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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 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
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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
































































































































































