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to quantify changes to soil properties resulting from 
different perennial grasses at five sites in central and 

western North Dakota 
over a 5-year period.  The 
study was conducted in 
coordination with staff 
at the NDSU Central 
Grasslands Research and 
Extension Center (REC) 
in Streeter, and involved 
four other RECs in central 
and western North 
Dakota (Fig. 1).

Soil properties 
investigated in the study 
were selected for their 

association with water regulation (soil bulk density), 
salinity mitigation (electrical conductivity), buffering 
capacity (soil pH), nutrient cycling (available P), and 
soil health (soil organic carbon).  Soil samples were 
collected in 2006, immediately before seeding, and 
again in 2011 following 5-years of perennial grass 
treatments (Fig. 2).

As a guide to the study, perennial grasses with 
multiple plant species were hypothesized to induce 
greater improvements in soil condition compared to 
grass monocultures.

Outcomes from the study did not support this 
hypothesis, as soil conditions under grass mixtures 
were similar to those under monocultures.  Perennial 
grasses, however, induced changes in soil properties 
over the 5-yr study, with substantial declines in 

Producing a sufficient amount of food, feed, and fiber 
while protecting environmental quality represents 
a significant challenge 
for agriculturists in the 
21st century.  Tailoring 
the most appropriate 
enterprises to diverse 
agricultural landscapes 
using the best genetics 
and management will 
be essential.  Among 
the many ‘tools’ at the 
disposal of producers, 
perennial grasses have 
a unique role to play in 
meeting this challenge.

Understanding how perennial grasses alter soil 
properties, and in turn, 
how such alterations 
affect the health of 
agricultural landscapes 
is crucial for creating 
production systems that 
are productive, efficient, 
and socially acceptable.  
Unfortunately, there is 
limited information about 
soil property dynamics 
under perennial grasses, 
particularly in the 
northern Great Plains.

To help address this need, 
a study was undertaken 

Renewing soils with perennial grasses
Dr. Mark Liebig, Research Soil Scientist
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Message from Dave
Dr. David Archer, Research Leader

made and research papers 
published since the last 
issue of the INTEGRATOR 
Hopefully, this helps present 
a more complete and 
integrated picture of the 
scientific research conducted 
at the NGPRL.

If you have any questions or 
feedback about our research 
or about the changes that we have made to the 
INTEGRATOR, please do not hesitate to contact me.

Welcome to the latest issue of the INTEGRATOR 
The name “INTEGRATOR” refers to bringing parts 
together into a unified whole. With that in mind, 
you may notice a few changes in the format of this 
issue. We have made these changes to provide more 
information on our research activities. 

In addition to the regular articles highlighting some of 
our research findings, we added a ‘Research Profile’ 
section that includes reports on selected ongoing 
studies. The goal is to keep you informed about our 
latest research, even if results are not yet ready for 
publication. We have also added a ‘Presentations’ 
section and a ‘New Science’ section providing brief 
summaries of all of the scientific presentations 

Reminder to complete your 2017 Census of Agriculture
Dr. David Archer, Research Leader

Diversity Changes in the United States: 1978-2012”. 
The analysis was based on county-level Census of 
Agriculture data, and provided useful insights into 
changes in crop diversity across the U.S.

The Census of Agriculture has been very useful to 
us in conducting our research and understanding 
regional trends in production practices. In 2015, 
Johnathan Aquilar, who was a postdoctoral associate 
at the NGPRL, published a paper “Crop Species 

Dave Archer 701.667.3048 david.archer@ars.usda.gov
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Tuesday, February 27, 2018  
              8:30 AM cst Registration 

 

 

 

Register at� ���.�nyurl.com/Farming‐Ranching201� by February 20 for lunch 
and to join us for this FREE 1‐Day seminar! 4.5 CCA CEUs available. 

If you are unable to register online, please call the NDSU Extension Service of Morton County at 701‐667‐3340. 
 

The sponsors prohibit discrimina�on in all programs and ac�vi�es on the basis of race, color, na�onal origin, sex, religion, age, disability, poli�cal beliefs, or marital or family status and do not endorse commercial     
products or companies even though reference may be made to tradenames, trademarks or service names. Re�uests for accommoda�ons related to disability should be made to the phone number above by February 20. 

     Crop Produc�on in a Dry Year: Mark Liebig, NGPRL Research Soil Scien�st 
Grazing Strategy in a Dry Year: Kevin Sedivec, Director, Central Grasslands REC                                    
               & NDSU Extension Rangeland Specialist        

Economics of Improving Soil Quality: Dave Archer, NGPRL Research Leader 
Weather Crystal Ball: Daryl Ritchison, NDSU Meteorologist  
Earning a Living in Farming and Ranching: Frayne Olson, NDSU Crop Economist  
                                      & Tim Petry, NDSU Livestock Economist 
Ag Finance Panel: Jeff Blees, Dakota Community Bank & Trust, Craig Malm, Farm Credit Services,  
                                      Kyle Olson, ND Farm Management Educa�on, BSC 
                Moderated by Sarah Heinrich, KFYR Radio Farm & Ranch Director 
Re�ec�on on North Dakota Agriculture: Al Gus�n, Morton County Producer/Rancher 

Bismarck State College 
Na�onal Energy Center of E�cellence, Bavendick State Room 

1500 Edwards Ave, Bismarck ND 
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condition observed in this study complemented the 
many aboveground benefits associated with perennial 
grasses on agricultural landscapes.

Adapted from Liebig, M.A., G. Wang, E. Aberle, E. Eriksmoen, 
P.E. Nyren, J.A. Staricka, and K. Nichols.  2017.  Soil response to 
perennial herbaceous biofeedstocks under rainfed conditions in 
the northern Great Plains, USA.  Geoderma 290:10-18.

available P at sites with 
high initial P (Fig. 3), 
and modest increases 
in soil organic carbon 
(SOC) at sites with low 
initial SOC (Fig. 4).  

In contrast to observed 
changes in available 
P and SOC, other soil 
properties changed 
minimally (electrical 
conductivity) or not at 
all (soil pH) (data not 
shown).  These results 
were encouraging, 
as they implied no 
increase in salinity 
or acidification, both 
issues of paramount 
concern throughout 
North Dakota.  Such resistance to change can have 
important implications for continued soil function and 
efficient use of agricultural landscapes.

In summary, results from this 5-year study highlighted 
the value of perennial grasses to remediate nutrient-
laden and/or degraded soils in central and western 
North Dakota.  Outcomes also indicated perennial 
grasses served to keep soil solution chemistry in a 
condition favorable for nutrient cycling and plant 
growth.  Collectively, improvements in belowground 

Renewing soils with perennial grasses                                                                   continued from page 1

Figure 2.  Holly Johnson and Mark Liebig collect soil samples near Streeter, ND, September 2011 (photo 
credit, Carleen Soule).

Fig. 3.  Available phosphorus change over a 5 year period at each 
location.

Fig. 4.  Soil organic carbon change over a 5 year period at each 
location.

Mark Liebig 701.667.3079 mark.liebig@ars.usda.gov
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population can negatively impact crop yield. General 
grain yield and plant component yield were significantly 
affected by both row spacing and plant spacing. Among 
plant spacing, a skip contributes more to yield loss, 
whereas doubles are slightly positive and misplaced 
plants have no effect on the yield. Thus, there is a 
crucial requirement for the farmer/producer to gain 
the information about the population density and 
plant stand uniformity in the field. Obtaining accurate 
plant count in field conditions is time-consuming 
and laborious, and might also result in undesirable 

disturbance to plant ecosystems. To address this, 
a machine vision Java-based program (plugin) was 
developed using UAS images to measure the spatial 
variability of early-stage corn plant population density 
and inter-plant spacing.

A “pixel-march” algorithm was developed to count 
individual plants and to identify plant rows (Fig. 1). 
A “search hands” criterion was introduced in the 
algorithm to make the program more robust and 
accurate in detecting and counting plants even if the 
rows were curved (Fig. 1a). The output also included 
the quantification of “skips” and “seed misplacement” 
by calculating the center of gravity of plants based 
on plant distances (Fig. 1b). Plant count performance 
of the plugin was found to be accurate within a UAS 
stitched image (> 99%), and further development is in 
progress. This work provides scope for further research 
by including crop modeling to assist production 
technology.
Reference: Joshi, D. (2017, August 15). Common commercial 
applications of drones in agriculture, business, and the military. 
Retrieved from http://www.businessinsider.com 

Aerial image recognition with an unmanned aerial 
system (UAS) provides new research opportunities in 
precision agriculture. There is a vital need for spatial 
data on plant distributions for management decisions, 
which benefits farmers and producers to investigate 
grain yield response to plant density and to explore 
genotype x environment x management (G x E x M) 
interactions. The real-world applications of UAS are 
expanding rapidly in different fields. Overall, the total 
available market (TAM) for drones in agriculture is $32.4 
billion (Joshi, 2017). Goldman Sachs predicted that the 

agriculture sector is going to be the second largest user 
of drones in the next five years. The Bank of America 
Merrill Lynch projects that agriculture is going to make 
use of 80 % of the future U.S. drone market between 
2015 and 2025 with the potential to generate $82 
billion (Joshi, 2017). 

Farmers/producers are embracing this new strategy of 
using drones as a part of a solution with the support of 
governmental, non-governmental organizations, and 
technology experts to increase the food production 
and move towards sustainable agriculture. Drones 
are useful in precision agriculture in a variety of ways. 
Drones are used for soil and field analysis replacing 
manual scouting, which is time-consuming and 
laborious. Crop spraying can be performed using the 
drone, making it advantageous to deliver the right 
amount of chemicals in the right place without getting 
exposed to such chemicals. Irrigation management and 
health assessment can be monitored using drones by 
calculating vegetation indices. 

Plant stand count is a UAS agricultue application that 
was considered in this study. Nonuniformity  of plant 

Overview of application of UAS in agriculture and an example plant stand count application 
S. Dharani and Dr. C. Igathinathane, Agricultural and Biosystems Engineering, NDSU. Dr. Joao Paulo Flores,   
Carrington Research Extension Center, NDSU.

Igathi Cannayen 701.667.3011, igathinathane.cannayen@ndsu.edu

Fig. 1. (a) Schematic representation of “search hands” and “pixel-march” methodologies, and (b) Output of cropped section of UAS 
stitched image

(b)(a)
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Impacts of crop sequence and minimum- and no-till cropping systems on soil water
Drs. Jonathan Halvorson, Dave Archer, Mark Liebig, and Don Tanaka

As part of a long-term (1993-2011) study near 
Mandan, ND, we measured soil water at various 
depths, and together with precipitation and yield 
data, determined water use efficiency (WUE) and 
precipitation use efficiency (PUE) for spring wheat 
grown in different crop sequences under minimum 
tillage (Min-till) or No-till. 

Site and Treatment Description

The study was located near Mandan, ND, (46°46’12” 
N, 100°54’57” W), on a predominant soil of Temvik–
Wilton silt loam (fine-silty, mixed, superactive, frigid 
Typic and Pachic Haplustolls). 

The design was a split-plot, with crop sequences (R) as 
whole plots and tillage (T) as subplots. 

Crop sequences (3 replicates) included continuous 
spring wheat (Triticum aestivum L.) with crop 
residue left on the soil surface (CSW+), or with 
crop residue removed (CSW−), spring wheat–              
millet (Setaria italica (L.) Beauv.) (SWM), 
spring wheat–safflower–rye (Secale cereale 
L., a green fallow) (SWSR), spring wheat–
safflower (Carthamus tinctorius L.)-fallow 
(SWSF), and spring wheat–fallow (SWF). Each 
phase of all crop sequences was present every 
year. 

Minimum tillage utilized one tillage pass with 
a sweep plow in the spring. The soil surface 
of no-till subplots was not disturbed except at 
planting. 

Sampling Protocol and Analysis

We measured profile soil water in 1-foot 
(30.5 cm) increments at the time of planting 
(SWP) and harvest (SWH) with a neutron 
moisture meter (CPN International Inc., 
model DR503) and used these data together 
with the amount of precipitation during the 
growing season (GSP) and spring wheat yield 
(harvested by combine) to calculate a crop 
WUE (kg grain ha-1 mm-1 water used) as: 

WUE= Grain yield/[GSP +(SWP-SWH)]  (1). 

We also determined PUE for each crop sequence 
(kg grain ha-1 mm-1 precipitation) to account for the 
effects of fallow:

PUE= Yield/precipitation since last crop harvest where 
crops included spring wheat, millet, or safflower. (2).

We used SAS PROC GLIMMIX and a model with R 
and T as fixed variables and time (Year) as a random 
variable. We also used orthogonal contrasts to 
compare the effects of phase number and fallow. 

Figures depict LSMEANS (n=108 for main effects 
of crop sequences or 54 for R x T interactions). A 
significant difference between tillage treatments 
within each crop sequence is denoted by an asterisk 
while differences between sequences within each 
tillage treatment are denoted by letters (Tukey 
adjustment for multiple means, P < 0.05). 

Fig. 1. Both SWP and SWH were arrayed in complex patterns with the 
interactions between crop sequence (R) and tillage (T) that varied with 
depth. Further analyses were conducted on aggregated data from 0-4 
feet (0-122 cm), the rooting zone of spring wheat. 

continued on page 7
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Impacts of crop sequence and minimum- and no-till cropping systems on soil water
Drs. Jonathan Halvorson, Dave Archer, Mark Liebig, and Don Tanaka                                             

continued from page 6

Fig. 2a. Values for SWP were generally highest in crop sequences following a fallow phase (SWF or SWSF) while more intensively 
cropped sequences, CSW-, CSW+, and SWM, were characterized by lower values. Tillage effects on SWP were negligible for 
most sequences, but less SWP was recorded for both CSW sequences under Min-till. Fig. 2b. Values for SWH, similar for all crop 
sequences under Min-till, varied under No-till, with more soil water remaining under the CSW sequences and less remaining in the 
3-phase sequences that included safflower and a fallow phase. More SWH was observed under No-till for the CSW-, CSW+, and SWF 
sequences but there was an indication of more SWH under Min-till in the SWSR rotation.

Fig. 3a. Seasonal Water Use varied by sequence, highest when following fallow and lowest for CSW, but was not impacted by tillage. 
Average precipitation during the growing season (from planting to harvest) averaged 217 ± 13 mm (range 83-380). Fig. 3b. Yields of 
spring wheat were highest when preceded by a fallow phase and lowest in under CSW. Yields under No-till averaged 2452 kg ha-1 

compared to 2360 kg ha-1 for Min-till but differences between tillage treatments were less evident under SWF or SWSF.     

continued on page 8
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Highest cropping intensity was associated with the CSW and SWM sequences in comparison to those that 
included fallow and multiple phases. Table 1 shows less soil moisture at planting (SWP) in intensively-managed 
sequences under Min-till. However, intensification had little or no effect on SWP under No-till. Conversely soil 
water at the time of harvest (SWH) was unaffected by intensification under Min-till but favored by intensification 
under No-till.  Seasonal water use and average yields of spring wheat were lower under continuous cropping, 
irrespective of tillage. Crop water use efficiency (WUE) tended to be higher for the 3-phase sequences under 
Min-till but little influenced by intensification under No-till. However, intensified management resulted in 
markedly more efficient use of  precipitation (PUE) over the period of the study.

Impacts of crop sequence and minimum- and no-till cropping systems on soil water
Drs. Jonathan Halvorson, Dave Archer, Mark Liebig, and Don Tanaka                                           

continued from page 7

Fig. 4a. Water use efficiencies were not affected by crop sequence under No-till, averaging 8.1 kg grain ha-1 mm-1 water. In contrast, 
WUE varied under Min-till, highest for SWSF and lowest for CSW, with tillage effects evident in the latter. Fig. 4b. Precipitation use 
efficiencies were comparatively low and lacking tillage effects for crop sequences with a fallow phase. In contrast, continuously-
cropped sequences were characterized by higher (~2x) PUE values, and significant tillage effects (greater in No-till). These patterns 
are due mainly to differences in the amount of precipitation received during the interval between harvests. Average inter-harvest 
precipitation for SWM and CSW sequences was 433 and 449 mm, respectively, about 50% that for SWF (896 mm), or SWSF and 
SWSR (847 mm).   

continued on page 9
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Impacts of crop sequence and minimum- and no-till cropping systems on soil water
Drs. Jonathan Halvorson, Dave Archer, Mark Liebig, and Don Tanaka                                           

continued from page 8

Key Points

Profile soil water, measured with a neutron probe, varied as a interaction between crop sequence and tillage. 
Tillage effects were particularly evident for continuous spring wheat where soil water at the time of planting 
and harvest were higher under No-till.

Intensified crop sequences, characterized by continuous cropping and no fallow phase, tended towards 
relatively low seasonal water use and corresponding yields of spring wheat.

Water use efficiency was unaffected by intensification under No-till but tended to be higher in 3-phase 
sequences under Min-till. Tillage effects were most evident for the CSW+ sequence.

Over the course of this study (1993-2011), the highest precipitation use efficiencies, together with clear tillage 
effects, were observed for continuously-cropped sequences (CSW-, CSW+ and SWM).

While crop sequence and tillage management can affect average WUE and PUE, the response to atypical 
annual or even intraseasonal patterns of precipitation and temperature (perturbation) may be of greater 
importance in the northern Great Plains.

† the 1-phase crop rotations are CSW- and CSW+, 2-phase rotations include SWF and SWM, and 3-phase rotations are SWSF and 
SWSR. The rotations without fallow include CSW-, CSW+ and SWM.

‡ Total water in the root zone (0-122 cm) as measured by neutron probe at the time of planting (SWP) and harvest (SWH).

§ Calculated as GSP +(SWP-SWH).

¶ Water use efficiency (eq. 1). # Precipitation use efficiency (eq. 2). 

The symbols *, **, and *** indicate significance at the α = 0.05, 0.01, and 0.001 levels, respectively.

Table 1. Orthogonal contrasts comparing the average effects of phase number and fallow†.

Jonathan Halvorson 701.667.3094, jonathan.halvorson@ars.usda.gov
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Integrated crop-livestock systems (ICLS) hold 
potential to achieve environmentally sustainable 
production of crop and livestock products, as studies 
have indicated improved soil health. However, there 
is a lack of information regarding impacts to water 
quality in ICLS. If ICLS are to be environmentally 
sustainable, management practices that minimize 
water quality degradation must be adopted. 

Water quality, especially as related to agricultural 
sources of nutrient and soil runoff, has become an 
increasingly important with the annual occurrence 
of a hypoxic zone (dead zone) in the Gulf of Mexico 
and Chesapeake Bay and algal blooms in Lake Erie. 
Given the lack of information on water quality in ICLS, 
published research on water quality outcomes from 
management practices used in ICLS (e.g., cover crops, 
no-tillage, and livestock grazing) was reviewed and 
summarized for application to the northern Great 
Plains. 

Nutrient and total suspended solid (TSS) 
concentrations and loads (i.e., concentration 
multiplied by runoff volume) were obtained from 
published research for calculating percent change 
when a management practice was implemented. 
A positive number reflects a concentration or load 
increase, while a negative number is a concentration 
or load decrease. 

Incorporation of cover crops generally decreased 
nitrate (NO3

-) and TSS in runoff, while results were 
mixed for soluble (SP) and total phosphorus (TP) 
(Figure 1). No-tillage management generally reduced 
losses of nitrogen and TSS, while phosphorus losses 
(SP and TP) in runoff increased (Figure 2). Losses 
of phosphorus in many cases were attributed to 
broadcast application of fertilizer, but sub-surface 
placement of fertilizer during planting has become 
a common practice and holds potential for reducing 
phosphorus losses in runoff in no-tillage systems.

Livestock grazing increased NO3
-, ammonium, SP, TP, 

and TSS concentrations and loads in surface runoff 
and aquatic ecosystems (Figure 3). Impacts to water 
quality from grazing can be reduced by decreasing 
grazing intensity and preventing livestock from 
accessing aquatic ecosystems.

Management impacts on water quality in integrated crop-livestock systems
Dr. Derek Faust, Research Biologist

About the Figures…                                                                          
Figures contain boxplots in which the line in the box is the median, 
edges of the box are 25th and 75th percentiles, error bars (whiskers) 
are 10th and 90th percentiles, and points are values beyond the 
10th and 90th percentiles. The n = sample size and numbers in 
parentheses are the number of percent change values > 200.

Fig. 2. Percent change of nutrients (NO3
-, NH4

+, TN, SP, TP) and soil 
(TSS) for surface runoff under no-tillage management. 

Fig. 1. Percent change of nutrients (NO3
-, NH4

+, TN, SP, TP) and 
soil (TSS) for surface runoff using cover crops. 

continued on page 11

Some research studies used multiple management 
practices that could not be evaluated separately. These 
studies were more closely related to ICLS in that many 
practices were used in the same production system. 
In general, percent changes in concentrations and 
loads of nitrogen, phosphorus, and TSS were more 
variablefor some combined practices, with more 
values increased by >200% compared to individual 
management practices (Figure 4). Accordingly, water 
quality tradeoffs associated with management 
practices used in ICLS need to be taken into account 
when deploying practices on working farms.
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Fig. 3. Percent change of nutrients (NO3
-, NH4

+, TN, SP, TP) and 
soil (TSS) for surface runoff with livestock grazing. 

Fig. 4. Percent change of nutrients (NO3
-, NH4

+, TN, SP, TP) and 
soil (TSS) for surface runoff with combinations of manage-
ment practices implemented. 

This research review identified four major research 
needs associated with water quality in ICLS in the 
northern Great Plains: 1) quantify surface runoff 
water quality associated with crop rotation and 
intercropping, 2) quantify soil leachate water quality 
associated with cover crops, no-till, and grazing, 3) 
increase emphasis on collection of water quality data 
in ICLS (Figure 5), especially in the face of projected 
increases in rainfall amount and intensity due to 
climate change, and 4) maintain long-term (7-10 
year) data collection efforts. Results from region-

specific studies can then be used to inform adaptive 
management decisions and improve management 
practices used by producers to increase water 
quality and improve environmental sustainability of 
ICLS throughout the region. 

Adapted from Faust, D.R., S. Kumar, D.W. Archer, J.R. 
Hendrickson, S.L. Kronberg, and M.A. Liebig. 2018. Integrated 
crop-livestock systems and water quality in the northern Great 
Plains: Review of current practices and future research needs. 
Journal of Environmental Quality (In press). DOI: 10.2134/
jeq2017.08.0306. 

Derek Faust 701.667.3056 derek.faust@ars.usda.gov

Management impacts on water quality in integrated crop-livestock systems    continued from page 8

Fig. 5. Surface runoff and soil leachate samples were collected during 
rainfall simulations in cover crops of an integrated crop-livestock study at 
NGPRL, August 2017. 
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Sunflower dimensions — Are two manual measurements sufficient?
S. Sunoj, S. N. Subhashree, S. Dharani and Dr. C. Igathinathane, NDSU Agricultural and Biosystems Engineering, 
Drs. J.G. Franco and D. Archer, NGPRL, USDA-ARS, Dr. R. E. Mallinger, Entomology and Nematology Department, 
University of Florida, Dr. J. R. Prasifka, NCSL, USDA-ARS.

Sunflower head dimensions 
can be correlated to pollinator 
attraction and seed yields. In 
general, measurements are done 
manually using a thread and 
ruler or micrometer, which can 
be subjective and tedious (Fig. 
1-left). In addition, this manual 
method limits the number of 
measurements to only a few, for 
example, two: one horizontal and 
one vertical dimension for each 
sunflower head and disc measured. It will be intriguing 
to know whether these two measurements statistically 
represent a sufficient number, and accurately depict 
the floral dimensions.

An image processing method will 
be a better alternative as it can be 
developed to make multiple radial 
measurements and will be objective 
and rapid. Also, the dimensions of 
individual components (e.g., head, disc, 
petals.) can be measured in a single 
computation.  

Hence, specific objectives of this 
research were to (i) develop an image 
processing method for measuring 
multiple radial measurements of 
sunflower head, disc, and petals, and 
(ii) determine the effective number of measurements 
that best represent the dimensions of each component.

A digital SLR camera was used to capture images in the 
field with a white-board as background (Fig. 1-right). 
The captured image was subjected to a sequence 
of image processing operations and dimensions are 
measured using ‘pixel-march’ technique (pixel by pixel 
accounting). 

Digital measurement from the centroid of the head to 
the object boundary along the selected direction (angle), 
was used for performing multiple radial measurements 
(Fig. 2). The distance between blue points on either 
side (E and W) will be the head dimension, the distance 

between green points (E and W) is the disc 
dimension, and the difference between head and 
disc will be the petals dimension (Fig. 2).

Two measurement methods, 
namely direct and wrapping-
polygon were tested. Wrapping-
polygon is a new concept 
developed using a geometrical 
enclosure that best wraps the 
sunflower petals (covering all 
petal tips). A range of radial 
measurements (2 through 180) 
was performed by varying angles 
and was evaluated statistically. 
Considering 180 measurements 
around the centroid (1° angle 
interval, most accurate) as the 
control, other measurements 

were statistically compared against the control. The 
effective number of measurements required to best 
represent the dimensions of sunflower head, disc, 
and petals was the one beyond which an increased 
number of measurements was not statistically 
significant.  

Conclusions based on preliminary results indicate 
that more than 30 radial measurements for head 
and petals and more than 6 for the disc were 
necessary, and the two manual measurements 
generally used for sunflower are not sufficient 
statistically to represent the dimensional variations. 

Igathi Cannayen 701.667.3011; igathinathane.cannayen@ndsu.edu

Fig. 1. Manual measurement of sunflower dimensions (left) and digital image acquisition 
in field (right) for image processing method development. 

Fig. 2. Multiple radial measurement 
strategy on a sunflower digital image using 
the ‘pixel-march’ technique.  
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Harvesting carbon from the air
Raylene Nickel, Successful Farming Magazine
Carbon is as precious as gold to plants. Working with 
water and sunlight, carbon makes plants grow. Plants 
assimilate carbon in the form of carbon dioxide, 
extracting it from the air to make roots, shoots, and 
leaves. With the help of soil microbes, the plants 
then transfer the carbon to the soil through roots and 
decomposing residue.

The stable storage of this 
carbon below ground not 
only builds soil organic 
matter and improves 
future crops but also, like 
a pressure valve, relieves 
the atmospheric carbon 
buildup.

CARBON BENEFITS

The benefits of this plant-
driven harvesting of carbon 
from the air extend far 
beyond the farm and ranch 
gate.

“If we were able to increase the carbon in the soils of 
the world by sequestering 3.6 gigaton of carbon per 
year [1 gigaton equals 1 billion tons], we could offset 
or negate the additional effects of climate change that 
will be caused by future increases in carbon dioxide 
released by the fossil fuel use of a growing world 
population,” says Rattan Lal. Lal directs the Carbon 
Management and Sequestration Center at Ohio State 
University.

“It is this assumption that was the basis of the 4 per 
Thousand program initiated at the Climate Summit 
in Paris in December 2015,” he says. “The strategy 
of this program is to sequester carbon in soils of the 
world at the rate of 0.4% per year in the top 16 inches 
of soil. Implementing such a program would require 
appropriate policies to encourage farmers to adopt 
the recommended management practices.

“Globally, the release of carbon into the atmosphere 
from fossil fuel use is 10 gigaton, and it goes up 
annually,” says Lal. “The U.S. accounts for about 18% 
to 20% of that amount. In the U.S., the per-capita 
rate of release of carbon into the atmosphere is 

going down but rising globally. Global warming has 
resulted from the increasing levels of carbon in the 
atmosphere. This is causing an increased frequency 
and intensity of extreme weather events such as 
floods, droughts, and hurricanes.

“Estimates of the total potential of carbon 
sequestration in world soils vary widely, and this 

potential is finite in 
capacity and time,” says Lal. 
“Nonetheless, soil carbon 
sequestration buys us time 
over the next 20 to 50 years 
until the low-carbon or no-
carbon alternatives to fossil 
fuel take effect.”

The capacity for soil to 
sequester carbon is finite, 
because it’s limited to the 
soil’s original capacity to 
store carbon. Agricultural 
use over time has caused 
soil to lose carbon. 
Restoring soils to their 

original states accounts for the global potential for 
carbon sequestration.

“The potential soil carbon sink capacity of managed 
ecosystems approximately equals the cumulative 
historic carbon loss estimated at 55 to 78 gigaton,” 
says Lal. “Some recent estimates indicate the historic 
loss as high as 130 gigaton. Restoring carbon stock in 
world soils by 130 gigaton would be equivalent to a 
drawdown of atmospheric carbon dioxide by about 65 
parts per million. Such an achievement could happen 
in 50 to 100 years.”

LOST CARBON 

For some U.S. croplands, the historic carbon loss 
translates into a loss of more than half of soil’s 
original carbon content.

“Within the Great Plains, a historical evaluation from 
Texas to Montana found relative soil organic carbon 
losses to range from 39% to 59%,” says Mark Liebig, 
soil scientist at the USDA-ARS 
Northern Great Plains Research 

continued on page 14
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Laboratory at Mandan, North Dakota. “Losses of soil 
organic carbon were due to cropping practices that 
relied on the use of intensive tillage and fallow for the 
production of corn and small grains.”

Restoring carbon in the soil results from a matrix of 
management practices that reduce soil disturbance, 
conserve root and plant residues, improve soil 
structure, and enhance soil biology and nutrient 
cycling growing diverse crop rotations including 
cover crops and perennials. These processes tend to 
increase populations of fungi, microbes, and other 
beneficial soil life critical to restoring soil health and 
sequestering soil carbon.

CARBON SEQUESTRATION RESPONSES 

Measured carbon sequestration responses to specific 
practices include the following.

• Spring wheat grown by conventional tillage. A study 
at the Northern Great Plains Research Laboratory 
showed how differences in cropping systems affect 
soil structure and, ultimately, soil carbon. In the 
conventionally tilled spring wheat, the soil had 14% 
water-stable aggregates, and the carbon in the top 3 
inches of soil measured 6.6 tons per acre. 

• No-till continuous cropping of spring wheat/winter 
wheat/sunflowers. The same study found no-till soil 
had 47% water-stable aggregates, and the carbon 
measured 9.6 tons per acre.

• Pasture managed under moderate but continuous 
grazing. In this third treatment of the study, the soil 
had 93% water-stable aggregates, and the carbon 
measured 12.8 tons per acre. 

• Switchgrass production. A five-year on-farm study by 
the Agricultural Research Service evaluated switchgrass 
for ethanol production. The study encompassed 10 
on-farm fields in Nebraska, South Dakota, and North 
Dakota. The fields were located in marginal land areas 
that would have qualified for the CRP.

“Within the top 12 inches of soil, soil organic carbon 
increased across all sites at a rate of 980 pounds per 
acre per year,” says Liebig. “In Nebraska, where four 
sites were sampled to a depth of 48 inches, carbon 
increased at an average rate of 2,590 pounds per acre 
per year.”

The changes in soil organic carbon were variable 
among sites, ranging from a decrease of 540 pounds 
per acre per year to an increase of more than 3,800 
pounds per acre per year.

The study underscores the potential of perennial 
grasses to sequester significant amounts of carbon 
in the soil. These deep-rooted perennials are more 
effective than the more shallow-rooted annual crops 
at storing carbon at depths where it’s less likely to be 
released back into the atmosphere due to possible 
soil disturbance.

Yet the study also shows the variability in carbon-
accrual rates of a single practice played out in different 
settings. Geography, climate, production practices, and 
other variables play a role in accrual rates.

A process for measuring the rate at which carbon 
accrues in soils is presently not readily available to 
farmers and ranchers.

However, rough estimates of carbon pools in soil may 
be drawn from levels of soil organic matter. 

“Organic matter is about 50% carbon,” says Lal. “If 
organic matter is increasing over time – such as by 
no-till farming with a cover crop – it is possible to 
increase soil carbon stock at a rate of 500 to 2,000 
pounds per acre per year. By the use of petroleum-
based production inputs – such as fertilizers, 
herbicides, and farm operations – some carbon is also 
being used in order to sequester carbon. So there’s a 
gross carbon-accrual rate and a net rate.”

VALUE BEYOND THE FARM 

Beyond enabling farmers and ranchers to reap the on-
farm production and aesthetic benefits of improving 
soil quality, sequestering carbon in the soil offers a 
societal value.

Soil scientist Rattan Lal advocates nationally and 
internationally for farmers and ranchers to receive 
federal financial incentives for sequestering carbon. 

“Farmers in the U.S. who sequester about 500 pounds 
of carbon per acre in the soil annually should receive 
an annual payment of $16 an acre,” he says. “There’s 
a close link between soil carbon sequestration and 
world food security on the one hand and climate 
change on the other.” 

Harvesting carbon from the air                                                                                    continued from page 11
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of the modern bale collection equipment ABP using 
mathematical simulation (R software) mimicking the 
bale collection process with actual turning paths was 
conducted. Several logistics scenarios using a tractor 
handling 1 and 2 bales/trip, and ABP with the capacity 
of 8-23 bales/trip was studied. Analytic geometry and 
geometric principles were used to construct the various 
turning cases using the turning radius of equipment. 

The whole equipment path of bale aggregation to 
the specified outlet is shown in Fig. 2. The black dots 
in the layout indicate the bale locations within the 
field, the circles represent the equipment turning 
path to collect the next nearest bale. The trip 
number, and the odd and even bale trip paths were 
color-coded in red and cyan, respectively, for better 
visualization. The bales are collected and deposited at 
the field middle outlet.

Field area (8 to 259 ha) analysis showed that ABP 
decreased the aggregation distance by 67% and 83%, 
when compared to the tractor collection methods 
(Fig. 3). Among the outlet locations (origin, field 
middle, mid-width, mid-length; Fig. 4. insert), field 
middle produced the least aggregation distance for 
both tractor and ABP. Statistical results suggested that 

Agricultural biomass demand is increasing due to its 
flexibility, as biomass can be used for energy as well 
as livestock feed production. The costs, however, 
associated with biomass harvesting logistics are 
a major impediment to utilization. Traditionally, 
tractors and trailers are the common and simplest 
equipment used for infield bale aggregation; however, 
the modern automatic bale picker (ABP) combines 
bale picking, accumulation, and transportation to a 
pre-defined outlet (Fig. 1). The efficiency of ABPs, 
relative to traditional biomass aggregation methods 
has not been evaluated scientifically.  Therefore, a 
study focused on determining the effective operation 

Biomass bale aggregation using automatic bale pickers 
Subhashree N Srinivasagan and Dr. C. Igathinathane, NDSU Agricultural and Biosystems Engineering. Drs. Mark 
A Liebig, Jonathan J Halvorson, David W Archer, John R Hendrickson, and Scott L Kronberg, NGPRL, USDA-ARS

Fig. 1. An example of an automatic bale picker (ABP) 

Fig. 2. Bale aggregation equipment simulation results: Left: Tractor, bales/trip = 1; Right: ABP, bales/trip = 8; simulation data: area = 5 
ha; turning radius = 10 m; biomass yield/ha = 10 Mg; bale mass = 500 kg; harvester swath = 9 m; aspect ratio = 1.0; and random varia-
tion in biomass yield = 15 %.

continued on page 16
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ABP with capacity of 8 bales/trip was most efficient 
for infield logistics, reducing aggregation time and 
mitigating soil compaction (Fig. 4). These simulated 
results will serve to guide future economic analysis for 
identifying the most cost-effective approach to harvest 
biomass using ABPs. 

Fig. 4. Effect of number of bales/trip distance; insert – outlet locations: O:O -origin, W:O – along mid-width; O:L – along mid-length; 
M:M – field middle

Fig. 3. Effect of field area on the aggregation logistics distance

Subhashree Navaneetha Srinivasagan, Igathinathane 
Cannayen. “Biomass Bale Infield Logistics Scenario 
using Automatic Bale Picker.” 2017 ASABE Annual 
International Meeting, Paper No. 1700598, pages 1-14 
(doi: 10.13031/aim.201700598). St. Joseph, ASABE.                                                                                                                                                                                                                                                                                                                                                                                  

Igathi Cannayen 701.667.3011;  igathinathane.cannayen@ndsu.edu

Biomass bale aggregation using automatic bale pickers                                       continued from page 15
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elusive and difficult to quantify: soil health.

Soil health can boost forage quantity and quality, 
nutrient, carbon and water cycling, as well as 

encourage wildlife 
and pollinator habitat, 
according to study 
co-author Mark Liebig, 
USDA-ARS research soil 
scientist.

This is especially true as 
the climate gets wetter, 
warmer and more 
variable – all factors 
that could degrade soil 
through increased rates 
of erosion, nutrient loss 
and salinization. Adding 
perennial grasses – and 
their lasting ground 
cover – could buffer 
climate-induced stresses 
and improve soil, he 
said.

“It’s higher management that’s for sure,” he said. 
“Depending on what your goals are and where you’re 
going you need to plan ahead, ‘What’s going to be the 
crop you seed the year before you convert?’”

The no-till findings were actually the second part 
of earlier study that looked at the effects of grazing 
intermediate wheatgrass at various growth periods. 
The results were not conclusive, but one initial finding 
interested researchers: the impact timing of grazing 
had on weeds. They posit that grazing perennial 
grasses before conversion to annual crops can help 
control weeds.

The 2014 study did not evaluate the best cropping 
sequence to convert from annual crops to perennial 
forages, but new just released research has. 
Researchers in Mandan studied different perennial 
monocultures and mixtures planted into spring wheat, 
corn, soybean, dry pea and spring canola residue 
to determine which annual crop works best to seed 
perennials.

For the highest yields and fewest weeds, the best 
method of converting perennials – mainly grasses 
– to annual crops is no-till, according to research by 
John Hendrickson, research rangeland management 
specialist at the 
Northern Great Plains 
Research Laboratory.

“There are still people 
who think about 
using minimum till 
when converting from 
perennials to annuals,” 
Hendrickson said. “In 
alfalfa for example, 
there’s a lot of pocket 
gophers that can make 
the surface real rough 
and they often say, 
‘Why don’t we smooth 
this out a little.’”

Different tillage options 
for converting from 
perennial grasses to 
annual crops were 
evaluated at the Northern Great Plains Research 
Laboratory, USDA-ARS, in Mandan, and the results 
published in 2014. The research into the best method 
for transitioning came about because of renewed 
regional interest in including a perennial phase in 
annual crop rotations.

“Producers want to diversify,” Hendrickson said. 
“They’re planting different fields at different times, 
so they always have perennials out there and always 
have annuals.”

Perennials and annuals generally thrive in different 
weather conditions – wet, dry, hot, cold, and so on – 
so having both allows producers to lessen their risk in 
any given growing season.

That diversified cropping system – some producers 
are calling it “perennial cover cropping” – has all but 
replaced the old wheat-fallow system, Hendrickson 
said. The new system offers producers much-needed 
stability and flexibility. And in combination with 
water-preserving no-till, it also offers something more 

Growing perennial forages in traditional annual crop rotation requires finesse
Sara Brown, Prairie Star

Flax planted into intermediate wheatgass plots at the Northern Great 
Plains Research Laboratory USDA-ARS near Mandan, N.D. in 2007. The 
intermediate wheatgrass was terminated using either no-till or minimum-
till in fall, 2004.

continued on page 18
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Another major accomplishment was 
making the initial selections resulting 
in the release of Rodan western 
wheatgrass, which was named in his 
honor (the name is a contraction of 
‘Rogler’ and ‘Mandan’). Rodan is the 
only western wheatgrass developed 
in North Dakota for its unique climate 
conditions.  Today, western wheatgrass 
is the predominant variety in seeded 
native grass mixtures in North Dakota. 
Western wheatgrass was named the 
North Dakota state grass in 1977.

Rogler also developed rangeland and 
forage management practices to enhance livestock 
production. He pioneered the concept of grazing a 
combination of seeded cool season grass pastures and 
native range. 

His research took him around the world. Based on his 
life-long research in North Dakota, he authored or co-
authored 90 scientific publications on grass breeding 
and grassland management.

Rogler earned degrees in agronomy at Kansas State 
University and plant breeding from the University 
of Minnesota. He received many awards during his 
lifetime including an Honorary Doctorate of Science 
from NDSU in 1971. He is permanently listed 
in "Who's Who in America", "Who's Who in the 
Midwest" and "Who's Who in the World of Science." 
He was a life member of the North Dakota Stockman's 
Association. 

Rogler passed away in 2003.

George Rogler to be inducted into the North Dakota Agricultural Hall of Fame

On March 6, 2018, George Rogler will 
be inducted into the North Dakota 
Agricultural Hall of Fame in ceremonies 
at the North Dakota Winter Show in 
Valley City.

During the 1930’s ‘Dust Bowl’ era, 
the Northern Plains experienced 
severe drought conditions that caused 
devastating wind erosion to land 
plowed for crop production. Very 
limited improved grasses were available 
to reseed these damaged lands. George 
Rogler (1913-2003) came to North 
Dakota in 1936 to develop improved 
grass cultivars for reseeding these eroded areas. 

Rogler was the first research agronomist/grass 
breeder at the Northern Great Plains Research 
Laboratory in Mandan. He officially served North 
Dakota family farmers and ranchers for 37 years. Even 
after his official retirement in 1973, he continued as 
a collaborator providing consultation on forage and 
range research at the lab for another 21 years. 

Thomas Jefferson said, “The greatest service 
which can be rendered any country is to add a 
useful plant to its culture”. Rogler added many. 
Developing Nordan crested wheatgrass was Rogler’s 
major success. This grass was used to reseed many 
thousands of acres of wind damaged lands in North 
Dakota, Montana, and South Dakota.  Other grass 
cultivars from his breeding program are "Vinall" 
Russian wildrye, "Green Stipagrass",  "Lodorm" green 
needlegrass, "Mandan Wildrye" (Canada wildrye), 
and "Mandan Ricegrass”. 

John Hendrickson 701.667.3015 john.hendrickson@ars.usda.gov

Results indicated that no-till perennial planting after 
glyphosate-tolerant soybean resulted in the highest 
stand frequencies. Cool-season grass treatments tended 
to have higher stand frequencies than warm-season 
grass treatments and low-input high diversity (LIHD) 
mixture consisting of 16 native species.

Biomass yields were highest for intermediate 
wheatgrass. Switchgrass produced the highest average 
biomass yield of the warm-season grass treatments. The 
LIHD mixture was primarily cool-season grasses followed 
by weeds, warm-season grasses, and forb/legumes.

The annual crop that the perennials were seeded into 
did impact biomass yields. For example, switchgrass 
had the highest yields when seeded into soybean 
residue but an intermediate wheatgrass-alfalfa 
mixture had the greatest yield when seeded into 
canola residue.

For more information on the 2014 study, go to https://naldc.nal.
usda.gov/catalog/59520 and for more information on the 2017 
study, go to https://www.ars.usda.gov/research/publications/
publication/?seqNo115=336475

Growing perennial forages in traditional annual crop rotation requires finesse continued from page 17
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Research Profile: Bioenergy Cropping Systems Study
Drs. Dave Archer, Mark Liebig, and Scott Kronberg

The Bioenergy Cropping Systems (BCS) study was 
initiated in 2009 to look at some ways that cropping 
systems might be managed to accommodate 
biomass harvest. While the 
initial focus was on harvesting 
crop residues for bioenergy 
use, it was recognized that 
biomass also has value for 
other potential uses including 
as livestock bedding or feed, or 
in manufacturing bioproducts. 
So, crop residues represent a 
potential additional income 
stream for producers. However, 
we also know that crop 
residues provide important soil 
conservation benefits. 

The study was designed to look at three different 
crop rotations and four different residue harvest 
treatments (Figure 1) to look at short-term and long-
term impacts on food, feed, and fuel production; 
economic risks and returns; and on soil resources. 
The crop rotation treatments were designed to look 
at increasing crop production intensity as a way 
to accommodate biomass harvest. Starting with a 
wheat-pea rotation, which is a low intensity rotation 
for this area, if biomass production is increased, 
either by growing cover crops after dry pea harvest 
or by adding corn to the rotation, would that allow 
for biomass to be harvested without negative effects 
on soils and long-term production? A legume (dry 

pea) was included in all of the rotations to provide 
N input and reduce fertilizer N needs to the system. 
The residue harvest treatments were also designed to 
look at different levels of biomass harvest intensity, 
starting with ‘No Residue Harvest’ as a baseline. The 

other residue harvest treatments included harvesting 
(baling and removing) the wheat straw whenever 
wheat was grown in the rotation; harvesting residues 

from all crops in the rotation 
(wheat, peas, and corn); or 
grazing the residues of all crops 
in the fall. Soils at the site are 
classified as Temvik-Wilton 
silt loams, and the site had 
previously been used to produce 
annual forages for several years. 
Even though this is a plot study, 
plot size is relatively large at 
45 feet wide by 100 feet long, 
allowing field-scale equipment 
to be used. Each treatment is 
replicated four times.

The ninth year of the study was just completed, and 
we plan to continue the study for at least three more 
years. Intensive soil sampling has been conducted 
on the study every three years. Briefly summarizing 
some observations for the study so far:

• Significant reductions in corn yields have been 
observed in treatments where residue had been 
mechanically harvested and removed. This has not 
generally been the case when crop residues have 
been grazed.

• At the 3-year soil sampling, significant differences 
soil characteristics for tillage and rotation treatments 
were observed. These included: (1) reductions in 
near-surface pH where residue had been harvested 
and removed, (2) increases in near-surface bulk 
density where residu had been grazed, lower bulk 
density for the rotation that included corn than for 
the other two rotations, and (3) higher particulate 
organic carbon for the rotations that included corn or 
cover crops than for the wheat-pea rotation.

Annual yield results for the study have been reported 
each year in our annual Research Results report, 
so more yield details may be found there. A more 
complete summary of results will be reported once 
complete study results have been analyzed and 
published.

Fig. 2. Grazing cover crops in 2016

Fig. 1. Bioenergy Cropping Systems study crop 
rotation and residue removal treatments.

Dave Archer 701.667.3048 david.archer@ars.usda.gov
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On August 10-11, 2017, David Archer attended the Prairie Lakes Conference in Okoboji, IA and presented the 
abstract “What is Soil Health Worth?” 

On October 5th, 2017, John Hendrickson and David Toledo were invited to be guest speakers at a joint meeting 
of the Northern Great Plains Section of the Society for Range Management and the Great Plains Fire Science 
Exchange at the National Energy Center of Excellence at Bismarck State College in Bismarck, ND. Hendrickson’s 
talk focused on the use of targeted grazing to manage cool-season grasses and Toledo’s talk focused on public 
perceptions of prescribed fire use. 

On October 13, 2017, John Hendrickson presented a seminar to biology students and staff of United Tribes 
Technical College in Bismarck ND on the role of axillary buds in native plant persistence.

On October 24-25, 2017, several NGPRL scientists presented their research at the ASA-CSSA-SSSA annual 
meetings in Tampa, FL.  John Hendrickson gave an oral presentation entitled ‘Integrated systems approach 
(crops, livestock and perennials) for improving soil health and food provision.’ Derek Faust presented the 
abstract and presentation, “Potential water quality outcomes from integrated crop-livestock systems in 
the Northern Great Plains”, and the abstract, rapid presentation and poster “Greenhouse gas fluxes from 
integrated crop-livestock systems in central North Dakota.” Mark Liebig presented, “Soil quality outcomes from 
dryland cropping systems: comparison of conservation and business as usual practices” and “Network and 
modeling activities within the GRA Croplands Research Group: MAGGnet and GRAMP”. Dave Archer presented 
the abstract “Short-term economics of late-seeded cover crops in a semi-arid environment.” Jose Franco 
presented the abstract, oral talk, and poster, “An evaluation of organic transition approaches for the Northern 
Great Plains” and served as a graduate student presentation judge.

On December 4 through December 8th, David Toledo was invited by the AgriTech Hub and the Kazakh 
National Agrarian University to participate in the Central Asian Ag Tech Summit in Almaty, Kazakhstan to 
discuss application of rangeland health assessment methods and potential collaborations for future rangeland 
research in the region. 

On January 26, 2018, Jose Franco gave an oral presentation, “Organic transition approaches to facilitate 
conservation tillage in the Northern Great Plains” at the 2018 Organic Farming Research Conference at Rutgers 
University in New Brunswick, NJ.

On January 27-February 2, David Toledo presented an oral presentation on “Kentucky Bluegrass Effects on 
Water Infiltration and Runoff on a Loamy Northern Great Plains Rangeland” at the national meeting of the 
Society for Range Management in Reno, NV. Toledo also represented ARS in the ‘Rangeland Assessment and 
Monitoring (RAM) Committee’ and assisted in planning the 2019 national meeting in Minneapolis, MN. 

On February 15, David Toledo will present two training webinars for the Crew Leaders who will be collecting 
updated NRCS National Resources Inventory (NRI) data in 2018. The two webinars will focus on new protocols 
Toledo is developing with a national team of scientist from multiple agencies. These protocols include 
Rangeland Health and field soil aggregate stability. The presentations were at the invitation of the NRCS-NRI 
Grazing Lands Leadership.

Presentations of NGPRL Science
Since the last issue:
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New Science Published in 2017

Aligning land use with land potential: The role of integrated agriculture 
https://dl.sciencesocieties.org/publications/ael/abstracts/2/1/170007 Liebig, M.A., Herrick, J.E., Archer, D.W., 
Dobrowolski, J., Duiker, S.W., Franzluebbers, A.J., Hendrickson, J.R., Mitchell, R., Mohamed, A., Russell, J., 
Strickland, T.C.

Resiliency in forage and grazinglands 
https://dl.sciencesocieties.org/publications/cs/articles/0/0/cropsci2017.05.0317 Foster, J., Butler, T., Islam, A., 
Toledo, D.N., Tracy, B., Venreamini, J.
Examining the productivity growth of agricultural cooperatives: The Biennial Malmquist Index Approach 
https://ideas.repec.org/p/ags/aaea16/236273.html Pokharel, K.P., Featherstone, A.M.

Life cycle water footprint analysis for rapeseed derived jet fuel in North Dakota 
http://pubs.acs.org/doi/abs/10.1021/acssuschemeng.6b02956 Shi, R., Ukaew, S., Archer, D.W., Lee, J., 
Pearlson, M., Lewis, K.C., Shonnard, D.R.

Sampling depth confounds soil acidification outcomes
https://dl.sciencesocieties.org/story/2016/oct/wed/sampling-depth-confounds-soil-acidification-outcomes 
Liebig, M.A.

Management practices used in agricultural drainage ditches to reduce Gulf of Mexico hypoxia 
https://link.springer.com/article/10.1007/s00128-017-2231-2 Faust, D.R., Kroger, R., Moore, M.T., Rush, S.A.

Integrated crop-livestock systems and water quality in the Northern Great Plains of North America: Review 
of current practices and future research needs 
https://dl.sciencesocieties.org/publications/jeq/abstracts/0/0/jeq2017.08.0306 Faust, D.R., Kumar, S., Archer, 
D.W., Hendrickson, J.R., Kronberg, S.L., Liebig, M.A.

Incorporating sociocultural phenomena into ecosystem-service valuation: The importance of critical 
pluralism
https://academic.oup.com/bioscience/article/67/3/233/2961840 Van Riper, C.J., Landon, A.C., Kidd, S., 
Bitterman, P., Fitzgerald, L.A., Granek, E.F., Ibarra, S., Iwaniec, D., Raymond, C.M., Toledo, D.N. 2017. 

Soil response to perennial herbaceous biofeedstocks under rainfed conditions in the northern Great Plains, USA
https://www.sciencedirect.com/science/article/pii/S0016706116310102 Liebig, M.A., Wang, G.J., Aberle, E., 
Eriksmoen, E., Nyren, P., Staricka, J., Nichols, K. 2017. 

Ecosystem service valuation framework applied to a legal case in the Anchicaya region of Colombia
https://www.researchgate.net/publication/314340205_Ecosystem_service_valuation_framework_applied_
to_a_legal_case_in_the_Anchicaya_region_of_Colombia Toledo, D.N., Briceno, T., Ospina, G. 2017. 

Integration of annual and perennial cover crops for improving soil health
https://www.sciencedirect.com/science/article/pii/B9780128053171000063 Wick, A., Berti, M., Lawley, Y., 
Liebig, M.A. 2017. 

Effects of dietary tannins on total and extractable nutrients from manure
https://www.researchgate.net/publication/317411961_Effects_of_dietary_tannins_on_total_and_extractable_
nutrients_from_manure Halvorson, J.J., Kronberg, S.L., Hagerman, A.E.

Integrated crop-livestock system effects on soil N, P, and pH in a semiarid region
https://www.sciencedirect.com/science/article/pii/S0016706116309296 Liebig, M.A., Ryschawy, J., Kronberg, 
S.L., Archer, D.W., Scholljegerdes, E.J., Hendrickson, J.R., Tanaka, D.L.

Perenial plant establishment and productivity can be influenced by previous annual crop                         
https://dl.sciencesocieties.org/publications/aj/articles/109/4/1423 Schmer, M.R, Hendrickson, J.R., Liebig, 
M.A., Johnson, H.A.

https://dl.sciencesocieties.org/publications/ael/abstracts/2/1/170007 
https://dl.sciencesocieties.org/publications/cs/articles/0/0/cropsci2017.05.0317
https://ideas.repec.org/p/ags/aaea16/236273.html
http://pubs.acs.org/doi/abs/10.1021/acssuschemeng.6b02956
https://dl.sciencesocieties.org/story/2016/oct/wed/sampling-depth-confounds-soil-acidification-outcomes
https://link.springer.com/article/10.1007/s00128-017-2231-2
https://dl.sciencesocieties.org/publications/jeq/abstracts/0/0/jeq2017.08.0306
https://academic.oup.com/bioscience/article/67/3/233/2961840
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previous research work, she had gained knowledge 
in some of the crop physiological concepts and crop 
modelling technique using Agricultural Production 
Systems Simulator (APSIM) software. She is trained in 
Kung-Fu (One of the Chinese Martial Arts) and likes to 
play shuttle badminton.

During her stay at NGPRL she will be developing 
algorithms to analyze the UAV images for different 
application in agriculture in Agricultural Experiment 
Station (AES)-Precision Ag Project. She will be 
also involved in other research activities of image 
processing, such as synthesis of UAV literature, 
sunflower dimensions, and barley disease rating. 

Dharani Suresh Babu is a Masters student of 
Agricultural and Biosystems 
Engineering Department (ABEN), 
NDSU undergoing the Environmental 
and Conservation Science (ECS) 
Program.  She completed her 
Bachelors of Technology in 
Agricultural Information Technology 
from College of Agriculture, Tamil 

Nadu Agricultural University (TNAU), Coimbatore, 
India. Her masters research focuses on digital image 
processing of unmanned aerial vehicle (UAV) images, 
which includes determination of the plant count, 
plant row identification and weed identification. In her 

New Faces 

Recognition

Pictured from left to right: Sunoj, Igathinathane, Subhashree, 
and Dharani

The NDSU Ag and BioSystems Research group at 
NGPRL attended the ASABE Annual International 
Meeting held in Spokane, WA in July. 

They made several oral and poster presentations and 
Cannayen moderated the ‘Biomass Feedstock Supply 
Logistics and Modeling’ session. 

Cannayen was recognized for outstanding service as 
a reviewer for ASABE Journals  and  also outstanding 
reviewer from the Energy Systems Technical 
Community.

Shajahan received the AABFEIO Graduate Student 
Research Award - First place in Ph. D. category for 
the conference paper titled “Phenocam color image 
calibration using image analysis”.

USDA researchers are looking at brassicas, oilseeds 
more widely known as cover crops, as a potential feed-
stock for jet fuels. 

Broadcast Date: Friday, October 27, 2017

Research into Brassica Based Aviation Fuels
Dr. Dave Archer, Supervisory Agricultural Scientist

Download:Audio icon DA0_5CB2312889324D0080A9B
9E37AE2DD34.MP3

https://audioarchives.oc.usda.gov/node/51152017

https://audioarchives.oc.usda.gov/sites/default/files/
DA0_35B1193205474EE2B641AE54BE52BDFC.WAV

DA0_5CB2312889324D0080A9B9E37AE2DD34.MP3
DA0_5CB2312889324D0080A9B9E37AE2DD34.MP3
https://audioarchives.oc.usda.gov/node/51152017
https://audioarchives.oc.usda.gov/sites/default/files/DA0_35B1193205474EE2B641AE54BE52BDFC.WAV
https://audioarchives.oc.usda.gov/sites/default/files/DA0_35B1193205474EE2B641AE54BE52BDFC.WAV


23

Over the last six months, we have had some significant staff changes with the retirements of Linda Schuler, 
Audrey Myers, and Delmer Schlenker. While we greatly miss their knowledge and experience, we thank them 
for their service and wish them all the best in retirement! 

Linda Schuler 

Linda Schuler, USDA-ARS Financial Technician, retired from the Northern Great Plains Research 
Laboratory after 28 years of Federal Service in August 2017.  Linda plans on spending time with 
friends and family, and also spending more time enjoying the outdoors tending to her horses.

Delmer Schlenker

Delmer Schlenker, USDA-ARS Agricultural Research Science Technician, retired from the 
Northern Great Plains Research Laboratory after 42 years of federal service in October 2017. 
Delmer worked on many projects with many different supervisors during his time at the 
NGPRL. Among these projects were mined-land reclamation research, research on the Apple 
Creek watershed, wind erosion research, root growth research, and cropping systems research 
at the NGPRL and at the Area IV SCD’s Research Farm. Delmer enjoyed providing information      

    on agriculture and agricultural research to area youth, coordinating NGPRL activities at Morton  
    County Ag Day, and mentoring many student interns who worked at the lab.

Audrey Myers

Audrey Myers, USDA-ARS Program Support Assistant, retired from the Northern Great Plains 
Research Laboratory in November 2017 after 27 years of Federal Service.  Audrey was a very 
dedicated employee who not only covered the basic duties of her job, but helped with many 
outreach activities of the location.  Audrey plans on spending time with her friends and family 
in retirement.

Retirements

Feel free to pass on this issue of Northern Great Plains Integrator to others interested 
in agricultural research in the northern Great Plains. Northern Great Plains Integrator is 
published and distributed by the USDA-ARS, Northern Great Plains Research Laboratory, 
PO Box 459, Mandan, ND 58554. Use of material in this publication may only be allowed 
with the consent of the author. The United States Department of Agriculture prohibits 
discrimination in all its programs and activities on the basis of race, color, national origin, 
gender, religion, age, disability, political beliefs, sexual orientation, and marital and family 
status. Mention of trade or manufacturer names is provided for information only and 
does not constitute endorsement by USDA-ARS. To be added to our mailing list, request a 
copy through our website or contact editor: Cal Thorson, Technical Information Specialist, 
USDA-ARS Northern Great Plains Research Laboratory, PO Box 459, Mandan, ND  58554.  
Office:701 667-3018  FAX:701 667-3077   Email: cal.thorson@ars.usda.gov


