MN Soy Final Report

The primary purpose of this grant was to provide experimental learning opportunities to students both those in class, and those conducting the field work. This project has allowed students to see firsthand how additional N application in soybean can influence yields (or in our case, not at all), how heavy weed pressure competes with the target crop, and finally, how drones can be used to investigate crop health/development. The results (preliminary and final) of this project have been communicated to ~160 non-student individuals (as of Nov 15th 2022) since funding was received. Furthermore, the SMSU research plots have received 50-75 unique undergraduate students (~1/20th of the fulltime undergraduate SMSU student body) in the 2022-23 academic year. The soybean plots funded by this project gave SMSU agronomy the opportunity to augment/enhance student learning for ag focused students, and at the least, help introduce non-ag students to agriculture. This brief introduction for the non-ag students may be superficial at first, but it can help lead to a greater understanding of what types of jobs are involved in modern farming. 

GOAL 1: Describe how the weed canopy develops and how N rates change soybean canopy growth.
Sydney Walters gathered data from weekly aerial images using drone photography. This provided the SMSU agronomy program with access to a season long look at the canopy development of soybeans, weed, and how soybeans grow in relation to weeds. Several response variables were recorded and their statistical analysis is presented below. 

When looking at the impact of fertility treatment and block on stand counts, both fertility treatment (F4,9=3.71, p=0.046) and block (F3,9=19.351, p=0.0003) were significant predictors of early season stand counts. When analyzed with a Tukey HSD (<0.05), no significant differences were found between fertility treatments but some groupings were found with Block means were separated via Tukey HSD (Table 1). This is of no surprise as early season rains followed by a period of dry warm weather led to crusting on the lower elevation blocks and this is reflected in the stand counts.

Table 1. Effect of block on early season soybean stand counts
	Block
	Stand per 40 ft
	Tukey HSD Grouping

	3
	119
	a

	4
	110.63
	ab

	2
	85.38
	bc

	1
	59.8
	c



When looking at the impact of fertility treatment and block on final yields, fertility treatment (F3,9=0.715, p=0.568) was not a significant predictor but block (F3,9=4.941, p=0.027) was. The impact of block was not a surprise given the loss of stand early in the season and the Tukey HSD groupings are listed in Table 2 below. Data was only collected on the four fertilizer treatments (10, 20, 30 and 40 lbs N/ac) as the weed treatments (10 lbs N/ac soy with weeds, and weeds only) were mowed earlier in the season once the canopy was considered complete.

Table 2. Effect of block on soybean yields
	Block
	Bu per acre
	Tukey HSD Grouping

	4
	61.1
	a

	2
	54.6
	ab

	3
	52.6
	ab

	1
	43.1
	b



The final statistical analysis that was completed was looking at how canopy of the soybean plants developed in regards to differing N application rates. A table of average canopy closure + SE is presented below (Table 3). 

Table 3. Effect of fertility treatment on soybean canopy closure. Lower case letters within a column indicate a significant ANOVA result (<0.05) followed by a significant Tukey HSD means separation test (<0.05). Only Weeks 4 and 5 yielded significant results.

	Treat
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6
	Week 7

	10 lbs N
	0.90.14
	1.880.44
	19.974.64
	35.282.82c
	41.423.75b
	61.744.51
	58.443.86

	20 lbs N
	0.790.14
	1.720.44
	16.644.45
	37.54.26bc
	40.044.95b
	69.654.22
	54.284.57

	30 lbs N
	0.560.09
	1.250.29
	143.6
	36.536.47bc
	39.153.4b
	65.436.18
	58.452.25

	40 lbs N
	0.710.14
	2.030.27
	13.443.15
	40.245.61bc
	39.36.91b
	59.252.49
	60.022.17

	10 lbs N
Soy w/
weeds
	0.690.15
	1.740.46
	16.963.68
	59.737.32a
	63.743.63a
	71.426.14
	Mowed

	Weeds 
only
	0.120.06
	0.490.41
	16.831.29
	50.566.24ab
	62.724.13a
	70.753.51
	Mowed



When an ANOVA was run on each drone sampling day, the only weeks in which significant differences were observed were at week 4 and week 5. Looking at the means separations it is evident why. In both weeks, the weed treatments outpaced the soybean only treatments by around 10-20% points in canopy space. It wasn’t until week 6 that the soybean only plots matched the canopy space that was reported in week 4 and 5 for the weed plots. By week 6, the soybean only plots had caught up in canopy space in comparison to the weed plots to where no statistical significance was observed and the weeds had gone to head by week 7 requiring their eventual mowing.

A reflection on the utility of drone use for this type of sampling/data collection will be presented in GOAL 2. 

GOAL 2: Demonstrate/Educate SMSU students on the advantages and limitations of drone technology and its potential place in the future of agriculture
These results demonstrate the importance of controlling weeds in soybean. This goal is largely met with GOAL 3’s explanation, but I will use this space to further expound on the advantages and limitations of drone tech. One important finding of this project is that soybean canopy coverage peaked at around 60-70%. This is simply not true as when we went to the field in late season, the canopy coverage was at 100%. This discrepancy is largely due to inadequacies in the pixel-color sorting algorithms that the ImageJ program uses. In essence, the leaves at the top of the plant canopy are a bright green color under sunlight, but those at a lower canopy level are a darker green due to shadows of the higher up leaves. The pixel sorting algorithms cannot recognize the darker green pixels and thus don’t “count” them in the canopy estimation. Taking photos at solar noon will minimize this impact but regardless it will still be there. 

There is of course, a means by which the researcher can color correct this problem but it would take time a undergraduate intern does not have. The data you receive is only as good as the sampler and the technology through which it was collected with. Had we not ground truthed the soybeans canopy coverage, we very well may have believed we only achieved 60-70% canopy coverage. As such, all of our canopy closure values can be considered conservative estimations and additional means of data collection should occur. This example provides a single limitation of drone tech in ag and one that is highlighted in my AGRO 390 Precision Ag class. 

GOAL 3: Provide hands-on learning/training opportunities in agriculture to SMSU students.
Much of the work involved with this grant was performed by Sydney Walters. Over the course of the summer, Sydney became familiar with ag equipment calibration, use, and repair. She also learned basic statistics and developed her professional presentation skills. Around halfway through the summer, she presented preliminary data to the SMSU field day participants (~75 attendees) and to SMSU foundation donors. This was a great opportunity for a student interested in research to explore what it would look like in a professional sense, and to further develop the skills which will help her throughout her career.

When initially submitted for review, this grant planned on using data associated with this project in at least 5 classes. These included/will include:

AGRO 132 Crop Production + Lab: Where yield data as a function of N-rate, will be presented to the students and they will be tasked with making a “Yield response to fertilization” graph using the real world data from this project. This data will be used in Fall 2023 going forward as the project was not completed by the time the lab was needed.

AGRO 212 Grain and Forage Crop Management: The field plots of this trial were used in conjunction with a corn fertility trial. Photos taken of the fertility plots and personal experiences (particularly the loss of stand and resultant yield) were used and communicated in lectures. 

AGRO 341 Principles of Pest Management + Lab: The soybean + weed treatment of this project provided an interactive demonstration of how weeds actively impact yield and time series data from the weed only treatment demonstrated how quickly weeds can outcompete a soybean field if allowed to canopy. Students also used this plot for scouting practice and pest/beneficial collection.

AGRO 390 Precision Ag: This grant allowed us to created a time series of soybean and weed canopy growth at different N rates and gave students “hands-on-experience” in analyzing remotely sensed data (derived from drones) to make conclusions. Furthermore, some students utilized the soybean plots while they were still standing to develop their own semester project which utilized drones. These time series photos were also used in lectures to communicate ideas of canopy space and remote sensing to get data.

AGRO 454 Experimental Design in Agriculture + Lab: In this class, students use real world data to learn about experimental design in typical agronomic test plots including assessment of insecticide sprays, the need for replication and blocking, and eventually are able to run an ANOVA to interpret findings from the field. Each week student analyze a new dataset, and the time series this proposal will generate will provide ample opportunities to answer a variety of crop production questions, as well as demonstrate the many ways in which viable data can be collected (drones!). This is an odd-year spring class so these data will be used next semester.

