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This supports our findings for WC, with low biomass in 2015. If more bio-
mass were produced, perhaps differences would have been observed for 
WC. However, in the 2014 cover crop season, when there was presumably 
more cover crop biomass at WC, we still did not observe differences (Fig-
ure 4 and 5). 

Figure 5. Mean spring minus preceding autumn 1.2-m soil profile water storage. 
Crop rotation phases are M = maize, Sy = soybean, and CC = cover crop. Treatments 
are NCC = no cover crop, MIX = cover crop mix, and RYE = cereal rye, with PRE = 
pre-harvest broadcasted, and POST = post-harvest drilled. The error bars are 95% 
confidence intervals of the means. The truncated error bars would be symmetrical 
of the displayed limits. Each cluster of bars is an individual analysis. Identical let-
ters in a cluster represent no statistical significance. Where no letters are presented, 
differences were not significant. All data included here had at least two replicates.  
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One reason for the lack of difference among treatments could be that 
sufficient rainfall had been accumulated in all plots by the spring reading 
dates. Basche et al. (2016) suggest that such may be the case. Also, our dri-
est location, WC, had essentially zero cover crop biomass production (ex-
cept apparently in 2014–2015). Annual cover crop transpiration in our study 
may have been about 0 to 70 mm based on our biomass results and the re-
lationship of 21 mm per 1000 kg ha–1 of Martinez-Feria et al. (2016), which 
was developed for rye. Recall that we typically observed the majority of the 
mix treatment spring biomass samples to be rye. It is probable that in many 
years this amount of soil water depletion would be replenished during spring 
and summer rainfall at most of the locations. If we assume that the primary 
crop growing season ends at the end of October with 60% of available wa-
ter depleted from the top 1.2 m of the soil profile (Yonts et al., 2008), then 
depletion would be about 120 mm, 160 mm, 140 mm, and 140 mm for EC, 
NE, SC, and WC, respectively, using the maximum available water capacity 
for each location reported by Soil Survey Staff (2017). The 1981–2018 nor-
mal October–April precipitation was about 260 mm, 290 mm, 250 mm, and 
150 mm, respectively, for the same sites (Table 1) (NCEI 2017). Therefore, 
neglecting runoff and presuming timing of precipitation is favorable to re-
plenish the cover crop water extraction, 70 mm of cover crop transpiration 
would likely have no significant impact at EC, NE, and SC, and may not be 
entirely replenished by rainfall at WC. If we represent the cover crop grow-
ing period by the October–April precipitation for the study years and oth-
erwise use similar estimates for depletion with 70 mm of cover crop tran-
spiration, then precipitation would be sufficient for all years at EC. Similarly, 
precipitation would be sufficient for 2 of 3 yr at NE, and 1 yr at SC and WC, 
with 1 yr being a marginal ~10 mm deficit at SC. 

Our observations may also be the result of other sources of soil water 
storage variability. For instance, the tillage history at each of the sites fol-
lowed by no-till management during this study may have affected the bulk 
density and water content. However, we anticipate that these effects should 
impact all plots. Other sources of variability were mentioned in the materi-
als and methods section. Another possibility is that most of the cover crop 
effect may be in the upper soil profile (<0.3 m, see Figure 4), as may be ex-
pected if the cover crop rooting depths were shallow. It is also possible that 
soil evaporation is of similar magnitude to cover crop ET (P. Jasa, personal 
communication, 2017). For instance Sharma et al. (2017) did not find differ-
ences in ET between a cover crop and a seed corn residue treatment. Finally, 
our analysis may omit effects (e.g., depletion) caused by the pre-harvest-
planted cover crops prior to the autumn readings (Tables 1 and 2). Thus, our 
spring to autumn differences may have not fully captured the cover crop ef-
fect. Further investigation into other water balance components as Qi and 
Helmers (2010) may provide useful insight into the climatic limitations re-
garding cover crop impacts on soil water storage. 
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Soil Water Storage over Time 

The seasonal patterns of soil water storage for the 0.3-m upper layer are ap-
parent in Figures 6 and 7; however, temporal variations between measure-
ment dates were not captured. Simple effect treatment differences (when 
interactions were significant) and treatment main effects (when interactions 
were not significant) were small (<15 mm). The variability in the data is visi-
ble in the behavior of the two NCC lines. For the 1.2 m profile, there were no 

Figure 6. Mean soil water storage for the top 0.3 m of the soil profile computed us-
ing repeated measures analyses for EC (top) and NE (bottom). Crop rotation phases 
are M = maize, Sy = soybean, and CC = cover crop. Treatments are NCC = no cover 
crop, MIX = cover crop mix, and RYE = cereal rye, with PRE = pre-harvest broad-
casted, and POST = post-harvest drilled. For NE Sy-CC-M-CC-Sy-CC, on 5 May 2016, 
there were no data for MIX-POST; all other cases presented had at least two repli-
cates per treatment for each date. Vertical black lines are approximate primary crop 
planting dates. Error bars are 95% confidence intervals of the estimated means. The 
truncated error bars would be symmetrical of the displayed limits.  
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significant treatment main effects and the only significant treatment simple 
effects was ~24 mm between the two NCC treatments at EC maize–cover 
crop–soybean–cover crop– maize–cover crop on 23 Sept. 2016, the one case 
where the measurement time × treatment interaction was significant. 

Based on the results of the repeated measures analyses, there was little 
evidence that the cover crops had a significant impact on soil water stor-
age during the primary crop growing season. However, we did not account 

Figure 7. Mean soil water storage for the top 0.3 m of the soil profile computed 
using repeated measures analyses for SC (top) and WC (bottom). Crop rotation 
phases are M = maize, Sy = soybean, and CC = cover crop. Treatments are NCC = 
no cover crop, MIX = cover crop mix, and RYE = cereal rye, with PRE = pre-harvest 
broadcasted, and POST = post-harvest drilled. For WC Sy-CC-M-CC-Sy-CC on June 
10, 2016, there was only one replicate for MIX-PRE; all other cases presented had at 
least two replicates per treatment for each date. Vertical black lines are approximate 
primary crop planting dates. Error bars are 95% confidence intervals of the esti-
mated means. The truncated error bars would be symmetrical of the displayed limits.  


