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Soil Testing Methods Used in Alberta to 

Diagnose Soil Acidity, (Part II) 

J. A. Carson 

The extent of acid soils in Alberta has be~n ppipted out in the 

The Alberta Soil Testing Laboratory th~n has the 

question of what and how to test for acid soi~s as well as sending 

out an interpreta~ion of the results. 

The number of acid soils in Alberta is about 20% below ~H @.0 

and ?% below pH 5.5. These percentages are based on the .soil samples 

received by the Soil Test Laboratory. 

It has been shown that acid so~l conditions be.low pH 6.0 will 

markedly reduce alfalfa growth. It has been further demonstrated 

that where, quantities of soluble aluminium &/or manganese exist, in 

conjunction with acid soil, production of many crops is reduced. 

Therefore in some areas of the province, where acid soils occur, 

a diagnosis of the extent and type of the acidity may be very 

significant to future soil and crop management. 

Two f"\ctors are prominent in the diagnosis: first, the extract 

of soil ~cidity as measured by pH, and second, the extent of ~oluble 
' ' 

aluminium &/or.manganese. The Soil Test Laboratory must recognize 

these various acidity fa~tor~ and sort soils accordingly. Soil pH 

is the main criteria used. Soil pH is determined using a 1:2 ratio 

of soil to .water as this is more easily adapted to routine analysis 

than is the saturated paste method. Conductivity is also determined 

on this mixture but is reported on the saturated paste basis. The 

main reason for the latter is that most of the public that we serve 

is familiar with these values and thus some standardization is 

maintained. 

After the pH value is obtained, then any soil with a pH value 

below 5.5 is recorded for further analysis of Aluminium and Manganese. 

It is worth noting here that when this work started about 2 years 
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ago a pH of 5.7 was used as a cut off level for Aluminium and 

Manganese, however after about one year of e~perience it was observed 

that there were no samples between pH 5.5 and 5;7 that showed toxic 

levels of Al or Mn. Thus the lowering of the pH level cut off to 5.5. 

During .the first 1! years of this work, it was necessary to 

1\letermine Aluminium by the lengthy colorimetric "Aluminon Method". 
' 
After the extracting procedure with 0.02 M. CaCl2 the extract is 

t~~-te~ with lN HCl, diluted, and heated on a steam bath for 30 

minutes. After cooling, thioglycollic ~cid and aluminon acetate 

buffer is added. There is a l hour waiting period to allow the color 

to develop before reading on the spectrophotometer. The heating and 

waiting fo,r th(l:l color to develop makes the procedure fairly lengthy. 

The Soil & Feed Testing Laboratory have a Tecntron Ato.mic 

Absorption Spectrophotometer but it does not have the sensitivity 

to determine Aluminium below 20 p.p.m. This does not permit the 

separating out of soils in the critical range of 2-3 p.p.m. It 

does have the sensitivity to do Manganese to the critical level of 

15 p.p.m. and thus this element has been done by A.A. all along. 

During the summer of 1972, new Atomic Absorption equipment was 

purchased which has the capability and sensitivity to determine Al 

to 0.5 to l p.p.m. It is the Unicam 1950, Spe~trophotometer. 
f 

both Al.and Mn are b-f.ing analyzed by Atomic Absorption. 

Now 

I wish to point out here that prior to the adaption of this 

m~thod for the determination of Aland Mn in the Soil Test Lab., 

it was first developed and tested at the C.D.A. Research Station 

at Beaver~odge by Hoyt & Nyborg. In the June, 1972 publication of 

Canadian Journal of Soil Science, they list the various concentrations 

and shaking times that were tried before settling on 0.02 M. CaCl 2 

and ,l hour shaking. The concentration of CaC1 2 tried was from 

0.0025 M to 0.04 M and the time of shaking varied f~pm 0-128 hours. 

There were two main reasons for the selection of 0.02 M CaC~ 2 

and l bbur.shaking as was pointed out by Hoyt & Nyborg. 

(l) The l hour shaking provides for more economical use of 
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the.laboratory compared to 16 hours, and 

(2) The 0.02 M concentrati~n of CaCl2 resulted in a higher 

concentration of Al and Mn in the' extract which allowed 

~or more· accurate .deter~ination. 

The current method of analyzing for .. Al and Mn permits the 

determination of approximately 96 samples per day for one pfrs9n. 

The previous method using the "Aluminon" method for Al. ~nd A.A. 

for Mn required 3 days to do 96 samples or 32 samples )R~:r day. 

Previously the Al and Mn data had to go out as a separate report 

. the f~rmer because of the time factor . Using the present method 

to 

it 

should be.possible to report the Al and Mn a'nalysis with the rest of 

the laboratory data. Also a new leaflet to be enclosed with the 

Soii Tesi Rep~rt has been written and will be ready for the soil 

samples received in the spring of 1973. T~e ~ercentage of samples 

received with pH below 5. 5 will be small enough that the Al a'nd Mn 

analysis shoul~ be able to keep up with th• rest of the analysis in 

the laboratory. 

Lim~ Reg~irement Tesi 

A~l 'the me'\:hods used for a lime requirement test are based on 

pH and thee:. amount of 1 ime ( CaC03) 're'quired to rai sa ·pH to 6. 5 to 

7 .0. Howe'ver, the data from plots in Albe.rta, as well as recent 

work from the United States, would indicate that it is not necessary 

to lime to a specific pH such as pH 6.5. It seems to be more important 

to firstly lime to remove the toxic erfect of Aluminium &/or 

Manganese and then if it is still economically feasible to lime to 

above 6.0 for specific crops such as alfalfa. This latter statement 

of the economics of liming is the basis for accurate soil diagnosis. 

For some soils it is not economically justified to lime to 6.5 when 

the natural soil pH is below pH 5.0. Med~um and heavy textured soils 

usually require 5 ton/acre or more of lime. Th~ p:p:nsen t cost of l im,.e 

in Alberta is abbut $15. - $20./ton. Application rates of more than 

5 ton/acre would make the cost more than $100/acre, which is uneconci-

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



230 

mical· even though it may last 6 - 10 yeafs, Some recent work has 

suggested·that·rates of~- 2 ton/acre will remove the toxic effect 

of Al and Mn. This points out the need for us to be more specific 

i~ the amount o~ lime ~equired to correct the problem, 

There are primarily three methods of doing the Lime Requirement 

Test; 

1. Calcium Hydroxide Method 

2. Buffer Metnod 

3. Barium Chloride - Triethanolamine Method 

There is one method that uses pH and te~ture from a graph and estimates 

the amount of lime required, Another method in which the lime required 

is calculated from the pH and the exchangeable calcium present. 

~ The calcium hydroxide method is a. lengthy method but gives more 

reliable and accurate results than the short~ methods of the Buffer 

and Barium Chlorid• methods. 

The accompanying graph shows so*e of the average results of lime 

required to raise the pH depending on the texture of the soil. This 

graph is taken from some results reported in the U,S. Some of the 

lifited work in the laboratory in Alb.rta indicates that this relation

ship is fairly close in. some of our soils, however, there are some 

exceptions. 

The eff~ct of acid soil~ and in particular the Aluminium and 

Manganese on our crops has only been fully realized in recent years. 

With the test for pH, Al, Mn and lime requirement, we should be 

able to determine more specifically when to use lime and how much 

will be required tor various crops and soils, 

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



231 

THE RELATIONSHIP BETWEEN SOIL REACTION AND LIME REQUIREMENT 
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Aluminium and Manganese 

Aluminium and ryianganese Soluble in 0.02 M CaCl. 

Extraction 

Reagent 

- 0.02 M CaC1 2 ·2H20 ·(Calcium Chloride dihydrat·e) 

- 2.9404 g •. CaCl 2 per litre H2 0 (35.28 for 12 litres) 

Procedure 

~ Weigh 20 g. or one scoop of soil and add 40 cc of CaC1 2 solution 

(maintain the 1:2 ratio) 

- Shake l hour. 

Centrifuge in 50 cc tubes for 5 minutes at 1250 x gravity. 

- Filter the supernatant solution through #40 filter paper (avoid 

transferring any soil to the filter). 

Comm-ents 

- it was found convenient to use 100 cc glass bottles in racks of 

12 and lay the rac~s in the shaker. 

- 20 cc are needed for Aluminium determination 

-· 5 cc are needed for Mn d etermina.tion on the Atomic Absorption 

Spectrophotometer. 

Aluminum Determination 

"Aluminon" method 

~e9-gents 

- 1 N HCl 

(Colorimetric method) 

83 ml. of cone. HCl diluted to l litre with H20 

- Aluminon Acetate buffer. 

- Dilute 120 ml Acetic Acid to 900 ml. with H2 0 

~ Add 24 g. Dry NaOH, mix. 

·~ Add and dissolv~ 0.35 g. "Aluminon". 

~ Dilute to l litre with H20 

- The pH of this solution should be 4.2 if necessary adjust to 

the pH with NaOH or Acetic Acid. 

- Thioglycollic acid Solution 
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10 ml. of thioglycollic Acid diluted to l litre with H20. 

Procedure 

- pipette 20 cc. of extracts and 20 cc of standard solutions into 

50 cc volumetric flasks. 

-Add 3 ml. of 1.0 N HCl. 

-Make up to about 30 ml. with H20 and swirl. 

Heat in steam bath for 30 minutes. 

- Cool to room temperature (flasks may be cooled with cold water) 

- Add 2 ml. of thioglycollic acid solution swirl. 

-Add 10 ml. of "aluminon" acetate buffer. 

- Make to a volume of 50 ml. with H20 and mix. 

- Wait l hour. 

- Read on Spectrophotometer at 530 nm. 

Commet;1ts 
; 

- Because standard cufve changef with age of reagent and- temperature 

of color development, it is necessary to run a set of standards 

with each run. 

- The final solution must have a pH of 3.7 to 4.0 (check with pH 

meter) if the colored solution does not fall in this range 

change the amount of 1.0 N HCl accordingly. 
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Lim@ Requireme~t Test 

. 
l. ~cium H;y:droxide Method 

Re~~~ts: GaOH -· Ca!.cium Hydroxide 

_Erocedure: 

Weigh out 20 gms of 2m.m. soil, into six 125 ml. capped bottles 

~~ Add 0. 0 76 gms of CaOH for every t ton/acre of llme increment up 

to 3 tons/acre; 

e • g. : 0, 0.076, 0.152, 0.228 1 0.304 0.380 and 0.456 gms. 

- Add distilled water to bring the total volume to 50 ml. 

- Shake for 10 minutes, twice daily over a total time of 72 hours. 

- After 72 hours determine the pH of the slurry in all six flasks. 

- Graph the increase in pH against the t ton increments of lime 

equivalents 

Comments: 

0.076 gms/20 gms of CaOH is equal tot ton of pure CaC0 3 . 

At the end of 72 hours the CaOH has reacted to about 96% of its 

capacity 

2. Buffer Metho~ 

Buffering solution - p nitrophenol 

- triethanolamine 

- potassium chromate 

- calcium acetate H20 

~ calcium chloride H20 

Adjust pH to 7.5 with HCl a/or NaOH 

10 gms soil and 20 ml solution, shake 10 minutes to determine pH. 

From chart get the depression of pH and the lime required. 

3. Barium Chloride Triethanolamine Metho~ 

Mix soil and solution, sit overnight and take supunatant add 

mixed indicator and titrate with HCl to pink end point. 

Calculate Lime requirements. 

4. Lime Req¥irement from Soil Reaction 

Light soils, medium and heavy textured 
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I$, Hutcbin$·an & MacL~nnan 

Using Caloium Bicarb~nat~ 
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·light soil 

edium soil 

eavy soil 

120 cwt 
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