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Questions for you

• How many of you have observed a downward trend in soil 
pH tests?

• How many think you have seen yield losses from acidic 
soils?

• How many of you have soil pH levels below 5.5? 



Soil pH – NRCS published info
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Trends in Montana to lower pH

Data from Agvise (Northwood, ND)



Soil acidification 

• Natural processes – leaching of basic cations/salts, 
bicarbonates occurs over time which causes soils to 
acidify

• Farming – has accelerated
• no-till – absence of mixing can create pH stratification
• summer-fallow can result in more leaching of basic 

cations/salts 
• residue removal  - basic cations in the crop residue are 

removed from the soils
• fertilizer N – ammonium forms ***



Montana N fertilizer consumption 
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Chouteau County field locations

Fort Benton



Winter wheat - aluminum toxicity

pH 3.8 

pH 5.1 



Durum wheat – aluminum toxicity



Plant Symptoms of Al toxicity
• Roots: witch’s broom roots, thickened, twisted, club ends, 

stubby, no fine branching

Courtesy Shabeg Briar and Dave Wichman



Low pH increases Al to toxic levels
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Why does soil pH affect aluminum?

• aluminum toxicity is most important growth-limiting factor in 
acidic soils

• all Montana soils contain considerable aluminum; very  
abundant element in the soil;  6-7% of total soil dry mass

• solubility of aluminum containing minerals increases as pH 
becomes more acidic  ***
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 Manganese toxicity has been associated with  acidic soils - no 
evidence this has been a problem so far based on plant analysis

Soil pH also affects available Mn



Manganese  tissue conc
(normal vs. poor growth areas)
Cooperator Tissue Normal Poor

-------------- ppm ----------------
Bahnmiller shoot 135 257

Squires shoot 47 182

Wharram shoot 57 207

Hanford shoot 57 127

Conclusion:  normal vs. poor growth areas differed in Mn but below 
expected toxicity range >400-500 ppm



Soil pH stratification in Montana

Summary

• lowest pH likely to be found in 
shallowest depth because…

1. N applied near surface
2. subsoils have a lot of natural 

lime (Ca, Mg, Na carbonates).

Farms    



Managing low pH

Remediation

• amendments
• tillage
• deep-rooted or 

perennial crops

Adaptation

• seed Al-tolerant 
varieties or crops

Prevention

• optimize N use 
efficiency - no 
left-over N

• N sources 
• crop residue



Remediation – sugar beet lime
• good – it doesn’t cost anything 

• bad – shipping costs (35 $ per ton); challenging material to 
work with (moisture and clumping) and incorporation is 
needed for best results

• rates of 3-6 tons/acre may be necessary to bring pH to 
acceptable level (pH 6);  presently we do not have a lime 
recommendation test for Montana nor do we have 
experimental trials to evaluate its efficacy



Lime requirement (Sikora method)
field sites with soil pH < 5
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 lime requirements based on target pH 6.0; 
 pH 5.5 target would require ↓ lime



Remediation – deep ripping

not sure this will work ?



Adaptation -spring wheat cultivars –
Highwood Bench (soil pH 4.7)
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Aluminum tolerance –
single locus (Alt1)

wheat cultivars with Alt1 release malate 
(organic acid) from root tips in response 
to high conc of solution Al+3; malate in 
turn chelates with Al+3 in the soil to form 
a non-toxic complex

-Al+3

Al+3
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Adaptation - crop species & tolerance to low soil pH

McFarland et al., 2015

 peas and lentils are more susceptible than cereal grains

Al tol

Al tol



My Research - activities for 2017
• Sugar beet lime applications with tillage

• Lime requirement soil tests

• Legacy effects 

• Soil pH mapping  - gradients in the field are very large, acidity 
problem is not ubiquitous across the field landscape. Initial 
surveys suggest problem maybe confined to lower slope 
positions (relevant to $ of liming)

acidic soil @ toe-slope & depression 

alkaline soil @ summit 



Legacy effects – an example from field





pH91 7.77
pH90 8.15
pH89 7.89
pH88 7.98
pH87 7.67
pH86 6.52
pH85 7.95
pH84 7.80
pH83 6.22

pH82 4.36
pH81 4.42
pH80 4.28
pH79 4.19
pH78 4.76
pH77 4.28
pH76 4.45
pH75 4.18
pH74 4.87

Bahnmiller acquired property 
with prior low N input 

Legacy effects – durum & w. wheat field



Cross-the-road (Big Sandy)

organic conventional



Paired comparisons – high and low N 
input farms

(legacy effects of N fertilizer)

Protocol
 soil cores (0-3, 3-6, and 6-12”)
 compare pH 
 extractable aluminum, exchangeable bases

x       x x x x x x x

x       x x x x x x x

High N input 

Low N input 



Final comments 
• Soil acidity is likely to increase in the coming years and decades in 

Montana as similar phenomena has occurred in other semiarid regions –
Palouse, Great Plains
• How many acres will be affected and how soon ??
• Chouteau County – growers have observed problems, Highwood –

higher precipitation area

• Likely will be more interest in aluminum tolerant cultivars of cereal grains

• Crop intensification & diversification - pulse acreage/production is rising;  
peas and lentils are very susceptible to low pH so may affect viability of  
some cropping systems



Soil Scoops

http://landresources.montana.edu/soilfertility/



Thank you





Aluminum toxicity and P

double seeded durum and P
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