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BACKGROUND

The Multifunctional Buffers research program focuses on opportunities to establish and evaluate
different perennial systems appropriate for marginal or sensitive areas (e.g. sloped land,
floodplains, etc.) on Illinois farms. These buffers include monocultures and polycultures of
perennial bioenergy crops, forages, shrubs producing fruits or floral cuttings, and corn/soy
rotation with cover crops. From the treatments, we are evaluating the environmental benefits
related to nitrogen recovery based on analysis of soil nutrients over time, subsurface leaching of
nutrients, and abundance of specific soil microorganisms. This project develops solutions for
farmers that could be both productive and environmentally beneficial.

SUMMARY OF RECENT ACTIVIES

All plots in Urbana (est. 2014) and Forrest (est. 2016) were maintained for the growing season of
2018, and they have since been removed at the completion of the study.

Urbana. Activities have proceeded at the Urbana site, for the fifth, and final year. Floral
cuttings were harvested for the second year, providing pussy willow ‘sticks’ with good catkins
that could go to a local market. Herbaceous perennial plots were burned on March 23 to
minimize weed competition and to remove overwinter residues. To control weeds in the rows of
shrub plots, Roundup herbicide was applied on April 26, and Princep herbicide was applied on
May 17. All corn/soy plots were sprayed with Roundup for weed control and to terminate vetch
cover crop on May 18, and corn was planted May 23. Soil samples were collected for analysis of
nitrogen and microbes on May 23. The first harvest of the forage plots was completed on May
31. Roundup was applied to corn plots for postemergence weed control on June 14, and shrubs
were mulched with compost on June 20. The first water samples were collected on June 11.

Fig 1. Panorama of the Urbana trial in Spring 2018.
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Forrest. The trial site in Forrest, IL (40°48°N, 88°24°W) had the following activities completed
in 2018. To control weeds in the rows of shrub plots, Roundup herbicide was applied on April
26, and Princep herbicide was sprayed May 17. Soybeans were planted in early May, and
Liberty herbicide was applied to those plots on May 23 for postemergence weed control. Soil
samples were collected for analysis of nitrogen and microbes on May 24. For shrub plots,
compost was used to mulch individual plants on June 5, and a Field Day was held June 6. Water
samples for analyzing nitrogen concentration in soil surface water were collected on June 11,
2018. The first harvest of the forage plots and the final harvest of the forage and bioenergy plots
were completed on May 31, 2018 and November 8, 2018, respectively.

Fig 2. Panorama of Forrest trial in Spring 2018.

Table 1. Field establishment and harvest date of Urbana and Forrest site.

Field

: st nd rd
Site establishment 1* year harvest ~ 2"“ year harvest 3™ year harvest
Urbana May 6, 2014 Nov. 10, 2015 Nov. 10, 2016 Nov. 10, 2017
Forrest April 26, 2016 Nov. 9, 2017 Nov. 8, 2018 -
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Fig 3. Precipitation changes during growth period in Urbana and Forrest site, IL.
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RESULTS

Shrub treatments including edible and floral species

Because the time period of the trial did not allow shrubs to grow to maturity for harvesting, the
focus moved to consideration of options for integrating these treatments into standard
conservation treatments. Multifunctional agroforestry was seen as a viable method of generating
conservation benefits while providing value to the landowners. For conservation programs,
landowners suggested reducing their complexity, inflexibility and impersonal nature to improve
the integration of multifunctional practices that appeal directly to the practitioner’s needs and
preferences (Stanek and Lovell, 2019).

Biomass yield and forage quality

Two treatments focus on bioenergy crops: 1) monoculture of switchgrass ‘Kanlow, and 2)
polyculture of the same switchgrass planted in combination with big bluestem, indiangrass, and
prairie cordgrass. The biomass yields of treatments at Urbana have continued to increase from
2015 to 2017, as the perennial plants matured (Table 2, Fig. 4). The Forrest site was just
established in 2016, following the loss of research sites at Dixon Springs and St. Charles.
Biomass yields from 2017 were actually similar to the more mature Urbana location. However,
biomass yields from 2018 were much lower than in 2017. This was caused by environmental
conditions during growing season (spring-summer) at the Forrest site. There was no substantial
rainfall during the growing season, so they did not acquire enough water for growth. At both
sites, little difference between monoculture and polyculture was detected, suggesting that
polycultures could be a good alternative for conserving biodiversity using native species.

Two treatments focus on forage crops: 1) monoculture of Virginia wildrye (Elymus virginicus),
and 2) polyculture of Virginia wildrye combined with purple prairie clover, leafy prairie clover,
and a mix of other species. Biomass yields of the forage crops differed for the monoculture and
the polyculture. At Urbana, the biomass yields of the monoculture of Virginia wildrye had
actually declined over time (Table 3, Fig. 5), likely due to the sensitivity of this crop to soil
fertility. This project focused on low-maintenance options for farmers that would be designed to
scavenge nitrogen from the system, so no fertilizer had been added to any of the treatments other
than controls. The performance of the polyculture treatment remained stable over the period of
2015-2017, so this treatment is likely a better option for the low-maintenance buffer conditions.
After the establishment phase (2016 growing season), biomass yields in 2017 were as expected
for the Forrest site. However, biomass yields in 2018 showed the same low precipitation impact
as the bioenergy crops. Both the 2017 and 2018 biomass yields in the Forrest site also suggested
that polycultures could be a good alternative for conserving biodiversity using native species.
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Table 2. Biomass dry matter yields of bioenergy systems grown in monoculture and mixtures from 2015
through 2017 and 2017 through 2018 at Urbana and Forrest sites, IL, respectively.

a) Urbana site

Harvest Year

Cultivation 2015 2016 2017
Mg ha’!

Monoculture 9.2 14.7 18.8

Polyculture 7.5 13.6 18.0

b) Forrest site’

Harvest Year

Cultivation 2017 2018
----------------- Y £ e ——

Monoculture 20.5 10.6

Polyculture 18.4 11.9

YExperimental plots were established in 2016
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Fig 4. Biomass yields of bioenergy systems from 2015 through 2017 and 2017 through 2018 at Urbana
and Forrest sites, IL, respectively. Biomass was annually harvested after a killing frost or late fall.
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Table 3. Forage system dry matter yields of treatments grown in monoculture and mixtures from 2015

through 2017 at Urbana.

Urbana site

Harvest Year

2015 2016 2017
Cultivation Harvest time Mg ha™!
Monoculture 3.84 2.94 2.67
nd 3.51 - 1.40
Polyculture 3.11 3.26 4.50
nd 3.68 2.50 4.30
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Fig 5. Yields of forage systems at Urbana and Forrest sites, IL, respectively. Biomass was harvested
twice annually at the peak standing crop of cool sea son grasses (1* cut) and after a killing frost or late

fall (2™ cut).




Plant tissue sample fiber contents indicated that a polyculture forage system on the buffer strip
can be a good forage with high digestibility as compared to the monoculture forage system (Fig.
6), while the bioenergy crop system did not show significant differences between the cultivation
system (monoculture versus polyculture) and the growing year at both sites.
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Fig 6. Tissue sample fiber content of forage and bioenergy crop systems from 2015 through 2017 and
2017
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Soil Nutrients

Soil nutrients are differentially impacted by the treatments, causing greater yield loss in some
monocultures. We observed that cool-season forage without legumes can exhaust soil nutrients
within three production years.

Soybean field

Fig 8. Switchgrass bioenergy plots established at the edge of a soybean field showing nutrient uptake

from the field, with upslope areas receiving more fertilizer from nearby fields (May 31)

Nitrate concentration in soil surface

Nitrate levels in forage and bioenergy crops were very low (typically < 1 mg L'!) at all time
periods throughout the growing season in 2015-2017 at Urbana (Fig. 9). These treatments did not
directly receive fertilizer and therefore the results are not surprising. For the corn-soybean
rotation, the greatest release of nitrate was in the spring and in the fall in 2015 and 2016. In 2017,
nitrate was greatest at the summer sampling period, likely due to the moisture conditions in that
year. An encouraging finding is that the complex treatments typically have less nitrate in the
spring compared with simple treatments (Fig. 10). The cover crops that are integrated in those
complex treatments offer an important service in scavenging nitrate that might otherwise be lost
from the system. Treatments with shrubs behave similarly to the forage monoculture (data not
shown), since the same species (Virginia wildrye) was planted between shrub treatments. In
Forrest, water samples were taken just once in 2018. The Forrest site was very dry during the
growing season and drained very quickly. Nitrate concentration in the Forrest site also showed
similar patterns as Urbana. Nitrate concentrations of corn-soybean rotation were higher than the
others (Fig. 11). Nitrate concentrations of the forage system were higher than the bioenergy crop
system.
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Fig 9. Nitrate concentration in soil surface water under corn-soybean, bioenergy and forage systems from
2015 through 2017 and 2017 through 2018 at Urbana and Forrest sites, IL, respectively. Soil surface
water was collected from lysimeters installed at a depth of 30 cm. (continued next page)
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Fig 9 (cont.). Nitrate concentration in soil surface water under corn-soybean, bioenergy and forage
systems from 2015 through 2017 and 2017 through 2018 at Urbana and Forrest sites, IL, respectively.
Soil surface water was collected from lysimeters installed at a depth of 30 cm.
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Fig 10. Nitrate concentration in soil surface water under corn-soybean rotation with (polyculture)/without

(monoculture).
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Fig 11. Nitrate concentration in soil surface water under corn-soybean, bioenergy and forage systems in
2018. Soil surface water was collected from lysimeters installed at a depth of 30 cm.

Nutrient removal in aboveground biomass

Aboveground biomass tissue nutrient and mineral concentrations and contents were significantly
different between forage and bioenergy systems (Table 4). All nutrient and mineral
concentrations were significantly higher in the forage system than the bioenergy system. Nutrient
and mineral concentrations in both systems were significantly different depending on the
cultivation system and the harvest timing, which had significant impacts on concentrations.
Overall concentrations were higher in forage harvested in the spring.

Nutrient removal of forage and bioenergy crops was a function of tissue nutrient concentration
and biomass yield. It was obvious that the forage system removed more nutrients than the
bioenergy crop due to the two-cut harvest system higher nutrient concentration of the forage
(Table 4, Table 5). In both sites, overall nutrient concentration and removal of the forage system
was decreased through the growing year. It is assumed that cool-season forage requires greater
nutrients for biomass production. Soil nutrients tended to exhaust quickly and resulted in low
biomass yield and tissue nutrient concentration. The biomass yield of the bioenergy crop was
higher than forage, but nutrient removal by the bioenergy crop was significantly lower than
forage as tissue nutrient concentrations in the bioenergy crop was much lower than forage.
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Table 4. Tissue sample nutrient concentration of forage and bioenergy crop systems from 2015 through
2017 and 2017 through 2018 at Urbana and Forrest sites, IL, respectively. Biomass was harvested twice
annually at the peak standing crop of cool season grasses (1° cut) and after a killing frost or late fall (2™

cut).
a) Urbana site
Year Species o’ N S P K . Mg Ca Na B Zn Mn Fe . Cu Al
g kg T e ——
2015 Forage Ist M 92 1.0 24 192 1.1 39 03 60 188 523 2275 3.0 100.5
P 104 1.1 26 198 12 46 03 65 193 555 2500 43 110.8
Forage 2nd M 133 1.5 34 144 14 43 02 48 240 428 2838 160 1250
P 101 09 27 133 14 46 02 38 240 708 122.0 123 155
Bioenergy M 49 07 09 51 18 35 03 25 240 930 1228 135 423
P 39 05 09 48 15 36 02 25 223 685 1223 13.8 44.0
2016 Forage I1st M 112 12 27 183 14 49 02 80 175 440 1538 53 323
P 113 10 24 185 1.6 6.1 02 11.0 21.0 583 1473 63 453
Forage 2nd M - - - - - - - - - - - - -
P 21 03 08 36 09 50 02 58 360 770 1035 25 435
Bioenergy ™M 2.1 04 06 35 12 29 02 30 160 815 798 43 205
P 28 05 07 35 14 33 02 35 188 853 855 40 30.0
2017 Forage Ist M 83 09 26 140 1.1 38 0.1 6.5 21.0 37.0 1093 23 785
P 78 06 1.8 146 14 56 0.1 53 19.8 765 2155 23 1463
Forage 2nd M 7.0 09 15 6.7 1.7 81 02 125 50.5 413 923 43 590
P 38 03 1.1 27 1.0 66 0.1 38 323 753 56.0 13 40.8
Bioenergy M 42 04 06 44 12 31 02 1.8 180 695 430 25 328
P 41 04 06 35 12 34 02 28 175 613 520 1.8 373
$ C; Cultivation, M; Monoculture, P; Polyculture
b) Forrest site
Year Species oS N S P K _ Mg Ca Na B Zn Mn Fe_1 Cu Al
g kg LT e ———
2017 Forage I1st M 133 14 21 160 12 33 02 33 168 140 533 2.0 405
P 107 10 19 151 1.1 32 01 30 158 155 443 23 353
Forage 2nd M 11.8 1.6 26 125 21 63 02 55 39.0 235 960 3.0 713
P 80 09 23 82 1.7 58 0.1 65 31.0 178 743 20 583
Bioenergy ™M 44 05 07 44 20 32 02 23 183 103 545 23 538
P 34 04 08 50 1.8 40 02 35 188 125 563 1.8 56.8
2018 Forage Ist M 174 1.0 1.7 99 19 52 02 7.0 260 153 319.0 4.0 2125
P 190 13 24 151 1.8 4.1 02 53 235 155 1795 45 1175
Forage 2nd M 7.0 1.1 1.7 95 18 56 01 7.5 333 185 2260 3.3 1393
P 36 1.1 15 81 15 50 02 10.8 295 31.8 513 95 318
Bioenergy M 44 12 1.7 115 19 41 02 55 223 158 2088 3.8 131.0
P 47 06 10 43 15 36 02 3.0 245 93 498 2.8 433

$ C; Cultivation, M; Monoculture, P; Polyculture
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Table 5. Effects of forage and bioenergy crop system on nutrient removal by perennial grasses grown as

kilograms of nutrient removed per hectare (calculated as nutrient concentration x biomass yield)

a) Urbana site

Year Species Cultivation N klg) o
2015 Forage Monoculture 82.7 21.3 123.5
Polyculture 69.5 18.0 112.3
Bioenergy Monoculture 45.1 8.3 46.9
Polyculture 29.3 6.8 36.1
2016 Forage Monoculture 32.9 7.9 53.8
Polyculture 38.5 9.2 63.6
Bioenergy Monoculture 31.0 8.8 51.6
Polyculture 38.0 9.5 47.5
2017 Forage Monoculture 31.2 8.4 42.3
Polyculture 50.9 12.7 76.0
Bioenergy Monoculture 79.0 11.3 82.8
Polyculture 74.0 10.8 63.2
b) Forrest site
Year Species Cultivation N P
kg ha!
2017 Forage Monoculture 102.0 19.1 115.8
Polyculture 98.9 22.2 123.2
Bioenergy Monoculture 90.1 14.3 90.1
Polyculture 62.5 14.7 91.9
2018 Forage Monoculture 40.2 5.6 32.0
Polyculture 101.2 17.5 103.9
Bioenergy Monoculture 46.6 7.4 46.6
Polyculture 40.5 9.5 59.5

Soil Microbes

We extracted microbial community DNA and conducted quantitative PCR from over 550 soil

samples collected from our sites since the beginning of the experiment. These procedures

allowed us to track the changes in nitrogen-cycling populations of soil microbes as the plots

established and matured, and it also allowed us to examine how the different planting and

management regimes in the buffer strip treatments affected these nitrogen-cycling microbes. We
tracked the abundance of six different genes related to the nitrogen cycle:



NREC 2014-02284 ¢ Multifunctional Buffers

Annual Research Report ¢ 15 February 2019
Lovell, Lee, Paulson, & Yannarell

e Archaeal amoA (ammonium monooxygenase): initiates the conversion of ammonium to
nitrate, often referred to as "nitrification;" this gene comes from soil Archaea, who are
members of a distinct domain of life from the Bacteria.

e Bacterial amoA (ammonium monooxygenase): this is an ortholog to the amoA gene
mentioned above, but it can be found in soil Bacteria.

e nifH (nitrogenase): converts inorganic atmospheric N> to ammonium that is available for
living organisms, a process often referred to as "nitrogen fixation."

e nirK (nitritre reductase): responsible for one of the early steps in the conversion of nitrate
to gaseous nitrogen (either nitrous oxide or N2), a process referred to as "denitrification."

e nirS (nitrite reductase): an ortholog of nirK, but found in a different group of Bacteria.

e nosZ (nitrous oxide reductase): converts nitrous oxide to inert N2 gas in the final step of
what is commonly referred to as "complete denitrification."

When viewed over the entire sample set, we found that most of the variation in nitrogen-cycling
populations was associated with site-to-site differences and to differences over time. All genes
responded significantly to site and year (p < 0.001), while only Archaeal amoA responded
significantly to the perennial planting treatment (p < 0.001). This is an important finding,
because it indicates that the impacts of buffer strip perennial cropping on the soil microbial
community are highly site-specific. It will be difficult to predict whether a particular buffer strip
cropping system will enhance or inhibit particular nitrogen-cycling functional groups until we
have a deeper understanding of how local features of the site (e.g. soil texture, chemistry,
climate, previous management history) modify the interactions between agricultural practices
and soil communities. Future research into local drivers of microbial communities may be a key
component in designing customized perennial systems that can maximize soil health and
minimize nitrogen loss.
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Changes in nitrogen-cycling populations over time. We found that most nitrogen-cycling
populations changed over time as the plots matured. Because the original Urbana planting has
the longest-running time-course for the project, we focus our discussion on data from this site.
Here we found that, as Archaeal amoA decreased over time, Bacterial amoA increased. These
changes are suggestive of shifting nitrogen availability in the soil as the plots matured. Archaea
are often the dominant nitrifiers in soils, as we see here in our data. However, bacterial nitrifiers
generally increase their populations in agriculture systems following fertilization. The shifts in
nitrifying populations that we documented here suggest and increased availability of ammonium
in the soil, a result that is somewhat at odds with some of our other results. For example, we
found marked increases in nifH, which reflects an over 1000-fold increase in nitrogen-fixing
microbes; this is highly suggestive of a low nitrogen environment, as high levels of available
nitrogen in the soil can strongly select against nitrogen-fixing microbes. We also detected
increases in nirS (in 2016), and modest increases in nosZ. Given that nirK did not show a
consistent pattern of change over time, the increase in nirS might indicate an increased potential
for nitrogen removal from these plots via the process of denitrification. Furthermore, increases in
nosZ may indicate that more of the denitrification in these plots is of the desirable "complete
denitrification" that does not produce nitrous oxide gas.

Mean Copy Numbers of Gene

000~

Archagal amoA Baderial amoA nifH nirk nirs nosZ!

Nitrogen Gycling Gene

Fig 12. Changes in nitrogen cycling genes over time in Urbana.
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Differences in nitrogen-cycling populations with respect to buffer strip plantings. We found
substantial variation in different nitrogen-cycling populations across the different planting
treatments. For the following summary, we consider the corn-soy plots as a reference condition,
and we report on changes in the other plantings with respect to this reference. In general, we
found that Archaeal amoA was one of the most responsive genes to plant type at each site,
although its response relative to the reference corn-soy condition varied from site to site. For
example, in Urbana, Archaeal amoA decreased relative to corn-soy in all of the buffer plantings.
In contrast, forage plantings at Dixon Springs had the largest populations of Archaeal amoA
observed at this site. This highlights the site-specific impact of buffer strip perennial systems on
microbial populations. Bacterial amoA was relatively unchanged by perennial systems except
that floral woody plantings in Urbana and St. Charles tended have lower bacterial amoA relative
to the corn-soy reference. Taken together, these shifts in ammonia-oxidizing populations may
indicate that plantings other than corn-soy had a lower potential for nitrification. We found
substantially lower nifH in the two woody plantings (edible and floral) in Urbana and St.
Charles, indicating that these soils had dramatically lower potential for nitrogen fixation than the
other plots. With respect to denitrification genes, we found a few consistent patterns across sites
with respect to the various perennial systems. Woody perennial plantings did not appear to affect
the population sizes of nirS-containing microorganisms at Urbana or St. Charles, while forage
grasses enhanced these populations at Urbana and Dixon Springs. We also found a large increase
in nosZ in bioenergy plantings at both Urbana and Dixon Springs. Nevertheless, some site-
specific differences remained. For example, bioenergy grasses reduced nirK with respect to the
corn-soy reference in Urbana, while bioenergy plots in Dixon Springs had the largest number of
nirK at this site. Taken together, they indicate that these buffer strip plantings (especially those
involving perennial grasses) can have major impacts on denitrifier community composition.

Changes of Nitregen Cycling Genes due to Plant Type in Urbana, IL

Mean Copy Numbers of Gene

Nitrogen Cycling Gene:

Fig 13. Changes in nitrogen cycling genes due to plant type in Urbana.
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Fig 14. Changes in nitrogen cycling genes due to plant type in St. Charles.

Changes in Nitrogen Cycling Genes due to Plant Type in Dixon Spring, IL
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Fig 15. Changes in nitrogen cycling genes due to plant type in Dixon Springs.
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CONCLUSIONS

The diverse treatments in this NREC trial can provide very unique opportunities to gain
productivity on marginal portions of land that are less suitable for corn/soybean production.
With these opportunities come some unique challenges with management.

Fig 16. Evidence of productivity of treatments, with catkins from pussy willow at Urbana (left), and
forage plots after spring harvest at Forrest site (right)

Fig 17. Unique management activities include prescribed burns (left) and tree tubes for shrubs (right).
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In studying the potential for multifunctional buffers as part of the existing conservation programs
(e.g., Conservation Reserve Program, CRP), we have found that landowners benefit from a
personalized design process in which they can work with experts to consider alternative
solutions, rather than a single option. Multifunctional woody polycultures (such as our floral and
edible treatments) were viewed as a viable method of generating conservation benefits while
providing value to the landowners, who each stated they were more inclined to adopt such
practices irrespective of financial assistance to do so. For conservation programs, landowners
suggested reducing the complexity, inflexibility, and impersonal nature of conservation programs
to improve the integration of multifunctional practices that appeal directly to the practitioner’s
needs and preferences. These findings are valuable for conservation policy because they
complement previous research theory suggesting the value of working collaboratively with
landowners in the design of multifunctional landscapes.

Challenges: This year has been less challenging than previous ones. The weather has
cooperated, and the different cropping systems are earlier to manage as they mature.

Outreach: Research Specialist, Michael Douglass, hosted a Field Day at the Forrest site,
targeting women landowners in Livingston County area. An interesting outcome of our outreach
program is the potential for floral and edible shrubs to appeal to that particular landowner group.
We will continue to explore that unique opportunity. The Field Day was highlighted in the June
AgriNews publication found at the following link: http://www.agrinews-pubs.com/news/water-
quality-focus-of-women-for-the-land-session/article_6e89f92¢-f29¢c-5¢82-9ce3-
59d6c62f65e4.html.

Publications: Stanek, E.C., Lovell, S.T., 2019. Building multifunctionality into agricultural
conservation programs: lessons learned from designing agroforestry systems with central Illinois
landowners. Renewable Agriculture and Food Systems: in press.

Budget: No changes are required at this time.
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