effects of repeated water-

logging events on corn growth and N requirements. Fields

prone to waterlogging may experience multiple waterlogging

events within a growing season, especially if heavy rainfall

events occur within a few days of one another. Additionally,

it is unknown whether a post-flooding nitrate test (Dill et al.,

2020) or traditional tissue tests, such as the ear leaf N content

at flowering (R1) or stalk nitrate-N (NO3-N) at crop maturity

(R6), could be applicable to gauge plant N sufficiency and

guide N application decisions in fields affected by waterlog-

ging. The objective of this study was to quantify corn grain

yield response to N management practices following two dif-

ferent waterlogging treatments and to assess whether current

values for plant N sufficiency still apply.

2 MATERIALS AND METHODS

2.1 Study site

This experiment was conducted at the Northwest Agricul-

tural Research Station (41˚12′53″ N, 83˚45′34″ W) in Custar,

OH, during the 2021, 2022, and 2023 growing seasons on

Hoytville clay loam soil. For 2021 and 2022, a commer-

cial corn hybrid of common maturity for Ohio, P0506AM

(Corteva Agriscience), was used and seeded at 34,000 seeds

ac−1 in 30-inch rows. In 2023, due to seed availability, a

different hybrid with common maturity for Ohio, P0404AM

 23743832, 2026, 2, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/cft2.70156, W

iley O
nline L

ibrary on [11/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



NOVAIS ET AL. 3 of 8

T A B L E 1 Summary of the treatment list showing the main plot

waterlogging factor levels and the subplot factor of N application used

in this study, along with the names assigned to each factor.

Plot factors
Main plot: Waterlogging duration
Description Factor ID
0 days waterlogged 0 days

3 days waterlogged 3 days

3 days waterlogged, 3 days

drying, 3 days waterlogged

3+3 days

Subplot: N application
Preplant N rate Sidedress N rate

Treatment IDlb N ac−1

0 0 0+0

0 60 0+60

0 120 0+120

0 180 0+180

100 0 100+0

100 60 100+60

100 120 100+120

100 180 100+180

Abbreviation: ID, identifier.

(Corteva Agriscience), was used at the same seeding

rate.

2.2 Experimental design and
implementation

The experimental design each year was a split-plot random-

ized complete block design with four replications (blocks).

The whole plot factor (Table 1) was the WD: zero days of

waterlogging (0 days); 3 days of waterlogging (3 days); and

repeated waterlogging (3+3 days), in which 3 days of water

were applied followed by 3 days of soil drying and an addi-

tional 3 days of waterlogging. A soil berm (4–8 inches tall)

was created around each whole plot using a modified plow to

retain applied water during the waterlogging periods. A 25-

ft buffer separated whole plots within the same block, and

the blocks were 35 ft apart. Overhead irrigation was used in

both locations to impose waterlogging (saturated soil condi-

tions with up to 0.75 inches of standing water beginning at the

V4 (2021 and 2023) or V6 (2022) corn growth stages (staging

method as described by Abendroth et al., 2011). Soil mois-

ture and temperature sensors (CS655, Campbell Scientific)

and a tipping bucket rain gauge (TE525, Campbell Scientific)

were installed in two blocks of the whole plots each year to

quantify soil conditions and precipitation during and shortly

after waterlogging was imposed and removed (Figure 1). Field

capacity (FC) and permanent wilting point (PWP) were quan-

tified gravimetrically using pressure plates and converted to

volumetric values based on the measured soil bulk density.

Samples for FC and PWP determination were collected each

year from an adjacent field with the same soil series and

management history (Novais et al., 2025).

The subplot factor was N application with eight levels

(Table 1). Each subplot received either 0 or 100 lb N ac−1,

hand-broadcast and incorporated using shallow tillage 3–5

days prior to planting, in the form of urea (46N-0P-0K)

combined with one post-waterlogging rate. Urea treated with

N-(n-butyl)thiophosphoric triamide stabilizer (N-save, PCT

Sunrise) was hand-broadcast at 0, 60, 120, or 180 lb N ac−1 3

days after the final waterlogging period ended. The sidedress

N was applied on the same date to the 0- and 3-day water-

logging treatments; the 3+3-day waterlogging treatment was

applied 6 days later due to the second waterlogging and dry-

ing period required for this treatment. Each subplot was 10 ft

wide × 25 ft long (2021 and 2023) or 10 ft wide × 30 ft long

(2022).

2.3 Measurements collected

2.3.1 Soil samples

Prior to the initiation of waterlogging and on the day of post-

waterlogging N application immediately before the broadcast

N application, eight 8-inch soil cores were collected within

each plot to quantify soil NO3-N. Soil was air-dried, ground

using a 2-mm mesh, and inorganic N was quantified using KCl

extraction and the Lachat Instruments QuikChem method.

2.3.2 Ear leaf samples

Ten ear leaves from the middle row of each plot were collected

at the R1 growth stage to quantify ear leaf N content (Ruiz

Diaz, 2023). Samples were dried at 60˚C before being ground

and analyzed using the Dumas combustion method.

2.3.3 Stalk samples

Eight 8-inch lower stalk segments (the segment 6–14 inches

above the soil) were collected 2–3 weeks after black layer

formation (R6 growth stage) and analyzed for stalk NO3-N

content (Binford et al., 1990).

2.3.4 Stand assessment and grain yield

Stand assessments were conducted prior to waterlogging,

after waterlogging, and at the end of the season (data not

 23743832, 2026, 2, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/cft2.70156, W

iley O
nline L

ibrary on [11/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
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F I G U R E 1 a, c, and e: Soil volumetric water content (VWC, %) for waterlogging duration (WD) and days after water initiation (DAWI) from

the Northwest Agricultural Research Station (NWARS) in 2021 (a), 2022 (c), and 2023 (e). Different series represent WD (0 days, 3 days, and 3+3

days). The vertical dashed lines represent the initiation of the first and second waterlogging periods. The blue horizontal line represents field

capacity, and the red horizontal line represents the permanent wilting point for each year. b, d, and f: Accumulated ambient precipitation during the

waterlogging and recovery periods in NWARS for 2021 (b), 2022 (d), and 2023 (f).

shown). Ears exhibiting wildlife damage were also counted

after maturity and prior to harvest. The center two rows were

harvested using a small plot combine (Kincaid 8XP), and

yields were converted to 15.5% moisture prior to comparison.

2.4 Statistical analysis

Data analysis was conducted using a combined statistical

ANOVA (Moore & Dixon, 2015) with SAS version 9.4 (SAS

Institute Inc.). A mixed-effects model using the GLIMMIX

procedure was performed to compare soil NO3-N, ear leaf N,

stalk NO3-N, and grain yield. The fixed factors were WD,

N treatment, and their interaction. The random factors were

year, block nested within year, and WD × block nested within

year (whole plot error term). The percentage of damaged ears

was used as a covariate in the analysis of covariance of grain

yield. Aside from soil and stalk NO3-N analyses, all ANOVA

assumptions were met, and an alpha level of 0.05 was applied.

Pairwise comparisons were conducted using the LSMEANS

statement when the global F-test was significant. Soil nitrate

values were square root transformed, and stalk nitrate values

were log-transformed to meet the assumptions of ANOVA.

For the latter two, the statistical mean separation from the
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T A B L E 2 Grain yield and initial soil nitrate nitrogen (NO3-N) for the main effects of waterlogging duration and N application treatments.

Waterlogging
duration

N Application treatment Grain yield

P Value

Soil NO3-N pre-waterlogging

P Valuelb N ac−1 bu ac−1 ppm
0 days — 135.3a 15.4

3 days — 117.2b 15.5

3+3 days — 102.0b 14.8

P Value .003 .927

— 0+0 45.4e 8.3b

— 0+60 84.3d 11.2b

— 0+120 121.3c 10.3b

— 0+180 139.8b 7.8b

— 100+0 95.8d 19.5a

— 100+60 131.0bc 18.6a

— 100+120 157.3a 22.8a

— 100+180 170.4a 22.1a

P Value <.001 <.001

Note: Different lowercase letters within each main effect denote means that are significantly different from one another.

transformed data is presented, along with the non-transformed

means, for clarity.

3 RESULTS AND DISCUSSION

3.1 Grain yield response

A WD × N treatment interaction was not observed for grain

yield, although significant main effects for each factor were

noted. Waterlogging reduced grain yield by 13.4% (3 days) or

24.7% (3+3 days) compared with the non-waterlogged con-

trol across all N applications (Table 2). Grain yield, regardless

of WD, was greatest when either 120 or 180 lb N ac−1 was

applied at sidedress coupled with 100 lb N ac−1 at preplanting.

Treatments receiving 100 lb preplant N ac−1 had higher soil

NO3-N values than treatments receiving 0 lb preplant N ac−1

(Table 2), suggesting greater N availability for plant uptake

prior to waterlogging at V4 or V6 with a preplant N appli-

cation. In the absence of a preplant N application, yield was

maximized with 180 lb N ac−1 across WDs; however, yield

was statistically lower than when preplant N was applied.

Benefits from preplant N application were reflected in

17%–22% greater yield values compared with the same post-

waterlogging rates when preplant N was not applied. The

maximum yield achieved at 220–280 lb N ac−1 in the present

study exceeds the general agronomic optimum N rate recently

reported for the state of Ohio, which is 202–203 lb N ac−1

under more normal growing conditions (Fulford et al., 2025).

It is possible that further refinement of the preplant N appli-

cation rate, as well as the post-waterlogging N rates, could

better elucidate how reduced N application rates and timing

influence the yield of corn experiencing waterlogging condi-

tions. Yields may have responded similarly to lower preplant

N rates applied. The present study used a preplant rate of 100

lb N ac−1, which was lower than the 120 lb N ac−1 used

by Dill et al. (2020) in Ohio. Greub et al. (2017) reported

that in the U.S. Mid-South, 60%–85% of preplant fertilizer N

applied to silt loam soils was not recovered within corn plants

at maturity; a preplant application rate of 60 lb N ac−1 enabled

furrow-irrigated corn to maximize yield and preplant fertilizer

recovery efficiency compared with the other tested rates of 0,

30, or 90 lb N ac−1.

3.2 Soil NO3-N post-waterlogging, ear leaf
N, and stalk NO3-N

There was a WD × N application interaction on soil NO3-

N post-waterlogging (Table 3). For 0- and 3-days WD, soil

NO3-N values were greater for all plots that received 100 lb N

ac−1 preplant incorporated, and values declined with length-

ening waterlogging duration. The soil NO3-N values for both

preplant N regimes were similar for the 3+3-day waterlog-

ging treatments, except for the 100+180 lb N ac−1 treatment

(Table 2). It is unlikely that a post-flood soil NO3-N test as

proposed by Dill et al. (2020) would have been informative, as

grain yield responses were similar to sidedress N applications,

regardless of waterlogging duration, and a wide variation in

post-waterlogging soil NO3-N values was recorded (Table 3).

The greatest yielding treatments corresponded to instances

in which ear leaf N content at R1 exceeded 2.75% (Table 3),

which is below the 3.0% sufficiency level stated in recent

work from Arkansas (dos Santos et al., 2021; Greub et al.,

2018). However, Ruiz Diaz (2023) suggested 2.75%–3.50%

as the sufficiency level to ensure yield was non-limited in
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T A B L E 3 Grain yield, post-waterlogging soil nitrate nitrogen (NO3-N), ear leaf nitrogen content at the R1 growth stage, and corn stalk NO3-N

concentrations at the R6 growth stage as affected by the interaction of waterlogging duration and N application treatments. Grain yield main effects

are shown separately in Table 2.

Waterlogging duration
(WD)

N application Grain yield Soil NO3-N post-waterlogging Ear leaf N Stalk NO3-N
lb N ac−1 bu ac−1 ppm % ppm

0 days 0+0 57.3 12.3efghi 1.94jk 17.3de

0+60 99.8 10.4efghi 2.18hij 17.3de

0+120 143.1 9.7hi 2.58efg 30.9de

0+180 148.2 8.4i 2.58efg 50.0cde

100+0 131.6 39.6a 2.20hij 21.8de

100+60 144.7 35.2ab 2.71cdef 84.5de

100+120 169.0 37.0abc 2.99ab 376a

100+180 188.5 27.7abcd 2.96abcd 1217ab

3 days 0+0 61.6 5.1i 1.71kl 23.6de

0+60 88.5 5.2i 2.18hij 15.6de

0+120 104.4 5.1i 2.44fgh 18.2de

0+180 139.6 5.7i 2.80bcde 359abc

100+0 86.0 19.8cdefgh 2.07ij 23.6de

100+60 133.1 20.5abcdefg 2.38gh 24.0de

100+120 166.9 21.4abcde 2.84abcde 241bc

100+180 157.7 19.7cdefgh 3.10a 484ab

3+3 days 0+0 17.3 11.0i 1.46l 12.7e

0+60 64.6 9.6i 2.22hij 20.0de

0+120 116.4 9.3i 2.69def 48.9cde

0+180 131.6 12.1i 2.93abcd 45.0cd

100+0 69.8 14.5efghi 1.63l 20.0de

100+60 115.1 13.7ghi 2.35ghi 14.5de

100+120 136.0 18.0efghi 2.76bcde 18.2de

100+180 164.9 24.1def 2.98abc 151bc

P Values

WD .002 .064 .126 .159

N application <.001 <.001 <.001 <.001

WD × N application .174 .009 <.001 .017

Note: Different lowercase letters within a column denote means that are significantly different from one another.

corn, which aligns well with the values observed in the present

study. The established ear leaf N sufficiency concentrations

at R1 for non-waterlogged corn still translated into maximum

yields in this study where corn was waterlogged. Stalk NO3-N

concentrations were less consistent, with all instances mea-

sured below the 1800–2000 ppm range, often cited as the

threshold indicating luxury consumption (Binford et al., 1990,

1992; Camberato & Nielsen, 2016). This suggests that water-

logged corn was still able to reallocate N during the season,

rather than being sink-limited and accumulating high N in

stalk tissue. It is possible that sufficiency thresholds may be

applicable for stalk NO3-N values, though the thresholds for

gauging sufficiency have varied. State-specific values indicat-

ing sufficiency have been reported as 250 ppm in Iowa and

Indiana (Binford et al., 1992; Camberato & Nielsen, 2016;

Sawyer & Mallarino, 2018), 315–700 ppm in Pennsylvania

(White & Spargo, 2024), and 170–1000 ppm in Arkansas

(Greub et al., 2018). Our results suggest that with repeated

flooding, an ear leaf N sample may be more informative than

a corn stalk NO3-N test for gauging N sufficiency in season.

3.3 Recommendations

Waterlogging reduced corn grain yield across N treatments

by up to 25% compared with the non-waterlogged control.

Yield responses to N application were similar regardless of

flood duration. The application of 100 lb N preplant + 120

or 180 lb N ac−1 at sidedress resulted in the greatest yield,

though further studies are needed to refine the recommended
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NOVAIS ET AL. 7 of 8

rate for use at planting in heavier textured soils. The sid-

edress application of 180 lb N ac−1 produced the greatest

yield when 0 lb N was applied preplanting, but it yielded less

than the greatest yielding treatments where preplant N was

applied. Ear leaf N concentration at flowering (R1) exceed-

ing 2.75% corresponded to the greatest grain yield at harvest.

These results indicate that corn can respond to N applications

applied after waterlogging and that current sufficiency ear

leaf N levels for non-waterlogged conditions (2.75%–3.0%)

correspond to the greatest yielding treatments in waterlogged

corn. Future work should examine a range of preplant N rates

to optimize this recommendation for fields prone to water-

logging. Further multisite research should be conducted to

expand our understanding and refine N recommendations

for corn resilience and corn N response under waterlogging

conditions.

AU T H O R C O N T R I B U T I O N S
Wanderson Novais: Data curation; formal analysis; inves-

tigation; methodology; project administration; visualization;

writing—original draft. Christine D. Sprunger: Concep-

tualization; funding acquisition; investigation; methodol-

ogy; project administration; supervision; writing—review

and editing. Meredith Mann: Data curation; investigation;

methodology; writing—review and editing. Laura E. Lind-
sey: Conceptualization; methodology; writing—review and

editing. Osler A. Ortez: Conceptualization; methodology;

writing—review and editing. Manbir Rakkar: Conceptual-

ization; investigation; writing—review and editing. Alexan-
der J. Lindsey: Conceptualization; data curation; formal

analysis; funding acquisition; investigation; project admin-

istration; visualization; writing—original draft; writing—

review and editing.

A C K N O W L E D G M E N T S
This work was funded through the USDA National Institute of

Food and Agriculture (NIFA) Agriculture and Food Research

Initiative Foundational Program, award 2021-67013-33615.

This work was also supported in part by Hatch funds from

the USDA-NIFA. The authors extend thanks to Matt Davis

and the staff at the Northwest Agricultural Research Station

site for their assistance with planting, harvesting, and plot

maintenance during each season.

C O N F L I C T O F I N T E R E S T S T AT E M E N T
Alexander J. Lindsey and Laura E. Lindsey are existing

Editorial Board Members of Crop, Forage & Turfgrass Man-
agement while being authors. Appropriate measures were

implemented to manage this potential conflict of interest.

These authors were not involved in the editorial review pro-

cess, and editorial decisions were made in line with standard

journal procedures.

D AT A AVA I L A B I L I T Y S T AT E M E N T
The dataset used for analysis will be made available through

the DRYAD data repository upon publication.

O R C I D
Wanderson Novais https://orcid.org/0000-0002-7390-

5308

Christine D. Sprunger https://orcid.org/0000-0001-7523-

1055

Laura E. Lindsey https://orcid.org/0000-0001-7026-0949

Osler A. Ortez https://orcid.org/0000-0001-8847-3598

Manbir Rakkar https://orcid.org/0000-0002-5963-3211

Alexander J. Lindsey https://orcid.org/0000-0002-3216-

1496

R E F E R E N C E S
Abendroth, L. J., Elmore, R. W., Boyer, M. J., & Marlay, S. K. (2011).

Corn growth and development. PMR 1009. Iowa State University

Extension.

Bailey-Serres, J., Lee, S. C., & Brinton, E. (2012). Waterproofing crops:

Effective flooding survival strategies. Plant Physiology, 160(4),

1698–1709. https://doi.org/10.1104/pp.112.208173

Binford, G. D., Blackmer, A. M., & El-Hout, N. M. (1990).

Tissue test for excess nitrogen during corn production. Agron-
omy Journal, 82(1), 124–129. https://doi.org/10.2134/agronj1990.

00021962008200010027x

Binford, G. D., Blackmer, A. M., & Meese, B. G. (1992). Opti-

mal concentrations of nitrate in cornstalks at maturity. Agron-
omy Journal, 84(5), 881–887. https://doi.org/10.2134/agronj1992.

00021962008400050022x

Bowles, T. M., Atallah, S. S., Campbell, E. E., Gaudin, A. C. M., Wieder,

W. R., & Grandy, A. S. (2018). Addressing agricultural nitrogen

losses in a changing climate. Nature Sustainability, 1(8), 399–408.

https://doi.org/10.1038/s41893-018-0106-0

Camberato, J., & Nielsen, B. (2016). Corn stalk nitrate tests—

Research and recommendation update. Pest & Crop Newsletter,

(23). Purdue University Extension. https://extension.entm.purdue.

edu/pestcrop/2016/Issue23/#1

Dill, T. E., Harrison, S. K., Culman, S. W., & Lindsey, A. J. (2020).

Grain yield response of corn (Zea mays L.) to nitrogen manage-

ment practices and flooding. Plants, 9(3), 348. https://doi.org/10.

3390/plants9030348

Dos Santos, C. L., Roberts, T. L., & Purcell, L. C. (2021). Leaf nitro-

gen sufficiency level guidelines for midseason fertilization in corn.

Agronomy Journal, 113(2), 1974–1980. https://doi.org/10.1002/agj2.

20526

Fulford, A. M., Labarge, G., Lindsey, A., Watters, H., Ortez, O., &

Culman, S. W. (2025). Historical trends in the nitrogen requirement

of corn over 45 years in Ohio. Agronomy Journal, 117(2), e70049.

https://doi.org/10.1002/agj2.70049

Greub, C. E., Roberts, T. L., Slaton, N. A., & Kelley, J. P. (2017). Pre-

plant nitrogen fertilizer uptake and partitioning in furrow-irrigated

corn. Agronomy Journal, 109(6), 2974–2981. https://doi.org/10.2134/

agronj2017.04.0234

Greub, C. E., Roberts, T. L., Slaton, N. A., Kelley, J. P., & Gbur, E.

E. (2018). Evaluating tissue tests to improve nitrogen management

 23743832, 2026, 2, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/cft2.70156, W

iley O
nline L

ibrary on [11/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7390-5308
https://orcid.org/0000-0002-7390-5308
https://orcid.org/0000-0002-7390-5308
https://orcid.org/0000-0001-7523-1055
https://orcid.org/0000-0001-7523-1055
https://orcid.org/0000-0001-7523-1055
https://orcid.org/0000-0001-7026-0949
https://orcid.org/0000-0001-7026-0949
https://orcid.org/0000-0001-8847-3598
https://orcid.org/0000-0001-8847-3598
https://orcid.org/0000-0002-5963-3211
https://orcid.org/0000-0002-5963-3211
https://orcid.org/0000-0002-3216-1496
https://orcid.org/0000-0002-3216-1496
https://orcid.org/0000-0002-3216-1496
https://doi.org/10.1104/pp.112.208173
https://doi.org/10.2134/agronj1990.00021962008200010027x
https://doi.org/10.2134/agronj1990.00021962008200010027x
https://doi.org/10.2134/agronj1992.00021962008400050022x
https://doi.org/10.2134/agronj1992.00021962008400050022x
https://doi.org/10.1038/s41893-018-0106-0
https://extension.entm.purdue.edu/pestcrop/2016/Issue23/#1
https://extension.entm.purdue.edu/pestcrop/2016/Issue23/#1
https://doi.org/10.3390/plants9030348
https://doi.org/10.3390/plants9030348
https://doi.org/10.1002/agj2.20526
https://doi.org/10.1002/agj2.20526
https://doi.org/10.1002/agj2.70049
https://doi.org/10.2134/agronj2017.04.0234
https://doi.org/10.2134/agronj2017.04.0234


8 of 8 NOVAIS ET AL.

in furrow-irrigated mid-South corn production. Agronomy Journal,
110(4), 1580–1588. https://doi.org/10.2134/agronj2017.12.0707

Kaur, G., Zurweller, B. A., Nelson, K. A., Motavalli, P. P., &

Dudenhoeffer, C. J. (2017). Soil waterlogging and nitrogen fertilizer

management effects on corn and soybean yields. Agronomy Journal,
109(1), 97–106. https://doi.org/10.2134/agronj2016.07.0411

Li, Y., Guan, K., Schnitkey, G. D., DeLucia, E., & Peng, B. (2019).

Excessive rainfall leads to maize yield loss of a comparable magni-

tude to extreme drought in the United States. Global Change Biology,

25(7), 2325–2337. https://doi.org/10.1111/gcb.14628

Lindsey, A. J., Ortez, O. A., Thomison, P. R., Carter, P. R., Coulter, J. A.,

Roth, G. W., Carrijo, D. R., Quinn, D. J., & Licht, M. A. (2024). Severe

storm damage and short-term weather stresses on corn: A review.

Crop Science, 64(3), 1129–1166. https://doi.org/10.1002/csc2.21212

Moore, K. J., & Dixon, P. M. (2015). Analysis of combined experi-

ments revisited. Agronomy Journal, 107(2), 763–771. https://doi.org/

10.2134/agronj13.0485

Motavalli, P. P., Goyne, K. W., & Udawatta, R. P. (2008). Environ-

mental impacts of enhanced-efficiency nitrogen fertilizers. Crop
Management, 7(1), 1–15. https://doi.org/10.1094/CM-2008-0730-

02-RV

Novais, W., Sprunger, C. D., Mann, M., Lindsey, L. E., Ortez, O. A.,

& Lindsey, A. J. (2025). Assessing pre-plant nitrogen sources and

waterlogging on corn growth and yield. Crop, Forage & Turfgrass
Management, 11(2), e70071. https://doi.org/10.1002/cft2.70071

Ruiz Diaz, D. (2023). Plant analysis for testing nutrient levels in corn.

Agronomy eUpdate. https://eupdate.agronomy.ksu.edu/article_new/

plant-analysis-for-testing-nutrient-levels-in-corn-551-4

Sawyer, J., & Mallarino, A. (2018). Use of the end-of-season corn stalk

nitrate test in Iowa corn production. Bulletin CROP 3154. Iowa State

University Extension and Outreach. https://crops.extension.iastate.

edu/post/sampling-end-season-corn-stalk-nitrate-test

Walsh, J., Wuebbles, D., Hayhoe, K., Kossin, J., Kunkel, K., Stephens,

G., Thorne, P., Vose, R., Wehner, M., Willis, J., Anderson, D.,

Doney, S., Feely, R., Hennon, P., Kharin, V., Knutson, T., Landerer,

F., Lenton, T., Kennedy, J., & Somerville, R. (2014). Chapter 2:

Our changing climate. In J. M. Melillo, Richmond, T. C., & Yohe,

G. W. (Eds.), Climate change impacts in the United States: The
third national climate assessment. (pp. 19–67). U.S. Global Change

Research Program.

Walthall, C. L., Hatfield, J., Backlund, P., Lengnick, L., Marshall, E.,

Walsh, M., Adkins, S., Aillery, M., Ainsworth, E. A., Ammann,

C., Anderson, C. J., Bartomeus, I., Baumgard, L. H., Booker, F.,

Bradley, B., Blumenthal, D. M., Bunce, J., Burkey, K., Dabney,

S. M., . . . Ziska, L. H. (2013). Climate change and agriculture in
the United States: Effects and adaptation (USDA Technical Bulletin

1935). United States Department of Agriculture.

White, C., & Spargo, J. (2024). Consider the cornstalk nitrate
test to assess your nitrogen management. Penn State University

Extension. https://extension.psu.edu/consider-the-cornstalk-nitrate-

test-to-assess-your-nitrogen-management

How to cite this article: Novais, W., Sprunger, C. D.,

Mann, M., Lindsey, L. E., Ortez, O. A., Rakkar, M., &

Lindsey, A. J. (2026). Waterlogged corn responded to

post-flooding N in Ohio. Crop, Forage & Turfgrass
Management, 12, e70156.

https://doi.org/10.1002/cft2.70156

 23743832, 2026, 2, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/cft2.70156, W

iley O
nline L

ibrary on [11/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.2134/agronj2017.12.0707
https://doi.org/10.2134/agronj2016.07.0411
https://doi.org/10.1111/gcb.14628
https://doi.org/10.1002/csc2.21212
https://doi.org/10.2134/agronj13.0485
https://doi.org/10.2134/agronj13.0485
https://doi.org/10.1094/CM-2008-0730-02-RV
https://doi.org/10.1094/CM-2008-0730-02-RV
https://doi.org/10.1002/cft2.70071
https://eupdate.agronomy.ksu.edu/article_new/plant-analysis-for-testing-nutrient-levels-in-corn-551-4
https://eupdate.agronomy.ksu.edu/article_new/plant-analysis-for-testing-nutrient-levels-in-corn-551-4
https://crops.extension.iastate.edu/post/sampling-end-season-corn-stalk-nitrate-test
https://crops.extension.iastate.edu/post/sampling-end-season-corn-stalk-nitrate-test
https://extension.psu.edu/consider-the-cornstalk-nitrate-test-to-assess-your-nitrogen-management
https://extension.psu.edu/consider-the-cornstalk-nitrate-test-to-assess-your-nitrogen-management
https://doi.org/10.1002/cft2.70156

	Waterlogged corn responded to post-flooding N in Ohio
	Abstract
	Plain Language Summary
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Study site
	2.2 | Experimental design and implementation
	2.3 | Measurements collected
	2.3.1 | Soil samples
	2.3.2 | Ear leaf samples
	2.3.3 | Stalk samples
	2.3.4 | Stand assessment and grain yield

	2.4 | Statistical analysis

	3 | RESULTS AND DISCUSSION
	3.1 | Grain yield response
	3.2 | Soil NO3-N post-waterlogging, ear leaf N, and stalk NO3-N
	3.3 | Recommendations

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES


