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Drainage water management effect on corn
planting date in southeast lowa

L. Schott, A. Lagzdins, A.L.M. Daigh, C. Pederson, G. Brenneman, and M.]. Helmers

Abstract: In Towa, producers achieve an adequate growing season for high yielding corn (Zea
mays L.) by beginning field activities in a timely fashion. Subsurface drainage allows for early
field activities by improving trafficability and decreasing excess water stress to crops on poorly
drained soils. Drainage water management practices reduce drainage volumes and nitrate
(NO,) loss by maintaining the water table closer to the ground surface when compared to
conventional drainage systems. The objective of this study was to determine the effect of
shallow, controlled, conventional, and no drainage on depth to water table, volumetric water
content, and soil temperature during a 51-day period, from mid-April through May, to eval-
uate if drainage water management practices delay planting. At the Iowa State University
Southeast Research Farm near Crawfordsville, lowa, we evaluated eight large-scale research
plots with two replicates for each of the four drainage treatments over the 51-day planting
period during 2012 to 2015. Each plot was planted half to soybeans (Glycine max [L.] Merr.)
and the other half to corn, and the halves rotated every year in accordance with a typical
corn—soybean rotation. Conventional and controlled drainage significantly lowered (p < 0.05)
the water table when compared to the undrained treatment over the four-year study period.
However, the shallow and undrained treatments significantly increased (p < 0.05) daily average
soil temperatures at a 10 cm depth when compared to the conventional and controlled drain-
age treatments. Drainage treatment did not affect daily volumetric water content, maximum
soil temperature, and minimum soil temperature at 10 cm. Overall, drainage treatment did not
affect potential planting dates due to similar soil temperatures and volumetric water contents.
However, drainage treatment does aftect the depth of water table and reduces the risk of excess
water stress on the crop during early season periods near planting.

Key words: corn—drainage water management—soil temperature—volumetric water con-

tent—water table

Subsurface drains lower shallow water
tables and remove excess water from the

of interest (SEW, ) as well as a multiplica-
tive factor representing crop susceptibility to

soil profile of agricultural land in areas
with poor natural drainage. These shal-
low water tables reduce soil aeration, which
limits seed germination, cause plant root
injury, and reduce the plant’s ability to take
up nutrients thereby reducing grain yields
(Evans and Fausey 1999). When excess water
stress occurs soon after planting or during
corn (Zea mays L.) establishment, yields are
affected more than by water stress during
periods later in the growing season (Kanwar
et al. 1988). Evans et al. (1991) investigated
the effects of soil excess water stress on corn
yields and developed a simple yield model
using the summation of water table depths
within 30 cm of the surface during a period
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shallow water tables at various growth stages.

In Towa, producers achieve an adequate
growing season for high yielding corn by
beginning field activities in a timely fash-
ion. Subsurface drainage allows for early
field activities by improving trafficability
and decreasing excess water stress to crops
on poorly drained soils. Campbell and
O’Sullivan (1991) defined trafficability as the
ability of the soil to provide adequate trac-
tion for vehicles while withstanding excess
compaction. Based on well-known soil
moisture to soil strength relationships, a soil’s
trafficability increases as soil water contents
decrease in the upper soil profile (Bornstein
and Hedstrom 1982; Earl 1996; Kornecki

and Fouss 2001). Bornstein and Hedstrom
(1982) concluded that trafficability increased
more rapidly in the spring with, rather than
without, subsurface drainage by decreas-
ing soil water content below field capacity.
However, excessively dry soils will limit seed
germination at the time of planting since
corn seeds must absorb 30% of their weight
in water for successful germination (Elmore
et al. 2014).

Although subsurface drainage benefits crop
production and limits the potential for sur-
face runoff, negative environmental impacts
exist. Subsurface drainage contributes to the
loss of nitrate-nitrogen (NO,-N) from agri-
cultural lands in the Mississippi River Basin
and therefore contributes to the hypoxia
zone in the Gulf of Mexico (Turner and
Rabalais 1994; David et al. 2010). Proposed
practices to limit NO,-N losses include
designing (shallow drainage) or managing
(controlled drainage) the subsurface drain-
age system in order to reduce the drainage
volume or to manage the outflow. Shallow
drainage systems contain drains installed at a
relatively shallow depth (e.g., 0.6 m) (Strock
et al. 2011). Controlled drainage systems
contain drains installed at the conventional
depth described earlier (e.g., >1 m) with a
control structure that regulates the water
table outflow height.

Many reports conclude drainage water
management reduces drainage
and NO,-N losses, but crop yield impacts
are inconclusive. Shallow drainage reduced
drainage volume and NO,-N loss by 20%
to 58% and 18% to 49%, respectively, when
compared to conventionally drained sys-
tems (Sands et al. 2008; Helmers et al. 2012).
Using 20 controlled drainage sites across the

volumes
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Midwest and Canada, Skaggs et al. (2012)
reported an 18% to 80% reduction in annual
drainage volume and an 18% to 79% reduc-
tion in NO,-N loads when compared to
conventional drainage. Additionally, Schott
et al. (2017) reported an average 60% and
61% reduction in drainage volume and NO,,
respectively. However, corn yields from these
same sites ranged from a mild yield reduction
to an increase of 19% (Helmers et al. 2012;
Skaggs et al. 2012; Schott et al. 2017).

Producers aim to accumulate 50 to 67
growing degree days (°C; GDD) for corn
germination; however, soil temperature at 4
cm needs to meet or exceed 10°C in order
for corn to germinate (Elmore et al. 2014).
Historically, producers thought subsurface
drainage would increase soil temperatures in
early spring and allow for earlier planting. In a
review by Steenhuis and Walter (1986), three
main reasons were found for this rationale: (1)
evaporation from an undrained field decreases
temperature, (2) rainfall increases soil tempera-
ture faster in a drained field due to increased
infiltration of warm rain water, and (3) more
heat is needed to warm a wet field than a dry
one due to water’s high specific heat capacity.
However, very few field studies support this
conclusion. Jin et al. (2008) concluded from
their field study in northern Minnesota that
subsurface drainage significantly increased
spring soil temperature, but only at the depth
of the subsurface drains.

In Iowa, corn is planted earlier than soy-
beans (Glycine max [L.] Merr.) since high
yielding corn requires a longer growing sea-
son. If field conditions delay planting, the
risk of high temperatures during pollination
is increased, negatively affecting yields. In
Iowa, corn must be planted between April
11 and May 31 for producers to qualify for
crop insurance (Plastina 2014). The rec-
ommended planting window to obtain the
highest corn yield potential in southern Iowa
is April 17 to May 8 (Elmore 2012). Since
planting delays and shallower water tables
can reduce crop yields, it is important to
understand the effect of drainage and drain-
age water management during the spring
planting window. The objective of this study
was to investigate the impact of subsurface
drainage and drainage water management
practices on volumetric soil water content,
soil temperature, and depth to water table
in order to evaluate trafficability and crop
establishment during the crop insurance
planting window for corn in southern Iowa.
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Table 1

the drainage depth is the spring closed depth.

Spring field activities for the corn rotation from 2012 to 2015 including control dates for con-
trolled drainage plots. An open control structure indicates the drainage depth is 1.2 m. In the
spring, a closed control structure indicates drainage depth is 0.76 m. If a date is not provided,

Fertilizer Tillage Herbicide Spring control
Year Anhydrous Field cultivate Planting Preemerge Open Close
2012 Mar. 28 Apr. 11 Apr. 18 Apr. 25 Apr. 5 June 14
2013 May 2 May 17 May 17 May 17 — All year
2014 Apr. 23 May 6 May 6 May 19 — All year
2015 Apr. 17 Apr. 29 Apr. 30 — Mar. 31 May 22

Thus, economic risk of reducing NO, loss
with drainage water management can be
better evaluated in the future.

Materials and Methods

Site Location and Design. Research was con-
ducted at the Towa State Southeast Research
Farm (SERF) near Crawfordsville, Iowa
(41°11738” N, 91°28'58" W), from 2012 to
2015.The site was established in 2007 and was
part of the USDA National Institute of Food
and Agriculture (NIFA) funded Climate and
Corn-based Cropping Systems Coordinated
Agricultural Project from 2011 to 2015
(https://sustainablecorn.org/). Four drain-
age treatments of no drainage, conventional
drainage, shallow drainage, and controlled
drainage were replicated twice across eight
large research plots (i.e., 1.2 to 2.4 ha each)
whose site map is presented by Schott et al.
(2017). The plots were blocked by soil type:
a silty clay loam Kalona series (fine, smectitic,
mesic Vertic Endoaquolls) on the northern
plots and a silty clay loam Taintor series (fine,
smectitic, mesic Vertic Argiaquolls) on the
southern plots. The site is generally flat with
no noticeable micro-topography and less
than a 5 m elevation change over the research
site (i.e., 17 ha). Each drainage system was
designed to have a 1.9 cm d' maximum
drainage coefficient. The conventional and
controlled drainage plots have the same drain
depth and spacing of 1.2 and 18 m, respec-
tively, whereas the drain depth and spacing in
the shallow drainage plots is 0.76 and 12.2
m, respectively.

During 2007 to 2011, each plot was split
into halves (north and south) and planted in
east to west rows with both corn and soy-
beans each year. These halves were then
rotated each following year to represent a
typical corn—soybean rotation in Iowa. In
2012, 24 rows of continuous corn were
added on the north edge of block 1 and
the south edge of block 2, resulting in each
plot having rotational corn, rotational soy-

beans, and continuous corn planted every
year. Corn will be the focus of our analysis
since corn is typically planted before soy-
beans in Towa and requires a longer growing
season. Spring field activities included field
cultivation, anhydrous ammonia (NH))
application, planting, and a preemergence
herbicide application (table 1). All drainage
treatments were planted on the same day due
to plot layout, and the field manager decided
when field conditions were suitable for
planting.Yield methodology was outlined in
Helmers et al. (2012) and reported in Schott
et al. (2017). When necessary, the boards
in the controlled drainage treatments were
removed in mid- to late April for approxi-
mately two weeks prior to planting to allow
free drainage and replaced in late May to
early June after planting. In 2013 and 2014,
boards remained closed throughout the year
due to low precipitation.

Data Collection. Daily rainfall was mea-
sured using a manually read rain gauge
located approximately 1 km from the
research plots from 2012 to 2015. Rainfall
amounts during the planting periods were
calculated by averaging daily manual mea-
surements from the site and rainfall amounts
at a National Oceanic and Atmospheric
Administration (NOAA) station in Mount
Pleasant, approximately 15 km away.
Rainfall data from the NOAA station were
used for the long-term average. Daily aver-
age, maximum, and minimum temperatures
for the site were compiled using the Iowa
State Agclimate Network for 2012 to 2013
and Jowa State University Soil Moisture
Network for 2014 to 2015 due to the phase
out of older weather equipment.

In 2009, water table monitoring wells
were installed in the center of each plot
where the water table in the drained treat-
ments would be the shallowest and between
the rotational corn and soybeans to minimize
the impact of farming operations. Depth to
water table was monitored hourly using
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Global Water pressure transducers (Global
Water, Sacramento, California). Daily aver-
age water table depths were calculated as well
as the daily minimum depth to water table.
The daily minimum water table depths were
used to calculate the soil excess water stress
in the top 30 cm of the soil profile (SEW, )
since crop susceptibility to SEW, is greatest
during the early stages of crop establishment
and growth (Kanwar et al. 1988; Evans et al.
1999) (equation 1).

SEW,, = ' (30 - X);if X, < 30, (1)

where X, = the water table depth below
the ground surface in centimeters on the ith
day and n = the number of days within the
planting window.

Methodologies for measuring soil vol-
umetric water content (VWC) and soil
temperature were agreed upon by the
USDA-NIFA funded Climate and Corn-
based Cropping Systems Coordinated
Agricultural Project and followed for this site
(Kladivko et al. 2014). Briefly, bulk density
samples were collected in 2011 using a mod-
ified Uhland sampler for depth increments
of 0 to 10, 10 to 20, 20 to 30, 30 to 40, 40
to 50, and 50 to 60 cm at eight locations
transecting each plot and across all three
continuous and rotation crop systems. Soil
samples were then oven dried at 105°C for
a minimum of 48 hours (Blake and Hartge
1986). Soil moisture sensors, ECH,O 5TM
(Decagon, Pullman, Washington),
installed in the center of the continuous
corn portion of each plot in May of 2011.
The soil VWC and temperature were mea-
sured at five depths: 10, 20, 40, 60, and
100 cm. However, only the top depth was
used for this paper since corn is planted at
a depth of 4 cm. Soil VWC and tempera-
ture were recorded at five minute intervals
using an Em50 data logger. Soil porosity
was calculated for the 10 cm depth using the
bulk density samples collected in each plot
in 2011 and assuming a mineral density for
quartz (2.65 g ¢cm™). Maximum soil mois-
ture values were capped to individual plot
soil porosity at the sensor depth increments.
Daily average soil moisture and temperature
were calculated for the 10 cm depth. Using
bulk density samples collected in 2013, the
soil water retention curve for soil samples
corresponding to the 0 to 10 cm depth was
determined using a simultaneous collection
system for pressure potentials of =50, =100,

were
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Figure 1
Average soil water retention curve for the silty clay loam soils found in the research plots. Field
capacity is defined as the volumetric water content at 100 cm water of capillary pressure head.
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and —-330 cm water (Powers et al. 1999).
The permanent wilting point was defined at
—15,000 cm water and was determined using
a WP4C Water Potential Meter (Decagon,
Pullman, Washington). Field capacity is the
soil VWC after a rain event when previously
saturated soils no longer drain by gravity.
Field capacity at this site was defined at a
matric potential of =100 cm water due to the
shallow water tables. Due to site homoge-
neity, the soil water retention curves were
averaged for 0 to 10 cm representing the
entire site (figure 1). Research data were
uploaded to the team’s central database with
review and quality control performed by
database managers to ensure data integrity
and adherence to standardization (Herzmann
et al. 2014).

Statistical Analysis. The experimental
design was a randomized complete block
design for the drainage treatments. Statistical
analyses were conducted using Statistical
Analysis System software (version 9.4 SAS
2011). The generalized linear mixed model
(GLIMMIX) procedure was used to analyze
treatment effects for repeated measurements
on the following soil measurements at 10
cm: daily average VWC, daily average tem-
perature, daily maximum temperature, daily
minimum temperature, and daily tempera-
ture amplitude. The same procedure was
also used to analyze the daily average depth
to water table. Replication was set as the

random effect for the soil measurements and
depth to water table. Means were separated
at the 0.05 level using the Tukey method.
The general linear model (GLM) procedure
was used with two replicates per treatment
to analyze treatment effects on SEW, , and
the mean values were separated using a least
significance difference (LSD) test at the 0.05
level (LSD, ).

Results and Discussion

Climate. Average air temperatures during
the planting window of April 11 to May
31 from 2012 to 2015 varied little from the
25-year average of 14.7°C and ranged from
13.6°C to 16.2°C (table 2). However, the
site experienced 24% to 42% fewer accu-
mulated GDD as compared to the 25-year
average for corn during the planting window
in all four years of the study. Every year,
except 2013, the site received less than the
25-year average rainfall of 20.16 cm; there
was 3%, 32%, and 16% less rainfall during
2012, 2014, and 2015, respectively, and 75%
more rainfall during 2013. It is important to
note that there were droughts in the latter
halves of 2012 and 2013.

Volumetric Water Content. Soil VWC
at 10 cm depth did not significantly differ
between drainage treatments for any day or
when averaged across all four years of the
study (figure 2). All treatments responded
similarly to rainfall during the majority of
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both wetting and drying periods. Although
not significant, VWC often tended to fall
from greatest to least in the order of no drain-
age, conventional drainage (1.2 m depth; 18
m spacing), controlled drainage (0.76 or 1.2
m depth; 18 m spacing), and shallow drain-
age (0.76 m depth; 12.2 m spacing) for the
numerical averages. Daily VWC varied the
greatest during the planting window in 2013
due to high rainfall with adequate time for
drying between events. Comparatively, daily
VWC varied little during both 2014 and
2015 because rainfall events were smaller and
closer together than in 2013.

In all four years, corn was planted when
visual observations indicated the field con-
ditions would allow for good trafficability.
When analyzing VWC, soil moisture at 10
cm was between 0.25 and 0.30 ¢cm® cm™
during planting each year. Therefore, the
VWC at this depth was below field capacity,
defined at a =100 cm water matric potential,
for this soil type. Earl (1997) concluded that
as VWC decreases below field capacity, traf-
ficability increases. Reasonably, therefore,
these results are consistent with this conclu-
sion since corn was planted when the soil
was trafficable.

Soil Temperature. Soil temperatures at 10
cm significantly differed between drainage
treatments. Shallow drainage had signifi-
cantly warmer soil temperatures than the
controlled drainage during the last three
weeks of the planting window in 2012—a
period when the average soil temperatures
were the warmest over the entire study
period (figure 3).This is consistent with the
slightly drier, although not significantly dif-
ferent, soil VW C values (figure 2). However,
the undrained treatment was significantly and
unexpectedly warmer than the controlled
drainage treatment during the second-to-last
week of the planting window. For the last
few days in April of 2013, when the aver-
age temperature drastically increased, the
undrained and shallow drainage treatments
were significantly warmer than the con-
trolled drainage treatment. The undrained
treatment was also significantly warmer than
the controlled drainage treatment during the
middle of May in the same year. No signifi-
cant differences occurred in soil temperature
in 2014 and 2015 when rainfall was the low-
est and air temperatures were slightly above
the 25-year average.

Soil temperatures at 10 cm were, on aver-
age, 2°C warmer in the shallow drainage and
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Table 2

Average air temperature (°C), accumulated growing degree days (GDD) for a 10°C baseline
temperature, and rainfall (mm) at the lowa State Southeast Research Farm during the planting
window for 2012 to 2015, including a 25-year long-term average.

Year Air temperature (°C) GDD Rainfall (mm)
2012 16.2 333 196.5
2013 13.6 254 351.8
2014 15.1 299 137.3
2015 15.6 304 168.3
25-year average 14.7 436 198.8

undrained treatments than in the controlled
and conventionally drained treatments. These
results are not intuitive. Although not signifi-
cant,VWC for the no drainage treatment was
the wettest and the shallow drainage treat-
ment was the driest.A higher volumetric heat
capacity in the undrained treatment would
have led to cooler temperatures, not warmer
(Steenhuis and Walter 1986). Additionally,
while Jin et al. (2008) reported warmer tem-
peratures in shallow drainage, the difference
was only at the depth of drainage and not
near the surface. Therefore, the reason why
the shallow drainage and undrained treat-
ments are warmer remains an open question.

Corn planting occurred the earliest of all
four years in 2012 when the average air tem-
peratures were the warmest and the average
soil temperature across all treatments was
15°C. In contrast, corn planting occurred the
latest of all four years in 2013 due to high
rainfall. Although rainfall delayed the planting
of corn in 2013, average soil temperature was
21°C on the planting date—7°C warmer than
in 2012 on the date of planting corn. While
the increase in average soil temperature of the
shallow and undrained treatments could allow
for earlier planting, the differences occurred
later in the planting window when soil tem-
peratures were already above 10°C.

The daily maximum soil temperatures at
10 cm did not significantly differ between
drainage treatments when averaged across
the planting window and year. However,
some notable daily differences
observed. The maximum daily soil tempera-
ture at 10 cm was the warmest in the shallow
and undrained treatments in 2012 and 2013
(figure 4). Sporadic days throughout both
years exist where the maximum tempera-
ture at 10 ¢cm in the undrained treatment
was significantly warmer than the controlled
drainage treatment. There were also a few
instances in both years when the maximum
temperature at 10 ¢cm in the shallow drained
treatment was also significantly warmer than
the controlled drainage treatment. These

were

differences tended to occur when the soil
temperature increased rapidly, such as at the
end of the planting window during 2012 and
midplant window during 2013. The maxi-
mum soil temperature at 10 cm was between
3°C and 5°C warmer in the shallow drainage
and undrained treatments, but just like the
differences in average soil temperature at 10
cm, they tended to occur later in the plant-
ing window when soil temperatures were
already warm. The undrained treatment
also tended to have the highest maximums
in 2014. The undrained treatment was sig-
nificantly warmer than the shallow drainage
treatment few times during the end of the
2014 planting window. No clear differences
were evident in 2015.

Daily minimum soil temperature at 10
cm did not statistically differ between drain-
age treatments during the four planting
windows. However, differences in daily
minimum soil temperature occurred for two
time periods. During the first week of May
of 2012, the daily minimum soil temperature
at 10 cm in the conventional drainage treat-
ment changed from significantly warmer
than the other three treatments to signifi-
cantly cooler than the others (figure 5).
Then, in early May of 2013, the undrained
and shallow drainage treatments had signifi-
cantly warmer minimum temperatures than
the conventionally drained treatment for a
few days. In all four years, corn was planted
when the daily minimum soil temperatures
at 10 cm were above the 10°C necessary for
seed germination.

Water Table. Drainage treatments dif-
fered in depth to water table. In all four years,
the water tables in the undrained and shal-
low drainage treatments were the shallowest
and the conventional and controlled drain-
age treatments were the deepest (figure 6).
Opverall, water tables were deepest in 2014
and shallowest in 2013.

In 2012, prior to the large rain event in
early May, the undrained treatment had a
significantly shallower water table than the
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Figure 2

Average daily volumetric water content (cm? cm3) at 10 cm depth and daily rainfall amounts (mm) with the date of planting indicated for the planting
windows in (a) 2012, (b) 2013, (c) 2014, and (d) 2015 for all drainage treatments. Lack of data due to instrumentation difficulties in the controlled
drainage treatment was observed in 2013 and 2014.
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deepest water table, which was the con-
trolled drainage treatment. There were no
significant differences between treatments
at the end of April through early May due
to a week of rainfall. Nearly all treatments
were significantly different from one another
immediately following the rainfall event,
however. By the end of the planting win-
dow in 2012, only the undrained treatment
was significantly shallower than the con-
trolled and conventional drainage treatments.
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In 2013, the water table in the undrained
treatment was significantly shallower than
the other three treatments for most of the
planting window. Since the boards in the con-
trolled drainage treatment were maintained at
0.76 m during 2013, the other three treat-
ments only significantly differed from each
other immediately following rainfall. The
undrained treatment was also significantly
shallower than the controlled and conven-
tional drainage treatments for most of 2014.

During 2015, the shallow and undrained
treatments had a significantly shallower water
table than the other two treatments.

In most years, there were no differences
between the controlled and conventional
drainage These
expected since this is the period of time
when there is no water table management in
the controlled drainage treatment. In 2013,
when the water table control boards were
maintained at 0.76 m, and there was sub-

treatments. results are
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Figure 3
Average daily soil temperature (°C) at 10 cm depth with the date of planting indicated for the planting windows in (a) 2012, (b) 2013, (c) 2014, and
(d) 2015 for all drainage treatments.
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stantial rainfall during the planting window,
the water table in the controlled drainage
treatment was shallower than the conven-
tional treatment but deeper than the shallow
drainage treatment. There were also several
instances in 2012, 2013, and 2015 when the
water table in the undrained treatment was
at the surface, which likely reduced traffi-
cability and would negatively impact crop
establishment due to reduced soil aeration
(Evans and Fausey 1999).The water tables in
the other three drainage treatments also rose
near the surface in 2012 and 2013 but receded
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faster. The water table monitoring wells were
located in the center of each plot between
two tile lines where the water table would
be the shallowest. The wells in the undrained
plots were also placed in the center of each
plot and not necessarily where the water
table would be the shallowest. Therefore, the
water tables in the undrained plots could be
shallower than the data available.

Initial logic would indicate that since there
were significant differences in the depth to
water table between drainage treatments,
there would also be significant differences

between VWC. Theoretically, the VWC in
the undrained and shallow drainage treat-
ments would be higher than the VWC in
the controlled and conventionally drained
treatments (Skaggs and Chescheir 2003).
However, this was not the case in this study.
This inconsistency can be explained with the
soil water retention curve, which has little
differences in VWC between =50 and —330
cm water matric potentials for this soil type
(figure 1). Therefore, the rise of water height
in this soil’s network of pores is similar for
all water table depths to at least 3.3 m after
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Figure 4
Maximum daily soil temperature (°C) at 10 cm depth with the date of planting indicated for the planting windows in (a) 2012, (b) 2013, (c) 2014, and
(d) 2015 for all drainage treatments.
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drainage of gravitational water. The lack of
difference in VWC could also be explained
by the fact that the soil sensors are point
measurements in a large field and with only
two replicates, whereas the water table depth
measurements are influenced by the entire
field and not just a point. Therefore, the
water tables depth measurements likely give
a more precise field average value than the
point measurements of the 5TE soil mois-
ture sensors.

Soil Excess Water Stress. On average, the
undrained treatment had the greatest SEW |

NOV/DEC 2017—VOL. 72, NO. 6

during the entire planting window followed
by the shallow drainage treatment (table 3).
Opver all four years, SEW | was over 2,000%
greater in the undrained plots than the con-
ventional and controlled drainage treatments.

Results for SEW, —after planting were
similar to those for SEW, during the whole
planting window (table 4). When corn was
planted the earliest of all four years in 2012,
all SEW, occurred after planting. When
corn was planted the latest of all four years
in 2013, all treatments had less SEW,  after

planting compared to the entire planting

window; the shallow and controlled drainage
treatments had nearly half their SEW after
planting than in the entire planting window.
Since lTowa receives much of its rainfall in
April through June, planting date is heavily
dependent on the timing of rainfall. Crop
susceptibility to SEW, is greatest during the
early stages of crop establishment and growth
(Kanwar et al. 1988; Evans et al. 1999).
Interestingly, both 2014 and 2015, which
had the least SEW,  during the planting win-
dow, were the only years of this analysis that
had corn yield reductions (table 5; Schott
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Figure 5
Minimum daily soil temperature (°C) at 10 cm depth with the date of planting indicated for the planting windows in (a) 2012, (b) 2013, (c) 2014, and
(d) 2015 for all drainage treatments.
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et al. 2017). Corn yields in the undrained
treatment were 4% and 16% less than in the
conventional drainage treatment in 2014 and
2015, respectively. Although yields do not
seem to be associated with SEW,  during this
time period, the majority of planting peri-
ods investigated had below average rainfall.
Even though 2013 had above average rainfall
during the planting period, the remainder of
the growing season had well below average
precipitation. Drought stress during most of
2013 may have overshadowed SEW, during
the critical time after the corn was planted.
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Drainage Effect on Planting Date. When
each plot had aVWC at 10 cm depth below
field capacity (Earl 1997), average soil tem-
perature at 10 cm above 10°C (Elmore et al.
2014), and a water table deeper than 30 cm
(Kanwar et al. 1988; Evans et al. 1999), the
plot was deemed suitable for planting. Using
the first day when both drainage plots within
a treatment would be suitable for planting,
a theoretical target planting date was deter-
mined. For the years 2012, 2014, and 2015,
the target planting dates for all treatments
would have been April 11 or 12.In 2013, the

conventionally drained and shallow drainage
treatments' target planting date would have
been on April 14 or 15. However, the target
planting date for the undrained treatment was
not until nearly two weeks later on April 26
due to shallow water tables. Lack of VWC
data in the controlled drainage treatment in
2013 and 2014 prevented its inclusion in the
target planting date analysis in these two years.

All of these target dates of planting
occurred well before the actual dates of
planting done in this study. Only one day
of fieldwork was allotted to determine the
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Figure 6

Average daily depth to water table (m) and daily rainfall amounts (mm) with the date of planting indicated for the planting windows in (a) 2012,
(b) 2013, (c) 2014, and (d) 2015 for all drainage treatments.
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target planting date because all planting
activities can be completed in one day in this
study. However, producers managing larger
areas for corn would need a longer window
of time to complete field operations. Smaller
farms will be able to target these dates more
effectively than large farms that take multi-
ple days or weeks to accomplish. However,
these large farms can improve their ability to
meet target planting dates by implementing
time-saving soil management practices (e.g.,
reduced tillage and use of newer planting

NOV/DEC 2017—VOL. 72, NO. 6

technologies) (Kucharik 2006). The water
table in the undrained plots may also be
shallower than the data available due to the
location of the water table elevation wells,
which could delay planting more than dis-
cussed previously. However, only the wet
year would have had a planting delay in the
undrained treatment. Producers may also be
hesitant to plant on the first day of the plant-
ing window due to high risk of additional
cold weather and frost. Nevertheless, early
planting is well known to increase profits by

allowing crops to reach full maturity before a
killing frost and maximizing time for in-field
drying (Lauer et al. 1999). Additionally, corn
hybrids can be selected that have greater
resilience to early season suboptimal tem-
peratures (Gupta 1985).

At this site, drainage volumes and NO,
loss were reduced by 60% and 61% for the
controlled drainage treatment and 58% and
49% for the shallow drainage treatment,
respectively, when compared to conven-
tional drainage for the five-year period from
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Table 3

Soil excess water stress at 30 cm during planting window from 2012 to 2015 for all drainage
treatments. Means within years or four-year average with a different letter are significantly
different (p < 0.05). Only years with significant differences have letters included.

Year Conventional Controlled Shallow No drainage
2012 19 16 68 163

2013 2 14 185 328

2014 0 0 0 0

2015 0 0 23 12

Average 5b 7b 69ab 126a
Table 4

Soil excess water stress at 30 cm after planting was completed from 2012 to 2015 for all drain-
age treatments. Means within years or four-year average with a different letter are significantly
different (p < 0.05). Only years with significant differences have letters included.

Year Conventional Controlled Shallow No drainage
2012 19 16 68 163

2013 0 10 83 92

2014 0 0 0 0

2015 Ob Ob 23a 1b
Average 5b 6b 44ab 64a
Table 5

Corn yields (Mg ha™) from 2012 to 2015 for all drainage treatments. Means within years with a
different letter are significantly different (p < 0.05). Only years with significant differences have

letters included.

Year Conventional Controlled Shallow No drainage
2012 12.5 11.9 11.5 11.6

2013 9.1 8.4 8.4 8.7

2014 13.7a 13.7a 13.4ab 13.1b

2015 14.3a 13.1a 13.8a 11.9b

2011 to 2015 (Schott et al. 2017). Thus, at
this site, drainage water management sub-
stantially reduced NO, loss without delaying
planting or reducing yields. However, the
years investigated by Schott et al. (2017)
had average and below average annual rain-
fall. Helmers et al. (2012) reported while
controlled drainage reduced NO, loss by
36%, corn yields were also reduced by 6%
when the growing season was characterized
by above average rainfall. While a planting
date analysis is not possible for these years,
it highlights the need for further analyses
of drainage water management practices on
planting dates during years with high fre-
quency and quantity precipitation events in
the spring months when water tables would
persist above the drains for extended periods.

Summary and Conclusions

Drainage treatment did not impact the
planting date of corn with respect to soil
temperature and VW C since minor soil tem-
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perature differences exist in the early part
of the planting window, and there were no
differences in VWC between treatments.
However, drainage treatment does impact
the date of planting with respect to the depth
of water table. From the analyses discussed,
the undrained treatment would have been
delayed in planting in one year of four years
studied. Shallow water tables after rain events,
like in 2012 and 2013, in all three drainage
treatments receded back to drain depth in a
few days, which is the same time period that
the VWC were above field capacity. More
investigation would be useful to determine
if drainage treatment affects yields in terms
of SEW, , during years with high frequency
and quantity precipitation events in the
spring months when water tables would per-
sist above the drains for extended periods.
This study highlights that various drain-
age designs (i.e., with the same drainage
coefficient) equally produce soil conditions
for early planting, whereas undrained soils

will affect planting date during wet years.
Additionally, the controlled (0.76 or 1.2
m depth and 18 m spacing) and shallow
(0.76 m depth and 12.2 m spacing) drain-
age reduced NO, movement oft field as
compared to conventional drainage (1.2 m
depth and 18 m spacing) at the same research
site that was used for the analyses presented
here. Therefore, controlled or shallow drain-
age would be preferable drainage options
for producers aiming to reduce N losses in
drainage waters without compromising yield
potentials due to planting date.
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