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(Some) Challenges for 
Modern Farmers

·Low commodity prices and decreased 

profitability caused by higher production costs

·Climate Change (more rain as well as drought)

·Environmental impact of  farming and 

particularly nutrient management 



Consequences of Global Climate 
Change

·Greater variability

·More frequent severe weather

·Drought in some areas but more rainfall and 

flooding in other areas (like the southern 

Great Lakes)



Dealing with Seasonal Flooding
Data shows more frequent rainfall events of 2ó or more 

at one time over the past 20 years in the Great Lakes 

Region of  the US



Artificial drainage to reduce plant disease and 
increase productivity



Installing subsurface tile drainage 

system in crop fields



Tile drainage to improve crop 
production



Family Farm Miami Co. Ohio since 1803
Picture taken by drone



Downside to field drainage 

systems?
·Our system worked very effectively to remove 

excess rainfall ! Installation costs $80,000/100 

acres

·Do drainage systems contribute to increased runoff  

and nutrient loss?

·Studies suggest no but nutrient loss is definitely 

possible with ill -timed applications coupled with 

excessive moisture events

·Applying the minimum amount of  nutrients 

required using fertility mapping is one approach to 

reducing nutrient waste/pollution.



Fertility Mapping



Fertility Mapping
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Lab Results Map
Soil Sample
2017-10-13

Grower MARK	MILLER Farm MILLER	Mark Lab A&L	Great	Lakes

Field Welb aum	East Area (acre) 91.50

Organic Matter (%)OM Soil Depth 0 - 6 in

3.423.42
%

2.01
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10.8 2.5

28.2 3.1

21.8 3.6

15.3 4.1
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1.1 7.2

1.0 7.7



Fertility Mapping
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Lab Results Map
Soil Sample
2017-10-05

Grower MARK	MILLER Farm MILLER	Mark Lab A&L	Great	Lakes

Field Welb aum	West Area (acre) 92.47

Organic Matter (%)OM Soil Depth 0 - 6 in

3.193.19
%

1.36

5.21

AC

0.9 1.7

0.7 2.1

8.0 2.4

20.3 2.8

16.0 3.1

15.5 3.5

14.2 3.8

8.6 4.2

4.6 4.5

2.1 4.9

1.7 5.2



Fertility Mapping



Fertility Mapping

·Allows variable rate fertilizer applications which 

should save inputs.

·Allows variable rate seeding to tailor plant 

populations to soil fertility. 

·Enables comparisons of  soil inputs to yield data to 

identify other production problems.

·Accurate GPS field/fertility mapping will lead to 

autonomous planting and harvesting operations.   



Compensating for Reduced Organic 
Matter with Soil Priming

·What is soil priming?

·Priming or a "Priming Effect" is said to occur when 
something that is added to soil or compost affects the 
rate of decomposition occurring on the soil organic 
matter (SOM), either positively or negatively.

·Soils can be primed by planting certain types of cover 
crops or by adding amendments to soil.

·My work has involved using disaccharides to soils to 
increase microbial activity



Soil Priming (to improve soil 
characteristics for the next crop )
1. Cover crops

2. Direct inputs of  beneficial compounds



Priming with Carbon Sources to Feed Soil 

Microbes

Cantaloupe transplants growing in Sunshine Mix I, 

coarse sphagnum moss and perlite
(Fissons, Vancouver, BC, Canada)



Trehalose

A disaccharide formed by an Ŭ, Ŭ-1,1-glucoside bond 

between two Ŭ-glucose units





Soil water loss and seedling water 

relations following trehalose treatment
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Changes in potting-mix moisture content following priming with 8 mL of water, 50 mM sucrose, 

or 50 mM trehalose.  Potting-mix moisture contents were determined from fresh and oven dry 

weights of media from 4, 12-celled trays (A).  Pressure-bomb measurements of 10-day-old 

seedling water potentials from destructively harvested plants grown in potting mix primed with 

sucrose or trehalose four days after seedling emergence.  Error bars represent °SE of four 
replications at each time point (B).  

moisture

Changes in potting mix soil moisture content with priming
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Changes in Sunshine Mix Moisture 
Content With Different Treatments
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Additions of greater than 50mM 
sucrose have no effect on soil water 

content



Pressure plate determination of moisture content

Table 1.  Sunshine growing media water content after treatment with water or 50 mM sucrose 

and equilibration at 0.4 or 1.5 MPa on a pressure plate. Values represent 3 replications of each 

treatment.  Water content was calculated after oven drying at 98̄ C.   

 Equilibration Pressure 

Soil Treatment 0.4 MPa 1.5 MPa 

 Water content 

g kg-1 

Water  205 b 155 b 

50 mM Sucrose 338 a 278 a 

LSD 88 34 



Effects of sucrose on other soil types

Figure 5. Comparison of the water contents of acid-washed sand in a growth 

chamber after a single treatment of 8 mL of water, 10 or 50 mM sucrose (A) 

Hayter clay loam field soil treated with water or 50 mM sucrose (B) or finely 

ground vermiculate rooting media treated with water or 50 mM sucrose (C).
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Alcian blue staining after treatment with 

sucrose



HPLC analysis of  sugar induced 

polymer

Chromatograms of neutral monosaccharides present in the EPS samples.  Glucose is 

the predominant monosaccharide, comprising between 55-65% of the total neutral 

sugars.  Variability in the levels of the other monosaccharides prevented accurate 

quantification.



Colonies of bacteria were plated from sucrose 
treated soil using TSA media

Some bacteria may not have been culturable


