MONTANA

STATE UNIVERSITY

The relationship between the chemical and physical properties of eight Montana soils and their
response to fertilization
by Glenn P Hartman

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree
of Master of Science in Soils

Montana State University
© Copyright by Glenn P Hartman (1951)

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 lrrigated soils from Yellowstone and Big Hom
counties of Montana that have been producing génerally 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 nutrients, o

. 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 suger production. Various chemical
arid 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 de-
ficient fertilizer element in six of the eight soils. On two of the soils,
phosphorus was indicated to be the most deficient fertilizer elemerit. No- . .-
definite yield responses to potassium were obtained, In general, the lower- -
rates of fertilizer application gave equal yield responses. to thai obtained
with higher rates of application. Nitrogen 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 combinaticnsg of nitrogen -and phosphorus.

The results of the chemical analysis of the soils indicated that &ll
of the soils were slightly alkaline and conbained from 0.3 to L.l per cent -
free lime., None 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.k
per cent, The correlation between COp soluble phosphorus in the soil and
beet yield response to phosphorus fertilization indicated that little re-
sponse was obtained when (0p soluble phosphorus exceeded 255 parts-per~
millior. 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 nitrogén fertilization. The organic matter
eontent of thé soils was found to be of lititle vdlue in predicbing -the need
of the soils for nitrogen fertilization., The analysés for extractable po-
tassium indicated that @ll of the solls were well supplied with this ele-
ment according to the standards employed in eastern United States.

The chief factors affecting phosphorus availability ag measured by
chemital analysis were extractable caleiunm and colloidal clay. An indica-
tion was obtained thab the relative proportion of divalent to monevalent
extractoble cations also had an effect on thé 00y soluble phosphorus con-
tent of the soil, A ratio expressing all of these factors was found to
have a -0,91 correlation with the 00y soluble phosphorus conbtent in the
soil, '
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© THE RETATTONSHIP BETWREEN THE CHBMICAL AND PHYSTCAL PROFERTIES OF .
BICGHT MONTANA SOILS AND THEIR RESPONSE TO FERTILIZATION

by

GLENN P. HARTMAN

TNTRODGCTTON

Experimental work bthat has been conducted by the Monbana Agriculbural
Experiment Station and privaté research organizabions during the past three
decades has been direcbed toward delermining the fertility status of a wide
.range of Monbana s0ils,s The. Bxperiment Station has conduéﬁédAa éoil tesbing
program for farmers for many years, bubt these tests have been adapted from
other dreas wiﬁh only Limited evalﬁahion of the soil tests with field ferti-
lizer regponse, For the past faw;yearg, the Agronomy and S@ilé'nepartméﬁ%
hés systematically taken soil samples from field fertilizer test plots; and
these are being analyzed by the Chemistry Research Department of the Montana
Experimernt Station in an effort o correlate soil tests with Lield ferti-
lizey response, However, due to the wide variety of crops and soils heing
investigated? results are not yet available that could be used #o predict
the fertility status of soiis in local aress fo¥ specific crops.

In the course of the.1950-cr0p season, eight fertilizer trials on irri-
gated sugar beets were conducted in Yellowstone and Big Horn counties by
the ﬁureau of Plant Industry, Soils, and Agricultural Engineering of the
United'states Department of Agriculiire cooperating with the Monbana Experim
mén% Station the Great‘WGsﬁern'Sugar‘Gompauyb.and the Holly Sugai Corpo=
ration, The fieid tegts were conducted én a ¢ooperative basis with farmers

in the area, and Drs W, B. Larson of ths Burean of Plant Tndustry, Soils,
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and Agriculieral Bngingering was in chayge of .%he.mfmrlc@ The purpose.of "ﬁhé‘.
field teste Was Lo obbain fundamental iﬁformai;icm on water relaticns; physi-
. ¢al properties, and c:hemical prégéf'bies of the soils under study as they
night affect the production of sugar‘ bests.

The ‘seleé*ls‘ed soils upon which the field tests were coﬂduc:rbaé:’c'_:wem guite
© vepresentative of the irrigated areas in bthé above named counties, A wide
variety of crops are grown on these soils including sugsr beebs, alfdlfa,
.small graing, and bears.. The cropping histories éf these soils were obbain—
able only for the previous four or five years, but the available i.nfb;:m;‘eion
indieates that they have ‘dean_subjeaﬁad to variable systems of field menages-
wens and Terbtilizew practicss. Fertilizer responge on these goils has been
quite variable, and a need for & method of évalnating their fertility status
,priof to fertilizer applicaticd is spparent.

Sinoe vields and sugar content had been obtained from these sugax beset
trials and soil samples had beegn baken, the opporbunity wis presented to |
study the chemical characteristics of these doils _agd to relate the resulbs
to the response to fertilizer obtained in bhe field, &5 a resuld, this 'sﬁudy
was underbtaken with the following objeativas‘.iﬁ minds (1) to gain funde~
mentsl knowledge ag bo the chemical and physical ‘c'ha,raoﬁerijs?‘s‘iaé‘ of these
goils; (2) %o evaluate the effect of these characteristics on bhe availa-
bility of soil nitrogen, phosphorus, and potassium as debermined by soil
analysis, and (3) to determine by soil analysis standards, the cribical
levels of nitrogen, phosphorus,, ‘and potasgium bélow which croi) responses to

fertilizer might be anbicipateds




2
REVIEW OF LITERATURE

The. dvailability 6f $oil phosphorus and its relationships to ot
soil factors were considered to be of parameoant importance in Shié}stﬁdyt
since previous field tests had indicated thab phosphorus is often a limit-
ing facbor in Sugarfbeeﬁ‘produe%ioﬁ‘in Big Horn and YeliawS%one-coun%iegg
Prolimingry tests had réve@lgd‘thab all of the soils were-alkaliﬁe'in're@'
action, and five of the eight soils were indicated to be caleareous by the
dilube acid test, Therefore, it was ¢onsidered likely that these solls
would show phosphorus relationships similar te.previously"s@u&iéd alkas
line and calcareous soils of the semi-arid and arid regions.

Tn an invesbigation of caleareous soils in Tdaho, Ensminger and. Larson
(3} found'ﬁhaﬁ ﬁhe~gvgi1ability-of 861l phosphorus ; as measured by'scil,‘
analysis and crop responses declined significsntly as the free lime comtent
of the soi1 ezneeﬁed one per centy Aecording to these workeré@ on¢~half to
oné-yer_ceﬁ% free lime is the most favorable range for phothorQSuayaila%
pility since the off of the soil within this range is nobt high énoygh to.
render phosphorus ﬁnavailable but is high'enough to prevent phosphorus pﬁe;
cipitamion‘by~iron and aluminum@ 'ﬁééabrgé*and Bréazeale {6) congider thatb
lime has &n adverse effect cn.phcsphaéuﬁ aﬁaiiabiliﬁyrﬁh:mugh the. formation
of an iﬁscluble.compound of calejum carbonate and tricaleium phosphates
They have designated this compound as carbonsbo-phosphate, and indicate
that it is comppsed of one mode of caleium carbonabe and three woles of
tricalcﬁum'phosphateﬁ

Truog; et al., {16} consider the amount of available magnesium in.é;e

Soil as an imporbant factor in phosphorus aveilability and ubilization

|
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within the plant. Werking with limed soils in Wisconsin, these invesbi-
ga‘isox;s found ‘that increasing the ava‘i’.!.abilie nagnesium content of the seil
brought aboul a greater inerease in the phosphorus content of peas than did
phosphorus fertilizabtion, Perkins (9) faun@nthah'phospho:usyfiXaﬁion”by
calcium incréaSQd steadity from pH 2.5 to 9.5, but phosphorus fixabtion by
magnesium inc;'ee}sas +to a maximum ab pH 4.0 and steadily decreases there~
after to pH 9.5,

MeGeorge and Breazeale (6) consider that the amount of carbon dioxide
in the soil solubion influences phosphorus availability thrcﬁgh the inerease
in hydrogen ion brought about as carbonic acid formed. However, they cons
side:‘ﬁhaﬂ carhonic acid dees not ekist in calcareous soils excepbt in very
small quantities, and suggest that sufficient carbonie acid must be pre—
seit £0 bring the soil pH down 1o 6y2-~bals bé?oﬂé sigiificant amowrts of
phosphorus will be released in a soluble forms Additiens of oréanic matter
to the soil would séem Lo provide a source of caz'b@n:ic acid in the soil
that would benefit phosphorus avai_labilii?y, but these workers found that
organie matﬁer:addiﬁieng %o caleareous soils di&.noﬁ materially increase
phésphdrus'aVailabiliﬁy, Rhoads, (1i) working with Nebraska soils, con-
cluded that organic mebter additions increase the available soil phoS-bhoruS'
principally through the phosphorus added to the soil in the decomposition
of 'ﬁ}e organic mabter, He also concluded thab the breakdown of mative soil
organic mabber had 1ittle influence on phosphorus availabilitvs

Perking (9) noted that inecreasing caﬁionié concentration in solutions
increased the precipitation of phosphorus, Similar efi‘ec‘i;‘s were noted by

MeGeorge and Breameals (7) who found thabt the presents of soluble salts in
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thé soil solution or extract reduced the solubility of phosphorus. GCommon
icn'éalcium was considered to be quite effective in reducing phosphorus
solubility by these same workers.

Another factor possibly'concérned in phosphorus availability in afid
region sqils'is the clay content of the 'seil. Stephenson and Chapman (15),
working with Califprnia‘soils, ﬂoted’appreciable downward movement of ap-
plied phosphates in sandy soils as a result of irrigation, but that 1i£t1e
movement- of phoéﬁhorus by water occurred in clay soils. Scarsebth (1hL), in .
a study in Alabama; found that.calciﬁﬁ.saturated clay susﬁensions fixed 
considerable amounts of phosphorus above pH 7. 0, but that sodlum saturated
clay suspensions fixed much less phosphorus within hhe same pH range. Slmm—
lar effects were noted by Pratt and Thorne (10) in a study of Galclum and
sodium saturated bentonites,

| The underlying factors in nitrogen availability in the soil have re-
ceived considerable attention by various workers, but the complex1ty‘pf_the
bivlogical processes involved in ammenification and nitrification in the.
soil render evaluation of soil factors difficult. So0il factors considered
to be of importance in the mineralization of soil nitrogen are aeration;.
moisturey temperature, active lime,'organic natter content of the soil?'and
nitrogen~carbon ratio.

Aliison and Sterling (1) made an extensive study of nitrate formation
in slightly acid to glightly alkaline solls. 'Théy'concluded‘that the chief
factor influencing nitraté formation was the ofigiﬁal ofganic matﬁer confemt
of the soil. 4 mérkedly beneficial effect on;ﬁitrate 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,
' Moso of the above named factors were probably reacting favcrably for f

study. - Possible adVerse factors were low orgaﬁic matter content aqd‘inu

.......
T

adequate aeratlsn,. 2 - e N

------------------

............

............

mater—soluble and replaceable potassium. on a large numbey of 80118, - Both

types of‘pota051um were considered to be available to plants. The results

......................

soil. McGeorge concludes thét none. of the soils indicate an 1mmed1ate need-

................

for additlonal pota551um, and that, most Armzona soils haVn high reserves of
availsblé potassiume ... ... ......... ‘

The. soils eohcerned in this sﬁudy‘COuld be expecﬁéd to Show similar

..............

.meval of. potassium by'leaehing. ACGGrding to the standards established,for

.............
..................
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VATERTALS AND METHODS

The field teghs upon which 'Lh.LS gtudy was based were Garried on go-
o;:erafbi_mly with fa?mars' in Yelleirgbone 'aﬁd Big Horn counbies, Four Alcf the
tests were located in Yellowgtone Gounty and the obher four in Big Horn .
Qounty. Upnder the cocperative plan employed, the Farmer prepares ﬁhe field
and plan’c's’the sugar beets according to his own practices. The feri't;?.liw:
zabiony Blocking and thirning, drrigationy and ‘hamvéstmg ave caﬁi-ied m'm
by resesrch workers or by lsbor under their supervisions

. ‘The cooperating farmers; the soll types of the fields involved, and

the eropping histories of the figlds are listed in Teble I. As the erop<

ping histories indicate, considerable. variation existd in the crops grown

dnd the fertilizer prat;ﬁ’n‘..cga&: eraploygé on thege §oilss

The field tests were designed with eight ferfilizer treatments in a
rvandomized block dedign with five replicationd, The fertilizer itreatments

applied in all of the tests are lis%f-ged in Table ILe¢ Nifrogen was applied

- i the gmmonium sulphabe fovm (R0F witrogen) ab plinting timey bub asmonium

nitrate was used as the nitrogen carriér for sidedressing. .Phosphorus was
applied as treble superphosphate h3g ‘Péﬁs) P and potassium was applied ds
muriate of povash (603 K00«

the phosphate and ten pounds per acré of nitrogen were applied immedistely
after planting on the fields in Yellowstone. Gounty and on the Wagner gﬁ'i‘gld
in Big Horn County. The remainderf of fi-fhe designated nitrogen was gidedress—

ed during mid~Juwie, These fields were planted £lat and were not ridged.




Table T, Information on soils used for.cqéperative fertilizer expsriments in 1950,

Cooperator .J. Propp dJ. Krum @. Reiter 5. HEwen C., Bounotis 0. Gable T, Koyama Bs Wagner

Gounty 'E’n.:!‘./ Yo ¥ Y. - B Hs Bs Ho - Be Hi - - Bs Hs
Soil Type ~ Laursl  Havre Harlem = Laurel Maunvel Billings Manvel -~ Manvel
; . clay sandy  ®ilt .clay silty silty . clady - ¢lay -

doam - loam ioam - = loam clay clay . Yoam - loam

Past H:Lstory _,/

I9M0-L5  Alfalfa ceie | wem=  Beéts -mmi © - Bechs —
1946 - - Beets Beans  Grain ‘Beets  Beets pifalfa Beets ! Beets

§ P - o (wmm) (P) L
1oh7 . 'Beans Beans .Grain ~  Grain  Beels ‘Alfalfa - Barley ° Beebs

‘ ' B (®) ' . S
1948 ~ Beets - Beans  Grain Beets Beets . Mfalfa = Beets - Fallow
T () S () e
1949, . ©. Beans ., Beets Grain = '~ Beets  Barley |  Beets - Beets Beéts
e w0 CHE w o w) (?)

1/ Y. refers to Yellowstone Gounty, B, He refers to Big Horn County, .
2/ Le"eters in parenthesis refer 'baﬁ N N:.trogen, P= Phosphorus, K ‘Potassz_um, ¥-= Manure,
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Table §E¢ Ferbilizer treatments uged in $ield expérimenty on sugar beets,

.

"Ti*ezaﬁm_en“b
Nunber

Fertilizer applied
_ Pouridg per acre

oy RO

L
3
I
.
64
7,
8'&

TNV

80
0
80

he.

140
80
80

8]

6
180
160
160
160
80
160 80

o o O o O o O

Legend: N = Nitrogen, PpOp = Phosphoric atid, K0 = Potuih
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The Gable, Koyamg, ond Bouncus fields were planbed on ridges, and the
fertiliser wag dpplied after ridging but before planting. The same smounts
of phospherus, potassivmy and pitrogen were applied at planbing time as in
the other expeviments. The remaiader of ‘the designated nitrogen was side~
dressed during mid-Junes

The ;ermlJ.zer wad dpplied w-xth a el Tertilizer disiribubor moumsed
on & Planeb Jre garden brae'l:’@tt:“ eouipped with a double disc furpow bpem_;-r!.&
T the flat planted tests, the fers '1114.193." was gpplied three Inchss to the
gide of the row and four inches deeps In the ridged tests, the fertilizer
was app ifed impediately belew the vow and £ive inches deep, Léveiiﬁp' of
the ridges during planbing r&duced ﬁhis depth Lo shoat three iachea,‘

Boil s&mpiea‘were ﬁaken Fpom eaﬁh test avea praor td planting and
Partiliz abions - The gamples were taken to @ depth of six inches from sever
&L ledaﬁions In pach repii@aﬁiﬁn@'.Aﬁi éambies writhin & reyli&atiaﬁ“Wére
bulked, bub the bulked samples from gach replicetion were dried and sbored
geparabely, The semples were air dried prior bo Sﬁwrageg

the besty were thinned and bloeked by labor wnder the Supervision of
reseaich‘ﬁbrkers in an abtémpt %o‘oﬁﬁain negay optimum stands, The average
per cand stands ab harvest and bhe row widthe are 3isted in Table IIT, A
one~hundred per vond shand was songidersd to be a beet for every lwelve
inches of row.

Trrigabion s alse earried oub under the SUpery: ision of the research
‘workerd,  However, the die of irrigabion way 11 @te& $o the periods iu
which irrigabion waber was aliotbed to the farmer, The number of iryim

gations for each test is indicated in Table ITL,




Table ITI, Goneral information on managewent of Field fertilizer experiments,

Cooperator - Propp Erome  Reltsr  Hwen Bounoas table Koyama  Wagne¥y

‘T&‘Qe« At"}f." -P-Bﬁz:ftiﬁg" Flist Flat  Flab . Flat  Ridged Ridged Ridged Flak
Date of Plarbing 20 s/ b0 b/ 1/25 h/er L u/25
Date of ’i’hmnzng 6/10 s/12 6/ ‘ 6/16  6/6 '. 6/6 &/5

pate Sidedressed - 6/16 6;,:13;&7 : ¢ 6f:£7‘ 8/15  6fer - 6f20 - 819 /s
Trrigations (Naiber) 5 5w . 5 3 g -3 5

" ﬁgﬁe,_ of Harvest /2% of26 ~ gfer .' 9/28  10/6 10/’3.6‘ o/ - 10/9
Width of Rows o AR S S 2pe 26n aom

Fer eont .s'-‘z‘-,eénd 50 & 78 93 s ¢ 127 - 108 é“s‘

LT
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CGypeum vesistance b’locks were pl;éned at five Iocablong in each experi-
ment gt depthe of simy bwelve, twenty~Lour; and thirty-six inches, In. ads
dition, tenmomevber daw and moiet ure samples for g:&‘*z«:‘v:*:m*bxfic am‘lyseef‘ wers
ohtained fron ac,le*‘ted eEpErIments . Thu purpoze of this Unc-ﬁe oF thc, atndy
wag: (1) to. aid in determining the proper time of’ irpigation, (2) to redw
ord the actual moisture conditions in ﬁhe«exp@fimsnﬁgﬁ and (3) to determine
bhe suitdbility of gypeum bloeks and tensiometers wnder the ¢oil and waber
tonditions gtudied. Resistance readings from the blocks were tbtained
approximately every five days during the irrigation season, Tengiomeber
feadings‘weré:%akén wvery obher days The déta from bhe mﬂis%uﬂ@'étu&iés{
are nol veporbed in fhis paper excepbing a5 the noigture data was congide-
ered to influente the feprtility status of the goild,

The yields of sugsr beety weve obbained by harveshing Forty-£iy e foek
of rou ’-l‘éng‘i}h Eron each of ﬁhé two eenber rows of each plob. In the teste
loéated in Yellowstone Gotaby, the enbire plot gample was washed, tered,
counted a’m:t Wé:ug;he% Two samples were Saken from gach plot for gugar
analysisy The dugar pereentoege for ¢ach plot was computed dg an average of
two determipations, The Beety from ﬁhe plots harvested in Big Hoérn Geunﬁy
were topped and weldhed in the field, Approximstely one-ililrd of the beets
were then washed and tared. Two suger sawples wers baken ﬁrom;eg@& plet,
and the per car_ﬁs gugar wids dsaterm:med in_dupliﬁaw on Bich sa‘e_:zpie;,

= Uhemical, “?ny@i@al and Hﬂgh"ﬂnm,&" ﬁm‘ﬂv , f ’r:hca Eml

The ady dried goil pamples nsed for the chemic¢1 anwlga 18 were Goaxfe~
Iy ground with an from pestle iR o galvinized pail, 4 somposite &f the

coarzely ground: goil was obtained by bullting sgual volumss of soil from
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each réplicatlon of each test. The bulked samples were then ground te passlﬁ
a th:.rty mesh geives A porcelain mortar ‘and pestle were used for the :E'ine o
grinding° The samples were thoroughly mixed and stored in glass aarso -

' “‘he pH . of each soil was determlned by the glass electrode method on a
saturated paste of ‘the soile In prepamng the pastes, the soil samples:nv-- S

were we:.ghed and the water was added from & buret‘be so that satura-b:.on per-» .

centages for the soils could be calcula;tedo pH readings were ob‘bained on

the pastes five m:.nu'bes after preparation and asgain at thirty mlnutes a,’c"bex‘ S

preparation, Only the thirty minute readings are reported in this 'pap_er,,- ‘

.Thé saturated pastes from the pH determinations were excluded from the'
air and set sside for six hours. Ixtracts Weré then taken from each Samplé
by means of a suetion pump and s Buchner ‘funne;l..,. Gonductivi-by detemi..-'

: nétions Were :made on the extracts "by‘ means of & Yolu-bridge equipped W:Lth :
a micro celloi-‘ Duplicate conductivity determinétions_ were made for each -
soil. '

Available- phosphorus de‘bemuna’oions were made in duplicate on each
s0il by the COgy exbractable phesphorus method as outlined by Ens:ninger and
I‘,‘ar'Son‘ (3)° The phosphorus was expressed as parts-per-million on an air-
ary basiso“ |

Free lime was determined on duplicate samples by the use of a Collin's
calcimeter as desceribed by Wright (17). In this met'hod, the volume of _
carbon dioxide gas recledsed from & Weighed sozl sample by dilute (3.0 ’ho)
hydrochlorlc geid is measured in a closed sys’oemo Constant conditions of.
temperature are maintained by a water bath surrounding the 'apparatu,s;:;‘

Acid soluble caleium and magnesium were determined in duplicate samples
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of each soils Ten gram samples of soil were extracted by boiling.thir’c;y-a .
minuteg in -106 milliliters of 1.0 ¥, hydroehloric acid, fil"ﬁér_ing-‘, andmak- .
ing the ‘extract up to volume. An aliquot of each sample was taken 'and'r';"ﬁe‘ F
iron and aluninum removed by a double ammonia separation. Calcium was dé;-
termined by a double precipitatién with a large excess of ammonium cxaldte
as outlined by Koltoff and Sendell (h). The caleium was filtered in Gooch
crgcibles and titrated with Dq65 . .potassiizm permanganabe. Magnesium was
precipitated as magnesium ammonium phosphate and deterniined volumetrically
sccording to the method of Peech (8),

Extractable catioris were zlso determined in duplicate samples of each
soil. The zir dry solls were extracted by the ammonium acetate method of'
:E:’eech (8). Calcium was determined voluﬁetrically by titration with 0.05 N.
potassium permlanganate after a double precipitation with oxalic acid. Hag~
nesium was dete'?'mined volumetrically by the same method as was used for
acid soluble magnesium. Sodium was determined gravimetrically after pre-
c:Lpitatlon 'w:Lth uranyl magnesium acetate.. Pdtassium was also determiﬁed
grav:Lmetr:Lcally after preclpz.tation with sodium cobaltinitrite (8)
resulbs were expressed on an air dry soil basise

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.
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The diétillate was taken up in a four per cemt solubion of berie acid and

pitrabed with’ standard nydroshloric acide

fhe Bouyouses hydvomeber method was ehployed in performing ‘mechanieal

aﬁalyses on the goils, Afber aiSparsién; hj;’férémeﬁef readinérs were. haken .
bath at one hmr and two hour intervals to obbain both five migron and o
mcron cl&y pwcen*bages, The analfses were ‘peiformed on aiv dl:v}; Sdrllg bubs
the percentages were computied o ap oven dry woil basis.

Aaéi'bionél 'chémiéal 'and'physic;ai analyses were performed on some or
all of the soils by Dr. W B, Targon of bhe Poil Management Division of the
Buresn of Plant Irdustiry, soils-; and Abgriéﬁlﬁﬁraiﬁ_ Inginesring. o

] Nltmfiable m’nrogen in each af‘ ﬁhe ez.gh’tx sezﬂs was detegm:.ned by -
s Lax‘son usn,ng the pheneldisuiphonic acid mebhods In the methed employed,
the 5611 was éxﬁmc;ﬁ:eci ai‘ﬁex“ ghalking mth a s.elut:.on of aalcmum giulp%_xates
‘Th_e" suspension was filﬁez"édr;.‘,‘ and aliquobs were evaporated to drynesss The
ﬁﬂed résidﬁé was treated with p&;eﬁo‘idisulpmﬁi@ a¢id and made alkaline
with émnoniun hydroxids to develop the yellow célor, 'The intensity of the
color was determined in a'@haﬁceiectrio éé‘};é#iméﬁer.' The deterninations
were made on the air dry SQil‘s.withg-ﬂ% inéubgﬁien in fhe first debermi~
nation, Tathe ée'ti‘éenci:-vﬁefbérmmaiﬁm@; ‘extracty of bhe same solly were anaw
13rzed afber the sm.lst had been :Lmubated For three weeks,

Tn the incubabtion procedure 3 i‘wfhy grams’ of soa.l Wem mm'ed with i‘wfﬂy
grams of white ‘weshed silica $ana and’ p‘tacead :m one pm‘b Jars. Hoishure
was added :'{so bring 'uhe 3011 o thar%,y pez' caan*h mais*{-m*a or. @he Bagis of the
£ifty gram soil sample. The Jars wore placed in an :mcuba!,@r gnd 'held at a

temperature of lwenty-five degrees Genbigrade plus~or~-miims ong degree..
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i‘f')z-‘m(e a ivééz_é the Jara were removed from ",%h_a ‘iﬁcuhm‘.or' and bhe '}fléiﬁturé: eon
teht of Bhié B6LL wes B justed to tHiGY per vent If necessary. The samples
v@é also aevated by pumping air into the bm;ﬂé- m—m_@m:séer bulb, "

20, soluble phospiorns was adso determined by Pre Larson for all'of
the eight soils, However s & é‘l:'tgh{zly diffevent method wag employed in thatb
8 T sail*wa{zé;r ééﬁ:}d wag used for making %he exbractions ingstead of the
130 goil-water ratio used by _ﬂ:}a suthors The wesulis obtained by he two
methods weve generally In sgieement ekcepling that slightly lowey valies
were obbgined with the l=sb ‘aoil*_-wa-h,@r: watio extract, In addition bo the
| analydis of the sux*fé;ee goil samples for phosphorus, Dr, larson determined
é._@g soluble phosphiorns in the 6~12, 122}y, and the 24-36 inch éiez::tﬁs‘. of ‘the
' Proppy Hwen, Wagner, and Koyama sollse | o
. tvlmzing & pressuve membrane a.ppamtns g9 described by Richards (12} 9'
Drs Tarson cletermmed the momw’mre re*ba:med by each of the caz.gh*!: smls at
3_5‘ a*bmosxgheres tenswno This pom’s on ‘the mms*‘eure f,ens*mn eurve prov‘i&es
an sstimate of the perminént mlting percentage for each sofl. The. 1/3
atmespherg tension moisture pereentage, which is & laboratory measure of ‘
field capacity, wes also debermined ugsing a pressure plate apparétus (13),

Additionsl physical analyses performed by By Iarson inelude bﬁ‘l’k
densibyy bobal poresity, and the per 'Gérit 'L‘.if the botal goil volume drainéd
2t 29 and 50 centimeters water *tansmm the latber values mdy be used g an
indication of {zhe alr capacib uy of i-,he soil and cprl’sequﬁntiy" i‘ts‘ ‘aeration.
These analyses were parforraed only on tha Wen, Pmpp, wagmer, a:‘zd !{éyama

8 0113 &
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Statistical Analysis of the Data

Simple correlations were employed to measure the degree of association
betwéén the various soil constituents as detefﬁiﬁed,by'analysis énd;iﬁ; ~
062 soluble phosphofus content of the soils, A.similar procedure wanuSed -
for“cofrelating the various.§alues:for nitrate nitrogen and otherjéoil pon;
sti£uen£s° If a significant correlétion:was obtained, ﬁhe agsumption was
made that a relationship existed betWeen the #aifed values. In all such
correlatlonsy 002 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 simultaneouélj}rather
‘than upon one factor acting alene, . In view of this, consideratioﬁ ﬁaé. “,
given to the use of multiple and éartial correlation methods to eﬁaluate
the effect of individual soil factors in phésphprus and nitrogen availa-
bility. However, when dealing wi%h small samples, a ser%ous limitation
exigts to introducing several variables into sueh determinations Qinde‘m§st
or all of the variables are réquifé& toffix a_iegreséion plane 1ea§ing no
information as to error, | | :

Bince the use of multiple and~partial correlation did not seem to ée'
wérranied 'a method was devised to3eva1uatéithe effect of soil fééﬁbfs.iﬁ
aggregate on the availability of- phosnhorus and mitrogen in the 30116 lIn
this method certaln goil factors were consmdered to 1nfluence availablllty
neaatlvely and other factors positlvely, The r;tlos of the productg of the

negat1Ve factors to the products of ‘the p051t1ve faetors were determlned

and, corrélgte&'with 602 soluble phbsphorus and nitrate nitrogenz




2
Attempts were made to fit curveé.to the available phosphofus-a§iéid;
data by méans of curvilinear regressioﬁ“and the Mitscherlich equaﬁionéff‘.
Tﬁese atfempts were not successful due to the lack of data at the eitréﬁes

of the available phosphorus and yield data rangeég
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EXPERIMENTAL RESULTS

Field Experiments

‘The- sugar ‘beet yields of the individual plots, the meanvperféeﬁi~sugar
for each fe;tiiizer'treatmént, and thetﬁean gross sugar for each fertilizer
treatment 6f‘eaeh of the eight ficld tnialé are listed in Tables IV, VITT,
and I¥. The"analyses of variance_fér the yields of the individual'plots,‘
are listed in Table V. The average yields of beets by ferbtilizer treatment
fofitﬁe trials'in Yellowsténe County are given in Table VI, Table VII

' gives similar information for the four trials in Big Horn Countys A summary
of the influence of fertilizers on yield, per cent sugar, and total sugar -
for éll tests is given in Table X4

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 bhat these fields were the
least number of years removed from alfalfag The average yield increase obe
talned,W1th nitrogen for all testé was’ approximately 1.6 tons per. acre, with °
the 40 pound rate of application giving equal responses to that obtained
with the 80 and 160 pound rates. o

Nitrogen fertlllzer produced 51gn1flcant decreases in the sugafiéoﬁ;
tent of the beets with the. greatest reductions occurrlng with the- heav1er'
\rates of nltrogentappllcatlon. ‘The average decrease in sygar content for
ko, 86, and. 160 pounds of nitrogen per acre were 0,18, 0,55, and laZ?’bér
cent respectively, Howéver, as an average of &ll tesbts, nitrogen gave the
largest increase in total sugar primarly as a'resdit df the grééier yield

increases obbtained with nitrogen; A4 tendeﬁcy was noted for iotal sugar to
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decline with increasing ratesd of ni'brogen appl:.catione Iin Blgt Horn County»
total sugar decreased’ 500 pounds per’. acre as tae Pabe of nltrogen appll-
caﬁion was 1ncreased frcm Lo to. 16! peundso B

: The only notable ymeld 1ncrea$es fram pﬁospharus occurred on- the Propp
i’am in YelloWstone County ‘and on ’_bhe Gable fam in the Big Horn unntyp. 3
whé~éver;ge increase in yield from pﬁos@ﬁerﬁé'for dll tesbs was abéﬁtiigcf
ton péf acre. A considerable porti‘oxﬁ of ‘this éVerage inérease can be a&:-;
counted for by the results obtained on 'bhe Propp farm where :moreases in -
yleld.of about 5 tong per acre were obtalned with phosphorus, |

o s:.gnlf:x.oan't effects on the sugar con‘bent of the beets were noted‘

from applications oi‘ phosphoruso 'As an average of all tests, phosphorus

:mcreased the total sugar preductlon m’oh theé greates’c average 1ncrease

bemg obbained with the 80 pound-per—acre ra‘ae of Pzegc HoweVer, the ’urerads o

:E’or mdlvidual bests were Variable, ‘anid the hzgher rates of applmatmn pro- e

vzded the greatest mcreases in total sugar in certam trials.

1

'!‘he only yield increase from potassa.um applieatlon was obtalned in the

Krum test in Yellowstcne Gounty, but &n exam:matlon of the da‘ba creates

ome dcubt ag ’co whether 2n increase m yield. from potasswm actually occur-

red ;Ln ‘oh:Ls t.esto Preatment No. ‘7, c&on‘camm\g only nitroaen and phosphorus,

gave nearly as high an average yn.eld as dld the potassim treatment a.l’ohough

comparable yield increases were not obtamed from other m’crogen and phos-»

phorus treatinents, ‘I‘hus,, it appears thai: the- apparent response to potass:l.u '

um mlght have resulted from soil vara,ab:L.Lrby or other exper:.mental erroro '
As -an average of all tests, po‘hassium had l:n,%le or no effect ot the :
sugar conbent of the beerts, but it did pravn.de an increasé of 195 pounds

per ‘aere of total sugare
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Table IV, Plots yields of sugar beet's,’fi"om copperative field trials., °
Propp Plots
Treatment _ Sample Yield=-Tons/acre per Plot |
¥ PpOy Ko0 Repl Rep 2 Rep 3 Replh "Rép 5 Totdl - Aveo;,
0. 0 0 6,77  9.04 10,31 - 10.6h 13.05 L9.8L 10,0
80 o . 8] 7006‘ 9035H . 8092J 12050 12037' 50920 1peof
L0 160 0 1ho26 15,79 1hoSh 15,66 1485 - 75,50  15.Lsex
80 160 0 150&7 13070 150h7” 13928 "15n60 73052 lho?%*
).!.O 160 0 15006 20021 1,-'-060 ’ 16010 15091 81088 léoh‘%’*
160 160 0 16.63 16,98 15.46 16,47 13.28 78,82 15.0wx
8o. 8o 0 16,31 15,13 1heh3 15,52 15,79  Tl.18  1lBolsee
80 160 80 1%87 1hol7 - 114972 16,75 17.26°  79.0T:

15 9'8’:4‘4‘&'

| L.S.D. ab 5% level == 2,12 tons/acre
‘ 1.8:D. at 1% level == 2,83 tons/acre

Krum Piqt’:s -
e

3 Indlcates g gignificant increase over unfertillzed treatment at l% level,

. ‘5émple7Yisld--:-!ﬁoné/ écre 'pér Flot

80

- 16 s:92

'17@65?

90 ohé :

- N Po0g . K0 ‘Bep 1 Rep 2 Rep 3 “Rep L Rep 5 Total . Avee .
0 0 0 16.00 15,2 1u és 1h¢51 12&49 72‘@91 16
80 O- 0  18.20 18,37 - 16405 15,17 1Lo72 82,51 165w
0 160 0 © 1h82 15.hh. bl 15,07 13,77 73651 1heT
80 160 ' 0 16426 16,00 . 16,94 15,03 13.5Lh . 77.77 18.6
WO 160 0 18,03 16,01 15,10 1547 1hoTT 79.38 15,9+
T60 160 0 18:33 - 17.0h 15,72 16.58° . 1232 79,99 - 16.0%
80 80 0 21.158 18,15 .15.28 . 16,95 LT7.19  8B8.72 . LT.Tx

160 - 80 19@'22 18.73 ~17 9&

18, Lt

L.8.D. at 5% level —=1.30. tons/acre
L.S.B. at 1% level «= 1,77 tons/acre
#* Indicabtes a significant increase -over unfertlllzed treatment at 5% level.
#% Indicates a significant increise over wifertilized treatment at 1% levels
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Redter Plots

| Freatment

sample Y:Leldmi'ans/am"e per P:Lo'{; ‘

15 o’lo

1?,,83

1765k

8ls. 81

N Pp0y K50 Rep L Hep 2 Rep 3 ,Rep b Eep 5 ‘Total Aves
0 0 0 i3.69 1362 1302 ke 1713 7195 b
86 0 0 1649 16.28 17062 16,95 17.hh 872 1&9%-
0 160 0 1176 12:68 16,37 18,07 12:.55 71,43 _
80 160 O 13.20 16,32 17.17 18,32 1851 83952 :f_éa?%"
ho 260 O 18,77 w6l 1247 27621 18,07  8Lil3  16.2
160 - 160 0 16,08 Ibif3 18160 18,1 20,18  88.63 . TP
- 80 80 0 1826 17 1L 1579 18.62 1&6&: 85.L2  47.1%

L.8:0. at 5% level == 2,11 “sons/acre
148,80, ab 1% level = Nob significant . _ :
% Tndicates a &ignificand increase over unfertilized treatuent at 5% level,

Ewen Plobs

__Semple Yield--Tons/acre per Plot

16,32

N PpOz K0 Rep 1 L 2 Bop3 TRepl Rep5 Total Ave,
a 0 0 12,90 8:80  9sko 11,35 12,99 L0 T s
8 0 0 23.7h (13,56) 13.9h  1ho61 L, 70.40 gl
0 160 0 32,02 11,.73 13,16 :10.92 60,87 12,2
80 W60 0 15,71 1u 76 1566 16,32 106 76,31 1503,&-
WO 160 6 13,07 13,98 I3.19 13.65 13040  67.29 13,8k
166 160 0 15,35 I3k M52 18,8k k.59 7hiolh Th B
80 80 0 13,23 15,22 ‘154 80 Ii,16 2k 72465 - Ui

8o 160 B0 18,37 12,71 15.10 e 7@3 The00

UG

LeS.Do at 57 leVel e 1.?1; tons/acrs
L.8:D. at 1% level «w 2,3l tons/acre '
3% Tndicates a significddnt increase over uzzfer%:.llzed theatment at 1% devel,
{ ) Denotes missing plot _
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Pable IV. (conbinued) -

Bomnovg Plots

sémpleiiaﬁ:d-—ﬂ'éns/a;cz‘;e per Plob ‘ ‘
N POy K0 Repl Rep?2 Rep3 TReplh Rep5 ™ Total 4ves

o 0. 20,10 15598, 1632 15,78 19,12 87,32 17.5
8o 0, 1885 17,89 17,92 gl'?vé@‘)' 18,31 90460 18,1
0 160 . 16,03 18,81 15.3h (15466) 15,25 81,09 16.2:
80 160 . A7.28 19,59 (18,69 20,92 19:5h 95,99 1942
Lo 160 2386 20,71 19.7k  21.0h 1772 103.07 20,6
160 160 16536 19:k1 20,03 36,62 19,09 91,51 18:3
19.18 18,28 19,00 17,66 16,89 91,01 18.2

80 B0 . ,
8o 160 8 19,76 20,06 20,31  1B.13 20,66 98.92 19:8%

CoooooOc

L48.Ds ab 5% level wm- 207 tons/acre | ‘
16828 ab 1% level = 2,80 tons/acre . o |

-3 Tndicates a significant increase over unfertilized treatment at 5% level.
¥#Indicates a significant increase over unfertilized treatment at 1% level,

- Geble Plobs

S Sample !;ield-?'-efoﬁs‘v/aa;‘s per Plob , '
N B0y X0 Repl Rep? Rep3 Replh Rep5 fTotal Aveo

0 0 0 792 (1660 (L7.51 C15R60 -15.26  82:.89 16:6
80 07 0 CI7.16 "17.92 17,77 7,58 1672 87.15  A7.h
G 160 - 0 {18:97) '19.23 1920 16,30 I7.8Y 9155 ~ 18.3%
80 160 O '18i90 '16.85 A7:68 18509 18,60 90,12  18,0%
4O 160. O CAT;76 “iBi66 C17L¥8 17,87 C17.93 9000 18.0%
160 260 0 U766 C1597  CLT.78  L7A72 16086 8Bi9T7  A7.8
80 80 0 185 C17.22 CA7898 CITLBT CAWTS  89.00  17i8w
B0 ' 160 B0 20.55 1940 16,35 1803 19.32 93.68 18T

L.8.D, at 5% level ~~ 1.22 %ons/acre

L.9: 0. at 1% level -« Not significant ' ' ‘ ‘
% Indicates a significant increase over unferdilized treabment at 57 levels
{ ) Denobes missing plobs '
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*I‘ébief iV, {eoncluded)

Royams, i?loi:-sﬁ-v

.Treaﬁme‘m Samp‘le Y:Leld ons/aere pez‘ }?lot o
N Pgﬂg’ Ké@' Repl Rep 2 Rep 3 "R@a W Rep 5  Totdl Ave,

A% 1667 152 1580 13790 et 15

o) 0 0
80 0 0 18,01 . 13,36 16.8h 17,59 16,97 82,77 166
0 160 0 1,20 15,32 1500 131 1532 758 149
80 160 0 15hh 17.81 16,99 15,08 16,20 .. 81.55 . 16,3
o 160 0 .02 17.0h 18.63  A8:hB 36,63 85,67  17.L%
160 160 0 - 16.h8 1881 as:hli - aboe2 179 82,81 16.6
gi) 128 ég 15.8h 18,37 17.68 1H.68 1553 83.07 1646
3 ‘

17,3L 3558 15,38 17,73 16.33 82,33 _165

La8.De at 5% lews“el - 15 'bana/ac:re
L.S,Iz, at 19 level w- Vot significant '
¥ Tndicates a significant incresse over unfertilized ‘t:z*ea*hmen*b ai; 5"" level,

Wagner Plots

Treatment [E— Yzald«-«ﬂjon&/acre —_— fr
N Polly K0 B,ep j‘, LRap 2 Ziap 3 R@p h Re@ 5 Total  Aves -

e’

2.6k 3018 1350 12.80  13:21 6530 13

0 o 0

8 0 0 13,05 -I3.70 ?Zih,é? 333 112 68.97 13.8

o . 360 + 0 1282 -1h.A8 12.29 13.5% 32.81 6562 4303
B0 160 © O -duo7 kB8 Azl 33,28 o33 Theh7 . Lhs3uw
o 160 « 0 125 b8 13,73 155 c3h.68 7139 Ih.3
6o 160 0 13,53 dho30 cAh,S1- 15,18 (13.2h 70075 - M2
gg 128 ' Bg 115 lf- 13, 58 1}—14 56 , 13\:53 12—}- 68 70»139 11-1-@.1’?’&"3%’

ZU.L 82& 1;»83 113—»3—3 1,66 13 i '?Zl 28 Uy o 3o

L_S Do ab 5% 'ievel . G 77 unnﬁjaere
18,8, at 1f level - 1.0k bons/acre ‘
%3¢ Tndicabes a significant inciease over unfert:.lized treatment at 19 level.




Tabls ¥, Analysis of variance duby Per yieldy of sugar beets.
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Table Vs (coneluded) |
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Pable VI, Swamdry-of influence of feriilizers on the yleld-of sugar beets in Fellowsbons Gountys
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Table: ’f;‘l’il} The influence of commereial- fertilizers on the per.cent sugar in sugar best roots,
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Table TE, The influence of commercial i‘é';etiiizers on the tobal sugay production of sugar bests,
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Pabile X} Surmary of influence of commereial fertilizers on sugar beals,
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 From the water relatmns a‘bSermﬁ:r.ons ma&e on these flelds 2 T)r'. Larsm

concludeé that the vesisbance of’ gypsum bloeks gave a good mdmamm of
iahe mezsture in the soil when the ‘TIOLS ture iy well below the fiéid ca.pac:~
iﬁyﬁ A{: [orof naar the field capaeity, the blo&ks are not very sens.ﬁc.ivs tu
s0il mc&ig*aﬂre; changes. Soluble salts did nob appear o .g;feg%;y'affetgb the
rasis%gnqg readings ab ’ahﬁelé for 12 ineh depthss A g@e&*ﬁe‘x‘%%ﬁigﬁsﬁzg&; {,he o
résigﬁ‘aanée ‘re'ad:;ng‘_s were ofien ,Eélqu thoge ‘o"'b%éiﬁed in water suggesting.
that éalubl‘e: salts existed in sufficient concentration as to affect the
.:éegrt&,&aéme readings: -

D s Tarson also found that btensiometers,; im gontrast bo m}fpﬁnm blﬁék‘sg

ad thelr greatesb nsefulness ab moigtyre com:enﬁm near uhé f‘zeld capacitys

Data from Bhe tensiomgter readings bakeri on “Ghe P?'ez:p ;E':»iem m&icaﬁed thatb
noisture "bens:z.pn Has. }ge‘:!.cl nebr £igld capacity on this i‘w:tét‘durmg‘ most of
the ifriﬂa‘ﬁién seasone o oo ‘ ‘

Régul"as of Ghemca" e:.ad PIlYSicc«i Anaiyses oi‘ ’sha Smﬁ.

Thé da%a obtained in the chemwal atid physmal arxalysasf of thé soils
are hsﬁed in Tables XT = XVI, The individusl values are avemges 9f vdw,- :
plmaﬁe de’oermmaﬁwns for ali aﬁ&lyses whmh *vm"e pez‘farmed in c‘iueil:tcateo

The analysea indicate ’ohsﬂ; %ma goils are mmma’l. siam»arid regmn soils
in rega’zf-d' to - pH with all soils showing a :sligh@ly ail)kalme z*eacmo_xi.a r&_@ne
© of the soils :are i'nfiica’tea te c‘:‘dﬁ%&i od sufﬁieiféﬁ*‘ goluble sal'iss- to be liarm-v
ful 'hm the g,romh of sugsy beae’os, Howevets i:he Gable seil ma.y eofitbain
sufihawnb salﬁ to be de%mmen{:al %o the grewth o:f: Zi.ess salh %mlerant |
| grops. “

A considerable range was wobed in the ﬂ@-.z goluble pheszshmmxs pragent
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Table XI. Data on 602 soluble phosphorus, coﬁductivity; and pHe

00y Extr, 00y ExbTe

SOIL - DEPTH °  PHOSPHORUS PHOSPHORUS CONDOOTIVITY )
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,,,,,

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

pho'rﬁs, to 18,75, parts~per-million phosphorus with the Propp and Eﬁen soils -

showing these values regpectively. 'All of the soils eéxeept the men,‘ Krumg -

and Reiter soils would be el;assifiéd as being low in airailable phosphorus:
aceording te the standards now employed by the ‘Chemistry Research Depart-
ment of the Monbana Experiment Station. - ‘ |

- While none of the soils are eﬁees:ﬁive?ly nigh in their .conbent of free
lﬁné, five of the eight scils Woulci"fall :i'into. the category of having fore
than one per. cent free lime. i’hosphorus avallabmlity is likely to be de-
pressed when free lime exc:eeds one per cent of the total weight of’ the soil
aecorda.ng to Eneminger and Larson (3) ‘

- The relablve amounts of aeid solub}e ecaleium in each of these 50115
follow closely the trend indiaated by the free 1ime eontent., Soils hn,gh in
11me tend to be high in aeéid soluble aalclum, and goils Low in free lime
tend to be low in acid soluble ealeium, The amounts of acid soluble mag-
nesium extracted were surprisingly ‘high and bore little relation to the -
free lime .content of the soil. In seme. seilé, the acid solublé.magziesi‘um.
actually exr;eeded the acid soluble calcium on & mllz.eqmvalen'b bas::.s., o

| Ez;ﬁractable caleium was high in all so:u.ls and in the case of cartain
soils, actually exceeded the cation exchange c:'apac:l.ty of the soil. . Thus,.
it appears certain that a consid,ez_ﬂ'.able portion of the extract'a‘blé baigiwn
was provided by soluble salts, gypsun, or lime in the soil. Gypsun-is
appreciably soluble in neutrdl normal azmnonifnn .Aaeetate which was émployed
as"ﬁh:e sc;i‘l' extracting reagent. Howeve‘r, it is believed 'bha.k the amounts

of lime dissolved in the extraction were "Very small and ’oha'h the caledlum.




Table XIT:. Chemical. analysis of soils for acid ‘soluble and extractable catioz_i'sa

‘Cations Extracted With

G’ations BExtracted:-With 1.0 No HC1

Ammontum Acebate

- Galcimn . HMagnesiwg _ ‘ _

' : S ‘Milliequivalents per 100 grams
Soil . Per cemt M.E;/100 gre/ Per cent M.E./100 grs  GE_ We.  Na K
Ewen 0.8k 26,83 0,602 L9.52 2,0 9.06 0.8 1.79
fran-  1.38 69,18 0.692 56.92 285 hi0B 0,0 1,28
Reiter  0h8 23.82 0,484 39,89 15.2  T.h3 0,56 1.37
 Koyama 1,91 95,48 0,996 81.89 Il 7.32 1,61 1.03
Bounous - 1.10 55015 0.675 55.50 37.5 9010 L83 1.L5
egner .  2.35 1707 0.950 " BLa 3Bl 7.57 0,90 0.82
gable 1.68 83,91 0.887 72,92 103 8.99 232 1.66
Propp  0.73 36,35 0.626 5152 27 . 9.3 0.5k,

1.0l

1/ Millieéguivalents per 100 .grams of air dry soile

Hote: The soils are arranged in decreasing order of their GOy phosphbr_us content,

gy
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extracted by this procedure represents that which would be active in the -
soil. .

Wone of the soils were deficlient in available potassium as measured by
the chemical analysis. The values obtained for individual soils indicate &
range:qf éxtractabie'poﬁassium inrtheSe‘spils,of from 640 to 1h0O pounds
per acre furrow glice, The*amounf df_extractable sodium was indieated b&
the anslysis to be low for all of the soils. '

Nitrate nitfdéen prior to incubétioﬁ was fouﬁd to range from 8.6 to
h9e7'parts»per~millieﬁ in these soils. Upon incubatien, modewate‘increéses
in'thezamounts of nitrate nitrogen were found to occur in'all ef the soils,
The range in nitrifiaﬁle‘nitrﬁgen values was ﬁot great with all of the -
soils falling Wlthln a range of twenty-five parns-per-milllon.

A11 of the soils Were 1ow in erganzc matﬁero The soils were remark-
ably similar in thelr organic matter cantent wmth the range between the
highest and lowest values being only 0.76 per cent.

The mechaniesl analysis revealed thét all of the soils were heavy in
téxture'witﬁ the exéepbion of the Keum soil which was found to be a gandy
loam, The exchange capacities of the soils were clcsely*eorrelaxéd'with
the two micron clay content as would be expected im soils that are low in
organlc matter.

The subsoil anélyses for’ avallable phosphorus an’ the Propp, Hagnerg
Ewen, -and Koyama samples indicated that the avallable phosphorus décreases
with depth.’ H;wever, the Ewen soig1wh1ch has 2 high content aﬁ;availéble
phospheruélin'thé surfaée‘layérs;'aléo haé a Qathef high content of availa-

ble phosphorus to a depth of twenty~four to thirty-six inchess
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Pable XITTe Ghemical analysls of soils .:E‘or ‘exchange eapaclty, free 1me,
organlc mat“cer, and nitrateso x

“TXchangs Free Orgamic . Nitrates

Capacity Lime  Matter Parts-per-million

M.E. per . T Betore After '
80il ' 100 grams Per cent Per c¢ent. Incubation Incubation. Diff,
EWen . . 22»8‘7 . GQ32 2018 .‘ " ’ 211-06 -' . 7905 N 5& 9
Kewi o 13,89 2.17 CC TR S SN PR AP ' o
Reiter 23400 0,43 2,05 25,3 . 107,85 = 822
Koyams. . 23.55 3.65 1,60 28,6 81.8 - 63.2
‘Bounous  3L.70 - 1.90 1.79 25,0 89.5 6l
Wegner . 20,99 bolshy 161 846 69,7 - ThJd
Gable 3324 - 3.08 - 236 - - L9.T 12050 70.3
Propp . 2832 0.63 226 386 wbo 75k

Wote: The soils are arranged in decreas:mg order of.' their COg phosphorus

content,
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Table XIV. ‘ﬁéchanical axfalysis of soilge

Mechanlcal Gompos:.tlon - per cent L/

- S o ~ S micron ~ | 2 micron , . '
Boil Sand - 5:;111;_ N Clay . | Crlay o VTexture »
men Skt 38 L B2 g Glay Lo
g 616 31,5 s 16,9 " sandy toan
Reiter 2.1 R 3.2 - - 25,2 i1t Loam
Kos'r‘amal, 21 2 | héah B ‘3,7’;8. . 3'26')-; 3 Glay Loan
Bownows 15,2 M2 8.3 0 Wile sy Clay
Wagner 23,6 | 16,2 o :‘3&;6 - 36‘,,‘2 x clair Loan "
Gable ' 1‘2 5 M8 uBeT 42,6 .‘ $ilty Giay
Chropp BT b7 3 ul 96 Glaylemm

1/ Based on the oven—dry welght of the so:_l.

Noteo ‘I‘he soils are arranged in decreasing order oi‘ the:.r GQQ phosphorus

conten’c...
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Table XV, Moisture tendion deberminitions om soils.’

o . Per cent Moisture HELA Abil | -
. ‘ Saturation . - 1/3 Atmos.’ . 15 Atmoss
Soil . . Percentage . . . . Tension .. Tension ==

Hyen' w6t . 26,8 13;“8"_, |
Kram 30,3 | A x
Reiter il - a3 S 18
Koyama B9 ' N 15,7
Bounous S sso a2 7k
Wagner w6 29,3 ko
Gatle 0.2 0 .358 0.1

Propp. ... ... 538 . 339 . 163"

'I‘,ab],.e- ¥VIi. Analysis for bulk deris_ift;y,-, total porosity, and air capacity. . |

~Per cent oF Total Soil

' Volume Drained Abs
. Pepth Bulk Porosity €5 em. Hp0 20 cm. HaO
Soil Inches Density ~ Per cent Pension  Tension

Bwen . 0=-3 10)—!-0 Co 1!-20)4 ’ 3:!6 6.0
R 65 . 1.3 9.6 1.7 2.7
Propp 0-3 1.28 © el L
' 6-9 1.39 | 11301 2
Koyama 1 0-3 .42 L2.9 9
642 1,39 . kL9 3

Wagner 0=3 .46 ho.3 L
6-9 1.51 38.0 . 3
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.ngductivity readings in the subéails oflbhe same four soils indﬁcated
the soluble salt content to be no higher’than.that'existing in the surface.
Hone of the subsoils showed higher- pH values ‘than would be expected'frmﬁz;
saburated solution of calecium ¢arbonate in equilibrium with the carbohvﬁiw
oxide of the atmosphere, - ‘

Bulk density deberminations on the Ewen, Propp, Koyama, and Wagner
s0ils indicated hiéh values for both‘surfaée soils and subseils. 4#s a re-
sult, total pore space was found to beé éuite low with most of the samples
having é 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 btension, was found to be very low for the Bwen, Propp, and R
wagnér soils. . The air capacity of the Koyama surface soil was éllghtly |
higher but was probably inadequate for the best growth of sugar beets aca
cording to the values suggested by Baver (2)..

Correlations between the various soil proﬁerties as determined Ey_the
analysis and available phoSphorus.és measured by the COs extraction method
are recorded in Table XVII. None of the individual soil factors shéﬁéd a
significant correlation with 602 soluble phosphorus. The correlations be-
tWeen.002 soluble phosphorus and the rslative beet yield increases obtained
with phosphorus fertilizer are listed in Table XVIlT. The earrelationS‘oba
tained do not indicate a high degree of relationship to‘exist betWeéﬁudﬁz
soluble plosphorus in soils and field response ?o phesphorus fertilization.
Figure 3 illustrates the relationship between Gﬁzlsgluble phosphorus and
the beet yield increases obtained With applications of 80 pounds of_Fzés

per acreq




Ta.bl e XVII °

L8

JAnvolved in phosphorus axraila.bllity, ‘

I
-

)

‘Correlations between 00p soluble phosphorus and soil factors’

I‘actor correlated Wlth ceg soluble phosphorus ‘

Gorfelétion' '
1. Ac:u.d soluble calc:r.mn "TOoLL9‘
2, deid solibie 'magnesiwnh ~0ehT
3¢ & alc:.mn/magnesmum ratio with acid solublé calc:.wﬁ B D7
and magnesium .
)-l-o. Extractable calcium . o S | . '-:.O'.,..63-
'8, Extractable magnesium | ’ 0,26
"6, Calcium/magnesium ratio with extractable cGalecium -0s18
¢ and magnesium ~ o
7o Sum of acid soluble éivalent- qa’c.ién's ‘ ‘fdou9=
8s Smﬁ: of éxtrgétable divalent ¢ations’ | ~0 .66
9. Extractable sodium -0h3
1.‘00,“ ‘Extractable po;s‘assiwnv 0.0
11 . Sum of exb;*aétable monéva:f;éﬁ{i caﬁiqﬁs ’ - »-@,13
12, Ratio of sum'of extractable divalent cations to 0419 .
sum of extractable monovalent cations
13s Free lime | o 3 -016
lb,: Orgenic rriatta;z" | 0.15
15, Twc’::‘micron- 'eiay -0:52
16. . Exchange cap‘c’;city | _ 0 o5l
17.: Rat:c.oz( .&5131& of ey’c.racta,bla dz.valenb catlons) (Exchanﬂe Gapacrby) -99911‘6%

(Sum of extx'aetable monovalent catwns)

#% Indicates a significant correlation at the 1% level of significance,
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Table XVIII.. Correlations between C0, soluble phosphorus and relatlve
beet yield increases- ootalned with Dhosphorus fertlllzero

Factor correlated with CO, extractable phosphorus Correlation

1. Relative increase in beet yield provided by 80 - 80 ~ O -0.2h
: fertlllzer over that provided by 80 - 0 - Q. ‘

20 Relatlve increase in beet yield provided by 80 - 160 - O -0,28
. fertilizer over that provided by 80 - 0 -0,

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

Eactor,correléted with soil organic matter | : " GOrrelaéidn
1. Nitrate content of the soil prior to incubation ) 6;76%
2. Nitrate content of the soil after incubation L 0. 77
3. Nitrates produced during incubation - 7 ' Q;ho

# Indicates a significant corrélation at ‘the 5% level of significances

Table XX. Correlations between the initial nitrate content of the soil
and the relative beet yield increases obtalned with nltrogen

fertilizer.
Factor correlated with the»initial nitrate content of soils Correlation
l. Relative. increase in beet yield provided by L0 - 160 - O ‘ 0,37

. fertiligzer over that provided by 0 - 160 - O,

2, Relative increase in beet yield provided by 80 - 180 - O =0 il
fertilizer over that provided by O « 160 - O. .

3. Relative increase in beet yield provided by 160 - 160 - 0 -0.148
fertilizer over that provided by O - 160 - 0. :
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‘Table ¥XI, Correlations, between the nitrate content. of.the soils after

incubation and relative beet yleld increases obtained Wlfh
nitrogen fertilizer, . ‘

A\

Factor_correlated with the final‘nitrate‘contept of soils - Correlation

1. Relative increase in beet yield provided by 40 - 160 -~ 0 ~0,43h
fertilizer over that provided by 0 -~ 160 - O.

2, Relative increase in beet yield provided by 80 - 160 = 0 : ~  -R.55
fertilizer over that provided by 0 = 160 = Q.

3. Relative increase in beet yield provided by 160 - 160 -« 0 . ~Qsli2
fertilizer over that provided by O - 160 ~ Q. ~ .

Table XXII. Correlations between the nitrates produced in the sqils dur-
ing incubation and the relative beet yield increases obtained
with nitrogen fertiliszer.. ,

Factor correlated with nitrates produced during incubation  Gorrelation

1., Relative increase in beet yield provided by 40 - 160 ~ O ~0o3h
fertilizer over that provided by O - 160 ~ 0. . ’

2, Relative increase in beet yield prov1ded by 80 - 160 - O 0.3
fertilizer over that provlded by Q - 160 - Q.- -

3.- Relabive inenease in beet yield provided by 160 - 160 = 0 Qb2
fertilizer over that provided by 0 = 160 - O,
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Presented graphically in Figure 1 is the relationship found to exist_‘

betmeyn the ratio (Sum of extragtable divalent cations)(Bxchange Capacity)
Sum.O‘ extractable monovalent cations

and. 002 soluble phosphorus,. Flgure 2 shows the same relatlonshlp expressed

graphically using the logarithms of both factors. A correlation of -0.91
was found to exist between this ratio and the C0p soluble phosphorus in the
spiie This correlation was found to be highly significant statisiicallyo
Gorrelétions between the various values of nitrate nitrogen and soil
. organic matter are given in Tdble XIX. The nitrate content of the soils
before incubation and after incubation were found to be significantly cor-
related with soil organic matter. quever; the correlation between'niq.
trates produced during incubation and soil organic matter weré not staﬁis-
tlcally'51gn1flcant°
The correlations betWeen the various falues of nitrate nitrogen and
field response to applicabions of nitrogen fertlizer are listed in Tables"'
XX-XﬁIIo None of the nitrate nitrogen vélues were found to be significantly-

correlated with field response to nitrogen fertilizer applications.
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One of the most significant pqints.tggbe noted in the results.offthi%
gtudy ia,thgt ne single chgmical entity'SﬁOWS a high degree of relatiénéhip
to 002 soluble phosphorus in the soil, This indicates that there ié‘ﬁfobaJ
bly a group oflinteracting soil faCEprs~tHat iﬁfluences,the availability of
501l phosphorus rather than any single iactprmﬁ.ihe‘siﬂgle factor showing
the highest correlation with 60 solub;e'ﬁhosphoqu'was extractable caleium
with a correlation of =0.63, f@his ce?relahion approaches signifiqéﬁéé at
the 5%'1evel¢"- |

- It:is'probable that most of @he:éaldiqm remoVed as extractgble caiéium
eﬁisté in ionic or readily solubléJMDlécﬁlar épmbinatiens in thé'$oilé  £51 .
sﬁqh, it could.influgnce the availébiiityjof”phoéphorus in two wayﬁg"(l)
by the common ion effeet, and (2) by pfoviding~cations that are:hiéhiy‘ef_
feciive in precipibating ionic pho§§hbrusb By its common ion éffect,;iénieﬁ o
calcium-tends to reverse reéactions thay would release phosphorus fr@ﬁéiﬁ4‘.
soluble ér'slightly'soluble calcinm,ppqsghgte'formég By its exishéﬁceliﬁ_
the s0il solution in high concentfatibng,it tends to pfecipitate éhosphate -f i
ions. that are released by other rééctjbns-in‘ﬁhe soil, |

Free lime showed almost nc‘relationship ﬁé C0y soluble phospﬁéQﬁs‘iﬁ
these soilss . The Propp soil has a freeflimg-aontent that should be favor-
able for phosphorus availability, but it hés ﬁﬂe lowest content of COp sol-
uble phosphorus of any of the eight soilss The Krum soil, on the _;)jbherl _
hand, has more than two per cent free lime and.aihigh content oflceé‘solﬁﬁka
phosphorus, |

The acid soluble calcium content of the soils shows some degree of
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relatnonship to 002 soluble phosphorus with a cox'relatlon o:ﬁ‘ -0»)49 exis’clng
be'bween the ’owo se’ss of values._ This cmrrela*hian is not s::.gm.:f‘a_can*h and is
notably 1ess than the ccrrelatwn obi:a:med between extractable calca.um and
G0y soluble phosphorus. I’o is probable tha’c. acid soluble ealeium is related
to available phosphorus_ only beeause. there is a high dggree of ‘re;!.-ation_.f;hip

between acid soluble ealcium and extra‘ctable caleium in the s0ile

Néither acid soluble nor extractable magresium were indicated to favop- ©

ably‘influétnce‘ phosphorus availabi:l.’:fty‘;in ‘these soils. , On the"e;dntraz;y,-}.
the negative correllﬁi‘,ion. obtained between acid solublé.‘and extractablé’ mag= ..
nesium and the C0p soluble phosphorus c~on't'én‘b of the soils i:;dicatéé- ﬁhat :
magnesium may be detrimental to phosphorus ‘availabilitys This observation
would seem Yo nullify considerat’idﬁs_ thét i}he;-calcium-.magnésimn ;aﬁié m:«.gh'b N
be a factor in phosphorus. a&ailabili’&aﬁ in these soilss ' e
"It is tiifficu]ii’; té determine the forms of magnesium emiraet.ad:‘ff'omj the
soil by the hydrochlorie acid extraétibn.- This extraction was designed to |
méa'sure the magnesium existing as dolomitic limestone without apprec;iabiy
affecting the clay minerals in the soil, lf—’z‘owﬂm}er, tha_brea};depmléi;',\*fnont-
morillonitic tfz_pe minerals or of primary minetdls containing niag‘nééi@ ;: |
api;arently d“id: oceur. in this extraetio;'i_, Ssines considerably flfarjgeir quan= -
‘tities of magnesiym were extracted than could be acceunted for as dolo-.
mitie limestone, soluble salts, and exchangesble magnesium. - In view of
this observation, the validity of campéris'ons_betw‘een acid soiuble‘m'a"g-
nesium us measured in this anallysis.‘aﬁd'_g()g_ soluble phosphorus is open- to,
question, - | |

Extractable potassium was found to be positively correlated with G’E)z
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solﬁble.pbosphorusa but the gbrreléﬁion'valuezbf 0.50 was not sigﬁifieanto
Extractable sodium showed a.negaﬁifajéerwélaxion value of 0.li3 With eoé"
soluble phasph0rus‘desﬁiﬁe the weilkkﬁawn solubility of sodium,phaspﬁaﬁeso
However, it iéAprobablé:that sodium had only a very small efféét in somé of
the sgoils which were very low in extractable ﬁOdino.

Organi‘c‘ matter content showed little correlation with GOy soiuble
phosphorug. Apparently the earbon dioxide released in the breakdewn 'Qif’
native soil organic matber is insuf;fiéiént. ¢ apprecinbly affect phosphorus
4vailability in these soilso

The =0,55 ecorrelation for exchange capacity and G0, soluble phosphorus
and the -0,52 correlation for two.micrbn-dlay and G0, soluble phos?horua?inw
dicates that colleidal c¢lay may be a n'egé:bive Factor in phosphorus aveila-
bility. The adsorption of phosphorus by elay is,geneﬁally disqounted in
alksline soils since hydroxyl ions are present which &re capable of re=
lessing adsorbed phogphates from elays fo;} anion exchange. However, the
hydwxyl ion concentration at pd T.7 is enly 5.'55 161”7 Ns If anion 'exghange
is an equilibrium reaction, the hy&roxyi,ian coneentration indicaﬁed_ébaﬁe
would seem to be inadequate to prevent considerable adsorption of phesphate
by clays. '

A relationship between the CQ, sr)lublle, phosphorus, colloidal clay, and
the composition of the catiomic solution was observed in this study. It
was found that the ratio:

(Sum of extractsble divalent eations)(Exchange Gapacltyj
(Som of extractable’ monwalent- catiens)

agave a ~@ 91 correlamon with G@a soluble phosphoms in 'Bhese soilg,  With
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the small number of soils studied; it is difficilt to establish whether
this relationship 1s doincideniai or.Whether'it represents & true relation=
ship between the faetors‘involved. With odds of at least 99 to 1 that it
is not due te ¢hance, tﬁis relationship justifies further investigation.

Due to the limited amount of data obtained, interpretaticn of this
rélationship‘wppld be beyond the scope of this study. However, i1 can be
poin%ed'out'that the factors involved are logically related to phosphorus
availability, The phosphates of the divelent cations 211 show low solu~
bility in water, while the phosphates of the monovalent caxions’ére quite
soluvle in-waber. ~In caleareous so;ls with appreciable exchangeable ﬁ?diqmb
phogphate solubility is usually high'because'ealaigm,Smlubility:iﬁ‘dgbréﬂsed
 and sodimu phbsphaﬁes are formed. A similar relationship probably exists
between potassiwa, caleiuwm, and phosphorus aince potasaium is simdlar to
sodium in;iwﬁ chemioal prepertiés'aﬁd rgaﬁtié@ﬁa” In bhis study, the corre-
lation between the sum of the diva;ént'qa@ions aﬁd:GOz soluble phosphiorus
was found to be -0.66 which &ﬁ?fééchéa significance at the 5% 16?615; The
work of Searseth (1k) and Prabt and .'I‘hc'arzie' (10) indicate that the amomi:-o:
adsorption of phosphorus by clay colloids maj‘be proportioﬁal to the cation
compoéition of the soil.solution. .Thusjltgere is a logical basis for ex~.
pressing the extractable cations as a ratio in this relationship.

The inflﬁence that the éétiqn,exchénge capabity.mighﬁ exercise inT-
this relationship is not immediately apparent excepting that it is highiy
cqrrelated with clay content and is probably hig;ly‘cofrelated with the an-
ion exﬁhanga capacity of the clay colididéw |

.'To establish the validity of this rélationship, it would be desirable
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to have these ratios and €0, .scluble Iﬁhqgﬁphcrus, data. for a ,hunq::ed,_.;gﬁ more
goils, : If @ high correlation were ther;.,ébt'a_ingg, the ratio ‘lemtﬂ?d\ prebably
be valid. ... . . | Lo S

‘No ,signifiéant.. correldations were eb{c;ained between nitrifiable  pitrogen
and other soil factors.: | Thig is nqi‘?.,,fmog_.lsur;p;‘*iféing‘“vs:trwe‘ ni{arification in
soils. is dependent upon b-ioiogical forces and other éﬁtsiQe ipﬂyengég such
as temperature and moisture.. The amount of native soil Qrgan.i_e‘maj';ﬁe;f is
ofben found to influence mitrogen availsbility in the soil; but. the cor-
_gfela'&;iozi between native soil organiec matbter and nitrifi‘able‘ nitregen 1n
' these soils was found to be only 0.40, While some degree. of‘_relat;i_e'nsh;iig |
is indicated, the correlation obbtained was nob sigrxifieén'bo: ‘ Iai;qé content
ghowed little or no relationship to nitrifiable nitrogen.

.4 correlation of 0,77 was obbtained between the original nitrate content
of the soil and soil organie matter. .. This corrélation approaches signifi-
¢ance at the 1% level, and it indicates a strong rélabionship bé%;*éwen. ‘the
nitrate level in the soil ond soil orgsnic matter levels. . However, the
original soil samples were nob exposed te. air drying for equal _pgri'odS‘ of
time, and special precauvtions. were not taken to mii,xi_mig_e bacterial aetivity
in the goils. Therefore, the nitrate content of these soils may be a funce
tion of the ‘time .and conditions. under which they were 'expyoé;‘ed Lo gir drying.
Under these: civeumsbances; too much emphasis should not be placed on the
high correlation: value obtained, - |

4 similarly high cerrslation of O. 76 wag éb‘;,ainéd between the level of
nitrates in the seil ':afr’t.‘er iﬁéizﬁgﬁibn‘ and soil jo‘xf-ganie matter, I-,Im;zfeire&;,

this cox"re'ltai-..':i‘;c;_n pi'bbably results EZi.\ari'ge‘.ll’y from ‘the origingl nitrate levels




) 6)9 . ;:..‘

in bhe 3011 before ¢n¢ub&tlon gince the ameuntﬂ nf'nltrateﬂ prn&uced durlag

1hcubaﬁlon were ‘similar for most of the goils.

“The_qr;glnal,lgval.ai nitrates in the seoil also seems %o:be,rélaggdﬁﬁo
the oropping history of fhe soil, The Gable Soil was only ong year emoved
frgm.alfalfa.and‘éhoWeé‘%he highest initial lével of snitrateés, Thelyfegpi
soil had been seeded %0'beans; g nltrogen fixing legtme, in.19h9rand’l§h7§

Prior Lo 1946 %his £1e1d had.been'seeded.%é alfaifay This soil showed the

_next highest eontent of nitrates prior o ineubation, However; interpre-

ﬁaﬁ;@n bf‘this.pélatiﬁﬂéhip i ggbjea@;%bnﬁhe‘same 1imiﬁation gs was~§§w
céunﬁeréd in the organic mat%ervniﬁfaté 1evei gorrelation éince\tha Fxidie
tzal.nntﬁate level of the goils may be re]ahed to the mgthod of handliﬂg
the, Soil samplesa | |

A;high total ponbent Gf nitrates aﬂﬁev incubaﬁlon wag nobed, in bhe

Rezﬁer 5011, but there is litbtls in ﬁhe preVzmus history of the fleld or

the chemlcal data cb%azned tc-accounﬁ for ‘the ﬁibra%a preduclng~ab111ty‘af ;

this 5911 waever, the cropping hlstorJ i avaﬁlab a2 fof onty fbur yaarsg

Oddlf emcugh, this 3911 gave the secoﬁd hﬁghﬁSﬁ~?&Sp@nS$ ﬁﬁ nltWQgen ferﬁm-

' 1izer of the eivhn somls in the snudyo _

t

The WWOn goil prcduced the least nmhvate upcn 1ncubatlen and i% g&ve
the best - iﬁeld responge bo nxbregcn fert¢llzer. Yanture had been app1¢ed
o %his fiel& in 19&6 and 1)h9ﬁ and niﬁwogen f@rtillz@f wag appl&ed in e

19b6, 1.92;82 and 19&9« HbWeVer, rates of appllcamlon af ‘the mapurs . or ferhmﬁ |

' 1lzer are noﬁ knowno

Nelther nitrifisble nitrogen nor mxtrate conbeit befare 3n¢ubatman are

-andmcaﬁe& o be sufflazeﬂﬁmy-ccrralaﬁed with field response 4o ﬁmtregen f0
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be of use m predzﬁtmg ‘bhe neeci for nibx'ogen %‘ertz.lizer, Both n:ztmfa.»- :

a‘b:i.e ai*l,x-ogen and mtmhe emten*h be“?or@ mcuba im shovr coz*ralat:;.oﬁ& e:f:‘

abcm’b w0, 40 m%sh field respmnsa w m‘br-ogam mrm},::_zar. This :mawa’ce& s

that some degrea ‘of relatienshmp-ex*sﬁs between theae.values-and ﬁhe'neeé
for nitrogen ferta.lﬁ.zaﬁioﬁ, but the deafee of relabionship is nob hlgh. |

} The correlations obi:amed ‘ne‘e.wsaem goil owganm matber and reupense o
nib rogem fer’sxliﬁ@r in the fm:tci tere low for the. comparisons made a*b the
80 and 160 pound rates of application, At '@he“h(‘) pound rate of nitrogen
application, & sotiewhat .-'hig@er"qgrfelatim of 3‘-_‘3:«2&3-}' was'db'i;ained_.:. Howevey
aside from the generally low -ﬁegmq of relationship. beﬁmgn'._sazil ﬁz;éaﬁigy |
matber aﬂd,fiéi&mspon’sé to. nitirbgen £erfaili;é&1‘sion; ﬁn-tez?piﬂébgiﬁion éfsaiﬁl

ovganic watber valuss within the narrew range observed in these soils wouwld

be difficult indeed. Thus; ovgenic wattey content would seem %o be of very

limited value in predicting the need of ishesej soils for nitregen felj;ﬁiii*‘
Habion . . o _ | . -

. Fron fb‘_f:ie 1dmited data obtained, ";?@'appséwa,ﬁhaﬁ pasth c’:mp‘pi;zg. h:i‘rs’mw
ma*‘f be #s reliable as goil amlys*:is" me‘bhoas 11'i aév‘ailua;%ing ‘the need qi‘_{a.f
field for nitregen fémi‘lizatisn ; Hépecially do the number of years a
£iel1d has been removed from alfalfs o other leguminous arops Seem ﬁo he an
:tndlcamon a:‘f “the n:ubrate producing a’bil:.tv of the soile

The low covrela-tiorx ralues obi:ained betmen rela*t:.ve beet yi elé m-«r

éreases I‘rom phosphoz‘us fer%iliza*tiog and 00s s‘-aluble Aphcapharus ?Weulr_i seent

to indicate thet the 00, extraction method doos not ér:curaﬁely prs‘die% fhe
available phaﬂpherus sd:,a tus of a‘she soily erever, mﬂy the Dmpp $011

showed g definite response vto phaspharus i‘e—rmhzaman, :md b is possible
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that the correlation velues obtained were detérmined largely by small véri#
ations‘in-yiéld occurring on the seven soils in wiich Little or no response
was noted. Since the value of‘the*Cbz éxﬁfacﬁidn for-availéble‘phoéphofﬁs '
in caleareous ééils has been verified by moFe extensive studies (3), bhere *
geens to be ii%ﬁle justification for' guestioning its validity on‘therbaéis
of the limited data obtained in this study. '

On:the‘basis of thé data obtained in'ﬁhis study, Little responseitof~
phosphorus fertilization can.be'exbecfe&‘whén the 00y soluble phosphorus in
the soil exceeds 2.5 parts-pér-million, This value partially substantiates
the standard currently in-use‘by'ﬁhe‘MéﬁtanéwExperimeﬂt”&tatioﬂ in which
3026 parbs-per-million of (0 sélﬁﬁie phééphorﬁs is considered to be the. -
dividing‘vglﬁe'between the medium and Low range.bf'available phospﬁsruéhin?#"’l
the soil. On the basis of this sﬁud&, it would appear thab #he‘médiﬁm'range :
should be betﬁeen.éoo and 3.5 parﬁé—per~miilion bf'CGé'BOIubIe phosﬁhorﬁs;,

0f interest is the ability of ‘:som‘e’ of the soils to produce x;él'aﬁiﬁe’ly :
) hlgh ‘tonnages’ of beets without ferhillzation despite Low valueS‘fbr avalla—
ble phosphorus as determined by 5011 analy51so For instance, the wnfertiw
1ized plots on the Bounous SOll produced an average yleld of 17.5 ﬁons of *
beets per acre, although the soil’ test indzcated that -the soil contained
oniy 2,20 parts-pernmllllon of 602 goluble phosphorus,

For soils showing low values for G0y soluble phoSphorus,‘réspSQSes'to
phosphorus fertilization were quite effaﬁié. The Propp soil, having 1;25
parts-per—milllon of 002 soluble phosphorus, provided a yield 1ncrease of
5.1 tons per acre to 160 pounds of P2G5fper-acre applmed aleneo The Gable

scll, w1th 1.&0 parts—per—mllllon of 062 soluble phosphorus, showed onty-
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:L.,? t,ons pey acre incredse in yisld to 3_60 pounds of Poli gzer acmq ,u,
dcaes nob ‘seem loglcal ‘that the dJ_ffemnoe of 0,18 parﬁs»—par«mllé.op of ‘3@2
s*oluble phasphos;"us petween the two soils could ﬁaccowLui.’%:‘fc:;‘ the 3:,*&'%9;23 ey
aéfe greater yield :ina-‘x*ease obtained on the ."I’an soil. 'l’hié 'amphaén‘ ses a
" serions drawback s‘nqoumex'eﬁ in so0il anal;yszs; ‘namal;r“, that oux* prasen‘h
metboda of soil testing dm mt meaau:z*a the, ability cbi’ the soil to raplacsa ‘
nutrients absorbed by plants, Thn.a 5 dn ‘the finzd analysisy is more ime
portant bhan the initial soncenﬁrabwns existing in the soil, *

No athempbs were made bo correlate relative heet yield increases frow
'pataasium fertilization amd the ’fea?&t:‘:‘ée‘ba‘bie\ potassium contentd of ﬁl‘;ﬁ}" sei:i;
{siince qno definite best yﬂ;e;lél' ihere_a%as were -Qbﬁéineé. with pt;{:assiﬁm ,appli-a
cations in the field bests. Howeover, 211 of the soils wers indicated té
contain large reserves of availoble pobassium as m‘eas'ﬁred by the ammonivm
.aeétatdfz.éxﬁmcbiom‘ . . _ _

48 previcusly noted, the .ﬁighés’&"aﬁféﬁage"yiéi‘ds of beaty obﬁaé;n.eri'in‘
most of the tests were not high coms:ld.eﬁmg “the libéral applicatiecnd off
ferbilizey made int thede tests, I%; therefors, seems likely thab some facs
‘ﬁor,oﬁh.er. then the availabilisy af feriilizer &lements . In the :s(:il- is limib
ing the y::ieids of beebs on these Fields, - ‘E?’:tmn ﬁhe data obﬁa:i;ﬁe‘da it appesys
that a lack of soil. aeratltm may be & ?Limi%ﬁ.ng fastor in the me’id @f sugh
' beew on these goil =3 Sugar beets are noted to be a crop that is sensitive
to poor soil aera{,mn , arid Baver (2) uugges%s that an: air capatity of 15«
20% is desivably far the best growbh of sugar beebtss Th 38 interes.tmg +o.
note uhe aiv camcltmes 0.1? the O3 ineh and 6~9 inch layeirs of. i:he Eweng,

Prepp, Koyema, snd Wagner somis., A% 50 contimeters of water ﬁeﬂﬁm, ﬁhe
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air eapacidies in the 0=3 Inch Iayer are enly 6,0, T.l; 12,7, and 8.1 :pe&f*.
oént vespectively. In the 6-9 inch layer where the beets would be ek~
pected to absorh much of their water and nutrients, the air gapacibies of
these same Tour ‘Soils 4ie mm;y-zm Le2y BiBy and LB per cent vespectives
Iy, Thus, it appedrs likely that inéresses in beet yields might be obe
bained on these fields with improved doil agrabion, HoWever, Such lmproves
metth in aerebion i diffieult of atbainment sinde the only Pxfé-m%:iea}i means
of inevessing the aiy capaciby of a soil involves the improvement Qf_,éoi‘l
structure, Thig is a slow process which involves cavefil and bimely tille
agsy adé?:tﬁ.01aa of organic ‘ma‘k.tfex‘; ‘and the inclusion of grass .érépé ‘tl“nl 3
vobation whenever feagible, 4 |

A pragtice that miy be of _taénefiﬁ fnmediately, is the planting c;.f the
sugar beets in ridges, OF inberest im this regard is the average yields
for ridged and unridged Piglds cbtained i these tests with 80-160-0 ferti~
" lizEr trestieit whith gave '%hé"‘ﬁ‘:f.@hé'sﬁ oterall average yield for all tests.
The average Eﬁé:f?‘jbhis treptnent on the ’z%h::'ae ridged soils was 18.h vons per
acre; and the average of the five unridged solls for the same breatment was
16,0 tens pér acre. Such & compardson involving different soils is pirobas
bly neb valid, bub the eomparison iz probably unfavorabls for the vidged
goils since they are ’ohe thige heaviest t‘e:zﬂ;ur‘e‘rl‘ soils :}f"_%he, group and ave

the most likely to he poorly acrabed from & texture standpoint,

1

i {
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SUMMARY

Bight field ﬁefﬂilizef tests wWere conducted -on irrigated sugar beets

in Yellowstone.and Big Horn ‘counties on islightly 2lksline caleareéons bnd

non~calcareous :soils, Various combinations of nitrogen, phosphorus, and

potassium fertilizers were applied’ to “the soils -studied in these tests;.and

the effeé¢ts of the fertilizer on beet yields, sugar contenty and %étai;éugar !

production were measured on -each field. Ohemieal, physical, and mechanical '

analyses were performed on samples‘of soil taken from each field, and the

chemical characteristics of the soils Were correlated with the response

to fertilizer obtained in the fieid_inﬁorder to establish a2 basis-fbfia"

réliable 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 ¢hemical andlysis. Thé résults

of the field tests on these soils indicate that:

1.

2

3o.

Lo

Nitrogen was the most deficient fertilizer element in six of the
elght solls studied. ¥ith tbeﬂe‘soils,‘phosphorus showed liﬁtle’
response when applied alone bub gave small increases in yield When
used in combination with nitrogen. |
Phosphorus was the most deficient fgftilizer element in two of the
elght fields. Witrogen produced Iittle additional response on.
these fields.

Potassium was not deficient in any of the fields excepting for one

. s0il in Yellowstone County which gave a douﬁﬁf&l response to potas-

sitm fertilization, '

“Phe 4O pound per acre rate of nitrogen application, in general,
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gave equal responses tO‘thay‘bbtainéd'with the 80 and 160 pound. |

per acre rites, and the 80 pound pér acre rate of PEOS gave équal

vield increases to ‘that obtained with 160 pounds of P205 per acre,
Nitrogen produced significant decreases in the sugar content of the *

beets with decresses of .18, 0,55, ‘and 1,27 per cent sugarﬂbeing~

. noted with the 4Oy 80, and 160 pound rates of nitrogen application

" respectively.

Phosphorus and potassium had 1ittle effect on the sugzar.conbent of

the beebss

T Nitrogen and phosphorus fertilizer combinations, in‘genef&l,‘gaée

the greatest yields of total sugar.

The results of the chémical analyses of these soils indicabe thabs

1o Little yield response to. phosphorus fertilization: on sugar bests

20

3a

oceurred when the soil conbained more than 2.5 parts-per-million-_- ‘

of GGQ soluble phosphorus,

The amount of nitrates produced in the.soil during ineubation

under ‘eonstant conditions of temperature and moisture were not -
sufficiently'correlatedvWith'field respense to nitrogen fertis
lizer to provide a reliable basis for predicting the need of é'

soil for nitrogen fertilizaticn,

.The native soil organic matber content, within the narrow range .

encountered in these¢ soils, was of little value in predictiﬁé‘the

need of a soil for nitrogen £ertilizaﬁiono

Lo The past cropping history of"a field, especially in regard toxﬁhe

‘number of years the fi¢ld is removed from alfalfa,,may'béyés usefl
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B
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8.
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. as most. of the current chemical methods in prédicting the<nééd~bf‘:‘”

soils fpr‘nitrogen fertilization,
Concentrations of free lime bore little relationship to the COp
soluble phosphorus content of‘ﬁhe soil.: .,

The th‘most effective soil factors in reducing the amownt of 00,

- soluble phosphorus in the soil were ammonium acetate extiactable

caleium and colloidal. clay,

€05 soluble-ﬁhQsPhorus decreased ih'%?e soil as the progortien of

;ammonium acebate extractable divalent cations to the ammonitm ace-

tate exbtractable monovalent dations inereased,

The rabios (Sum of extractsble divalent cations)(Exchange Capacity)
Sun o extractable monovalent cations -

was highly correlated.wmth ‘the G02 soluble phosphorus content of
the SOlla

Acld solubla caleium was not ef¢ect1ve in depressing the 002 solu»

- ble phosphorus content of the 5011 exceptlng as 1ﬁ may have con-

10,

11,

12,

13,

tained or became & source of ammanlum acet ate caleium in the s0il,

Neithe? acid soluble nor ammonium acebate extractable magnesium

-effectively inoreased phosphorus solubility in the soil as measured

by ‘the. COp extraction met'hedo‘. )

Natlve soil organiec matter bore 1itt1e or Ho welatlonshlp o the
€Oy soluble phosphorus content of the soil, -

Galclum/magn651um ratio for elther;gclé soluble or amméniﬁm ace~
tate.éxtraétablelcalcium and magnésium'waé'nbt a major fgctor'int

determining the €0y salubl@vthSPhowug'contenh of the.soiial‘

‘The soils contained from 630 to 1400 pounds of extractable. pobassitm
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per ‘acre furrow slice. The s§ils-'we're'not deficient in available
potassium according to the sbandards employed in eastern United
States,
The results of 'l.;he physical analyses of these soils indicate ‘thaty )

1. The total porosity of the Bwen,  Propp, Koyama, and ;ﬂagnerztvsb;li‘s
was lower than the total porosity of most soils of -a similar
teéxture.

2, The air capacities of the E'Weri, Propp, Koyama, and Wagner: soils |
were much lower than has been found by other workers to. be des:;.rw
able for thie best growth ef sugar heetd,

Tt is apparent that some of: the results obta"inéd.i:n,this‘ st.uci%r ‘are not

in agreement with the results obtalned by other workers 1nvest1ga‘b1ng simi-

lar soilkso Inasmuch as 'bhls study was llmrbed in scope, it would be des.f.r—

able. vf;o conduct similar studles on’ a more extens::sre scale to clamfy these ‘

dlscrepancies and o’ armve at a clearer understandlng ‘of fundamental soil

fertility relationships in alkaline calcareous -and non~calcargeous soilse
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