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ABSTRACT

Since European settlement, and beginning in th@'$98vo dramatic shifts in land
use have occurred in lowa — the first from pradmel forest to tile-drained farmland, and the
second from diverse rotations to a heavier comagah of corn-soybean rotations and
continuous corn. These shifts in land use and gemant have altered hydrological and
biogeochemical cycles in the Upper Midwest, butparal and cover crops have the
potential to assist in mediating changes in thgsées.

The first study in this thesis examines how thepeial forage (PF) crop
orchardgrassjactylis glomerata) affects subsurface drainage as compared to asoytmean
rotation or continuous corn (row crops, or RC).eBOthe entire drainage season (March -
November) over 22 years, PF did not reduce subseideainage, but during May, PF
reduced subsurface drainage by 32% (p < 0.05). iMaycritical period for drainage in
lowa, as wet field conditions and a lack of vege&atover contribute to a majority of
drainage and leaching of NI from row crop fields during this period.

The second study investigates how cereal Bgeale cereale L. ssp.cereal) cover
crop influences soil water dynamics in two fielddowa. During the spring growth period
of rye, at a site in central lowa, rye plots topbented to soybeans significantly increased the
rise in magnitude of soil moisture following railtfavents in the top 0-20 cm of soil as
compared to fallow plots. Different types of railhfevents caused differing responses in soll
water redistribution.

In the third study, the effect of a rye cover compsoil water content and soil water

storage during the spring and early summer in aghoyear is examined. In one field in



Vii
central lowa, rye was able to conserve water intdpesoil layers (0-20 cm) and increase soill
water storage in a corn-soybean rotation.
Because of public health and ecological conceand,in light of economic and
ecological uncertainties posed by climate changeenesearch should be directed toward

perennial and cover crops because of their beaétiontributions to hydrological processes

and biogeochemical cycling.



CHAPTER 1. GENERAL INTRODUCTION

Background

Changes in land cover and land management thratigihe Upper Midwest have
altered hydrological processes in the region (8obiR005). Before European settlement,
prairie covered approximately 85% of lowa, andrémaaining land existed as forest, oak
savanna, wetlands, rivers and lakes (Naturalisid R0Since European settlement in the
1800’s, almost 30 million acres of prairie haverbespurposed for agricultural and urban
use, leaving less than one-tenth of a percenteobtlyinal prairie in existence (Naturalists
2001). At first, more diverse cropping rotationshaperennial and cover crops such as
wheat, rye and alfalfa were planted with corn. iBeog in the 1940’s, with the advent of
large-scale industrial production of artificiallixéd nitrogen fertilizer, the import and
growing popularity of soybeans, and better and érighelding corn varieties, these more
diverse rotations were quickly replaced with coogisean rotations and continuous corn
fields in which the land lay bare during the winéed spring (Schilling 2005, Zhang and
Schilling 2006a). Different land covers intercape, and distribute water in different ways
(Asbjornsen et al. 2007, Dabney 1998, Marin e2@00), so land use changes in lowa have
altered hydrological processes such as the flosvefs, subsurface drainage, and soil water
dynamics (Schilling 2005). Because much of théalyigertile land in lowa had a very high
water table historically, beginning in the late @&0) the water table was lowered with
artificial “tile” drainage (Baker et al. 2004). iBiland management practice affects
hydrological processes, drying the soil and, imtimcreasing the baseflow of rivers
(Schilling 2005). Nitrogen from different souradissolves in soil water, which is quickly

shuttled from the soil profile to surface waterssopsurface drainage tiles. In the spring,



when fields lie bare, neither precipitation noragfen is used by crops; this causes a large
influx of nitrogen into local surface waters antirahtely into the Gulf of Mexico, where a
hypoxic “dead zone” exterminates many forms of iiféhe ocean (Mitsch et al. 2001).
Because of the ecological and health concernsi@ted with current land cover and
land management, many researchers are recommehdingegration of perennial and
cover crops into crop rotations (Dabney 1998, Uragnet Vigil 1998). These crops could
help mediate changes in hydrological processeseanenge nitrates during the spring
months, partially restoring hydrological balanced aeducing harmful results of pollution.
They also may be able to assist in conservingveatiér; this is of concern as the threat of
climate change may alter precipitation patternthenUpper Midwest (Mishra et al. 2010).

The objectives of this thesis are to:

1. Explore how perennial crops could affect subsurtiegnage in lowa

2. Investigate how cover crops influence soil watdtgras

Thesis Organization
Chapter 2 explores how perennial forage affectswatifice drainage in a tile-drained
field in northwest lowa. Chapter 3 details reskatone at two sites, including the research
site employed in Chapter 2 and another field intreémowa. This research includes an
analysis of cereal rye cover crop’s effects onwailer dynamics. Chapter 3 includes a more
extensive literature review of previous researchedon cover crops’ effects on hydrology
and soil water and on the temporal and spatiabtbdity of soil water in different

environments and how this variability affects hyidgical processes. Chapter 4 explores



how a rye cover crop may affect soil water conterd soil water storage during an extreme
drought that occurred in 2012.

Chapter 5 summarizes conclusions drawn from tasis and discusses links
between soil water dynamics and subsurface tilmage in lowa and how perennial and
cover crops could be used to mediate changes imlogy and nutrient leaching in the
Upper Midwest. This chapter also suggests dirastfor further research into perennial and
cover crops’ ability to affect hydrological process References for each chapter are given

at the end of the individual chapters.
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CHAPTER 2. COMPARISON OF TIMING AND VOLUME OF SUBSU RFACE
DRAINAGE UNDER PERENNIAL FORAGE AND ROW CROPS IN A TILE-
DRAINED FIELD IN IOWA
A paper submitted tdransactions of the ASABE

Ryan J. Goekén Xiaobo Zhou, Matthew J. Helmé?s

Abstract

Subsurface drainage systems in lowa increase ptigdyof annual row crops such
as corn and soybeans, but also contribute to atiesain the hydrological balance of the
region and to leaching of nutrient pollutants sastNQ-N. This study’s objective was to
determine whether perennial forage orchardgraablesto reduce the volume and change the
timing of subsurface drainage in tiled fields invey therefore contributing to reductions in
NOs-N leaching and moderating changes in hydrologgsdarch was conducted at lowa
State University’s Agricultural Drainage Water Raxsd Site, located in northwest lowa.
Six 0.05 ha plots (three control and three treatmpbats), each including subsurface drainage
with continuous flow monitoring, were planted taworops (RC), consisting of either a
corn-soybean rotation or continuous corn from 19004 (the pre-treatment period). During
the treatment period (2006-2011), control plotsaered in RC while treatment plots were
planted to perennial forage (PF), a mixture of ardgrass, red clover, and ladino clover,
succeeding to a monoculture of orchardgrass. Quha pre-treatment period, control and
treatment plots showed no difference in subsurfmaaage. During the treatment period,
over the entire drainage season (March-Novembeér}li€? not reduce subsurface drainage,

but during the month of May, PF reduced subsurtaaemage by 32% (p < 0.05). Early

! Primary researcher and author
2 Department of Agricultural and Biosystems Engiiregrlowa State University, Ames, |1A 50010
% To whom correspondence should be addressed. [Emfaimers@iastate.edu



spring, including May, is a critical period for drage in lowa, as wet field conditions and a
lack of vegetative cover contribute to a majoritylmainage and leaching of NAN from

row crop fields during this period. Further resdaincluding different perennial species is
needed, and investigations in different geographegfions are needed as differences in

precipitation and weather will affect the timingdawvolume of subsurface drainage.

Introduction

The use of subsurface drainage systems in lowagsasted in greatly increasing
agricultural productivity of annual row crops swadcorn and soybeans (Baker et al. 2004).
To harness the productive potential of the lantsatface drainage was installed extensively
in lowa in the late 19and early 26 centuries to drain somewhat poorly to poorly dedin
soils. In lowa alone, approximately 3.6 million dlacropland are estimated to be artificially
drained, amounting to 25% of the state’s agricaltland (Baker et al. 2004). The
installation of these drainage systems aids inltirseedbed preparation, planting, and
harvesting, and protects crops from periods ofdémbsoil conditions, allowing gas exchange
between crop roots and the soil, which is cru@glant metabolic processes. The
widespread use of subsurface drainage coupledanstiange in land use and vegetative
cover may be impacting the hydrological balancthefregion, however (Asbjornsen et al.
2007). Changing the landscape from a perenni@lig@ta annual row crops changes water
uptake patterns (Asbjornsen et al. 2007); becanseah row crops grow for a shorter period
of the year as compared to perennial plants, evapspiration and water uptake from row
crops occur mostly during the late spring and summikile evapotranspiration and water

uptake occur for a larger part of the year in peias, including the early spring (Hatfield et



al. 2009). The switch from perennial to annuatiszapes can increase the amount of water
lost to subsurface drainage, contributing to angase in the baseflow of lowa’s rivers
(Schilling 2005). Most of the N&N that enters streams in lowa is from subsurfaeeédge
as well (Schilling 2005). Therefore, there is alole effect increasing the amount of N

in waterways; subsurface drainage increases thermnod water that flows into streams, and
this greater amount of water also has a relatikigi concentration of N&ON. Changes in
cropping practices (changing the landscape frord@renantly small grains, grass and hay
to row crops) have a more significant effect onsNNDconcentrations in streams than
nitrogen fertilizer use, timing, or even historigaécipitation differences (Hatfield et al.
2009). At recommended nitrogen application ratesorn-soybean rotation and in
continuous corn, the NN concentrations in subsurface drainage water contyrsurpass

10 mg L%, the U.S. public health drinking water standareélhers et al. 2012). High
concentrations of N&N in drinking water can have adverse effects amdwu health, and the
large volumes of this nutrient entering streamth@Mississippi River Basin contribute to
the hypoxic zone in the Gulf of Mexico (Mitsch ét2001).

The timing and volume of subsurface drainage epeddent on many factors,
including precipitation timing and intensity, salbisture conditions, and crop water demand
(Lawlor et al. 2008). Lawlor et al. (2008) shovibdt even in years when there is equal
rainfall, drainage volumes from a single field dansignificantly different. This variation in
drainage volume is due in large part to the timang the intensity of specific rainfall events
and the soil moisture conditions that result. Grgper demand is also important in
determining subsurface drainage volumes. In amditb duration of growing season, the

root depth, type and density will also affect apisovater use. Perennial grass species will



most likely uptake a larger percentage of watemfsmil layers near the surface as compared
to corn (Dong et al. 2010, Kranz et al. 2008, Nipp@d Knapp 2007), and so water use
varies greatly spatially and temporally betweeifedént cropping systems. Many relatively
short-term studies have shown a decrease in salgsutifainage flow with perennial crops
and CRP grasses (Huggins et al. 2001, Oquist 208l7, Randall et al. 1997). A previous
study at the site used in this study found no ckangnnual or drainage season flow volume
due to different perennial crops or cover cropsdtal. 2011a). The study did not examine
variability in drainage over shorter time periodsMever, and because about 70% of;NND
losses through subsurface drainage in the Midwasirdefore row crops are established (in
the early spring) (Randall and Vetsch 2005), artygisof drainage over this crucial but
short time period is warranted. In light of thise objective of this study was to determine
the timing and volume of subsurface drainage oaagiin two different cropping systems:
perennial forage (PF), which included pasture pgitasted to orchardgrasB4ctylis

glomerata), red clover Trifolium pretense), and ladino cloverTfifolium repens), succeeding

to a monoculture of orchardgrass, and row crop (f{her continuous corn or a corn-

soybean rotation).

Materials and Methods
Stedescription
The field study was performed at the Agriculturahidage Water Research Site in
northwest lowa near Gilmore City in Pocahontas @puithe site is located in Garfield
Township at SW 1/4, Section 27, T92N, R31W. Thenubiquitous soils are Nicollet (fine-

loamy, mixed, superactive, mesic Aquic Hapludatlyl Vebster and Canisteo (fine-loamy,



mixed, superactive, mesic Typic Endoaqualls) ateyris with 3% to 5% organic matter,
having an average slope of 0.5% to 1.5%. Theyatearally poorly to naturally somewhat
poorly drained glacial till soils. An automatic-site meteorological station monitored
weather conditions, including rainfall. Rainfalitperns at the site were compared to long-
term averages (27 years from 1984-2010) deternfnoad readings at the National Climate
Data Center station at Pocahontas (COOP ID 13@3a}éd 19 km west of the research site.
The total research area is 4.5 ha, of which 3.8rbaised as experimental plots; the
remainder is border and buffer. There are seveigty-€.05 ha plots (15 x 38 m). In 1989,
subsurface drainage lines were installed paralléié¢ long dimension through the center of
each plot and on the borders between plots. Gariyec drainage lines are monitored for
drainage volume. Three center drainage lines ftoee adjacent plots drain into an
aluminum culvert containing three separate sumgssampling/monitoring systems. Back
pressure diverts a small fraction of all drainaga 20 L glass sampling bottle allowing for
continuously monitored flow volume measurement #od-integrated sampling of
subsurface drainage. A detailed description ohdige monitoring design is presented in

Lawlor et al. (2008).

Sudy design and statistical analysis

The analysis presented in this paper is basedobocked plot design including six
plots in the research area. Monthly and drainagean (March-November) drainage
volumes for 1990-2011 were determined for eaclmede plots. The study period was split
into two periods: the pre-treatment period (199048 (nd the treatment period (2006-2011).

Since it was an establishment year for PF, 2005lefasut of the analysis. During the pre-
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treatment period, all six plots were planted in RGq during the treatment period, three of
the plots were left in RC while the remaining thpdets were planted to PF. The six plots
were grouped into three pairs; these pairs werearhbecause they were the plots with the
most similar average yearly drainage volume duttiregpre-treatment period (Table 2.1).
Each of these pairs belonged to one block. In 28@0ocking system was devised in which
the plots at the study site were split into fowodids according to drainage volume (including
a low flow block, a medium-low flow block, a medidnmgh flow block, and a high flow
block). (Qi et al., 2011). A more detailed desttop of blocking for the entire research site
can be found in Qi et al. (2011). The plots usethe study are included in the three blocks
with lowest flow, and the highest flow block wasckixed because during the study period,

subsurface flow exceeded precipitation.

Table 2.1. Research plot setup. Pre-treatment peril was
1990-2004, treatment period was 2006-2011.

Plot Average yearly drainage  Cropping system for
Pair ID  (mm) for pre-treatment period treatment period
1 201 174 RC
17-2 165 PF
2 202 235 RC
19-1 234 PF
3  16-2 296 RC
14-2 300 PF

SAS 9.1 software was used to determine the difterdetween drainage season
(March-November) subsurface drainage in the coatndl treatment plots (SAS Institute
2003). To do so, a blocked t-tegt< 0.05) was used. For the monthly data, a blotkedt
(o = 0.05) was used to determine the difference lisgtiace drainage between the control
and treatment plots in the months of April, Maynduand July. These four months were
selected for analysis because the largest amotisttseurface drainage and M leave

row crop fields in lowa during this period.
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Results and Discussion
Research site precipitation

The drainage season is a period in which the grasindually not frozen and is able
to discharge soil water as drainage; this perios eansidered to be March through
November. The long term normal drainage seasangitation for Pocahontas, lowa was
704 mm. During the 22 years of the study, theayedrainage season precipitation was 680
mm, or 3% below the long-term normal for the arBaainage season precipitation ranged
from 458 mm in 1997, or 35% below normal, to 908 mr@010, or 29% above normal
(Table 2.2). Eight of the 22 drainage seasons weteer than normal, ranging from 2% to
29% wetter. The other 14 drainage seasons wenebrtl% and 35% drier than normal.
Nine of the 22 drainage seasons had precipitati@ist within 10% of the normal, all of
which were during the pre-treatment period (199040 In table 2.2, growing season (May-
September) precipitation is also found. The grgndaason average precipitation for the
study period was 490 mm, only 2 mm wetter thamtbrenal. Overall precipitation averages
for the months of May, June and October duringstiidy period surpassed the normal for
each month by 2%, 18%, and 3%, respectively, witbteer months drier than normal,
ranging from 2% to 28%.

During the pre-treatment period (1990-2004), therage drainage season
precipitation was 677 mm, or 4% below the long-tewwnmal for the area. During these
years, precipitation averages for May and Juneassgd the normal precipitation by 6% and
16%, respectively, while all other months were dii@n normal, ranging from 6% drier in

July, August, and October, to 26% drier in Novembsgh a deficit of 9 mm. During the
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treatment period (2006-2011), the average draisagson precipitation was 705 mm, almost
exactly the same as the normal of 704 mm.

Table 2.2. Precipitation at the research site durig the study period (mm).

Month Growing Drainage
Year March Aprii  May June July Aug. Sep. Oct. Nov.Seasol Seasoff
1990 0 38 117 290 150 80 50 24 13 686 761
1991 108 131 168 131 76 65 44 38 50 483 811
1992 53 61 50 90 187 80 16 77 53 423 667
1993 51 113 125 179 143 160 28 31 12 636 843
1994 2 52 41 179 89 51 37 48 30 396 528
1995 54 54 91 93 54 127 99 54 7 464 633
1996 45 24 114 116 82 199 50 60 60 562 751
1997 35 60 55 82 86 15 78 40 6 317 458
1998 57 56 104 171 102 53 24 76 17 454 660
1999 37 212 115 83 70 57 24 15 21 348 633
2000 28 34 93 113 152 92 35 67 70 485 684
2001 22 78 171 79 117 72 42 51 54 481 686
2002 25 61 77 51 87 279 35 77 3 529 695
2003 28 36 109 222 126 42 46 12 0 545 621
2004 97 72 146 121 58 48 143 15 20 517 720
2005 21 89 129 134 63 45 39 20 43 409 582
2006 69 93 22 61 28 135 91 19 21 337 538
2007 46 83 90 44 41 336 97 107 1 609 845
2008 35 88 151 152 105 80 65 100 37 553 812
2009 36 56 66 74 128 48 37 151 23 352 619
2010 N/AP! 70 81 331 176 85 108 14 41 782 908
2011 6 86 102 185 73 22 24 4 8 406 510
Average 41 75 101 135 100 99 55 50 27 490 680
Normal? 49 80 99 115 112 101 61 49 37 488 704

8l Growing season was May through September, andatyaiseason was March through November.
P! Climate data not available for site.
[ Source: Climatological Data for lowa, National Céita Data Center for Pocahontas, 1A, 12840.

Variability among drainage seasons was great, iexyas none of the years were
within 10% of the normal, ranging from 28% drieathnormal in 2011 to 29% wetter than
normal in 2010. Also, during the treatment perjpecipitation averages for June, August,
September, and October surpassed the normal by 8%, 15%, and 35%, respectively,
while all other months were drier than normal, taggrom only 1% drier in April to 42%
drier in November with a deficit of 15 mm. Duritlte pre-treatment period, the average
growing season precipitation was 488 mm, the sarikeanormal for this period. During
the treatment period, the average growing seasmpatation was 506 mm, or 4% wetter

than the normal.
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Subsurface drainage volume and timing

In general, only a small amount of drainage ocacliimeViarch, followed by a sharp
increase in April, and the most drainage occumeday and June, decreasing to small
amounts in September, October, and November, wh@regipitation increased more
gradually throughout the year to the highest amaudtine, from which it decreased (Fig.
2.1). During the research period, average groweagson drainage was 77% and 78% of
drainage season drainage for the control and tesatplots, respectively. In six of the years,
all during the pre-treatment period, growing seas@mnage was 100% of the drainage
season drainage for control plots; this was repefatethe treatment plots in eight of the pre-
treatment period years. The year with the smatiestentage of drainage season drainage
occurring during the growing season was 2006, iitlwB7% and 21% of drainage occurred
during the growing season for the control and tnegit plots, respectively.

The average drainage season subsurface drainatie foontrol plots over the
research period was 226 mm (Table 2.3). Drainaggad from 5 mm in 2000 to 437 mm in
2007. For the pre-treatment period, average dgaisaason subsurface drainage was 199

mm, and for the treatment period, it was 294 mm.
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Figure 2.1. Box plot diagrams of precipitation andsubsurface drainage volumes. Fractional precipitabn
is the average from 1990-2010 based on weather d&4&DC data at Pocahontas. Fractional drainage is
the average from 1990-2011 in the control plots. dihts on each box indicate the following: bottom piot
= 5" percentile, error bar below box = 18 percentile, lower boundary of box = 28 percentile, upper
boundary of box = 78" percentile, error bar above box = 98 percentile, top point = 98" percentile, thin
line within box = median value, thicker line within box = mean value.
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During the pre-treatment period, drainage seasaimage ranged from 5 to 398 mm,
while it ranged from 114 to 437 mm in the treatmggriod. During the research period, the
largest amount of drainage occurred in the monthuag, with an average of 69 mm,
followed by May with an average of 65 mm; March &eptember had the least amount of
drainage with an average of 1 mm. During the peattnent period, May had the largest
amount of drainage, while during the treatmentqeerdune had the most drainage. On
average, for the control plots, 76% of drainagesgealrainage occurred during the months
of April through June. During the pre-treatmentipe, 78% of drainage season drainage
occurred in the months of April, May, and June, dadng the treatment period, 73% of
drainage season drainage occurred during these thwaths. Over the entire research
period, April, May, and June were the months wiit highest average amounts of drainage.
Over the same period, these months had the highasiage to precipitation ratio (D:P), as
well. During both the pre-treatment and treatnptods, May had the largest D:P while
March had the smallest. Drainage season D:P rainged0.01 in 2000 to 0.54 in 2011, with
an overall average drainage season D:P of 0.32.aVarage drainage season D:P for the
pre-treatment period was 0.28, while it was 0.41tlie treatment period.

Even in years with nearly identical precipitatidnainage can vary widely, as is seen
in the years 2000 and 2001 (Table 2.3). In 20@@etvas 684 mm of precipitation, while in
2001 there was 686 mm, but there was only 5 mmraihdge during 2000 as compared to

189 mm in 2001.
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Table 2.3. Subsurface drainage (mm) at research sifor control plots.

Month Growing Season Drainage Season
Year Mar Apr May Jun Jul Aug  Sep Oct Nov Drainage ®:P Drainage D:P
Before PF establishment
1990 0 16 53 141 58 0 0 0 0 253 0.37 268 0.35
1991 0 104 138 103 0 0 0 0 53 241 0.50 398 0.49
1992 0 55 11 38 84 0 0 7 0 133 0.31 194 0.29
1993 0 123 53 71 49 54 0 0 0 227 0.36 350 0.42
1994 0 0 0 8 6 0 0 0 0 14 0.03 14 0.03
1995 0 0 159 61 0 0 0 0 0 220 0.47 220 0.35
1996 0 0 75 94 11 161 10 0 0 352 0.63 352 0.47
1997 0 35 35 0 1 0 0 0 0 35 0.11 70 0.15
1998 0 0 75 47 10 0 0 0 0 132 0.29 132 0.20
1999 0 0 122 14 2 0 0 0 0 138 0.40 138 0.22
2000 0 0 0 0 5 0 0 0 0 5 0.01 5 0.01
2001 0 18 136 30 0 5 0 0 0 170 0.35 189 0.27
2002 0 8 62 20 0 62 7 2 0 151 0.29 162 0.23
2003 0 39 77 140 63 0 0 0 0 280 0.51 318 0.51
2004 0 15 82 74 0 1 0 0 0 157 0.30 171 0.24
Avg. 0 28 72 56 19 19 1 1 4 167 - 199 -
Avg. D:P 0.00 0.36 0.64 040 014 0.10 0.03 0.01070. -- 0.33 -- 0.28
After PF establishment
2006 0 72 41 0 1 0 0 0 0 42 0.13 114 0.21
2007 5 106 47 6 0 142 2 128 0 197 0.32 437 0.52
2008 0 99 95 173 7 0 0 0 0 275 0.50 374 0.46
2009 0 24 26 27 33 0 0 a7 16 86 0.24 173 0.28
2010 9 11 22 271 32 26 1 0 24 351 0.45 395 0.44
2011 0 83 50 134 7 0 0 0 0 191 0.47 274 0.54
Avg. 2 66 47 102 13 28 0 29 7 190 - 294
Avg. D:P 0.02 079 069 053 011 012 0.00 0.25210. - 0.35 - 0.41
Total Avg. 1 39 65 69 18 21 1 9 4 174 -- 226 --
Total Avg. 0.01 0.48 0.66 044 0.13 0.10 0.02 0.08 0.11 - 40.3 - 0.32
D:P

[BID:P = ratio of drainage to precipitation. Precfiitn data from on-site meteorological station.

During April and May in 2001, there was nearly 23¢ frecipitation as during the same
period in 2000; there is generally no vegetatiweecan row crop fields in lowa during April
and May, and so a large amount of drainage woulekpected if soil moisture was adequate.
Lawlor et al. (2008) found that years with equagpitation are able to have statistically
different drainage volumes in plots, as drainagames are directly tied to soil moisture,
rainstorm timing and intensity, and the crop wakemand during a given part of the growing
season.

The average drainage season subsurface drainatije fseatment plots over the
research period was 237 mm (Table 2.4). Drainagged from 15 mm in 2000 to 472 mm

in 1993.
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Table 2.4. Subsurface drainage (mm) at research sifor treatment plots.

Month Growing Season Drainage Season
Year Mar  Apr May Jun Jul Aug Sep Oct Nov Drainage:P¥ Drainage D:P
Before PF establishment
1990 0 13 75 214 72 0 0 0 0 361 0.53 374 0.49
1991 0 82 99 117 0 0 0 8 29 216 0.45 335 0.41
1992 0 55 3 69 82 0 0 6 36 155 0.37 253 0.38
1993 0 216 105 62 22 64 0 0 3 252 0.40 472 0.56
1994 0 0 0 49 0 0 0 0 0 49 0.12 49 0.09
1995 0 0 248 42 0 0 0 0 0 290 0.63 290 0.46
1996 0 0 96 181 12 45 7 1 0 340 0.61 341 0.45
1997 0 0 49 2 0 0 0 0 0 52 0.16 52 0.11
1998 0 0 84 63 18 0 0 0 0 166 0.37 166 0.25
1999 0 0 112 6 3 0 0 0 0 121 0.35 121 0.19
2000 0 0 0 1 14 0 0 0 0 15 0.03 15 0.02
2001 0 29 129 29 0 0 0 0 0 158 0.33 187 0.27
2002 0 0 43 11 0 60 7 0 0 120 0.23 120 0.17
2003 0 23 77 184 63 0 0 0 0 324 0.59 347 0.56
2004 0 0 70 63 0 0 0 0 0 133 0.26 133 0.19
Avg. 0 28 79 73 19 11 1 1 5 183 - 217 --
Avg. D:P 0.00 032 0.72 050 013 0.06 0.02 0.02100 -- 0.36 -- 0.31
After PF establishment
2006 0 64 15 0 2 0 0 0 0 17 0.05 82 0.15
2007 5 99 20 0 0 151 0 62 0 171 0.28 337 0.40
2008 0 88 92 184 0 0 0 9 12 276 0.50 385 0.47
2009 0 32 18 11 39 0 0 62 29 68 0.19 192 0.31
2010 12 7 6 309 47 34 5 0 15 401 0.51 435 0.48
2011 0 86 40 156 16 0 0 0 0 212 0.52 298 0.58
Avg. 3 63 32 110 17 31 1 22 9 191 -- 288
Avg. D:P 0.02 0.76 0.37 052 0.15 0.14 0.01 0.18 320. -- 0.34 -- 0.40
Total Avg. 1 38 66 84 19 17 1 7 6 186 -- 237 -
Total 0.01 0.40 062 050 014 0.08 0.02 0.07 0.17 -- 60.3 - 0.33

Avg..D:P
[8ID:P = ratio of drainage to precipitation. Precfiitn data from on-site meteorological station.

For the pre-treatment period, average drainageseagsurface drainage was 217 mm, and
for the treatment period, it was 288 mm. During pine-treatment period, drainage season
drainage ranged from 15 to 472 mm, while it ranfyech 82 to 435 mm in the treatment
period. During the research period, the largesiwarhof drainage occurred during the
month of June, with an average of 84 mm, followgdviay with an average of 66 mm;
March and September had the least drainage witdtvarage of 1 mm each. During the pre-
treatment period, May had the highest average atrajudrainage, while during the
treatment period, June had the highest averageatdyai For treatment plots, on average,
79% of drainage season drainage occurred duringhntimghs of April through June. During
the pre-treatment period 83% of drainage seasanatya occurred in the months of April,

May, and June, and during the treatment period, @&&arred during this time period. For
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treatment plots, April, June, and May had the lsr@eP, respectively. During the pre-
treatment period, May had the largest D:P while défidrad the smallest, and during the
treatment period, April had the largest D:P andt&aper had the smallest. Drainage season
D:P ranged from 0.02 in 2000 to 0.56 in both 1988 2003, with an overall average
drainage season D:P of 0.33. The average drasesag®mn D:P for the pre-treatment period
was 0.31, while it was 0.40 for the treatment perio

For the complete drainage season (March-Novemtherpre-treatment period
showed no significant difference in drainage betwigeatments in any individual year or on
average (Table 2.5). On average, the treatmertdgbkad no significant difference in
drainage between treatments, although drainageedased significantly in the PF plots in

the 2006 and 2007.

Table 2.5. Difference between subsurface drainagen(n) in control (Con.) and treatment
(Treat.) plots over study period in critical monthsof April-July.

Month Drainage
Year April May June July Season
Con. Treat. Con. Treat. Con. Treat. Con. Treqt. n.Co Treat.
Before PF establishment
1990 16a 13a 53a 75a 141a 214a 58a 72a 268a 374a
1991 104a 82a 138a 99a 103a 117b Oa Oa 398a 335a
1992 55a 55a 1lla 3a 38a 69a 84a 82a 194a 253a
1993 123a 216a 53a 1054 71a 62a 49a 2Pa 350a 472a
1994 Oa Oa Oa Oa 8a 49¢g 6a g 14a 49a
1995 Oa Oa 159a 2484 6la 42a Oa [0]:1 220a 290a
1996 Oa Oa 75a 96a 94a 181a 1lla 12a 352a 34la
1997 35a Oa 35a 49a Oa 24 la 04 70a 52a
1998 Oa Oa 75a 84a 47a 63a 10a 18a 132a 166a
1999 Oa Oa 122a 112a| 14a 64 2a 3a 138a 121a
2000 Oa Oa Oa Oa Oa la 5a 14a 5a 15a
2001 18a 29a 136a 1294 30a 29a Oa O 189a 187a
2002 8a Oa 62a 43a 20a 11a Oa Oa 162a 120a
2003 39a 23a 77a 77a 140a 184a 63a 63a 318a 347a
2004 15a Oa 82a 70a 74a 63a Oa Oa 171a 133a
Average 28a 28a 72a 79a 56a 73a 19a 19a 199a 217a
After PF establishment
2006 72a 64a 4la 15a Oa a la 2a 114a 82b
2007 106a 99a 47a 20b 6a a Oa Oa 437a 337b
2008 99a 88a 95a 92a 173a 184a 7a O 374a 385a
2009 24a 32a 26a 18a 27a 11b 33a 39a 173a 192a
2010 1lla 7a 22a 6b 271a 309a 32a 41a 395a 435a
2011 83a 86a 50a 40a 134a 156a 7a 16a 274a 298a
Average 66a 63a 47a 32b 102a 110a 13a 1fa 294a 288a

' Means within years and on average (within rowdpfeéd by the same letter are not significantly
different at p = 0.05.
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Table 2.5 shows the difference in monthly drainbgeveen control and treatment
plots in the months of April-July. These monthgevehosen for analysis because a large
majority of the drainage flow occurs during thisipd (85% and 87% of yearly flow for
control and treatment plots, respectively). Alsecause of a large amount of precipitation
and a lack of living land cover in row crops figldsost NGQ-N is leached during this period.
In all four months, during the pre-treatment petiloele was no significant difference on
average, although there was a significant diffeeanarainage between the control and
treatment plots in June of 1991. In contrast,rduthe month of May in the treatment
period, the treatment plots showed a significactese (32%) in subsurface drainage as
compared to the control plots. Both May 2007 a@til®showed a significant difference in

drainage between control and treatment plots witinenyear.

Conclusions

Although forage plots planted to perennial orcheaidg did not significantly reduce
subsurface drainage over the drainage seasomedtesnial forage did significantly reduce
subsurface drainage during the month of May as eoetpto row crops. The spring months,
including May, are a critical time in row crop fisl in lowa for subsurface drainage, as this
is the period when the most drainage occurs andhwiast NQ-N is lost due to leaching.
The results presented in this study suggest thahpe&l cropping systems could reduce
deleterious effects of subsurface drainage in loiare research is needed, however. There
are many types of perennial cover that can beated into lowa’s agricultural landscape,
and each of these types of perennial cover carséeé for different purposes and in different

cropping systems. For example, some perenniab¢syzh as warm and cool season grasses
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and different legumes are utilized in long-termtpees, while some perennials, such as
alfalfa, can be integrated into extended rotatitimsse perennials only being allowed to grow
for a year or two at a time. Differences in phi@gecal traits and interactions among plant
species and management strategies utilized wignpé&l crops will likely cause different
responses in subsurface drainage. In fact, orghasd itself comes in many different
varieties, each yielding differently; the crop’sdge yield also varies widely among states in
the Midwestern United States (Henning and Risn@B1L9 These different patterns in growth
will likely cause different responses in subsurfdc@nage. The variance in how perennial
crops will grow in different geographic regionsupted with differences in soil moisture
conditions and precipitation and weather pattenfisalgo affect how subsurface drainage
responds to perennial cropping systems. Therefiorder research including the integration
of perennial crops into agricultural systems shonddlude diverse types and mixtures of
species and these studies should be spread oferedif geographic areas. Furthermore, in
order to re-integrate perennial crops into our@gtiiral systems, there must be not only
environmental, but economic incentives. Currengpams heavily favor row crops in the
Midwest, and so it is difficult to integrate per&drcrops into an agricultural system or
rotation. Therefore, in order to reap the bendfdam perennial crops, research must be
directed at not only production aspects of thecadfural system, but also towards political,

social, and economic factors as well.
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CHAPTER 3. EFFECT OF RYE COVER CROP ON SOIL WATER D YNAMICS
DURING SPRING RAINFALL EVENTS FOR A CORN-SOYBEAN RO TATION IN
IOWA

A paper to be modified for submissionGatena

Abstract

Land use and management changes have altered tgdadland biogeochemical
cycles in the Upper Midwest. Cover crops sucheasal rye $ecale cereale) are a
promising way to mediate changes in these cyckesitiin increased infiltration and
decreased erosion, drainage, andMQeaching. The objective of this paper is to sgi
volumetric water content data measured at shod tintervals during the primary rye growth
period in spring to determine how rainfall charastes and land cover affect infiltration
and redistribution of water through the soil preffter individual rainfall events in plots
with and without a rye cover crop. Continuous wodiric water content measurements at
five soil depths (10, 20, 40, 60 and 100 cm) at &#d 5-min intervals during the rye
growing season (March 1 — May 9 of 2012) were usezkamine soil water dynamics during
and after rainfall events in two fields, one intharest and another in central lowa, using
four treatments: corn without rye (C), corn witke fyC), soybeans without rye (S), and
soybeans with rye (rS). The main crop in the meait name denotes the crop that would be
planted following rye growth and termination, amdpdots without rye were fallow during
the study period. There were no significant défeges in cumulative infiltration among
treatments at either site. At the site in certrala, rye (rS) significantly increased the
magnitude of the rise in soil water content dumaigfall events as compared to fallow plots

(S and C) at a 10 cm depth. These results indigatenay have the greatest effect on soil
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water dynamics in the upper soil layers. During@bmnd medium rainfall events, in rye
plots, water mostly did not percolate deeper tHacr, most likely due to greater soil water
storage capacity and rye transpiration. In falfdats, water percolated deeper. During
intense rainfall events, in rye plots, water peaited deeper in all treatments, most likely
because the upper soil layers became saturateglprésence of rye, along with different

types of rainfall events, produced different sagiter redistribution patterns.

Introduction

Because of environmental concerns such as eragwanges in hydrological systems,
climate change, and nutrient leaching, the useweéiccrops in agriculture is of interest.
Cover crops include a wide range of types and spetfi plants used as fits the particular
functionality needed and the geographical areahichvthey are planted, but generally a
cover crop is a living ground cover planted intaafier a main crop, and it is usually
terminated before the planting of the next mairpdigartwig and Ammon 2002). In the
Upper Midwest of the United States, a large peamgmbf agricultural land is planted to corn
and soybeans, and this land lays fallow durinddtesfall, winter, and early spring. Because
vegetation cover has a large effect on soils amhidiggical processes within a landscape
(Marin et al. 2000, Wang et al. 2013), cover cropsld be part of a solution to remedy
agroecological problems such as nutrient leactsat erosion, changing hydrological
systems, and diminished soil fertility and produty, which are caused in part by a lack of
vegetative cover during the non-growing season (Bgld.998, De Bruin et al. 2005,
Hartwig and Ammon 2002, Islam et al. 2006, Unget ¥igil 1998). Cover crops are able

to influence the landscape through their effectthenplant-atmosphere continuum (above
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the soil surface and at its interface with the apin@re) and the ability to alter soil
characteristics and soil water regimes in the sidbse zone (below the soil surface) (Islam
et al. 2006). Each of these effects is interrelat® climate, soil, and vegetation are linked
through climatic and hydrological cycles.

Cover crops are able to influence the abovegroand@ment by reducing light
transmission through the production of a canopyctviean moderate fluctuations in soil
temperatures (De Bruin et al. 2005). They can alwy the amount of precipitation
remaining in a field by trapping snow (Dabney 1998ger and Vigil 1998). Cover crops
affect evaporation by altering net radiation, wapeked, vapor pressure deficit, and surface
soil temperatures (Dabney 1998, Unger and Vigil8)9over crops and their residue
mulches can greatly alter evaporation and transpiraates between precipitation events as
well (Unger and Vigil 1998). They are also ablertituence runoff and soil erosion by
increasing the surface roughness of the field adirg the soil in place with their root
systems (Dabney 1998, Unger and Vigil 1998). Tdwopy created by cover crops
intercepts precipitation, decreasing the amoumptre€ipitation that reaches the soil and
dissipating the energy of raindrops, therefore cetyprecipitation’s ability to dislodge soil
particles and create surface soil seals, whichrogede infiltration (Dabney 1998, Huang et
al. 2013, Islam et al. 2006, Unger and Vigil 1998).

Cover crops also have an influence on the subsaidage. Through root growth and
associated fungal hyphae, cover crops can aichighiring the soil together, another
mechanism that reduces erosion (Dabney 1998, UlmgkVWigil 1998). Cover crops can also
improve soil structure and thus the soil’s wateldhry capacity (Hartwig and Ammon

2002). The growth of cover crops can alter thésmiosity matrix directly through root
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growth and indirectly by improving habitat and eaaging the activity of soil mesofauna
and macrofauna (Dabney 1998, Unger and Vigil 1998).increase in biological activity in
the soil also results in greater soil permeabditg aeration, which aids crop emergence and
crop root growth (Hartwig and Ammon 2002).

Also, by changing the albedo of the land surfaaktArough shading, cover crops are
able to influence subsurface soil temperaturesetbee, if they grow in the fall, cover crops
may diminish the depth to which soils freeze onstwil thawing and warming in the spring
(Dabney 1998, Unger and Vigil 1998). Cover cro@s/the able to decrease leaching losses
of nutrients through two mechanisms: decreasinmdge in fields with subsurface drainage
through transpiration of soil water (Qi and Helm2@4.0) and scavenging nutrients during a
time of the year when the land would be bare (Haramd Ammon 2002, Unger and Vigil
1998). Cover crops may also increase infiltrafibabney 1998, Unger and Vigil 1998)
through the mechanical means of reducing raindmggact and slowing runoff through
modification of soil porosity and structure (Huagtgal. 2013) and through drying of the soll
through evapotranspiration (ET) (Qi et al. 2011l general, cover crops can directly affect
inputs of soil water through precipitation partitiog, the means by which rainfall is divided
into canopy interception, throughfall and stemfldarin et al. 2000).

Soil water dynamics are important at multiple ssalAt a regional scale, soil water
and the atmosphere work together to affect climatd,soil water is one factor that regulates
the hydrological cycle (Asbjornsen et al. 2007,U2@noy et al. 2006). At a smaller scale, in
a field, soil water can influence runoff and eros{®e Lannoy et al. 2006). In the field, soil
water also influences how precipitation is partigd between ET and deep infiltration (Daly

and Porporato 2005). Because soil water is anamportant factor in determining climate,
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hydrology, and crop growth, much research has bdeee to understand what influences soil
water and its spatiotemporal variability. Soil erataries widely over time and space, even
at small geographic scales (Gomez-Plaza et al.)2@@d this variability is caused by many
different factors (Levia and Frost 2003, 2006) sastandscape characteristics (Bergkamp
1998, De Lannoy et al. 2006, Fu et al. 2003, GoRleza et al. 2000, Svetlitchnyi et al.
2003), solil properties (Fu et al. 2003, Hawleylef1883), rainfall characteristics (Fu et al.
2003, Sala et al. 1992, Wang et al. 2008), vegertatnd land use (De Lannoy et al. 2006, Fu
et al. 2000, Roux et al. 1995, Wang et al. 2008, feeld management (Ewing et al. 1991).
The landscape can affect soil water through maatpfs, including slope (Gao et al. 2011,
Huang et al. 2013, Tromp-van Meerveld and McDon2@06) and the depth of the
groundwater table (Islam et al. 2006). Soil prtipsrsuch as texture (De Lannoy et al. 2006,
Miller et al. 1983) can influence soil’s ability tofiltrate, retain, store, and drain water.
Rainfall characteristics such as the amount offadim a season, rainfall event size (Clark et
al. 1997, Heisler-White et al. 2008), rainfall ins&ty (Levia and Frost 2003, 2006, Yaseef et
al. 2009), and the distribution of rainfall evetitsoughout the season (Clark et al. 1997) can
affect how soil water is stored. The presenceegfetation on a land surface can influence
soil water greatly (Wang et al. 2008, Zhang andlfuty 2006b) as vegetation affects the
amount and distribution of precipitation that beesrsoil water through transpiration,
canopy interception (Brye et al. 2000), and théitglio affect water input in the soil through
throughfall and stemflow (lida et al. 2005, LeviadaHerwitz 2005). Different species of
plants have quite different effects on soil watee tb differences in growth patterns in time
and space and root and canopy structures (Asbjortsal. 2007, Clark et al. 1997). The

spatial distribution of land uses through a langsoczan also affect soil water dynamics (Fu
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et al. 2003). Lastly, field management, suchrag of planting and harvesting cover and
main crops (Clark et al. 1997, Ewing et al. 19%1arh et al. 2006), residue management
(Ewing et al. 1991), tillage techniques (Ewing letl&91), and subsurface drainage
management influence soil water dynamics.

The use of cover crops in annual cropping systsmspromising way to conserve
soil water and therefore affect variability of sa#ter in a positive way. One cover crop of
interest in the Upper Midwest is cereal rigecale cereale L. ssp.cereal). It is particularly
well suited for use in this region because it is@xely weather hardy (Bushuk 2001, De
Bruin et al. 2005) and produces a high volume ofrtass in the early spring (De Bruin et al.
2005). Rye is able to germinate at temperaturgltst above freezing (Bushuk 2001), and
appreciable growth begins around 5°C (Leonard aadiiv1963). It is able to survive
temperatures around -25° to -35°C even with limgedw cover, which gives rye the ability
to overwinter even in the extreme northern USA iaa Canada (Stoskopf 1985).

Because rye is able to germinate early, and a rgsunt of drainage and NOI
leaching occurs during the early spring periochm Wpper Midwest, rye is a promising way
to reduce these deleterious effects of row cropthngugh early season ET and
incorporation of N into growing tissues (Qi et2011b). There are tradeoffs when
integrating rye into a row crop system, howevermyashas the potential to decrease main
crop yields. In some studies, though, after ryterisinated, its residue has contributed to
greater corn yield (through increased infiltratig@)ark et al. 1997), and its mulch and
allelopathic compounds are able to assist in wap@ression (De Bruin et al. 2005). These
same allelopathic compounds may decrease corrsyietidvever (Clark et al. 1997). Rye

may also be able to decrease runoff through phiy)sislawing water runoof velocity, which
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allows more time for water to infiltrate, and thgbudecreased soil water due to plant
transpiration, which would encourage infiltratiddapney 1998). Rye can also significantly
decrease drainage during the spring and early sumwitere subsurface drainage tile is
installed (Qi and Helmers 2010, Strock et al. 200Bh)e ability to decrease runoff,
subsurface drainage, and to use excess soil Nsahgsvto decrease NN leaching, as well
(De Bruin et al. 2005, Ditsch et al. 1993, McCratke¢al. 1994). In one study, rye before
soybean used soil N significantly more than soyheidimout rye, corn without rye, and corn
with rye (Qi et al. 2011a). The rye treatment befeoybean reduced N®I concentration
in subsurface drainage significantly only when caneg to the corn treatment, however (Qi
et al. 2011a). In that study, corn yield was nghigicantly affected by rye growth and soill
N use (Qi et al. 2011a). In another study, howewere N was needed for application to
fields so as to avoid a significant drop in corelgiwhen rye was planted before (Clark et al.
1997). Conflicting findings in different studielsaw that rye does (Qi and Helmers 2010) or
does not (Clark et al. 1997, Krueger et al. 20Eréase growing season (for both cover
crop and main crop seasons) soil water and sogvgbrage, depending on field and
weather conditions. Rye may reduce soil waterarinly during the spring, however,
with soil water levels typically approximating ldsexpected in fields consisting of only row
crops, because water use by corn is delayed atiges®is lower ET during the corn growing
season (Krueger et al. 2011) or because of otlbwriasuch as mulching from rye residue.
In general, though, soil water depletion is exp@ttebe highest in years when rye biomass
is the greatest (Baker and Griffis 2009).

Because different land covers affect how precitainfiltrates and is redistributed

and stored within the soil, and because these digsaaifect drainage and NN leaching
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and possibly main crop growth following rye, undensling redistribution of soil water

under rye is important. The effects of rye on sa@ter dynamics and hydrological processes
are complex, depending on rainfall characterisdiog land cover, along with other factors.
Many studies have investigated how different careps and vegetative covers affect soil
water content and soil water storage over groweagsns and at longer time scales, but the
ability to continuously monitor soil water througbw technology provides more
opportunities to understand the mechanisms comtgodloil water under different land
covers. In order to understand how rainfall chigtics and land cover might affect
redistribution of precipitation through the soibfite, analysis of soil water data at very short
time intervals is needed, as water can redistriqutee quickly through the profile during

and after rainfall events. As such, the objectithis paper is to determine how a rye cover

crop and rainfall characteristics affect infiltatiand soil water redistribution.

Materials and Methods

Research sites
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Figure 3.1. Location of ADW and ISUAG sites in lowa

The field study was performed at two sites in loti Agricultural Drainage Water

Research Site (ADW) and the lowa State Universigyohomy and Agricultural Engineering
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Research Farm (ISUAG) (Fig. 3.1). Two sites weseduin order to compare results where
climate and, therefore, rye growth would be différeADW is located in northwest lowa
near Gilmore City in Pocahontas County (42°74'77'9°49°'52” W). The most ubiquitous
soils are Nicollet (fine-loamy, mixed, superactiwggsic Aquic Hapludoll) and Webster and
Canisteo (fine-loamy, mixed, superactive, mesicid ¥ndoaqualls) clay loams with 3% to
5% organic matter, having an average slope of @b¥%5%. They are naturally poorly to
naturally somewhat poorly drained glacial till soilThe total research area is 4.5 ha, of
which 3.8 ha are used as experimental plots. Térerseventy-eight 0.05 ha plots (15 x 38
m), each containing subsurface tile drainage. #toraatic on-site meteorological station
monitored weather conditions, including rainfaRainfall patterns at the site were compared
to long-term averages (30 years from 1971-200®rdened from readings at the National
Climate Data Center station Pocahontas (IA6719tkxt 19 km west of the research site.
ISUAG is located in central lowa near Boone in Becounty (42°00°94” N,
93°78'06” W). The most ubiquitous soils are Clarloam (fine-loamy, mixed, superactive,
mesic Typic Hapludoll) with an average slope of @/6%, Nicollet loam (fine-loamy,
mixed, superactive, mesic Aquic Hapludoll) witharerage slope of 1% to 3%, and Webster
silty clay loam (fine-loamy, mixed, superactive,sieTypic Endoaquoll) with an average
slope of 0% to 2%. These soils are naturally porinaturally moderately well drained
glacial till soils. The total research area is 889 divided into 0.009 ha plots. The amount
and placement of subsurface drainage at ISUAGksann, as the site was previously used
as an agricultural field. An automatic on-site eeblogical station monitored weather
conditions. This station ([A130209] Ames) is atprthe lowa Environmental Mesonet,

lowa State University Agricultural Climate serieRainfall patterns at the site were
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compared to long-term averages (30 years from 290D) determined from readings at the
National Climate Data Center station AMES-8-WSW(Q2R0) located approximately 5 km

northwest of the research site.

Soil characteristics

In 2011, in each plot, 15-20 soil samples for text@nalysis were taken to a depth of
60 cm using a 2.5 cm diameter metal push probe pBEncentages of sand, silt, and clay for
depth increments 0-10 cm, 10-20 cm, 20-40 cm, &60cm were determined. To
determine the bulk density of the soils, a han@ @ystem with soil core rings with a height
and diameter of 7.6 cm were used. In the sprir@pafL, in each plot, three replicates of
each of the following depths were sampled: 0-10 10r20 cm, 20-40 cm, and 40-60 cm.
Samples were taken at the quarter row positiondbatachinery wheel tracks) in corn plots
and in the same position in soybean plots. Thik #ehsity of each soil core was determined
by drying the soil at 105°C for 48 hrs in a soieavand dividing the dry soil weight by the
wet volume of soil.

Soils at the two sites are generally loamy sdilb{e 3.1). Textures found, in order
of decreasing predominance, are clay loam, loandysealay loam, and sandy clay. The
most ubiquitous soil texture throughout both sisedlay loam, but at ISUAG, soils tend to be
a bit loamier, while at ADW, soils tend to be motayey. In general, the bulk density of
soils increases with depth throughout soil profieasd the bulk density of soils at ADW
increases to a greater degree through the prbofile those at ISUAG. Texture and bulk
density properties of soils can affect how preaipin infiltrates and how it is retained and

moves within a soil profile. Analysis of varian@NOVA) (o = 0.05) was used to test
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whether texture varied significantly among treattaen the same field within a depth. Only
silt content at a depth of 20 cm in corn plots B varied significantly compared to other
treatments. Because most comparisons in thisngseacur between plots within the same
site, and because soil types are more consistémivgites, comparisons of soil water can be

made with a fair amount of confidence.

Table 3.1. Soil characteristics at ADW and ISUAG.
Site Treatment Depth (cm) Sand (%) Silt (%) Clay (%Bulk Density (g/cr)

ADW C 0-10 46 20 34 0.95
10 - 20 46 19 35 [
20 - 40 45 23 32 1.45
40 - 60 44 25 31 1.59
rC 0-10 39 32 29 0.91
10 - 20 36 32 32 o]
20 - 40 36 32 32 1.45
40 - 60 36 32 32 1.56
S 0-10 37 34 30 0.96
10 - 20 37 33 31 1.41
20 - 40 34 36 31 1.37
40 - 60 37 33 31 1.50
rs 0-10 37 34 30 0.92
10 - 20 34 35 32 1.37
20 - 40 34 34 33 1.39
40 - 60 33 35 33 1.49
ISUAG C 0-10 45 35 20 1.24
10 - 20 44 30 26 1.56
20 - 40 47 31 23 1.56
40 - 60 48 29 22 1.65
rC 0-10 38 40 21 1.39
10 - 20 38 36 25 1.52
20 - 40 37 37 26 1.48
40 - 60 41 33 26 1.59
S 0-10 34 41 25 1.23
10 - 20 31 41 28 1.47
20 - 40 30 41 29 1.45
40 - 60 28 42 30 1.50
rS 0-10 31 41 27 1.24
10 - 20 32 41 27 1.44
20 - 40 28 43 29 1.43
40 - 60 28 42 30 1.52

@' Data not available.
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Soil water measurements

In order to obtain continuous soil water data,eg&yon Em50 Data Logger was used
in conjunction with five soil sensors (measuringléctric permittivity of the soil), each with
a 0.3 L volume of influence (Decagon Devices, IRuliman, WA), installed at depths of 10,
20, 40, 60, and 100 cm below the soil surface attgu-row position in each plot. A5TE
sensor was installed at the 10 cm depth, recomsbiigemperature, volumetric water content,
and electrical conductivity (EC), while 5TM sensamare used for the remaining depths,
measuring only soil temperature and volumetric wet@tent. Soil sensors were capable of
measuring volumetric saturation values between 0&c1®0% with an accuracy of + 2% and
a resolution of 0.08%. A trench 60 cm deep andri@vide was dug, and the top 4 soil
sensors were installed parallel to the soil surfat®ethe side wall of the trench. For the
deepest soil sensor, a smaller hole (40 cm deepoargthly 5 cm wide) was dug at the
bottom of the larger trench, and the soil sensda08tcm was installed at the bottom
perpendicular to the soil surface. At ADW, measwnts at all five depths were recorded in
hourly increments from March 1 to March 20, anchteensors were turned off for field
management; sensors were reactivated March 27aadvas recorded in increments of 5
minutes from then until May 9, the end of the stpdyiod. At ISUAG, soil measurements at
all five depths were recorded in hourly incremdrisn March 1 to April 2, and then in
increments of 5 minutes until May 9. At both sjteeasurements continued past May 9, but
these were not included in this analysis as theative of this study was to understand soil

water dynamics only during the period when rye grasving.
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Sudy design, field management, and rye sampling

The study period was March 1 through May 9 of 20TBese dates were chosen as it
was the period when rye would be actively growiefpbe it was terminated. For the study,
16 plots were chosen, eight each at ADW and ISUAGeach site, there were two
replicates of the following four treatments: corithwut rye (C), corn with rye (rC), soybeans
without rye (S), and soybeans with rye (rS). loreplot, corn and soybeans were planted in
rotation, and so the main crop in each treatmemenafers to the crop that would be planted
following rye growth and termination in the sprioj2012. At ADW, rye seed was drilled
into the soil following corn and soybean harvesQmtober 12, 2011 at a rate of 100 kg/ha.
On the day of termination, in each plot, rye wasplad with hand grass clippers along a 30
cm long length of three adjacent rows at three oariy selected locations, dried, and
weighed for biomass determination. At ISUAG, ryasvdrilled into the soil following corn
and soybean harvest on October 3, 2011 at a r&2 kd/ha. On the day of termination, rye
was sampled using a square with 0.3 m long edgesyithin the square was cut with a hand
grass clippers, dried, and weighed for biomassehetation. Rye was terminated with
glyphosate herbicide in the spring (Table 3.2).

Table 3.2. Timing of cover crop management at ADWrd ISUAG sites.

Site
Management ADW ISUAG
Rye seeding 12 Oct 2011 3 0ct 2011
Termination of rye followed by corn 12 Apr 2012 prA2012
Termination of rye followed by soybean 9 May 2012 1 May 2012

Data analysis
SAS 9.3 software was used to determine differenogsng soil texture in C, rC, S,
and rS treatments at both ADW and ISUAG (SAS lasti2011). ANOVA ¢ = 0.05) was

used to separate means of the percentage of siahdsclay among treatments.
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ANOVA (a = 0.05) in SAS 9.3 was also used to determinewdifices among the
means of cumulative infiltration during single raithevents among treatments. The soill
water storage (SWS) from 0-100 cm was calculata@thugata from soil sensors, and based
on the principle of soil water balance, the cumu&infiltration for a rainfall event can
therefore be described as:

I = SWS; — SWS;
wherel is the cumulative infiltration (mmBWS is the final SWS or the maximum after the
rainfall event (mm), an®W\S is the initial SWS just before the rainfall eveegins (mm).

SAS 9.3 software was used to determine differeno@sng increases in soil water
during rainfall events which occurred in the tofl kyers (10 and 20 cm) among treatments
at both ADW and ISUAG (SAS Institute 2011). Bel@® cm, there was not a discernible
trend in soil water content change, so these layers not included in the analysis. To
guantify differences, the magnitude to which theuatetric soil water content increased after
each rainfall event throughout the study period easulated. This value was found for
each soil layer (10 and 20 cm) for each treatm@nt@, S, and rS) after every rainfall event
at each study site. Visual analysis and equafitsadances tests revealed that data was not
normally distributed, so a natural log transforratof volumetric water contents was
employed. PROC GLM tests were used to test fdemihces among the four treatments
within depths at each site. These tests sepanaans using a least significant difference
test at p = 0.05 (LS§»s) to test for significant treatment effects on saditer contents at each

depth.
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Results and Discussion

Weather

Air temperatures at both ADW and ISUAG were mubbwe normals observed at
NCDC stations throughout the study period, mosalolgtduring March when maximum
daily temperatures were 10.@ warmer than normal at ADW and 9warmer than normal
at ISUAG (Table 3.3). During March, daily minimuemperatures were 7.&armer than
normal at ADW and 7 4warmer than normal at ISUAG,; at both sites, thified average
minimum temperatures from below to above freezirap(e 3.3). In April, the warm trend
continued, but it was less dramatic. In the fiise days of May, the maximum and
minimum daily temperatures were warmer again, betinimums were further from
normal than the maximums; minimums were® igher at ADW and 5 7higher at ISUAG,

while maximums were 3:&higher at ADW and 3higher at ISUAG.

Table 3.3. Air temperature and precipitation normds vs. observed weather at ADW and ISUAG sites
during the study period. Pocahontas is 19 km wesff ADW, and AMES-8-WSW is 5 km northwest of

ISUAG.

Max. Min. . . Max. Min. . .
Temp. Temp. .?::%AX%) Fz:sﬁ]')p ’ Temp. Temp. ?:%iAE{’%) P(rrﬁr(;;j ’
() Q) ' () () )
Pocahontas Normaf AMES-8-WSW Normal™
March 6.2 -4.8 0.7 55.9 8.2 -2.6 2.8 52.1
April 14.9 1.8 8.3 78.5 16.4 3.4 9.9 88.9
May 1-9 20.0 6.1 13.0 27.2 20.6 7.7 14.1 29.7
Total 161.5 170.7
ADW 2012 ISUAG 2012
March 16.5 3.1 9.4 52.8 17.4 4.8 11.0 43.4
April 18.0 4.3 10.8 102.6 17.9 5.8 11.8 84.3
May 1-9 23.8 12.7 17.3 46.7 24.1 13.4 18.4 27.9
Total 202.2 155.7

@l Source: Climatological Data for lowa, National Céita Data Center for Pocahontas, 1A, 1971-2000.
™ Source: Climatological Data for lowa, National Céita Data Center for AMES-8-WSW, 1971-2000.

Precipitation was nearer normal during the resepetiod than was temperature.

Observed precipitation was 125% and 91% of normADAV and ISUAG, respectively
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(Table 3.3). Rainfall followed the normal trendrfiaclosely except for a dry period during
the first 12 days of April when only 0.8 mm of pig@tation fell at ADW, and only 1.3 mm at
ISUAG (Fig. 3.2). At ADW, this dry period was folved by 2 periods of moderate rainfall
(37 mm in 4 days and 47 mm in 4 days), while atA&l)1 period of moderate rainfall (46
mm in 3 days) followed the dry period, followed &gmaller amount of rainfall (21 mm in 4

days) (Fig. 3.2).
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Figure 3.2. Normal cumulative precipitation vs. oerved cumulative precipitation at the research sis
during the study period (March 1 — May 9). Sourcdor normals: Climatological Data for lowa, National
Climate Data Center for Pocahnotas and AMES-8-WSW1971-2000.

Precipitation at the two research sites was chaaetd by a wide range of events, ranging
from very short and light rainfall events to loragding, intense storms (Fig. 3.3). ISUAG
saw less total precipitation during the study peirend, compared to ADW, this site also saw
more of its rainfall come in events with lower ins&ty and smaller total amounts; half of the

storms at ISUAG had storm totals of less than Saohprecipitation (Table 3.4).
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Table 3.4. Frequency distribution of rainfall intensity (data taken from all
periods when rain was actively falling) and the cumlative precipitation
of single rainfall events at both research sites ding the research period
(21 rainfall events at ADW and 20 at ISUAG).

Rainfall intensity (mm/h)

Cumulative precipitation (mm)

<1 1-2.5 2.5-5 5-10 >10
ADW (%) 52.3 24.3 15.0 6.5 1.9
ISUAG (%) 61.3 23.6 8.5 5.7 0.9
Precipitation during single rainfall event (mm)
<5 5-10 10-25 >25
ADW (%) 38.1 28.6 28.6 4.8
ISUAG (%) 50.0 15.0 30.0 5.0
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Figure 3.3. The rainfall intensity (grey bars) andcumulative precipitation (black lines) of individual
rainfall events at ADW (a) and ISUAG (b). Rainfallevents with a cumulative precipitation of less tha 1
mm were not included.
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Ryeyields

Rye yields at both sites prior to soybeans wereertttan twice that obtained when
rye was followed by corn (Table 3.5). At ADW, ri@lowed by soybean was allowed to
grow 4.5 weeks longer than rye followed by corrd ahISUAG, it was allowed 5.5 weeks
more. This time period was during the warmer wdaem late April and May, when rye
growth rate was most likely higher than in Marcld @arly April. Overall, rye yields at
ISUAG were about 7x higher than at ADW. ISUAG dags precipitation than normal and
had less precipitation than ADW in 2012, but nigh& lows during April and May were
about 2C higher at ISUAG than at ADW, and in general, teragures at ISUAG were

higher, both of which could have assisted rye ghowt

Table 3.5. Average rye yields for
2012 at ADW and ISUAG sites.

Site and Rye yield
treatment (kg/ha)
ADW rC 136
ADW rS 322
ISUAG rC 1039
ISUAG rS 2207

Soil water dynamics

In order to more closely investigate how watetiseibutes through the soil profile,
two different periods of rainfall were examineditbof which occurred at ISUAG. These
events were examined because of the much greatararof rye growth seen at the ISUAG,
which increases the ability to see potential treaineffects on soil water dynamics. The
first period chosen is a single rainfall event ehaderate length, intensity, and with
moderate cumulative event precipitation which owadiin the middle of the night on March
29 and 30, before rye was terminated in either coisoybean plots. The event lasted 6 hrs,

total precipitation was 11.9 mm, and the averagd#aihintensity was 2 mm/hr, with a
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maximum intensity of 6.9 mm/hr and a minimum of thfr. A one-week period without
rain preceded this rainfall event. In all plotsode preceding both corn and soybean), at the
10 cm soil depth, soil water content in plots with increased to a greater degree than in the
associated plots without rye (Fig. 3.4). In thea®d 40 cm depths, soil water content in
plots without rye increased more than in plots wytl. Soil water did not redistribute past
the soil surface layer in plots with rye, whereadewr percolated deeper into the soil in plots
without rye. In this case, it is possible that thimfall was light enough that rye was able to
use the soil water before the wetting front advdrtoethe deeper soil layers. During this
period, three out of the four plots with rye hadaawecedent soil water content that was
roughly equal to or greater than that of the plathout rye, and so it seems that this rainfall
may have been light enough for the rye to use temin ET before the wetting front could
advance into the 20 and 40 cm soil depths. Thease in total profile (0-100 cm) water
storage was roughly equal for all plots (data mesented), so it is also possible that the top
soil layer in rye plots was more able to retainevdihan the top soil layer in plots without
rye; rye had been established five years previggslyye root and associated microfauna
growth may have had some effect on soil porosity\aater retention within the top soil
layer (Dabney 1998, Unger and Vigil 1998). Alsocorn plots without rye, soils were quite
sandy throughout the profile, which may have chwoted to a quickly advancing wetting
front. Because water did not percolate deeply@plots, in a slightly drier year or a year
with a moderate total amount of rainfall and maimgderately intense rainfall events with
moderate rainfall totals, drainage could be de@@as rye plots, which would aid in
decreasing N@N leaching. In wetter years, as the next rairgatiod example will show,

rye could have the opposite effect, however.



41

3 A g -
S 6 S 6 -
e e
E El
% 2 % 2
2 2
I} T T I} T T
3/30 Date 3/31 3/30 Date 331
0.34 - 7 4
" Toem 042 10 cm g
032 A 0.38
e I IR rS I:l].':lt 1
0.30 - 0.34 ——— 1S plot2
028 - : 0.30 1 [T —_—
, | ) | ! '-.. _____ e
0.26 v nCoplot 1 0.26 tees
024 { et ——— 1Cplot2 0.22 J\_
l_'_t.a-'—\ DEE T T D.].S T T
S 034 - 0.42 |
rn.‘E 8 2 em
S 032 - 0.38
5 030 4 034 e
= 028 | 0.30 -
]
Bowd e T T — 02s{ ST
‘E 024 - 022
- o+ 01§
7R,
: 7 -
034 40 cm 42 Ys0cm
03 | 03 |
030 | 034 |
038 | o 0.30
—u—\.\_,_ﬁ’-'_'-'_'-'_'_\-\_u_\_'_\—\_
026 {026
024 1 022 -
. S— - 0.18 : :
330 Date 3/31 3730 Date 3731

Figure 3.4. Hourly rainfall intensity and volumetric soil water content of soils at ISUAG in plots
without and with rye for the 3/29-30 rainfall event (precedirg corn on the left, and preceding soytan
on the right). Soil watercontent measurements were taken at 1 hr interval

The second period toe examined was a sequence of taiafall events occurring o

April 13 and April 1445; rye was still growing iplots preceding soybeans, but it had b
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terminated 1 week prior in plots preceding cortha@lgh rye residue was still present. The
April 13 event lasted 7 hrs, total precipitationssd .2 mm, and the average rainfall intensity
was 1.6 mm/hr, with a maximum intensity of 3 mnmelhd a minimum of 0.5 mm/hr. This
event was similar to the March 29-30 event disaisgm®ve, except that the rainfall was
more evenly distributed throughout the event. 3é&nd event during this period, occurring
April 14-15, lasted 14 hrs, with a total precipivatof 34.5 mm and an average rainfall
intensity of 2.5 mm/hr with a maximum intensityd8.7 mm/hr and a minimum of O mm/hr.
Before this entire period, there had been a 6-dayedriod, but the rainfall 6 days before
was very light, so the dry period was effectivelyw@eks long. Soil water from the April 13
event was still redistributing through the profiaen the April 14-15 event began, and this
antecedent soil water affected soil water dynamigthg and after the larger event.

In plots preceding soybean (Fig. 3.5), for the Ap8 event, soil water reacted
similarly as during the March 29-30 event. Plotwye had similar or less soil water
content as compared to the plot without rye, bulh@tlO cm depth, soil water content
increased more in plots with rye, while at the B0depth, soil water content increased more
in the plot without rye. During and after the A@r-15 event, however, at all depths, (10-
100 cm), soil water content increased equally @& ¢weater degree in plots with rye as
compared to the plot without rye. The amount anensity of rain during this period was
much greater than in the last two storms descrilded. likely that this amount of
precipitation saturated the top soil layers andeéwo quickly for the rye to utilize through
ET. Because the increase in water storage thrthegprofile due to rainfall was greater in
plots with rye (80.2 mm in rS versus 59.0 in SYreater amount of precipitation entered the

soil and redistributed throughout the whole saodfipe to 100 cm, suggesting that infiltration
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was greater in rye plots. In wetter springs withrenintense precipitation, rye may increase
soil water content throughout the whole profiled a@inis wetting front would reach drainage
tile more often; therefore in wet years with inteqsecipitation events, rye, through
increased infiltration, may actually increase dagi if rye growth is not sufficient to use the
excess water in ET. This may be offset partiajlydbcreased runoff, however.

In plots preceding corn (Fig. 3.6), where rye rasidvas present, soil water behavior
was similar to that in plots preceding soybeangpkat the 60 cm depth, where the plot
without rye had the largest increase in soil watertent. In all the other depths, the plot
without rye had greater or similar antecedentwatier content as compared with plots with
rye, but at a 60 cm depth, this plot had a low¢ée@dent soil water content, which may
account for the difference in its response to tfeeipitation event. The response shown in
these plots suggests that even after rye is kiltedesidue and possibly its effects on the soil
structure may increase infiltration and thereforeease soil water storage, since at this time
rye will not decrease soil water content afterghecipitation event because it is not actively

using the water for growth (Unger and Vigil 1998).
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The abovendicates thaa rye cover crop maye able to increase the amount of w
stored in the top layers of soil for a moderatafedi event and in all soil from-100 cm for
an intense rainfall everap ANOVA was used to determine treatment differences ii
magnitude of infiltration through thil profile from 0-100 cm at bbtsites. At ADW, the
test returned an Falue of 0.06 with a-value of 0.979, and at ISUAG, a-Value of 0.47
with a pvalue of 0.703, so tlre wereno significant treatment differences in the magiet
of infiltration at either site.There was a visi trend of increasing infiltration with increasi
precipitation amounté~ig. 3.7. Although for all rainfall events there were néfatences ir
infiltration among treatments, visually, there msiacreasing trend in the differences
infiltration amang treatments as event precipitatincreases (Fig. 3.7)-or the heavies
rainfall event (April 19) of 38.1 mm at ADW, cumulagivnfiltration values were 30.4, 34.
21.4, and 30.5 mm for C, rC, S, anq, respectively. For the heaviest rainfall evenpriA
14-15) of 34.5 mm at ISUAG, cumulative infiltrationluas were 58.0, 63.2, 59.0, and 8
mm for C, rC, S, and rS, respectively. As climatange may be accompanied by lar

more intense storm$fishra et al. 201), use of rye may have a greater positive effec

infiltration.
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At ADW, cumulative infiltration over the entire re@rch period was greatest in plots
with rye, and infiltration to precipitation rati¢sP) were 0.57, 0.69, 0.51, and 0.62 for C, rC,
S, and rS, respectively (Fig. 3.8). In comparismADW, at ISUAG, a smaller amount of
rainfall fell, but infiltration was greater. Infibtion was high in rC, S, and rS plots, with I:P
ratios of 0.85, 1.22, 1.34, and 1.42 for C, rCaig] rS, respectively. An I:P ratio above 1
signifies that infiltration exceeded precipitatidhe ISUAG site has slopes up to 5%, higher
than at ADW, which could result in run-on. In @atith rye, preferential flow due to
macropores created by increased numbers of seibfaauld also contribute to the large

amounts of infiltration (Dabney 1998, Unger and iVi§98).
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Figure 3.8. Cumulative precipitation and infiltrati on over entire study period at ADW (a) and ISUAG
(b). I:P is infiltration to precipitation ratio. At ADW, precipitation (totaling 10.2 mm) and infilt ration
for rainfall events on 3/20 and 3/22 are omitted deito removal of sensors for field management.

A least squares difference test was used to imgagstithe difference in the magnitude

of volumetric soil water content increase due fofedl events at both sites at the 10 and 20

cm depths (Table 3.6).
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Table 3.6. Differences between mean magnitude oblumetric
soil water content increase following 21 rainfall eents at ADW
and 20 at ISUAG for 10 and 20 cm soil depths.
Mean magnitude of volumetric soil water
content increase following rainfall event

(cm/cnt)?
ADW ISUAG
Treatment 10 cm 20 cm 10 cm 20 cm
C 0.029a 0.016a 0.016b 0.010b
rC 0.026a 0.016a 0.026ab 0.018ab
S 0.018a 0.013a 0.025b 0.015ab
rS 0.026a 0.013a 0.052a 0.018a

e Means within depths at sites (i.e., within columiagipwed
by the same letter are not significantly differahp = 0.05.

At ADW, there were no differences among treatmeantsther the 10 or 20 cm depths. At
the 10 cm depth at ISUAG, rS had a significantiyhieir average rise in magnitude of soil
water content as compared to S and C, but notGhe 20 cm depth, rS only had a
significantly higher average rise in soil water o as compared to C. Although soil water
content in the upper soil layers increased to atgrenagnitude after rainfall events in plots
with rye at ISUAG, cumulative infiltration over tliesearch period did not increase
significantly in rye plots. Rye may have increasedilable water storage capacity in the top
soil layers through transpiration and modificatadrthe soil matrix (Dabney 1998, Kaspar
and Singer 2011, Unger and Vigil 1998). Meisingeal. (1991) estimated that the
production of 2200 kg/ha of winter cover crop algreeind biomass (approximately the
same amount of rye biomass produced in rS at ISUAGE)Nd use 50 to 60 mm of water.
This use of water in the upper soil layers by ryrildl decrease the soil’s volumetric water
content and allow for more infiltration in the uppayers of the soil. In multiple cases (Figs.
3.4, 3.5, 3.6), volumetric water contents in thpersoil layers in rye plots increased to a
greater degree but also to a greater absolute araswwompared to plots without rye,
indicating that the soil water-holding capacityigher in upper soil layers in plots with rye,

possibly caused by modifications to the soil sutethrough rye root growth and greater soil
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fauna activity (Dabney 1998, Unger and Vigil 1998hese modifications and greater water
use would be expected to be the greatest in thedibfayers, as most rye root growth occurs

within the top 25-35 cm of the soil (Nalborczyk eddwa 2001).

Conclusions

At ISUAG, a significant increase in the magnitudeise of soil water content after
rainfall events in the top soil layers was foungblots with rye that would be planted to
soybean, although no significant change in infiitna over the soil profile (0-100 cm) was
found. This pattern indicates that soil wateragerin the upper soil layers (to 20 cm) may
be increased by rye through modifications to saitex holding capacity, caused by increased
transpiration and greater soil fauna activity (Deypt998, Unger and Vigil 1998). Once
rainfall infiltrated, the behavior of its redistabon throughout the soil profile varied among
different types of rainfall events. Therefore,lbt#nd cover and rainfall characteristics
affect how precipitation is redistributed througle soil profile as soil water. Depending on
rainfall patterns, rye may not decrease soil witemain crop use. Because of its ability to
increase infiltration and dry the soil through spimation, it may only increase soil water
variability. In years when most rainfall events anoderate to light, it is likely that rye
would decrease subsurface drainage ang-N@aching, as precipitation would likely not
percolate deeper than the top soil layers, unkséatl events occurred very close together.
This decrease in drainage could mediate changée inaseflow of rivers, as well, as long as
sufficient amounts of cover were planted in watedsh If more intense rainfall events were
to occur, as is possible with climate change, tassible that soil water throughout the

whole solil profile could increase greatly under; fiyeorder to ensure high main crop yields,
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cover crop termination could strategically occueaperiods of rainfall, as long as field
conditions were favorable. An increase in soilevatontent throughout the soil profile could
also increase drainage, as long as rainfall eveougrred often enough. Some of this could
be offset by decreased runoff due to increasetratfon in fields with rye.The results of

this study indicate that different types of raihalents elicit different responses in soil water
dynamics, and so, because climate change may affecipitation patterns, more research
should be done to understand how shifts in thetterpa will change how rye affects
infiltration and redistribution through the soilgfite. Also, because weather, soil properties,
rye growth, and land and hydrological managemehtaffect soil water dynamics, more
research over a larger geographical area and widreht management practices should be

pursued.
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CHAPTER 4. EFFECTS OF RYE COVER CROP ON SOIL WATER CONTENT
AND SOIL WATER STORAGE DURING THE SPRING AND EARLY SUMMER IN
A DROUGHT YEAR

Results from this paper to be added to results fiesearch at Purdue University. Combined
results to be submitted as a paper for a spesiatisf theJournal of Soil and Water
Conservation.
Abstract
Land use and management changes have altered tgdadland biogeochemical
cycles in the Upper Midwest. Cover crops sucheasal rye $ecale cerealeL.) are a
promising way to mediate these changes througleased infiltration and decreased erosion,
drainage, and N&N leaching. It is possible that use of a rye cawrep may decrease row
crop yields, however, partially through decreasstiveater. The objective of this paper is to
determine how a rye cover crop affects soil watertent and soil water storage during the
spring as a living land cover and during the eadsnmer as a mulch in plots planted to a
corn-soybean rotation during a drought year. Qumtuis soil water content measurements at
five depths (10, 20, 40, 60 and 100 cm) at 1-hr%unain intervals from March 1 to July 10
of 2012 were taken in two fields, one in northweastl another in central lowa, using four
treatments: corn without rye (C), corn with rye Yr€oybeans without rye (S), and soybeans
with rye (rS). The main crop in the treatment nataprotes the crop that would be planted
following rye growth and termination. A repeatedasures ANOVA test was used to
determine whether the presence of rye changedvat@r contents at two depths (0-10 cm
and 10-20 cm), or soil water storage from 0 to 80 dhis analysis was done for two
different periods: the rye growth period (March tnain crop planting) and the main crop

growth period (one week after main crop plantinipdy 10). At the site in northwest lowa,
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rye had no effect. At the site in central lowaridg the rye growth period, soil water content
at a depth of 0-10 cm and soil water storage wigrefisantly higher in rye plots (0.029 ém
cm®and 1.9 cm, respectively). During the main crapagh period, soil water contents at
depths of 0-10 cm and 10-20 cm were 0.041 and Gc682m* higher, respectively, in rye
plots. Therefore, at both sites, rye did not havegative effect on soil water content or soil

water storage.

Introduction

Because of environmental concerns such as chandmsliological systems, climate
change, and nutrient leaching, the use of covgrscio agriculture is of interest. Cover crops
include a wide range of types and species of plamtisare used as befits the particular
functionality needed and the geographical areahithvthey are planted, but generally, a
cover crop is a living ground cover planted intafier a main crop and is usually terminated
before the planting of the next main crop (Hartargl Ammon 2002). In the Upper
Midwest of the United States, a large percentagegatultural land is planted to corn and
soybeans, and this land lays fallow during the falle winter, and early spring. Because
vegetation cover has a large effect on soils amhidiggical processes within a landscape
(Marin et al. 2000, Wang et al. 2013), cover cropsld be part of a solution to remedy the
agroecological problems mentioned above, whiclcaused in part by a lack of vegetative
cover during the non-growing season (Dabney 19@8Bfin et al. 2005, Hartwig and
Ammon 2002, Islam et al. 2006, Unger and Vigil 198over crops are able to influence
the landscape above and below ground (Islam 086) through their canopy’s effects on

microclimate and soil temperatures (Dabney 199&jddiand Vigil 1998), ability to increase
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infiltration (Dabney 1998, Huang et al. 2013, Islatral. 2006, Unger and Vigil 1998), and
root system effects on soil structure and watedingl capacity (Hartwig and Ammon 2002).
These effects alter soil water dynamics, whichiwgortant in mediating changes in
hydrological cycles, nutrient leaching, and possédfects of climate change on crop
production.

Soil water dynamics are important at multiple ssalAt a regional scale, soil water
and the atmosphere work together to affect climatd,soil water is one factor that regulates
the hydrological cycle (Asbjornsen et al. 2007,I2@noy et al. 2006). At a smaller scale, in
a field, soil water can influence runoff and eros{®e Lannoy et al. 2006). In the field, soil
water also influences how precipitation is partigd between ET and deep infiltration (Daly
and Porporato 2005), which will affect crop growatid subsurface drainage. Because soil
water is such an important factor in determiningate, hydrology, and crop growth,
researchers seek to understand what influencew/at@l and its variability. Soil water
content varies widely over time and space, evamat| geographic scales (Gomez-Plaza et
al. 2000), and this variability is caused by maiffedent factors (Levia and Frost 2003,
2006) such as landscape characteristics (Bergk&®®, De Lannoy et al. 2006, Fu et al.
2003, Gomez-Plaza et al. 2000, Svetlitchnyi e2@)3), soil properties (Fu et al. 2003,
Hawley et al. 1983), rainfall characteristics (Fwale 2003, Sala et al. 1992, Wang et al.
2008), vegetation and land use (De Lannoy et &62Bu et al. 2000, Roux et al. 1995,
Wang et al. 2008), and field management (Ewind.€t991).

Because cover crops grow during periods when dguiral land would normally lay
fallow, their use has the ability to alter the aility of soil water content. One cover crop

of interest in the Upper Midwest is cereal rigecile cereale L.). It is particularly well
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suited for use in this region because it is exttgmeather hardy (Bushuk 2001, De Bruin et
al. 2005) and produces a high volume of biomaskerearly spring (De Bruin et al. 2005).
Because rye is able to germinate early, and a mgsunt of drainage and N®I leaching
occur during the early spring period in the Uppedwest, rye is a promising way to reduce
these deleterious effects of row cropping througthyeseason ET (Qi et al. 2011b). Ina
three-year study in lowa, in May, ET averaged 2d &5 mm & in rye plots and bare plots,
respectively, an increase of 60% in rye plotsg Helmers 2010). The ability to decrease
runoff, subsurface drainage, and to use excesdsalbws rye to decrease NI leaching
(De Bruin et al. 2005, Ditsch et al. 1993, McCratke¢al. 1994). There may be tradeoffs
when integrating rye into a row crop system, howgeas rye has the potential to decrease
main crop yields through its allelopathic compou(@dsrk et al. 1997) and through
depletion of soil water and N early in the growsegason (Qi and Helmers 2010).
Conflicting findings show that rye does (Qi and iiHets 2010) or does not (Clark et al. 1997,
Krueger et al. 2011) decrease growing season (br ¢tover crop and main crop seasons)
soil water content and soil water storage; thisedels on weather conditions, cover crop
management, and the total water holding capacitii@foot-accessible portion of the soill
(Kaspar and Singer 2011). Rye may reduce soilveatetent only during the spring,
however, with soil water contents returning bacleteels expected in fields consisting of
only row crops, because water use by corn is ddlaye so there is lower ET during the
corn growing season (Krueger et al. 2011), or beeaye residue is able to decrease
evaporation (Unger and Vigil 1998). In generahugh, soil water depletion is expected to

be highest in years when rye biomass is the grie@aker and Griffis 2009).
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The production of corn and soybeans in lowa isnaredibly important part of
lowa’s economy, as the total value of productiantf@ two crops together was
approximately $20 billion in 2011 (lowa Ag Statsl2). As climate change will most likely
affect precipitation timing and intensity and temgiares, possibly intensifying the effects of
wet and dry periods, it is important to understhod a potentially environmentally
beneficial rye cover crop may affect soil waterjethmay affect corn and soybean yields
throughout the Midwestern United States. In lotha,spring of 2012 was exceptionally
warm, and the summer was very hot and dry. Relsiea@ythis period presents an
opportunity to understand how cropping systems wighmay react under extreme dryness,
which may become more and more common with clirmh&sge. As such, the objective of
this paper is to determine how a rye cover cropcasf soil water content and soil water
storage during the spring as a living land covel dmring the early summer as a mulch in

plots planted to corn and soybeans in a corn-saybsation during a drought year.

Materials and Methods

Research sites
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Figure 4.1. Location of ADW and ISUAG sites in lowa
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The field study was performed at two sites in lothe@ Agricultural Drainage Water
Research Site (ADW) and the lowa State Universigyohomy and Agricultural Engineering
Research Farm (ISUAG) (Fig. 4.1). Two sites weseduin order to compare results where
climate and, therefore, rye growth would be différeADW is located in northwest lowa
near Gilmore City in Pocahontas County (42°74'77'94°49'52” W). The most ubiquitous
soils are Nicollet (fine-loamy, mixed, superactiwggsic Aquic Hapludoll) and Webster and
Canisteo (fine-loamy, mixed, superactive, mesicid ¥ndoaqualls) clay loams with 3% to
5% organic matter, having an average slope of @b%5%. They are naturally poorly to
naturally somewhat poorly drained glacial till soilThe total research area is 4.5 ha, of
which 3.8 ha are used as experimental plots. Térerseventy-eight 0.05 ha plots (15 x 38
m), each containing subsurface tile drainage. #toraatic on-site meteorological station
monitored weather conditions, including rainfaRainfall patterns at the site were compared
to long-term averages (30 years from 1971-200@®rdehed from readings at the National
Climate Data Center station Pocahontas (IA6719tkxt 19 km west of the research site.

ISUAG is located in central lowa near Boone in Bec@ounty (42°00°'94” N,
93°78'06” W). The most ubiquitous soils are Clarloam (fine-loamy, mixed, superactive,
mesic Typic Hapludoll) with an average slope of @/6%, Nicollet loam (fine-loamy,
mixed, superactive, mesic Aquic Hapludoll) witharerage slope of 1% to 3%, and Webster
silty clay loam (fine-loamy, mixed, superactive,sweTlypic Endoaquoll) with an average
slope of 0% to 2%. These soils are naturally powrinaturally moderately well drained
glacial till soils. The total research area is 889 divided into 0.009 ha (6 x 15.2 m) plots.
The amount and placement of subsurface drainagJ&G is unknown, as the site was

previously used as an agricultural field. An auaticon-site meteorological station
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monitored weather conditions. This station ([A139PAmes) is a part of the lowa
Environmental Mesonet, lowa State University Agltisrtal Climate series. Rainfall patterns
at the site were compared to long-term averageyd€ats from 1971-2000) determined from
readings at the National Climate Data Center staABIES-8-WSW (IA0200) located

approximately 5 km northwest of the research site.

Soil characteristics

In each plot, 15-20 soil samples for texture analygere taken to a depth of 60 cm
using a 2.5 cm diameter metal push probe. Theeptages of sand, silt, and clay for depth
increments 0-10 cm, 10-20 cm, 20-40 cm, and 40ré@vere determined. To determine the
bulk density of the soils, a hand core system watihcore rings with a height and diameter
of 7.6 cm were used. In the spring of 2011, irhgalot, three replicates of each of the
following depths were sampled: 0-10 cm, 10-20 c@34Q cm, and 40-60 cm. Samples were
taken at the quarter row position (out of machinghgel tracks) in corn plots and in the
same position in soybean plots. The bulk dendigach soil core was determined by drying
the soil at 105°C for 48 hrs in a soil oven andding the dry soil weight by the volume of
field sampled soil.

Soils at the two sites are generally loamy sdilsb{e 4.1). Textures found, in order
of decreasing predominance, are clay loam, loandyselay loam, and sandy clay. The
most ubiquitous soil texture throughout both sisedlay loam, but at ISUAG, soils tend to be
a bit loamier, while at ADW, soils tend to be motayey. In general, the bulk density of
soils increases with depth throughout soil profieasd the bulk density of soils at ADW

increases to a greater degree through the prbofie those at ISUAG. Texture and bulk
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density properties of soils can affect how preefjoin infiltrates and how it is retained and
moves within a soil profile. Using ANOVAu(= 0.05) to test whether texture varied
significantly among treatments in the same fielthwi a depth, only silt content at a depth of
20 cm in corn plots at ADW varied significantly cpared to other treatments.

Table 4.1. Soil characteristics at ADW and ISUAG.
Site Treatment Depth (cm) Sand (%) Silt (%) Clay (%Bulk Density (g/cm)

ADW C 0-10 46 20 34 0.95
10 - 20 46 19 35 &
20 - 40 45 23 32 1.45
40 - 60 44 25 31 1.59
rC 0-10 39 32 29 0.91
10 - 20 36 32 32 (e
20 - 40 36 32 32 1.45
40 - 60 36 32 32 1.56
S 0-10 37 34 30 0.96
10 - 20 37 33 31 1.41
20 - 40 34 36 31 1.37
40 - 60 37 33 31 1.50
rS 0-10 37 34 30 0.92
10 - 20 34 35 32 1.37
20 - 40 34 34 33 1.39
40 - 60 33 35 33 1.49
ISUAG C 0-10 45 35 20 1.24
10 - 20 44 30 26 1.56
20 - 40 47 31 23 1.56
40 - 60 48 29 22 1.65
rC 0-10 38 40 21 1.39
10 - 20 38 36 25 1.52
20 - 40 37 37 26 1.48
40 - 60 41 33 26 1.59
S 0-10 34 41 25 1.23
10 - 20 31 41 28 1.47
20 - 40 30 41 29 1.45
40 - 60 28 42 30 1.50
rS 0-10 31 41 27 1.24
10 - 20 32 41 27 1.44
20 - 40 28 43 29 1.43
40 - 60 28 42 30 1.52

2Data not available.

Sudy design, field management, and rye sampling
The study period was March 1 through July 10 df20This was split into two

periods. The first was the “rye growth period”,igfthbegan with the start of appreciable rye
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growth (March 1) until planting of the main crop(n or soybean). The second period was
the “main crop growth period”, which began one waékr main crop planting and ended
July 10. A one week gap in between the two penwas allowed for germination, and
because soil temperatures were unseasonably waeikely that main crops began
growing quickly. For the study, 16 plots were afraseight each at ADW and ISUAG. A
randomized complete block design was used. At siehthere were two replicates of the
following four treatments: corn without rye (C),roawith rye (rC), soybeans without rye (S),
and soybeans with rye (rS). In each plot, cornsoybeans were planted in rotation, and so
the main crop in each treatment name refers terbe that would be planted following rye
growth and termination in the spring of 2012. AW, rye was drilled in following corn

and soybean harvest on October 12 at a rate okd/@. On the day of termination, in each
plot, rye was sampled with hand grass clippersgagp80 cm long length of three adjacent
rows at three randomly selected locations, driad,weighed for biomass determination. At
ISUAG, rye was drilled in following corn and soyleaarvest on October 3 at a rate of 63
kg/ha. On the day of termination, rye was sampkdg a square with 0.3 m long edges; rye
within the square was cut with a hand grass clgpnied, and weighed for biomass

determination. Rye was terminated with glyphoseatdicide in the spring (Table 4.2).

Table 4.2. Timeline of research and field manageméat ADW and ISUAG sites.

Site

Timeline ADW ISUAG

Before corn Before soybean Before corn Befogdean
Rye seeding 12 Oct 2011 12 Oct 2011 30ct2011 Oct®2011
Period 1: Rye growth 1 Mar 2012 - 1 Mar 2012 — 1 Mar 2012 - 1 Mar 2012 -
period 10 May 2012 16 May 2012 26 Apr 2012 11 May 2012
Termination of rye 12 Apr 2012 9 May 2012 6 Ar12 25 Apr 2012
Planting of main crop 10 May 2012 16 May 2012 AR 2012 11 May 2012
Period 2: Main crop 17 May 2012 - 23 May 2012 - 3 May 2012 — 18 May 2012 -

growth period 10 July 2012 10 July 2012 10 July 2012 10 July 2012




64

Soil water measurements

In order to obtain soil water content data, a [@ecaEm50 Data Logger was used in
conjunction with five soil water content sensorg¢Bgon Devices, Inc., Pullman, WA),
installed at depths of 10, 20, 40, 60, and 100 efavb the soil surface at quarter-row
position in each plot. A 5TE sensor was instadlethe 10 cm depth, recording soll
temperature, volumetric water content, and eleatgonductivity (EC), while 5TM sensors
were used for the remaining depths, measuring swiltemperature and volumetric water
content. A trench 60 cm deep and 20 cm wide was alud the top 4 soil sensors were
installed parallel to the soil surface into theeswell of the trench. For the deepest soil
sensor, a smaller hole (40 cm deep and roughly @ick®) was dug at the bottom of the
larger trench, and the soil probe at 100 cm wasliesl at the bottom, perpendicular to the
soil surface. At ADW, measurements at all fivetispwere recorded in hourly increments
from March 1 to March 20, and then sensors wergetlioff for field management; sensors
were reactivated March 27, and data was recordettiaments of 5 minutes from then until
July 10, the end of the study period. At ISUAG] seasurements at all five depths were
recorded in hourly increments from March 1 to A@riland then in increments of 5 minutes
until July 10. At both sites and all depths, dailyerage soil water content was calculated for

analysis.

Data analysis

To determine differences in soil water contents swiblwater storage (SWS) among a
corn-soybean rotation with and without a winter cgeer crop, soil water content and SWS
were analyzed using a mixed model repeated measatgsis of variance (RPM-ANOVA)

with day of year as the repeated factor. Sta@ikdoalyses were performed separately
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among the two field locations, two depths, and twwee periods. Covariate structure
selection was based on smallest value of AICC addfB statistics; an ARMA (1,1)
covariate structure was used for all analyses.staliistics were performed in SAS (version

9.3, SAS Institute, Inc, Cary, NC) and means wepagted at the 0.05 level.

Results and Discussion

Weather

Air temperatures at both ADW and ISUAG were mucbwvebnormal throughout the
study period, most notably during March when maxmdaily temperatures were 10.3
warmer than normal at ADW and 9\®armer than normal at ISUAG (Table 4.3). During
March, daily minimum temperatures were“Agrmer than normal at ADW and 7varmer
than normal at ISUAG,; at both sites, this shiftedrage minimum temperatures from below
to above freezing. Throughout the rest of theyspetiod, the warm trend continued, but
temperatures were nearer to normal. Temperatur@sgothe month of June were closest to
normal. The average high temperature from Julp &tlboth sites exceeded’30 Over the
entire research period, precipitation was muchwelormal (Table. 4.3). For the research
period, observed precipitation was 80% and 54%oainal at ADW and ISUAG,
respectively. During the months of March and Afmelughly the rye growth period),
observed precipitation was much closer to normEs24 and 86% of normal at ADW and
ISUAG, respectively. From May 1 — July 10 (rougthg main crop growing period),
observed precipitation was only 63% and 38% of rabremh ADW and ISUAG, respectively.
Conditions were generally wetter at ADW with soneeipds of above average precipitation

in late April and May, while precipitation was belmormal for the entire research period at
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ISUAG (Fig. 4.2). At both sites, however, a very geriod began around the second week

of May and persisted until mid-June. After a shpmtiod of rainfall, a very dry period began

at the end of June and persisted through the eticeaftudy period. By the end of the

research period, the U.S. Drought Monitor indicateat both sites were under Moderate

Drought (D1) conditions; drought conditions worsgtleroughout the summer, and by mid-

September, when main crops were harvested, beth esiperienced Extreme Drought (D3)

conditions (2012).

Table 4.3. Air temperature and precipitation normals vs. observed weather at ADW and ISUAG sites
during the study period. Pocahontas is 19 km wesff ADW, and AMES-8-WSW is 5 km northwest of

ISUAG.
Max. Min. . . Max. Min. . .
Temp. Temp. ?:%iAE{’%) Fz:sﬁ]')p ’ Temp. Temp. ?:%iAE{’%) P(rrTe]rCn';:) ’
49) Q) ' Q) 49) '
Pocahontas Normal AMES-8-WSW Normal®
March 6.2 -4.8 0.7 52.6 8.2 -2.6 2.8 53.6
April 14.9 1.8 8.3 85.1 16.4 3.4 9.9 945
May 21.8 9.2 15.5 104.1 22.8 10.1 16.5 122.2
June 27.3 14.8 21.1 124.5 27.5 15.5 215 125.9
July 1-10 29.4 16.7 23.1 39.1 29.4 17.7 23.3 41.2
Total 405.3 437.4
ADW 2012 ISUAG 2012
March 16.5 3.1 9.4 52.8 17.4 4.8 11.0 43.4
April 18.0 4.3 10.8 102.6 17.9 5.8 11.8 84.3
May 25.3 11.2 18.3 68.1 25.3 12.6 19.1 49.8
June 28.1 15.2 21.9 98.0 28.6 16.4 22.7 56.4
July 1-10 31.9 19.3 25.7 1.8 33.2 20.5 26.8 2.8
Total 323.3 236.7

#Source: Climatological Data for lowa, National Ciita Data Center for Pocahontas, IA, 1971-2000.
®Source: Climatological Data for lowa, National Céite Data Center for AMES-8-WSW, 1971-2000.
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Figure 4.2. Normal cumulative precipitation vs. oberved cumulative precipitation at the research site
during the study period (March 1 — July 10). Soure for normals: Climatological Data for lowa,
National Climate Data Center for Pocahontas and AMB-8-WSW, 1971-2000.

Ryeyields

Rye yields at both sites were slightly over 2xHeigin plots with rye followed by
soybean as with those followed by corn (Table 44 ADW, rye followed by soybean was
allowed to grow 4.5 weeks longer than rye follovigccorn, and at ISUAG, it was allowed
5.5 weeks more. This time period was during thewea interval in late April and May,
when rye growth rate was most likely higher thaMiarch and early April. Overall, rye
yields at ISUAG were about 7x higher than at ADVSUAG saw less precipitation than
normal and had less precipitation than ADW in 204, nighttime lows during April and
May were about°C higher at ISUAG than at ADW, and in general, temagures at ISUAG

were higher, both of which could have assistedyrpsvth.

Table 4.4. Average rye yields for
2012 at ADW and ISUAG sites.

Site and Rye yield
treatment (kg/ha)
ADW rC 136
ADW rS 322
ISUAG rC 1039
ISUAG rS 2207
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Soil water

At ADW, neither the main crop (corn or soybean) the presence of rye had any
significant effects on soil water content or SW&imy the rye growth or main crop growth
periods (Table 4.5). The small amount of rye glo(iftable 4.4) at ADW most likely did not
significantly affect infiltration or evaporation dag the rye growth period, and during the
main crop growth period, there was most likely @odugh of a rye mulch cover to
significantly aid in conserving soil water. Althgluthere were no significant differences in
soil water content at ADW, in the 10-20 cm depthmyithe rye growth period, and in both
depths during the main crop period, there was dlsnmeanount of water present in plots with
rye, although SWS was greater in plots with ryarduboth periods. It is possible that the
small amount of rye growth was not able to decreasg@oration, and that this growth
depleted water in the top soil layers through tpamasion.

At ISUAG, during the rye growth period, the mamog (corn or soybean) and rye
both significantly affected soil water content ret0-10 cm depth and SWS. During the rye
growth period, soil water content was 2.9% higinenye plots in the 0-10 cm depth, and
SWS was greater by 1.9 cm. This trend continueohgiwhe main crop growth period; in rye
plots, soil water content was 4.1% and 3.3% high@&10 cm and 10-20 cm depths,
respectively. SWS was not significantly differdmtt it was 2.7 cm greater in plots with rye.
Even though the main crop growth period was quiyeatl ISUAG (Fig. 4.2), rye was able to
help conserve soil water. Greater rye growth M6 as compared to ADW did not

decrease soil water during its growth period, and enulch, rye was able to assist soill



Table 4.5. Repeated measures [ARMA (1,1)] analysi$ variance summary of soil water content and stage under corn-soybean rotation with and

without winter rye cover crop.

ADW ISUAG

———————— Rye growth period --------  ---- Main crogrowth period ----  -------- Rye growth period —  ---- Main crop growth period ----

0-10cm 10-20 cm SWS 0-10cm 10-20cm SWS 0-10cm 10-20 cm SWS 0-10 ch®-20 cm SWS
Source p-values
Block 0.03 0.76 0.07 <0.01 0.35 0.03 0.75 0.13 50.2 0.58 0.4 0.89
Date <0.0001 <0.0001 <0.0001 <0.0001 <0.00010.0601 <0.0001 <0.0001 <0.0001 <0.0001 <@O0C 0.0001
Main crop 0.16 0.52 0.18 0.31 0.19 0.17 0.03 0.31 .010 0.35 0.11 0.09
Rye 0.99 0.26 - 0.32 0.31 - 0.02 0.14 0.03 <0.01 0.05 0.09
Crop*Ry¢€ 0.95 0.15 - <0.01 0.17 - 0.14 0.13 0.66 0.04 140. 0.42

Contributed variance (%)

Block 1.7 <0.1 3.4 1.1 0.2 4.3 <0.1 0.5 0.1 0.1 10 <0.1
Date 97.8 99.6 94.4 97.2 98.5 94.9 97.0 98.4 978 5609 98.1 95.9
Main crop 0.4 <0.1 0.1 0.1 0.5 0.9 1.2 0.2 13 2 0. 0.5 2.1
Rye <0.1 0.1 - 0.1 0.2 - 1.4 0.5 0.8 3.1 0.9 2.1
Crop*Rye <0.1 0.3 - 15 0.5 - 0.5 0.5 <0.1 1.1 0.4 0.2
Main crop Means
C 0.245 0.277 - 0.252 0.279 - 0.269a 0.284 17.4b 0.252 0.266 16.8
S 0.261 0.289 17.7 0.260 0.317 194 0.242 b 0.300 994 0.242 0.301 20.1
Rye Means
Yes 0.253 0.272 18.1 0.252 0.284 19.7 0.270 a 0.30019.6 a 0.267 a 0.300 a 19.8
No 0.253 0.293 17.4 0.260 0.312 19.0 0.241 b 0.28017.7b 0.226 b 0.267 b 17.1

& SWS = soil water storage from 0-80 cm.
®* indicates test of interaction.
°Different letters indicate significant differencaisthe 0.05 level.
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in retaining water. Because rye had been estaaiShyears previous in 2008, it is possible
that rye rooting had altered the solil structurthimtop soil layers, compounding its effects on
soil water conservation.

Extreme dryness characterized the rest of the oram growth season after the end
(July 10) of the study period, but soil water résalre not available for this time period.
Around mid-July, it is likely that corn was entagiits silking stage; during the silking stage,
severe water stress can lead to poor pollinatieadree of desiccated silks and pollen grains
(Kranz et al. 2008). Water stress during the sglstage has the greatest potential to
decrease corn yields (Kranz et al. 2008), and Iscate at ISUAG assisted in conserving
water in the upper soil layers during this staesé potential corn yield decreases were most
likely avoided. Also, rye’s ability to conservellsgater in the upper soil layers is important,
as corn generally extracts 40% of the water it uis&STI from the top 25% of its rooting
depth (Kranz et al. 2008). At ADW, the very snatiount of rye biomass produced no
significant decrease in soil water content or SA&Syas expected, so rye may not have had

any negative effects on corn yield during the stpelgiod.

Conclusions
At ISUAG, a rye cover crop was able to conservéwater and increase SWS
preceding the main crop in a corn-soybean rotat®nADW, rye did not have a significant
effect on soil water content or SWS in either pairecluded in the study. Adequate spring
precipitation and rye growth at ISUAG may have cbuted to increased infiltration during
the rye growth period and decreased evaporatiangltlie main crop period, when rye was
a mulch. Because of increased soil water at ISU#@, no significant change in soil water

at ADW due to rye, it is possible that, given ae@ahtely wet spring, rye may not deplete
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soil water, even during a drought year. More regean long-term rye plots should be
undertaken; understanding rye rooting patternstia@dnechanisms by which these roots
may alter soil structure and water holding capaisitgn important portion of research that

should be pursued, as well.
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CHAPTER 5. GENERAL CONCLUSIONS

General Discussion

The first study in this thesis showed that the am@f subsurface drainage through
tile in a field decreased under perennial foragenduthe month of May. The second study
detected an increase in top soil layer water seothging precipitation events in plots with
rye cover crops. This study also explored thestetution of infiltrated precipitation
throughout the soil profile. Soil water redistrilmn behaved differently during and after a
moderate rainfall event as compared to a heawynsa rainfall event. The third study found
that a rye cover crop was able to conserve soiématd increase SWS in a corn-soybean
rotation in the spring and early summer duringa@ught year. Because different processes
within the hydrological cycle in an area are intenecected, soil water and drainage are linked
and affect each other. Drainage and soil watdéepat are both dependent on precipitation
timing and intensity and crop water demand (Laveloal. 2008, Wang et al. 2008). Even in
years with the same amount of precipitation, digémeolumes from the same field can differ
significantly (Lawlor et al. 2008), as differenaasantecedent water conditions and rainfall
event characteristics affect soil water conditiand redistribution patterns, and therefore
drainage. The spatio-temporal variability of se#ter can strongly impact other
hydrological processes within the system as welloj@nd Jacobs 2007, Hupet and
Vanclooster 2002).

As it is possible that the use of perennial orecarops may decrease drainage during
May, the time of year when the most N® is lost from fields due to leaching, and because
the drainage to precipitation ratio was the higldesing this time, these crops have the

potential to reduce N&N leaching, as well.
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The ability of perennial and cover crops to meddtanges in hydrological and
biogeochemical cycling caused by changes in landrcand management, along with their
ability to conserve soil water amidst changes imate, offer the potential for research
within and improvement of the agronomic systemisTasearch should also allow us to ask
broader questions about the economic and envirotainaability of the corn-based
agricultural economy of the Upper Midwest. Whastsowill we consider as important when
evaluating and re-evaluating our current systenov Will this shape the policy we create?
Will climate change necessitate a change in oueatiagricultural system? The way in
which we frame and answer these questions is obsttimportance as we seek to create

agricultural systems that are sustainable andegsil

Recommendations for Future Research
In light of findings from this research and thedature cited within this thesis, it is
recommended that research into perennial and @reps be augmented in the following

ways:

1. Studies including more species and cultivars oépeial and cover crops should be
integrated into research. Different species, cailf, and mixes of species will provide
unique benefits and affect hydrological and biogenaical cycles in different ways.

2. Research should include field study sites in aaseasss the Upper Midwest.
Differences in climate across the region productlyalifferent rainfall patterns and

characteristics, which in turn create differeneedrainage and soil water regimes.
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3. Long-term studies examining linkages between fiewvariables in the hydrological
system should be run. A more complete picturdefstystem would be useful as all
parts are interconnected.

4. Linkages between hydrological and nutrient cycimgelds should continue to be
explored.

5. More research into the economic viability of int&gwn of perennial and cover crops
within the current system should be undertaken.

6. Creation of policy and assistance that encouragpteimentation of more diverse

rotations should be researched.

References

Choi, M. and Jacobs, J.M. (2007) Soil moistureataitity of root zone profiles within
SMEXO02 remote sensing footprints. Advances in WRtesources 30(4), 883-896.

Hupet, F. and Vanclooster, M. (2002) Intraseasdgaamics of soil moisture variability
within a small agricultural maize cropped fieldudaal of Hydrology 261, 86-101.

Lawlor, P.A., Helmers, M.J., Baker, J.L., Melvin\ and Lemke, D.W. (2008) Nitrogen
application rate effect on nitrate-nitrogen concatin and loss in subsurface
drainage for a corn-soybean rotation. Transacidnise ASABE 51(1), 83-94.

Wang, X.-P., Cui, Y., Pan, Y.-X,, Li, X.-R., Yu, And Young, M.H. (2008) Effects of
rainfall characteristics on infiltration and rediltition patterns in revegetation-
stabilized desert ecosystems. Journal of HydroBE&f(1-2), 134-143.



78

ACKNOWLEDGEMENTS

First, I would like to acknowledge the guidancerof major professor, Dr. Matt
Helmers. His generosity as a professor, exampéetemsdisciplinary scientist and thinker,
and ability to guide me to ask interesting questibas gone very far in helping me grow and
succeed during my time at lowa State.

Secondly, | thank Dr. Xiaobo Zhou for the kind gratient help he has provided in
guiding me through managing massive quantitiesatd.dAlso, | thank Carl Pederson for his
mechanical expertise which saved the day multipled. Thanks to my program of study
committee, Dr. Michael Castellano and Dr. Richardgg for their critique and suggestions.
Thanks are due to Aaron Daigh, Ignacio Alvarez @asind Dan Fortin for their assistance
in statistical analysis, as well. | thank all thedergraduate students who have helped with
countless hours of data collection, entry, andyaisl

| thank my parents for their support which hageonerously helped me to pursue my
education. | thank all my friends and the resngffamily for supporting me, and | am so
grateful for my fiancée Bobbie Quade and her wgltiass to move to Ames and marry a
weird scientist.

This research is part of a regional collaboragikgect supported by the USDA-
NIFA, Award No. 2011-68002-30190, “Cropping Syste@wordinated Agricultural Project:
Climate Change, Mitigation, and Adaptation in Ctased Cropping Systems.” Project Web
site: sustainablecorn.org. The 11 institutions posmng the project team include the
following Land Grant Universities and USDA Agricutel Research Service (ARS): lowa
State University, Lincoln University, Michigan Stdtniversity, The Ohio State University,

Purdue University, South Dakota State Universitgivarsity of lllinois, University of



79

Minnesota, University of Missouri, University of Wdonsin, and USDA-ARS Columbus,

Ohio.



	2013
	Effects of perennial and cover crops on hydrology in Iowa
	Ryan Goeken
	Recommended Citation


	Microsoft Word - 230802_supp_undefined_005A0B32-EE54-11E2-93F4-BB19EF8616FA.docx

