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Abstract:
A study was made of eight irrigated soils from Yellowstone and Big Horn counties of Montana that
have been producing generally- unsatisfactory yields of certain crops, particularly sugar beets. The
study was undertaken to obtain fundamental information as to the fertility status of these soils as
indicated by their chemical and physical characteristics and the factors affecting the availability of
plant nutrients.

Field fertilizer trials were conducted on each of the soils utilizing various combinations of nitrogen,
phosphorus, and potassium fertilizers. Sugar beets constituted the crop grown for all tests, and data
were obtained on beet yields, sugar content, and total sugar production. Various chemical and physical
analyses were performed on soil samples taken from the test plot areas.

The results of the field tests indicated that nitrogen was the most deficient fertilizer element in six of
the eight soils. On two of the soils, phosphorus was indicated to be the most deficient fertilizer element.
No definite yield responses to potassium were obtained. In general, the lower rates of fertilizer
application gave equal yield responses to that obtained with higher rates of application, Mitrdgen
brought about a significant decrease in the sugar content of the beets while phosphorus and potassium
had little effect in this regard. The greatest increases in total sugar yield were obtained with
combinations of nitrogen and phosphorus.

The results of the chemical analysis of the soils indicated that all of the soils were slightly alkaline and
contained from 0.3 to 4.4 per cent free lime, Mone of the soils contained harmful amounts of soluble
salts.

The organic matter content of the soils was low and ranged from 1.6 to 2.4 per cent. The correlation
between CO2 soluble phosphorus in the soil and beet yield response to phosphorus fertilization
indicated that little response was obtained when CO2 soluble phosphorus exceeded 2,5
parts-per-million. The nitrate content of the soils, with or without incubation, was not sufficiently
correlated with yield response to nitrogen to reliably predict the need of a soil for nitrogen fertilization.
The organic matter content of the soils was found to be of little value in predicting the need of the soils
for nitrogen fertilization. The analyses for extractable potassium indicated that all of the soils were well
supplied with this element according to the standards employed in eastern United States.

The chief factors affecting phosphorus availability as measured by chemical analysis were extractable
calcium and colloidal clay. An indication was obtained that the relative proportion of divalent to
monovalent extractable cations also had an effect on the CO2 soluble phosphorus content of the soil, A
ratio expressing all of these factors was found to have a -0.91 correlation with the CO2 soluble
phosphorus content in the soil. 
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ABSTRACT

A study was made of eight irrigated soils from Yellowstone and Big Horn 
counties of Montana that have been producing generally- unsatisfactory yields, 
of certain crops, particularly sugar beets. The study was undertaken to"ob­
tain fundamental information as to.the fertility status of these soils as- 
indicated by their chemical and physical characteristics and the factors af­
fecting the availability of plant nutrients0

Field fertilizer trials were conducted on each of.the soils utilizing 
various combinations of nitrogen, phosphorus, and potassium fertilizers,. 
Sugar beets constituted the-crop grown for all. tests.,, and data were obtained 
on beet yields, sugar content, and total sugar production, Various chemical 
and physical .analyses were performed on soil -samples taken from the test ■ 
plot areaso

The results'of the field tests indicated that nitrogen was the most de­
ficient fertilizer element in six. of the eight soils. On two of the soils, 
phosphorus was indicated to be the most deficient fertilizer element, Ho- -. 
definite yield responses to potassium were obtained. In general, the lower ' 
rates of fertilizer application gave equal yield responses.to that-obtained 
with higher rates of application, Mitrdgen brought about a significant de- . 
crease in the sugar content of the beets while phosphorus and potassium had 
little effect in this regard. The greatest increases in total sugar'yield 
were obtained with combinations of nitrogen -and phosphorus &

.The results of the chemical analysis, of the soils indicated that all 
of the soils were slightly alkaline and contained from 0*3 to Rolt per ..cent 
free lime, Mone of the soils contained harmful amounts of soluble salts.
The organic matter content of the soils was low and ranged from 1,6 to 2 
per cent. The correlation between OOg soluble phosphorus in the soil and 
beet yield response to phosphorus fertilization indicated that little re­
sponse was obtained when OOg soluble phosphorus exceeded 2,5 parts-per- 
milliori. The nitrate content of the soils, with or without incubation^ was 
not sufficiently correlated with yield response to nitrogen to reliably 
predict the need of a soil for nitrogen fertilization. The organic matter 
content of the soils was found to be o f 'little value in predicting the need 
of the soils for nitrogen fertilization. The analyses for extractable po­
tassium indicated that all of the soils were well supplied with this ele­
ment according to the standards employed in eastern United States.,

The chief factors affecting phosphorus availability as measured by 
chemical analysis were extractable calcium and colloidal clay. An indica­
tion was obtained that the relative proportion of divalent to monovalent 
extractable cations also had an effect on the GOg soluble phosphorus con­
tent of the soil, A ratio expressing all of these factors was found to 
have a -0,91 correlation with the GOg soluble phosphorus content in the 
soil*
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GLMH Pi HARTMAH 

IBTBODBOTIOB
Experimental work that has been conducted by the Montana Agricultural 

Experiment Station and private research organisations during the past three 

decades has been directed toward determining the fertility status of a wide 

range of Montana Soils* The. Experiment Station has conducted a soil testing 

program for farmers for many years3 but these tests have been adapted, from 

other areas with only limited evaluation of the soil tests with field ferti*- 

IiKer response'-* For the past few years,, the Agronomy and Soils Department 

has systematically taken Soil samples from field fertilizer; test plots, and 

these are being analyzed by the Chemistry Research Department of the Montana 

Experiment Station in an effort to correlate soil tests with field ferti­

lizer response. However,- due to the wide variety of crops and soils being 

investigated, results are not yet available that could be used to predict 

the fertility status of soils in- local areas for specific crops*.

In the course of the 1950 crop season, eight fertiliser trials on irri­

gated sugar beets were conducted in Yellowstone and Big Horn, counties by 

the Bureau of plant Industry, Soils, and Agricultural Engineering of the 

Bnited States Department- of Agriculture cooperating with the, Montana Experi­

ment Station ̂ the Great Western Sugar Company, and the Holly Sugar Corpo­

ration. The field tests were conducted On a Cooperative basis with farmers, 

in the area, and Dr* W s E. Larson of the Bureau of Plant Industry, Soils,
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sad 'Agra^ultar^l gnglaeey&ag was in oh#yge .af .%e #rk* The purpose,, of the 

field tests was to obtain fundamental information on water relations  ̂ phySi^ 

oal propertiesand chemical properties of the soils under study as. they 

might affect the production of sugar beets* ■

The selected soils upon which the field tests were conducted' were quite 

representative of the irrigated areas in.the above named counties. A wide 

variety of crops: are- grown bn these soils' including- sugar beets,, alfalfa, 

small grains^ and beans e - The cropping histories, of these soils were obtain­

able only for the previous four or five years, but the .available information 

indicates that they have been subjected to' variable systems of field.manage­

ment and fertilizer practices * Fertilizer response on these soils has, been 

quite variable, and a need for a method of evaluating their fertility status 

prior to fertilizer application is apparent».

Since yields and sugar content had been obtained from these sugar beet 

trials and soil, samples had been taken, the opportunity was presented to 

Study the chemical characteristics of these soils- .and to relate the results 

to the response to fertilizer obtained in the field* As a result,, this study 

was undertaken With the following objectives in mind.?, (I) to gain funda­

mental Icnowledge as to the chemical and physical characteristics, of these 

soils, (2) to evaluate the effect, of these characteristics on the availa­

bility of Soil nitrogen, phosphorus, and potassium as determined by soil 

analysis, and (3) to determine -by soil analysis standards, the critical 

levels of nitrogen, phosphorus,, and potassium below which crop responses to 

fertilizer might be anticipated*.



B B V M i  OF L m B A T U B B

The- availability 6f soil' phosphorus &ti&' its relationships to othel 

boil factors were considered to be of paramount Importance In this'" study 

since previous field tests had indicated that phosphorus is often a limit­

ing f actor in sugar- beet produc tion in Big Horn and Yellowstone counties * 

Breliminhry tests had revealed: that all of the soils were alkaline in re* 

action, and five of the eight soils were indicated to be calcareous by the 

dilute acid test* Therefore, it was considered likely that these soils 

Would Show phosphorus relationships similar to previously studied alka* 

line and calcareous ,soils of the semi-arid and arid regions-*

In an Investigation of calcareous soils in Idaho* EhSmlnger and-Larson 

(3) found that the availability of soil phosphorus*, as measured by soil, 
analysis and crop response^ declined significantly as the free liine content 

of the soil exceeded one per cent* According to these workers* one-half to 

one per cent free lime is the ,most favorable range for phosphorus ■ avail#* 

bility .since the. pH of the soil within this, range is not high enough to 

render phosphorus unavailable but is high enough to. prevent phosphorus- pre­

cipitation by Iron and aluminum* McGeorge and Breaseale (6) consider that 

lime- has an adverse effect On phosphorus availability through the. formation 

of an insoluble compound of calcium carbonate- and tricalcium phosphate-*

They have designated this Compound as carbonate-phosphate, and indicate 

that it is composed of one mole of calcium carbonate and three, moles of 

tricalcium' phosphate *

Truog* ef al*, (16) consider the amount of available magnesium In the 

soil as an important factor in phosphorus availability and utilisation
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Tti-thln the plant.. Wanking with limed soils in Wisconsinjl these Investi^ 

gators found that increasing the available magnesium content of the soil 

brought about a greater increase in the phosphorus content of peas than did 

phosphorus fertilisation* Perkins (9) found that phosphorus fixation by 

calcium increased steadily from pH '2 „5 to 9 . ^  but phosphorus fixation by 

magnesium increases to a maximum at pH IuO and Steadily decreases there­

after to pH 9.5.

MeCteorge and Breazeale (6) consider that the amount of carbon dioxide 

in the soil solution influences phosphorus availability through the increase 

in hydrogen ion brought about as carbonic acid formed. However, they con-* 

sider that carbonic acid does not exist in calcareous soils except in very 

small Quantities, and Suggest that sufficient carbonic acid must be pre-* 

sent to bring the soil pH down to 6.2— *6.1?. before significant amounts of 

phosphorus will be released in a soluble form. Additions of organic matter 

to the soil would seem to provide a source of carbonic acid in the soil 

that-would benefit phosphorus availability, but these worker's found, that 

organic matter■additions to calcareous Soils did not materially increase 

phosphorus' availability. Rhoads, (11) working M t h  Nebraska soils., con­

cluded that organic matter additions increase the available soil phosphorus" 

principally through the phosphorus added to the sell in the decomposition 

of -the organic matter., He also concluded that the breakdown of native soil 

organic matter had little influence on phosphorus availability.

Perkins (9) noted that increasing cationic concentration in solutions 

increased the precipitation of phosphorus,. Similar effects were noted by 

HcGeorge and Breazeale (?) whoi found that the presence of soluble salts in
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the soil solution or extract reduced the solubility of phosphorus. Goimnon 

ion calcium was considered to be quite effective in reducing phosphorus, 

solubility by these same workers.

Another factor possibly concerned in phosphorus availability in arid 

region soils is the clay content of the soil. Stephenson and Chapman (15) „ 

working with California soils, noted appreciable downward movement of ap­

plied phosphates in sandy soils as a result of irrigation, but that little 

movement- of phosphorus by water occurred in clay soils. Searseth (Iii),, in . 

a study in Alabamaj, found that calcium saturated clay suspensions fixed 

considerable amounts of phosphorus above pH 7.0, but that sodium saturated 

clay suspensions fixed much less phosphorus within the same pH range* Simi­

lar effects were noted by Pratt and Thorne (10) in a study of calcium and 

sodium saturated bentonites.

The underlying: factors in nitrogen'availability in the soil have re­

ceived considerable attention by various workers, but the complexity•of the 

biological processes involved in ammonifiqation and nitrification in the 

soil render evaluation of soil■ factors difficult. Soil factors considered 

to be of importance in the mineralization of soil nitrogen are aeration,.. 

moisture, temperature, active lime, organic matter content of the soil, 'and 

nitrogen-carbon ratio.

Allison and Sterling (I) made an extensive study of nitrate formation 

in slightly acid to slightly alkaline soils. They concluded that the chief 

factor influencing nitrate formation was the original organic matter content 

of the soil. A markedly beneficial effect on nitrate formation was attri­

buted to liming these same soils. This latter factor was especially notable
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in soils that were low in organic matter 0

Most 6'f the above named factors were probably reacting favorably for 

nitrate .production during the .growing season on ,the, ,soils involved in this • 

study. ■ Possible adverse factors were low organic matter content and in­

adequate., aeration. . ' .' ■ ; '

Little information Is available on the potassium status of semi-arid 

and arid region soils. One of the most extensive studies has been carried 

out .by MeOeprge (5) .on calcareous ,Soils ..in ,Arizona,, ,in"which he determined 

water-soluble and replaceable potassium.on a large number of soils. Both 

types of potassium were considered to be available to plant's. The results 

. show ,‘that the soils contained from 6)4«765 pounds of water-soluble potassium, 

and . from 3QO-2130 pounds of replaceable potassium per acre foot of surface 

soil. McGeorge concludes that none of the soils indicate an immediate need 

for additional potassium, and that, most Arizona soils have high reserves 'of

available potassium...... . .........

The. soils concerned in this study could be expected to show similar,
■ > ^ 1 1 < ► * * « • » ' 1 • 1 i f i 1 < 1 . 1 1 1 • 1 1 ► 1 « ■ ' 1 '
amounts of wate^sbluble and replaceable potassium. So the # i s o # a  soils 

since both are developed under conditions of low rainfall and little re- 

.mqyal .of.potassium .by leaching. According to the standards established for 

the polls of ,eastern !Jnited Btates1, potassipni should not be deficient in. 

soils with similar amounts of water-soluble and replaceable potassium as 

was found by McGeorge to occur in Arizona soils.

j '



MmLtklS A m  METHODS
The field tests upon which this study was based were carried on co­

operatively With farmers' in YellsWstone and Big Horn counties„ Foyh1 of the 

tests were located- in Yellowstone County and the other four in Dig Bern 

Countye Under the cooperative plan employed,, the farmer prepares the field 

and plants the sugar1 beets according to his own practices„ The fertili­

zation, blocking and thinning, irrigation, and harvesting are carried out 

by research workers or by labor under their supervision^
The Cooperating f a r m e r s t h e  soil types of the fields involved'-, and 

the cropping histories of the fields are listed in Table l> As the crop­

ping. histories' indicate, considerable: variation exists in the crops grown 

•and" the fertiliser practices employed On, these soils*

The field tests were designed with eight fertiliser treatments in a 

randomized block dedign with five replications., The fertilizer treatments, 

applied in all of the tests are listed in Table IIe Nitrogen was applied 

in the ammonium sulphate form (20% nitrogen) at planting time, but ammonium 

nitrate Was used as the nitrogen Carrier for. sidedressing9 Phosphorus was 

applied as treble Superphosphate (1$% PgO^), and potassium was applied as 

muriate of potash (60% KgO)e

The individual plots were four rows wide and fifty feet long, A U  of 

the phosphate and ten pounds per acre of nitrogen were applied immediately 

after planting on the fields in Yellowstone. County and on the Wagner field 

in Big H o m  Conntye The remainder of the designated nitrogen was Sidedress- 

ed during. mid-June, These fields were planted flat And were not ridged.



Table I* Information on soils used for cooperative fertilizer experiments in 1950,-

Gooperator . J a Propp J» Erum Ho Eeiter Sa Bwen C» Bounoiis 0» Gable Te Koyama Bo Wagner

County Ti Ta I* ■ Bb Hs B 6 H 0 Be Hs - B 0 H 0

Soil Type laurel Havre Harlem ' laurel Manvel Billings . Manvel ■ - Manvel
clay sandy silt . Slay silty silty . . clay clay
loam

Past History %/

loam loam loam clay clay loam loam

1910-15 Alfalfa. — — Beets ■ Beets

1916 - ■ Beets 
(P)

Beans Hrain Beets
(IPM)

Beets
(P)

AlfdLfa Beets Beets

1917 ■ Beans Beans .Grain Grain Beets Alfalfa ■ Barley Beets
■

Beets
(IPK)

(?)
1918 Beets 

' ( IPK)
’ BeanS Grain- Beets 

. (p)
Alfalfa : Beets

(» )
Fallow.

1919. Beans , Beets Grain Beets Barley ? Beets ■ Beets Beets
' CD (?) (IPKM) W (IP) (P)

l/ ■ To refers to Yellowstone Cotmtyj B. Ho refers to Big Horn Cpunty0
2/ letters in parenthesis refer to: H  - Iitrogen9 P s Phosphorus, E - Potassium, M'-= -Manure,



Table Fsrtiii'ser treatments used in easperimenW' on sugar beets *

. ^ . -,f i , ~  t    I. . .  . .  m  W ' 'I ■■■; - " R - " - " ' ' ' , " " - I' ■ : - 6 . , » , ^ . . ,

Fertiliser applied
Treatffiffint
Htunber ■1 . Founds per acre

. . .  " JE2O

Xl d, 0 0
3* 8d 0 0
3̂ O 260 0

m 0
4 W m) 0
6: W %6@ 0
U 80 8o 0
8w 80 Mo 80

.""I w«
legend; H ^ Kfitrogen9 FgO^ ** Fhosphorid Sctd9 KgO ^ EotSSh
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fhe Gable5 Koyamas ajad Bounotis fields iswe planted on ridges 5 and the 

fertiliser was applied after ridging but before planting» The same amounts 

of phosphorus.,, potassIuzas- and nitrogen Were applied at planting time as in 

the other experiments. The remainder of the -designated nitrogen wad side- 

dressed during mid™Juney

The Tertiliaef wab applied with a M l t  fertiliser distributor .mounted 

.on a Planet Jr>: garden- tractor equipped with a. double disc furrow opener.»

In the flat planted tests,, the fertiliser- was applied three inches" to the 

Side Of the row and four inches deep* In the ridged tests, the fertiliser 

W M  applied .immediately b e W  the row"'and. fife inches deep* leveling of 

the ridges, during planting reduced this depth to about three inches* ,

Soil samples were taken from each test area prior to planting and 
TertS-IisationA - The. samples were taken to a- depth of six inches from .sever-* 

-si locations in each replication* All samples within a replication iW e  

bulked, but the bulked -samples from each replication were dried and stored 

Separately* The samples were air dried prior to storage*

TM MeW were IMnned W  blocked Iby W w  ̂ der the of
research workers in an attempt to obtain neah optimum stands* The 'average 

per cent Stands at" harvest and the row" widths- are listed in Table T H >  A 
one-hundred per cent stand was considered to be 'a beet for every twelve 
inches- of row.

Irrigation was also carried out under the supervision of the research 

' marker*,' HoWever5 the time of' irrigation. WaS' limited to the. periods im . 

which irrigation water was allotted to the farmer* The number of irri­

gations for each test is' indicated in Table III.



Tatolfe 111.» General information on management of fielS fertilizer experiments.

Gooperator Propp Erum Heiter 'Sweii Bounous Gable Eoyama Wagner

Type of -Planting • Flat Flat Flat Flat. Ridged Ridged Ridged Flat

Date of Planting b/20 S M h/20 a/2% . ItAS
Bate of Thinning 6/10 6/12 6/12 6/10 6/6 6/S

Bite Sldedressed 6/16 6/18 : 6 A T 6/21 ..6/20 ' 6/19 3/%9
Irrigations (Humber) 5 Z h . f $ S 5

Date of Harvest 9 / ^ 9/23 30/6 10/10 10/7 10/9

Width o f Hows 22« 22« ' . 22» 22» .26* 22«

Per sent.Stand 90 & 78 93 97 3 # 108 98
— — — »— -- . ■- - ■ ■■ Tl,:.;,.. 2



Gsrpsnm a?esi@tanee Tbloaky W e i p3;SHed. e& five looa’blons in each mcper*-1 

men! at depths of sib-:, twelve. ixTeat-y^fot^ and thirip-slic inches,, in- ad* 

ditioh^ tensiomstei? data and a n b l e W r  samples for gravimeinic' analyses' w - s  

obtained fbom sale-3'ted e2cpayiments» fiae purpose of this phase of the study 

was 5 (I) to. aid in determining the proper time of irrigation, (2) to rec­

ord the actual moisture conditions in the experiments#i and (3) to. determine 

the- suitability of gypsum blocks and tensiometers under the soil and pater 

conditions Studied Resistance readings from the blocks pore Obtained 

approximately every five days during the irrigation season* Tensiometer 

readings were taken every- other day> The data from the moisture studies 

are not reported in this paper excepting- as- the moisture data was consid­

ered to' influence the fertility status of the Soils*

Ere- yields’ -of sugar beet# wore obtained/by harvesting forty-five feet 

of row length from each of the two center r o w  of each plot*. In the tests 

located in Yellow tone Gounty5, the entire- plot sample was- was Kod5 tared, 

counted^- .and weighed* W e  ,samples were taken, from each plot for sugar 

analysis* The. sugar percentage for each plot was- computed as an average, of 

two determinations* rIfie beets from the plots harvested in Big Hdtti- County 

were topped- and Weighed in the field* Approximately One-third of the. b e e #  

were then washed and taped*. Two sugar samples were taken from each plot, 

and, the per cent sugar was determined in duplicate on each sample*

Ghernicalj Physical, and ITeekanloal Analysis of the foil- '' ' '' "" ' 1,1 I ' - ' •- - T-:'- - ' T ' - , . . -  " K '  T1 V .- ,  I.; m ., I ,

The air dried soil, samples used, for the Chemical analysis were e oar be- 

2y ground with an iron pestle lb a , galvanised pail* A, composite of the ' 

coarsely ground soil was: obtained, by hulking equal volumes of Soil from-

18



19 ■
each replication of each test. The bulked samples were then ground to pass • 

a thirty mesh solve* A porcelain mortar and pestle were used for the fine 

grinding. The samples were thoroughly mixed and stored in glass jarS0 

. ' The pH of each soil was determined by the glass electrode method on a 

saturated paste of the soil. In preparing the pastes, the soil samples. 

were weighed and the water was added from a burette so that saturation per­

centages for the soils could be calculated. pH readings were obtained on . 

the pastes five minutes after preparation and again at thirty minutes aftef . , 

preparation. Only the thirty minute readings are reported in this paper.

The saturated pastes from the pH determinations were excluded from the 

air and set aside for six hours. Extracts were then taken from each sample 

by means of a suction pump and a Buchner funnel.. Conductivity determi­

nations were made on the extracts by means of a Solu-bridge equipped with 

a micro cell, Duplicate conductivity determinations were made for each ■ ;

soil.

Available phosphorus determinations were made in duplicate on each 

soil by the COg extractable phosphorus method as outlined by Ehsmihger and 

bar Son (3), The phosphorus was expressed as parts-per-million on an air- 

dry basis.

Free lime was determined on duplicate samples by the use of a Collin1 s 

calcimeter as described by Wright (17).. In this method, the volume of 

carbon dioxide gas released from a weighed soil sample by dilute (3.0 I.) 

hydrochloric acid is measured in a closed system. Constant conditions of 

temperature are maintained by a water bath surrounding the apparatus.'

Acid soluble calcium and magnesium were determined in duplicate samples



20
of each soil. Ten gram samples of soil were extracted by boiling thirty - - 

minutes in 100 milliliters of 1,0 N. hydrochloric acid, filtering., and mak­

ing the extract up to volume. An aliquot of each sample was taken and the 

iron and aluminum removed by a double ammonia separation. Calcium was de­

termined by a double precipitation with a large excess of ammonium oxalate 

as outlined by Koltoff and Sandell (Ii). The calcium was filtered in GobCh 

crucibles and titrated with O.Oj? KU .potassium permanganate. Magnesium was 

precipitated as magnesium ammonium phosphate and determined volumetrically 

according to the method of Peech (8).

Extractable catiohs were also determined in duplicate samples of each 

soil. The air dry soils were extracted by the ammonium acetate method of 

peech (8). Calcium was determined volumetric ally by titration with 0.0? N. 

potassium permanganate after a double precipitation with oxalic acid. Mag­

nesium was determined volumetrieally by the same method as was used for 

acid soluble magnesium. Sodium was determined gravimetric ally after pre­

cipitation with uranyl magnesium acetate. Potassium was also determined 

gravimetric ally after precipitation with sodium oobaltinitrite (8). All 

results were expressed on an air dry soil basis.

The rapid titration method of Peech (8) utilizing potassium dichro­

mate was used in the analysis for soil organic matter.- Duplicate samples 

were analyzed for each soil.

The cation exchange capacity of the soils was determined in duplicate 

on the same soil samples that were utilized for determining the extract- 

able cations. After saturation with ,ammonium ion, the samples were washed 

with alcohol and the adsorbed ammonium determined by a Kjeldahl digestion.



TIie distillate was taken tip in a tour per cent solution of boric acid and 

titrated with'standard hydrochloric aciti0
the Bouyoudos hydrometer method was employed In performing' mechanical 

analyses On the soils. After dispersion* hydrometer readings -were taken' 

both at one hour and two hour intervals to obtain' both five micron and two

mierdn da#- 'p^foirmd' oh aa* hut

the percentages were computed oh an oven dry soil basis®

Additional chemical and physical analyses were performed on. some or 

all of the soils by Br . I V  Larson of the Soil Management Division of the 

Bureau of Plant Industry* Soils*, and Agricultural Engineering®
Hitrifiabie nitrogen In each of the eight, soils- was determined by =

Drv Larson using' the phenoldisulphonic acid method®. In the method employed* 

the soil was: extracted after shaking with a- solution of calcium sulphate® 

The suspension was filtered* and aliquots' were evaporated to dryness® The 

dried residue whs treated with phenoldisulphohic acid and made alkaline 

with ammOnium hydroxide to develop the yellow color. - The intensity of the 

color was determined in a ' photoelectric colorimeter.' The determinations 

were made on the air dry soils without incubation in the first determi-: 

nation. In the second determination*! extracts of the sdm soils' were 
lysed after the soils had been incubated for three weeks®

In the incubation procedure* fifty grams' of soil were mixed with fifty 

grams of white Washed silica sand and'placed in one pint jars „ Moisture, 

was added to bring the "Soil to thirty per cent moisture op. the basis of the 

fifty' gram soil sample. The jars were' placed in an incubator and held at a 

temperature of twenty^five degrees Centigrade plus-»or*-jnitiUs one degree.



Once a week the Jars1 were removed from 'the incubater and the moisture - eon-" 

tent' o f  t M '  sdlT'Me' M j u a M d  to' M i r t y - p e f  oeiit' i'f neeeaeary0' iWe- samples' 

were also aerated by pumping air into the bottle with a rubber bulb, ' - 

dbg soluble phosphorus was also determined by Pr, Larson for all'of 

the eight soils, Eoweverff a Slightly different' method was employed in that 

a W 5  soil^waier ratio was used for making the extractions instead, of the 

1-^10 soil-water ratio need by the author, fhe results' obtained by the two 

methods were generally in agreement excepting that slightly lower-values 

were obtained with the" l-'~5 soil-water ratio extract, in addition to the 

analysis of the surface soil Samples for phosphorus2 Pr, Larson determined 

dbg soluble phosphorus in the 6^*12 ff l2-2hff and the 2h?36 inch depths of the 

Propp5 Ewen5- Wagner^ and Eoyama soils, '

, Etilising a pressure membrane apparatus as described by Bidbards (IS)5 

Dr, Larson determined the moisture retained by each of the eight soils at 

15 atmospheres tension. This point op the moisture tension curve, provides 

an estimate of the permanent wilting percentage for' each Soil, The 1/3 . 

atmosphere tension moisture percentage^ which is' a- laboratory measure of 

field CapaOityff was also determined. Using a pressure plate apparatus (13)?

Additional physical analyses performed by- Drv Larson include bulk ' ' 

density^ total porosity^ and the per cent of M e  total soil volume drained 

-at SB and Bo centimeters water tension* The latter values may be used' aS an 

indication of the air capacity of the soil and consequently its aeration, 
'These analyses were performed, only Ott the Ewen5 Proppff Wagner5- and M y h m a  

soils.



Statistical Analysis of the Data

Simple correlations were employed to measure the degree of association 

between the various soil constituents as determined by analysis and the 

GOg soluble phosphorus content of the soils, A similar procedure was used 

for correlating the various values for nitrate nitrogen and other soil con­

stituents. If a significant correlation was obtained, the assumption was 

made that a relationship existed between the paired values-. In all. such 

correlations, COg soluble phosphorus and nitrate nitrogen were considered as 

dependent variables.

It was realized that the availability of phosphorus and nitrogen are 

probably dependent upon several soil factors acting simultaneously rather 

than upon one factor acting alone» . fn view of this, consideration was . 

given to the use of multiple and partial correlation methods to evaluate 

the effect of individual soil factors in phosphorus and nitrogen availa­

bility. However, when dealing with small samples, a serious limitation 

exists to introducing several variables into such determinations since most 

or all of the variables are required to fix a regression plane leaving no 

information as to error.

Since the use of multiple and partial correlation did not seem to be

warranted, a method was devised to evaluate the effect of soil factors in

aggregate on the availability of phosphorus and nitrogen in the soils In

this method," certain soil factors were considered to influence availability 
. . .. : ; 

negatively and other factors positively. The ratios of the products of the

negative factors to the products of 'the positive factors were determined'

and, correlated with GOg soluble phosphorus and nitrate nitrogens

23
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Attempts were made to fit curves to the available phosphorus-yield 

data by means of curvilinear regression and the Mitscherlich equation* : 

These attempts were not successful due to the lack of data at the extremes 

of the available phosphorus and yield data ranges0
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EXPEBlM'BSm RESULTS'

Field Experiments ■ - ■

The sugar beet yields of the individual plots, the mean per cent sugar 

for each fertilizer treatment, and the mean gross Sugar for each fertilizer 

treatment of each of the eight field trials are listed in Tables IF, Fill, 

and IXo The1 analyses of variance for the yields of the individual plots 

are listed in Table Fo The average yields of beets by fertilizer treatment 

for the trials in Yellowstone County are given ■ in Table FIo Table .FII 

gives similar information for the four trials in Big Horn County0 A summary 

of the influence of fertilizers oh yield, per cent sugar, and total sugar 

for all tests is given in Table X 0

In six of the eight field tests, the principal, yield response was ob­

tained with nitrogen. Only the Gable and Propp fields failed- to provide a 

yield response to nitrogen, and it is notable that these fields were the 

least number of years removed from alfalfa* The average yield'increase ob­

tained with nitrogen for all tests was'approximately l e6 tons per- acre, with 

the UO pound rate of application giving equal responses to that obtained 

with the 80 and 160 pound rates®

Nitrogen fertilizer produced'significant decreases in the sugar con­

tent of the beets with- the-greatest reductions occurring with the heavier 

rates of nitrogen application. The Average decrease i n 'sugar content for 

BO, 80, and.160 pounds of nitrogen per acre were 0.18, 0®5£>, and 1.27 i>er 

cent respectively® However, as- an average of all tests, nitrogen gave the 

largest- increase in total sugar primarly as a result of the greater yield 

increases obtained with nitrogen®, A tendency was noted for total sugar to



decline with: increasing dates' of nitrogen application;. In Big- Horn. Bounty, 

total: sugar decreased'500 pounds per.acre as the rate' of nitrogen-appli- ■ 

cation 'whs increased from ho- t o '160- pounds, - •* • : •' ■■ - -

’■ The only- notable yield increases from phosphorus- occurred on the propp 

farm in Tellowatone County and on the Gable farm in the Big Horn County.

The average increase in yield from phosphorus for all tests was about I eiO 

ton per acre.. A considerable portion of this average increase can be ac­

counted for by the results obtained on the Propp farm where Increases .in ■ 

yield of about 5 tons per acre were obtained with phosphorus.

Mo significant effects on the sugar content of the beets were noted 

from applications of phosphorus.. As an average of all tests, phosphorus 

increased the total sugar production with the greatest average increase 

being obtained with the 80 pound-per-acre rate of PgO-̂ o- However, the trends 

for individual tests were variable, and the higher rates of application pro­

vided. the greatest increases in total sugar in certain trials.

■ The only yield increase from potassium application was obtained in the 

Krum test in Tellowstone County, but an examination of the data creates 

Some doubt as to whether an increase in yield from potassium actually occur- 

red in this test. Treatment Mo. 7,: Containing only nitrogen and' phosphorus, 

gave' nearly as high an average yield as did the potassium treatment although 

comparable yield increases were not obtained from other nitrogen,and phos-■ 

phorus treatments. Thus, it appears that the■apparent response to potassi­

um might have resulted from soil variability or other experimental error.

■' As an average of all tests,, potassium had little or no effect on the 

sugar content of the beets, but it did provide an increase of 195 pounds 

per acre of total sugar.
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Table ItTo Plots yields of sugar beets, from cooperative field trials, '■

Propp- Plots .

Treatment 
I  P2O5 I2O

, Sample Yield-# 
Bep I Pep 2l

-Tons/acre per Plot 
Rep 3 Rep b ' Rep 5 Total ’ Ave.,,

0. 0 0 6,77 9,0b 10.31 10.6b 13.o 2 b9.81 10.0
80 0 0 7.06' 9,32 . 8.92 12.50 12.37 50.20 10.0
O 160 0 Ibe 26 12.79 lb. 9b 15.66 lb. 85 75=50 i 2 a * *
Go 160 0 I5,b7 13.70 l5ob7 13.28 15.60 73.52 lb. 7iHfr
iiO 160 0 15.06 20.21 lb=6o 16.10 15.91 81.88 I6.b**

160 160 .0 16.63 16.98 15. b6 I6.b7 13+28 78.82 15.8-»
80 80 0 16.31 15.13 lb.b3 15.52 15.79 77.18 15.b**
80 160 80 12.87 lbob? lb. 72 16.72 17.26 79.07: 15,8**

L*S.D o at level —  2.12 tons/acre ’
L,S!,D. at 1$ level —  2C83 tons/acre
%ifr Indicates a significant increase over unfertilized treatment at 1% level

Irum Plots ■ ■ ' :

Sample Yield— Tors/acre per Plot
■ M PgO5 ES* R ep I Rep 2 ■' Rep. 3 . .Rep b Rep 5 Total \ Avpf..:

0 0 0 16.00 15.26 lb. 65
/ - .
lbi, 51 1 2 4 9 72,91 . lb,6 .

80 0 0 18,20 18=37 16.05 15,17 lb. 72 82.51 i6.5%#
0 160 0 lb,8S. 15.b b ■ lbobl 15.07 13.77 73.51 lb.7
80 160 ■ 0 16.26 16.00 16.9b 15.03 13.5b . 77.77 15.6 .
bo 160 0 18.03 16,01 15.10 .1247 ,lb. 77 79=38 15,9*

I60 • 160 0 18.33 17.0b 15.72 16.58 ■ 12,32. 79.99 16.0*
80 80 0' a .15 18.12 15.28 , 16*25 17.19 88.72 . 1 7 . 7 «
80 160 ■ .80 19.22 18.73 17.9b

...... —
16*92 • 17.-65 . 9 0 4 6 18.1«

.
LoS.D. at 5^ level -- I0 30 tons/acre
L.S.D. at \% level —  I„77 tons/aore
* Indicates a significant increase over unfertilized treatment at level,
-JHt Indicates a significant increase over unfertilized treatment at 1% Ievel0
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Table IV. (continued)

Reiter Plots

...*........

I Treatment 
P2O^ KdO

. Sample Iieldr-Tons/acre.per Plot .
TotalRep I Rep 2 Rep 3 Rep I m  5

O 0 0 13.69 33,62 33:02 31.19 17U3 71*95 lit,I80 0 0 36.̂ 9 16.22 17162 16,95 17,11 81,72 36,9*
O 160 Q 11176 12.68 16.3T 18.07 12:55 71.13 1W3
80 160 0 13:20 16;32 17:17 16.32 18:51 83:52 36,7*to 360 0 18.77 31,61 12,17 17.21 16 ,OT 81.13 36.8

160 160 0 i6;o8 15:63 18:60 18*31 2o;i6 68:63 ■ ■ i7:7*80 80 0 1̂1.26 17.11 15,79 18^2 18,61 65*12 17*1*80 l6o 60 15.10 16*60 17.81 1 Y , A 17*51 81.81 17.0*

I,SiB-. at %  level 2.11 tons/acre 
B.S.B, at 2$ level ~~ Hot significant
*  Indicates a significant increase over unfertilised treatment, at $$ levels

Sample Yield--Tons/acre per Plot
. % K2O Rep I Rep 2 Rep 3 Rep I Sep 5 Total Ave.

-■----

0 O 0 12,90 8:5b 9 # 31*35 32.99 55,31 11:080 0 0 13*71 (13:56) 13,9! l!.6i 31,55 7b ,Io60:67 31,1**0 . 366 0 12.12 12,9l 11:73 13:36 10.92 12,280 160 Q i5:7i 11:76 15:66 16.12 11.06 76,31 35.3**Io 360 0 13.0715.15 13:98 i3;i9 13:65 33:1031:59n:2i
67,29 13;5**160 160 0 11,31 11.52 15.51 71.31 11.8*;:-

80 80 0 33*2315A7 15:2212.71 15:80 11.16 72:6580 160 So 15,10 16.32 11*70 71,00 ll,W
Ii.S-.i3. at Sfa level I 0Jk tons/acre
L.S.I3. at I f  level -•»- 2o3U tone/aere
jf* Indicates a significant increase over unfertilised treatment at 2$ level.
( ) Benotes missing plot



fable IV* (continued) 1

Bonnoug Plots

Q P2O^, % o

M -  ! p mill .HjIIllll

Sample Yield— fons/acre per'Plot . 
Rep I ..Bep 2 ' ,Iep 3 _ .Rep h ,'Rep '$ ' fetal Ave 0 .

Q 0 ’ 0 .20»19 ,12*98. .1&32 ,32i?8 .19:12 87:3.2 17*3
80 0 , 0 .18*82 .17*89 17.92 (17*61) .18*31 90*66 18.1
O 160 . O .16.03 ,18*81 .12.3k (13*66) 15.23 81.09 16,2
80 160 . 0 .17;22 .19.29 ,18^69 ,20*92 19:5k 95:99 39*2
W 160 0 - ,23*86 ,20*71 ,19*7k ,21.0k .17*72 103:07 20*6*%

160 166 . 0 16*36 ,lPikl 20*08 ,16*62 ,19:09 91:51 18:3
SO 80 0 19*18 18.28 19.00 17,66 16.89 91*01 18.2
80 160 80 19.76 20.06 20.31 18.13 20*66 98.92 19*8*

at S  level ^  S-.O'? tons/acre
LiSiB,-*' at m  level 2^80 tong/acre
#  Indicates a significant increase over unfertilised treatment at 5% level.
^Indicates a significant increase over unfertilized treatment at li% levels

Gable Plots ■ 5 ‘

•: . . '. . - . . V

Sample -lield— fons/acre per Plot ,..
" r  , ' ,

. H w Rep I Rep 2 Rep 3 Rep k Rep 5 fetal Ave0.

0 0 ' 0
1. . . . j-' Ln  111 ■ "- ,l - . - 1T  rA '

17i92 16i60 17.21 'l2i60 12.26 % : 8 9 16:6
80 0 ' 0 17il& '17.92 17*77 17*38 '16:72 87.15 I7*k
0 160 ' 0 (18:97) '19.23 ’ 19.20 16:30 ' 17:82 91:32 18:3*

80 160 0 '18:90 l6;82 17:68 '18*09 ' 18:60 90.12 18,0*
li.0 1 6 0 . 0 17:76 '18:66 17:78 17:87 17,93 90:00 18*0*

160 160 0 '17:66 '12:97 17:76 17*72 16:86 85:97 17:2
86 So 0 18*32 17.22 '17:93 17:27 37:72 S K O i 17:8* ■
80 ' 160 80 20:52 19:ko 36*32 18*63 19:32 93:63 18.7*

LiSiB:. at level 1.22 tons/acre
!,.S-iB. at Ifo level ■***“*■ Bot significant
# Indicates a significant increase over unfertilised treatment at f>$ level.
( ) Denotes missing plot.



fable I?,. (concluded)

Koyaiaa plots

Treatment ■ Sample Tield-— Tons/acre per Plot .
If'/" ■'.

S F2 %  .. ^  ,Aep I- Rep 2 ‘ W  3.. Rep It Rep 5 Total Ava.

O 0 0 #487 15&72 1 5 # 13.79 7 6 # m  ■
80 0 S ISflOl .33,36 1 6 # 1 7 # 16^7 82*77 16,6
O 160 0 H u 2 Q 15,32 15 - IiO lk .3 l 1 5 # 7 4 # 34*9
80 160 0 i5..a 17*81- i6;99 3 5 # 16# 81,55 ..16^3
ItO 160 0 a ; ? 2 1 7 # 18,63 I8ilt5 16;63 85.67 1 7 : #

160 160 0 16,15 18.81 1 5 # Hti62 1 7 # 82:81 160,6

80 BO 0 15.8L 18*37 17,68 15.65 15:53 83.07 16.6
80 160 80 17.31 15.58 15^38 17,73 1 6 # 8 2 # 36.^5

L.S.B , at ■% level 1,5 tons/acre '
' v

XjaS^B . at 1% level '***»■ Hot significant.
# Indicates a significant increase ever unfertilized treatment at 5% level*

lagner plots-

Treatment Sample Tield--Tons/aore per'' Plot ..
I % BgO Aep I' '"W  2'" lap 3 Rep. k Rep 5 ■ Total Ave , •

e 0 0 12,61!. •13,15 13.50 1 2 # 13,21 6 5 # 13*1
80 0 ' 0 13,05 13,70 # . 6 7 1 3 # # . 1 2 68,97 13.8
0 , 160 - 0 12,82 1 2 # ' 1 3 # 6 S .6 S ' 13,1

80 160 - 0 iL .07 ^ ,5 8 ' 13 •* Itlt ' 1 5 # # : i 3 71*47 14:3**
ito 160 ' 0 ■31,25 lil.18 13,73 # . 5 5 # . 6 8 71.39 14,3m

160 160 0 -13:55 111.30 # , 5 1 15.15 1 3 # 70.75 ■ 34,2m
So so ■ . 0 lU.oit 13.58 # , 5 6 . '13.53 # , 6 8 70*39 it .lte r
80 160 80 lit* Slt 1 3 # 1L13 13,77 71*28 

... ------------
14,3m

.....-»—***■
IfSiB'. at S  level -r- O6?? tong/acre
JjiSfBi- at 1/Z level ̂  l.dU tons/acre

Indicates1 a significant increase over unfertilised treatment, at 1$ level.



Table Y 0 Analysis bf' variance data fdy yields bf sugar beets.

Variation due to Jiean Square T- value

Replications 

Treatments "

Eriror ... , ; 

$ o # l  ; ' ,
. .V V , . , .J

'Tu,"!'"!'""" ... »vi«? -------4— 4
A.. . .' . I #

'

!g# ''/f '- '■ • - r * ■ , . . ’
,39

■ ...... .. ...,I=... i,

3L,0% ' \ 1 2 ^ 6 0 #

. a»68

I .........

I,. xm'llm     .... W — — .
Variation due to

...
...... .3*«#........... lean. Square- . , ....F v a W _

Replications k . . .  , I W b 11.82**

Treatments t 8 * # 8 * 0 9 #  .

Error 28 IoOl -

T O M l , «39 . * . .
, #  Significant, at., it .Ievel

I

t t ,

t i '

,  ̂ '

Variation due to
j ,■* ^

F value ..

Replications
.-ri.. -'-'V ,L' ''

■ . k  ■ . 3 * 8 ^

Treatments

Error

total

f

SB

39
44—^

8*10

2 . #

3*00*

*  Significant. 5% level
n r  — ,TTZ-Tr I . .-I U .t;r T . , , - - ! - / ' : ]  V ^ ' :  .11 .p n . j! n' rf I T i T n i ' , -



Table ?«,, (continued)

Et?en Plots

......
Variation due to ■

..... ..... .
BoFe : Mean Square .

„„1.1,'ta,,,,! w .̂j>
F value '

Replications h

Treatments 7 ,32*06

Error 2 7 : ' W 6

Total . 3 9 , ' ' ' ''
., #. Significant,;at 1% level

Bounous Plots

Variation due to ; ......
: • i ' '.

..... y .
Replications : b : L m

Treatments " i ■ ■ "

Error

Total.. . . . . 37 - . ^  Significant' at S', 'level.

■ Eabde:. Plots
-

Variation due to
.I- "V' - I"

'Mean ,.BqWe'. , /. , & . v a W
Replications it . ' W : '

Treatments ■ • ■ 7 '

Error '• - W ...........

Total 38 ........... 'I
...........  - __ ______ _ — ...... ... .̂Signivlcant.at ̂



fable V? (eoneluded)

Kbyaam Itgjis

Variatidn.due to
.  . . .  -.'I Sean.Square

. .............. - .......

treatments' 7 - ' 2,99 ' 2,09*
Brror ' 27
Treatment •*• Biror ;I /  #
2____.............
I/ Anafyeie of covariance employed with this trial, ,,

Wagrn# KLpte

Variation due to , . 8 + F ..........
■' , J J " '  ' ' ' - l l l M u n . , ' ,.l , - . ~.
Mea& , .... : Wte

BepHcationa 4
..i -

Treatments 7 ' i # '-$#66#
Brror 28 W 6 ,

Total . - 39
w  y i  . , . U t i - . i n . , I . , - . ! ' I . ...#Signifioant.at M  larei



Sabie Ti, Swmaary'of influence of fertiHmrs on the .yield-of sugar beets is TeHowStone..Sount?*

Propp TZmsi Reiter Sv/en Average
Sons/Acre ’ Sons/Aere ' ' Tons/Acre ' ' Tens/Acre ' Tons/Acre

IncFe ; . - Incr e ' ' Inere . ' Incr e: ‘.. Incr,.
SreatiBenf 

i ■ PpOcr
Are,.
Yield

ever - 

Oheetc
A m e-
Yield

over - 
OhecIc

ll: over
Check

.-jkyf-Q#
field'

o v e r . 
Cheek

Ave.,
Yield

over 
Check •

■ 0. O ■ 6 IOeO Moit ' 11,0 "'- *»**■*' 3 & M '

■80 0 ■ S IOeO O eO . M M " ill, I Sol ' Iluli- ' I M

# 160 O  . ^ eI o a 1)4,3 "0 ,I 3 2 M  ' I M 3 L l I M

80 160 0 t.7 M O  " 16*7 - %,S " i$*6 Sol

W 360 O IoS M M 1.8 1S.S 2 ^ 15,5 S M

M O O 37,7 S M 3 & M S.Q - l6,l 3.6

80 86 e Moii- ■ 5>ii- 1 S M  ' 1 7 M W 3.5 # M  -i 3,7

@0 M O 80 1 ^ 8 ; . . 37M. a w M . M A  . . S M

T , . .  w . . . , , I .

&«8' : I M W

# 3 ^ S M

l/ least Qigaifieaat Difference 

2/ Coefficient of TariaMIity



Table VTTa ' Stmmaiy of" lnfluenee. of fertilizers on: the. yield of sugar beets In Big Hbrn Bountytl1

_____ ... ... - ................r__,.•- . -..... - ...  ~  ̂ ;...
Bounous : gable . Koygiria „ Wagner ' , Average

I
TrealBBTit 
.: %  . %®

" Tons/Aore 
Incr-» 

Are-*... over'
l W i '  Ohebk.

- .  Vx '••V.., .

. Tons/Acre ̂  
.. Incri 

Ave* .'over" 
Oheck

.'■ Tons/Abre' 
lncr. 

Ave* over' 
Tield' BhecIc

Tons/Acre
# 9%»

Avei over■ 
Held'- Cheek

lons/frore.'
 ̂ ®M$r*

Ave.* .' over
H eld  Oheek

' O e O
- ' >- 5. ■

——— 3 W W i • - ■■ "uu--.

80 ■ 0 0-o6 1 6 ^ 1 0  ■ ' W s ' 0 # 1 6 ^ %;0

0 160 O 16»2 ' ”l i3 # 3 1»? o p 6 % : . OiO

■ SO 3 # B ' W '  ' I S # M t IdiS 3&2 ' W W  ' M r

W a 20a^ 3=1 ' m 3 6 ^ 2 # 1 7 # W

ig o O- 1 # 0# %%' ' i p  ■

Ge Q- 3 8 # W # # 1# lij-el
# "

16*6

80 160 80 .%*3 %% 16 »9 %W 1*2 ; . . V * . 2 #

y  '■- 23% . 0*8
2 # -rWsSV

: m  i / ■ 8 # M t W

l/ least Significant Difference

2/ Boeff%isnt of vnri^llity



Table Villa The influence of commercial fertilizers on the per cent sugar in sugar best roots*

• per cent Sugar . per cent Sugar Biff*
' Treatment ■ ■ ,TeHowstone -Cguatet.. . '. ■ ■ Big Horn County , ■ ■ '
I . ZpO Eropp Erum Reiter ■E w e n ; Bounous Gable ■Kogaaa. Wagner Ave,; ■ cheek

S a; O 16.6 8 17*7 16.7 17.1 3 6 ^ 17.7 1 6 ^ m o —

8^ p O 16*7 : 16.7 17.0 i5*8 16,5 r ^ 5

0 I # 0 17.U 17.0 17*1 17*& 16.7 • 16.2* 17.0 060

80 i # 0 3 6 A 17*0 16.1 16,9 ■ 16.3 17.2 15*8 i & 9 l6,t -0,6

i|0 360 0 16* 6 ■ 17.5 36,3 37.3 1666 17,5 16.1 16» k 16*8 —0,2

160 160 O 36*0 l5.ii 16*1 15.9 3 6 3 l5Ut 15,1 15f7 -1.3

80 - ai 0 16,2 ^ O 16.8 - 3665 17*1 15*9. 16*2 16*5 — 0.5

# i m 80 17.0 l6;2 17.1 ■ is.? 17,3 16^1 36^1 . 2.6 »t -0.6
% ..1 - ;*J " - 5 * *

y W ' 0.5 o.t . .  a j i 0*5 . " 'Wwwwa, _ \ p * 7

 ̂( W : 1*0 0.7 0*6 0*6 0^6 0,7 w-iwew' 0*9

2 * k W 1.8 2̂ ! - 5.1.

2/ coefficient of Variability



Table IXe The influence of commercial fertilisers on the total sugar production of sugar beets.

' •
Total Sugar— Pounds per acre . Bifm

from.
■ OheckEropp Erum Selter Swen 'Bdanous Gable Koyama Wagner Arerage;-

8  8 O 3350 5160' Wo 3770 5890 5860 1730 1370 1710- .
80 0 Q 3280 5510 ABO 1770 5990 5910. 5210 ■ ■ 1120. 5070 330
0 160 O 5350 5320 1730 1130 5550 63# I98O 1300 5050 3#
80 160 0 IiTiiO 5270 5380 5l50 6260 6210 5330 1550 5360 620
W  i # O 5Bo 5560 1610' 6830 6280 #0 Wo 55io 770
160 160 0. 1870 5310 51# 1790 5830 5600 5120 1260 5170 1#
'80 ■■ 80 O 5020 60k0 558o 1850 #90 6080 5%5& 1570 5130 690
#  368 80 5020 6110 ,ABO 5060 6260 6160 511o 15# 5550 810

V 870 m o ■ ms:,-/ IfO 310 lid m m / 270
1170 ms^,. 630 B.S. 830 m m .  . . m m .

&.v» # 11.6 6.1. 7,9 8.6 5,8 1,6
I/ .Iieast Significant Difference 

S/ Coefficient of Variability' 

3/ Hot Significant



âijile Summary of Isfluence of commercial fertilisers on sugar beets ?

Yellowstone County Mg Horn Oounty Average
Treatment 

Ebs.,. per Acre
Yield.
tVa.

Sugar
- S?....,

Sugar 
. Lbs... ..

Yield
T./A.

Sugar 
. % . •

SugarLbs. ■ Yield
■ T./A.

Sugar ■ 
. % -

SugarEbs.,
Iiltrogen (S) V ■ "

Lo ' Ifk -0,10 ' W 1,8 -0,25 L80 ' 1.6 -0.18 ' L65
@0 ic5 -0,$0 log -o,6o 2# lb5 -8.55 313
160 288 1,1 ■ —20 1.6 -1.2? 13©
Fhosphcrus (PgOg)
80 1,8 o*og 620 0,2 . ■ o.o5 90 1,0 . o.oL 355
160 1.2. -0.03 3?g. 0*7. -0,07 200 1,0 : -o.o5 288
Potassium, (KgO) 0,8 0VO3 290 &*3 a».qe - 100 , 0.6 . 0.02



Prom the water reiatioas observations made on these- fis|Xds:> Sr.. Larson 

concluded that the resistance of gypsum blocks gave a good indication of 

the moisture- in the soil when th& moisture is well below the field'-: eaps®^' ■ 

ityv; At or near the field capacity3; the blocks are not very sensitive to 

soil moisture; changes.., Soluiiie salts did not appear to greatly affect the 

resistance- readings- at the 6 or IS inch depths* At greater:depthsthe. •, 

resistance readings were often below those obtained in water1 suggesting. ■ 

that soluble salts existed in sufficient concentration as to affect the . 

resistance readingsi , ; -

. Dr. 'Larson also found that tensiometers^ in contrast to gypsum -blocks^ 

had their greatest usefulness at moisture -contents' near the. field capacity.' 

Data from .the tensiometer readings taken on the -Drbpp field: indicated that

moisture- tension tsr&s- held near field capacity on this field‘during most of
. . .  • ■ ,

the irrigation season. - -

fhe data Obtained in the chemical and physical analysed of thd soils

are listed in fables Xt XVl-. Ihe individual values are averages Of du­

plicate determinations for all analys# which were performed in -duplicate.-.

fhe analyses indicate that the soils, are normal semi-arid region spile, 
in regard to-pH with all Soils showing a slightly alkaline reaction.' Hone

of the ,'soils'are indicated 'to'contain sufficient soluble salts- to be harm-
;

fail to the growth of sugar beets. however,* the Sable- soil may contain
■ 1 ' i :

sufficient Salt to be detrimental to the growth of less salt tolerant

crops,

A considerable range was noted is the GOg soluble phosphorus present



UQ

fable XI. Data on GOg soluble phosphorus, conductivity, and pH.

SOIL • to

I
S

GOg Bxtr.
PHOSPHORUS 
1— 10 Soil-'" 
Water ratio ' 
P.p.m* I/

GOg Bxtr.
" PHOSPHORUS

I-—5 Soil- 
Water ratio 

P,p.m.

CONDUCTIVITY
K X 10-5

' pH «

K r m  .. I IlogO - s,3 ; / 12U 7.65

Belter 0-6 7 0 25 ' ' 3,2 s
:

. W ,  ■

Bounous. .0-6 2.20 'Y- ' .I-*'' ^ 138 : 7.62

Gable 0-6. I O IlO ■ 0.8 2ltl 7,69

propp 0r6 1.25 0.7 ,. . . 98 . . , 7,145

6-12 0.3 50 7.72

12-21 . 0.6 60 7/90 ,

2U-36 0.7 . ., 80 . 8.02

Bwen 0—6 18.75 1606 178 '7.52

6-12 5.8 172 7.82

IS-Sli . 3.9 . 210 7*90

21-36 '■ 2.1 220 8,00

Wagner 0 t6 1.90 1.2 128 . 7.68

6-12 0.7 100 7.78.

12-2B , o.U ■ . . lip , ,. 8.00

■ . 2I4.-36 I Ooii.,:; . . .110 ..8,00

Koyama 0-6 3.25 1.8 . • 172 . 7.66

6-12
■ . i.

OiS 128 7o75

12-2)4 : . o.k 170 7.78 .

I / 'parts-per~million0



in these -soils. Individual values ranged from 1.25 parts-per-million phos­

phorus to 18.75 parts-per-million phosphorus with the Bropp and Ewen soils., 

showing these values respectively* All of the soils, except the Eweny Krums 

and Beiter soils would be Classified as being low in available phosphorus- 

according to the standards now employed by the Chemistry Beseardh Depart­

ment of the Montana Experiment Station. ■

- While none of the soils are excessively high in their .content of free 

Ijbney five of the eight soils would fall into the category of having'more, 

than one per cent free lime, phosphorus availability is likely to be de­

pressed when free lime exceeds one per cent of the total weight of .the soil 

according to Ensminger and !arson, (3).

■ • The relative amounts of acid soluble- calcium in each of these soils • 

follow closely the trend indicated. by the free lime content. Soils high in 

lirne tend to be high in acid soluble Caleitimy and soils ,low in free liine 

tend, to be low in acid .soluble calcium* The amounts of acid soluble mag­

nesium extracted were surprisingly high and bore little relation to the - 

free lime.content of the soil. In some soils, the acid soluble magnesium 

actually exceeded the acid soluble calcium oh a milliequivalent basis. .

Extractable calcium was high in all.soils and in the case of certain 

soils, actually exceeded the cation exchange capacity ,of the soil. ■ Thus,, 

it appears certain that a considerable portion of the extractable Calcitim 

was provided by soluble salts, gypsum, or lime in the soil. Qypsum- is 

appreciably soluble in neutral normal ammonium ,acetate which was employed 

as the soil extracting reagent. However, it is believed that the amounts 

of lime dissolved in the extraction were -very small and that the calcium



fable XIIi,. Chemical. analysis of soils for acid'.soluble and extractable cations*

' " Cations Extracted -With I 0O S 6 SCI 

■' Calcium Magnesium

Cations Extracted lgith 
Ammonium Acetate

- / , Milliequivalents -per IQO grams
Soil-. . Per.cent M.E«;/1Q0 gr*=/ ,.Per cent. H.B»/100 gr»- Ca . Mg-; Ba K

E w e n ' G.SL 26*83 0*602 A9.52 - 21*0 9.06 . 0:81 1.79
Kram • 1,38 69,18 0̂ 692 . 56*92 2865 A.08 0*70 1.18
Keiter o*A8 23*82 OcABA 39.89 15.2 7.A3 0.56 1*37
Koyama 1*91 95»A8 0.996 81*89 AioA 7.32 1.61 1*03
Bounous 1,10 00.10 ,0.675 55.50 37.A 9.10 1.63 1.A5
Wagner 2.30 117.71 0.990 8i,AA 38.1 7.57 0,90 0.82
Gable 1.68 83*91 0.887 72.92 - AO *3 8.99 2.32 1.66
Propp 0*73 36*35 0.626 51.52 27.1 . 9.33 0.5A ..!.GA
I/ Milliequivaients per 100 .grams of air dry soil*

Hotei The. soils are arranged in decreasing order of their GOg phosphorus content*



h3 . . .

extracted by this procedure represents that which would be active in the 

soil.

lone of the soils were deficient in available potassium as measured by 

the chemical analysis. She values obtained for individual soils indicate a 

range of extractable potassium in -these soils of from 6l|0 to IltGQ pounds 

per acre furrow slice. The amount of. extractable sodium was indicated by 

the analysis to be low for all of the soils,

. Iitrate nitrogen prior to incubation was found to range from 8,6 to 

14.9.7 parts-per-millien in these soils. Upon incubation^ moderate increases 

in the. amounts of nitrate nitrogen were found to occur in all of the soils. 

The range in nitrifiable nitrogen values was not great with all of the ■ 

soils falling within a range of twenty-five parts-per-mUlion.

ill of the soils were low in organic matter. The., soils were remark­

ably similar in their organic matter content' with the range between the 

highest and lowest values being only 0,76 per cent.

The mechanical analysis revealed that all of the soils were heavy in 

texture with the exception of the Kruia soil which was found to be a sandy 

loam. The exchange capacities of the soils were closely correlated with 

the two micron clay content as would be expected in soils that are low in 

organic matter.

The Subsoil analyses for available phosphorus on' the Propp5, 'Magners 

Ewen5, - and Koyama samples indicated that the available phosphorus decreases 

with depth. However, the Bwen soil which has >  high content of available 

phosphorus in the surface layers, also has a rather high content of availa­

ble phosphorus to a depth of twenty-four to thirty-six inches-,-



fable JfIXI* Ghemical analysis of soils for exchange capacity# free lime# 
organic matter# and nitrates®

Exchange'■ 
Capacity

Eree
lime

Organic
Matter

Iitrates
Part s-per-million

soil 1
/M.E, per 
100 grams Per cent Per cent.

Before
Incubation

After- . 
Incubation■ Biff.

Eweh . . 22.87 0.32 2.18 2b.6 ■ 79»2 . 5U.9
Krniri ; 13.89 2.17 ' 1.73 v 12.3 - 8 3 4  : ' 70.7
Reiter ■ 23.00 0.b3 2.05 25.3 107.5 82.2

Koyama ■ 63.55 3.65 l.6o 28.6 81.8 . 63.2

Bounous 31.70 ■ 1.90 1.79 25.0 89.5 6U.5
Wagner 20.99 bohk 1.61 8.6 69»? 71.1
Oable 33.2b ■ 3.08 2.36 b9.7 120.0 70.3
Propp .28,32 ' 0.63 2.16 . 38.6 IliuO 754
Mote: fhe soils are arranged in decreasing order of their GQg phosphorus

content®



Table ZlV0 Mechanical analysis of soilSo

Mechanical Composition - per cent I/ ,.

Soil Sand Silt
5 micron ■ 
■, G l a y ,

2 micron 
Clay Textiire

E w n  .. 3ho7 • ■ • 35.8 ■ , 3it o2 ' - ' • 29.it ' " QlaZ Loam

Zrum ' 57.6' 31.5 13.0 :: 10.9 Sandy Loam

Beiter 2U.1 50.7 31.2 ■ ' 25.2 Silt Loam

Zoyama 21.2 it6.ii 37,8 . 32*1* Glay Loam

Bounous 15.2 it0.2 51.3 : itU.6' Silty Qlay

Wagner : • ;* 23.6 16.2 3k.6 30.2 ; ' Glay Loam

Sable 12,5 16.8 1*8,7 1*2.6 Silty Clay

Propp ' 20.7 1*9.7 33.lt ' 29^6 ' Clay Loam

l/ Based on the oven-dry weight of the soil.

Mote: The soils are arranged in decreasing order of their QOo phosphorus 
content. '



Table XVe' Mdisture tension determinations on soilSo1

s oil..
Saturation 
percentage.,.

,’per-cent Moisture Held'^ts; '•. -•
. !73. AtmOsor i : ... l£ ;4tmos9' "

....... Tension...... ....... .Tension;, ,,

Swen' U6o7 2'8.1B 13,%

K m a 30 o 3 17,1+ 7.3
Reiter !+6*1 31.3 12.9 .

Jfoyama 31.7 15.7

Bounous 35oO - ;32.S 17.1+

Hagner L9.6 29.3 : il+.o .

G-able 60,% 35:8 20,1

Pvopp; . 53.8 . 33.9 . 16.3..

Table H I 0 Analysis for bulk density,
:

total porosity, and air capacity.

6oil
Depth Bulk

; per cent of Total Soil 
Volume Drained At+. 

porosity "S5 Cm. JloO 50 cm, HoO
Inches. Density Per cent Tension Tension.

Swen . 0-3 lobo 1+2,1+ 3.6 6.0
6-9 1.1+5 39.6 1.7 2.7

Propp o-3 1*28 1+1+=1+ 1+.0 7.1
6-9 1*39 1+3.1 2,8 1+.2

Koyama o-3 1.1+2 . 1+2.9 9oli 12,7
6-9 I 9 39 1+1,9 3.3 5.5

Hagner 0-3 1.1+6 1+0,3 1+.9 8,1
6-9 1*51 38.0 , 3*2 I+.5 ,



hi
Conductivity readings in the subsoils of the same four soils indicated 

the soluble salt content to be no higher than that existing in the surfaceo 

Hone of the subsoils showed higher-pH values than would be expected.from a 

saturated solution of calcium Carbonate in equilibrium with the carbon di­

oxide of the atmosphere.

Bulk density determinations on the Hwens. Propps Koyamas and Wagner 

soils indicated high values for both surface soils and subsoils. As a re­

sult,, total pore space was found to be quite low with most of the samples 

having a total pore space of about forty per cent. The air capacity of the- 

surface soils, as measured by the total soil volume drained at fifty centi­

meters of water tension, was found to be very low for the Ewens Propp, and 

Magner soils.. The air capacity of the Koyama surf ace soil was slightly 

higher but was probably inadequate for the best growth of sugar beets ac­

cording to the values suggested by Haver (2)

Correlations between the various soil properties as determined by the 

"analysis and available phosphorus as measured by the COg extraction method 

are recorded in Table XVII„ Hone of the individual soil factors showed a 

significant correlation with COg soluble phosphorus. The correlations be­

tween COg soluble phosphorus and the relative beet yield increases obtained 

with phosphorus fertilizer are listed in Table XVIII0 The correlations ob­

tained do not indicate a high degree of relationship to exist between CO2 

soluble phosphorus in soils and field response to phosphorus fertilisation. 

Figure 3 illustrates the relationship between Gp2 soluble phosphorus and 

- the beet yield increases obtained with applications of 80. pounds of PgOg

per acre.



fable XVlIo Correlations between GOg soluble phosphorus and soil factors' 
involved in phosphorus availability.

Factor correlated with GQg soluble phosphorus Gorrelation

I, Acid soluble calcium , -0.U9

£* Acid' soluble magnesium ■ . . -0.U7

.Galcium/magnesium ratio with acid soluble calcium 
and magnesium

-6.U7

ho Extractable calcium ■ "0,63

' 5. Extractable magnesium —0»26

6, Galcium/magnesium ratio with extractable calcium 
and magnesium

"0 »18

7. Sum of acid soluble divalent cations -OoUR

8, Sum- of extractable divalent cations' -0.66

9c Extractable sodium -0.U3

10. Extractable potassium ' - o j b

11. . Sum of extractable monovalent Cations - ' ■ -0.13

12. Ratio of sum. 'of extractable divalent cations to 
sum of extractable monovalent cations

-o .u r  ■

134 Free lime —0.16

IU-
I ' - '

Organic matter' ' OolR

l5o Two micron clay -0.32

16. . Exchange- capacity -ObRU

I To- Ratio; (Sum of extractable divalent catiphs)' (Exchange Capacity) -O0 91-̂  
, ; i r i ol 'extractable^dnov^ent catidns-) -":

-JBf- Indicates a significant correlation at the 1% level of significance.



h 9
table XVIIIo- Correlations between CO2 soluble■phosphorus and relative-: 

beet yield increases•obtained with phosphorus Tertilizer0

Factor correlated with CO2 extractable phosphorus Correlation

I 0 Relative increase in beet yield provided by 80 - 80 - O -0„2k
■ fertilizer over that provided by 80 - 0  - O o

2-o Relative increase in beet yield provided by 80 - 160 - 0 -Oe 28
■ fertilizer over that provided by .80 - 0 - O e

Table XIX. Correlations between soil organic matter and the nitrate con­
tent of the soils prior to incubation, the nitrate content 
after incubation, and nitrates produced during Incubatione .

Factor correlated with soil organic matter Correlation 

I. Iitrate content of the soil prior to incubation O e 76-* 

2e Mitrate content of the soil after incubation 0.77* 

3d Iitrates produced during incubation • o si|0
* Indicates a significant correlation at the 5% level of Significancee

Table X X e Correlations between the initial nitrate content of the soil 
and the relative- beet yield increases obtained with nitrogen 
fertiliser e-

Factor correlated with the initial nitrate content of soils Correlation

I. Relative.increase in beet yield provided by kO - 160 - 0 -0.37
. fertiliser over that provided by 0 - 160- - O e

2e Relative increase in beet yield provided by 80 - 160 - 0 -O0Iih
fertilizer over that provided by 0 * 160 - O e

3« Relative increase in beet yield provided by 160 - 160 - 0 -0el|8
fertilizer over that provided by 0 - 160 - 0 o



Table XXl9 'Correlations, between the nitrate content o f ■the soils after 
• incubation and relative beet yield increases obtained with

nitrogen -fertilizer.

50 •

Factor correlated with the final nitrate content of soils Correlation

1. Relative increase in beet yield provided by lj.0 - 160 - 0 -0o‘3li
fertiliser over that provided by 0 ^ 160 * O 6

2, Relative increase in beet yield provided by 80 - 160 - 0 -0=55
fertilizer over that provided by 0 - 160 - 0»

3« Relative increase in beet yield provided by 160 - 160 - 0 -O6RZ
fertilizer over that provided by Q - 160 - O 6

Table XXlX= . Correlations between the nitrates produced in the soils dur­
ing incubation and the relative beet yield increases obtained 
with nitrogen fertilizer= •

Factor correlated with nitrates produced during incubation. . Correlation

1= Relative increase, in beet yield provided by Ro - 160 -O -0 = 31'
fertilizer over that provided by 0 - 160 - O 0 '

20 Relative increase in beet yield provided by 80 - 160 - 0 -0.R3
fertilizer over that provided by 0 - 160 - O=-

3=- Relative increase in beet yield provided by 160 - 160 - 0 ' -0=R2
fertilizer over that provided by 0 - 160 - O0-



SI

Presented graphically in Figure I is the relationship found to exist.

between the ratio (Sum of extractable divalent cations)(Exchange Capacity)
(Sum of extractable monovalent cations)

and.CO2 soluble phosphorus. Figure 2 shows the same relationship expressed' 

graphically using the logarithms of both factors. A correlation of -0.91 

was found to exist between this ratio and the COg soluble phosphorus in the 

soil. This correlation was found to be highly significant statistically.

Correlations between the various values of nitrate nitrogen and soil 

organic matter are given in Table XlK. The nitrate content of the soils 

before incubation and after incubation were found to be significantly cor­

related with soil organic matter. However, the correlation between ni­

trates produced during incubation and soil organic matter were not statis­

tically significant.
The correlations between the various values of nitrate nitrogen and 

field response to applications of nitrogen fertlizer are listed in Tables 

XX-XXIIo None of the nitrate nitrogen values were found to be significantly 

correlated with field response to nitrogen fertilizer applications.

K.



of Extractable Divalent Cations)(Exchange capacity) 
(Sum of Extractable Monovalent Cations)

700-

600-

55o-

5oo-

L5o-

IiOO-

350-

300-

250-

• d)

•(3)

(1) Propp soil
(2) Gable soil(3) Wagner soil (U) Bounous soil
(5) Koyama soil
(6) Reiter soil
(7) Krum soil
(8) Bvren soil

• (U)

e(5)• (2)
X?

R - -0.91

» V I I » •I 2 3 U 5 6

•(6)

I-- 1--- T
7 8 9

• (8)
• (7)

I— I— r— •— i— i— i— r — T
10 11 12 13 Iii 15 16 17 18

COg Soluble Phosphorus in Parts-Per-Million
Fig. I Linear relationship between the ratio of negative to positive 

factors concerned in phosphorus solubility in the soil and 
COg soluble phosphorus.



Log (Sum of Extractable Divalent Cations)(Exchange Capacity) 
(Sum of Brtractabie Monovalent Nations)

Propp soil 
Gable soil 
Wagner soil 
Bounous soil 
Koyama soil 
Reiter soil 
Krum soil 
Bvren soil

Log CO2 Soluble Phosphorus in Parts-Per-Million
Fig. 2 Logarithmic relationship between the ratio of negative to 

positive factors concerned in phosphorus solubility in the 
soil and CO2 soluble phosphorus.
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Increase in yield - Tons per acre
Fig. 3 Increase in yield of sugar beets from eighty 

pounds per acre of PgO^ as compared to the 
CO2 soluble phosphorus present in the soil.



DISCUSSION

One of the most significant points to.be noted in the results of,: this 

study is that no single chemical entity shows a high degree of relationship 

to COg soluble phosphorus in the soil, Ihis indicates that there is proba­

bly a,group of.interacting soil factors that influences.the availability of 

soil phosphorus rather than any single f a c t o r T h e  single factor showing" 

the highest correlation with GOg soluble phosphorus was extractable calcium 

with a. correlation of -Oc63= This correlation approaches significance at 

the. Sfo level, •

■ It is probable that most of the calcium removed as extractable calcium 

exists in ionic, or readily soluble.molecular combinations in the Soils As . 

Suchj it could influence the availability of phosphorus in two ways;' (l) 

by the common ion effect, and (2) by providing- cations that are highly ef­

fective in precipitating ionic phosphorus. By its common ion effect, ionic 

calcium- tends to reverse reactions that would release phosphorus from-;in- . 

soluble or slightly soluble calcium phosphate forms. By its existence in 

the,soil solution in high concentration,.it tends to precipitate phosphate 

ions-that are released by other reactions in the soil.

Free lime showed almost no relationship to GOg soluble phosphorus in 

these soils.*. The Propp soil has a free lime content that should be favor­

able ■ for phosphorus availability, but it has the lowest Content of GOg sol­

uble phosphorus of any of the eight soils. .The Krum soil, on the other 

hand, has more than two per cent.free lime and -a high content of 00$ soluble 

phosphorus, . . .

The acid soluble calcium content of the soils shows some degree of



relationship to GOg soluble phosphorus with a correlation of -0ol|.9- existing 
between the two sets of yalueso Ihis- correlation is not significant and; i s , 

notably less than the correlation obtained between extractable calcium and 

GOg soluble phosphorus, ft is probable that acid soluble calcium is related 

to available phosphorus only because there is a high degree of relationship 

between• acid soluble calcium and extractable calcium in the soil,

!Neither acid soluble nor extractable magnesium were indicated to favor­

ably influence phosphorus availability in these soils, . Gn the contrary,• 

the negative correlation, obtained between acid soluble and extractable mag­

nesium and the GQg soluble phosphorus content of the soils indicates that . 

magnesium may be detrimental to phosphorus 'availability. This observation 

would seem to nullify considerations that the calcium-magnesium ratio might 

be a factor in phosphorus availability in these soils,' - , , ' .

It Is difficult to determine the forms Of. magnesium extracted•from; the 

soil by the. hydrochloric acid extraction. This extraction was designed to 

measure the magnesium, existing as dolomitic limestone without appreciably 

affecting .the clay minerals in the soil, Rowever5 the. breakdown Of mont- 

morillonitic type minerals ,or of primary minerals containing magnesium . ' 

apparently did, occur.in this extraction, ,since considerably larger qtiari- • 

titles of magnesium were extracted than could be accounted for as tiolo-. 

mitie limestone, soluble salts, arid exchangeable magnesium. In view of 

this observation, the validity of comparisons between acid soluble mag­

nesium as measured in this analysis and GOg soluble phosphorus is .open to. 

question, -

Extractable potassium was found to be positively correlated with GOg
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soluble phosphorus,> but the correlation value of 0,50 was not significant, 

Bxfcrecthble sodium showed, a negative correlation value of Ookfi With GOg 

soluble phosphorus despite the well known solubility of sodium phosphates. 

However, it is probable that sodium had only S Very small effect in some of 

the soils which WOVe- very low in extractable sodium.

Organic matter content showed little correlation with GOg soluble 

phosphorus. Apparently the Carbon dioxide released in the breakdown of 

native soil organic matter is insufficient to appreciably affect phosphorus 
availability in these soils.

The =O055 correlation for exchange capacity and GOg soluble phosphorus 

and the -O952 correlation for two micron- clay and COg soluble phosphorus in­

dicates that colloidal Clay may be a negative factor in phosphorus availa­

bility, The adsorption Of phosphorus by clay is generally discounted in 

alkaline soils since hydroxyl ions are present which are capable of re­

leasing adsorbed phosphates from clays by anion exchange. However, the 

hydroxyl ion concentration, at pH: 7,7 is only 5 B 10”^ S= If anion exchange 

is an equilibrium reaction, the hydroxyl ion concentration indicated above 

would seem to be inadequate to prevent considerable adsorption of phosphate 

by clays,

A, relationship between the GOg soluble phosphorus, colloidal clay, and 

the composition of the cationic solution was Observed in this study. It 

was found that the ratios

(Sum of extractable divalent cations) (Exchange Capacity)
.. . (Sum of extractable monovalent cations) "7"

gave a -0,91 correlation with COg soluble phosphorus in these soils. With
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the small number of soils studiedj, it is difficult to. establish whether 

this relationship is coincidental or whether it represents a true relation­

ship between the factors involved* With odds of at least 99 to I that it 

is not due to Ohance9 this relationship justifies further investigation„

Due to the limited amount of data obtained, interpretation of this 

relationship would be beyond the. scope of this study= However9 it can be, 

pointed'out that the factors'involved are logically related: to phosphorus 

availability, the phosphates of the divalent cations all show low solu­

bility in water, while the phosphates of the monovalent cations are quite 

soluble in-water,. 'In calcareous soils with appreciable exchangeable sodium, 

phosphate solubility is usually high-because' calcium solubility is depressed 

and sodium phosphates are formed. A similar ,relationship probably exists 

between potassium, calcium, and phosphorus since potassium is similar to ' 

sodium in,its chemical properties and reactions. ' In this study, the corre­

lation between the sum of the divalent cations and GOg soluble phosphorus 

was found to be -0.66 which Approaches significance at the 5S level.6 ‘ The 

work of Sdarseth (Ih) and Pratt add Thorne (10) indicate that the amount'of 

adsorption of phosphorus by clay colloids may be proportional to the cation 

composition of the soil.solution. Thus, there is a logical basis for ex-. 

pressing the extractable cations as a ratio in this relationship&

The influence that the cation exchange capacity might exercise in •

this relationship is not immediately apparent excepting that it is highly
!

correlated with clay content and is probably highly correlated with the an­

ion exchange capacity of the clay colloids-.

To establish the validity of this relationship, it would be desirable
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to have these ratios and GO2 ■ soluble phosphorus, data.for a hundred.,or more 

soilso : If a high corralation were then..obtained, the ratio vjould probably. 

be valido •• •; . • : • 1 : r;

, -Ifo .Significant, correlations '.were. Obtained between nitrifiable nitrogen 

and Other soil factors. This is not.too.surprising since nitrification in 

soils is dependent upon biological forces and other outside influences such 

as temperature and moisture. The amount of . native soil organic,matter is

often found to influence nitrogen, availability in the soil, but the eor-
' f '

relation between native soil organic matter and nitrifiable nitrogen in 

these soils. Was found to be only 0=it0> lhlle some .degree, of, relationship 

is indicated, the correlation Obtained WaS not significant. Bime content 

Showed little or no relationship to nitrifiable nitrogen.

■ ...A correlation of 0.77 was obtained between the original, nitrate content 

of the soli and ,soil organic matter. .. This correlation approaches signifi­

cance at the 1# level, and it indicates, a strong relationship between the 

nitrate level in the soil and soil organic matter levels. . However,, the 

original soil samples were not exposed to.air drying for equal periods of 

time, and special precautions, were not taken tq minimise bacterial activity 

in-the Soils. Therefore, the nitrate content of these Soils may be a func­

tion of the time, and conditions, under which they were exposed to air drying. 

Pnder these circumstances, too much emphasis, should not be placed on the 

high correlation, value obtained.

i ,similarly high correlation of 0.7b was obtained between the level of 

nitrates in the soil .after incubation arid soil organic matter. However, 

this correlation probably results largely from 'the original nitrate levels
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in the soil before ineubation sitioe the; Omotinte of nitrates prbihoed;iti.ring 

incubation were 'similar"for most of the Soils,

the original level of nitrates in the soil also seems to he related.to 

the cropping history of the soil,. The Gable ,soil .was, .only one year .removed 

from alfalfa and Showed'- the highest initial ,level of nitrates. The Fropp: 
soil had been seeded to beans, a nitrogen fixing legtime, in X9h9 and IPhTo 

Frier to 19h6 this field had been seeded to alfalfa* This soil showed the 

next highest content of nitrates prior to incubation. However, interpret 

tation of this relationship is subject to the same limitation as Was en­
countered in the organic matter-nitrate level correlation since, the ini­

tial nitrate level of the soils may be related to the method of handling 

the. soil samples, ‘ ’

■ A  high total content of nitrates after incubation.was noted.in the 

Reiter soil^ but there is little in the- previous history of the .field, or

the chemical data obtained to account for the . nitrate ■ producing ability of ;. 

this Soil, However, the cropping history is available, for Only four years* 
Oddly enough, this Soil gave the second, highest response to nitrogen ferti­

liser of the eight soils in the sttidyt' . . ,

The Bwen soil produced the' least nitrate upon incubation and' .It gave . 

the best ■ field response to nitrogen fertiliser. Manure had been applied 

to this: field, in 19^6 and 19h9, and nitrogen fertilizer WaS appliedvin

19% ,I9h8, and I9h9*
liser are not known,.

However,‘rates of application of the manure .or ferti-

■ ' neither nitrifiable nitrogen nor nitrate content before incubation are 

■indicated to be sufficiently correlated -with- field response" to Uitrogea. to



be of use in. predicting the need for nitrogen fertilizer* Both nitrifi^ ;■

able nitrogen and nitrate content before incubation eho-r correlations of;

about *0,10 with field response to nitrogen fertilizer* fhis indicated ’ •

that some degree of relationship exists, between these, values ■ and the need

for nitrogen fertilization^ but the degree of relationship is not high*

The correlations obtained between soil organic matter and response to

nitrogen. fertiliser in the field were low for. ths, comparisons made ,at the

80 and 160 pound rates of application* At the hO pound rate of nitrogen

application, a Somewhat1 higher' correlation of T/as' obtained* however,

aside from the generally low degree of relationship between soil organic ..’ • }
matter and. field response' to. nitrogen fertilization, interpretation of Soil 

organic matter1 values within the narrow range observed in these soils would 

be difficult indeed:* Thus, organic matter content would seem to be of very

limited value in predicting the need of these soils for nitrogen fertili-
, ■ »

sation* .. • ■ •

■ From the limited data obtained, it appears that past cropping history 

may be as reliable, as soil analysis" methods in evaluating the need of C  

field for nitrogen fertilisation * Especially do the number of years a 

field has been removed from alfalfa, or other leguminous crops seem to be an
t

indication of. the nitrate producing ability of the soil*
t 1

The low correlation values obtained between relative beet yield in* 

creases from phosphorus fertilization and OOg soluble phosphorus would seem
■ I ' 1 .

to indicate that the OOp extraction method does- not accurately predict the■ ' ■ I- , ,
• available phosphorus Status of the soil. However, only the Propp soil 

showed a definite response to1 phosphorus fertilization, and it is possible
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that the correlation values obtained were determined largely by small vari­

ations in yield occurring on the seven-soils in which little or no -response 

was noted. Since the value of the COg extraction for available phosphorus 
in calcareous soils has been Verified'by more extensive studies (3), there ' 

seems to be little justification for questioning its Validity on the basis 

of the limited data obtained in this study.

On the basis of the data obtained in this study, little response to 
phosphorus fertilisation can. be expected when the OOg soluble phosphorus in 

the soil exceeds 2.5 parts-per-million. This value partially substantiates 

the standard currently in use by the Hpntana Experiment Station in which 

3.26 parts-p'er-million of COg soluble phosphorus is considered to be the-I 

dividing value between the medium and low range of available phosphorus in 1V 

the soil. On the basis of this study, it would appear that the medium rahge 

should be between. 2.0 and 3*5 part’s-per-mdllion of COg soluble phosphorus..

Of interest is the ability of Pome of the soils to produce relatively 

liigh' tonnages- of beets without fertilization despite low values for availa­

ble phosphorus as determined by soil analysis. ' Eor instance, the unferti­

lized plots on the Bounous soil produced an average yield of 17.5 tons of 

beets per'acre, although the soil test indicated that the soil contained 

only 2.20 parts-per-million of CCg soluble phosphorus. ■ . '

Eor soils showing low values for GCg soluble phosphorus, responses to 

phosphorus fertilisation were quite erratic. The Propp soil, having I 025 

parts-per-million of OGg soluble phosphorus, provided a yield increase-of 

5.1 tons per acre to 160 pounds of PgCg- per acre applied alone. The Cable 

soil, with I.IiO parts-per-million of COg soluble phosphorus, showed' only
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1*7 tone per acre increase in yield io 160 pounds of per m m *  ' It " '■■ 

does not seem- logical that the difference of 0 ol3 parts^per^aiillion of CO2 

soluble phosphorus between the two soils could account for the Svb'tons per 

acre greater yield increase obtained, on the Propp soil,, ibis emphasises a 

Serious' drawback encountered in soil analysis; n a m e l y t h a t  our present ■ 

methods of -soil testing do not measure the, ability of the- soil to replace 

nutrients absorbed by plants,* This* in the final analysis*-, is more im­

portant than t h e  initial concentrations-existing-in the soil*

Ho attempts were made to correlate relative beet yield increases from 

potassium fertilisation and:, the extractable potassium content Of the' soil 

since no definite beet yield increases were obtained ‘iifith potassium appli­

cations in the field tests* Moreover* all of the soils were indicated to 

contain large reserves, of available potassium as measured by the ammonium 

acetate extraction,, . ■

is previously'''noted*,' the- Highest' average' yields of beets obtained in­
most of the tests were not high considering the liberal applications' Of' 

fertilizer made in these tests* It* therefore* .seems likely, that some fac­
tor other than the availability of fertiliser elements in the soil is limit* 

Ing the yields, of beets on these fields* Worn the data obtained* it appears 
that a lack of soil .aeration may be a limiting factor-, In the yield ,Of sugar 
beets on these soils* Sugar beets are noted. to be a crop that IS sensitive, 

to poor soil aeration* and Baver (2) suggests that an air capacity of %$* 

2CS is desirable for the best growth of sugar beets#. It is* interesting to 

note the air capacities of the 0-3 inch and 6-9, inch layers of the ten*- 

Bropps Koyamas and Wagtier soils * it 30 centimeters of water tension^ the. -

,
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capacities in the 0-3 inch layer are Cnly 6*0, 7*i> 12.7, and Oil per 

cent respectively.. In the 6-9 inch layer .where- the beets could be ex­

pected to absorb @ueh of their water aftl nutrients, the air capacities of 
these same four'soils are only 2.7, 1.2,'2.2, and k.2 per cent'respective^ 
ly» ' Ehus, it appears likely that increases'in beet yields might he abs­

tained on these fields with improved Soil, aeration. However, Such improve­

ment in aeration is difficult of attainment since the only practical means 

of increasing the air capacity of ;a soil involves the improvement, of soil 

structure*' This is a, Slevf prCceSs 'trhich involves careful and timely till­

age, additions of organic matter, and the inclusion of grass crops in a 
rotation whenever feasible*

A  practice that may be of benefit immediately, is the planting of the 

sugar beets in ridges» Of interest in this regard is the average yields 
for ridged and unridged fields obtained in these tests w i t h . 80-160-0 ferti­
liser treatment' which''gave'the"'highest overall average1 yield for all tests. 
The average for this treatment on the three ridged soils, was tons, per 

acre, and, the average of the five unridged soils for the Saaei treatment was 

16.0 tens per' acre. Such a comparison involving different soils is proba*- 

bly not valid, but the comparison is probably unfavorable for the ridged 

soils since they are the three heaviest textured, soils Cf the, group and .are 

the. most likely to be poorly aerated from a  texture standpoint.

. . . . J I
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Sight field fertilizer tests were conducted on irrigated sugar beets 

in Tellowstone and Big Horn counties on ̂ slightly alkaline calcareous M d  

nonroalcareous ,soils* Various combinations of nitrogen, phosphorus, and 

potassium fertilizers were applied to the soils studied in these teste,.and 

the effects of the fertilizer on beet yields, sugar content', and total sugar 

production were measured on each field* Qhemieal-, physical^ and mechanical ■ 

analyses were performed on samples of soil taken from each fields and the 

chemical characteristics of the soils were correlated with the response 

to fertilizer obtained in the field in order to establish a basis for a 

reliable soil analysis program* Correlation methods were used to measure 

the relationship of various soil factors to the availability of nitrogen 

and phosphorus in the soil as measured by chemical analysis» The results 

of the field tests on these soils indicate that;

I. Hitrogen was the most deficient fertilizer element in six of the 

eight soils studied. With these soils, phosphorus showed little 

response when applied alone but gave small increases in yield when 

used in combination with nitrogen*

2«. Phosphorus was the most deficient fertilizer element in two of the 

eight fields. Nitrogen produced little additional response oh 

these fieldsO-,

3». Potassium was not deficient in M y  of the fields excepting for one 

. soil in Yellowstone County which gave a doubtful response to potas­

sium fertilization 0 ' "

It. The ItO pound per acre rate of nitrogen application, in general.
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gave equal responses to that' obtained with the 80 and 160 pound, 

per acre rates, and the 80 pound per acre rate of PgOc gave equal 

yield increases to that obtained with 160 pounds of PgOg per acre* 

"'5o Nitrogen produced significant decreases in the.sugar content of the 

beets with decreases of 0,18, O 0SSs and I027 per cent shgar.being 

noted with the UOs 80, and. 160 pound rates of nitrogen application 

respectively,, - 1 , . '•

S 0 Phosphorus and potassium had little effect on the sugar content of ■’ 

the beetSo

7o Nitrogen and phosphorus fertiliser combinations, in general, gave 

the greatest yields of total Sugar0 

Uhe results of the chemical analyses of these.soils Indicate that:

" I0 little yield response to.phosphorus fertilization: on sugar beets 

occurred when the soil■contained more than 20$ parts-per-million . 

of OOg soluble phosphorus= "

2o The amount of nitrates produced in the.soil during incubation

under constant conditions- of temperature and moisture were hot v 

sufficiently correlated with field response to nitrogen ferti­

lizer to provide a reliable basis for predicting the need of a 

soil for nitrogen fertilization= '

3o . The native soil organic matter content, within the narrow range .

encountered in these soils, was of little value in predicting the
* *

need of a soil for nitrogen fertilization=

Ue The past cropping- history of 'a field, especially in regard to the 

number of years the Tield is removed from alfalfa, .may be as UseftiL
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as most of the current chemical methods in. predicting the need' of ' 

soils for nitrogen fertilisation. - .
5. Concentrations of free lime bore little relationship, to.the COg

soluble phosphorus content of the soil,: ■, ■■■.

6. The two most effective soil factors in reducing the amount'of GOg

soluble phosphorus in the soil, were ammonium acetate extractable 

calcium and colloidal- clay. -

7« '.COg soluble phosphorus decreased in the soil as the proportion of 

, ammonium acetate extractable divalent cations. to the ammonium ace­

tate extractable monovalent Cations increased*' '
a mho ratio« I Sum of extractable divalent cations’) (Exchange Canacitv')

* (Cum of extractable monovalent cations)' -
' was highly correlated tilth the GOg soluble phosphorus content of 

the soil.' . , .

■9»• Acid soluble calcium was not effective in depressing the COg solu- 

• ble 'phosphorus content of the soil excepting' as it may have con- 

tained or became a source of ammonium acetate calcium in the soil.

lOo Ueithef acid soluble nor ammonium acetate extractable magnesium

.effectively increased phosphorus solubility in the soil as measured 

by .the. COg extraction method.
■

11. ' Uative soil organic matter bore little or no relationship to the

COg soluble phosphorus content of the soil. '

12. C alcium/magne slum ratio for either acid soluble or ammonium ace­

tate .extractable .calcium and magnesium was not a major factor in 

determining the COg soluble phosphorus content of the soil.
l3o The soils contained from 630 to IliOO pounds of extractable ..potassium



per acre furrow slice« The soils were not deficient in available 

potassium according to the standards 'employed in eastern United 

States,
The, results' of the physical analyses of these 'soils indicate that:

1, The total porosity Of the Ewen5 rFroppi Koyama5 and Wagner soils 

was lower than the total porosity of most soils of a similar 

texture,
2, The air capacities of the Ewen5 Propp5 Koyama5 and Wagner: soils 

were much lower than has been found by other workers to be desir­

able for the best growth of sugar - beet's,'

It is apparent that some of the results obtained.in.this study are not 

in agreement with the results obtained by other workers investigating simi­

lar soils. Inasmuch as this study was limited in scope, it wduld bs-desir­

able to conduct, similar studies on a more extensive scale to clarify these 

discrepancies and to arrive at a clearer understanding of fundamental soil 

fertility relationships in alkaline calcareous and non-calcareous soils.
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