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• General agronomic concepts 
 

• Pre-season considerations 
 

• In-season considerations 
 

• Resources 



Havlin, J. L. et al. 2005. Soil Fertility and Fertilizers, 7th ed. 

Liebig’s law of the minimum 

http://kemnovation.com/crop-nutrition/ 



Site selection 

4/20/2013 



Site selection 

3/13/2010 

Crop history? 
 
Apparent within-site 
variability? 
 
Precipitation? 
 
Evapotranspiration? 
 
Irrigation? 
 
Slope? 
 
Soil type? 



http://www.cimis.water.ca.gov/  

Rainfall and plant water demand 

http://www.cimis.water.ca.gov/


Rainfall 
Windsor, CA 

Average rainfall total: 30.4 inches 



Rainfall and evapotranspiration 

Aridity Index [Precipitation (30.4) / Evapotranspiration (37.9)] = 0.80 

Windsor, CA 



Rainfall distribution & totals vary from year to year 

2013-2014 rainfall total: 19.3 inches 

Windsor, CA 



Rainfall distribution & totals vary from year to year 

2013-2014 rainfall total: 19.3 inches 
2012-2013 rainfall total: 27.5 inches 

Windsor, CA 



• Small grains use 17 – 26 inches of soil water 
• amount that leaves the system via evapotranspiration 
• barley < oats < wheat 
 

• Amount of water available to the crop will depend on: 
• what you grow 
• when you plant 
• irrigation? 
• SOIL 
 

• How much will soil water contribute to total 
evapotranspiration? 



Meted.ucar.edu 

How much of evapotranspiration comes from soil water? 

http://www.noble.org/ag/Soils/SoilWaterRelationships/Index.htm 

What is my soil type? 

Depends on soil type 



NRCS 

What is my soil type? 

• Soil texture does not change 
 

• Soil structure, porosity, water 
holding capacity, organic 
matter are affected by 
management: 
Eg. 1% increase in SOM 

• ≈ 5% increase water retention 
• improved infiltration, structure 



What is my soil type? 

google: “soil web ucdavis” 



What can I learn from knowing my soil type? 



http://www.noble.org/ag/Soils/SoilWaterRelationships/Index.htm 





https://www.youtube.com/watch?v=GWZwbVJCNec  

UCDavis: 

http://www.nrcs.usda.gov/wps/portal/nrcs/d
etail/soils/edu/?cid=nrcs142p2_054311  

NRCS: 
Field-based soil texture 
estimation methods 

https://www.youtube.com/watch?v=GWZwbVJCNec
https://www.youtube.com/watch?v=GWZwbVJCNec
https://www.youtube.com/watch?v=GWZwbVJCNec
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/edu/?cid=nrcs142p2_054311
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/edu/?cid=nrcs142p2_054311


Table 1. Percent moisture by volume 

Estimating depth of moisture, time to stress from soil type 

Meted.ucar.edu 

For a loam soil ≈ 27% moisture by volume at field capacity (FC). 
• If the rooting depth is 20 inches, 20 in x 0.27 = 5.4 inches of water by volume 
• Rule of thumb: FC/2 = available water. So, 5.4 / 2 = 2.7 inches of available water. 
 
When will stress begin? 
• Rule of thumb: stress begins at available water / 2. So 2.7 / 2 = 1.35 inches before stress.  
 
Average daily ET in April  in Windsor = 0.20 inches 
• 1.35 inches / 0.20 inches per day  

• ≈ 7 days before stress.  
• ≈ 9 days if you use the table. 



Soil type is a major factor in soil fertility 



http://www.nrcs.usda.gov/Internet/FSE_DOC
UMENTS/nrcs142p2_053274.pdf  

Estimating soil fertility: Don’t let the perfect be the 
enemy of the good 

http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053274.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053274.pdf


Estimating soil fertility: Some rough rules of thumb 
• Total N: Clay > Silt > Sand 

• effective/available N ≠ total N  
 
• ppm soil NO3-N x 3.8 ≈ lb N ac-1 ft-1 of soil 

• eg. 12 ppm NO3-N (1st ft) x 3.8 ≈ 46 lbs available N 
 
• Manure: assume about 10% mineralized / season 

• 5 tons dry manure / acre; with 1.8% N ≈ 18 lb ac-1 yr-1 



Estimating soil fertility: Some rough rules of thumb 
• Prior crop N contribution (depends on productivity of 

prior crop): 
• Tomato residue ≈ 25 lb ac-1 returned 
• Alfalfa contribution ≈ 75 lb ac-1 + 

 
• Soil organic matter (SOM) N mineralization:  

• 1.2% OM % x 30 lb N / % OM ≈ 36 lb ac-1 

 
• BUT! Mineralization rates vary (2-5%) year-1  

• depend on C:N ratio, temperature, moisture, residue quality, 
etc. 



Estimating soil fertility: Some rough rules of thumb 

• Critical C:N ratio for residues ≈ 20 
• Residues with C:N > 20 will “fix” N 

• Bottom line: fertility will be site-specific and a function 
of recent & long-term rotation/soil management 



If yield = 2500 lb acre-1 and protein = 12.5% 
 
How much N am I removing from the system? 
 
2500lb acre-1 x 0.125 / 5.7 (protein to N factor) 
• ≈ 55 lb N in grain 
 
55 x 1.33 (additional straw requirement)  
• = 73 lb – 55lb 
• ≈ 18 lb N in straw 
 
If we estimated that 100 lb of N are available from soil 
NO3-N, SOM, and manure addition, will this crop 
experience N deficiency? 

Estimating plant N removal from the system 



Havlin, J. L. et al. 2005. Soil Fertility and Fertilizers, 7th ed. 
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Small grain growth stages and yield components 

plants acre-1 

spikelets spike-1 

spike plant-1 

grains spikelet-1 

weight kernel-1 

grains acre-1 

GRAIN YIELD 

tillers plant-1 



Seed selection 
• Certified seed? 
• plump uniform seeds, not cracked or broken, no weed seeds 

• < 1 year old 
• stored in dark, cool, dry conditions (free from pests and 

disease) 

Stand establishment 

FAO. “Optimizing plant population, crop emergence and establishment” 



Germinability 
• Rule of thumb: subtract 15% from germination test to get field 

germinability 
• Seed-soil contact, soil moisture, temperature determine 

germination in the field 
• Rule of thumb: soil aggregates are no more than 3-4X seed size 

Stand establishment 

Image courtesy: http://www.bcg.org.au/ 
FAO. “Optimizing plant population, crop emergence and establishment” 



Seeding Depth 
• Rule of thumb: depth less than the coleoptile length. 

• coleoptile length varies 
• Plant to moisture? or Moisture to follow? 

• Ensure sufficient moisture for complete germination 

Stand establishment 

Image courtesy: U Minnesota 

FAO. “Optimizing plant population, crop emergence and establishment” 

FAO. “Optimizing plant population, crop emergence and establishment” 



Seeding rate 
• Optimum plant populations and seeding rates require some 

empirical work. Range for most small grains: 75 – 125 lb acre-1 

• spelt is higher (160 lb acre-1 +)* 
• Seeding rate interacts with weeds. 
• BUT! For heirloom varieties, higher seeding rates will also tend to 

produce more lodging. WHY? 
• Site fertility also interacts with lodging outcomes. 

Stand establishment 

*http://www.uvm.edu/extension/cropsoil/wp-content/uploads/TopTenGrowGrain.pdf 

FAO. “Optimizing plant population, crop emergence and establishment” 



Seeding rate exercise: 
 
• 2, 6 inch rows with 12 seeds per linear ft = 24 seeds / ft2 

• 43560 ft2 acre-1 x 24 seeds / ft2 = 1045440 seeds acre-1 
 

• For 10000 seeds lb-1: 
• 1045440 seeds acre-1 / 10000 seeds lb-1  
 = 104 lb of seed acre-1 
 

• For 85% field germination rate: 
• 104 lb seed acre-1 / 0.85 = 122 lb seed acre-1 

Stand establishment 



Plant population exercise: 
• 2, 6 inch rows with 12 seeds per linear ft = 24 seeds / ft2 

• 43560 ft2 acre-1 x 24 seeds / ft2 = 1045440 seeds acre-1 
• For 85% field germination rate: 

• 1045440 seed acre-1 x 0.85 = 888624 plants acre-1 

• How many tillers per plant? 
• How many spikes per tiller? 
• How many spikelets per spike? 
• How many grains per spikelet? 
• Kernel weight? 

• For 2500 lb acre-1 yield, how many plants support 1 lb? 
• 888624 plants acre-1/ 2500 lb acre-1 = 355 plants lb-1 grain 

• When growing an heirloom variety, determining the 
optimum plant stand & seeding rate for your operation 
is worth the effort! 

Stand establishment 



Why till? 
• residue incorporation 
• weed competition 
• soil aeration 
• aggregation (short term) 

• seed-soil contact 
 
Why no-till? 
• reduced erosion, increased microbial diversity 
• improved carbon retention, nutrient cycling (long term) 
• improved water use efficiency, infiltration (long term) 
 
Benefits of no-till are realized over the medium, long-term 
• specialized equipment required 
• short-term productivity losses 
• residue, weed control are an issue for organic no-till 

A brief note on TILLAGE 



Variety Choice 

http://seedalliance.org/publications  

http://seedalliance.org/publications
http://seedalliance.org/publications


Variety Choice 



Variety Choice 

http://www.uvm.edu/extension/cropsoil/grains  

http://www.sustainablegrains.org/  

The Whole Grain Connection 

http://www.sustainablegrains.org/sitebuildercontent/sitebuilderfiles/
wheatseedcatalog2015.pdf  

http://www.uvm.edu/extension/cropsoil/grains
http://www.uvm.edu/extension/cropsoil/grains
http://www.sustainablegrains.org/
http://www.sustainablegrains.org/
http://www.sustainablegrains.org/sitebuildercontent/sitebuilderfiles/wheatseedcatalog2015.pdf
http://www.sustainablegrains.org/sitebuildercontent/sitebuilderfiles/wheatseedcatalog2015.pdf
http://www.sustainablegrains.org/sitebuildercontent/sitebuilderfiles/wheatseedcatalog2015.pdf


Weed management 

From: Lazor, 2013. “The Organic Grain Grower.” 

Tine weeding at early vegetative growth stage 
• soil moisture, subsequent water will play into success/failure 



Weed management 

Inter-seeding / relay-seeding red clover 

Gaudin A et al.,  Agronomy (2013) 3: 148–180  



Image courtesy: http://store.farmstart.ca/ 

Weed management 

Stale seedbed techniques 
• require precision in space and time 



Weed management 

http://www.sare.org/Learning-Center/Books/Steel-in-the-Field/Text-
Version/Introduction-to-Tools-for-Agronomic-Row-Crops  

http://www.sare.org/Learning-Center/Books/Steel-in-the-Field/Text-Version/Introduction-to-Tools-for-Agronomic-Row-Crops
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Dual purpose wheat 

Increased flexibility / risk mitigation for 
integrated crop-livestock systems 
• generally fall-established wheat 
• wait to graze until wheat is tillering 
• grazing too long will severely reduce grain 

production 
• remove animals prior to first hollow 

stem 

Oklahoma State University: 
http://osufacts.okstate.edu/docushare/dsweb/
Get/Document-6693/PSS_2147web.pdf 



http://extension.oregonstate.edu/sorec/growing-grains-small-farm 

Additional resources & other cool things 
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http://www.tillersinternational.org/  

Additional resources & other cool things 

http://www.tillersinternational.org/
http://www.tillersinternational.org/


https://www.youtube.com/watch?v=hxNIeLUgYpg  

Additional resources & other cool things 
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https://www.youtube.com/watch?v=hxNIeLUgYpg


http://farmhack.org/tools/home-built-no-till-seed-drill  
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http://farmhack.org/tools/bicycle-powered-thresherfan-mill-and-dehuller-1  
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Hope springs eternal… 

Thank you! 
 

contact: melundy@ucanr.edu 
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