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1, 

SOIL-PLANT NUTRIENT RESEARCH REPORT 

INTRODUCTION 

As in the past~ this report is intended to provide a 

summary and current status of the research projects being con-

ducted by the staff and their graduate students. Detail is pro-

vided only for the numerous projects supported by research grants 

from industry and the National Research Council. Additional 

details for many of the projects summarized in the next section 

of this report will eventually be contained in publications of 

scientific journals. 

The following personnel assisted on a full or part-time 

basis in the research work of the department during the past year. 

Departmental Assistants 

Niyazi, 0.; Rice, W.A. 

Technicians 

Coke~Kerr, D.; Fraser, J.; Johns, L.; Radford, F. 

Research Assistants - Academic term 

Acton, T.; Stewart, R. 

Student Assistants - Summer 

Babiuk, L.; Bole, J.; Delarue, B.; DeYong, E.; Dyck, R.; Head, K. 

Jamieson, D.; Luciuk, G.; Schappert, H. 

The staff of the Department acknowledge the numerous research 

grants from industry, the National Research Council, the Saskat

chewan Research Council and the Canada Department of Agriculture. 
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In particular, the extensive Stubble Fertilizer Research Project, 

whi h was supported entirely by grants from producer~ and distribu

tors of fertilizer materials in Western Canada (Cominco, Ltd., 

Federated Cooperatives Ltd., Na ional Grain Co. Ltd., Northwest 

Nitro Chemicals, Ltd., the North-West Line Elevators Association, 

the Saskatchewan Wheat Pool, and Sherritt Gordon Mines, Ltd.) 

warrants special mention, as this jointly financed project has 

already made it possible to establish preliminary benchmarks which 

we are confident will make it possible to provide sound recommenda-

tions for fertilizer usage on stubble land. 

Four of these companies are supp rting additional studies 

closely related to the Stubble Fertilizer Research Project ~ the 

Saskatchewan Wheat Pool i. s financing research in to methods of fer~ 

tilizer placement which includes fertilizers carrying both phos-

phorus and nitrogen. The National Grain Company's grant (in con-

junction with N.R.C. grants) is supporting a study designed to 

provide needed information on the complex cy le that nitrogen under-

goes in the soil. Cominco, Ltd. is supporting a Post-Doctorate 

student who is studying the role played by the amorphous aluminum 

constituents in soils; this inorganic soil constituent appears to 

hold most of the available soil phosphorus. 

SUMMARY OF RESEARCH PROJECTS 

The highlights of the various research projects for 1965 are 

summarized below. More details for certain of the projects are 

given in the following sections of this report. 
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Soil Fertility 

1. Stubble Fertilizer Research Project - This is an extensive 

project with the dual objective of calibrating soil testing 

procedures, and also tracing with the aid of Nl5 tagged nitrogen 

carriers, the fate of fertilizer nitrogen applied to cereal 

grains seeded on selected soil types in Brown, Dark Brown, 

Black and Grey Wooded soil zones in Saskatchewan (initiated in 

1964 ~Rennie and Paul). 

2. Phosphorus Fertilizer Placement for Small Grains - A study of 

the efficiency of uptake of fertilizer phosphorus by the grain, 

where the fertilizer is applied using the drill, discer or 

broadcast (initiated in 1964 -Rennie). 

This study has been completed for cereal grains seeded on 

f all o w l and • The superiority of the drill was evident in all 

field trials during the two-year study period. An application 

of 20 lb. of P per acre applied with the discer is equivalent 

to approximately 10 lb. of P applied with the drill. The 

efficiency of plant utilization of broadcast phosphorus was 

very low and, although responses occasionally occurred, these 

were seldom economic. 

Complementary research on diffusion rate of phosphorus 

from the point of placement and movement of plant roots towards 

the phosphorus is being carried out. 

3. Fertilizer Experiments Utilizing Urea as a Source of Nitrogen -

Urea-phosphorus mixtures proved equally as effective as ammonium 
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nitrate~phosphorus mixtures at six est locations in 1965. These 

studies are being continued and expanded in scope during the 

coming year initiated in 1965 -Rennie). 

4, Plant Utilization of s~L~~~_£JJ.-trogen ~ This study 

was designed t elucidate the complex cycle that nitrogen under-

goes in natureo Bo h Tha cher and new high-yielding (unlicensed) 

whea varieties have been used under gr wth chamber conditions 

and in the field as h.e test crops t measure the fate of fer-

tilizer nitrogen agged with N15. The nitrogen tracer will 

enable an indirect measurement of the variations occurring in 

available soil nitrogen during the gr wth of the plant (initiated 

in 1965 - Paul and Rennie 

phenoldisulphonic method of measuring nitrate nitrogen, the 

standard method used in mas labor a ries, is laboriously time 

consuming and no readi 1 adapted for use in a soil testing 

lab ra r A new method in olving eduction of the nitrate to 

ammonia, allowed by distilla ion f the ammonia into boric acid, 

was extensively investigated during he past winter. Contrary 

to claims of research workers in other areas, the reduction 

meth d was f und t be unsatisfactory (initiated in 1965 - Paul). 

6. ~hor!::!_:g_Fertilizer Placement for Flax -Flax has not responded 
-~~~--~~-~~~-~-~-~=~~~-~~-==-~~==~-~~~ 

economically to phospha e fertilization in the past, irrespec-

tive of available soil ph sph rus. One possible explanation 

ha has been pu forward is that flax, in contrast to cereal 
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grains 9 has a much greater capacity to adsorb soil phosphorus. 

However, it has been clearly demonstrated that seed placement 

of fertilizer phosphorus brings about sharp reductions in the 

stand of the crop. Using a specially constructed drill, field 

trials have been set out with a phosphorus carrier (11-48-0) 

placed one inch to the side and one inch above or two inches 

below the seed band (initiated in 1966 ~Rennie). 

Soil Microbiology and Biochemistry 

1. Cl4 Dating of Soil Organic Matter Fractions - The contribution 

of soil organic matter to the fertility of the soil and its 

role in the geochemistry of carbon in nature has been shown in 

previous research to be reflected in the mean residence time 

(average age) of the soil carbon. Data obtained from carbon 

dating of various organic matter fractions are being used to 

estimate the contribution of each individual fraction of organic 

matter to the cycling of carbon in nature. As the carbon~ 

nitrogen ratio remains fairly constant for most of these frac

tions, a measure of the nitrogen cycle in the soil system can 

also be estimated. A particular humic acid hydrolysate repre-

senting less than 15% of the soil organic matter has been shown 

to account for 80% of tne nitrogen released per year (initiated 

in 1962 - Paul). 

2. The Microbiology and Biochemistry of Organisms Capable of Utili

zing Soil Humic Acids~ One species (Penicillium sp.) has been 

shown to be capable of degrading up to 85% of the carbon of humic 

materials. The pathways of enzymatic attack on humic acids, 
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t gether with the in ermediate products formed, are being 

studied using this species (Paul 

eldahl echniques, it has been shown hat selected soils con-

tain organisms which are capab a of fixing substantial amounts 

f a~mospheric :nj.trogen. Initial data suggest that approximately 

40 pounds o N per ac e can be produced in the presence of small 

q anti ies of c op residues. Where large amounts of crop resi~ 

dues are added, up t 1,000 pounds of N per acre have been fixed. 

These data are being confirmed by more detailed investigations 

(Paul). 

s udy initially has invol ed the checking of available methods 

o differentiating between Calci e and Dolomite forms of lime 

carbonate in s i s. The purp se of this study is to develop 

procedures which will d f e en iate between the pedogenic and 

indigenous carb nates in the genetic soil horizons (St.Arnaud). 

2 • _g-2!~~'!2Il ~2.% _ C.h ~1::2!.2 _2- '?::.!!1 ,0:: -~~n cLP~j J, c~ B t ·-Ho r l z on s ~ I n the 

present Canadian Soil Classification Sys em, the surface soil 

color is the main cri eria used t separate the Black, Dark 

Grey, Dark Grey Wooded and Grey Wooded soils, Differences in 

the nature of the B horizon of these soils is recognized, but 

as yet no satisfactory means f evaluating the differences have 

been found aud). 
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3. Micropedo!pgical Studies - This study involves the investiga-

tion of microfabrics of soils. Current work involves an evalua-

tion of factors affecting the development of specific fabric types 

(St .Arnaud). 

4. Additional Pegologic~l Studies being Carried out by the Pedolo

gists with the Sask. Institute of Pedology are reported in the 

Annual Report of the Institute. 

Q__o i 1 Ch em i s t r ;y~ 

1., The Amorphou~_Aluminum Constituents of Soils- Amorphous aluminum 

compounds with differing Al:OH molar ratios have been adsorbed 

on selected inorganic soil colloids - Kaolinite, Montmor~Uonite 

and Hydrous Micas. Characterization of these prepared colloid 

systems has included base exchange analyses in addition to X-ray 

and differential thermal techniques. Various extractants to 

remove the amorphous aluminum compounds are being investigated. 

The purpose of this study to develop an extractant which can be 

used to remove the amorphous aluminum constituents from the soil 

systems (Stewart). 

2. Reactions of Soluble PhoSI~.horus with X-·ray Amorphous Soil 

€onstituents - Studies to date have shown that aluminum compounds 

of various Al:OH molar ratios have the capacity to remove large 

quantities of soluble phosphorus from solution. The adsorptive 

capacity of clay free of amorphous aluminum constituents is 

negligible. The stud i e s to d ate have shown t ll at i n n at ural so i 1 
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systemsJ phosphorus is remo ed from solu ion primarily by an 

adsorption reaction. Very little of the soluble phosphate 

precipi ates Rennie and Stewart 

s il profiles taken from similar paren materials within major 

soil zones of the Province are being analyzed for amorphous 

constituents, montmo illonite, mi a, chlorite, kaolinite, quartz, 

and feldspar Huang). 

4. Th,:? _Potar;;;siu~_s&;y~e~of_Sas~WE!l}_§pils ~The equilibria 

and kinetics of the release of potassium from standard potassium 

bearing minerals are being inves igated. This work will be 

extended to include the m or po assium bearing minerals of 

selected s ils (Huang). 

- Various methods of 

measuring water st ess in plant issue are being compared. The 

Therm couple Psychrometer would appear o be the best approach, 

but presents many experimental difficul ies. Other methods such 

as a beta-ray attenuation te hnique and a dye method have not 

proven too successful (de J ng). 

- The research data obtained 

during the past year support the theory that adhesion is equal 

t soil moisture suction. The progress of this project has 

been hampered by inadequate equipmen (not available in North 

Arne rica (de Jong " 
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Soil Productiviti Investigations 

The objective of this research to evaluate the contribution 

of components such as profile type, hydrology, nutrient level, 

aeration, and density on the growth, yield and quality of wheat. 

Special emphasis during the past year has been placed on con

sumptive use of water of wheat grown on Calcareous, Orthic 

and Eluviated profiles. Weekly measurements of moisture use 

were made using a neutron probe. At the same time, air tempera~ 

ture and relative humidity were recorded six inches above the 

ground; the evaporation from black Belani plates was also observed 

on a weekly basis. An evaluation of the moisture use data and 

climatic variables has proven disappointing. Little or no dif-

ference was found between the three profiles in relative humidity, 

air temperature or evaporation, yet crop growth varied widely. 

Approximately 100 profiles selected within the extensive 

field fertilizer research project of the department were identi

fied and an attempt was made to relate consumptive use of water 

to yield and response to fertilization. The results of this 

study are reported in the 1965 Soil-Plant Nutrient Research 

Report (staff). 
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10., 

FIELD FERTILIZER INVESTIGATIONS 

I:n continuation of a program ,:)f field experiments, the Soil 

Science o.f the iJnive:csi SaEllm:tche-,~ran conducted a series of 

fertilizer trials in The bulk of the tests were 

on stubble lando 

111ere followed in selecting 

locations and 

three different 

up test 

c 

'I' en were set out the Soils 1 s own equipmento Eight 

of these 1t11ere on stubble land the other tvw were on summer fallow o Seed 

application was made with a disce:c and a drilL The discer was mounted on 

a tractor by- means of a hitcho The drill and a packer 

were pulled behind th.'2 discer all times, 

School of c 'rests 

field fertilizer test on stubble were set out on the 

farms of 

complete 

\IIIith the 

vvit;h fertilizers" 

l'lfere taken and 

z:rtud,::mts o The farmers used their own 

The selection of the plot site and the 

by persom1el 

t2: .fert:LlJ.zers manufactured by 

v1ere t.e:3ted on five of these plots o 

stubble fertilizt:'Jr tests vvere onducted in co-operation 

cf Ve!;,.:;;rans Affairs Veterans Land Acto The Soil 

tb.e 

soil 

:aloisttL~,~e 

and tlveir respective Credit Advisors 

and inst~cuctions" Soil S/;lmples 

timeo Rain gauges 

\'llere also installed in the 

recorded at 

of eaeh 

'rhe soil 

"' and vJere 

were characterized 

fo:~' avai.lable 

t.o chemical and physical 

and phosphoruso 

Available 1rms determined i:o. the samples onlya 

'I'hree of the test ·•rlere locat.sd on soil assocJ.ations not 

described in Soil and These associations have been 

set up to and vJill be used in future 
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11., 

Soil Survey Reports and Haps., Brief descriptions of these associations are 

as follows: 

0utherland association consists of a group of Chernozemic Dark Brown soils 

developed on variable fine textured, lacustrine deposits with profile tex

tures of clay loam and clay, 

Ha~ association corw:l .. sts of a group of dominantly Black Chernozemic soils 

developed on medium to moderately fine textured sandy alluvial-lacustrine 

deposits vvi th 1:rofile textures of fine sandy loam 51 ve!'Y fine sandy loam, 

loam.<~ and sandy clay loama 

I Phosp~.te Plac_ement, Studie1? on Summ~ 

'fhe field fertilizer experiments on smmnerfallow vJere designed to 

co1Mnre the effect of phosphate fertilizer placement in discer and drill 

seeded cropsa Broadcast applications were also tested, The fertilizer 

was broadcetst on the soil surface and incorporated into the soil as the 

seed bed wa3 being prepo.redo 

A I!todif:i.cation of the Int,ernational h?lO Grain Drill was used. The 

usual double disc furrolill opener drill Iivas modified by the addition af a set 

of s:Lngle disc furrow openers which can be adjusted to c;i ve varying depths 

of placement of the fert:Llizer in addition to the regular placement with 

the seed,. 

In ;:l.ddition to the field str:Lp placement studies set out on the Anderson 

and Belhumeur summerfallovJ fields, smaller research plots on which tagged 

arnmonium phosphate Nas used were laid downc The same tillage and seeding 

equipment Has used to seed these small plots; the fertilizer, however, was 

applied utilizing V·~belt applicators mounted on both the drill and the 

discer., The treatments included three levels of ammonium phosphate, 109 

20 9 and 40 pounds of P per acre, applied by broadcasting and with the drill 

and disc:ero In addition, at the 10 lb, rate of P application, the phosphorus 

was applied 1 11 to the side 5 and J.!i below the seeding depth. 

The tl'eatments were sampled at five stages of growth, in order to obtain 

some measure of the effect of placement on the rate of uptake of the applied 

phosphate., 

The following observations can te drawn from data given in Table l and 2" 

l. Significant yield increases resulting from 11~48-0 fertilization were 

recorded at both locationso 
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I:a one case 9 the c:hec.k yield with the discer was superior 

to those obtained 1!Jith the drilL In the other case, the unfertilized 

disce:t." and drill 

'I' he increase due to ~.8 lbso of 11~-48~0 was higher with the drill 

case 

resulted in small, but in one 

yield increase" At the higher rates 

of applica some c:mbstantial increases were observed a However:~ 

as observed in ;:rears 9 broadeasting phosphate fertilizer 

the least ,sffecti ve 0 

In st:,udies cf of tl1e ba.11d. of pl1osphate fertilizer, it -was 

observed that fertilizer 1 inc!!. belovv the seed resulted in 

than v.rhen the fertilizer was placed beside the seed or 

abovE; ito In one ca"se ~ the placement l inch below the 

seed Na~; to tAJith th.e seedo T ... n both cases~ the 

of he l ineh above the seed was least effective"' 

da.ta from the radJ.oaetive phosphate placement studies (not 

here) 9 the above conclusions drawn from 

the f:Leld 

utilization of the fer·t~ilizer phosphorus occurred at a much 

m.ore 

the shotblade 

of its t, 

than later stages of grmJth (Table 2) <> 

'"-""·"'m·F·'-'"'" the plant had produced only 15% 

5 1,vhereass at, this time 9 a major portion of 

of f,srt,tlize:r -~P had occurred, 

f fertiliz~::n~ ~P from the d:rill~seeded treatments was above 

the d iscer and broadca~3t treatrn.errts at all stages of growth o The up-

take of .from discer treatment was above the broadcast 

on.l.Jr ir1 tb,e earl.i.er of on the Belhumeur site" As the 

:respor1se f1"'on1 t b.e phosphate 9 in terms of yield increase, 

is -tb.an bat from the b:roadcast application, these data suggest 

uptake of is essential in determining final yield a 

'I' he es on fallow do not alter the current 

recorm:nendationc:; that fertilizers should be placed in close prorimity 

1Mith the seedo increases vJith the discer were generally less than 

~~hen the drill ~vas used 1) 

phosphate fert:Ui:zers 

at high rates of .fertilizationo Broadcasting 

t o be the least effective placement, 
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The data reported in this section are a portion of the results of a 

long term project to study the effect of phosphate placement. A complete 

report on thi.s subject 1t1ill be available at a later date. 

Table 1. Phosphate Placement Studies on Summerfallow 
_(Each value is the mean of 10 replicates) 

Seeding 
Unit 

Fertilizer 
Treatment 

(lb/ac) 

Yield of Grain, bu/ac 

Drill 

Discer 

Heans~!-

Check 

11-48-0 @ 48U 

11-48-0 @ 48S 

11-48-0 @ 48A 

11-48-o @ 48 

11-·48-0 @ 48B 

11-48-0 @ 95 

11-48-0 @ 95B 

11-48-0 @ 190 

ll-48-0 @ 190B 

Check 

11-48-0 @ 48 

11-48-0 @ 95 

11-48-0 @ 190 

Sutherland C 
(Anderson) 

SE7-37-4-W3 

24.,2 

29.3 

28.,5 

26.3 

32 .. 8 

25 .. 5 
36 .. 2 

30 .. 3 

32 .. 2 

31.9 

26 .. 6 

27 .. 3 
34 .. 1 

37 .. 2 

Melfort SiL-SiCL 
(Belhumeur) 

NIJI/29-45A-26-W2 

15 .. 9 

25 .. 9 

20.,6 

16 .. 7 
23.3 

19 .. 6 
20.4 

16 .. 4 
24.8 

23 .. 7 

15.9 

22.1~ 

21.3 

23.7 

Drill 31.4 21.,1 
Discer 28.,2 20.8 
Broadcast 28.,0 18.,9 
~~~~------------·----------------~~~--------~~~-------

U - fertilizer placed 1 inch below seede 
S - fertilizer placed 1 inch to the side oft he seed,. 
A - fertilizer placed 1 inch above seedo 
B - fertilizer broadcast and worked into the soil prior to seeding. 
*!"leans of comparable treatments., 
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II 

2o E.ffect of placement on the.22ate of uptake 
_ _j2_~J2li~_I?hosp£~Jf:.:-) ___ ~-

Shot, blade 

Discer 

7b fertilizer ~ P'~'~ uptake 

5o20 
L89 
2o36 

20o8.3 
8o33 

o98 

2o70 
1.,60 
0.,77 

25,43 
15.,71 
16o75 

o75 
.. 95 

l'7o9:3 

on stubble land are shown in Tables 

observations and conclusions 

were variabl~ from looa~ 

variable between sampling 

of 87 lbt:~. of 
average being about 

40 lea~ o! ll~4S~o 

~ p~.J:•t,i,(}u,larly in th~ Elaok 
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.)' 

15 . 

the check yields obtained with the discer 

_ where the drill was used (Table 3a, 3b). 

-.ucrease duet o fertilization obtained with discer 

.ver than the increase obtained with the drill; however, 

... . difference between the two was less than 1 bu/acre, (Table 7) • 

. ~b actual difference between the mean of discer and drill treatments 

varied considerably from location to location. It is suggested that 

the prior condition and preparation of the seed bed may have consider

able influence on the difference between discer and drill yields and 

yield increases. 

4. The results of broadcasting 120 and 180 lb. of 33.5-0-0 were quite 

variable. Significant increases over the check yield were usually ob

served, but the yield was not always superior to the application of 

87 lbs. of 23-23-0. (Table 3a, 3b, 4, 5, 7). 
5. Rapeseed on stubble responded well to 20 lbs. of phosphate and to 40 

lbs. of nitrogen. The check yield was low because of heavy competition 

from weeds (Table 6). 
6. Nitrogen produced good yield increases in the oats - barley plot at 

Marshall (Turvey). 40 lbs. of N. plus 20 lbs. of P2o
5 

resulted in a 

1. 56 ton/ acre increase. It was noted at harvest time that the oats 

responded to nitrogen to a greater extent than the barley (Table 6). 
7. Fertilization did not produce any significant yield increases on the 

Durum plot on breaking (Table 6). 

Fertilizer tests on stubble land have shown that average yield increases 

were similar when 20 lbs. of nitrogen per acre was placed with the seed (23-23-0), 

and when 40 lbs. of nitrogen was broadcast and worked into the soil prior to 

seeding. However, the yield increas es with broadcast nitrogen treatments 

were quite variable, and some plots gave a profitable response to 40 lbs. of 

nitrogen. In general, the check yields obtained with the discer on stubble 

land were higher than when the drill was used. Yield increases due to 

nitrogen fertilizer were also slightly higher with discer thanwlth the drill. 

A large number of the stubble test plots responded to 40 lbs. of 11-48-0. 

This could be expect~d from the relatively high available nitrogen content 

of the soils in the spring. However, good responses to nitrogen were obtained, 

in some cases, even when the top two feet of soil contained up to 100 lbs. 

N/acre. 
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Table 3b. Department of Soil Science Field Fertilizer Tests on Stubble 
(13lack and Grez Wooded Soil Zonesl 

Seeding Fertilizer Yield of Wheat ~buLac2 
Unit Treatment Melfort SiCl Hamlin FL Waitville L Oxbow L 

(lb/ac) (Bellamy) (Hoey) (Parkin) (Wagner) 
NE20-46--24-W2 El4-45A- S~U6-.35-8-W2 W25-41-5-W3 

~--~"" 
2:l-W2 

Drill Check 21,4 16.9 8 .. 4 18.,2 

11-48-0 @ 40 26 .. 7 22.,9 9 .. 2 26.,1 

23-23-0 @ 87 26,.8 19 .. 9 12 .. 6 26.6 

11-48-0 @ 40 plus: 

(1)33.5-0-0 @ 120B 24 .. 3 2L6 16.5 24.6 

(2)33.5-0-0 @ 180B 24~6 2L.6 16 .. 4 23.9 

L.SeD .. (P = .,05) 3o1 3o5 3 .. 0 4 .. 7 

Discer Check 22 .. 6 19.1 9 .. 3 23.8 

11-48-0 @ 40 27~4 24~7 1L9 22.3 

23-23-0 @ 87 24 .. 0 24.,4 16.8 23 .. 4 

-~ "i:IIOIIIJ...UO . 
L;S~D~ (P = o05) 2.,5 2,2 4 .. 3 N.s .. 

-=--'"''" 

Means* 

Drill 25 .. 0 19 .. 9 10.,1 23.6 

Discer 24,.7 22,.7 12 .. 7 23.2 

B - The nitrogen was broadcast and worked into the soil prior to seeding., 

*Means of comparable treatments9 
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Table L.lo School of Agriculture Field Fertilizer Tests on Stubble 
Yield of Wheat (bu/ac) 

Heyburn -
Estevan CL 

(Clay) 
N3Ll .. ~·9·~ll~W2 

1 

7 ~ll-10·~W3 

B 

L 

Check ll-48-0 23-23-0 ll-48-0 L.SeD 
@ 40 @ 87 +33.5-0-0 (P = o05) 

@l20B 

22.,2 

26o0 oO 29.,3 28.,6 N.So 

') 
G•l.(, 35o1 37o2 36o8 5o2 

27o0 27o7 

7.5 o7 7lo0 

and worked int,o the soil prior to seeding 

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



19. 

Table 5. Department of Soil Science ~- V.L.A~ Cooperative Field 
Fertilizer Test on Stubble 

33.5-0-0 B~~ 
ll-48-0 23-23-0 + 11-48-0 

-----~ Check Fert, Fert. Fert. 
Yield Rate Yield Rate Yield Rate Yield 
bu/ac lb/ac bu/ac lb/ac bu/ac 1b/ac bu/ac 

-------------"''""'"''''~~~~ 

Ws-SbLL 
Andr,es (Wheat) 16.0 60 18.2 90 23.8 120 21.7 
SW5-.,50-l0-·3 

SbLL·-BSiC.L 
Bedd.ome (Wheat) 24.5 32.0 92 29.7 117 31.6 
32-J+6-26-W2 

TiC-SiC 
Casavant (Barley) 65~1 40 65.8 84 74.8 100 64.6 
SE24·-44-15-W2 

ESiG.L 
Clark (\!Jheat) 22o0 3'7 26.0 24.1 135 23.9 
Nw11--30-9-W3 

WL-LL 
Gurrie (Wheat) 10o6 40 13.5 85 23.9 120 26.7 
SW12--24-23-W2 

CyL-vlmGL 
Derksen (\lfheat) 29,9 41 41.3 80 43.1 
SW19--13-13-W3 

BL-CL 
Ford (Wheat) 23o8 40 26.3 85 27.5 95 30.6 
NW28-·37-23-W2 

MeFL 
Frolek (Wheat) 16.5 ~.0 21.1 80 21.6 80 21.6 
sw9-L,4-17 -vo 
HRCL~·ScHvC 
Hayward (\'/heat) 21.4 43 24~5 86 23.0 114 23.1 
522-8-30-W2 

* B -· broadcast 
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26~3 
J4,3 

38e5 

25,5 

37.1 

15.0 

21.0 

75-'7 

24.0 

23-23-0 

Fert~ 

Rate 
lb/ac 

53 
130 

?5 

Yield 
bu/ac 

3? 7 
37,0 

45.0 

33.5-0-0 B-><
+ ll-48-0 

Fert,. 
Rate 
lb/ac 

130 

Yield 
bu/ac 

25a8 

Insufficient samples taken 

30 
?5 27 115 31.8 

84 ~-9 ,0 100 56.4 

82 16.9 102 21.3 

19 ·.7 

67 68,6 ,7 

85 25,7 115 22,7 
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Table 5. Cont 1d. 

33.5-0-0 B~~ 
11-48~0 23-23-0 + 11-48-0 

Check Fert, Fert. Fert. 
Yield Hate Yield Hate Yield Rate Yield 
bu./ac lb/ac bu/ac lb/ac bu/ac lb/ac bu/ac 

.. ~"""'"""""' 

TiC~CL 

Rushmer (Barley) 38.8 37 41,,6 58 4L4 92 42*9 
SE28-·49-14-W2 

'fCL 
Stadr.,ic:k (Wheat) 25,0 35 ,2 70 21.9 70 26.2 
SW5-7-18-W2 

01-CL 
Tosh (Wheat) 19.9 38 24,0 27,3 120 28.6 
SW22-·l4-3-W2 

RHvC 
Towriss (1tJheat) 16,2 40 .,0 100 1?.,6 100 18~6 
St'>J28--17-25-W2 

01 
Yakubowich(Wheat) 1?.,2 20 18 ?.3 21~.1 94 29*3 
N20-25-·5-W2 40 ~4 

E-WL-·CL 
Zunti (Wheat) 19,_0 44 21 25.7 116 25~2 

Nld34~ 38·-25-W3 

* B - broadcast 
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III Com:earison of_Full-run Seeding_and Alternate-:run_Seeding_ 

Treatments in which alternate seed and fertilizer runs were plugged 

were also set out$ The seeding rate adjustments on the discer and drill 

were not altered from the usual setting and the fertilizer attachments were 

set to deliver, with all runs open, 87 lbs~ of 23~23-0 per acre in the stubble 

plots and 48 lbso of 11-48-0 per acre in the fallow plots. In effect, the 

seeding and fertilization rates -vv-ere halved, the grain being seeded in rows 

14 and 12 inches apart for the drill and discer, respectively .. 

The yield results fort he alternate-run seeding .and comparable full-run 

seeding treatments are shown in Table 9o The following observations can be. 

made: 

1. The alternate-run seeded treatments yielded 53 .. 8'Jb to 75 .. 4% for the drill 

and 48,2% to 82,.9% for the discer as compared to the full-run seeding,. 

2o The alternate-run discer~seeding resulted in higher yields than the 

alternate-run drill-seeding., 

3.. The trends were similar on stubble with 23-23-0 and on summerfallow 

with 11-48-0., 

4., From field observations j_t was noted that the alternate-run discer-· 

seeded crop was able to compete more successfully with weeds than the 

alternate-run drill-seeded crop~ This was undoubtedly because the 

discer-seeding distributes the seed over a wide area, rather than 

restricting it to individual rows., 
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. ' 
IV Comparison of Urea-Phos_ph§;.i;.e andArDJnonhilll}~;Ltrate -~ Phoa:Phate Fertilizers 

A small plot, designed t o test urea-phosphate fertilizers was placed 

on the stubble field at 1\o.komis ~ The plot consisted of 25 treatments in 

a balanced lattice, using six replicates. Each sub-plot within a replicate 

consisted of one 25 foot row. The type of fertilizer and rates are shown 

in Table 9, Five field strip plots, with urea-phosphate fertilizers, were 

also set out (Table 10)., The following observations were made: 

1., Although emergence counts were not conducted, there was no evidence 

of germination damage in any of the-urea-phosphate treatments .. 

2o No difference in yield from sources of nitrogen in nitrogen-phosphate 

fertilizers applied at 15, 20, and 30 pounds applied P2o
5

• The 

yield increases appear to have resulted mainly from phosphate, with 

little response from nitrogen (Table 9)., 

3., There was no significant difference in yield between treatments with 

regular 2}-23-0 and 23·-23-0 urea-phosphate in three of the five field 

strip plots (Table 10)., In one case the urea-phosphate increased the 

yield aboYe regular 23-23-,0, in the other case it lowered the yield., 

The yield of grain, when fertilized ~ifith 120 lbs~ of urea-phosphate 

27-·14-0, was comparable with the treatment cf 11-48-0 at 40 + 33.5-0-0 

at, 120B., 
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'I'able 9o con 1t., 

Fertilizer 

--
11--48-0 

11--48-0 

11--48-0 

26-~26-0 

26-·-26-0 

26--26-0 

Che;ck 

L~SoD 5% 

27"' 

Yield 

'l'ype l,bo N Lbo P205 Grain Straw 
bu/ac cwt/ac 

. - .... """""""""""""'"""""""~"'" .. --------
D 3 15 30.,2 3LO 

D 4 20 28.,9 33.6 

D 7 30 29 .. 6 31 .. 6 

Jlllean Yield 29 .. 6 32.1 

E 15 15 31~6 32.,7 

E 20 20 34.,2 34 .. 3 

E 30 30 33 .. 0 35 .. 0 

Hean Yield 3;~c9 34 .. 0 

0 0 2l~., 7 27.,8 

le.,O 4e4 

A urea phosphate Sherri:tt, Gordon urea prills coated with 
MAP ,!l plus 21·~0-·0., 

B mechanical mix of 11~48~0 and 33.,5-0-0., 

C mechanical mix of urea 9 21-0=0 and 11-1+8-0., 

D mono-ammonium phosphate (JY1AP) 

E mechanical mix of urea and 11~48-0, 
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3. The evapotranspiration ratios varied considerably from location to 

location" The high evapotranspiration ratios reported for three of 

the locations (Goodale, Parkin and ·wagner) can be attributed to excessive 

rm10ff from heavy rains and moisture loss from weed growth<~> 

Table 11. Hoisture Use and Eva.potranspira.tion Ha.tio of Wheat 
Grmm on Stubble Land 

Spring Growing Season Fall 1rJa ter Used Evapo-
Inches H20/4 ft Hainfall Inches H20/4 ft Inc:hes/4 ft transo Ratio 

(inches) 
~""'"' 

Anderson 17.06 6.56 13.30 10.32 1536 
Bellamy 14.12 4.60 10.27 8.45 1493 
Goodale 12 .. 66 7,68 10.25 10~09 2687 

Hoey 12.19 4.55 7.98 8.76 1950 
Parkin 13.11 9.78 10.71 12.18 5483 
Popoff 12.18 7.68 9.95 9.91 1837 
Shields 10.,78 11.05 8.46 13.37 2257 
Wagner 10.12 10.12 6.99 13.25 2753 

Table 12,. Spring lVloisture Conditions and Growing Season Rainfall 

Average Estimated 
Soil Depth of Available Growing Season Average Check 

Texture }!Ioist So:U IVIoisture Rainfall Yield (bu/ac) 
(inches) (inches) (inches) 
~ 

Anderson C=CL 48 8 .. 0 6.,56 25~4 

Bellamy SiCL 48 7.2 4,60 21.4 

Goodale CL 48 7o2 7@68 14.2 

Hoey FL 48 5 .. 2 4,55 16.,9 

Parkin 1 48 6~4 9.78 8.4 

Popoff CL 48 7,2 7,.68 20.4 

Shields 1 48 6.,4 11.05 22.4 

Wagner L 48 6.4 10.,12 18.,2 
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VI Soil Test Correlation Studies on Stubble Land 

The yield and soil test data from 43 stubble test plots was used to 

calculate profitable responses in relation to available N and P (Table 13 

and 14)" The cost of .fertilization was calculated from current fertilizer 

costs plus application costs of $0.,25/acre for each application (Leo .33o5-0-0 + 
11--48-0 - ~;0.,.50/acre)., 

In Table 13 the profit is d.iv.ided into bJo ranges - less than $3.,00 

per acre profit ancl greater than ~i.3.,00 per acre profit. In Table 14 the 

profit is calculated from the average yield increase for each fertilizer 

treatment which gave a profitable responseo The following observations can 

be made from the data in Table 13 and liJ.: 

1. 74?£ of the stubble t. est plots responded profitably to 40 lbs. of 

11~48-·0., 

2" 81/b responded profitably to 87 lbs ~ of 23·-23-0, however, in only 63?b 

of the plots 1,11 as this response partly due to nitrogen., 

3o 37>1, of the plots Bhowed no response to ni.t~rogen., Although the average 

lbso N per acre - 2 f'to was 88o9~ none of these plots had available N 

contents between 8.5-150 lbs,,/acre ,., 2 ft., 

4o The test. f' or available N0'1 ·~ N showed very high levels of N in the soils; 
"" only bATo locations had less than o5 lbso of available - N/acre in the 

top tlw .feet" 

5.. Even though the available N content. of the soil was high, profitable 

responses to 20 and 40 lb:::> c of' N we::re realized.. Sixteen of the 43 

plots showed a profitable response to 40 lbso of N and 27 of the 43 

plots showed a profitable response to 20 lbs. N (Table 14) .. 

6., There does not appear to be any correlation between the average avail

able Nand P content of the soils and response to any given treatmentD 

However, it can be noted that the 3 plots showing no response to any 

treatment v\Tere low in available N and P in relation to the other 

groups., (Table 14)<> 
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Table 15 shotl\fs the check in relation to Sub-Group profiles a Ten 

profile sites were within each of the plots set out with the Soils 

Department equipment, 'I'he mmiber of replicates fore ach Sub·-Group profile 

were selected to coincide ·with the profile distribution in the plot. Thus, 

in a plot containing 6o;g Orthic and hO% Bluvi.:lted profiles, six Orthic and 

four l!.luviated 1:rofile s:i:te::; were s eleeted .. Profile sites vJere selected 

such that a profile was eontinuous across all treqtments within the plots o 

'rhe following are (i't'a~m from rrable 15: 

1., The comparison -v1ith the largest volume of supporting data is between 

the Orthic and Eluvi.ated profiles., The average yield of all Eluviated 

profiles (18,.9 bu/ac.,) is almost identical with that of Orthics (l9o2 bu/ac.) 

However:. there is one difference worthy of note o In the 1/~agner plot on 

Oxbow loam. the Eluviated profiles yielded 6ol bu/ac., less than the Orthic 

profiles., The Eluviated profiles in the ~·iagner plot were highly leached 

and characteristically possessed a fine platy Ae horizon of 3" - 411 in 

depth and_ an Ah horizon of no greater depth than the associated Orthics., 

El.uviated profiles in other plo·ts usually had a much shallower and less 

distinet Ae horizon than the ~'lfagner Eluviated profiles and a deeper Ah 

horizon than t.hei.r Orthic colmt,erpartsa 

2., The lmv product;ivi.ty o.f Grey 1/Jooded soils in comparison to Chernozemic 

soils is shoi\II+ by low yielc1 on the Dark Grey Wooded profiles 

in the Wait ville loarn plot"' 

3., The evidence with regard to rroduct,j:vi.ty of H.ego Chernozemic profiles on 

fine ·t;,extured 1 :is contradictory, In the summerfallow 

plot the Orthic profiles yielded higher than the Rego profiles while 

the trend was reversed on the stubble plot, It should be noted, how

ever Sl that, Rego and Orthic profiles are morpholgically similar, on fine 

textured parent materials and the difference in productivity would not 

be expected t o be very 

Calcareous and Gleysolic are represented by too few replicates 

toprovi.de a reasonabl'."' basis for com.par~.sono Several of the Gleysolic 

si.tes were flooded due t.o exc~~ssive rainfall and, therefore, were not 

sampledo JY!uch more data must be obtained to establish the productivity 

of Sub-Group profiles., 
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VIII 

Table 16 and 17 shm\! the results of available phosphorus (NaHco
3 

extrac-

tion) and nitrate and response to fertilization on a Sub-Group 

profile basis" 

The following observations are d.ra1rm from data presented in Tables 16 

and 17: 

The nitrate level at t,ime of s ~,ras high in almost all plots" 

Noteable are the EJ:uviat.ed sites on the ,:Jhields plot, the 

Gl.eysolic site on the Bellamy plot., and all sites in the plot on Grey 

1t~ooded soils., 

~~ith the exception of the Sh:i elcis and plots the Eluviated profiles 

were found to :have a som.ewhat higher nit:rate level than the associated 

Orthic profiles" Data on nutrient level:? of other Sub-Group profiles 

i.s r.ot sufficient to show 

lation to Sub~Group 

pattern required for f 

~1ore d a ta will be 

status of 

Very fe~v s yleld 

were observed a s would be 

sponses to nitrogen on the 

t,rends" 'I'he nutrient status in re-

in determining the sampling 

recoxnmendations based on a soil testo 

to deterrrd.:ne the differences in nutri.ent 

due to nitrogen fertilization 

f:t.·orrl soil test data@ The high re

ar(~ difficult to explain in 

vieir.i of the associated spring nitrate leveL 

4o Very little difference was obse:rved in available phosphorus levels 

(Tablel?) of Orthic and Eluviated pro.fileso Gleysolic profiles (Shields 

and Bellamy) appeared t.o have a somewhat more favourable phosphorus 

status than all other 9 the data is insufficient to be 

conclusive~ Good re~'3ponses to phosphorus on sunmerfallow were observed 

(Anderson and Belhumeu:r·) Q The available phosphorus level at time of 

seeding was low t,o medium and the 

on the basis of so:Ll test data., 

increases were to be expected 
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T'able Status and to Fertilization 
(Stubble Plot;s) 

Hurr.ic Dark 
Caleareou:c' Orthic bluviated Eluviated Grey 

Gleysol Wooded 
. --- -· ,.--~-==-"'====·"""'""-==~.,..- ~ ===~ 

5) ,5(5) 
C~CL 

2 Inca lo3 1 

E.1stow N 155,5(8) 
CL~L 

Inc:o ~008 ~Oo'7 

Elstow N ( 5) ~::) J. 

GL~L 
( 
\ Inc:~ L9 L" 

'1 

N .25 48o0(3) 
1 

Inc:o o8 9o8 15o7 24oO(l) 

Oxbow N 108,. 1 
T .w 

Inco 9o4 ,~., ~0,5 L 

N 
,.., .,6(3) ! 

FL 
of~. ~2,0 

lvlcelfort N o5( ) 29.4( 
~~iCL~GL 
( 
1 Incv L7 L8 

N 51o8(l) 46.,4( 9) 
L 

) Inc,. 3c4 

l lbs, nit.rate ni 2i 0 

2 Increase (bu ,) @ over @ 40 
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Table 17o Available Phosphorus Status and Response to 
-~-----J:.h~I?hQ:rus F'ertil5 za tion 

Humic Dark 
Rego Calcareous Orthic Eluvia:ted Eluv. Grey 

Available Phosphorus (p_:em} 

Anderson 

Goodale 

Popoff 

Shields 

11\lagner 

Hoey 

Bellamy 

Parkins 

6.1(5) 10.0(5) 

22.,4(g) 

14.,6(5) 

16.2(4) 

10.9(1) 

9 .. 1(6) 

8,.8(6) 

Gleysol Wooded 

19 .. 5(2) 

12o7(5) 

18og(l) 24.3(3) 

9.6(7) 

9 .• 8(2) 

13 .. 9(3) 46e5(1) 

5 o6(1) 5 .,3( 9) 

------------~-==·-----------------

Belhum.eur Summerfallow 

A vaiL P (ppm) 

ll-4g-o over 
check (bu/ac) 

7 a0(7) 1L9(3) 

7 .,4(7) 3 .2(3) 

--~-------------~~----·---~-~~~· -----
Anderson Surnrner.fallo111r 

AvaiL P (ppm) 

11-48-0 over 
check (bu/ac) 

16,.0(4) 
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During the years 1956-1963, a total of 1,471 field fertilizer 

test trials were se t on 22 soil associations. The tests ranged 

throughout h.e Brown, Dar Brown, Black, Grey~Black, and Grey Wooded 

soil zones. 

Surface soil samples taken from the plot sites were analyzed 

fo b th sodium bicarbona e and arbonated water soluble phosphorous, 

( s a.tur a ted ), and c nductivity saturated extract quali~ 

tative lime, sulfates and chl rides, and approximate mechanical 

camp sition. 

~he multiple regressi n analyses carried out on the data were 

programmed for the Fortran compu er by Dr. Wehrhahri. Of the 13 

variables included in the analyses, onl 3 were shown to have sig~ 

nificantly affected ield increases resulting from an application 

f 40 lb of 11-48-0 per acre; these included the check yield, and 

the sodium bicarbonate and carbonated water extractable phosphorus. 

These variables ace unted f r 42% of the variations in yield 

esc1mably 58% of he variations in yield increases 

due to phosphate fertiliza ion resulted from factors other than 

those measured in the experiments. 

The sodium bicarb nate ex ractable phosphorus accounted for 

3.1 of the ean 5.1 change in yield due to phosphorus fertilization. 

The carbonated water e action was reflected in an average effect 

of 1.4 bushels whereas the check yields accounted for .26 bushels 

per acre. 
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While the mnltiple reg:ression a.nalysis was not too meaning-

ful, it did clearly suggest the superiority of the sodium bicar-

bonate extraction as an index of available phosphorus in the 

soil. Summary comparisons of the soil test analyses are illus-

trated in the Tables 1 to 7 inclusive. The summary comments 

following each table, in general lend further weight to the use of 

the sodium bicarbonate extraction as a means of estimating the 

phosphate fertilizer requirements 

Check Yield 

Yield Increase 

pH 

H2 C03 --P (ppm) 

NaECO::;·"P (ppm) 

f soil. 

on 14 '?l S afll?_l e s 

26.6 + 10.9 

5.1 + 5.3 

7.13~ 0.69 

23.9 + 11.6 

17.0 + 8.6 

COlVIMENTS: The standard deviation following each mean value 

indicates the statistical range in 66% of the cases. Check yields, 

for example, range from a low of 15.7 to a high of 47.5 bushels 

per acre. Similarly, it is evident that yield increases resul-

ting from phosphate fertilization range from zero to approximately 

10 bushels per acre~ Very little variation in pH was recorded. 

While the carbonated water extracted a greater amount of phosphorous 

out of the soil than the sodium bicarbonate extractants, the range, 

when expressed on a percentage basis, is approximately 50 for both 

extractants. 
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Table 2. Summary f Phosph rus Correlation Studies on Fallow 
Land for the Years 1956-1963 

Soil No. f Extractable~P ~ ppm Check 
Yield 

(bu/ac) 

Yield 

Association Tests 

Waitville 76 '7 . 5 6 
gina, 38 7 0 ::: 8 

Melfcrt 86 6 0 :3 10 
Meota 54 6 0"_) 11 0 

,_, 

ow 123 
,_, 

4 12 I 0 

Asquith 123 6 0 2 l r; 
"~ 

Gv V asec a 60 6 0 1 14 
Yorkton 129 7 0 

~; 

I 14 
Blaine Lake 1 35 (' 6 14 0 0 

Elstow 395 7 0 1 15 
Ws urn-

Eistcw 45 7 0 7 16 
TUlxford 139 7 0 5 18 
Weyburn 305 6 0 7 18 
Sceptre 110 7 0 3 24 
Naicam 20 7 0 5 

F1 axco,mb '"" 36 6 '7 
0 ' 

Kindt7rsley 25 7 0 1 

l\T lhCOs 
M SD M SD 

c:;+ 2 0 0"" 

0 3: 2 
+ r, 

0 4~0 ,:;, 

0 
6~~ 3 

0 :3± 3 

0 s~: 3 

0 2 

6 0 

o+ 4 ,, b_, 

0 
4+ 
~ 

7 

0 
-+-? l,_,L~ 

' 
0 l: 9 

r•+ 7 0 I ~· 

0 3! 8 

0 6 
0 0 

0 6 

0 4 
0 5 
0 9 

0 1 
0 3 

0 4 
0 7 

0 2 
0 7 

0 4 
0 l 

2o.o:!:: 8.7 
17.7~ 7.3 
20.5~10.7 
18.0"2:: 8.6 
21.9"2:: 9.8 
15.9~ L5 
17.0"2:: 5.9 
28.4±14.6 
24o0-:::l2.2 

+ 22o1_10.6 

29.3'!20.8 
23.6±11.1 
23o8± 8o9 
26c6:!::ll.l 
27.7-:::11.4 
24.2"2:: 7.5 
22.8-::: 8.4 

M SD 

25.5~ 6.7 
22.2± 5.9 

+ 31.8:...10,0 
23.3±11.6 
27.1~ 7.8 
22.4~ 8.4 
32 0 ~:r!:14. 9 
27o2~ 9.7 
27.1~10.0 
26.8± 9.6 

+ 2603+14.1 
26.3- 8.6 
22.1~ 9o8 
37.9:!::13.8 
27o8± 6.1 
58.0± 8.1 
41.1"2::15.0 

Increase 
(bu/ac) 

M SD 

1L5~ 7.2 
7.0-::: 4o8 

+ 50 1 7.8+ 
800_ 4.7 
6ol-::: 4o7 
6.4± 4.9 
5.2± 4o5 
6.2~ 4 ,, 9 
5.7~ 5o4 
5 1+ 

o. =· !L3 

5.8-::: 4,8 
4.5± {L 3 
4.7-::: 6o2 

11.3± 7.5 
4.8± 4.8 
4.1± 7.7 

+ 6.5_ 7 0 9 

The data given in Table 2 has been summarized on the 

basis of s il asso iations. 1 the data obtained in this study 

has n t been included. It was considered that unless there were 

at least 20 plot sites, the mean data would not be too significant. 

For ease in in erpretation, the data for the various associations 

has been arranged in order f increasing sodium bicarbonate phos-

The mean sodium bicarbonate values correlated 

highly h yield increases The correlation between the 

carbon.ated 'iXJater values and yield increases was low (-0.43), and 

These data uld suggest that the level of sodium bicarbonate 

extractable phosphorus is related to the genetic soil factors used 

to separate a il on the association basis. Presumably, the major 
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41~ 

factors include the parent material and possibly the O.M. content. 

This relationship warrants further investigations. For example, more 

detailed studies on the member profiles making up each association 

may enable establishment of soil test benchmarks for selected groups 

of the major soil associations in the Province. 

Where the sodium bicarbonate extraction values are high, the 

range in yield increases (standard deviation) usually exceed the 

mean increase value. This suggests that the higher the "available 

phosphorus'', the greater the expected variation in yield increases. 

In other words, yield increases some years may not pay for the fer-

tilizer. 

expected. 

However, on the average, profitable yield increases can be 

In contrast, the standard deviation did not exceed the 

mean yield increase where 14.8 ppm or less of sodium bicarbonate 

extractable phosphorus was present in the soil. Thus, the chances of 

obtaining paying yield increases each year are good. 
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Table 3. Variations in Soil Test and Yield Data During the 
Period 1959-19631 

No. of 
Tests 

Extractable-P , ppm Yield, bu/ac 
Year 

ELSTOW ASSOCIATION 

1959 
1960 
1961 
1962 
1963 

68 
74 
70 
69 
49 

WEYBURN ASSOCIATION 

1959 
1960 
1961 
1962 
1963 

80 
60 
50 
39 
44 

TUXFORD ASSOCIATION 

1960 
1961 
1962 
1963 

65 
50 
50 
45 

pH 

6.3 
7.4 
7.8 
7.5 
7.3 

6.6 
6.8 
6.6 
6.7 
6.8 

7.6 
7.5 
7.6 
7.5 

H2C03 NaHC03 
M SD M SD 

19.2 6.7 
22.7 9.3 
20.5 12.0 
15.4 8.6 
26.8 11.8 

22.7 10.5 
26.8 7.7 
22.2 9.1 
19 .5 8.3 
27.6 6.8 

26.1 6.8 
28.6 11.3 
17.3 7.3 
25.3 7.4 

16.3 
15.3 
14.6 
13.8 
16.2 

16.8 
19.2 
20.0 
20.5 
18.2 

7.9 
7.2 
9 . 7 
7.7 
7.5 

6 . 1 
4.5 

10.9 
7.3 
7.4 

12.7 3.6 
22.7 11.8 
13.6 4.4 
18.2 5.8 

Check Increase 
M SD M SD 

24.0 8.0 
33.9 7.7 
22.7 7.9 
19.0 8.8 
31.7 7.0 

21 . 9 5.9 
27.7 6.6 
19 . 6 4.4 
12.9 5.5 
32.4 6.5 

30.8 6.6 
24.5 8.3 
27.7 8.3 
26.6 4.3 

6.4 
8.5 
5 . 1 
4.5 
3.2 

7.6 
4.9 
3.3 
5.9 
3.6 

5.7 
4.1 
6.2 
4.4 

4.0 
5.4 
3.9 
4.1 
4.6 

6.0 
4.0 
2.6 
4.5 
7.1 

4.5 
3.5 
4.6 
3.6 

1Tests on the same farm, but not neces saril y the same field. 
Five locations selected on each of the three soil associations. 

COMMENTS: During the period 19 59-1963 inclusive, farms were selected 

within the Elstow9 We yourn and Tuxford soil associations, and tests 

were laid down each year on the same farms, but not necessarily on the 

same field. The data confirm that variations in yield increases from 

phosphate fertilization can be expected from year to year . The 

average reaction from many of the farmer cooperators fo r 1963 was 

that fertilizers didn't pay. However, the data obtained in the four 

previous years clearly demonstrated that profitable yield in c reases 

could be expected. 
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Table 4. Benchmark NaHC03 Values vs. Yield of Check, 
Yield of Inc_rease z and EH 

Benchmark NaHC0 3 -P No. of Yield, bu/ac 
(ppm) Samples pH Check Increase 

M SD M SD 

Less than 8 119 7.6 2L6 8.6 7.0 5.2 

8.1 - 14.0 472 7.3 25.5 9.3 6.0 5.2 

14.1 - 20.0 444 7.0 25.0 9.6 4.9 5.0 

20.1 - 26.0 202 7.0 27.5 10.7 3.5 5.0 

Greater than 26.0 181 6.9 28.5 12.7 4.3 5.2 

COMMENTS: The different ranges of sodium bicarbonate extractable 

phosphorus that resulted in statistically different yield increases 

are labelled 'Benchmark Sodium Bicarbonate-P'. The number of 

samples following in each category suggest that the large majority 

of soils in the province contain levels of phosphorus ranging from 

8.1 to 26 ppm. It is interesting to note that there is an inverse 

relationship between the pH and the benchmark ranges. Equally 

interesting is the direct relationship between yield of check and 

extractable phosphorus; soils with less than 8 ppm extractable phos-

phorus yielded considerably less than those with greater than 26 ppm. 

Yield increases ranged from ~ high of 7 bu per acre for the 

very low phosphate status soils (less than 8 ppm) to 3.5 for the 

soils falling in the 20.1 to 26 ppm P range. The reason for the 

slight increase in mean yield inc~ease between the very high (greater 

than 26.1 ppm P) and the high, is not immediately evident. 
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Table 5. Benchmark N 

Benchmark 
pprn) 

Less th.an 8 

14.1 ~ 20.0 

Grea er than 26.0 

~P 

Values vs. Mean NaHC03 and H2 C03-
Phosphorus 

:No. f 
Samples 

119 

472 

444 

202 

181 

Phosphorus - ppm 
NaHC0 3 H2C0 3 

M SD M SD 

6 0 5 1.2 13.3 50 8 

11.2 1.6 19.4 8.6 

16.6 1.6 23.6 9.2 

22.5 L8 29.3 9.9 

3 ~1 G 6 8.4 37.0 73.0 

The comparisons between the box values for sodium 

bicarbonate extractable phosphorus and he mean sodium bicarbonate 

and the carbonated water values are self-explanatory. The wide 

discrepancy in the standard deviation for each of the mean sodium 

bicarbonate values as compared o the carbonated water values 

reflects the lack of agreement between these two extractants. 

Ta le 6. Benchmark 

Range in H2 
pp!Ti 

-P 

Greater than 36.0 

C0 3 Values vs. Yield of Check, Yield 

No. of 
Scur:.ples 

215 

839 

709 

351 

271 

6 

6 

7 

7 

7 

0 8 

a 8 

D l 

0 2 

0 3 

12H 
Yield 9 

Check 
IVI SD 

2L7 8,3 

24o9 10o2 

28,8 10.7 

30,6 12.3 

30.1 13.0 

bu/ac 
Increase 
M SD 

7o9 6o3 

6.9 5 Q 6 

5. 5 5.8 

5 Q l 6.2 

5oS 5.4 

I could be c n luded on hs basis of the data given 

in Table 6 only that the carbonated water extractant is equally 

as good as he carbonated water as a means of estimating the phos-

phorus fertillt statu.s of soilsc It should be noted, however, 
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that tnere are many more samples included in tne comparisons given. 

These data were obta1ned during the years 1953-1963 inclusive. It 

was noted on the basis of the data given in Table 4 that the pH in 

the soil decreased as the sodium bicarbonate extractable phosphorus 

increased. The reverse trend is evident in Table 6. 

Table 7. Benchmark H2C03 Values vs. Mean H2C0 3 and 

NaHC03 Values 

Phosphorus - ppm 
Range in H2C0 3 -P H2C03 NaHCOg 

(ppm) M SD M SD 

Less than 12 9.9 1.8 9.6 4.2 

12.1 - 20.0 16.2 2.3 13.6 5.3 

20.1 - 28.0 23.6 2.3 16.9 6.6 

28.1 - 36.0 31.4 2.3 20.6 7.5 

Greater than 36.0 46.4 11.3 27.7 11.2 

COlVIMENTS: The same observations drawn from the data in Table 5 

are applicable to those given in Table 7. 

Table 8. Sub-Group Profile Plot Data Including Two 
Rates of NH4H2P04 Application 

Benchmark NaHC03-P No. of Mean Yield Increase 
(ppm) Plots bu/ac 

8.75 lb p 17.5 lb p 

Less than 8 8 6.8 12.0 

8.1 - 14.0 14 5.7 6.9 

14.1 _, 20.0 10 6.6 7.6 

20.1 -· 26.0 10 7.0 7.4 

Greater than 26.0 11 6.1(1.2)* 8.5(2.2)* 

*Mean yield increase excluding Gleyso1ic plot data 

COMMENTS: The majority of the radio tracer experiments set out 

since 1955 included two rates of ammonium phosphate applications, 

8.75 and 17.5 lb P per acre. The mean yield increase obtained 
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fr m 53 field experiments ss down on selected sub~group profile 

types have been summarized in Table 8. The data suggest that up to 

80 lb f 11-48-0 per acre should prove profitable, where the sodium 

bicarbonate extracTab e phosphorus in the soil is low. With 

increasing soil phosphorus levels, rates in excess of 40 lb per acre 

appear jus~ified. 

The majority of he yield increases included in the greater 

than 26.0 category were obtained on gleysolic profile sites. These 

p orly drained soils are usually much cooler at time of seeding in 

the s~pring, and p:re,sumEibly this facto has maintained the higher 

than expected yield increase f om phosphate fertilization. Where 

the gleysolic data is excluded, small, non-economic yield increases 

were o'b ained. 

Table 99 Phosph rus Fertilizer Practices Based on 
N 3 Soil Test Data 

~,~i~C~·e~J~~~raj._E_5>~1-~eeded on fallow land) 

~~~§fpctug~r~~, l~,§lHCJ)~·~·P,,,,,~" ~,~~,,·-~~~~,~J?ert il i zer Recommendations 
~!!E1?~~l: g _J:U::~P~ f::£L!::~ ttl s, 11 - 4 s - o 1 b I a c 

~Less than 8 Very 1 w 

l4ol - 20.0 Medium 

Grto, ate r 
26 0 0 

11a.:n 

f-ligh 

Very high 

60 - so 
50 - 60 

40 - 50 

40 

40 Not recommended 
if seeding date 
later than May 21 

The fertilizer recommendations given for the five phos-

phate s atus categories are th se which will be used by the soil.-

tes ing laboratory. These recommendations are, to a large degree 

based_ on the :f llowing observations drawn from the data given in 

Tables l to 8 in lusive. 
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l. The ranges in sodium bicarbonate extractable phosphate 

given for the very low through to the very high phosphorus status 

soils have been shown to ~eflect not only a decreasing response to 

40 lb of ll-48-0, but also an increase in the risk of obtaining a 

paying response. 

2. The data from the radiotracer plots clearly support the 

60-80 lb. per acre application of ll-48-0 for the very low phosphorus 

status soils. Unfortunately, rates intermediate between 40 and 80 

lbs have not been used in any of the field experiments reported in 

Tables l to 8 inclusive. Logic, however, suggests that a somewhat 

higher rate of application should be used on the low than the medium 

or high phosphorus status soils respectively. Further verification 

of optimum rates of 11-48-0 applications for cereal grains seeded on 

these intermediate phosphate status soils is required. 

3. There is considerable evidence in the individual data ob

tained from the field strip tests that early seeded crops almost 

invariably respond better to phosphate fe~tiliz~ti6n than those 

seeded after June l. The data obtained from the radio tracer plots 

suggests that good responses can be expected even on very high phos

phorus status soils where (presumably) soil temperature is cooler 

than average and perhaps moisture conditions are optimum or above 

optimum. For this reason, 40 lb of ll-48-0 is recommended for cereal 

grains seeded on very high phosphorus status ~soils, providing the 

crop is seeded in the early spring. An arbitrary cut-off date of 

May 21 is suggested, but it must be realized that this should not 

be considered a rigid date. 
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( 

(c) as 

'rhe mineral then 

to 

In 
1,, 

in many soils (19, 13) and 

minerals to which they are 

form~d on a synthetic cation 

(9), Barnhisel and 

hydroxy/aluminum ratios on 

) it was (,;c.mcluded that: 

by KCl as a hydroxy group 

rodueed by the actual 

than blocking of the 
11 fj xed" Al had a positive charge 

the experimental inter-

~vas aged, gibbsite was formed. 

showing that the gibbsite 

a charge and was attached 

frQm the chemical 

of' alnrninum 

to pre-

)' exchangeable 

ttempt 1.-ras made to fix 

t ure of the fixed alumin'Ulll. 

on 
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Experiment L The formation and characterization of amorphous aluminum o.x.ide 

~ clay mixtures 

Material and Met,hods ---·-
The standard clay minerals obtained in rock· form included Montmorillonite 

from Otay, California 2 A.P .. ,L R{:'lferenc:e No. 24-:1 Illite1 from Morris, Illinois, 

A.P "L Heference No. 36., and Kaolinite
2 

from Bath, South Carolina, A,P.I. 

Reference No. 6~ 'rhese m1nerals W\i.J.CiB di.spersed in water and treated to remove 

impurities from the planar surfacesQ Particles of less than .2 iA..diameter were 

separated off and used in the preparation of Al-clays,. The c,~.ays were saturated 

with Ca.++ by a centrifuge method using lN calcium chloride s,.,.lution. Excess 

salts were removed with one wash iOf 1111ater followed by washes with 95% ethanol 

until Cl-· ·was not det.ected i.n the wash solution., 

To the different 0 . 2~& solutions of the calcium clays in a Waring Blend or, 

0.5 N AlG1
3 

and O,,S N NaOH solutions were simultaneously added dropwise so that 

the OH/Al molar ratio varied from OeOO to L50. This method was essentially 

that of Slaughter and Milne (18)fj and Shen and Ric~ (1?). The samples were allowed 

to remain in solutjJ:')n for six weeks with daily shaking and mixing. After this 

time had elapsed, the clays were centrifuged"' washed free of Cl- as indicated 

previ.ously, and the samples were air dried~ 

Cation exc;hange capacity was determined by calcium saturating th':J 

sample 11 washing out excess salt and then exc:hanging the calcium with ne,utr~ . .l 

1 N magnesium acetateo Calcium in solution was determined using the Unicam 

atomic absorption instrUJnento 

Exchangeable Al was deter.mined by displacing the Al from. 0.1 g samples 

with 5 \..rashes of 1 N NaGL T'he clay was washed similarly with 0.1 N HCl to 

remove the 11 fixed 11 or extractable Al. Studies by Shen and Rich (17) showed 

that most of the 'ifixed11 Al \.Yas removed in the f1rst HCl wash. The results were 

corrected for Al released from the lattice by subtracting the amount removed 

from the Ga clay by the same treatment. Al was determined colori.metrically using 

the Aluminon method (9). 

1- obtained from Wardvs Rochesters N~ YG 

2 ~ obtained from H. To Vanderbilt Company, Inc. Ne-w York 

(trade name Peerless No. 1) 
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" 

area determinations were out using ethylene glycol as 

diffraction patterns were obtained described by Bo~tller and { 
\ 

Norelco Refractom.:lter using Cu rd:: radiation, The samples were 

prepared for analysis 

approximately 0,20 mg clay on 

ethylene glycol 

and drying a ..::lay water suspension containing 

slides·' Other samples were treated with 

patterns were obtained both before and 

after heating to for 16 hours. 

,x,., ..... .,....,s for the:rma] were mixed with equal amounts of 

allundum and equilibrated at 52% RH over a saturated Mg (No
3

)2 solution.. The 

sample and inert materials were held in platinum cups and alumel-chromel therma-

e were used to detect temperature differences which were registered by a 

Brown Honeywell potentiometric recor(h':lr, A heating rate of 10°C.min. was used 

and temperature of inert ma te:rial was measured, 

In of th.e 

ment,:s were 

1111i th diffe:cent OH/Al 

of u.nder observation, four different treat

in a Ca~:~lay and three Al-clays formed in 

os -~ 0,.375j) 0.75 and L50- for each 

clay mlneral type o Table 1 presents the chemical characteristics of the treated 

JYiontmori 

capacity valu6s der,:;:reased as the OH/Al molar ratio of 

due ·t;,o the formation of positJ.vely c:harged poly

aluminum values decreased as the 

molar ratio increased while "fixedli Al values showed the opposite trend 

These results 

attributed to a 

general a 

different 

Surface area values were 

increased., X~ray diffraction 

spacings due to the formation of 

~eJith ether workers> differences being 

and. different times of aging of the Al~clay 

to decrease as the OH/Al molar ra.tto 

show an increase in the ( 001) basal 

aluminum hydroxy compounds in the 

interlayer space, 

at room temperature ( 

clay sampl.es treated viith ethylene glycol were X-rayed, 

) a11d after heat treatment at 500°C for a few hours, 

further evidence on the formation of inter layer compounds was obtained,, Al-

montmorillonite ll•!ith OH/Al ratios of Oo and L50 required prolonged treatment 

with ethylene glycol before the basal spaeine; on X-ray analysis was found to 

increase to approximately 18A 0 at On heating these sarnples to 500°C and 
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measuring the 001 spacing, values 

aluminum treated san1ples. 

ethylene glycol treatment 

trea1/nent 500°Go 

l4A 
0 

were obtained for t he 

spacings also expanded under 

decreased to 10A0 after heating 

Di.i'Ierenti"'.l thermal analysis patte,rns also show definite changes due to 

the interlayer aluminum compounds. Shen and i1:ic:h (17) stated that the region 

200-600°C is of interest in Al~clays and forLJ!ld an endothermic peak in the 
0 

h.00-,hl5 C range could be ascribed to A1( OH) 
3

. A small endothermic 

peak was found in this latter in the Al~Inc:mtmoril.lonites with OH/Al 

ra'~ios 0. e'l!ide:nce to the existence of 

ar. inter.layer aluminum compound~ 

( Illite clay 

The term. illite was first applied to a mineral with a definite structure 

which has proper·ties between t.hose 

has not been supported b;; 

randomly interst,ra ti.fied 

defini.·Lion i.s (~orree:: , :< t, 

S<'.i.:Ilf: patt.ern, if on a red.ucod. :;;c:ale.~ as 

ana liiont:morillonite (2). This view 

whc; m;~.intain that it consists of 

ttmorUloni.te. Assuming that the 

t~hat illite would show the 

~;:; hown by montmorillonite. The 

results presented in '11able l conf'i.rm t,his a::s U1e cnt.ion exchange capacity of the 

Al~illi.te was redtJ.~ed as the OH/Al tncr<1ased. Exe.hangeable aluminum 

and 11 fi.xed 11 alumintmil showed the same trifjnds as found i.n mont1norillonite. 

diffraction results we.r·e also of i.ntE:,Jr<:)t:t1< a.s it IlVas impossible to obtain 

a value for the Al-illi.tes. Peaks» \vhen 

be measured" ~,''his is to be expected if' 

fled layers of mica and montlrnorillonittf:':~ 

were broad and too diffused to 

liOnBists oi' randomly interstrati

thermal analyses of the 

treated illites did not differ marked.ly f:r,om :calcium illite analyses. 

(c) Kaolinite clay 

Amorphous.~ aluminum hydroxide 

kaol:Lnite (<;:lays and it ·was not expected that 

surfaces o.f kaolinite~ 

ar·e not interstratified in 

e ompounda would be found on 

aluminum values, however, showed 

a as the OH/Al n10la:r ratio incre<.Jc3:ed t·Jhile "fixed aluminum11 values were 

lmlf"er than thcseobtained for montmorillonite and tll.ite but were still in a re

latively high range.,. 

This latter and other recently 

showed that amorphous~ colloidal 11 ferri.c compounds were located on 

planar surfaces of kaolinite Lhat. the amorphous aluminum hydroxide 

compounds 'lrJere in fact located on the sur.f'ace~ 
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X~ray analysis showed that the presence of this aluminum compound did not 

alter the basal spacing ( 001 reflection), Surface area measurements also remained 

constant, Differential thermal analysis showed that as the OH/Al molar ratio 

increased there was a corresponding increase in an endothermic peak at 925°C. 

A peak in this region had previously been attributed to a segment of the crystal 

retaininb regularity up to approximtely 930°C ( )" 

Experiment 2" l'hospha te sorpti em studies on the prepared aluminum-clays 

Ivlaterials and I·1ethods 

One~tenth gram duplicate samples (air-dry weight) of the prepared clays were 

placed in separate erlenmeyer flasks (50 ml), Fifty ml of NaH
2

Po
4 

solution con

taining 5 ml of sodiu.m acetate buffer and from 0-2000 ~ . g P was added to the 

flask,. The buffer was prepared by adding 0.,144 equivalents NaOH to 60 ml of 

glacial acetic acid" The pH of the buffer solution was regulated so that it was 

equivalent to the pH of the solution in which the Al-clay was formed. The 

suspension was shaken for 48 hours and the final solution separated by c entri

fuging and decantingo The final concentration of phosphorus in solution and the 

pH value were determined on the supernatant solution" 

This experiment was repeated except that the sodium acetate buffer w&s 

omitted from the equilibrating solution. 

RESULTS 

The results indicated that the relationship between the phosphate fixed and 

the concentration of phosphate in solution followed the Langmuir av..:;orption 

isotherm. Calculated adsorption maximtL'll for all the clay samples are given in 

Table 2" Adsorption maxima differed bet·ween buffered and unbuffer~;;11 solutions 

of the s arne clay as adsorption maxima values obtained in buffered .:>o.Lutions were 

much higher than those obtained in unbuffered s elutions., This difference was 

attributed to the fact that exchangeable alum1num on the clay will hydrolize if 

placed in a solution at pH ? .,0, On the assumption that the aluminum compounds 

were mainly responsible for phosphorus adsorption, &.nd that the contribution of 

the clay mineral could be ignored~ n fix.ed 11 aluminum plus three times the exchange

able aluminum value were plotted against phosphorus sorption maxima (Fig. 1, 

Table 3)" The result was a linear relationship which gives justification to 

ignoring the contribution of the clay and concentrating on the form of aluminum 

present in solutiono Attempts were made to explain the results obtained in 

unbuffered soluti.on by assuming that the exchangeable aluminum became hydrolized. 
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In this c:ase a straight addition of exchangeable aluminum and fixed aluminum 

v;alues plotted against phosphorus sorption maxima would fall on the same graph 

as before, but this vJ'J,b not the case$ and a much more extensive treatment of 

results must be carried out. 
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Table L Characteristics of Clays Ui3ed 

-,~·--}:;. 

f:itract ~Ao} {0012 -l~Type Ho1ar ... i<-}~ bxch, Surface X-ra;y: diffraction 
Ratio C .E.G. Al Al Area 25°C 25°C 
OH,'AL (lN KCl) ( .lN HC1) M2jg Et.Gl. Et.GL 500°C . . 

MONTMORILLONITE 

Ca - M 120.0 876,0 13.8 17.3 10.3 

Al ~ l'il 0.375 74.,4 6l~~1 149 651.1 14.3 17.5 13.2 

A1 ~ M 0.750 42.2 40 .. 0 283 484.6 14.7 16.4(17.9) 13.4 

A1- M 1.500 20.9 11.7 405 340.1 15.2 15.2(18.0) 14.5 

ILLITJ!; 

Ca - I 30.6 235.8 10.9 10,1 

A1 - I 0,375 13.7 13.4 1C2 161.3 

A1 - I 0.750 9.0 8.7 179 141.2 11.0 

A1 - I 1<500 7.7 7.9 270 133.8 

KAOLINITE 

Ca - K 4.2 31.0 7.2 ?.2 

A1 - K 0,375 2o2 1.9 59 7.2 ?,2 
Al - K 0_.750 2.0 1.'6 78 7G2 7~2 
Al - K 1.500 1.4 1.0 102 7~2 7.2 
l"':ONTl'10RILLONITE 

(A) Shen and Rich 

A1- M 0,30 72 54 15.2 17.3 10.0 

A1 - M 0.75 44 30 15.8 17.7 13.2 

Al - M 1.35 22 12 16.? 18.0 15.5 

(B) Barnhisel and Rich (freshly ppt . .AJ') 

Al- M 0.38 60 10.1 

Al - ~I 0.75 42 11.2 

Al- M 1.50 15 12,4 

~~ as for Table 3. 
1Ht m" e ,./lOOg, clay 
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Table 2., Summarized Dat.a fr·om Lcmgmuir Isotherms 

~~'l'ype 

of 
Clay 

Ca -- ~1 

Al - H 
Al - M 
A1 -~ M 

Ca ~ 1 
Al ~- I 
A1 ~ I 
A.l -· I 

Ga ~ K 
Al K 
Al -· K 
Al - K 

!Vlolar 
Ratio 

0 
0, 
10 

0 
0,750 
L 

0,375 
0 750 
L 

K 
(~ bond:int;:; 

energy) 

1,10 
1 

o~6e 
0,74 

0, 
0, 
0~92 

~} as g]. ven in 'I'able 3 

p 

h.~ 
·. btj 

'] '1 

K= 
( "::;;t b ond:ing 

energy) 
(me/)lg P) 

p 

adsorption 
maxima 
(mg P/g) 

~uffered Solutions 

0.,03 
0,303 
0.,383 
1,11 

0.,16 
0, 
0,82 
1.10 

Nc;t. available 

0.213 
1L57 
14 90 
18.18 

0"32 
4,77 
6,43 
7.58 

Not available 

'rable 3 ,, ftela tion Between 1' and A.luminum un the Clay 
:;o1u.tions) 

p Lx.ch, Al Fix.ed Al 
A B 

Al ~ H 0, 

Al ~ !v1 0,. 1 

Al ~ M L Ll 7 

Al ~ I 0. ! 

~· 10;~ 

A1 ~ I o, ,,'/ 1 

Al ~ I 1 ... 270 

A1 ~ K 0 .. 14 .. -

Al K 0.: 4 

A1 .. K L 5 .1? 102 

{~ A1 N = Aluminum HontmorLU oni.te 

Al - I = Aluminum - Illite 

Al ·~ K "'" Aluminum 

+ B 

140 

294 

59 
?8 

102 
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Figure L Relation Between P Adsorption Haxima and the Exchangeable and 
Fixed Aluminum on the Clay 

500 

400 

l 
: / 
1/;/ 
_.,__. --r-- .1----!---·,__._ 

4 6 8 

.v 

""' 

~--1------~---/----1----1---+--···--1---~.o 

10 12 14 16 18 20 22 24 26 

P Adsorption l~xima 
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COHPARISON OF THE SOIL PASTE AND O,.OlM CaClz 

METHOD OF DETERHINING SOIL pH 
------·-..... ~~ 

vJ ~ K. Janzen 

The standard method used by the Saskatchewan Soil Survey "'or determin-

ing soil pH is the Riverside Salinity Laboratory soil paste procedure (1). The 

main advantage of this method is that soluble salts may be determined on the 

same sample used for pH determinations~ 

However,, at the National Soil Surv-ey Cormnittee meetings held at Laval 

in 1965, it was suggested that the O~OIM CaC1
2 

of Scholfield and Taylor (2) be 

used in preference to the soil paste proc~edure~ Acting on this suggestion, a 

series of pH determinations by the O,OlM CaC1
2 

method were run on a series of 

633 samples on which the pH had been done by the soil paste method" 

The soils used in these comparative determinations were Brown, Dark 

Brown, Black, Dark Gray Woet'ied, along with a few Gray Wooded profiles. 

As may be seen in Tables 1 and 2 9 the average decrease in pH for the 

O~Olli CaC1
2 

vs the soil paste method is 0~4 of a pH unit.. Sl:lghtly more than 

half the samples at pH 6.3 or less show an average decrease of 0.6 of a pH unit, 

while the bulk of the samples above pH 6.,3 (75%) show a decrease of 0 .. 4-0.,1 pH 

unit,. Approx:ima.tely 5% of the total samples show no change in pH value, and 6% 

show slight increase~ There was no apparent relationship between decrease or 

increase in pH soil and texture. 

The data presented conform to that whj,ch was expected on the basis 

of current knowledge of ion adsorption by charged colloids. The addition of 

O.OlN CaCl
2 

would condense or compress the diffuse double layer (the volume of 

the mycellar solution would decrease) :t and :more hydrogen would moVe out into 

the soil solution~ Thus, for example, with a pH below neutrality;, the decrease 

in pH should be greater for the most acid samples, and least for t•hose approach-

ing or at neutrality~ On the basis of the data obtained, it can be concluded 
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method does not in a pH measurement comparable to 

those eristing in the field or those influencing the pH of the soil solution in 

which plants feed, fi'.ecognizing that the CaCl
2 

method is preferable, if it is 

to obtain a measure of the lime requirement of the soil, but since 

factor is of little or no in Western Canada~ it was concluded 

that soil method should remain the standard procedure used in the Pedology 

Hesearch Laboratory o 'I'he calcium chloride method may be used for special 

( 

ects.~ but "lfJill not be used in rSJiitine analyses, 

l" Number of Samples a Dec.rease or Increase in pH at Designated 
pH l-eveL 

or less 

·l o L,. or rnore 

Average decrease 
or increase in 

unit 

Range of decrease 

Percent 0.1 tota..l 
sarnples 

>0,,4 pH unit Oo4=0,,l pH unit 
(As measured in 0,01 H 

21 10 

77 

97 

380 

C
,, 

c ' 

60,0 

No change 

1 

1 

? 

:21 

30 

Increased by 

0,1 or more 
pH unit 

l 

l 

4 

35 

0,1-0.4 
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6J. 

'fable 2. Percentage of Samples at Designated. pH Level Showing a Decrease or 
Increase in pH"' 

pH 

Percentage of Samples at Designated. pH Level Showing a 

___ Dec_r~_s.~. 9L_ 

>0.4 pH unit 0.4-0ol pH unit 
(Soil pas"t,e method) (As measured in 0.01 M CaC1

2
) No change 

Increase of 
0.1 or more 

----------------------------------------------------------------------------------
5 • .3 63~6 30"4~ 3.0 

~7 42~7 0.8 

27~5 65,1 4o6 

.6 68 6§7 

----· ··----------·---------~ 

Reference:s --·-·--· 

(1) Diagnosis and Improvement of Saline and Alkali Soils~ Agriculture 
Handbook No. 60. tL S .D .A. 1954 

(2) Schofield.t R.K. and Taylor, .A.Jr/ Soil Sci. Soc. Amer,, Proc. 
19~ 164. {1955)., 
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COMPARISON OF SASKATCHEWAN SOIL SURVEY 
AND KILMER~ALEXANDER METHODS OF MECHANICAL ANALYSES 

The routine method of mechanical analyses used by the Saskatchewan 

SoU Survey for the p:1.st years or more is a modified International 

'fhe modifi(~ati.on consists of reducing the pH of the sample to :L5-4.0 

\vater and c:entr:Lfuging to remove lime and other 

soluble on steam plate overnight, and complet-

.Method >rJh:',:.lh omits the acid pretreatment While absolute 

for sand 1 silt and varied by the t vm methods, there was no change 

in textural cd' a g::t ven sample of 1ime content. The Kilmer-

content;;. however, than the Saskatchewan 

'lfJhere lime was present. (l) 

At a recent Soil Survey staff, it was 

we might adopt the for the determination of 

field t.extures of samples, 

whose lime content ranged 

from a trace to about 30% were fOX'· analyses,. 

Only out of s showed a shift in textural grade by 

one method as compared to the ot,h.er, In 9 out these 12 samples, a shift 

of less than :Ln the sand f:caction vmuld have resulted in a textural c h&.!ge, 

cases between ti:'JO text,ural grades. 

of the samples showed differences of less 

in the sand and showed. differences of less than 4% ~ 

In the silt the are , 6% less than 2%, and 76.5% 

than 4% 
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6.3" 

In the clay fraction, the figures are 64% less than 2%, ru1d 85% less 

than 4%., 

The median values for the difference between sand, silt and clay for 

the two methods (Saskatchewan Soil Survey result minus the Kil.mer-Ale:xander 

result). 

Sand 

Silt 

Clay 

+0.8 

-2.0 

+0,? 

The difference between the two methods were not consistent as to 

sign, i.e. in each of' the fractions (sand, silt and clay) about 50% of the samples 

gave positive differences (S.S~S. minus K.A.) and about 50% of the samples 

gave negative differences (s.s.s. minus K~A~) again regardless of lime content~ 

Since the amount of work by either method is about the same, it is 

concluded that neither method has any particular advantage over the other for 

rout.ine analytical characterization of survey samples. However, where infor

mation is required on the mediun: and fine clay fractions, the Kilm.er-Alexander 

method is unsatisfactory .• 

L Janzen, W& K. Report on Mechanical Analyses on N.s.s.c. Standard Samples. 

Unpub~ Filed with National Soil ::lurvey Committee, Ottawa .• 

2~ Robinson, G@ W@ Soils, their Origin, Constitution and Classification. 

fage 13, 2nd Ed. l936Q Thos~ Murby and Co., l Fleet Lane, E.C. 4, 

London" 
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.·~} '.:, "' 

Difference (s.s.s.-K.A. 
Texture 

No. Sand Silt Clay s.s.s. K.A. %Caco
3 

1 0.5 -8.7 8.2 SiCL SiL 20.25 
2 L4 -3.9 2~4 SiL SiL 27.50 
3 -0.2 -3.6 3~8 SiCL-SiL SiL-SiCL 27.10 
4 o.o -3.5 3,6 SiCL-SiL SiL-SiCL 26o75 
5 0.4 -9.7 9.6 SiCL SiL 8.65 
6 -0.4 -5~6 5.9 SiCL-SiL SiL 30.10 
7 -Oo5 -LO 1.5 SiCL SiCL 28.50 
8 -0.5 -0.4 0~9 SiCL-SiL SiCL-SiL 27.25 
9 -0~9 3~6 -2~7 SiCL SiCL 27~80 

10 +0.4 5.1 -5.5 SiC SiC 24.90 
11 -0.7 -1.5 2.2 SiCL SiCL 17.50 
12 -0~6 0~8 -0.2 SiL SiL 28.30 
13 0.7 -5.7 4,.0 SiL SiL 27.25 
14 -0 .• 7 290 -1.4 SiCL SiCL 29.lu 
15 1.2 -5.3 4o1 SiCL-CL SiCL-CL 14.10 
16 0.3 o.o -0,3 SiCL-CL SiCL-CL 12.30 
17 -Ll -1.1 2~2 SiCL SiCL 13.10 
18 1.8 -4.7 2~8 c SiC-C 15.50 
19 0.3 -5.2 4~9 HC C-HC 14.60 
20 2~9 -3.1 0.2 CL CL 16.60 
21 3&4 -LO -2~4 CL CL-SiCL 28.40 
22 3@0 -5~5 2.5 CL CL 21.65 
23 1.1 -5.3 4.2 SiCL-CL SiCL-CL 23.15 
24 -0.2 6.7 -6,5 L CL 2.35 
25 -0.9 0.8 0,1 CL CL 0.65 
26 4.0 -6.6 2.6 CL CL 25.25 
27 1.8 -2o8 1.0 CL CL 24.75 
28 -0.5 -8.3 8.8 C-HC c 
29 -1.3 -5.0 6.3 c c 
30 -0.5 0.6 -0.1 HC HC 4.90 
31 -0.2 -4.7 4.9 c c 3.60 
32 -0¢5 -2.8 3.3 c c 1.85 
33 0.2 -0.4 0.2 c c 5.75 
34 0.9 -7~9 7.0 SiL SiL 8.40 
35 -0.2 -0.,4 0.6 SiL SiL 25*55 
36 1.8 -1.5 -0.3 SiL SiL 24.25 
37 o.o -2.7 2"7 SiCL-SiL SiCL-SiL 23.30 
38 +0.5 -7.8 7.3 SiCL-SiL SiL 13.50 
39 -0.6 -2.0 2.6 SiCL-SiL SiL 27.30 
40 -1.7 1.4 0.3 SiCL-SiL SiL 22.50 
41 -3.6 2.3 1.3 SiL SiL 22.65 
42 0.2 -1.9 1.7 SiL SiL 6.35 
43 -1.2 0.1 Ll L L 7.75 
44 4-.0 -5~4 1.4 SCL L 8.50 
45 2.3 -5.9 3.,6 SCL SL-1 2.25 
46 -1.9 1.8 0.,1 SCL SCL 7.60 
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65. 

Difference (S.S.S.-K.A.) 
Texture 

No. Sand Silt Clny S~S¥S~ K.A. %Caco3 =··· .. --'-........ ,. 

47 ~-1.,6 0.3 1.3 C1-1 1-C1 6.40 
48 -·1.5 -0.2 1.7 C1 C1 11.75 
49 -1.0 0~3 0.7 C1 C1 10.40 
50 3.4 -8c0 4.6 SiCL SiC1 9.40 
51 -·4.6 -2.3 6.9 SiCL SiC1 7.00 
52 -·L2 -0.7 1.9 SiC1 SiC1 9.60 
53 -··2 .. 9 L5 1.4 SiC1 SiCL 9.60 
54 --0"6 -1.,3 L9 SiCL SiCL 7.10 
55 -·2~5 -9o3 11.8 SiC.L SiL 2.75 
56 -·2~0 -3~7 5,? CL SiL 7.75 
57 -0.5 -1.3 1.8 SiC SiC 13.80 
58 -1.5 -1.6 3~1 SiC-SiCL SiCL 7.40 
59 --0.,9 -0.7 1.6 SiCL SiCL 10.90 
60 --1.0 1.0 0.0 SiCL SiCL 11.30 
61 0@3 -1~6 1.3 SiCL SiCL 13.55 
62 -3.1 2.1 1.0 SiL-L L-Si1 T 
63 -·2u4 0.3 2.1 SiL SiL 3.10 
64 0.1 +2.1 -2"2 SiC1 SiCL 18.75 
65 2$8 -4Q3 1.5 SL SL 13.25 
66 3.1 -4 •. 5 1.4 SL SL 10.80 
67 -·2$2 2.2 o.o SL SL 11.25 
68 4~7 -3.0 -1.7 SC.L SCL 11.10 
69 4.9 -8.4 3.5 SC1 1 2.50 
70 -·0~6 -1/'/ 2.3 SCL-S1 SL 1.40 
71 0.8 -5.,5 4/7 SCL L-SCL 0.0 
72 2.2 -3.7 1.5 SCL SC1 10.60 
73 0.1 -1.2 1.1 SCL SCL 12.10 
74 -·1~3 0.1 1.2 SCL SCL 6.15 
75 .3.2 -4.3 1.1 SL-SCL SCL-SL 12.75 
76 4.9 -3~3 -1.6 SCL SC1 18.00 
77 L3 -0~7 -0~6 SCL SCL 14.90 
78 3.1 -3.0 -0.1 SC1 SC1 9.90 
79 2.8 -1.9 -0 .. 9 SC1 SCL 4.75 
80 2.8 -4~2 1.4 SC1 SC1 10.90 
81 2.1 -2.6 0.5 SC1 SCL 10.65 
82 2.2 -3.1 0.9 SCL SCL 9.65 
83 2.6 -5 .. 5 2.9 SC1 CL 12.25 
84 .3 .5 -3.1 --0.4 L L 9.75 
85 3.5 -2.0 -1.5 L-CL CL 14.15 
86 0.5 0.1 -0~6 SiCL SiCL 10.80 
87 Q •• o .• 6 -1.2 1.8 SiCL SiCL 9.40 
88 0.0 0.,2 -0.2 SiCL SiCL 13.55 
89 -1.6 0.9 0.7 1-CL 1-CL 12.05 
90 --1.6 -12.7 14~3 HC SiC 3.00 
91 -·0.1 -2.0 2.1 HC HC 6.90 
92 --0.1 -1.8 1.9 HC HC 6.25 
93 -·0 .. 6 -0.7 1.3 HC HC 1.90 
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Difference (S.S.S,=K,A,) 
Texture 

--~"~=~~·-

No~ Sand Silt ~~S~S .. K~A. %CaC0.2 

94 -0.5 -L5 2,0 HC HC 2.65 
95 -3.7 L2 2. 5 1 1 
96 3.0 -3.8 0~8 C1 CL 20.80 
97 Ll -2.5 L4 SC1 SCL 15.80 
98 3o7 -L6 -2 1 sL SL 17.40 
99 4,0 -3.9 ~0.1 SCL CL 16.05 

100 3~4 -3.2 ~0.,2 SC1 CL 16.00 
101 4o9 -3.3 ~L6 SCL CL 19.55 
102 1.8 -2.4 0,6 SL ~':iL 5.35 
103 0.5 -0,5 0.0 SL SL 8.10 
104 -1.1 L3 -0~2 SCL SC1 T 
105 0.6 -1.8 L2 SL SL T 
106 -0.8 -2.3 3.1 c c 7 .. 90 
107 -1.3 0.7 0,6 c c T 
108 6.5 -6.3 -02 SL SL 
109 L2 1.8 -3.,0 HC HC 0.50 
110 -OoJ L1 -0,8 HC HC 0.0 
111 -0.5 -l.4 1.9 HC HC T 
112 -0.1 0.2 -0 .. 1 SiC SiC 4.10 
11.3 -0 .. 5 -2,3 2.8 HC HC T 
114 -2,9 -L8 4.7 c c 6.35 
115 -3 .. 1 0,9 2,2 c c T 
116 -0.4 0,3 0,1 HC HG 
11'7 -0,2 -2,2 2 4 HG HG 6.00 
118 0,4 -3,7 3 ~ ~ ... HC HC 14 .. 50 
119 0,7 ·-13~9 13,2 HG HC 19.55 
120 0.2 ~5,3 5 1 HG HC 20.80 
121 -0.5 -1.2 1.7 HG HC T 
122 3,5 -5.6 2,1 CL CL 
123 -0 .. 8 -2.9 .3.7 SCL SCL T 
124 0.2 -0 .. 2 0,0 SCL~SL SCL-SL 0,90 
125 3.7 -2"5 -L2 SL SL 12.10 
126 -0.1 -0.5 0"6 CL CL 1?, 
127 3.1 -3.7 0,6 L L 17.80 
128 0,9 -0 .. 2 -0.7 1 1 0,85 
129 L6 =3.8 2.2 1 1 1? .. 70 
130 2,.9 -3.,6 0,7 C-CL CL 14.05 
131 3 2 -2,1 -Ll SL SL 15.10 
132 -0 .. 8 -2.6 :3.4 SiC SiC-SiCL 17.15 
133 3.8 -3.4 ~0,,4 SiCL SiCL .80 
134 -2.1 2 . .3 -0,2 SiL L-SiL 21.15 
135 0,6 -2~0 L4 L L 20.05 
136 Ll -0.1 ·-1.0 C1 CL 2 ':<') 

(!1 ~.), 

137 5.0 -3.4 -L6 L CL-L 22.40 
138 4.3 2.1 -6 J;.. SiL CL-SiL-L 29.25 
1.39 ·L7 0.1 -L8 L L 21.05 
140 -L.3 0,1 1.2 SiL SiL 21.50 
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67 .. 

Difference (S.S.S~-K.A.) 

Texture 

No. Sand Silt Clay s.s.s. K.A. %Caco
3 

141 0,3 -1.5 1.2 SiL SiL 18.80 
142 -1.1 -0,,3 1.4 L L 16.65 
143 2.7 -1.6 -Ll s s 8.00 
144 1.2 +0.2 -1.4 CL CL 1.15 
145 8.4 -1.6 6~8 SL SL 19.90 
146 4,,6 -1.9 -2.7 SL SL 21.40 
147 2,1 -1.7 -0.4 SiL SiL 22.40 
148 4~.5 -3.7 -0.8 S1 L 18.50 
149 0,9 -2.2 1.3 S1 SL 9.65 
150 2.8 -1.8 - .. t,O L L 18.50 
151 -L4 -2.9 4.) SiCL SiCL 0.75 
152 -L2 0"5 0.7 SiCL SiCL T 
153 3 •. 2 -3.9 0.7 SiCL SiL-SiCL 5.60 
154 0.4 -1,4 1.0 SiCL SiL-SiCL 5440 
155 1.2 -2.2 LO CL CL 13.85 
156 L3 -L9 0.6 SL SL 14.90 
157 +5o9 -3 •. 4 -2.5 S1 L 20.55 
158 2,6 -0.6 -2.0 S1~L L 16.90 
159 0.4 -3.5 3.1 L L-CL 2.40 
160 (),5 -10.2 9.7 CL-L L 9.15 
161 3.7 -5"7 2.0 L L 19.15 
162 +3.1 -5~6 2 .. 5 1 L 18.15 
163 ~LO -LO 2.0 L 1 16.80 
164 -Lu -2.2 3.2 L 1 2.65 
165 0,.7 -4~3 3.6 1 L 11.75 
166 2.6 0.5 -3.1 1 1 18.80 
167 2,.4 -LO -1.4 1 L 21.00 
168 2.7 -3~7 LO SL SL 23.05 
169 2,,.8 -3"0 0,2 S1-1 L 17.55 
170 -3~7 -7.3 +1LO CL 1-CL 10.30 
171 0.1 0.7 -0.8 SiC1 SiCL 30.55 
172 3.2 -2.0 -1.2 CL CL 28.05 
173 9.1 -2.7 -6.4 SL SL-SCL 19.40 
174 4.5 -1.6 -2.9 SL SL 
175 0"5 -L6 1.1 SL SL 
176 -0.1 -1.2 L3 S1 S1 
177 -0.9 -1.6 2 .. 5 SiCL SiC1 
178 -L2 1.4 -0.2 SiCL SiCL 
179 -·0.6 1.2 -0.6 SiC SiC 
180 -2,2 -1.3 3*5 SiCL SiCL 
181 -1.2 -3.0 4.2 SiC SiC 
182 -·L4 9.4 -8,0 SiCL SiL 
193 -0.1 -5.4 5.5 SiCL SiL 
184 -OQ9 -7.1 8~0 SiC1 SiL 
185 0.9 -4,8 3.9 SiCL SiCL 
186 -0.5 -L6 2.1 SiCL SiCL 
187 -0.7 -1.4 2o1 SiCL SiC1-SiL 
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Difference ( S, S" S. ~K ,, A . ) 
Texture 

No. Sand Silt Clay· S,S.S .. K.A. %Caco
3 

188 1.3 -0,9 -0.4 SiCL SiCL 
189 -0.3 -1..2 1.5 SiC SiC 
190 -3.0 1.0 2.0 SiL SiL 
191 0.9 -0.8 -0.1 SiL SiL 
192 -1.2 L4 -0,,2 SiL SiL 
193 -0.7 1.4 ~0.7 SiL SiL 
194 -0.6 0.2 0.4 SiL SiL 
195 1.1 -2.6 1.5 SiL SiL 
196 2~0 -0,7 -1.3 SiL SiL 
197 -1.0 -2.2 3,2 SiCL SiCL 
198 3.8 -3.1 -0.7 LS SL-LS 
199 4~0 -3.9 -0,1 LS-SL SL 
200 4.3 -3,3 -LO LS-SL SL 
201 1.3 -0~9 -0.4 SL-LS SL 
202 -L3 0@0 L3 SL SL 
203 4.2 -2.4 -1.8 SL SL 
204 3.7 -2 .. 9 -0.8 SCL SGL 
205 2 .. 8 -7 .. 9 5.,1 SCL 1-SCL 
206 4.8 -5~7 0.9 SGL L-CL-SCL 
207 11.1 -5.2 -5.9 SCL 1-CL-SCL 
208 4.6 -2.9 ~1.7 SL~SCL L-SCL-SL 
209 L5 -1 .. 9 0.4 SCL--L L 
210 3Q5 -4,6 L1 SCL L-SCL 
211 2.1 -3.2 L1 SCL~L L-SCL 
212 1.4 0,6 ~2.0 SCL SCL 
213 2.1 -3.2 Ll SCL SCL 
214 4.8 -4.3 ~0.5 SCL ~3CL 
215 -0,2 -1.3 L5 SCL SCL 
216 4.3 -4~7 0 .. 4 SCL SCL=CL-L 
217 4.3 -1.9 -2.4 SCL CL-SCL 
218 -0,2 1.2 ~-1.0 CL CL 
219 -1.1 0 .. 1 LO CL-·SCL CL~SCL 

220 4.1 -3.1 1.0 CL CL 
221 2.9 -3.4 0.5 SCL~CL CL~SCL 

222 2.8 -4 .. 8 2,0 SCL SCL 
223 1.9 -3 .• 0 L1 SCL SCL 
224 0.2 -4.7 4,5 SCL SCL 
225 0~7 -0.6 -0,1 SiCL SiCL 
226 5.9 -7.9 2,0 SL SCL 
227 5.9 -4.0 ·~1.9 SL SL 
228 -1.6 2.3 -0,7 SL SL 
229 1.2 o.o -L2 SL SL 
230 2.2 -1.8 ~0.4 SL SL 
231 1.7 -3~3 1.6 SL SL 
232 5.3 -5.6 0,3 SL SL 
233 5.9 -5.7 -0.2 SL SL 
234 1.2 -0.1 ~L1 SL SL 

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



69,. 

Difference (S.,S.S,-K.A.) 

Texture 

No. Sand Silt Clay S.S .. S" K.A. %Caco
3 

235 L6 -4 .. 2 -2~6 SL SL 
236 10.,9 -7$4 -3c.5 SL SL 
237 5 .. 2 -2®6 -2~6 SCL-SL SCL 
238 0.8 ~1.2 0~4 SL SL 
239 5-9 -5.,3 -Oo6 SL SL 
240 8.,6 -4 .. 3 -4.3 SL SL 
241 7.1 -3.4 -3.7 SL SL 
242 5~5 -4.1 -1.4 SL SL 
243 3$1 -1.7 -1.4 SL SL 
244 6 .. 4 -11.9 -5 .. 5 SL SL 
245 ?.3 -3 .. 9 -3.4 SL SL 
246 :3~6 -2~7 -0~9 SL SL 
247 1.8 -2.1 0~3 SJ .. SL 
248 1.8 -4o5 2/7 CL CL 
249 3QJ..j. -3@4 o.o CL CL 
250 3o3 -5~0 1.7 SCL L-SCL 
251 4Q8 -6.,0 1.2 SCL 1 
252 5QO -4~5 0.5 Sil. SiL 
253 .3*5 -2.3 -1.2 SCL SCL 
254 0.6 -1.6 1.0 SiL-L-CL SiL 
255 5 .. 3 -3.6 -1.7 SiCL SiCL 
256 0.7 -0~6 ~0.1 SiL SiL 
257 -Ll -0.1 1.2 SiL SiL 
258 1.6 -0.4 -1 .. 2 SiCL SiCL 
259 -1.9 -1.7 +3.,7 CL 1-CL 
260 5~8 -1.4 -4.4 L L 
261 6.2 -1.9 -4~3 SL SL 
262 6 .. 0 -3~4 -2.6 SL S1 
263 9,3 -3.2 -6.1 SL S1 
264 14 .• 8 -3 .. 4 -1.4 SL S1 
265 -2o4 3.5 -1.1 L 1 
266 0.8 -1.,5 0 .. 7 S1 S1 
267 2.6 -1.6 -1.0 L L 
268 5~9 -2,.6 -3.3 SCL SCL 
269 6 .. 4 -5.0 -1.4 SC1 SCL 
270 .8 1.3 0.5 1 L 
271 -4 .• .3 -3 .. 6 0.7 L 1 
272 -0,.3 0 .. 9 -0.6 SL SL 
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A STUDY OF THh NITfil,GtN AND PHOSPHORUS REQUIREMENTS 
OF TVW WHEAT VARIETIES 

A high yielding (25% higher than Thatcher), but low quality (1% lower 

protein), unlicensed variety of wheat1 and Thatcher were compared under varying 

nitrogen and phosphorus fertility levels in experiments laid down on two sub-

group profile types; the eluviated Dark Brown and Orthic Dark Brown soil types 

were located within a distance of approximately 50 yards on the farm of 

Mr. J. Shields 3 Nokomis., 

The comparative yields of the two varieties with and without added 

nitrogen and phosphorus, together with the phosphorus uptake data and protein 

content, are included in Table 1 to 10 inclusive~ The following observations 

can be drawn from the datao 

1. Thatcher outyielded the S-31 variety by a significant margin on both 

areas. vlhile this would appear to be contrary to the higher yielding character-

istics of S-31 noted in the introductory paragraph above, it can be explained 

on the basis of a rather serious rust epidemic which affected the S-31 yield to 

a much greater extent than that of Thatcher. In addition, a very hot, dry spell 

during the latter part of JulyJ appeared to have a greater adverse effect on 

the later maturing S~31 as compared with Thatcher~ 

The S-31 grain was badly shrivelled and graded in the feed range, 

while Thatcher grain ranged in grade from 3 to 4o 

2 .• Soil samples taken from both plot areas at time of seeding were in-

advertently discarded prior to analyses. However, available soil nitrogen, in 

an area immediately adjacent to the plots, was low on the eluviated (20 lbs. N 

per acre in the surface two feet) and relatively high on the Orthic (50 lbs. N 

per acre)~ Thus, the greater response to nitrogen fertilization recorded on the 

eluviated site as compared to the orthic was to be expected. 

1obtained from the collection of Dean W .. J .. White 
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7L 

3~ A strong response to phosphorus fertilization occurred on both plot 

sites. These co:rrnnents pertain primarily to the 1~esponse pattern rec:orded for 

the Thatcher variety; the yield response to either nitrogen or phosphorus 

fertilization was erratic for the S-31 variety - this can presumably be attri-

buted to the yield depressing affect of the rust and drought, which was much 

more pronounced on this variety. 

The 20 lbs. of N placed with the seed proved equally as e~ffecti ve 

as 50 lbs. of N broadcast (based on Thatcher data only). 

5. The phosphorus uptake data suggest that there were very few differences 

between the two varieties in their respective ability to feed on soil or fer-

tilizer phosphorus. The almost identical 1 A 1 values can be taken as good 
I 

evidence of the similarity of the phosphorus feeding capacity of the two var-

iet.ies. 

6, The effect oft he various fertilizer treatments and soil types on 

the protein content, of the '!"hatcher and S~3l in grain varieties was markedly 

influenced by the shrivelled condition of th.e S~31 seed in particular. Thus, 

the protein content of the S-31 variety was consistently above~ that. of compar-

able Thatcher treatments~ The protein content of both varieties., however, 

increased with increasing n.itrogen appli.cations, and were una.ffed .. ed by 

phosphorus fertilization. The higher protein content of the grain grown on the 

Orthic as compar<ed to the Eluviated sites is a reflection of the more arid 

conditions existing on the upper slope position ( Ort.hic). 
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Table 1. Yield of Grain (bu/ac) of Two Wheat Varieties Using Varying 
N and P Fertilizer Practices on Two Subgroup Profile Types 

Treatments 1 E1uviated Orthic 

0 - Nitrogen Broadcast 

Thatcher 

Check 18.?
2 

19.3 
10 1b P + 20 lb N3 24.6 26.,9 

10 lb p 19/7 25,,2 

20 1b p 26.5 27.8 

S-31 

Check 20.2 1?.0 

10 lb P + 20 1b N3 23,2 22,4 

10 1b p 20,0 21,8 

20 lb p 18.4 23.7 

L.,S.D. (P = ,,05) 1.9 2,1 

100 lb N Broadcast 

Thatcher 

Check 21.8 20.4 

10 lb P + 20 lb N3 29~6 28.0 

10 1b p 25>3 26,0 

20 lb p 26 .. 2 30.8 

S-31 

Check 20,6 20.5 

10 lb P + 20 lb N3 21.8 26.8 

10 1b p 26.0 25.2 

20 lb N 25,3 27,3 

L.S.D. (P = .05) 2,2 2.1 

1fertilizer treatments applied with seed 

2each value is the mean of six replicates 

Eluviated Orthic 

50 lb N/ac Broadcast 

22.0 1699 

24.6 18.8 

25.6 19.2 

30.0 21.1 

15.4 13.1 

19.6 1?.0 

23.4 17;>5 

21.8 16.3 

1.7 2.0 

200 lb N Broadcast 

23.7 20.5 

30.8 25.0 

32.4 23.0 

35.8 24.6 

20.6 17.5 

26.1 18.8 

27 .] 19.6 

27.l 21.5 

1.8 2.0 

3the phosphorus carrier NH4H2Po
4 

was tagged with P32 (150 f'JC P32/g P31) 
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'I' able 2, Average Effect of Broadcast N on Yield ( bu/ ac )"~~" 
·~-~------·-·-----

•rreatment Thatcher S-31 

Check 22,0 20.2 

50 lb N 17.9 

100 lb N 

200 lb N 26.6 22.3 

I..,.S,D. (P = .05) 1.2 

·:::· 10 lb P + 20 lb N treatment not included 

Table 3Q Average Effect of P Fertj_lizati.on on Yield (bu/ac) 

':rrea tme:n t Thatcher S-31 

Check 20,5 H~.2 

10 lb p 2.4 6 22"7 

10 lb P ~ 20 lb N 26,.1 22.0 

27,9 22.8 

LS.D. (P = .05) L? L6 

Table 4 ,, Average Ef:fec;t of' Soil Type on Yield. ( bu/ ac )-!~ 
-----·--·----

Type Thatcher S-31 

Eluviated 22.1 

Orthic 9 20,1 

Ll LO 

?(· 10 lb P + 20 lb N treatment not included 
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Table 5e Phosphorus Jptc., .. ' :. +,'1 (mean of both plot areas) by 
'l'wo Grain Varieties 

Check 50 lb N 100 1b N 200 lb N Average 

Mg P/g grain (total) 

Thatcher 4~314 4~393 4,712 4.755 4.543 

s-31 4.563 4.6.6 4 .. 813 5.248 4~810 

L~S.D. (P=.05) .10 .16 N,S4 .14 .11 

Mg fertilizer P/g grai~ 

Thatcher ,889 Q823 >992 1.020 .931 

S-31 .9_38 .911 1.053 1.093 .998 

L.S.D. (P=.05) N~S. N.S. N C' o0o N.S. N.S. 

Mg soil P/g grain 

Thatcher 3.425 3.570 3.720 3. 735 3.612 

S-31 3.625 3.705 3.,760 4.155 3.812 

L.S.D. (P=.05) .12 N.S, N " • .J. .21 .17 

A values 

Thatcher 38,5 48,5 37.5 36.6 38.8 

S-31 38.6 40.7 35,7 38.0 38.2 

L.S.D. (P=.05) N.S. N .s., N.S. N.S. N.S. 

'I>_ UJ2take of aJ2El-~ed 
Ehosphorus fertilizer 

Thatcher 16.4 13.8 17.0 14.1 15.3 

S-31 16.0 13.6 14.9 12.9 14.4 

L.S.D. (P=Q05) N.S. N,S. N .s. N.S. N.s. 
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'fable 6. Effect of Soil Type on Uptake of Phosphorus 
by Two Grain Varieties 

~l'hatcher 

S-.31 

Orthic 

'fhatcher 

5~31 

Total P 
(mg/g 

grain) 

,11 

4.519 

4.864 

,,21 

Fert. P 
(mg/g 

grain) 

1 

.?88 

~·838 

L 

N.S. 

Soil P 
(mg/g 
grain) 

3o?80 

.3 918 

A Values 
Jt: P/ac 

48.0 

46.8 

N.S. 

32.1 

32.0 

N.S. 

% Uptake 
of Applied 
Fertilizer 

N.S. 

16,7 

15.9 

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



Table 7. Percent 1-'rotien of Two Wheat Varieties Using Varying 
N and P Fertilizer Practices ori Two Subgroup Profile Types 

1 Treatments Eluviated Orthic Eluviated Orthic 

0-Nitrogen Broadcast . 50 lb N Broadcast 

Thatcher 

Check 14,22 15,7 14.9 15.6 

10 1b P + 20 1b N3 14,,0 15.8 14.9 15.5 

10 1b p 14.1 15~9 14.7 15.9 

20 1b F' 14.2 15.6 14.9 15.4 

S-31 

Check 14.5 16.7 15.3 15.7 

10 1b P + 20 lb N3 14.1 16"6 15.1 15,4 

10 1b p 14,3 16~9 15.1 15.7 

20 lb p 14.2 16.3 15.1 15~5 

100 lb Broadcast 200 lb N Broadcast 

Thatcher 

Check 14~6 17.,9 16.7 19.5 

10 lb P + 20 1b NJ 14.5 17.9 16,8 19~7 

10 lb p 14~9 18,1 16~7 19.2 

20 lb p 14o2 18,0 16.4 19.7 

S~31 

Check 15.2 18,8 18~5 20,0 

10 lb P + 20 lb N3 15.3 18,.5 18.3 19.7 

1b p 15.4 18,7 18.0 19~9 

20 1b p 15v2 18.6 18.4 19,8 

1ferti1izer treatments used applied with the seed 

2each value is the mean of six replicates 

3the phosphorus carrier NH
4
H2Po

4 
was tagged with P32 (150 J!C P32/g P31) 
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Table 8., Average :f!',ff'ect of Broadcast N 
on Protein Content (%}~~ 

'I'reatmerft Thatcher S-··31 

Check 

50 lb N 

100 lb N 16,2 

200 lb N 0 

~< 10 lb P + 20 1b N $ treatment not 
included 

Table 9" Average Effect of' P Fertilization 
on Protein Content (%) 

-----
Treatment 'l'hatcher S-31 

-----·--
Check 16.1 16,8 

10 lb p 

10 lb P + 20 lb N ,l 

20 1b p .0 16.6 

10. Av<:;;1rat;e bffez:t of Soil 'l'yp~~ on 
Prc:.tein Content (%)~} 

Soil 'l'ype 

Elwliated 15.7 

Orthic 17,2 17,7 

* 10 lb P + 20 lb N treatment not. inc:1uded 
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